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SECTION 1 INTRODUCTION  
Cabrera Insight Joint Venture (CIJV) partnered with CDM Smith (CIJV/CDM Smith), prepared 
this addendum to the Final NAPL Treatment Pilot Study Work Plan (Work Plan Addendum) for 
Installation Restoration Site 03 (IR-03), Former Oily Waste Ponds, Parcel E, Hunters Point 
Naval Shipyard (HPNS), San Francisco, California (referred to herein as the Site). This work 
was conducted under Contract Number N62473-10-D-0811, Contract Task Order 0004, for the 
United States Department of the Navy (Navy), Naval Facilities Engineering Command 
Southwest (NAVFAC SW), San Diego, California. 

This Work Plan Addendum documents the strategy for performing Post-Pilot Study Site-Wide 
Characterization (PPSSC) activities to delineate the horizontal and vertical extent of mobile non-
aqueous phase liquids (NAPL) within IR03 to update the conceptual site model (CSM) and 
support full-scale IR-03 remedial design.  

The proposed activities will be conducted in accordance with this Work Plan Addendum, and 
referenced attachments that include the Sampling and Analysis Plan (SAP) [includes the 
Uniform Federal Policy (UFP)-Quality Assurance Project Plan (QAPP)]. Because the nature of 
work covered under this Addendum does not include any field activities different to those 
covered under the Work Plan, only a SAP Addendum is included herein (Appendix A) in this 
Work Plan Addendum. All other documents related to this work remain unchanged, including 
the Waste Management Plan, Radiological Materials Management Plan, Contractor Quality 
Control Plan, Storm Water Pollution Prevention Plan, Dust Control Plan and a site-specific 
Accident Prevention Plan and Site Safety and Health Plan, prepared and maintained at the 
project site under separate cover. 

1.4 Work Plan Addendum Organization 

This Work Plan is organized as follows: 

Section 1:  Introduction – Describes the objectives and document organization. 

Section 2: Background and Site Conditions- Describes the additional data gathered during the 
NAPL Treatment Pilot Study (NTPS) activities and updates the conceptual site model.   

Section 3:  PPSSC Technical Approach - Provides an overview of the characterization strategy. 

Section 4:  PPSSC Activities –Detailed descriptions for the PPSSC task execution. 

Section 5:  Scheduling and Deliverables – Describes the project schedule, including deliverables 
for the PPSSC. 

Section 6: References – Contains a list of references used for the preparation of Work Plan 
Addendum. 

Appendix A: Final Addendum 01 to the Final Sampling and Analysis Plan. 

Appendix B: Analytical Reports on NAPL Composition. 

Appendix C: Input Data to MVS Model. 

Appendix D: CPT/HPT and Soil Boring Logs. 

Appendix E: Response to Comments. 
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SECTION 2 BACKGROUND AND SITE CONDITIONS 
 

Although a complete summary of background conditions for the Site are provided in the original 
Final NAPL Treatment Pilot Study Work Plan for IR-03, Former Oily Waste Ponds, Parcel E, 
HPNS, San Francisco, California (Work Plan, CIJV/CDM Smith 2013), additional information 
gathered during the NTPS was used to develop the scope of work in this Work Plan Addendum. 
NTPS activities included pre-design characterization, an in situ thermal remediation pilot study 
(ISTR), an in situ solidification/stabilization/ pilot study (ISS), and post pilot-study 
characterization. The locations of the ISS and ISTR pilot studies are shown in Figure 2-1. A 
complete description of these activities is provided in the original Work Plan (CIJV/CDM Smith, 
2013). 

As described in the Work Plan, the overall objective of the NTPS was to evaluate the 
effectiveness of ISTR for thermally enhanced NAPL recovery and ISS for NAPL immobilization 
in support of full-scale remedial design to achieve remedial action objectives (RAOs). In order to 
reach these objectives, work was performed to gain a thorough understanding of Site conditions 
in the NTPS area and their variability, determine how Site conditions influence the two 
technologies being evaluated in pilot tests, and determine the appropriate full scale application of 
one or both technologies under Site conditions. 

In addition, critical factors for successful exit strategy development include refining the CSM in 
the following key areas:  

• Site Hydrogeology:  develop a comprehensive understanding of Site hydrogeology 
including tidal influences; groundwater hydraulic heads, flow directions and rate; Site 
stratigraphy, heterogeneity, and hydraulic conductivities 

• Nature & Extent of Contamination:  Quantify the degree of NAPL saturation including 
delineation of areas with mobile NAPL within the NPTS areas; quantify distribution and 
concentrations of chemicals of ecological concern (COECs) in groundwater  

• Fate and Transport of Contaminants:  Quantify NAPL mobility under existing conditions 
and determine if NAPL and/or groundwater with COECs above water quality criteria are 
discharged to the San Francisco Bay (Bay). 

Based on the work performed during the NTPS, data was collected to improve the understanding 
of Site conditions within the pilot study target treatment zones (TTZs) shown in Figure 2-1. 
Results of pre-design characterization work conducted within the TTZs is provided in the Final 
In Situ Thermal Remediation Design NAPL Treatment Pilot Study IR-03 Former Oily Waste 
Ponds, Hunters Point Naval Shipyard San Francisco, CA (TPS Tech/CIJV/CDM Smith, 2013) 
and the Final In Situ Stabilization/Solidification Design NAPL Treatment Pilot Study IR-03 
Former Oily Waste Ponds, Hunters Point Naval Shipyard San Francisco, CA (CIJV/CDM 
Smith, 2014). 

A summary of findings include: 

• Due to the nature of Artificial Fill material at the Site, multiple instances of large metal 
debris including wide-gauge metal cables, and other anthropogenic material were 
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encountered during drilling activities. This is consistent with other areas of Parcel E, 
where soil, crushed bedrock, dredged sediments, and debris were used to extend the 
shoreline (Barajas & Associates, 2008). It should be noted that it is unknown if debris 
encountered was disposed of in the Former Oil Reclamation Ponds or was placed during 
extension of the shoreline. Boring logs with descriptions of materials encountered during 
drilling are included in Appendix D 

• Although NAPL is present at the interface of the artificial fill and Bay Mud, NAPL did 
not extend beyond the Bay Mud interface within the NTPS TTZs in any of the borings 
advanced during the pilot study.  Therefore, the vertical extent of NAPL across IR-03 in 
relation to the Bay Mud is necessary for full-scale design 

• The measured hydraulic conductivity within the ISTR TTZ was significantly lower than 
previously estimated and is on the order of 4.6 feet per day, details of the analysis are 
provided in TPS Tech/CIJV/CDM Smith, 2013  

• Significant variability in horizontal hydraulic conductivity was observed in different 
borings advanced within the ISTR TTZ based on the hydraulic profile tool (Figure 2-2).  
Based on this, a more detailed evaluation of horizontal hydraulic conductivity at other 
areas of the Site is warranted for full-scale design 

• The existing sheet pile barrier wall appears to continue to serve as an effective hydraulic 
barrier between IR03 and the Bay and minimal tidal influence was observed in 
monitoring wells on the interior of the sheet pile wall, details of the analysis are provided 
in TPS Tech/CIJV/CDM Smith, 2013  

• Based on NAPL mobility testing, NAPL saturation above approximately 5 % of the total 
pore volume (PV) had potential for mobile NAPL within the ISTR TTZ, although the 
NAPL saturation threshold varied with lithology. The average NAPL saturation in the 
ISTR TTZ of the 18 soil core samples evaluated was approximately 10% PV, and ranged 
from 1.7-33.3%PV.  Of these, seven had mobile NAPL ranging from 0.1-10%PV.  
Within the ISS TTZ, the total NAPL saturation of the 3 soil core samples evaluated were 
7.4, 13.8 and 10.0% PV, and none contained mobile NAPL. However, the presence of 
NAPL in monitoring well IR03MW371A within the ISS TTZ suggest the presence of 
mobile NAPL. Details of the analysis are provided in the Draft NAPL Treatment Pilot 
Study Completion Report CIJV/CDM Smith, 2015, hereafter referred to as the NTPS 
Completion Report.  

• The combination of visual observation and NAPL detection kits were successful to 
determine the presence of NAPL  

• NAPL extends beyond the NTPS TTZs and therefore the complete extent of NAPL was 
not delineated during NTPS activities 

• The NAPL was comprised of multiple constituents, and aryl phosphates were significant 
components of the NAPL in the ISTR TTZ, but not in the ISS TTZ. Evaluating the 
composition of NAPL is important for the full-scale design of the remedial action.   

In addition, preliminary results from the ISS pilot study indicate that ISS can be used to 
immobilize NAPL and preliminary results from the ISTR pilot study indicate that thermal 
treatment can effectively extract mobile NAPL.  Details of the pilot study results will be 
provided in the Draft NTPS Completion Report. 
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2.1 Update NAPL Extent 

In order to evaluate appropriate location for the NAPL-characterization borings, an update to the 
light nonaqueous phase liquid (LNAPL) nature and extent evaluation (Section 2.3.4.1 of the 
Work Plan) was developed and is provided here.  First, an update to the measurable free product 
(LNAPL) present in many of the monitoring wells present at the IR-03 site was developed.  
LNAPL thickness in IR-03 monitoring wells presented in Table 2-2 of the Work Plan was 
updated to include NAPL thicknesses measured in new monitoring wells installed in the ISTR 
TTZ (Table 2-1).  Monitoring well locations with measureable LNAPL are shown as red and 
those without NAPL are shown as green in Figure 2-1.  The thickest LNAPL has historically 
been measured in IR03MW370A, until 2006 when generally the thickest LNAPL was measured 
at IR03MWO-3.  Of note, is that monitoring well locations on the Bay-side of the sheet pile wall, 
IR03MWO-3, IR03MW370A and IR03MW369A contain measurable LNAPL.  NAPL was 
present on the Bay-side of the sheet pile wall before the sheet pile wall was installed, and 
confirmation borings advanced in 1997 after it was installed confirmed the presence of NAPL 
(Figure 2-1).  Therefore, the focus of the NAPL investigation on the Bay-side of the sheet pile 
wall is primarily to bound the lateral extent of NAPL along the sheet pile wall. 

As described in Section 2.3.4.2 of the Work Plan, the 3D Mining Visualization Software (MVS) 
model was used to Krige the NAPL extents based on U.S. EPA package Geo-EAS.  The 3D 
Kriging with adaptive gridding and all data interpolation was conducted as described in the Work 
Plan.  The following data sources and technical parameters were used to populate and evaluate 
the MVS model. 

Surface Features.  Site surface features were added to the 3D model to help orient the viewer.  
The aerial photo gives a good indication of where boring location and subsurface data are located 
while viewing the model from the top view. 

Subsurface Features.  Site subsurface features include monitoring wells, borings, and the sheet 
pile wall were added to the 3D model.  Monitoring well construction information including total 
depth of well and screen interval was compiled from monitoring well logs.  The location of the 
sheet pile wall was taken from the as built in the completion report (IT, 1999).   

Grid Type. For the interpolation of the observed LNAPL in wells a convex hull bound grid with 
X/Y model grid resolution = 121 x 121 was utilized.  For the analytical model of the soil Total 
TPH data, a convex hull bound grid with X/Y/Z model grid resolution = 81 x 81 x 70 was 
utilized.   

Contaminant Input Data. The following data sets were Kriged in 3D using the model (input 
data files provided in Appendix C): 

• Remedial Investigation (Barajas & Associates, Inc., 2008) soil borings as described in the 
Work Plan 

• ITSI, 2011 advanced 16 soil borings (IR03B409 through IR03B424) as described in the 
Work Plan 

• Boring data for total TPH for the post-ISTR borings and the ISS borings advanced by 
CIJV/CDM Smith in 2013/2014, (validated data in Appendix C) 
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• Borings advanced during a 1997 investigation by IT Corporation (IT, 1999) whose data 
were not input into Naval Installation Restoration Information Solution and so were 
omitted from the original evaluation in the Work Plan (data summary provided in 
Appendix C). 

All soil data were first converted to logarithmic values for Kriging purposes to better model the 
range of concentrations.  The default horizontal/vertical anisotropy of 10 was chosen as the best-
fit calibration variogram using a Reach of 2918 feet based on 20 points.  The default horizontal 
and vertical anisotropy number is a value that the model uses to “weight” horizontal and vertical 
data.  This is needed for high-resolution datasets, such as the TPH soil data for IR-03, because 
the resolution of the horizontal and vertical data is different.  For instance, for the soil data, 
samples were collected at much closer spacing vertically (often a few feet apart) than 
horizontally, which are often collected tens of feet apart.  Using Kriging, if the data are 
“weighted” identically, the modeled contaminant extents end up as discrete extents just around a 
given borehole.  By weighting the data, the lateral extents are connected.  In addition, anisotropy 
is used to reflect the fact that horizontal contaminant transport is often much more significant 
compared to vertical transport.  For instance, horizontal hydraulic conductivity is often an order 
of magnitude or more greater than vertical hydraulic conductivity. The default value for the 
MVS model for the horizontal and vertical anisotropy is 10 and provided sufficient weighting to 
connect the soil TPH lateral extents, but not extend the estimated NAPL extent unrealistically. 
Therefore, this value was not changed. The chosen nominal plume exhibits a minimum 
confidence of 35% based on a confidence bound factor of 10.  All sample concentrations within 
the model domain were used in the Kriging algorithm to produce the best possible estimate for 
every grid node. 

The total petroleum hydrocarbon (TPH) taken as the sum of TPH-extractable and TPH- 
purgeable was used to develop a Kriged LNAPL extent in MVS shown in Figure 2-1.  A TPH 
criterion of 3,500 milligram per kilogram (mg/kg) was used to infer the presence of LNAPL 
based on TPH saturation limits for LNAPL; the source of these criteria is the “Final New 
Preliminary Screening Criteria and Petroleum Program Strategy, Hunters Point Shipyard, San 
Francisco, California” (Shaw Environmental, Inc., 2007).  Figure 2-1 also illustrates soil borings 
with samples that exceeded the 3,500 mg/kg criterion as red.  Although, the soil concentration 
threshold of 3,500 mg/kg TPH indicates the potential presence of NAPL, it does not provide 
information on the mobility of NAPL nor NAPL saturation.    For instance, there is some 
conflicting data in this area which has to do with soil borings advanced in 1997 following 
installation of the sheet pile wall (062-0051A and 062-0050) which had elevated TPH (one 
maximum TPH hit at 7510 and one at 4151 mg/kg).  Therefore, the MVS model shows this area 
as within the NAPL extent. However, three subsequent borings IR03B424 and two LIF/CPT 
borings IR03B404 and IR03B405 indicate that NAPL is not present at these locations, and 
therefore, additional soil borings were not proposed in these areas as part of this effort. 

The relationship between soil concentrations and the NAPL mobility and saturation needs to be 
determined across the IR-03 Site.  This is a critical parameter to evaluating the effectiveness of 
technologies that rely on extraction, such as thermally enhanced extraction. As discussed in the 
Work Plan, the mobility of NAPL is a function of the hydraulic properties of the subsurface 
system, the properties of the NAPL, and the saturation of the NAPL within the soil matrix.  In 
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heterogeneous soils, such as the fill observed at IR-03, there are likely significant differences in 
the residual saturation level of the different soil types and with the different NAPL compositions 
observed.   

2.2 Update NAPL Composition 

During the pre-design characterization, NAPL pumped from the new monitoring well 
IR03MW376A within the ISTR TTZ appeared to phase separate with fractions as LNAPL and 
fractions behaving as dense nonaqueous phase liquid (DNAPL).  When the field team went back 
to sample IR03MW376A however, the NAPL could not be recovered again.  Therefore, a sample 
of the NAPL was taken from IR03MW375A to analyze for properties density and viscosity and 
to fingerprint using mass spectrometry and Fourier transform infrared spectroscopy (FTIR) data.  
Results of this testing confirmed that the NAPL had a higher density than expected (Table 2-2). 
In addition, fingerprint analysis identified a significant fraction was "Mixed Aryl Phosphates", 
which were a group of isomers that were all very similar to trixylenyl phosphate in structure and 
molecular weight. The mass spectra of the compounds were very similar to each other and all 
appeared to have a primarily aromatic nature, and be similar to trixylenyl phosphate. 
Interestingly, an LNAPL sample collected from IR03MWO-3, which is near the ISTR TTZ but 
on the Bay-side of the sheet pile wall, was also fingerprinted and did not contain aryl phosphates.  
This is inconsistent with the NAPL samples in the ISTR treatment zone and so NAPL will be 
collected from this well and fingerprinted again to confirm this result. 

As Table 2-2 illustrates, however, only the NAPL taken from the northwestern oil pond have 
shown the presence of a higher density and have been confirmed to contain aryl phosphates.  
However, a comprehensive evaluation of the NAPL composition and properties has not been 
conducted across IR-03.  Given that the composition can significantly impact the ability of 
extraction technologies to remove NAPL efficiently, this is a key data gap for design of the 
treatment technologies. 

2.3 Horizontal Hydraulic Conductivity 

Figure 2-2 illustrates the historical cone penetrometer technique (CPT) data collected during the 
ITSI, 2011 investigation as well as the six additional CPT and 6 hydraulic profile tooling (HPT) 
borings advanced during the CIJV/CDM Smith NTPS investigation.  The six additional CPT and 
HPT logs are included in Appendix D. Both CPT and HPT data sets illustrate a significant 
variability in soil types and associated hydraulic conductivities with depth across IR-03.  
However, CPT provides only an indirect measurement of hydraulic conductivity by assigning a 
soil behavior type (SBT) based on the ratio between tip pressure and sleeve friction.   The SBT is 
related to hydraulic conductivity by assuming the SBT corresponds to clay, silt, sand, gravel or 
mixtures thereof and assuming average or a range of hydraulic conductivity values reported for 
those materials in the literature. Therefore, it does not directly measure permeability. In addition, 
because of the length of the friction sleeve, the CPT may average results over several inches. For 
IR03, permeability estimates for the SBTs reported have an upper limit of approximately 25 feet 
per day.   
 
The HPT directly measures hydraulic conductivity by measuring the force required and volume 
of water exiting a port in the side of the tool.  Because of the small size of the water ejection 
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port, the HPT tool is capable of identifying thin intervals of high and low hydraulic conductivity.  
The HPT logs illustrate much greater horizontal hydraulic conductivities, typically greater than 
150 feet per day in many locations, especially where gravel was present at IR03.  For purposes of 
designing extraction systems it is important to get more accurate, and direct, measures of 
horizontal hydraulic conductivity.  CIJV/CDM Smith believes that the data provided by the HPT 
was better for this purpose.  Therefore, additional HPT data are recommended in the areas with 
high NAPL saturation within the IR-03 Site, and specifically in the vicinity of the southeastern 
oil pond where thermally enhanced extraction is being considered. 

2.4 Data Gaps 

Table 2-3 presents the identified data needs identified during the development of the CSM to 
complete the ISTR and ISS design and develop an overall remedial approach for the Site.  The 
data gaps identified to achieve overall NTPS objectives include:   

• Detailed understanding of vertical distribution of horizontal hydraulic conductivities of 
various fill soils within areas of high NAPL saturation that have not been previously 
evaluated with HPT across IR-03 

• Detailed knowledge of the lateral extent and vertical distribution of mobile NAPL across 
IR-03  

• Detailed understanding of the variability in NAPL composition and properties across 
IR-03. 

The objective of the characterization activities is to fill data gaps in the CSM such that the full 
scale remedial design can be efficiently developed.  In addition, these data are necessary in order 
to make decisions regarding technology performance and to develop the overall strategy to 
remediate the Site.  
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SECTION 3 NTPS TECHNICAL APPROACH  
 

3.1 Objectives of the Additional Scope of Work  

The objectives of the additional scope of work include: 

• To define the vertical and lateral extent of NAPL in IR-03 
• To understand the mobility of NAPL across IR-03 
• To understand the horizontal hydraulic conductivity profile in areas with high NAPL 

saturation that have not been previously characterized using HPT 
• To understand the variability in NAPL composition and properties across IR-03 
• To update the current CSM in support of full-scale remedial design for IR-03. 

To achieve these objectives, an additional field investigation will be conducted to advance 
borings to collect soil samples, collect NAPL samples from monitoring wells and from soil 
borings, and advance the HPT. Soil samples will be used to evaluate sub-surface lithology, 
presence of debris, visible signs of contamination, presence of NAPL, NAPL saturation and 
mobility, and concentration of chemicals of concern (COCs) and COECs. HPT borings will be 
used to get a vertical assessment of horizontal hydraulic conductivity in areas with high NAPL 
saturation not previously characterized. Results of the field investigation will be used to update 
the CSM, specifically the vertical and lateral extent of mobile and immobile NAPL present at IR-
03. A description of the field investigation is provided in the following subsections. 

3.7 Post-Pilot Study Site-Wide Characterization 

3.7.1 Implementation Approach 

Effective implementation of the PPSSC activities requires the flexibility to make dynamic 
decisions while performing field work.   

Figure 3-1 presents the locations for 23 soil borings planned to be completed.  The 
implementation is broken up into 3 Tiers.  Tier 1 borings are located in areas most likely 
impacted with high saturation and mobile NAPL, the areas within and around the two former oil 
reclamation ponds. Tier 2 borings are in areas likely to still contain mobile NAPL, but are likely 
transitioning to the lower saturation; less mobile NAPL and Tier 3 borings are advanced in areas 
to delineate the full extent of NAPL.  Visual observations and field-based NAPL detection kits 
will be used to make field determinations for the presence of NAPL for selection of samples for 
Free Product Mobility (FPM), COC and COEC analysis. A summary of analysis is presented in 
Table 3-1. Table 3-2 provides a rational for each soil boring shown in Figure 3-1. The ability to 
collect parameters within the NAPL zone will be dictated by how thick the NAPL zone is within 
the soil boring and the number of samples being submitted for analysis within the sample 
interval (i.e., each chemical sample suite requires a 6-inch sleeve and poor soil recovery has 
occurred in the past).  Based on the NTPS characterization work, the NAPL interval observed 
was approximately between 10 and 20 feet below ground surface within the ISTR treatment 
zone, or approximately 10 feet thick.  In addition, an undisturbed core is required for the FPM 
testing.  The strategy will be to advance an 18-inch split spoon sampler to collect soil cores in 
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clear sleeves. After collecting all of the soil cores and performing field screening tests, results 
and observations will be used to select soil cores which are likely to contain the most mobile 
NAPL.  With this strategy, a maximum of 3 FPM samples could be collected within the NAPL 
saturation zone assuming a 10 foot thickness.  As such, borings with thinner NAPL thicknesses 
may have fewer FPM samples because samples will only be collected within the identified 
NAPL zones. Therefore, if 3 FPM samples can be collected, they will be analyzed.  Samples will 
be collected for analysis with the following priority 1) FPM (American Society for Testing and 
Materials [ASTM] D425/API RP 40), 2) polychlororinated biphenyls (PCBs, EPA 8082), 3) 
TPH (EPA 8015D), 4) metals (EPA 6010), 5) semi-volatile organic compounds (SVOCs, EPA 
8270), 6) volatile organic compounds (VOCs, EPA 8260), 7) total organic carbon (TOC, 
Walkley Black). 

 

Based on previous findings, borings are not expected to be advanced more than one to two feet 
below the top of Bay Mud. However, if field screening data indicate NAPL presence within the 
Bay Mud, the boring will be continued until NAPL is no longer detected. Following completion 
of the Tier 1 borings a coordination meeting will be conducted with the project team members 
via conference call. During the meeting, field screening results, field observations, a summary of 
sample intervals, anticipated delivery of preliminary analytical results, and any other pertinent 
information for Tier 1 borings will be presented. It is expected that the project team will approve 
the advancement of select or all Tier 2 borings and determine any adjustment to boring locations 
during the meeting. Following completion of the meeting, Tier 2 borings (preliminary locations 
on Figure 3-1) will be advanced to continue NAPL delineation. Following completion of Tier 2 
borings, another field coordination meeting will be held with the project team to present the 
additional data which was collected and approve Tier 3 boring locations (Figure 3-1). Tier 3 
borings will be used to complete delineation of the overall NAPL extent. A final field 
coordination meeting will be held to discuss results of the Tier 3 borings and placement of the 
HPT borings. 

  

3.7.2 Sampling Design and Rationale for Soil Borings 

Based on an estimate of 23 total borings, the sample summary is provided in Table 3-1. In 
general, sampling will be used to monitor for the same parameters as the NTPS. The only change 
is the addition of qualitative evaluation of the general NAPL composition across the site by 
fingerprint methods (Modified EPA 3630C)/FTIR (Modified EPA 1664)/GCMS (Modified 
ASTM D7753) to verify general composition of the NAPL.  The fingerprinting provides an 
estimate of NAPL composition by general groups (i.e., motor oil hydrocarbons, polychlorinated 
biphenyls, aryl phosphates). In addition, NAPL properties (i.e. density, viscosity) will be 
measured. 

Sample collection in each borehole will be performed in intervals where NAPL is observed in 
the field (visually or with NAPL test kit) and will target the most NAPL-impacted soil. The 
expected numbers of analyses per borehole are provided in Table 3-1. However, this number 
may vary for individual boreholes due to field-observed depth to Bay Mud or due to the presence 
and extent of NAPL within individual boreholes.  
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3.7.3 Sampling Design and Rationale for HPT Borings 

Three HPT borings are planned to delineate the horizontal hydraulic conductivities within the 
high-NAPL saturation area within and outside the former southeastern oil pond.  Planned 
locations for these borings are shown in Figure 3-2.  These locations may be adjusted based on 
results of the soil investigation work to target areas with high NAPL saturation based on field 
observations, and will be co-located with soil borings to correlate the NAPL saturation results 
with the horizontal hydraulic conductivity profile.  It is anticipated that three borings are 
sufficient to delineate the range of hydraulic conductivities associated with specific stratigraphic 
layers within the IR-03 mobile NAPL zone not already characterized with HPT. 

 

3.7.4 Sampling Design and Rationale for NAPL Samples 

Up to 10 NAPL samples will be collected from monitoring wells where NAPL has been 
historically detected for fingerprint analysis and physical properties testing (Table 2-2).  LNAPL 
thickness and the presence of DNAPL will be measured using an interface probe in monitoring 
wells IR02MW146A, IR02MW173A, IR03MW218A1, -A2, and -A3, IR03MW226A, 
IR03MW369A, IR03MWO-1, IR03MWO-2, IR03MWO-3, IR03MW374A, IR03MW375A, and 
IR03MW376A. Both LNAPL and DNAPL samples will be collected, if possible, from the 
monitoring wells.  LNAPL from IR03MWO-3 has already been collected and fingerprinted as 
part of the NTPS (Appendix B); however, this well will be re-sampled and fingerprinted to 
confirm results.    In addition, NAPL samples may be collected from soil recovered during the 
FPM sample processing depending on the number of NAPL samples collected from the 
monitoring wells. 
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SECTION 4 POST PILOT STUDY SITE-WIDE 
CHARACTERIZATION ACTIVITIES 

This section provides an overview of methodology and proposed work activities to be performed 
as a part of the PPSSC. 

4.1 Preparation 

All Site preparation activities relating to access, permitting, training, utility clearance, surveying, 
equipment storage, and investigation derived waste will be performed consistent with the 
original Final Work Plan (CIJV/CDM Smith, 2013). 

4.5 Post Pilot Study Site-Wide Characterization 

4.5.1 Soil Borings 

Each soil boring will be advanced to a depth of approximately one to two feet below the 
observed Bay Mud/Fill interface. If NAPL is encountered deeper than two feet into the Bay Mud 
(based on visual observation or NAPL test kit results), drilling will continue to a sufficient depth 
in order to characterize the vertical extent of the NAPL. Drilling will be performed using a direct 
push technology and/or hollow-stem auger drill rig that is capable of collecting continuous core 
samples.  Although five-foot acetate sleeves will be used to collect subsurface soil samples, 
continuous sampling will be performed in two and one half foot runs to minimize sample losses. 
Based on experience during the NTPS, shorter sampling intervals increased sample recovery, 
especially within the highly heterogeneous intervals where large cobbles and/or anthropogenic 
materials are likely to be present.    

The lithology of each sample core will be logged using American Society of Testing and 
Material (ASTM) method D2488-00, “Standard Practice for Description and Identification of 
Soils (Visual-Manual Procedure, ASTM, 2000).   

A continuous lithologic log of the soil cores will be completed by a geologist in accordance with 
SOP 3-5 (CIJV/CDM Smith, 2013). Soil samples will be collected at intervals corresponding 
with distinct geologic media and presence of NAPL.  The soil samples will first be field screened 
with a handheld FID in accordance with SOP 1-10, and handheld radiation detectors in 
accordance with CABRERA OP-020, and soil samples will be evaluated using a field test kit for 
the presence of NAPL.  A commercially available field test kit for NAPL (i.e. OilScreenSoilTM 
kits) will be utilized. Visible NAPL in the cores will also be noted, and LNAPL field screening 
kits will not be used at depths where visible NAPL is observed.  Soil samples will be field 
screened for NAPL approximately every 2-4 feet and the results will be recorded in the field log 
book.   

Following completion of field screening and LNAPL field testing, soil samples will be collected 
using a Terra Core® sampler for VOCs and TPH-g analyses and pre-cleaned wide-mouth glass 
jars for other analyses. A summary of analyses planned for sampling at the ISTR borings is 
presented in Table 3-1, and details regarding the proposed analytical methods, volumes, 
containers, preservatives, and holding times are presented in Appendix A.  

Up to three soil sample depths in each boring will be selected at depths where NAPL-impacted 
soils are observed indicated by direct observation of the soil cores and/or field screening. 
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Previous experience during the NTPS suggests that a maximum of three FPM samples, in 
addition to the other analytical parameters, can be collected assuming a NAPL thickness of 10 
feet.  For the borings on the perimeter of the NAPL extent where the NAPL thickness may only 
be a few feet, fewer FPM samples will be collected.  Alternatively, if the NAPL thickness is 
greater than 10 feet, more than 3 FPM samples may be collected.  FPM samples will not be 
collected in soil core intervals that do not contain NAPL.  Samples for the other non-
radiological, analytical parameters will also be collected in intervals with NAPL.  Sampling will 
be prioritized as follows: 1) FPM (ASTM D425/API RP 40), 2) PCB (EPA 8082), 3) TPH (EPA 
8015D), 4) metals (EPA 6010), 5) SVOCs (EPA 8270), 6) VOCs (EPA 8260), 7) TOC (Walkley 
Black).  Therefore, there is a potential that fewer samples may be collected for some of the 
parameters in a given boring depending on availability of soil core containing NAPL. An 
undisturbed section of soil core from each depth interval sampled will be saved in the acetate 
liner for subsequent laboratory testing for LNAPL saturation and mobility testing (Modified 
ASTM D425/Dean-Stark extraction API 40) in accordance with Table 3-1. Soil sampling will be 
completed in accordance with SOP 1-4. All investigation derived waste will be disposed in 55-
gallon drums and processed according to the methods outlined in the Waste Management Plan 
(CIJV/CDM Smith, 2013). 
Based on the sampling approach described in Section 3, ten Tier 1 borings will be located within 
or near the known oil reclamation ponds within areas likely to contain high saturation NAPL, six 
Tier 2 borings will be advanced along the boundaries of the high saturation NAPL zone, and 
seven Tier 3 borings will be located just beyond the boundaries of the estimated NAPL extent.  
The exact locations of the borings may be modified based upon field conditions and observations 
during advancement previous borings.  Figure 3-1 shows the proposed soil boring layout for 
PPSSC.  

4.5.1.1 Tier 1 Borings 

Ten soil borings will be advanced at the locations shown on Figure 3-1. Tier 1 soil borings were 
selected based on the historical data on NAPL extent and layout of the former oil reclamation 
ponds.  The primary purpose of these borings (SB1-1 through SB1-10) is to evaluate the NAPL 
saturation and mobility to support full-scale remedial design. The composition and physical 
properties of up to six NAPL samples recovered during the FPM tests will be evaluated. 

Field observations and screening will be reported to the Technical Leader at the end of each day. 
Based upon the visual observations and field screening data for all Tier 1 soil borings, Tier 2 
borings will be discussed with the project team including any adjustments in locations. The 
process will be repeated, using Tier 2 boring field observations and screening results, prior to 
Tier 3 boring advancement. 

4.5.1.2 Tier 2 Borings 

Six additional soil borings may be advanced to continue to characterize the lateral and vertical 
extent of mobile NAPL. The decision to advance the soil borings will be made during the Tier 2 
planning meeting with the project team immediately following Tier 1 activities. Field 
observations and field test kit results will be presented during the field planning meeting to aid in 
final placement of Tier 2 soil borings. 
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4.5.1.3 Tier 3 Borings 

Seven soil borings may be advanced to continue to characterize the lateral and vertical extent of 
NAPL across IR-03. The decision to advance the soil borings will be made during the Tier 3 
field planning meeting with the project team immediately following Tier 2 activities. Field 
observations and field test kit results will be presented during the field planning meeting for final 
placement of Tier 3 soil borings. Additionally, preliminary Tier 1 soil sample results will be 
presented if they are available. 

 

4.5.2 Summary of Sampling and Laboratory Analyses 

As discussed earlier, 23 total PPSSC boreholes are planned. Sample depths will be determined in 
the field using field screening results, visual observations, and soil lithology to target the 
intervals with mobile or residual NAPL. Soil samples for qualitative NAPL analyses will be 
selected after FPM testing has been completed and NAPL has been separated from the soil 
matrix. Samples for NAPL analyses will be selected based upon the quantity of NAPL separated 
and the distribution of soil borings with mobile NAPL. Appendix A Worksheet #17 describes 
selecting NAPL samples for analyses in detail. Of note is that all sampling will be focused within 
and around the identified NAPL zones. In general, the distribution of sample analyses will be 
applied to each boring location: 

• Three samples per boring: 
o NAPL dye test (field-based method) 
o TPH-Purgeable and TPH-Extractable by EPA Method 8015D 
o PCBs by EPA 8082 
o NAPL Mobility Package by ASTM D425 and API RP 40. 

• One sample per boring: 
o VOCs by EPA 8260B 
o SVOCs by EPA 8270C 
o Target Analyte List (TAL) Metals by EPA 6020 
o TOC by Walkley Black. 

• Maximum of 10 samples selected based on field screening: 
o Cesium (Cs)-137 and Radium (Ra)-226 by EPA 901.1 
o Strontium (Sr)-90 by EPA 905 Modified 
o Gross Alpha Beta by EPA 900 
o NAPL analysis (qualitative analysis) including: 

 Viscosity: Modified ASTM D445 at temperatures of 20˚C, 40 ˚C, 60 ˚C, 
80 ˚C and 100 ˚C 

 Density: ASTM D1298 at temperatures of 20˚C, 40 ˚C, 60 ˚C, 80 ˚C and 
100 ˚C 

 Distillation of Petroleum: ASTM D2887 
 FTIR: Modified EPA 1664 
 Separation Procedure: Modified EPA 3630C  
 GC-MS: Modified ASTM D7753. 

 



 
Section 4 

IR-03 Work Plan Addendum, Former Oily Waste Ponds NAPL Treatment Pilot Study page 4-4 

The parameters (i.e. TPH, VOCs] SVOCs, PCBs, metals) are needed to define ranges (and 
preferably upper range) of these chemicals for treatment technology design.  Therefore, samples 
will be collected from the high contamination areas within and around where NAPL is identified.   

All samples will be radiologically screened with handheld detectors in accordance with Section 
6.12.6 of the Radiological Materials Management Plan provided in Appendix C of the original 
Work Plan (CIJV/CDM Smith, 2013).  Any samples where detector readings are above 
background will be subsampled for radionuclide analysis (i.e. Cs-137, Sr-90 and gross alpha 
beta).  If no readings above background are observed during the field screening, at least 10 
samples will randomly selected from the soil cores for radionuclide analyses. 

A summary of quality assurance/quality control requirements for these samples is provided in 
Appendix A. The actual number of samples per borehole will be adjusted based on field 
observations and sample recovery.  

Table 3-1 and Appendix A provide a complete summary of soil laboratory analyses.  

4.5.3 HPT Borings 

The HPT tool introduces water to the formation and documents the pressure decay to establish a 
measurement of the soil hydraulic properties.  The pressure decay with depth is used to create a 
high-resolution log of changes in hydraulic properties with depth.  The proposed locations for the 
HPT borings are presented on Figure 3-2 and the locations are distributed at three locations 
within and outside the southeastern oil pond. HPT work will be performed in accordance with 
the Geoprobe® Technical Bulletin No. MK3137, SOP for the HPT System (Geoprobe 2011).  

There are five primary components of the HPT system: the probe assembly, controller, pump, 
trunkline, and the data logging field instrument. The field instrument collects, stores and displays 
transducer pressure, flow rate and electrical conductivity, line pressure, probe rate, and 
diagnostic parameters, with depth. The probe assembly consists of the section that houses the 
100 pounds per square inch pressure transducer, water and electrical connections, and the probe 
body with the injection screen and an electrical conductivity Wenner array. The probe is pushed 
or hammered at approximately 2 centimeters per second.  Water is pumped through a screen on 
the side of the HPT probe at a low flow rate, usually less than 300 milliliters per minute.  

The HPT components must be tested before logging is started.  An HPT reference tube, the water 
pump, and data recorder are used to test the HPT tool.  Field testing of the HPT is required 
before and after the first log, and after each additional log to verify the screen is not damaged or 
clogged. The CIJV team project engineer/geologist will monitor the performance of HPT 
borings. Detailed logs will be produced by the logging subcontractor.  

4.5.4 NAPL Sampling 

Grab NAPL samples will be collected from monitoring wells using a bailer or peristaltic pump. 
The monitoring well will be gauged using an interface probe, to determine the thickness of 
LNAPL and presence of DNAPL prior to collecting NAPL from a well. After the thickness of 
LNAPL and presence of DNAPL is determined, the sampling approach will be selected. LNAPL 
samples will be collected prior to collecting DNAPL samples in order to avoid cross 
contamination. If sufficient thickness of LNAPL (e.g., approximately 6 inches) is present, then a 



 
Section 4 

IR-03 Work Plan Addendum, Former Oily Waste Ponds NAPL Treatment Pilot Study page 4-5 

sample will be collected using a disposable bailer. The bailer will be attached to a string and the 
length of the bailer and string will be measured so that the bottom of the bailer is installed in the 
well no further than the LNAPL/groundwater interface. If a LNAPL sample cannot be collected 
with a bailer, then an attempt will be made using a peristaltic pump. A length of tubing will be 
installed in the well to the top of the LNAPL. The peristaltic pump will be turned on and the 
tubing will be slowly lowered until it is submerged in the LNAPL. The field personnel will ‘fish’ 
the tubing in the well in order to pump only LNAPL from the well.  

DNAPL samples will be collected using a Solinst Model 425 Discrete Interval Sampler. 
Operation of the sampler will performed in accordance Model 425 Discrete Interval Sampler – 
2” Diameter (Solinst, 2014). Water and DNAPL from the sampler will be discharged into a 5-
gallon food grade bucket. Sampling will be repeated until sufficient volume is present to collect a 
DNAPL sample. Prior to collecting the DNAPL sample, water above the sample will be decanted 
off. The DNAPL will be removed from the bucket using a syringe (or similar device) and placed 
into the sample container. 
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SECTION 5 SCHEDULING AND DELIVERABLES 
Implementation of field activities will begin following approval of the Final Work Plan 
Addendum by the Navy.  The project schedule is presented on Figure 5-1 which shows 
preparation and delivery of all planning documents, field work execution, completion of the 
PPSSC technical memo, and other tasks associated with completion of the PPSSC.  The schedule 
will be updated during project execution on a monthly basis, as necessary.     

 
 
 
 
 
 
 
 
 
 
 
 
 
  



 
 
Section 5 

IR-03 Work Plan Addendum, Former Oily Waste Ponds NAPL Treatment Pilot Study page 5-2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank 
 



 

IR-03 Work Plan Addendum, Former Oily Waste Ponds NAPL Treatment Pilot Study page 6-1 

SECTION 6 REFERENCES  
Barajas & Associates, Inc., 2008. Final Revised Remedial Investigation Report for Parcel E, 

Hunters Point Shipyard, San Francisco, California. May 2. 

CIJV/CDM Smith, 2013. Final NAPL Treatment Pilot Study Work Plan for Installation 
Restoration Site 03, Former Oily Waste Ponds, Parcel E, Hunters Point Naval Shipyard, 
San Francisco, California. June. 

CIJV/CDM Smith, 2014. Final In Situ Stabilization/Solidification Design NAPL Treatment Pilot 
Study IR-03 Former Oily Waste Ponds, Hunters Point Naval Shipyard San Francisco, 
California, June. 

Geoprobe. 2011. Application of the Geoprobe® HPT Logging System for Geo-Environmental 
Investigations. February. 

Interstate Technology and Regulatory Council, 2003. Technical and Regulatory Guidance for the 
Triad Approach: A New Paradigm for Environmental Project Manager.  December. 

IT, 1999. Final Post Construction Report, Site IR03 Waste Oil Reclamation Ponds Removal 
Action, Sheet Pile Contaminant Barrier, CAP, and Soil Cover: Hunters Point Naval 
Shipyard San Francisco, California, July. 

ITSI. 2013. Final Site Characterization and Bench-Scale Treatability Study Report. February. 
Shaw Environmental, Inc. 2007. Final New Preliminary Screening Criteria and Petroleum 

Programs Strategy, Hunters Point Shipyard, San Francisco, California. December 21. 

Solinst. 2014. Model 425 Discrete Interval Sampler – 2” Diameter. 
http://www.solinst.com/products/groundwater-samplers/425-discrete-interval-
sampler/operating-instructions/425-discrete-interval-sampler-operating-instructions-2inch-
diameter/sampling-operation.php. December 23. 

 
TPS Tech/CIJV/CDM Smith, 2013. Final In Situ Thermal Remediation Design NAPL Treatment 

Pilot Study IR-03 Former Oily Waste Ponds, Hunters Point Naval Shipyard San Francisco, 
California, October. 

 
 
 
 
 
 
 
 
 
 

http://www.solinst.com/products/groundwater-samplers/425-discrete-interval-sampler/operating-instructions/425-discrete-interval-sampler-operating-instructions-2inch-diameter/sampling-operation.php
http://www.solinst.com/products/groundwater-samplers/425-discrete-interval-sampler/operating-instructions/425-discrete-interval-sampler-operating-instructions-2inch-diameter/sampling-operation.php
http://www.solinst.com/products/groundwater-samplers/425-discrete-interval-sampler/operating-instructions/425-discrete-interval-sampler-operating-instructions-2inch-diameter/sampling-operation.php


 
 
Section 6 

IR-03 Work Plan Addendum, Former Oily Waste Ponds NAPL Treatment Pilot Study page 6-2 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

This page intentionally left blank 
 



 

 

 

 

 

 

 

 

 

 

 

 

FIGURES 



Service Layer Credits: Source: Esri,
DigitalGlobe, GeoEye, Earthstar
Geographics, CNES/Airbus DS,
USDA, USGS, AEX, Getmapping,
Aerogrid, IGN, IGP, swisstopo, and the

!A

!A

!A

!A!A

!A

!A

!A

!A

!A !A

!A

!A
!A

!A

!A

!A
!A

!A
!A

!A

!A

!A

!A !A
!A

!A

!A

!A
!A

IR03B363
(7456 @ 9-10 ft)
(1681 @ 14-15 ft)

IR03B378
(1704 @ 9-10 ft)
(143 @ 14-15 ft)

IR03B377
(13 @ 9-10 ft)
(90 @ 14-15 ft)

IR03B367
(527 @ 9-10 ft)

(1354 @ 14-15 ft)

IR03B341
(1128 @ 6.25 ft)
(838 @ 8.75 ft)
(214 @ 16.25 ft)

IR03B371
(2500 @ 9-10 ft)
(7300 @ 14-15 ft)

IR03B342
(695 @ 9-10 ft)
(92 @ 14-15 ft)

IR03B372
(13860 @ 9-10 ft)
(8860 @ 14-15 ft)

IR03B373
(10320 @ 9-10 ft)
(7470 @ 14-15 ft)

IR03B374
(86 @ 9-10 ft)

(13670 @ 14-15 ft)

IR03B375
(30780 @ 9-10 ft)
(804 @ 14-15 ft)

IR03B376
(32100 @ 9-10 ft)
(793 @ 14-15 ft)

IR03B368
(1480 @ 9-10 ft)
(354 @ 14-15 ft)

IR03B220 
(7853 @ 6.25 ft)
(487 @ 8.75 ft)
(1049 @ 11 ft)
(4680 @ 15.25 ft)
(124 @ 21.25 ft)

IR03B375
(1556 @ 8.5 ft)
(3313 @ 31 ft)

IR03B425
(27068 @ 12-13 ft)
(27074 @ 14-15 ft)
(31076 @ 17-18 ft)
(861 @ 20-21 ft)
(< 2 @ 24-25 ft)
(< 2 @ 28-29 ft)
(< 2 @ 33-34 ft)

IR03B426
(4300 @ 7-8 ft)
(45110 @ 14-15 ft)
(48110 @ 16-17 ft)
(1180 @ 18-19 ft)
(7701 @ 21-22 ft)
(< 1 @ 24-25 ft)

IR03B427
(12158 @ 10-11 ft)
(9453 @ 12-13 ft)
(6324 @ 14-15 ft)

(24020 @ 16-17 ft)
(15 @ 21-22 ft)
(51 @ 24-25 ft)

IR03B409
(53000 @ 11.5 - 12 ft)

(177000 @ 16 - 16.5 ft)
(112000 @ 19.5 - 20 ft)

IR03B419
(306 @ 5-8 ft)

IR03B420A
(9500 @ 12-14 ft)

IR03B413
(44000 @ 11.5 - 12 ft)
(59000 @ 15.5 - 16 ft)
(19200 @ 17.5 - 18 ft)

IR03B421
(32000 @ 13-15 ft)

IR03B422
(20300 @ 9-15 ft)

IR03B412
(1050 @ 13-13.5 ft)
(190 @ 14.5-15 ft)
(1290 @ 19.5-20 ft)

IR03B410A
(42000 @ 11.5-12 ft)
(40000 @ 16-16.5 ft)
(3000 @ 19.5-20 ft)

IR03B417A
(9300 @ 9.5-10 ft)
(43000 @ 14.5-15 ft)

IR03B414
(1810 @ 14.5-15 ft)
(10 @ 19.5-20 ft)
(360 @ 23-235. ft)

IR03B423
(106 @ 9-15 ft)

IR03B415B
(1430 @ 8.5-9 ft)

(19600 @ 12.5-13 ft)

IR03B418A
(4700 @ 19.5-20 ft)

IR03B418
(41000 @ 7-7.5 ft)
(1160 @ 9.5-10 ft)

IR03B416
(660 @ 9.5-10 ft)
(430 @ 14.5-15 ft)

IR03B424
(2400 @ 13-15 ft)

IR03B431
(12839 @ 19-20 ft)
(3816 @ 24-25 ft)

IR03B432A
(43130 @ 14-15 ft)
(18139 @ 19-20 ft) IR03B433

(12061 @ 14-15 ft)
(20620 @ 18-19 ft)

IR03B428
(58 @ 6-7 ft)

(137 @ 9-10 ft)
(1831 @ 12-13 ft)
(22920 @ 14-15 ft)
(40150 @ 17-18 ft)
(2773 @ 21-22 ft)

(81 @ 24-25 ft)

IR03B430
(300.03 @ 9-10 ft)
(9472 @ 14-15 ft)
(14097 @ 15-16 ft)
(1051 @ 19-20 ft)
(163 @ 22-23 ft)

(8 @ 24-25 ft)
(43 @ 26-27 ft)

IR03B411
(31000 @ 11.5 - 12 ft)
(57000 @ 15.5 - 16 ft)
(28000 @ 19.5 - 20 ft)

IR03B389 IR03B390

062-0009

062-0011A

062-0013

IR03MW372A

IR03MW224AIR03B392

IR03B395

IR03B399

IR03B400

IR03B398

IR03MW342A

IR03B404
IR03B405

IR03MW173A

062-0039AIR03MW369A

IR03B403

IR03B402 062-0037B
062-0035

062-0033

IR03B397

IR03MW226A

IR03MW-02

062-0031B
062-0029

IR03B401

IR03MW218A1

IR03MW218A3
IR03MW218A2

IR03B388

IR03B396
062-0025

062-0023A

IR03MW146A
062-0015

062-0016B

062-0018B
062-0017A

IR03B391

062-0019B

062-0002
(1081 @ 7 - 8 ft)
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(848 @ 4 - 5 ft)

(1761 @ 10 - 11 ft)
(20 @ 15 - 15.5 ft)

(52 @ 19 - 20 ft)062-0005A
(404 @ 5 - 6 ft)

(14 @ 10 - 11 ft)
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062-0007
(50 @ 4 - 5 ft)
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(4 @ 14.5 - 15.5 ft)
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(167 @ 4 - 5 ft)
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IR02B299 (96)

IR03B340 
(117 @ 6.25 ft)
(212 @ 8.75 ft)

(112 @ 11.25 ft)
(100 @ 16.25 ft)
(90 @ 21.25 ft)
(79 @ 41.25 ft)
(167 @ 51.25)

IR02B293 (875)IR02B293 (69.7)

IR02B299 (74.1)

IR02B293 (77.3)

IR03B339
(125 @ 6.25 ft)
(95 @ 8.75 ft)

(103 @ 11.25 ft)
(88 @ 21.25 ft)

(177 @ 36.25 ft)
(117 @ 51.25 ft)
(83 @ 61.25 ft)

IR02B290 (96.4)
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(667 @ 16.25 ft)
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IR02B098D
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IR03B350
(380 @ 2 - 10 ft)

IR03B353
(671 @ 2-10 ft)

IR03B354
(1661 @ 2-10 ft)

IR03B343
(2281 @ 9-10 ft)

(1520 @ 14-15 ft)

IR03B429
(19069 @ 7-8 ft)
(1757 @ 9-10 ft)

(13130 @ 10-15 ft)
(54120 @ 15-20 ft)
(4449 @ 21-22 ft)
(270 @ 24-25 ft)
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IR-03 Former Oily Waste Pond NAPL Treatment Pilot Study
Hunters Point Naval Shipyard, San Francisco, CaliforniaDate: 05/2015  94810.6429

Figure 2-1
Summary of NAPL Treatability

Pilot Study Activities

ISTR - in situ thermal remediation
LIF - Laser Induced Fluorescence
mg/kg - milligrams per kilogram
MVS - Mining Visualization System
TPH - total petroleum hydrocarbon
NAPL - non-aqueous phase liquid

Notes:
The NAPL extent shown around IR03B356 is likely connected to the larger IR-03 NAPL.  
The more localized extent shown in the figure is an artifact of the indicator kriging used in MVS.
Numbers in parenthesis indicate total TPH in mg/kg at sample collected at depth ft bgs
    where (19069 @ 7 - 8 ft) is 19,069 mg/kg TPH at 7 - 8 ft bgs.
Symbology represents approximate locations and is not representative of actual dimension. 
(d) = duplicate sample
Acronyms:
bgs - below ground surface
CPT - Cone Penetrometer Technique
ft - feet
IR - Installation Restoration
ISS - in situ solidification / stabilization
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Figure 2-2
Summary of NTPS

CPT-HPT Boring Results
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Figure 3-1
Post Pilot Study Site-Wide

Characterization Location Map

MVS-Interpolated NAPL extent
based on kriging total TPH > 
3,500 mg/kg in soil
Sheet Pile Wall

Note:
The NAPL extent shown around IR03B356 is likely  
  connected to the larger IR-03 NAPL.  The more localized 
  extent shown in the figure is an artifact of the indicator
  kriging used in MVS.
Symbology represents approximate locations and is not 
  representative of actual dimension. 

ISTR - in situ thermal remediation
ISS - in situ stabilization
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Figure 3-2
Historical and Proposed

HPT Boring Locations´ 50 0 5025
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Notes:
1.  HPT locations may change based on
     results of soil boring investigation.
2.  Symbology represents approximate
     locations and is not representative of
     the actual dimension



ID WBS Task Name Working Days Start Finish

0 0 IR-03 Former Oily Waste Pond NAPL Pilot Study 1033 days Fri 9/21/12 Mon 9/12/16

1 1 Meetings, Project Management and Admin Support 705 days Fri 9/21/12 Tue 6/9/15

38 2 Project Plans 189 days Fri 10/5/12 Wed 6/26/13

81 3 Field Work 414 days Thu 6/20/13 Fri 1/23/15

207 4 Pilot Study Completion Report 128 days Mon 1/26/15 Wed 7/22/15

222 5 WE 7 - Post Pilot Study Site-wide Characterization 513 days Wed 9/24/14 Mon 9/12/16

223 5.1 Work Plan and SAP Addendum - IR03 Site-wide 
Characterization

177 days Wed 9/24/14 Thu 5/28/15

224 5.1.1 Initial Draft WP and SAP Addendum 27 days Wed 9/24/14 Thu 10/30/14

225 5.1.2 Navy Review 18 days Fri 10/31/14 Tue 11/25/14

226 5.1.3 Incorporate Navy Comments and Draft RTCs 26 days Wed 11/26/14 Wed 12/31/14

227 5.1.4 QAO Review 10 days Wed 1/7/15 Tue 1/20/15

228 5.1.5 Incorporate QAO Comments and RTCs and Acceptance 10 days Wed 1/21/15 Tue 2/3/15

229 5.1.6 Submit Draft WP and SAP Addendum to BCT 3 days Wed 2/4/15 Fri 2/6/15

230 5.1.7 BCT Review of Draft WP and SAP addendum 45 edays Fri 2/6/15 Mon 3/23/15

231 5.1.8 Incorporate Stakeholder Comments and Draft RTCs 10 days Tue 3/24/15 Mon 4/6/15

232 5.1.9 Navy QAO Review of Final RTCs and SAP 10 days Tue 4/7/15 Mon 4/20/15

233 5.1.10 Incorporate Navy QAO Comments 10 days Tue 4/21/15 Mon 5/4/15

234 5.1.11 Submit RTCs and Final WP and SAP 18 days Tue 5/5/15 Thu 5/28/15

235 5.2 IR-03 Additional Characterization Field Work 336 days Fri 5/29/15 Mon 9/12/16

236 5.2.1 ROICC Kick Off Meeting for additional characterization 1 day Fri 5/29/15 Fri 5/29/15

237 5.2.2 Mobilization for Soil NAPL Characterization 1 day Mon 6/8/15 Mon 6/8/15

238 5.2.3 IR03 Soil NAPL Characterization Sampling 10 days Tue 6/9/15 Mon 6/22/15

239 5.2.4 Tier 1 BCT Meeting 1 day Mon 6/15/15 Mon 6/15/15

240 5.2.5 Tier 2 BCT Meeting 1 day Fri 6/19/15 Fri 6/19/15

241 5.2.6 Tier 3 BCT Meeting 1 day Tue 6/23/15 Tue 6/23/15

242 5.2.7 Final IDW Removal and Final Demobilization 24 days Tue 8/25/15 Mon 9/12/16

243 5.3 Technical Memorandum: Post Pilot Study Site-wide 
Characterization

89 days Tue 8/25/15 Fri 12/25/15

244 5.3.1 Receive Validated Data from Lab Analyses 1 day Tue 8/25/15 Tue 8/25/15

245 5.3.2 Initial Draft IR03 Technical Memorandum 25 days Wed 8/26/15 Tue 9/29/15

246 5.3.3 Navy Review 15 days Wed 9/30/15 Tue 10/20/15

247 5.3.4 Incorporate Comments and Draft RTCs 5 days Wed 10/21/15 Tue 10/27/15

248 5.3.5 Submit Draft Technical Memorandum 1 day Wed 10/28/15 Wed 10/28/15

Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan
2013 2014 2015

Page 1 of 2 Figure 5-1
Schedule



ID WBS Task Name Working Days Start Finish

249 5.3.6 BCT Review Draft Technical Memorandum 20 days Thu 10/29/15 Wed 11/25/15

250 5.3.7 Incorporate Comments and Draft RTCs 10 days Thu 11/26/15 Wed 12/9/15

251 5.3.8 Draft Final IR03 Technical Memorandum 1 day Thu 12/10/15 Thu 12/10/15

252 5.3.9 BCT Review Draft Final Technical Memorandum 10 days Fri 12/11/15 Thu 12/24/15

253 5.3.10 Submit RTCs and Final Technical Memorandum 1 day Fri 12/25/15 Fri 12/25/15 12/25

Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan
2013 2014 2015
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TABLES 



8/16/2006 9/13/2006 11/13/2006 8/2/2007 9/24/2008 9/30/2009 7/9/2010 7/20/2011 9/21/2011 7/23/20131 7/14/20142 11/13/2014

IR02MW146A 4.62 4.29 4.39 3.31 3.28 3.62 4.17 0.66 4.94 4.41/4.05 LNAPL3 NM
IR03MW218A1 0 0 0.03 0 0 0 NM NM NM sheen/sheen NM 0.89
IR03MW218A2 NM NM NM 0 0 0 NM NM NM 0/0 0.1* NM
IR03MW218A3 NM NM NM NM NM NM NM NM NM 0/0 11* NM
IR02MW173A 2.34 1.91 2.17 2.3 2.34 2.45 1.8 1.8 2.37 2.8/2.62 NM NM
IR03MW225A 3.6 4.1 3.93 5.1 0.03 4.11 0.35 3.9 0.1 2.28/0.9
IR03MW226A 0.08 0.11 0.07 0.27 0.02 0.16 0.04 0.02 0.6 sheen/sheen LNAPL droplets NM
IR03MW369A 2.64 2.14 0.05 0.05 0.04 0.58 0.14 0.04 0.45 1.58/2.35 0.75 2.7
IR03MWO-1 0 0 0 0 NM NM NM NM NM 0/0 0.3* NM
IR03MWO-2 1.9 0.11 1.16 1.5 0.8 0.21 0.66 0.17 0.7 0/0.1 NM NM
IR03MWO-3 2.8 2.7 5.11 5.65 5.41 4.62 5.37 0.07 5.3 6.6/6.3 7.3 6.04
IR03MW370A 9.89 4.4 4.08 4.53 5.33 4.4 3.47 1.42 4.6 4.74/5.88
IR03MW374A - - - - - - - - - 0/0 <0.1* NM
IR03MW375A - - - - - - - - - 0.05/0.05 0 NM
IR03MW376A - - - - - - - - - 0.4/0.45 0.2* NM
1 First value is LNAPL measured at low tide and second value is LNAPL measured at high tide.  Note that DNAPL was not screened for.
2 The NAPL evaluation included both LNAPL and DNAPL.
3 Unable to measure the depth to water due to NAPL on the probe and so a NAPL thickness could not be determined.

* NAPL was DNAPL
Acronyms and Abbreviations:

Sheen -  LNAPL observed as sheen, but no measurable depth.

NM - Not measured.

UTD - Unable to Determine LNAPL depth.

Monitoring Well ID 

Decommissioned

NAPL Thickness (ft)

Decommissioned

Table 2-1
LNAPL Thickness in Monitoring Wells from 2006-2014 
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Laboratory Sample 
Delivery Group Sample Location Sample 

Date Matrix
Depth

(ft bgs)1
Density
(g/mL)

Viscosity
(cSt)

NAPL
Saturation

(%)

Fraction 
Diesel (%)

Fraction
MO
(%)

Fraction
Aryl

Phosphate
(%)

13381 IR03B426 7/10/2013 NAPL/Soil2 16 0.99 NM 2.81 39.6 11.9 48.2

13381 IR03B428 7/12/2013 NAPL/Soil2 13 0.89 NM 6.5 65.5 8 26.5

14141 IR03MWO-3 3/24/2014 NAPL 5.1 0.92 240 NA 22.69 48.23 0

14183 IR03MW375A 12/5/2013 NAPL 7.79 1.024 180 NA 8.26 17.55 36.01

14107 LNAPL- ISTR Separator Tank 2/13/2014 NAPL NA 0.936 86 NA 33.2 54.2 11.17

14107 LNAPL- ISTR Separator Tank 3/3/2014 NAPL NA 0.91 35.6 NA 31.3 50.4 18.3

14266 LNAPL- ISTR Separator Tank 6/1/2014 NAPL NA 0.88 14.5 NA 30.45 37.21 11.34

14390 IR03B438 7/23/2014 NAPL/Soil2 15 NM NM 30.6 19.07 29.55 17.4

1 Depth of NAPL samples is the top of the screen interval in feet below top of casing
2 NAPL collected after centrifugation during the free-product mobility testing

NM - Not measured

ft - feet

LNAPL - light nonaqeuous phase liquid
ISTR - in situ thermal remediation
IR - installation restoration

Table 2-2 
Summary of NAPL Composition and Properties

NA - Not applicable

Acronyms and Abbreviations:

bgs - below ground surface
cSt - centistokes

MO - motor oil
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Table 2-3 
Summary of IR-03 CSM Data Gaps and Investigation Activities 

 
  

 
Acronyms and Abbreviations: 
CSM – conceptual site model 
FTIR- Fourier transform infrared spectroscopy 
GC/MS- Gas chromatography–mass spectrometry 
HPT– Hydraulic Profiling Tool 
ISS - In Situ Solidification Stabilization 
ISTR - In Situ Thermal Remediation  
LNAPL – light non-aqueous phase liquid 
NAPL – non-aqueous phase liquid 

Data Gap Technology Need Activity to Fill Data Gap 

Detailed understanding of vertical stratification 
of horizontal hydraulic conductivities in areas 
with high NAPL saturation that have not been 
previously evaluated with HPT. 

Full-Scale 
Remedy Design 

Advance HPT borings at up to 3 locations in 
areas where there is a high NAPL saturation 
and no available HPT data (i.e. within 
Southwestern pond footprint) for incorporation 
into existing Site-wide data. 

Characterize the extent of high-saturation 
NAPL across IR-03. 

Advance up to 23 soil borings, including 7 
borings that are on the boundary of the known 
NAPL extent from the IR03 ponds. 

Characterize NAPL saturation and mobility 
across IR-03. 
 

Advance 23 soil borings throughout IR03 
within high- and low- NAPL saturation zones 
to delineate geology, contaminant levels and 
NAPL mobility. 

Characterize the composition of NAPL in 
different samples collected across IR-03. 

Collect up to 10 NAPL samples to evaluate 
physical properties (viscosity and density) and 
composition using fingerprinting FTIR and 
GC/MS techniques. 
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Table 3-1 
Summary of Analytical Sampling and Analysis for the IR-03  

Post Pilot Study Site-Wide Characterization 
  
Soil Analyses Method Number Details 
VOCs EPA 8260B 23 1 sample per boring within NAPL 

interval + QA/QC samples 
 SVOCs EPA 8270C 23 

Metals EPA 6020 23 
Total Organic Carbon Walkley Black 23 
TPH-purgeable EPA 8015D M 69 Approximately 3 samples per boring 

within the NAPL interval, as feasible+ 
QA/QC samples 
 

TPH-extractable 
 

EPA 8015D M 69 

PCBs EPA 8082 69 
Cs-137 and Ra-226 EPA 901.1 10 10 samples will be selected based on 

field screening or as needed,  
QA/QC samples will be collected for 
Cs-137, Ra-226, and Sr-90, only if 
sufficient volume of soil is available 
for all other analyses. 

Sr-90 EPA 905 Modified 10  

Gross Alpha Beta EPA 900 10 

Free Product Mobility 
Package  

ASTM D425/API RP 40 69 Approximately 3 samples per boring 
within the NAPL interval, as feasible  
 

NAPL finger printing 
analysis 

Viscosity: ASTM D445 
Density: ASTM D1298 
Distillation of Petroleum: 
ASTM D2887 
FTIR: Modified EPA 1664 
with 
Separation Procedure: 
Modified EPA 3630C 
GC-MS: Modified ASTM 
D7753 

10 10 representative NAPL samples as 
needed for qualitative assessment 

 
Acronyms and Abbreviations: 
ASTM- American Society for Testing and Materials 
Cs- Cesium 
EPA- United States Environmental Protection Agency 
FTIR- Fourier transform infrared spectroscopy 
GC/MS- Gas chromatography–mass spectrometry 
NAPL – non-aqueous phase liquid 
QA/QC – quality assurance/quality control 
PCB- polychlorinated biphenyl 
Ra- Radium 
Sr- Strontium 
SVOC- semi-volatile organic compound 
TPH- total petroleum hydrocarbon 
VOC – volatile organic compound 
 



Boring ID Description / Reasoning

SB1-1 Evaluate NAPL saturation, mobility and soil lithology to bound the extent of NAPL on the Bay-side of the sheet pile wall
SB1-2 Evaluate NAPL saturation, mobility and soil lithology between the pilot ISTR treatment zone and IR03B420A, where TPH < 10,000 mg/L
SB1-3 Evaluate NAPL saturation, mobility and soil lithology between the two former oily pond locations
SB1-4 Evaluate NAPL saturation, mobility and soil lithology within ISTR TTZ in area previously inaccessible
SB1-5 Evaluate NAPL saturation, mobility and soil lithology between the two former pond locations near IR03MW01 
SB1-6 Evaluate NAPL saturation, mobility and soil lithology along southeastern extent of southeastern pond footprint
SB1-7 Evaluate NAPL saturation, mobility and soil lithology between the two former pond locations
SB1-8 Evaluate NAPL saturation, mobility and soil lithology between the two former pond locations

SB1-9 Evaluate NAPL saturation, mobility and soil lithology between the two former pond locations

SB2-1 Evaluate NAPL saturation, mobility and soil lithology near MW146A, where thick NAPL has recently been observed on site.
SB2-2 Evaluate NAPL saturation, mobility and soil lithology near former borings with TPH > 10,000 mg/kg near estimated NAPL boundary
SB2-3 Evaluate NAPL saturation, mobility and soil lithology near former borings with TPH > 10,000 mg/kg near estimated NAPL boundary
SB2-4 Evaluate NAPL saturation, mobility and soil lithology near former borings with TPH > 10,000 mg/kg near estimated NAPL boundary
SB2-5 Evaluate NAPL saturation, mobility and soil lithology near former borings with TPH > 10,000 mg/kg near estimated NAPL boundary

SB2-6 Evaluate NAPL saturation, mobility and soil lithology near estimated NAPL boundary

SB3-1 Evaluate NAPL extent outside current estimated NAPL boundary
SB3-2 Evaluate NAPL extent outside current estimated NAPL boundary
SB3-3 Evaluate NAPL extent outside current estimated NAPL boundary
SB3-4 Evaluate NAPL extent outside current estimated NAPL boundary
SB3-5 Evaluate NAPL extent outside current estimated NAPL boundary on the Bay-side of the sheet pile wall
SB3-6 Evaluate NAPL extent outside current estimated NAPL boundary
SB3-7 Evaluate NAPL extent outside current estimated NAPL boundary
SB3-8 Evaluate NAPL saturation, mobility and soil lithology within ISTR treatment zone and IR03B420A

Tier 1

Tier 2

Tier 3

Table 3-2
IR-03 Soil Boring Location Descriptions and Rationale
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ACRONYMS AND ABBREVIATIONS 
 

Bay San Francisco Bay 
BCT BRAC Cleanup Team 
BRAC Base Realignment and Closure 
BRAC PMO  BRAC Project Management Office 
CDM Smith CDM Federal Programs Corporation 
CIJV Cabrera-Insight Joint Venture 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
COC contaminant of concern 
COEC Chemical of Ecological Concern 
COPC contaminant of potential concern 
CPT Cone penetrometer technique 
Cs Cesium 
CSM Conceptual site model 
DNAPL Dense non aqueous phase liquid 
DPT Direct push technology 
DQO Data Quality Objective 
DTSC Department of Toxic Substances Control 
EPA United States Environmental Protection Agency 
FID flame ionization detector 
FTIR Fourier Transform Infrared Radiation (spectroscopy) 
  
FPM Free Product Mobility 
HPT Hydraulic Profile Tool 
HPNS Hunters Point Naval Shipyard 
HSA Hollow Stem Auger 
IR Installation restoration 
ISS Stabilization/Solidification Pilot Study 
ISTR In situ thermal remediation 
LNAPL light non aqueous phase liquid 
mg/kg Milligram per kilogram 
MVS Mining Visualization Software 
MS matrix spike 
MSD Matrix spike duplicate 
NA not applicable 
NAD North American Datum 
NAPL Non-aqueous phase liquid 
NAVD North American Vertical Datum 
NIRIS Naval Installation Restoration Information Solution 
NTPS NAPL treatability pilot study 
PCBs Polychlorinated Biphenyls 
POC Point of Contact 
PM Project Manager 
PQO project quality objective 
PPSSC Post Pilot Study Site-Wide Characterization 
PT proficiency test 
QA Quality Assurance 
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QAO Quality Assurance Officer 
QAM Quality Assurance Manager 
QAPP Quality Assurance Project Plan 
QC Quality Control 
QCM Quality Control Manager 
Ra Radon 
RAOs Remedial Action Objectives 
RASO Radiological Affairs Support Office 
SAP Sampling and Analysis Plan 
SOP standard operating procedure 
Sr Strontium 
SVOC semi-volatile organic compound 
TBD To be determined  
TOC total organic carbon 
TPH Total petroleum hydrocarbons  
TTZ Target treatment zone 
U.S. United States 
VOA volatile organic analysis  
VOC volatile organic compound 
WP Work Plan 
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SAP Worksheet #2: Sampling and Analysis Plan Identifying Information 
Site Name/Number: Former Oily Waste Ponds/Installation Restoration (IR)-03  
 
Contractor Name: Cabrera-Insight Joint Venture (CIJV) and CDM Federal Programs Corporation (CDM Smith)  
 
Contract Number: N62473-10-D-0811  
 
Contract Title: RAD Environmental Multiple Award Contracts  
 
Work Assignment 
Number (optional): Task Order 0004  
 
1. This sampling and analysis plan (SAP) was prepared in accordance with the requirements of the Uniform Federal Policy for Quality 

Assurance Project Plans (-QAPP) (EPA 2005) and United States (U.S.) Environmental Protection Agency (EPA) Guidance for Quality 
Assurance Project Plans, EPA QA/G-5 (EPA 2002).  

 
2. Identify regulatory program: Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) 
 
3. This SAP is a project-specific SAP. 
 
4. List organizational partners (stakeholders) and identify the connection with lead organization:  

 
Organization Partners/Stakeholders Connection Date 

San Francisco Regional Water Quality Control Board Base Realignment and Closure 
(BRAC) Cleanup Team (BCT)  

Department of Toxic Substance Control (DTSC) BCT  
United States Environmental Protection Agency BCT  
San Francisco Redevelopment Agency BCT  
 
5. Lead organization: BRAC Program Management Office (PMO) 
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SAP Worksheet #3.1: Distribution List 
 

Name of SAP 
Recipients Title/Role Organization Telephone 

Number 
E-mail Address or  
Mailing Address  

Jim Polansky Laboratory Project Manager (PM) Expert Chemical Analysis, Inc. (858) 535-9979 ecainc@adnc.com 

Scott Hay Radiological Control Lead (CIJV (702) 645-9727 Shay@cabreraservices.com 

George Chow PM DTSC (510) 540-3879 george.chow@dtsc.ca.gov 

Catherine Haran Lead Remedial Project Manager NAVFAC SW BRAC PMO (619) 532-0787 
Catherine.haran@navy.mil 

 

Lily Lee PM EPA (415) 947-4187 
Lee.Lily@epa.gov 

 
 
 
 
 
 
 
 
 
.
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SAP Worksheet #4.1: Project Personnel Sign-Off Sheet 
 

Name Organization/Role Signature/E-mail Receipt QAPP Section Reviewed Date QAPP Reviewed 
Jim Polansky Expert Chemical Analysis Inc. 

(PM) 
 Entire Sampling and Analysis 

Plan (SAP) 
 

Scott Hay Radiological Control Lead  Entire SAP  

George Chow DTSC PM  Entire SAP  

Zachary Edwards RASO Point of Contact (POC)  Entire SAP  
1 Blank spots on Worksheet 4 are for field staff names and signatures. 
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SAP Worksheet #5.1: Project Organizational 
The project organization chart is presented as Figure 5-1. 
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SAP Worksheet #6.1: Communication Pathways 
The communication pathways for the SAP are shown below. 

1 Communication pathways for the Radiological Control Lead, DTSC PM, and RASO POC are listed in the original QAPP. 
  

Communication Drivers1 Responsible Entity Name Phone 
Number 

Procedure  
(Timing, Pathway To/From, etc.) 

Sample Receipt Variances Laboratory PMs Jim Polansky See Worksheet 
#3.1 

Laboratory PM will call or email the Field Team Leader after 
sample login. 

Reporting Lab Quality 
Variances Laboratory PMs Jim Polansky See Worksheet 

#3.1 
Laboratory PM will call or email the CIJV PM or CDM Smith 
PM. 

Analytical Corrective Actions 
Laboratory PMs and 
CIJV Quality Assurance 
(QA) Manager 

Jim Polansky See Worksheet 
#3.1 

The laboratory PM or CIJV QA Manager will the CIJV and  
CDM Federal Programs Corporation  (CDM Smith) PM. 

Severe Issues with Sample 
Analyses or Data Quality CIJV Chemist Nick Weinberger (714) 678-

6700 

CIJV Chemist will inform the CIJV PM who will inform the 
Navy RPM of severe issues with sample analyses or data 
quality. The Navy RPM will contact the Navy Chemist at 
their discretion. 
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SAP Worksheet #7.1: Personnel Responsibilities Table 

Title/Role Organizational Affiliation Responsibilities 

Jim Polansky/ECA Lab PM Laboratory PMs 

 Performs laboratory analysis of soil, groundwater, soil vapor, and quality control (QC) samples 
by the methods listed in Worksheet #15 within holding times, 

 Coordinates field supplies necessary for sample collection and shipment, and 
 Reviews laboratory reports for accuracy and grammar.

1 Personnel responsibilities for the Radiological Control Lead, DTSC PM, and RASO POC are listed in the original SAP.SAP Worksheet  
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SAP Worksheet #9.1: Project Scoping Session Participants Sheet 

Project Name:  
Hunters Point Naval Shipyard (HPNS) 
Installation Restoration (IR)-03 Pilot 
Study 

Site 
Name:  HPNS IR-03 

Projected Date(s) 
of Sampling:  June 2015 – July 2015 Site 

Location: San Francisco, CA 

Project Manager: Mitra Fattahipour, Insight 

Date of Session: 7/29/2014 
Scoping Session 
Purpose:  

Basis of estimate submitted by CIJV on 7/29/14 Section 2.7 – Work Element 7 Modification 02 – Post 
Pilot Study Site-Wide Characterization. 

 
Summary of items discussed in section 2.7: 

 Prepare a Work Plan Addendum and SAP Addendum for the Post Pilot Study Site-Wide 
Characterization (PPSSC) of IR-03 
 

 Sample collection will consist of a tiered sampling approach with a total of 23 soil 
borings. 

 
 A quantity of three samples per boring will be collected and analyzed for total petroleum 

hydrocarbon (TPH)-purgeable, TPH-extractable, polychlorinated biphenyls (PCBs), and 
nonaqueous phase liquid (NAPL) Mobility Package analyses  

 
 A quantity of one sample per boring will be collected and analyzed for volatile organic 

compound (VOCs), semivolatile organic compounds (SVOCs), metals, and total organic 
carbon (TOC) 

 
 A total of 10 NAPL finger printing samples (using Fourier transform infrared Radiation  

[FTIR]) spectroscopy and NAPL viscosity and density will be analyzed based on 10 
representative NAPL samples 

 
 A total of 10 cesium (Cs)-137, radium (Ra)-226, strontium (Sr)-90, and Gross Alpha/Beta 

samples will be collected based on field screening or as needed 
 

 All QA/QC measures will be followed according to the original Work Plan and SAP 
 

 A Technical Memorandum will be submitted to report the findings of the PPSSC 
 

 The Conceptual Site Model (CSM) will be updated to include site-wide characterization 
results and to better define the horizontal and vertical extent of mobile NAPL at IR-03. 
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SAP Worksheet #10.1: Conceptual Site Model 
CIJV partnered with CDM Smith (CIJV/CDM Smith), prepared this Addendum to the Final 
NAPL Treatment Pilot Study (NTPS) Sampling and Analysis Plan (SAP Addendum) for IR-03, 
Former Oily Waste Ponds, Parcel E, HPNS, San Francisco, California. This SAP Addendum 
documents the strategy for performing PPSSC activities to delineate the horizontal and vertical 
extent of NAPL within IR-03 to update the CSM and support full-scale IR-03 remedial design.  

NTPS activities included pre-design characterization, an in situ thermal remediation pilot study 
(ISTR), an in situ solidification/stabilization pilot study (ISS), and post pilot-study 
characterization. The locations of the ISS and ISTR pilot studies are shown in Figure 10-1. A 
complete description of these activities is provided in the original SAP included as Attachment 
A. 

As described in the Work Plan, the overall objective of the NTPS was to evaluate the 
effectiveness of ISTR for thermally enhanced NAPL recovery and ISS for NAPL immobilization 
in support of full-scale remedial design to achieve remedial action objectives (RAOs). In order to 
reach these objectives, work was performed to gain a thorough understanding of Site conditions 
and their variability, determine how Site conditions in the NTPS area influence the two 
technologies being evaluated in pilot tests, and determine the appropriate full scale application of 
one or both technologies under Site conditions.  The focus of the CSM elements in evaluating 
full-scale design include:  

 Site Hydrogeology:  develop a comprehensive understanding of Site hydrogeology 
including tidal influences; groundwater hydraulic heads, flow directions and rate; Site 
stratigraphy, heterogeneity, and; hydraulic conductivities 
 

 Nature & Extent of Contamination:  Quantify the degree of NAPL saturation including 
delineation of areas with mobile NAPL within the NPTS areas; quantify distribution and 
concentrations of chemicals of ecological concern (COECs) in groundwater  
 

 Fate and Transport of Contaminants:  Quantify NAPL mobility under existing conditions 
and determine if NAPL and/or groundwater with COECs above water quality criteria are 
discharged to the San Francisco Bay (Bay). 

Based on the work performed during the NTPS, data was collected to improve the understanding 
of Site conditions within the pilot study target treatment zones (TTZs) shown in Figure 10-1. 
Results of pre-design characterization work conducted within the TTZs is provided in the Final 
In Situ Thermal Remediation Design NAPL Treatment Pilot Study IR-03 Former Oily Waste 
Ponds, Hunters Point Naval Shipyard San Francisco, CA (TPS Tech/CIJV/CDM Smith, 2013) 
and the Final In Situ Stabilization/Solidification Design NAPL Treatment Pilot Study IR-03 
Former Oily Waste Ponds, Hunters Point Naval Shipyard San Francisco, CA (CIJV/CDM Smith 
2014).  A summary of findings include: 

 Due to the nature of Artificial Fill material at the Site, multiple instances of large metal 
debris including wide-gauge metal cables, and other anthropogenic material were 
encountered during drilling activities. This is consistent with other areas of Parcel E  
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where soil, crushed bedrock, dredged sediments, and debris were used to extend the 
shoreline (Barajas & Associates, 2008). It should be noted that it is unknown if debris 
encountered was disposed of in the Former Oil Reclamation Ponds or was placed during 
extension of the shoreline 
 

 Although NAPL is present at the interface of the artificial fill and Bay Mud, NAPL did 
not extend beyond the Bay Mud interface within the NTPS TTZs in any of the borings 
advanced during the pilot study.  Therefore, the vertical extent of NAPL across IR-03 in 
relation to the Bay Mud is necessary for full-scale design 
 

 The measured hydraulic conductivity within the ISTR TTZ was significantly lower than 
previously estimated and is on the order of 4.6 feet per day, details of the analysis are 
provided in TPS Tech/CIJV/CDM Smith, 2013  
 

 Significant variability in horizontal hydraulic conductivity was observed in different 
borings advanced within the ISTR TTZ based on the hydraulic profile tool (Figure 2-2).  
Based on this, a more detailed evaluation of horizontal hydraulic conductivity at other 
areas of the Site is warranted for full-scale design 
 

 The existing sheet pile barrier wall appears to continue to serve as an effective hydraulic 
barrier between IR03 and the San Francisco Bay (Bay) and minimal tidal influence was 
observed in monitoring wells on the interior of the sheet pile wall, details of the analysis 
are provided in TPS Tech/CIJV/CDM Smith, 2013 
 

 Based on NAPL mobility testing, NAPL saturation above approximately 5 % of the total 
pore volume (PV) had potential for mobile NAPL within the ISTR TTZ, although the 
NAPL saturation threshold varied with lithology. The average NAPL saturation in the 
ISTR TTZ of the 18 soil core samples evaluated was approximately 10% PV, and ranged 
from 1.7-33.3 %PV.  Of these, seven had mobile NAPL ranging from 0.1-10 %PV.  
Within the ISS TTZ, the total NAPL saturation of the 3 soil core samples evaluated were 
7.4, 13.8 and 10.0 % PV, and none contained mobile NAPL. However, the presence of 
NAPL in monitoring well IR03MW371A within the ISS TTZ suggest the presence of 
mobile NAPL. Details of the analysis are provided in the Draft NAPL Treatment Pilot 
Study (NTPS) Completion Report CIJV/CDM Smith, 2015, hereafter referred to as the 
NTPS Completion Report  

   
 

 The combination of visual observation and NAPL detection kits were successful to 
determine the presence of NAPL  
 

 NAPL extends beyond the NTPS TTZs and therefore the complete extent of NAPL was 
not delineated during NTPS activities 
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 The NAPL was comprised of multiple constituents, and aryl phosphates were significant 
components of the NAPL in the ISTR TTZ, but not in the ISS TTZ. Evaluating the 
composition of NAPL is important for the full-scale design of the remedial action.  
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Update NAPL Extent 

In order to evaluate appropriate locations for the NAPL-characterization borings, an update to 
the light non aqueous phase liquid (LNAPL) nature and extent evaluation was developed.  First, 
an update to the measurable free product (LNAPL) present in many of the monitoring wells at 
the IR-03 site was developed.  LNAPL thickness in IR-03 monitoring wells presented in Table 
10-1.  Monitoring well locations with measureable LNAPL are shown as purple and those 
without NAPL are shown as green in Figure 10-1.  The thickest LNAPL has historically been 
measured in IR03MW370A, until 2006 when generally the thickest LNAPL was measured at 
IR03MWO-3.  Of note, is that monitoring well locations on the Bay-side of the sheet pile wall, 
IR03MWO-3, IR03MW370A and IR03MW369A contain measurable LNAPL.  NAPL was 
present on the Bay-side of the sheet pile wall before the sheet pile wall was installed, and 
confirmation borings advanced in 1997 after it was installed confirmed the presence of NAPL 
(Figure 10-1).  Therefore, the focus of the NAPL investigation on the Bay-side of the sheet pile 
wall is primarily to bound the lateral extent of NAPL along the sheet pile wall. 

3D Mining Visualization Software (MVS) model was used to Krige the NAPL extents based on 
U.S. EPA package Geo-EAS.  The 3D Kriging with adaptive gridding and all analyte data 
interpolation was conducted as described in the Work Plan (CIJV/CDM Smith, 2013).  The 
following data sources and technical parameters were used to populate and evaluate the MVS 
model. 

Surface Features.  Site surface features were added to the 3D model to help orient the viewer.  
The aerial photo gives a good indication of where boring location and subsurface data are located 
while viewing the model from the top view. 

Subsurface Features.  Site subsurface features include monitoring wells, borings, and the sheet 
pile wall were added to the 3D model.  Monitoring well construction information including total 
depth of well and screen interval was compiled from monitoring well logs.  The location of the 
sheet pile wall was taken from the as built in the completion report (IT, 1999).   

Grid Type: For the interpolation of the observed LNAPL in wells a convex hull bound grid with 
X/Y model grid resolution = 121x121 was utilized.  For the analytical model of the soil Total 
TPH data, a convex hull bound grid with X/Y/Z model grid resolution = 81 X 81 X 70 was 
utilized.   

Contaminant Input Data. The following data sets were Kriged in 3D, using the model 
parameters described above: 

 Remedial Investigation (RI) (Barajas & Associates, Inc., 2008) soil borings as described 
in the Work Plan 
 

 ITSI, 2011 advanced 16 soil borings (IR03B409 through IR03B424) as described in the 
Work Plan 
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 Boring data for total TPH for the post-ISTR borings and the ISS borings advanced by 
CIJV/CDM Smith in 2013/2014 

 
 Borings advanced during a 1997 investigation by IT Corporation (IT, 1997) whose data 

were not input into the Naval Installation Restoration Information Solution (NIRIS) and 
so were omitted from the original evaluation in the Work Plan (CIJV/CDM Smith, 2013). 

All soil data were first converted to logarithmic values for Kriging purposes to better model the 
range of concentrations.  The default horizontal/vertical anisotropy of 10 was chosen as the best-
fit calibration variogram using a Reach of 2918’ based on 20 points.  The default value for the 
MVS model for the horizontal and vertical anisotropy is 10 and provided sufficient weighting to 
connect the soil TPH lateral extents, but not extend the estimated NAPL extent unrealistically.  
Therefore, the horizontal and vertical anisotropy was not changed.    The chosen nominal plume 
exhibits a minimum confidence of 35% based on a confidence bound factor of 10.  All sample 
concentrations within the model domain were used in the kriging algorithm to produce the best 
possible estimate for every grid node. 
 
The TPH taken as the sum of TPH-extractable and TPH- purgeable was used to develop a Kriged 
LNAPL extent in MVS shown in Figure 10-1.  A TPH criterion of 3,500 milligram per kilogram 
(mg/kg) was used to infer the presence of LNAPL based on TPH saturation limits for LNAPL; 
the source of these criteria is the “Final New Preliminary Screening Criteria and Petroleum 
Program Strategy, Hunters Point Shipyard, San Francisco, California” (Shaw Environmental, 
Inc., 2007).  Figure 10-1 also illustrates soil borings with samples that exceeded the 3,500 mg/kg 
criterion as red and those with soil results below this criterion as green.  Although, the soil 
concentration threshold of 3,500 mg/kg TPH indicates the potential presence of NAPL, it does 
not provide information on the mobility of NAPL nor NAPL saturation.   
 
Update NAPL Composition 
 
During the pre-design characterization, NAPL pumped from the new monitoring well 
IR03MW376A within the ISTR TTZ appeared to phase separate with fractions as LNAPL and 
fractions behaving as dense nonaqueous phase liquid (DNAPL).  When the field team went back 
to sample IR03MW376A, however, the NAPL could not be recovered again.  Therefore, a 
sample of the NAPL from IR03MW375A was taken to analyze for properties and to fingerprint 
using mass spectrometry and FTIR data.  Results of this testing confirmed that the NAPL had a 
higher density than expected (Table 10-2). In addition, fingerprint analysis identified a 
significant fraction was "Mixed Aryl Phosphates", which were a group of isomers that were all 
very similar to trixylenyl phosphate in structure and molecular weight. The mass spectra of the 
compounds were very similar to each other and all appeared to have a primarily aromatic nature, 
and be similar to trixylenyl phosphate.  Interestingly, an LNAPL sample collected from 
IR03MW0-3, which is near the ISTR TTZ but on the Bay-side of the sheet pile wall, was also 
fingerprinted and did not contain aryl phosphates.  This is inconsistent with the NAPL samples in 
the ISTR treatment zone and so NAPL will be collected from this well and fingerprinted again to 
confirm this result. 
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As Table 10-2 illustrates, only the NAPL taken from the northwestern oil pond have shown a 
higher density and have been confirmed to contain have been confirmed to contain aryl 
phosphates.  However, a comprehensive evaluation of the NAPL composition and properties has 
not been conducted across IR-03.  Given that the composition can significantly impact the ability 
of extraction technologies to remove NAPL efficiently, this is a key data gap for design of the 
treatment technologies. 
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Horizontal Hydraulic Conductivity 
 
Figures 10-1 and 10-2 illustrate the locations of historical cone penetrometer technique (CPT) 
borings collected during the ITSI, 2012 investigation (labelled as CPT-LIF in Figure 10-1) as 
well as the six additional CPT and 6 hydraulic profile tooling (HPT) borings advanced during the 
CIJV/CDM Smith NPTS investigation (Figure 10-2).  Both CPT and HPT data sets illustrate a 
significant variability in soil types and associated hydraulic conductivities with depth across 
IR-03.  However, CPT provides only an indirect measurement of hydraulic conductivity by 
assigning a soil behavior type (SBT) based on the ratio between tip pressure and sleeve friction.   
The SBT is related to hydraulic conductivity by assuming the SBT corresponds to clay, silt, sand, 
gravel or mixtures thereof and assuming average or a range of hydraulic conductivity values 
reported for those materials in the literature. Therefore, it does not directly measure permeability. 
In addition, because of the length of the friction sleeve, the CPT may average results over several 
inches. For IR03, permeability estimates for the SBTs reported have an upper limit of 
approximately 25 feet per day.   
 
The HPT directly measures hydraulic conductivity by measuring the force required and volume 
of water exiting a port in the side of the tool.  Because of the small size of the water ejection 
port, the HPT tool is capable of identifying thin intervals of high and low hydraulic conductivity.  
The HPT logs illustrate much greater horizontal hydraulic conductivities, typically greater than 
150 feet per day in many locations, especially where gravel was present at IR03.  For purposes of 
designing extraction systems it is important to get more accurate, and direct, measures of 
horizontal hydraulic conductivity.  CDM Smith believes that the data provided by the HPT was 
better for this purpose.  Therefore, additional HPT data are recommended in the areas with high 
NAPL saturation within the IR-03 Site, and specifically in the vicinity of the southeastern oil 
pond where thermally enhanced extraction is being considered. 
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SAP Worksheet #11.1: Project Quality Objectives/Systematic Planning Process Statements 
Project quality objectives (PQOs) define the type, quantity, and quality of data that are needed to 
answer specific environmental questions and support environmental decisions.  PQOs are 
developed using a systematic planning process described in the Guidance for the Data Quality 
Objective (DQO) Process (EPA, 2006).  The DQOs consist of the following seven iterative steps: 

1. State the problem (see SAP Worksheet #10) 

2. Identify the goals of the study 

3. Identify information inputs 

4. Define the boundaries of the study 

5. Develop the analytic approach 

6. Specify performance or acceptance criteria 

7. Develop the plan for obtaining data. 

The project specific DQOs are described below: 

1. State the Problem 

As defined in Worksheet #10, the Site is contaminated with a variety of materials, including 
petroleum-related NAPL. To achieve site cleanup goals, the subsurface requires implementation 
of remedial technologies to treat contaminants. However, before this can be completed, the 
lateral and vertical extent of NAPL across IR-03, the degree of NAPL saturation and mobility 
across IR-03, composition of NAPL across IR-03, and detailed understanding of hydraulic 
conductivities around the southwestern pond footprint need to be characterized. A field 
investigation needs to be completed in order to collect the information to fill the data gaps for the 
full-scale ISTR and ISS remedy design.   

2. Identify the Goals of the Study 
The goal of characterization activities is to fill data gaps in the CSM such that the full scale 
remedial design can be efficiently developed.  In addition, these data are necessary in order to 
make decisions regarding technology performance and to develop the overall strategy to 
remediate the Site. 

The principal study questions that must be addressed by the analytical data are: 

 What is the vertical distribution of horizontal hydraulic conductivities of the fill (A-
aquifer) within areas of high NAPL saturation and what is their correlation with NAPL 
mobility near the southwestern pond footprint? 
 

 What is the lateral and vertical extent of mobile NAPL across IR-03? 
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 What is the NAPL saturation and mobility across IR-03? What are the concentrations of 
COCs/COECs in soil where NAPL is present? 
 

 What is the composition of NAPL in different samples collected across IR-03? 

3. Identify the Information Inputs. 
The following identifies the information inputs for the PPSSC.  
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Table 11-1 Information Inputs 
Input Data Quality Level (Screening or Definitive Data)

Tier 1, 2 and 3 hollow stem auger (HSA) 
or Direct Push Technology (DPT) soil 
sampling during site-wide characterization 

Definitive Data – 23 borings for site-wide characterization 
of NAPL (total and mobile NAPL), and concentrations of 
contaminants of concern (COCs) and COECs in soil. Note 
that numbers of samples per boring are anticipated and 
actual numbers may vary based on the observed NAPL 
thickness 
 Planned boring locations are shown on Figure 11-1 
 Collect 69 primary samples (approximately 3 per 

boring) for TPH-purgeable, TPH-extractable, and PCBs 
 Collect 23 primary samples (approximately 1 per 

boring) for VOCs, SVOCs, metals, and TOC 
 Collect 10 primary samples for gross alpha and beta, 

Cs-126, Rd-226, Sr-90 
 Collect 69 primary samples (approximately 3 per 

boring) for Free Product Mobility (FPM) by ASTM 
D425 and API RP 40. 

Analyses indicated in Worksheet #17. 
Screening Data – 23 borings for site-wide characterization 
of mobile NAPL 
 Continuous core samples used to evaluate lithology and 

visually screen cores for the presence of NAPL 
 Field screening (69 total analyses) for NAPL using 

Cheiron OilScreenSoil® (or equivalent) of soil cores are 
anticipated.  The actual number will depend on the field 
observations. 

 Collect samples for NAPL fingerprint analyses 
including: 
 Viscosity: Modified ASTM D445 at temperatures of 

20˚C, 40 ˚C, 60 ˚C, 80 ˚C and 100 ˚C. 
 Density: ASTM D1298 at temperatures of 20˚C, 40 

˚C, 60 ˚C, 80 ˚C and 100 ˚C. 
 Distillation of Petroleum: ASTM D2887 
 FTIR: Modified EPA 1664 
 Separation Procedure: Modified EPA 3630C 
 GC-MS: Modified ASTM D7753 

NAPL samples will be collected from soil cores after 
centrifuging during FPM analyses, if possible. Fingerprint 
analyses results will be considered qualitative data to 
understand the chemical composition and physical properties 
of different NAPL samples collected across the Site. 
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Table 11-1 Information Inputs 
Input Data Quality Level (Screening or Definitive Data)

NAPL collection from monitoring wells 
during site-wide characterization 

Screening Data - LNAPL thickness and the presence of 
DNAPL will be measured using an interface probe in 
monitoring wells IR02MW146A, IR02MW173A, 
IR03MW218A1, -A2, and -A3, IR03MW226A, 
IR03MW369A, IR03MWO-1, IR03MWO-2, IR03MWO-3, 
IR03MW374A, IR03MW375A, and IR03MW376A. Both 
LNAPL and DNAPL samples will be collected, if possible, 
from the monitoring wells. 

 Collect up to ten samples for NAPL fingerprint 
analyses including: 

 Viscosity: Modified ASTM D445 at temperatures of 
20˚C, 40 ˚C, 60 ˚C, 80 ˚C and 100 ˚C. 

 Density: ASTM D1298 at temperatures of 20˚C, 40 
˚C, 60 ˚C, 80 ˚C and 100 ˚C. 

 Distillation of Petroleum: ASTM D2887 

 FTIR: Modified EPA 1664 

 Separation Procedure: Modified EPA 3630C 

 GC-MS: Modified ASTM D7753 

 

Analyses indicated in Worksheet #17. A disposable bailer or 
discrete interval sampler will be used to collect NAPL 
samples. Fingerprint analyses results will be considered 
qualitative data to understand the chemical composition and 
physical properties of different NAPL samples collected 
across the Site. 

4. Define the Boundaries of the Study 
The proposed lateral boundaries of the study include the sampling locations shown on Figure 
11-1.  The Site is bordered on the east and north by vacant lots and on the west and south by the 
Bay.   

Field activities at IR-03 are anticipated to be completed within an approximately 20-day period 
of field work in April 2015.  Results of the activities will be presented in a technical 
memorandum, which will be submitted within approximately 60 days following receipt of final 
laboratory data. 

5. Develop the Analytical Approach 
The existing CSM will be updated with the results of the PPSSC. Site-wide characterization 
activities are designed to fill data gaps in the current CSM for full-scale design of the remedial 
action. A flexible tiered approach will be used while soil borings are being advanced and the 
location of Tier 2 and 3 soil borings maybe adjusted based on real-time results from field 
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screening and observations. Overall, multiple lines of evidence will be used to determine if the 
lateral and vertical extent of NAPL is complete, as described below: 

Field Observations: 

Soil cores will be inspected for the presence of NAPL and observations will include: 

 Staining, sheen, and odor  

 Presence of NAPL (e.g., sludge, tar-like substances, black liquid) 

 Soil boring lithologies including the presence of the fill material, Bay Mud, and native 
soil representative of the B-aquifer. Presence of building materials and other debris 
(although materials and debris will not indicate the presence or absences of NAPL, 
NAPL has been associated with materials and debris at other boring locations and it will 
be helpful to note if materials and debris are present in other areas of IR-03) 

 Depth of the Bay Mud, which limited the vertical migration of NAPL at IR-03 

 Results of field screening NAPL test kits.  

Field observations and screening results will be reviewed by the project team during 
coordination meetings and boring locations will be adjusted and/or confirmed for the next tier.  

 If sufficient soil is recovered during borehole advancement to evaluate the presence of 
NAPL, materials and debris, perform field screening NAPL test kits, and evaluate soil 
lithology, then advancement of soil cores for the tier will be considered complete 

 If sufficient soil is not recovered during borehole advancement to evaluate the presence 
of NAPL, materials and debris, perform field screening NAPL test kits, and evaluate soil 
lithology, then advancement of soil cores will be considered incomplete. Alternate 
drilling methods will be evaluated and a new drilling method will be selected in order to 
collect the soil necessary for site-wide characterization. 

NAPL Extent:  

 If NAPL is not observed within the Tier 3 borings using field screening observations, and 
NAPL test kits, then the extent of NAPL will be considered complete 

 If NAPL is observed within the Tier 3 borings using field screening observations and 
NAPL test kits, then the extent of NAPL will not be considered complete and additional 
soil borings will be necessary to characterize the extent of NAPL. The data will be 
reviewed to determine if and where additional soil borings need to be advanced. 

FPM: 
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FPM results will be reviewed along with field observations and soil boring logs to characterize 
the lateral and vertical distribution of total, residual and mobile NAPL.  

 If FPM results provide sufficient data (along with field observations and soil boring logs) 
to bound the lateral and vertical distribution of mobile NAPL, then FPM testing will be 
considered complete 

 If FPM results do not provide sufficient data to bound the lateral and vertical distribution 
of mobile NAPL, then data gaps will be reviewed to determine if and where additional 
FPM soil samples need to be collected. 

 

NAPL Fingerprint Analyses 

NAPL samples will be collected from monitoring wells IR02MW146A, IR02MW173A, 
IR03MW218A1, -A2, and -A3, IR03MW226A, IR03MW369A, IR03MWO-1, IR03MWO-2, 
IR03MWO-3, IR03MW374A, IR03MW375A, and IR03MW376A. Samples may be collected 
from additional monitoring wells based upon soil boring observations and measured thicknesses 
of LNAPL/DNAPL during the field investigation. Additionally, if FPM analysis results in free-
phase NAPL obtained after centrifuging samples, then select samples of the NAPL may be 
submitted for further fingerprint analysis. Up to 10 total samples from monitoring wells and soil 
cores will be selected for fingerprint analysis.  Fingerprint analysis will be reviewed to determine 
if the general composition of NAPL is consistent across IR-03 at locations impacted with mobile 
NAPL. Additionally, because fingerprint analysis monitors a broad spectrum of chemical classes, 
results will be used to determine if chemical classes outside of TPH, PCBs, VOCs, and SVOCs 
make up a substantial portion of the NAPL. 

A description of selecting NAPL samples for fingerprint analyses is included in Worksheet 
#17.1. 

Characterization of COCs and COECs within IR-03 Where NAPL is Present: 

Concentrations of COCs and COECs will be used as a line of evidence to characterize the Site 
and evaluate the corresponding concentrations within areas containing NAPL (with various 
saturations). 

6.  Specify Performance or Acceptance Criteria 
The performance and acceptance criteria listed in the Final SAP (CIJV/CDM Smith, 2013; 
Attachment A), will be applied to the new DQOs. Additionally, fingerprint analyses of NAPL 
samples will be considered as qualitative analyses to evaluate the composition of NAPL. Data 
validation does not apply to fingerprint results. 

Evaluation of the Site analytical results and field observations will include Kriging to estimate 
NAPL, COC and COEC extent, observations of the presence or absence of NAPL, field test 
results, comparison of screening and definitive data, and updating the CSM with existing site-
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wide characterization data. This collective body of knowledge will be used to identify any 
possible problems with the data, and minimize decision errors. 

7.  Develop the Plan for Obtaining Data  
Soil sampling will be conducted in accordance with the Final SAP, sampling criteria discussed 
above in Worksheet #11, sample design and rationale in Worksheet #17 including referenced 
technical standard operating procedures, and at the locations shown in Figures 11-1 and 11-2.  
Should field conditions require adjustment of sampling locations, frequency, and/or depths, 
modifications will be made during two separate coordination meetings and in consideration of 
achieving the project goals described above. The first coordination meeting will be held 
approximately following completion of Tier 1 soil sampling to plan for Tier 2 soil sampling. The 
second coordination meeting will be held immediately following completion of Tier 2 soil 
sampling to plan for Tier 3 soil sampling.  A final team meeting will be held after the Tier 3 
sampling is complete to summarize the preliminary field results of the characterization effort. 
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SAP Worksheet #14.1: Summary of Project Tasks 

Major Tasks: 
This worksheet summarizes the major tasks for this project. 

Preparation 

Site Access 

 CIJV/CDM Smith team will coordinate with the Navy’s Caretaker Site Office to obtain 
site access for all required site personnel (including Subcontractors) and vehicles 
 

   Every effort to limit the number of personnel and vehicles that need to enter the site will 
be made  

 
 Grubbing of vegetation in areas where activities will be conducted, as needed 

 
 Work is anticipated during daylight hours; generally 7 AM and 5 PM 

 
 Weekend work will be coordinated with HPNS personnel as needed. 

 
Permitting 

 In accordance with Section 121(e) of CERCLA 1980 (CERCLA, 42 United States Code, 
Section 9621[e]), as amended, no federal, state, or local permits shall be required for the 
portion of any removal or remedial action conducted entirely onsite 
 

 Although not required, substantive compliance with applicable permit requirements will 
be met 

 
 CIJV/CDM Smith team responsible for coordination with Navy to obtain any permits 

determined to be necessary 
 

 Navy remedial project manager, resident officer in charge of construction, and 
appropriate HPNS security and fire department personnel will be notified of work 

 
 Soil borings will be constructed in accordance with Department of Water Resources well 

construction standards and City of San Francisco Department of Public Health well 
construction rules and regulations. 

Subsurface Utility Clearance 

 Underground Service Alert Dig-Alert (1-800-227-2600) will be contacted for subsurface 
utility location as required by California law 
 

 Navy personnel will be used to verify known utility locations 
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 Private utility locate will be performed using geophysical survey to detect subsurface 

obstructions if any utilities exist; methods to be utilized may include ground-penetrating 
radar, electromagnetic methods, and metal detectors.  Based on previous investigation 
activities, no utilities are reported at IR-03 

 
 If utility identified in vicinity of a boring location, location will be moved if possible, or 

hole will be hand-dug to 5 feet below ground surface. 

Site Survey 

 Survey will include locations and elevations of all soil borings  
 

 California-licensed land surveyor will be subcontracted to provide a horizontal and 
vertical survey (to the nearest 0.01-foot) of all borings locations, according to the North 
American Datum (NAD) 83 Zone III (feet) for horizontal datum and North American 
Vertical Datum (NAVD) 88 for vertical datum 

 
 Radiological drive-over survey using Cabrera Large Area Scanning System to identify 

potentially contaminated locations within all site areas not previously surveyed during the 
NTPS  investigation activities, in order to aid in characterization of the site. 

Equipment Staging / Storage 

 Majority of equipment staged/stored in temporary Conex boxes onsite 
 

 Acceptable location for storage will be coordinated with Navy prior to mobilization. 

Investigation-Derived Waste Management 

 A Waste Management Plan has been prepared and describes the management of 
investigation-derived waste. The Waste Management Plan was included as Appendix B 
of the Final Work Plan (CIJV/CDM Smith, 2013). 

Post-Pilot Study Site-Wide Characterization 

Soil Borings 

 Purpose to collect soil samples to delineate IR-03 NAPL extent and determine NAPL 
mobility and saturation within the overall NAPL extent  
 

o Tier-based approach, up to 23 continuous borings. 
 

HPT Borings 
 

 Purpose to evaluate vertical stratification of horizontal hydraulic conductivities in and 
around the southeastern oil pond.  
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NAPL Thickness Measurements 
 

 Purpose to determine the thickness of LNAPL and/or DNAPL, as applicable, in IR-03 area 
monitoring wells 
 

 NAPL thickness measurements will be used to collect LNAPL samples. If sufficient 
DNAPL is present, DNAPL samples may be collected. 
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SAP Worksheet #16.1: Project Schedule/Timeline Table  
Figure 16-1 presents the schedule for PPSSC activities. 
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SAP Worksheet #17.1: Sampling Design and Rationale 
Data gathered during the PPSSC will be used to: 

1. To define the vertical and lateral extent of NAPL in IR-03 

2. To understand the mobility of NAPL across IR-03 

3. To understand the horizontal hydraulic conductivity profile in areas with high NAPL 

saturation that have not been previously characterized using HPT 

4. To understand the variability in NAPL composition and properties across IR-03 

5. To update the current CSM in support of full-scale remedial design for IR-03. 

Soil Boring Locations 

A continuous lithologic log of the soil cores will be completed by a CIJV/CDM Smith geologist 
in accordance Technical Standard Operating Proceedure (TSOP) 3-5 Lithologic Logging. Soil 
samples will be collected at intervals corresponding with distinct geologic media and presence of 
LNAPL.  Soil sampling will be conducted in accordance with TSOP 1-4 Subsurface Soil 
Sampling. The soil samples will first be field screened with a handheld flame ionization detector 
(FID) and handheld detectors for radiological screening for health and safety purposes and to 
identify contaminated soil. Then, soil samples will be tested using a field test kit for the presence 
of NAPL.  A commercially available field test kit for LNAPL (i.e. OilScreenSoilTM kits) will be 
utilized. Visible LNAPL in the cores will also be noted, and LNAPL field screening kits will not 
be used at depths where visible LNAPL is observed.  Soil samples will be field screened for 
LNAPL approximately every 2 to 4 feet and the results will be recorded in the field log book.   

Following completion of field screening and LNAPL field testing, soil samples will be collected 
using a Terra Core® sampler, or similar, for VOC and TPH-g analysis and pre-cleaned wide-
mouth glass jars for other analyses. A summary of analyses planned for sampling is presented in 
Table 11-1, and details regarding the proposed analytical methods, volumes, containers, 
preservatives, and holding times are presented in Worksheet #19 of Attachment A.  

The three soil sample depths in each boring will be selected at depths where NAPL-impacted 
soils are observed indicated by direct observation of the soil cores and/or field screening. An 
undisturbed section of soil core from each depth interval sampled will be saved in a clear or 
stainless steel liner for subsequent laboratory testing for LNAPL saturation and mobility testing 
(Modified ASTM D425/Dean-Stark extraction) in accordance with Table 11-1. Soil borings will 
be advanced during three Tiers of the investigation: 

 
Tier 1 – 9 soil borings will be advanced at the locations shown on Figure 11-1. Tier 1 soil 
borings were selected based on the historical data on lateral extent of NAPL, but the lateral 
and vertical extent of mobile NAPL needs to be better characterized in order to support full-
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scale remedial design. Soil borings SB1-1 through SB1-10 were selected to evaluate the 
extent of NAPL horizontally and vertically and evaluate total, residual and mobile NAPL 
fractions across areas known to contain highly-saturated NAPL based on historical data.  
This includes areas within and surrounding the footprints of the former oil reclamation 
ponds.  These Tier 1 borings may also be used to evaluate the composition and physical 
properties of extracted NAPL across the Site. 

 
Tier 2 – Six additional soil borings may be advanced to continue to characterize the lateral 
and vertical extent of NAPL. Tier 2 borings are in areas likely to still contain mobile NAPL, 
but are likely transitioning to the lower saturation, less mobile NAPL. Adjustments to Tier 2 
soil borings will be confirmed during a Base Realignment and Closure (BRAC) Cleanup 
Team (BCT) coordination meeting. Field observations and field test kit results will be 
presented during coordination meeting to aid in decision making for Tier 2 soil borings. 
 
Tier 3 – Eight soil borings may be advanced to continue to delineate the full extent of 
NAPL. Adjustments to Tier 3 soil borings will be confirmed during a field coordination 
meeting. Field observations and field test kit results will be presented during the 
coordination meeting to aid in decision making for Tier 3 soil borings. Additionally, 
preliminary soil sample results will be presented if they are available. 
 

The rationale for each soil boring location is present in Table 17-1. 
 
Chemical and Physical Analyses of Soil 
 
Samples will be collected from soil borings for COC/COECs and FPM, as described below. 
 

 One soil sample per boring will be collected for VOCs, SVOCs, metals, and TOC. 
Sample intervals will be selected based upon field observations (staining, visible NAPL, 
odor) and results of field test kits in order to select the interval with highest concentration 
of NAPL 

 
 Approximately three soil samples per boring will be collected for TPH-purgeable, TPH-

extractable, PCBs, and FPM. Sample intervals will be selected based upon field 
observations (staining, visible NAPL, odor) and results of field test kits in order to select 
the interval with highest concentration of NAPL 

 
 Ten soil samples total will be collected, as necessary, for Cs-137, Ra-226, Sr-90, Gross 

Alpha and Beta. Sample intervals will be selected based upon field screening with 
handheld radiation detectors (e.g., Ludlum Model 44-9 pancake Geiger-Mueller 
detector). 

 
NAPL Sampling 
 
Ten NAPL samples will be collected for fingerprint analysis from monitoring wells 
(IR02MW146A, IR02MW173A, IR03MW218A1, -A2, and -A3, IR03MW226A, 
IR03MW369A, IR03MWO-1, IR03MWO-2, IR03MWO-3, IR03MW374A, IR03MW375A, and 
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IR03MW376A), and as available from NAPL collected following centrifugation during the FPM 
analysis.  Samples will be collected to represent different areas across the site in the areas of the 
two former reclamation ponds and on the inside and on the Bay-side of the sheet pile wall.  A 
priority is to collect NAPL samples within the southeastern former oil reclamation pond.  A 
priority will be placed on NAPL collected from monitoring wells, although NAPL may also be 
collected from soil borings.  Up to 10 samples will be analyzed for fingerprinting.A flexible 
approach will be taken during NAPL sampling and changes in field conditions may alter where 
and how NAPL samples are collected. 
 
NAPL samples will be collected using a peristaltic pump according to TSOP 1-12 Low-Stress 
(Low-flow) Groundwater or using a bailer according TSOP 4-3 Well Development and Purging. 
TSOP 1-6 Groundwater Level Measurements will be followed when measuring the depth to 
NAPL. TSOP sampling and measuring procedures will be modified as described in the following 
paragraphs. 
 
Monitoring wells will be gauged using an interface probe, to determine the thickness of LNAPL 
and presence of DNAPL, prior to collecting NAPL from a well. After the thickness of LNAPL 
and presence of DNAPL is determined, the sampling approach will be selected. LNAPL samples 
will be collected prior to collecting DNAPL samples in order to avoid cross contamination. If 
sufficient thickness of LNAPL (e.g., approximately 6 inches) is present, then a sample will be 
collected using a disposable bailer. The bailer will be attached to a string and the length of the 
bailer and string will be measured so that the bottom of the bailer is installed in the well no 
further than the LNAPL/groundwater interface. If a LNAPL sampler cannot be collected with a 
bailer, then an attempt will be made using a peristaltic pump. A length of tubing will be installed 
in the well to the top of the LNAPL. The peristaltic pump will be turned on and the tubing will 
be slowly lowered until it is submerged in the LNAPL. The field personnel will ‘fish’ the tubing 
across the air/LNAPL interface in the well in order to pump only LNAPL from the well.  
 
DNAPL samples will be collected using a Solinst Model 425 Discrete Interval Sampler. 
Operation of the sampler will performed in accordance Model 425 Discrete Interval Sampler – 
2” Diameter (Solinst, 2014). Water and DNAPL from the sampler will be discharged into a 5-
gallon food grade bucket. Sampling will be repeated until sufficient volume is present to collect a 
DNAPL sample. Prior to collecting the DNAPL sample from the bucket, excess water above the 
sample will be decanted off. The DNAPL will be removed from the bucket using a syringe (or 
similar device) and placed into the sample container. 
 
HPT Borings 
 

The HPT tool introduces water to the formation and documents the pressure decay to establish a 
measurement of the soil hydraulic properties.  The pressure decay with depth is used to create a 
high-resolution log of changes in hydraulic properties with depth.  The proposed locations for the 
HPT borings are presented on Figure 11-2 and the locations are distributed at three locations 
within the and outside the southeastern oil pond where thermally enhanced NAPL recovery is 
being considered as a treatment option. HPT work will be performed in accordance with the 
Geoprobe® Technical Bulletin No. MK3137, SOP for the HPT System (Geoprobe, 2011).  
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Field Procedures and Methods 
 
Fieldwork will be conducted according to the procedures and methods and technical standard 
operating procedures described in the Final SAP (Attachment A) (CIJV/CDM Smith, 2013). 
 
Investigation-Derived Waste 
 
All investigation-derived waste will be disposed in 55-gallon drums and processed according to 
the methods outlined in the Waste Management Plan (CIJV/CDM Smith, 2013).  
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SAP Worksheet #18.1: Location-Specific Sampling Methods/SOP Requirements Table 

Sample Event Sampling Location / ID 
Number Matrix Depth 

(units) Analytical Group Number of 
Samples 

Sampling SOP 
Reference1 

6. Soil Borings – 
DPT/HSA Soils – Post 
Pilot Study Site-wide 

Characterization 

03-EV6-001-SB through 
03-EV7-023-SB 

Soil Varies – bottom 
depth of NAPL 

extent 

VOCs, SVOCs, TAL metals,  
TOC, PCBs,  TPH-extractable, 

TPH-purgeable, NAPL Mobility 
Package, NAPL fingerprinting 
analysis,  Cs-127/Ra-226,  Sr-

90, gross - (as needed) 

23 borings 
with 

approximately 
1-3 samples 
collected per 

boring 

1-2, 1-4, 1-10, 2-1, 2-2, 3-
1, 3-5, 3-6, 4-1, 4-2, 4-5, 4-
8, 4-10, 5-1,   Cabrera  OP-

005 

Notes: 
1  Standard operating procedure (SOP) or worksheet that describes the sample collection procedures. All SOPs are CDM Smith unless otherwise specified. SOPs are included as 
Appendix D of the Work Plan (CIJV/CDM Smith 2013). 
 
Abbreviations: 
Cs Cesium    SOP standard operating procedure 
DPT direct push technology  SVOC semivolatile organic compound 
ID identification   TAL target analyte list 
HAS hollow stem auger   TOC total organic carbon 
NAPL nonaqueous phase liquid  TPH total petroleum hydrocarbon 
PCB polychlorinated biphenyl  VOC volatile organic compound 
Ra Radium 
Sr Strontium 
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SAP Worksheet #19.3: Field Sampling Requirements 

Abbreviations: 
ASTM American Society for Testing and Materials 
EPA Environmental Protection Agency 
FTIR Fourier transform infrared spectroscopy  
NAPL nonaqueous phase liquid   
NA not available 
mL milliliter 
SOP standard operating procedure 
TBD to be determined 
 
 
 
 
 
 
 
 
 

Matrix Analytical Group 
Analytical and 

Preparation Method / 
SOP Reference 

Containers 
(number, size, and 

type) 

Sample 
Volume 
(units) 

Preservation 
Requirements 

(chemical, 
temperature, light 

protected) 

Maximum 
Holding Time1 
(preparation / 

analysis) 

NAPL NAPL Finger Print 
Analysis 

Modified ASTM D445 at 
temperatures of 20˚C, 40 ˚C, 

60 ˚C, 80 ˚C and 100 ˚C. 
Density: ASTM D1298 at 

temperatures of 20˚C, 40 ˚C, 
60 ˚C, 80 ˚C and 100 ˚C. 
Distillation of Petroleum: 

ASTM D2887 
FTIR: Modified EPA 1664 

Separation Procedure: 
Modified EPA 3630C 

GC-MS: Modified ASTM 
D7753 

3 unpreserved 40 
mL clear VOA 

vials  
3-40 mL None None 
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SAP Worksheet #20.1: Field Quality Control Sample Summary Table 

Matrix Analytical Group 
No. of 

Sampling 
Locations

No. of Field 
Duplicates 

No. of 
MS/MSDs 

No. of Field 
Blanks 

No. of 
Equip. 
Blanks

No. of 
VOA Trip 

Blanks

No. of PT 
Samples 

Total No. of 
Samples to 

Lab
Soil VOC 23 0 2 0 11 0 0 36 
Soil SVOCs 23 0 2 0 11 0 0 36 
Soil Metals 23 0 2 0 11 0 0 36 
Soil TOC 23 0 2 0 11 0 0 36 
Soil TPH-extractable 69 0 4 0 11 0 0 84 
Soil TPH-purgeable 69 0 4 0 11 0 0 84 
Soil PCBs 69 0 4 0 11 0 0 84 
Soil NAPL Mobility 

Package 
69 0 0 0 0 0 0 69 

Soil/NAPL NAPL Finger Printing 10 0 0 0 0 0 0 10 
Soil Cs-137 and Ra-226 10 0 0 0 0 0 0 10 
Soil Sr-90 10 0 0 0 0 0 0 10 
Soil Gross Alpha/Beta 10 0 0 0 0 0 0 10 

Notes: 
1. VOCs, SVOCs, Metals, and TOC will be analyzed in 1 sample per maximum of 23 borings plus 5% MS/MSD. 
2. TPH-purgeable, TPH-extractable, and PCBs will be analyzed in 3 samples per maximum of 23 borings plus 5% MS/MSD. 
3. NAPL Mobility Package will be analyzed in 3 samples per maximum of 23 borings. 
4. NAPL Finger Printing Analysis will be analyzed in 10 representative NAPL samples. 
5. Cs-137, Ra-266, Sr-90, and Gross Alpha/Beta will be analyzed in 10 samples selected based on field screening or as needed. 
6. MS/MSD does not count as an additional sample. 
7. One equipment blank will be submitted to the lab every other each day of sampling in the field (approximately 20 days planned).  The quantity presented on this worksheet may 

be subject to change based on how many days of sampling occur.  
 
Abbreviations 
Cs Cesium    Ra Radium 
DPT direct push technology  SOP standard operating procedure 
ID identification   Sr Strontium 
HAS hollow stem auger   SVOC semivolatile organic compound 
MS matrix spike    TAL target analyte list 
MSD matrix spike duplicate  TOC total organic carbon 
NAPL nonaqueous phase liquid  TPH total petroleum hydrocarbon 
PCB polychlorinated biphenyl  VOC volatile organic compound 
PT proficiency test   VOA volatile organic analysis 
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SAP Worksheet #21: Project Sampling SOP References Table 

Reference 
Number Title, Revision Date and / or Number 

Originating Organization 
of 

Sampling SOP 
Equipment Type 

Modified for 
Project 
Work? 
(Y/N) 

Comments 

1-6 Water Level Measurement,  Revision 8, January 
2012 CDM Smith Section 4.0 of the SOP Y 

Modifications for LNAPL 
and DNAPL sampling are 

described under NAPL 
Sampling in Worksheet #17 

1-12 Low-Stress (Low-Flow) Groundwater Sampling, 
Revision 1, January 2012 CDM Smith Section 4.0 of the SOP Y 

Modifications for LNAPL 
and DNAPL sampling are 

described under NAPL 
Sampling in Worksheet #17 

Abbreviations: 
DNAPL dense nonaqueous phase liquid  
LNAPL light nonaqueous phase liquid  
N no 
SOP standard operating procedure 
Y yes
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SAP Worksheet #23: Analytical SOP References Table 

Reference 
Number 

Title, Revision Date, 
and/or Number 

Definitive or Screening 
Data Analytical Group Instrument Organization Performing 

Analysis 

Modified for Project 
Work? 
(Y/N)

NAPL 
Fingerprint 
Analyses 

Modified ASTM D445 at 
temperatures of 20˚C, 40 
˚C, 60 ˚C, 80 ˚C and 100 
˚C. 
ASTM D1298 at 
temperatures of 20˚C, 40 
˚C, 60 ˚C, 80 ˚C and 100 
˚C. 
ASTM D2887 
FTIR: Modified EPA 1664 

Separation Procedure: 
Modified EPA 3630C 
GC-MS: Modified ASTM 
D7753 

Screening  NAPL FTIR, GC-MS and others as 
necessary 

ECA N 

Abbreviations: 
FTIR Fourier transform infrared spectroscopy  
NAPL nonaqueous phase liquid   
N no 
NA not applicable 
SOP standard operating procedure 
Y yes
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SAP Worksheet #28: Laboratory QC Samples Table for NAPL Fingerprint Analyses 
 
The FTIR fingerprinting is not a standard, DoD, EPA or CLP method, and as such there are no regular QC samples. Laboratory QC 
samples (as traditionally defined) are not used during NAPL fingerprint analyses because the evaluation of NAPL composition 
requires an understanding of possible NAPL parent chemicals (primarily TPH for IR-03), chemical and physical properties of many 
different types of compounds, and an in-depth understanding of how samples are analyzed and how to interpret chromatograms. The 
nature of NAPL fingerprint analyses requires that a specialized laboratory perform the analyses using multiple instruments and an 
interpretation of the results (e.g., samples are not analyzed in large batches). A narrative description of the results will accompany 
each sample and will be written by the chemist.  
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SAP Worksheet #30.1: Analytical Services Table 

 
Abreviations: 
ID identification 
NA not available 
NAPL nonaqueous phase liquid 
SOP standard operating procedure 
  

Matrix Analytical 
Group 

Sample 
Locations/ID 

Numbers 

Analytical 
SOP 

Data Package 
Turnaround 

Time 

Laboratory/Organization1,2 
(name and address, contact person and 

telephone number) 

Backup 
Laboratory/Organization  

(name and address, contact 
person and telephone number) 

NAPL NAPL Fingerprint 
Analysis 

Soil boring 
locations described 
on Worksheet #18 

 
Described on 
Worksheet # 

19.3 

10 business days 
for preliminary 

results and 4 
weeks for final 
data package 

Expert Chemical Analysis Inc. 
10366 Roselle St. Ste C 
San Diego, CA 92121 

NA 
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IR-03 Former Oily Waste Pond NAPL Treatment Pilot Study
Hunters Point Naval Shipyard, San Francisco, CaliforniaDate: 05/2015  94810.6429

Figure 10-1
Summary of NAPL Treatability

Pilot Study Activities

ISTR - in situ thermal remediation
LIF - Laser Induced Fluorescence
mg/kg - milligrams per kilogram
MVS - Mining Visualization System
TPH - total petroleum hydrocarbon
NAPL - non-aqueous phase liquid

Notes:
The NAPL extent shown around IR03B356 is likely connected to the larger IR-03 NAPL.  
The more localized extent shown in the figure is an artifact of the indicator kriging used in MVS.
Numbers in parenthesis indicate total TPH in mg/kg at sample collected at depth ft bgs
    where (19069 @ 7 - 8 ft) is 19,069 mg/kg TPH at 7 - 8 ft bgs.
Symbology represents approximate locations and is not representative of actual dimension. 
(d) = duplicate sample
Acronyms:
bgs - below ground surface
CPT - Cone Penetrometer Technique
ft - feet
IR - Installation Restoration
ISS - in situ solidification / stabilization
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Figure 10-2
Summary of NTPS

CPT-HPT Boring Results
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Figure 11-1
Post Pilot Study Site-Wide

Characterization Location Map

MVS-Interpolated NAPL extent
based on kriging total TPH > 
3,500 mg/kg in soil
Sheet Pile Wall

Note:
The NAPL extent shown around IR03B356 is likely  
  connected to the larger IR-03 NAPL.  The more localized 
  extent shown in the figure is an artifact of the indicator
  kriging used in MVS.
Symbology represents approximate locations and is not 
  representative of actual dimension. 
ISTR - in situ thermal remediation
ISS - in situ stabilization
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Figure 11-2
Historical and Proposed

HPT Boring Locations´ 50 0 5025
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Notes:
1.  HPT locations may change based on
     results of soil boring investigation.
2.  Symbology represents approximate
     locations and is not representative of
     the actual dimension



ID WBS Task Name Working Days Start Finish

0 0 IR-03 Former Oily Waste Pond NAPL Pilot Study 1033 days Fri 9/21/12 Mon 9/12/16

1 1 Meetings, Project Management and Admin Support 705 days Fri 9/21/12 Tue 6/9/15

38 2 Project Plans 189 days Fri 10/5/12 Wed 6/26/13

81 3 Field Work 414 days Thu 6/20/13 Fri 1/23/15

207 4 Pilot Study Completion Report 128 days Mon 1/26/15 Wed 7/22/15

222 5 WE 7 - Post Pilot Study Site-wide Characterization 513 days Wed 9/24/14 Mon 9/12/16

223 5.1 Work Plan and SAP Addendum - IR03 Site-wide 
Characterization

177 days Wed 9/24/14 Thu 5/28/15

224 5.1.1 Initial Draft WP and SAP Addendum 27 days Wed 9/24/14 Thu 10/30/14

225 5.1.2 Navy Review 18 days Fri 10/31/14 Tue 11/25/14

226 5.1.3 Incorporate Navy Comments and Draft RTCs 26 days Wed 11/26/14 Wed 12/31/14

227 5.1.4 QAO Review 10 days Wed 1/7/15 Tue 1/20/15

228 5.1.5 Incorporate QAO Comments and RTCs and Acceptance 10 days Wed 1/21/15 Tue 2/3/15

229 5.1.6 Submit Draft WP and SAP Addendum to BCT 3 days Wed 2/4/15 Fri 2/6/15

230 5.1.7 BCT Review of Draft WP and SAP addendum 45 edays Fri 2/6/15 Mon 3/23/15

231 5.1.8 Incorporate Stakeholder Comments and Draft RTCs 10 days Tue 3/24/15 Mon 4/6/15

232 5.1.9 Navy QAO Review of Final RTCs and SAP 10 days Tue 4/7/15 Mon 4/20/15

233 5.1.10 Incorporate Navy QAO Comments 10 days Tue 4/21/15 Mon 5/4/15

234 5.1.11 Submit RTCs and Final WP and SAP 18 days Tue 5/5/15 Thu 5/28/15

235 5.2 IR-03 Additional Characterization Field Work 336 days Fri 5/29/15 Mon 9/12/16

236 5.2.1 ROICC Kick Off Meeting for additional characterization 1 day Fri 5/29/15 Fri 5/29/15

237 5.2.2 Mobilization for Soil NAPL Characterization 1 day Mon 6/8/15 Mon 6/8/15

238 5.2.3 IR03 Soil NAPL Characterization Sampling 10 days Tue 6/9/15 Mon 6/22/15

239 5.2.4 Tier 1 BCT Meeting 1 day Mon 6/15/15 Mon 6/15/15

240 5.2.5 Tier 2 BCT Meeting 1 day Fri 6/19/15 Fri 6/19/15

241 5.2.6 Tier 3 BCT Meeting 1 day Tue 6/23/15 Tue 6/23/15

242 5.2.7 Final IDW Removal and Final Demobilization 24 days Tue 8/25/15 Mon 9/12/16

243 5.3 Technical Memorandum: Post Pilot Study Site-wide 
Characterization

89 days Tue 8/25/15 Fri 12/25/15

244 5.3.1 Receive Validated Data from Lab Analyses 1 day Tue 8/25/15 Tue 8/25/15

245 5.3.2 Initial Draft IR03 Technical Memorandum 25 days Wed 8/26/15 Tue 9/29/15

246 5.3.3 Navy Review 15 days Wed 9/30/15 Tue 10/20/15

247 5.3.4 Incorporate Comments and Draft RTCs 5 days Wed 10/21/15 Tue 10/27/15

248 5.3.5 Submit Draft Technical Memorandum 1 day Wed 10/28/15 Wed 10/28/15

Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan
2013 2014 2015
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ID WBS Task Name Working Days Start Finish

249 5.3.6 BCT Review Draft Technical Memorandum 20 days Thu 10/29/15 Wed 11/25/15

250 5.3.7 Incorporate Comments and Draft RTCs 10 days Thu 11/26/15 Wed 12/9/15

251 5.3.8 Draft Final IR03 Technical Memorandum 1 day Thu 12/10/15 Thu 12/10/15

252 5.3.9 BCT Review Draft Final Technical Memorandum 10 days Fri 12/11/15 Thu 12/24/15

253 5.3.10 Submit RTCs and Final Technical Memorandum 1 day Fri 12/25/15 Fri 12/25/15 12/25

Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan
2013 2014 2015
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Schedule
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8/16/2006 9/13/2006 11/13/2006 8/2/2007 9/24/2008 9/30/2009 7/9/2010 7/20/2011 9/21/2011 7/23/20131 7/14/20142 11/13/2014

IR02MW146A 4.62 4.29 4.39 3.31 3.28 3.62 4.17 0.66 4.94 4.41/4.05 LNAPL3 NM
IR03MW218A1 0 0 0.03 0 0 0 NM NM NM sheen/sheen NM 0.89
IR03MW218A2 NM NM NM 0 0 0 NM NM NM 0/0 0.1* NM
IR03MW218A3 NM NM NM NM NM NM NM NM NM 0/0 11* NM
IR02MW173A 2.34 1.91 2.17 2.3 2.34 2.45 1.8 1.8 2.37 2.8/2.62 NM NM
IR03MW225A 3.6 4.1 3.93 5.1 0.03 4.11 0.35 3.9 0.1 2.28/0.9
IR03MW226A 0.08 0.11 0.07 0.27 0.02 0.16 0.04 0.02 0.6 sheen/sheen LNAPL droplets NM
IR03MW369A 2.64 2.14 0.05 0.05 0.04 0.58 0.14 0.04 0.45 1.58/2.35 0.75 2.7
IR03MWO-1 0 0 0 0 NM NM NM NM NM 0/0 0.3* NM
IR03MWO-2 1.9 0.11 1.16 1.5 0.8 0.21 0.66 0.17 0.7 0/0.1 NM NM
IR03MWO-3 2.8 2.7 5.11 5.65 5.41 4.62 5.37 0.07 5.3 6.6/6.3 7.3 6.04
IR03MW370A 9.89 4.4 4.08 4.53 5.33 4.4 3.47 1.42 4.6 4.74/5.88
IR03MW374A - - - - - - - - - 0/0 <0.1* NM
IR03MW375A - - - - - - - - - 0.05/0.05 0 NM
IR03MW376A - - - - - - - - - 0.4/0.45 0.2* NM
1 First value is LNAPL measured at low tide and second value is LNAPL measured at high tide.  Note that DNAPL was not screened for.
2 The NAPL evaluation included both LNAPL and DNAPL.
3 Unable to measure the depth to water due to NAPL on the probe and so a NAPL thickness could not be determined.

* NAPL was DNAPL
Acronyms and Abbreviations:

Sheen -  LNAPL observed as sheen, but no measurable depth.

NM - Not measured.

UTD - Unable to Determine LNAPL depth.

Monitoring Well ID 

Decommissioned

NAPL Thickness (ft)

Decommissioned

Table 10-1
LNAPL Thickness in Monitoring Wells from 2006-2014 
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Laboratory Sample 
Delivery Group Sample Location Sample 

Date Matrix
Depth

(ft bgs)1
Density
(g/mL)

Viscosity
(cSt)

NAPL
Saturation

(%)

Fraction 
Diesel (%)

Fraction
MO
(%)

Fraction
Aryl

Phosphate
(%)

13381 IR03B426 7/10/2013 NAPL/Soil2 16 0.99 NM 2.81 39.6 11.9 48.2

13381 IR03B428 7/12/2013 NAPL/Soil2 13 0.89 NM 6.5 65.5 8 26.5

14141 IR03MWO-3 3/24/2014 NAPL 5.1 0.92 240 NA 22.69 48.23 0

14183 IR03MW375A 12/5/2013 NAPL 7.79 1.024 180 NA 8.26 17.55 36.01

14107 LNAPL- ISTR Separator Tank 2/13/2014 NAPL NA 0.936 86 NA 33.2 54.2 11.17

14107 LNAPL- ISTR Separator Tank 3/3/2014 NAPL NA 0.91 35.6 NA 31.3 50.4 18.3

14266 LNAPL- ISTR Separator Tank 6/1/2014 NAPL NA 0.88 14.5 NA 30.45 37.21 11.34

14390 IR03B438 7/23/2014 NAPL/Soil2 15 NM NM 30.6 19.07 29.55 17.4

1 Depth of NAPL samples is the top of the screen interval in feet below top of casing
2 NAPL collected after centrifugation during the free-product mobility testing

NM - Not measured

Table 10-2 
Summary of NAPL Composition and Properties

NA - Not applicable

Acronyms and Abbreviations:

bgs - below ground surface
cSt - centistokes

MO - motor oil

ft - feet

LNAPL - light nonaqeuous phase liquid
ISTR - in situ thermal remediation
IR - installation restoration
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Boring ID Description / Reasoning

SB1-1 Evaluate NAPL saturation, mobility and soil lithology to bound the extent of NAPL on the Bay-side of the sheet pile wall
SB1-2 Evaluate NAPL saturation, mobility and soil lithology between the pilot ISTR treatment zone and IR03B420A, where TPH < 10,000 mg/L
SB1-3 Evaluate NAPL saturation, mobility and soil lithology between the two former oily pond locations
SB1-4 Evaluate NAPL saturation, mobility and soil lithology within ISTR TTZ in area previously inaccessible
SB1-5 Evaluate NAPL saturation, mobility and soil lithology between the two former pond locations near IR03MW01 
SB1-6 Evaluate NAPL saturation, mobility and soil lithology along southeastern extent of southeastern pond footprint
SB1-7 Evaluate NAPL saturation, mobility and soil lithology between the two former pond locations
SB1-8 Evaluate NAPL saturation, mobility and soil lithology between the two former pond locations

SB1-9 Evaluate NAPL saturation, mobility and soil lithology between the two former pond locations

SB2-1 Evaluate NAPL saturation, mobility and soil lithology near MW146A, where thick NAPL has recently been observed on site.
SB2-2 Evaluate NAPL saturation, mobility and soil lithology near former borings with TPH > 10,000 mg/kg near estimated NAPL boundary
SB2-3 Evaluate NAPL saturation, mobility and soil lithology near former borings with TPH > 10,000 mg/kg near estimated NAPL boundary
SB2-4 Evaluate NAPL saturation, mobility and soil lithology near former borings with TPH > 10,000 mg/kg near estimated NAPL boundary
SB2-5 Evaluate NAPL saturation, mobility and soil lithology near former borings with TPH > 10,000 mg/kg near estimated NAPL boundary

SB2-6 Evaluate NAPL saturation, mobility and soil lithology near estimated NAPL boundary

SB3-1 Evaluate NAPL extent outside current estimated NAPL boundary
SB3-2 Evaluate NAPL extent outside current estimated NAPL boundary
SB3-3 Evaluate NAPL extent outside current estimated NAPL boundary
SB3-4 Evaluate NAPL extent outside current estimated NAPL boundary
SB3-5 Evaluate NAPL extent outside current estimated NAPL boundary on the Bay-side of the sheet pile wall
SB3-6 Evaluate NAPL extent outside current estimated NAPL boundary
SB3-7 Evaluate NAPL extent outside current estimated NAPL boundary
SB3-8 Evaluate NAPL saturation, mobility and soil lithology within ISTR treatment zone and IR03B420A

Tier 1

Tier 2

Tier 3

Table 17-1
IR-03 Soil Boring Location Descriptions and Rationale
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ACRONYMS AND ABBREVIATIONS 

 
°C  Degrees Celsius 

µg/kg  micrograms per kilogram 

µg/L  micrograms per liter 

3D  Three‐dimensional 

AASHTO  American Association of State Highway and Transportation Officials 

ADR  Automated Data Review 

AEC RG  Atomic Energy Commission Regulatory Guide 

ALARA  as low as reasonably achievable 

ALs  Applicable Limits 

AMRL  AASHTO Materials Reference Laboratory 

API  American Petroleum Institute 

APP  Accident Prevention Plan 

ARARs  applicable or relevant and appropriate requirements 

ASTM  American Society for Testing and Materials 

Bay  San Francisco Bay 

BCT  BRAC Cleanup Team 

bgs  below ground surface 

BRAC  Base Realignment and Closure 

CA  corrective action 

CAS  Chemical Abstract Service 

C&T  Curtis and Tompkins 

CCV  continuing calibration verification 

CDM Smith  CDM Federal Programs Corporation 

CERCLA  Comprehensive Environmental Response, Compensation, and Liability Act  

CFM  cubic feet per minute 

CIJV  Cabrera‐Insight JV 

cm/s  Centimeters per second 

CMS  California Modified Sampler 

COC  contaminant of concern 

COEC  contaminant of ecological concern 

CPT  Cone‐penetrometer testing 

CQC  Construction quality control 

CSM  Conceptual site model 

CSO  Caretaker Support Office 

CTO  Contract Task Order 

CZ  Contamination Zone 

DCB  Dichlorobenzene 

DL  detection level 

DOD‐ELAP  Department of Defense Environmental Laboratory Accreditation Program 

DoD  Department of Defense 

DOT  Department of Transportation 

DON  Department of the Navy 

dpm/100 cm2  disintegrations per minute per 100 square centimeters 
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DPT  Direct‐push technology 

DQI  Data Quality Indicator 

DQO  Data Quality Objective 

DTSC  Department of Toxic Substance Control 

ECD  electron capture detector 

EDD  electronic data deliverable 

EMAC  Environmental Multiple Award Contracts 

EPA  United States Environmental Protection Agency 

EWI  Environmental Work Instruction 

FID  Flame ionization detector 

Ft  feet 

FS  Feasibility Study 

Ft/d  Feet per day 

FTL  Field Team Leader 

g  gram 

GC  gas chromatograph 

GFPC  Gas Flow Proportional Counter 

GWS  gamma walkover survey 

H2SO4  sulfuric acid 

HAZWOPER  Hazardous Waste Operations 

HCL  Hydrochloric acid 

HDPE  high‐density polyethylene 

HGAL  Hunters Point groundwater ambient levels 

HNO3  nitric acid 

HPNS  Hunters Point Naval Shipyard 

HPT  Hydraulic Profiling Tool 

IATA  International Air Transport Association 

ICS  interference check solution 

ICV  initial calibration verification 

IDW  investigation‐derived waste 

IR  Installation restoration 

ISS  in situ solidification/stabilization 

ISTR  in situ thermal remediation 

ITRC  Interstate Technology Regulatory Council 

L  liter 

LCS/LCSD  Laboratory control sample/laboratory control sample duplicate 

LDC  Laboratory Data Consultants 

LIF  laser induced fluorescence 

LIMS  Laboratory Information Management System 

LLRW  low‐level radioactive waste 

LNAPL  Light non‐aqueous phase liquid 

LOD  Level of Detection 

LOQ  Level of quantitation 

lpm  liters per minute 

MCL  maximum contaminant level 

MDA  minimum detectable activity 
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MDC  minimum detectable concentrations 

mg/kg  milligrams per kilogram 

mg/L  milligrams per liter 

mL  milliliter 

MPE  multi‐phase extraction 

msl  Mean sea level 

MS/MSD  Matrix spike/matrix spike duplicate 

MVS  Mining Visualization Software 

NA  not applicable 

NAD  North American Datum 

NAPL  Non‐aqueous phase liquid 

NAVFAC SW  Naval Facilities Engineering Command Southwest 

NEDD  Naval electronic data deliverable 

NELAP  National Environmental Laboratory Accreditation Program 

NIRIS  Naval Installation Restoration Information System 

NIST  National Institute of Standards and Technology 

nL/L  Nanoliters per liter 

NRC  Nuclear Regulatory Commission 

NTPS  NAPL treatability pilot study 

NTR  Navy Technical Representative 

NVLAP  National Voluntary Laboratory Accreditation Program 

O&M  Operations and Maintenance 

ORD  Office of Research and Development 

oz  ounce 

PARCC  precision, accuracy, representativeness, completeness, and comparability 

PCBs  Polychlorinated Biphenyls 

pCi/g  picoCuries per gram 

pCi/L  picoCuries per liter 

PID  Photo‐ionization detector 

PM  Project Manager 

PMO  Program Management Office 

POC  Point of Contact 

PPE  personal protective equipment 

PQL  Project Quantitation Limit 

PQO  project quality objective 

PT  proficiency test 

PVC  polyvinyl chloride 

QA  Quality Assurance 

QAO  Quality Assurance Officer 

QAPP  Quality Assurance Project Plan 

QC  Quality Control 

QCM  Quality Control Manager 

QL  Quantitation Limit 

QSM  Quality Systems Manual 

RASO  Radiological Affairs Support Office 

RCA  Radiological control area 
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RMMP  Radiological Materials Management Plan 

RI  Remedial Investigation 

ROICC  Resident Officer‐in‐Charge of Construction 

RPD  Relative percent difference 

RPM  Remedial Project Manager 

RRT  relative retention time 

RRO  radiological remedial objective 

RWQCB  Regional Water Quality Control Board 

SAP  Sampling and Analysis Plan 

SDL  semi‐dynamic leaching 

SFRA  San Francisco Redevelopment Agency 

SOP  standard operating procedure 

SPLP  Synthetic Precipitation Leaching Procedure 

SSHO  Site Safety and Health Officer 

SSHP  Site safety and health plan 

SVOC  semi‐volatile organic compound 

TBD  To be determined  

TCE  trichloroethene 

TCH  Thermal conductive heating 

TDS  total dissolved solids 

TMP  temperature monitoring point 

TOC  total organic carbon 

TPH  Total petroleum hydrocarbons   

TSOP  Technical standard operating procedure 

U.S.  United States 

UFP  Uniform Federal Policy 

USACE  U.S. Army Corps of Engineers 

USC  United States Code 

UVOST  Ultraviolet optical screening tool 

VOA  volatile organic analysis 

VOC  volatile organic compound 

WP  Work Plan 
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SAP Worksheet #2: Sampling and Analysis Plan Identifying Information 
Site Name/Number: Former Oily Waste Ponds/Installation Restoration (IR)-03  
 
Contractor Name: Cabrera-Insight JV (CIJV) and CDM Federal Programs Corporation (CDM Smith)  
 
Contract Number: N62473-10-D-0811  
 
Contract Title: RAD Environmental Multiple Award Contracts (EMAC)  
 
Work Assignment 
Number (optional): Task Order 0004  
 
1. This sampling and analysis plan (SAP) was prepared in accordance with the requirements of the 

Uniform Federal Policy for Quality Assurance Plans (UFP-QAPP) (EPA 2005) and United States 
(U.S.) Environmental Protection Agency (EPA) Guidance for Quality Assurance Project Plans, EPA 
QA/G-5 (EPA 2002).  

 
2. Identify regulatory program: Comprehensive Environmental Response, Compensation, and Liability 

Act of 1980 (CERCLA) 
 
3. This SAP is a project-specific SAP. 
 
4. List organizational partners (stakeholders) and identify the connection with lead organization:  

 
Organization Partners/Stakeholders Connection Date 

San Francisco Regional Water Quality Control Board 
(RWQCB) 

Base Realignment and 
Closure (BRAC) Cleanup

Team (BCT) 
 

Department of Toxic Substance Control (DTSC) BCT  

United States Environmental Protection Agency (EPA) BCT  

San Francisco Redevelopment Agency (SFRA) BCT  

 
5. Lead organization: BRAC Program Management Office (PMO) 
 
6. If any required SAP elements and required information are not applicable to the project or are 

provided elsewhere, then note the omitted SAP elements and provide an explanation for their 
exclusion below: Aqueous and vapor sample frequency during thermal operations will be presented in 
full detail in the in situ thermal remediation (ISTR) Operations and Maintenance (O&M) Manual. 
Procedures related to sample collection, custody, shipment, and analysis are presented in this QAPP 
and will be used for all sampling performed during the project. 

 



Project-Specific SAP 
IR-03/HPNS Revision No: Final 
San Francisco, CA Revision Date: June 2013 
 

Page 11 of 188 
 

 

SAP Worksheet #3: Distribution List 
 

Name of SAP 
Recipients Title/Role Organization Telephone 

Number 
E-mail Address or  
Mailing Address  

Danielle Janda 
Remedial Project Manager (RPM)/ 
Work Plan Navy Technical 
Representative (NTR) 

BRAC PMO (619) 532-0796 Danielle.janda@navy.mil 

Melanie Kito Lead RPM BRAC PMO (619) 532-0787 melanie.kito@navy.mil 

Joseph Michalowski Quality Assurance Officer (QAO) 
Naval Facilities Engineering 
Command Southwest 
(NAVFACSW) 

(619) 532-3046 joseph.michalowski@navy.mil  

Peter Stroganoff Construction Phase NTR NAVFAC SW (510) 521-8626 peter.stroganoff@navy.mil 

Zachary Edwards 
Radiological Affairs Support Office 
(RASO) Point of Contact (POC) 

RASO (757) 877-7762 Zachary.edwards@navy.mil 

Doug DeLong Caretaker Support Office (CSO) NAVFAC SW (415) 743-4713 Douglas.delong@navy.mil 

Tamzen Macbeth 
Project Manager (PM)/Technical 
Leader 

CDM Smith (208) 904-0238 macbethtw@cdmsmith.com 

Mitra Fattahipour PM CIJV (858) 342-5585 mfattahipour@ieeci.com 

Carol Winell ISTR Leader TPS  (714) 283-1682 cwinell@geoinc.org 

Mike Dahlquist PM Curtis and Tompkins (C & T) (510) 486-0900 Mike.dahlquist@ctberk.com 

Andrew Greazel Field Team Leader (FTL) CDM Smith (858) 204-3049 greazelad@cdmsmith.com 

Ryan Wood Health and Safety Officer CDM Smith (925) 933-4174 woodr@cdmsmith.com 

Craig-Alan Bias Radiological Lead CIJV (210) 439-8532 cbias@cabreraservices.com 

Linda Ruato PM 
Laboratory Data Consultants 
(LDC) 

(760) 634-0437 lrauto@lab-data.com 

Tina Low PM 
RWQCB, San Francisco Bay 
Region 

(510) 622-5682 tlow@waterboards.ca.gov 

Ryan Miya PM DTSC (510) 540-3775 RMiya@dtsc.ca.gov 
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Name of SAP 
Recipients Title/Role Organization Telephone 

Number 
E-mail Address or  
Mailing Address  

Yvonne Fong PM EPA (415) 947-4117 Yvonne.Fong@epa.gov 

Eva Davis 
Technical Reviewer for Office of 
Research and Development (ORD) 

EPA (580) 436-8548 Eva.Davis@epa.gov 

Amy Brownell PM SFRA (415) 252-3967 Amy.brownell@sfdph.org 



Project-Specific SAP 
IR-03/HPNS Revision No: Final 
San Francisco, CA Revision Date: June 2013 
 

Page 13 of 188 
 

 

SAP Worksheet #4: Project Personnel Sign-Off Sheet 
 

Name Organization/Role Signature/E-mail Receipt QAPP Section Reviewed Date QAPP Reviewed 
Mitra Fattahipour CIJV PM  Entire SAP  

Tamzen Macbeth CDM Smith PM/Technical 
Lead 

 Entire SAP  

Nick Weinberger CIJV Quality Assurance 
(QA) Manager 

 Entire SAP  

Nick Weinberger CIJV Chemist  Entire SAP  

Andrew Greazel CDM Smith FTL  Entire SAP  

Craig-Alan Bias CIJV Radiological Lead  Entire SAP  

Mike Dahlquist C & T PM  Entire SAP  

Linda Rauto Laboratory Data Consultants 
(LDC)  PM 

 Entire SAP  

To be determined (TBD)1 CDM Smith/TPS Tech/CIJV 
Sampling Personnel 

 Entire SAP  

     

     

     

     

     

     

     

     

     

1 Final selection of field personnel to be made at least two weeks prior to field activities. Blank spots on Worksheet 4 are for field staff names and signatures. 
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SAP Worksheet #5: Project Organizational Chart 
The project organization chart is presented as Figure 5-1.
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SAP Worksheet #6: Communication Pathways 
 
The communication pathways for the SAP are shown below. 
 

Communication Drivers Responsible Entity Name Phone 
Number 

Procedure  
(Timing, Pathway To/From, etc.) 

Regulatory Agency Interface 
Naval Facilities Engineering 

Command Southwest 
(NAVFAC SW) RPM 

Danielle Janda (619)532-0796 RPM will inform BCT members during monthly meetings. 

Field Progress Reports FTL/Superintendent Andrew Greazel/Joshua Nandi (858)204-3049 FTL or Superintendent will upload daily reports to the eRoom on a 
weekly basis. 

Stop Work due to Safety Issues 
Site Safety and Health 

Officer (SSHO)/FTL/Field 
Staff 

Ryan Wood/Andrew Greazel 
See Worksheet 

#3 
Immediately stop work of all persons onsite if potential safety 

problem is observed. 

SAP/Work Plan (WP) Changes 
prior to Field/ Laboratory work 

CIJV PM/CDM Smith 
PM/CIJV Chemist/FTL 

Mitra Fattahipour/Tamzen 
Macbeth/Nick Weinberger/Andrew 

Greazel 

See Worksheet 
#3 

The CIJV or CDM Smith PM will notify NAVFAC SW RPM as soon 
as possible by phone or email. Also, complete and submit field 

change request for in Appendix A to NAVFAC SW RPM. 

SAP/WP Changes in the Field 
CIJV PM/CDM Smith 

PM/CIJV 
Chemist/FTL/Superintendent

Mitra Fattahipour/Tamzen 
Macbeth/Nick Weinberger/Andrew 

Greazel/Joshua Nandi 

See Worksheet 
#3 

The CIJV or CDM Smith PM will notify NAVFAC SW RPM as soon 
as possible by phone or email. Also, complete and submit field 

change request for in Appendix A to NAVFAC SW RPM. 

Field Corrective Actions 
CIJV PM/CDM Smith 

PM/CIJV 
Chemist/FTL/Superintendent

Mitra Fattahipour/Tamzen 
Macbeth/Nick Weinberger/Andrew 

Greazel/Joshua Nandi 

See Worksheet 
#3 

The CIJV or CDM Smith PM will notify NAVFAC SW RPM by 
email. 

Sample Receipt Variances Laboratory PMs Mike Dahlquist 
See Worksheet 

#3 
Laboratory PM will call or email the FTL after sample login. 

Reporting Lab Quality Variances Laboratory PMs 
Mike Dahlquist/Andrew Thompson See Worksheet 

#3 
Laboratory PM will call or email the CIJV PM or CDM Smith PM. 

Analytical Corrective Actions 
Laboratory PMs and CIJV 

QA Manager 
Mike Dahlquist/Andrew 

Thompson/Mitra Fattahipour 
See Worksheet 

#3 
The laboratory PM or CIJV QA Manager will the CIJV and CDM 

Smith PM. 

Reporting Data Validation Issues LDC PM Linda Rauto (760)634-0437 LDC PM will contact the CIJV Chemist. 

Data Validation Corrective Actions LDC PM Linda Rauto (760)634-0437 LDC PM will contact the CIJV Chemist. 

Severe Issues with Sample Analyses 
or Data Quality 

CIJV Chemist Nick Weinberger (714)678-6700 
CIJV Chemist will inform the CIJV PM who will inform the Navy 

RPM of severe issues with sample analyses or data quality. The Navy 
RPM will contact the Navy Chemist at their discretion. 

ISTR Construction Variances TPS Superintendent/TPS PM Joshua Nandi (714)283-1682 TPS PM will contact the CIJV PM and CDM Smith PM by phone as 
soon as possible. 

ISTR Operation and Maintenance 
Variances 

TPS Operator/TPS PM Joshua Nandi (714)283-1682 TPS PM will contact the CIJV PM and CDM Smith PM by phone as 
soon as possible. 

Radiological Issues CIJV Radiological Lead Craig-Alan Bias (210)439-8532 The CIJV Radiological Lead will contact the RASO POC with any 
radiological issues encountered during fieldwork. 
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SAP Worksheet #7: Personnel Responsibilities Table 

Title/Role Organizational Affiliation Responsibilities 

Danielle Janda 
NAVFAC SW  

RPM/Work Plan Phase NTR 

 Verify that work is accomplished as required by the project scope of work, 
 Oversees project cost and schedule, and 
 Serves as the lead interface between agencies. 

Joseph Michalowski NAVFAC SW QAO 
 Reviews and approves of the SAP/QAPP, 
 Has authority to suspend the project if the QA requirements are not met. 

Peter Stroganoff 
NAVFAC SW 

 Construction Phase NTR 
 Inspects construction activities. 
 Performs QC on construction materials and procedures.  

Mike Mentink 
NAVFAC SW 
 Site Caretakers  Coordinates access to the Site for CIJV, CDM Smith, and subcontractors. 

Zachary Edwards RASO POC  Coordinate disposal of radioactive wastes, radioactive screening, and identification of radioactive 
anomalies. 

Mitra Fattahipour CIJV PM 

 Management of the overall project, 
 Coordinates team members and subcontractors including ensuring all personnel adhere to the administrative 

and technical requirements of the project scope of work, 
 Monitoring and reporting the progress of work and ensuring that the project deliverables are completed on 

time and within project budget, 
 Monitoring the budget and schedule, and notifying the RPM of any changes that may require administration 

actions, 
 Ensuring that all work meets the requirements of the technical specifications and complies with applicable 

codes and regulations, 
 Ensure Accident Prevention Plan (APP) is implemented, 
 Primary point of contact for NAVFAC SW and the Contractor team members, 
 Coordinating satisfactory resolution and completion of evaluation and acceptance reporting for corrective 

action reports, 
 Ensuring that all technical work meets the requirements of the technical specifications and complies with 

applicable codes and regulations, and 
 Ensuring that all work is conducted in accordance with Work Plan(s).  
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Tamzen Macbeth CDM Smith PM/Technical Leader 

 Coordinates team members and subcontractors including ensuring all personnel adhere to the administrative 
and technical requirements of the project scope of work, 

 Monitoring and reporting the progress of work and ensuring that the project deliverables are completed on 
time and within project budget, 

 Ensuring that all work meets the requirements of the technical specifications and complies with applicable 
codes and regulations, 

 Ensure APP is implemented, 
 Coordinating satisfactory resolution and completion of evaluation and acceptance reporting for 

nonconformance reports, 
 Ensuring that all technical work meets the requirements of the technical specifications and complies with 

applicable codes and regulations, 
 Reviews baseline and performance monitoring data, 
 Presents technical content during progress meetings, 
 Finalizes design of NTPS, 
 Address the need to modify field activities in order to meet the goals of the NTPS, and 
 Ensuring that all work is conducted in accordance with Work Plan(s).  

Nick Weinberger QA Manager 
 Reviews the SAP and SAP Amendments prior to submittal to the NAVFAC SW, 
 Oversees compliance with QA requirements, 
 Monitors corrective actions. 
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SAP Worksheet #7: Personnel Responsibilities Table 

Title/Role Organizational Affiliation Responsibilities 
Michael Lamar 

Andrew Thompson 
Andrew Greazel 

Ian Lo 
Brian Krumbholz  

PQCM 
QCM Alternates 

 Perform onsite QC inspection of construction activities and materials,  
 Stops work if QC criteria are not being met during construction activities, 
 Prepares daily construction quality control (CQC) reports and submits them to the Resident Officer-in-

Charge of Construction (ROICC), and  
 Ensures all daily forms, logs, etc. are completed and filed. 

Roger Olsen 
CDM Smith in situ 

solidification/stabilization (ISS) Bench 
Study Leader 

 Oversees bench scale study for ISS design, 
 Reviews data collected during bench scale study, and 
 Designs ISS treatment. 

Michael Schultz CDM Smith ISS Pilot Study Leader 
 Assists with ISS treatment design, 
 Oversees the ISS pilot study including field staff and subcontractors, and 
 Reviews performance monitoring data. 

Ernest Ashley 
CDM Smith Pre-Design 
Characterization Leader 

 Oversees pre-design characterization activities, and 
 Reviews pre-design characterization data. 

Andrew Greazel 
Michael Lamar 

FTL 
 Oversees field activities and ensures SAP and Work Plan requirements are met, and 
 Coordinates with Navy CSO for site access. 

TBD Field Staff 

 Collect samples in accordance with the SAP, 
 Performs oversight of borehole and well construction, 
 Data coordinator for incoming field and laboratory data, 
 Performs oversight of well and borehole abandonment, 
 Collect soil, groundwater, and soil vapor samples,  

Maureen Sassoon Health and Safety Manager  Oversees development of APP and Site Safety and Health Plan (SSHP), and 
 Oversees health and safety of field activities. 

Ryan Wood 
Neil Smith 

Andrew Greazel 
Ian Lo 

Andrew Thompson 
Joshua Nandi 

SSHO 
SSHO Alternates 

 Oversees health and safety of onsite activities, 
 Screens personnel and equipment for radiological contamination before and after they work at the Site, and 
 Performs radiological training of Site workers and visitors. 

Nick Weinberger Database Manager  Incorporates analytical data into the project database, and 
 Uploads Naval electronic data deliverables (NEDDs) to Naval Installation Restoration Information System 

(NIRIS). 
Mike Dahlquist Laboratory PMs  Performs laboratory analysis of soil, groundwater, soil vapor, and quality control (QC) samples by the 

methods listed in Worksheet #15 within holding times, 
 Coordinates field supplies necessary for sample collection and shipment, and 
 Reviews laboratory reports for accuracy and grammar. 

Linda Rauto Data Validation PM  Performs data validation according to National Function Guidelines and Environmental Work Instruction 
(EWI) #1 

Carol Winell TPS PM  Oversees development of ISTR design, 
 Oversees construction and shakedown of ISTR system, 
 Oversees operations and maintenance of ISTR system and performance monitoring, and 
 Oversees decommissioning of ISTR system. 

Joshua Nandi TPS Operations Engineer  Performs construction and shake down of ISTR system, 
 Performs operations and maintenance of ISTR system, 
 Collects aqueous and vapor samples from ISTR system for monitoring purposes, and 
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 Performs ISTR system decommissioning. 
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SAP Worksheet #8: Special Personnel Training Requirements Table 
Health and safety training is not considered specialized training and training requirements are covered in 
the APP. Experienced field personnel who have been trained during previous onsite training will be used 
to conduct field activities. Experienced field personnel will perform onsite training for junior field team 
members. Field personnel will have been or will be trained in the following: 
 

 Soil sampling, including procedures for hot soil sampling 
 Groundwater sampling, including procedures for collecting hot groundwater 
 Soil gas sampling 
 Well construction and development 
 Boring and well abandonment 
 Decontamination procedures, 
 Investigation-derived waste (IDW) management 
 Sample custody 
 Field screening equipment 
 Sample packaging and shipment 
 Radiological screening. 

 
Sampling personnel will be required to read and understand the SAP prior to any sample collection 
activities. The Project Personnel Sign-off Sheet (Worksheet #4) will be signed by any on-site personnel 
conducting sampling to indicate that they have read the SAP and will perform the task as described. The 
sign-off sheet will be maintained in the project file. 
 
At least one field person onsite will have completed the United States Army Corps of Engineers 
(USACE) Construction Quality Management for Contractors training, while construction activities are 
occurring. This field person will be responsible for ensuring construction activities and materials meet the 
QC criteria. 
 
Field team members will be trained to work around radioactive materials and how to operate radioactive 
screening tools. These training requirements are described in the Radiological Materials Management 
Plan presented as Appendix C to this Work Plan.
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SAP Worksheet #9: Project Scoping Session Participants Sheet 
 
 

Project Name:  
Hunters Point Naval Shipyard 
(HPNS) Installation Restoration 
(IR)-03 Pilot Study 

Site 
Name:  HPNS IR-03 

Projected 
Date(s) of 
Sampling:  

March 2013 – January 2014 
Site 
Location: San Francisco, CA 

Project 
Manager: Mitra Fattahipour, Insight 

Date of Session: 10/03/2012 
Scoping Session 
Purpose:  

Project kickoff meeting. See attached meeting minutes for notes on discussion and 
participants (Appendix B). 

Summary of items discussed in the 10/3/2012 meeting which relate to sample collection or quality: 
 Radiological data may be managed separately in order to simply the review process at the 

completion of the project 
 QC reports will be submitted to the CSO/ROICC daily 
 Work outside of normal working hours is allowed, but must be approved by the CSO/ROICC 
 Field staff regularly working at HPNS must obtain an identification badge. 

 
 

Project Name:  Hunters Point Naval Shipyard 
(HPNS) IR-03 Pilot Study 

Site 
Name:  HPNS IR-03 

Projected 
Date(s) of 
Sampling:  

March 2013 – January 2014 
Site 
Location: San Francisco, CA 

Project 
Manager: Mitra Fattahipour, Insight 

Date of Session: 10/16/2012 
Scoping Session 
Purpose:  

Conceptual Site Model meeting. See attached meeting minutes for notes on 
discussion and participants (Appendix B). 

Summary of items discussed in the 10/16/2012 meeting which relate to sample collection or quality: 
 Composition of LNAPL may vary across the site and this will be investigated during the pre-

design investigation activities 
 Hydraulic conductivity and tidal influence will be evaluated to help understand aquifer and 

NAPL gradient and NAPL mobility 
 Pre-design characterization activities which impact the TCH may begin, with BCT approval, 

before the Work Plan and QAPP are finalized. This will allow the TCH system design to be 
completed early and installation and operation of the TCH system before the rainy season begins.  

 The location of monitoring well IR03MW0-3 needs to be confirmed because it may be located on 
the Bay side of the sheet pile wall. A new well may need to be identified for the pumping test if 
IR03MW0-3 is located on the Bay side of the sheet pile wall. 
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SAP Worksheet #10: Conceptual Site Model 
SITE DESCRIPTION AND HISTORY 

HPNS is located on a peninsula that extends into San Francisco Bay (Bay) located in southeastern San 
Francisco (see Figure 10-1). HPNS is currently subdivided into 11 parcels (B, C, D-1, D-2, E, E-2, F, G, 
UC-1, UC-2, and UC-3). Parcel E occupies approximately 138 acres of shoreline and lowland coast along 
the southwestern portion of HPNS. Parcel E consists of numerous IR sites, including IR-03. As shown on 
Figure 10-1, IR-03 borders the current Bay shoreline. 

Much of Parcel E, including IR-03, is an area that was filled during the 1940s using various materials 
including soil, crushed bedrock, dredged sediments, and debris to extend the shoreline.  The Artificial Fill 
used at IR-03 included a large percentage of crushed, serpentinite bedrock from the surrounding hillsides 
that contain high levels of naturally occurring bedrock metals, such as arsenic and manganese. Industrial 
fill includes metal debris, processed wood fragments, bricks, concrete, sandblasting waste, household 
refuse, and other materials. In 2003, most of the debris identified as concrete, metal rebar, wiring, brick, 
and wood along the shoreline of Parcel E and Parcel E-2 was removed. Riprap remaining along the 
shoreline consists of large pieces of concrete and wood kept along a large portion of the shoreline to 
prevent erosion (Barajas & Associates, 2008). 

IR-03 lies within area EOS-3 of Parcel E with a ground surface elevation of approximately 10 feet above 
mean sea level (msl). No buildings are present within IR-03; the area is unpaved and the non-shoreline 
portion of the site is covered with grass and other vegetation. IR-03 covers approximately one acre and 
includes the former oil reclamation ponds, as described below.  

Two Former Waste Oil Reclamation Ponds are located within Parcel E site IR-03 at the southeast 
boundary of HPNS, approximately 30 feet from the San Francisco Bay. One pond measured 
approximately 50 by 60 feet and was five feet deep, with a capacity of 190,000 gallons. The other 
measured approximately 55 by 100 feet and was five feet deep, with a capacity of 250,000 gallons. 
Between 1944 and 1974, oily wastes (such as lubrication oil, gear oil, and hydraulic fluid) and tainted 
fuels from ships and shipyard operations (primarily from cleaning ships’ fuel tanks and pumping ballast 
and bilge water during ship repair at HPNS) were transported to the ponds by tanker truck or by fuel 
distribution lines from Berth 29. In addition, oily wastes were also barged to HPNS from other 
installations such as Naval Air Station Alameda and Naval Station Treasure Island. The Initial 
Assessment Report (NEESA 1984) indicated that some of the oily waste contained trichloroethene (TCE), 
caustic soda, ethylene glycol, and chromates; however, the volume of these materials is unknown. The 
waste oils and fuels were heated by subsurface steam pipes to enhance oil/water separation. The separated 
water was discharged to the Bay, and the reclaimed oil was removed from the ponds for use as road oil 
(NEESA 1984). The volume of waste oil and fuels reclaimed varied from approximately 0.6 to 2 million 
gallons per year.  

Additionally, these former oil reclamation ponds have been identified as a radiologically impacted area 
where disposal of assorted shipyard wastes possibly took place which may have included Ra-226 and Sr-
90 devices (NAVSEA 2003).  The primary radionuclides of concern (ROCs) in site soils and sediments 
include cesium-137 (137Cs), radium-226 (226Ra), and strontium-90 (90Sr).  The ponds were filled with soil 
in 1974 and the backfill may contain concrete blocks and other debris. No additional remedial or cleanup 
action was undertaken at that time (NEESA 1984).  

Sampling efforts associated with the IR program confirmed the presence of hazardous substances and oily 
waste including free-phase petroleum products in the general vicinity of the former waste oil ponds. Free 
phase petroleum product was detected from the existing surface level to depths of approximately 25 feet 
below ground surface (bgs). Free product has been measured in wells and has been described as (1) highly 
viscous, (2) consisting of a 2:1 ratio of diesel- to motor oil-range petroleum hydrocarbons, and (3) ranging 
in thickness from a slight sheen to 10.85 feet (Barajas & Associates, Inc., 2008). Specific contaminants 
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detected in the soil, groundwater, and free phase product include volatile organic compounds (VOCs), 
semi-volatile organic compounds (SVOCs), metals, total petroleum hydrocarbons (TPH), and 
polychlorinated biphenyls (PCBs).  

PREVIOUS INVESTIGATIONS/ REMEDIAL ACTIVITIES 

Several previous investigations and remedial activities have been completed at the IR-03. These activities 
provide the information that forms the basis of the CSM used for the preliminary design of the pilot study 
technologies. This section provides an overview of these activities. 

Previous Investigations 

Extensive investigations were performed at HPNS between 1972 and 1989, when HPNS was listed on the 
NPL and formally entered the CERCLA process (SulTech 2008). From 1989 to the present, investigations 
have been performed in accordance with the CERCLA process, and have included a remedial 
investigation, data gaps investigations, and ongoing groundwater monitoring.  Table 10-1 summarizes the 
investigative history, remedial actions, and removal actions near the IR-03 area.  The information 
obtained from these investigations was used to develop the current IR-03 conceptual site model (CSM). 

Previous Remedial Activities    

In 1991, approximately 25 gallons of product floating on the water table were recovered from four 
monitoring wells. Recovered floating product was stored at IR-03 in 55-gallon drums. Additional floating 
product was recovered during 1991with approximately 44 additional gallons of floating product recovered 
during this period (HLA, 1991).  

In1996, a 900-foot-long sheet pile wall was installed between the former ponds and the shoreline of the 
Bay to isolate the groundwater at the former pond areas from the San Francisco Bay. Sheet piles were 
driven a maximum depth of 27 feet bgs until the sheet piles penetrated the Bay Mud. The sheet pile wall 
was designed to key into the Bay Mud and control the movement of groundwater, thus limiting the 
migration of oily wastes and potentially hazardous substances toward the Bay. Additionally, a six-inch 
clay layer with a one-foot topsoil layer was placed over the area to minimize rainfall infiltration (PRC, 
1996, ITC 1999, ITSI, 2012).  In 2008, measurable light nonaqueous phase liquid (LNAPL) was reported 
to be observed in monitoring wells located both on the landward and Bay sides of the sheet pile wall 
(Barajas & Associates, 2008). 

An evaluation of potential for the sheet pile wall to corrode was conducted and reported in the Final 
Completion Report for the Sheet Pile Wall (IT, 1999).  Within the corrosion report (Appendix E), it 
states, “The cathodic protection current requirement test showed that the sheet pile wall would provide 
adequate containment for three years. However to extend the effective life of the sheet pile wall a current 
density in excess of 2.0 milliamps per square foot of metal would be required for adequate protection.” 
Since the wall was installed in 1996, and additional cathodic protection was not provided after the wall 
installation, the sheet pile barrier wall has probably been corroded.  The integrity of the existing sheet pile 
wall is an important component for not only protecting the Bay from impacts to contaminants at IR-03, 
but for making decisions and designing treatment technologies for the Site (e.g. ISTR where a hydraulic 
barrier to tidal influences is important).  Therefore, the non-aqueous phase liquid (NAPL) treatability pilot 
study (NTPS) will include activities to evaluate the effectiveness of the sheet pile wall as a hydraulic 
barrier. 

ITSI conducted an investigation to evaluate NAPL remediation by in-situ thermal treatment or soil 
stabilization in 2011 and 2012.  First, the density and viscosity of the NAPL were determined with the 
density of the NAPL at 17ºC of 0.944 grams per milliliter (g/mL), 0.931 g/mL at 30ºC and 0.892 g/mL at 
90ºC, respectively). In addition, the viscosity of the NAPL composite was lowered from 134.2 to 13.3 
centipoises when temperatures were increased from 17ºC to 90ºC). 
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Bench-scale testing of thermal treatment was conducted soil columns, heated to the temperatures ranging 
at 65ºC and 90ºC. The soil was then flushed with heated water to simulate conditions that would enhance 
NAPL mobility and extractability in the field.  A third test was conducted at a target temperature of 180 to 
200ºC,  however, when the air purge started the soil temperature passed 180ºC, and due to an apparent 
exothermic reaction the soil temperature climbed to above 300ºC. 
 
As stated in ITSI, 2012, for the column tests at 65ºC and 90ºC, no quantifiable NAPL was recovered. The 
thermal treatment of the NAPL-impacted soil at 65ºC and 90ºC increased the dissolved TPH 
concentration (and mass) in the leachate water by a factor of 3 to 4. For the third column test with a target 
temperature of 180 to 200°C that ended with soil temperatures above 300°C, approximately 72% of the 
input TPH mass was removed. The majority of this mass removal apparently resulted from thermal 
destruction.  A conclusion from this study was that thermal treatment at temperatures of 180°C or greater 
would not be cost effective, but that additional pilot studies were needed to evaluate the technology under 
conditions representative of the Site (largely attributed to use of soils in the column tests that had much 
lower overall TPH concentrations then observed within the former oil reclamation ponds). 
 
CIJV/CDM Smith evaluated the bench studies conducted to date at IR-03 to evaluate ISTR (ITSI, 2012) 
and has determined that they do not provide enough information to conclude that ISTR is infeasible for 
meeting IR-03 site objectives.  Our analysis of the report finds that only temperatures below 90°C or 
above 180°C were evaluated.  However, the key target temperature for effective mobilization of viscous, 
high boiling point NAPL is 100°C (Beyke, 2002).  Heating the subsurface to temperatures at and above 
the boiling point of water results in significant mobilization of viscous NAPL due to: 
1. Increase in NAPL vapor pressure to nearly 30 fold. 
2. Decrease in NAPL viscosity (greater than 10 fold reduction observed at 90°C for the IR-03 

NAPL.  100°C was not evaluated). 
3. Decrease in NAPL-water interfacial tensions by half, which can lead to improved recovery as a 

liquid.  
4. Steam stripping, which depletes the NAPL of its more volatile and mobile constituents. 
5. Formation of bubbles, which with increase buoyancy and mobility of NAPL.   
Removal mechanisms 4 and 5 are the most significant for viscous NAPL due to steam production, which 
creates agitation driving contaminants out of soils and acts as a carrier gas that transports contaminants 
toward the water-table surface and into the multi-phase extraction wells (Beyke, 2002). Therefore, an 
optimal temperature, 100°C for thermally-enhanced NAPL extraction for IR-03, readily achievable using 
ISTR with thermal conductive heating (TCH), was not evaluated during the bench study.  
 
ISTR using TCH was recently demonstrated at HPNS with the IR-25 Building 134, Parcel C treatability 
study (CDM Smith, 2012) which achieved greater than 90% removal of NAPL (mixed perchloroethene 
and dichlorobenzenes [DCB]), measured using soil concentrations, in a source zone. Removing viscous, 
high boiling temperature NAPLs using TCH was demonstrated for the Building 134 study.  The primary 
constituents of the Building 134 NAPL were DCBs.  DCB NAPL is far more viscous than the IR-03 
NAPL (viscosity 697 cP at room temperature compared to 137 cP for the IR-03 NAPL).  In addition, 
DCB NAPL has a boiling point of approximately 180°C, very similar to the boiling temperature of the 
IR-03 NAPL.  During the Building 134 study, mobilization and extraction of the DCBs did not occur until 
temperatures reached 100°C, after which very efficient mobilization and removal was observed.  A 
similar response is expected for IR-03 NAPL where the lighter hydrocarbons will be removed at lower 
temperatures but the majority of mass removal will occur at 100°C.  Therefore, the NTPS ISTR design 
will target more optimal treatment temperatures for NAPL removal. 
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Current Conceptual Site Model 

To achieve the overall pilot study objectives of evaluating the effectiveness of ISTR for thermally 
enhanced NAPL recovery and ISS for NAPL immobilization and developing a full-scale strategy to 
achieve remedial objectives, it will be necessary to: 

 have a thorough understanding of Site conditions and, their variability  

 determine how site conditions influence the two technologies being evaluated in pilot 
tests 

 determine the appropriate full scale application of one or both technologies under site 
conditions. 

Critical factors for successful NTPS and exit strategy development include refining the CSM in the 
following key areas:  

 Site Hydrogeology: develop a comprehensive understanding of Site hydrogeology including tidal 
influences; groundwater hydraulic heads, flow directions and rate; site stratigraphy, and 
heterogeneity, and; hydraulic conductivities 

 Nature & Extent of Contamination:  Quantify the degree of NAPL saturation including 
delineation of areas with mobile NAPL within TTZ; quantify distribution and concentrations of 
COECs in groundwater  

 Fate and Transport of Contaminants:  Quantify NAPL mobility under existing conditions and 
determine if NAPL and/or groundwater with COECs above water quality criteria are discharged to 
the Bay. 

The approach to addressing the project needs listed above is to maximize the use of existing data, and 
identify areas and locations requiring field investigation to supplement the existing data set.  A summary 
of existing data is provided below. 
 
Geology    

This section summarizes the stratigraphy and lithology of IR-03, derived largely from Barajas & 
Associates, 2008, and ITSI 2012.  Five geologic units underlie HPNS: four units are unconsolidated 
deposits of Quaternary age and the fifth is the underlying Jurassic-Cretaceous age Franciscan Complex 
bedrock. The stratigraphic sequence of these geologic units, from the youngest (shallowest) to oldest 
(deepest), is generally as follows: 

 Artificial Fill derived chiefly from area hills 

 Undifferentiated Upper Sands 

 Bay Mud 

 Undifferentiated Sediments 

 Bedrock. 

Artificial Fill. The artificial fill at IR-03 used to create much of the land surface consists of sands, 
gravels, clays, and mixtures of sand, gravel, clays, and debris deposits. The artificial fill at IR-03 used to 
create much of the land surface consisted of sands, gravels, clays, and mixtures of sand, gravel, clays, and 
debris deposits. Industrial fill includes metal debris, processed wood fragments, bricks, concrete, 
sandblasting waste, household refuse, and other materials.  
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Based on previous investigations, most of the coarse fill material is locally derived from the Franciscan 
Complex bedrock, the main constituents of which are serpentinite, greenstone, shale, greywacke, and 
chert. Artificial Fill at IR-03 ranges from approximately 12 to 30 feet thick, increasing in thickness in the 
middle of IR-03.  Chemical analysis of bedrock at HPNS revealed elevated concentrations of arsenic, 
iron, and manganese in chert and elevated concentrations of nickel in serpentinite (ITSI et. al., 2004). 
These metals appear to be ubiquitous at HPNS and occur at elevated concentrations in the bedrock-
derived fill material. 

Undifferentiated Upper Sands. Undifferentiated Upper Sands, found below the Artificial Fill, are 
alluvial deposits and estuarine marine sands of the Holocene age that usually overlie, but in places are 
interbedded with, the Bay Muds. The thickness of this unit appears to decrease moving southwest to 
northeast at IR-03. Undifferentiated Upper Sands underlying IR-03 consist of poorly graded sand (Barajas 
& Associates, 2008). 

Bay Mud. Bay Mud consists of Holocene-age estuarine sediments composed almost exclusively of silt 
and clay. The Bay Mud mostly underlies Artificial Fill, but in places, Bay Mud underlies or is 
interbedded with Undifferentiated Upper Sands. Bay Mud is present over most of Parcel E, with the 
exception of the bedrock highs in the central and southeastern portions of the parcel and at the 
northwestern border of Parcel E, where the depth to bedrock is shallow (less than 5 feet bgs). At IR-03, 
Bay Mud deposits are approximately 24 to 45 feet thick (Barajas & Associates, 2008). 

The depth to Bay Mud varies at IR-03: the shallowest depth is approximately 13 feet bgs at the northeast 
(monitoring well IR03MW0-1) and southwest portions of IR-03, and greater depths are reported in the 
middle of IR-03. Based on the RI (Barajas & Associates, 2008), the greatest previously observed depth to 
Bay Mud was approximately 30 feet bgs at IR-03MW218A3. 

The depth to Bay Mud at borings advanced during the Site Characterization and Treatability Study (ITSI, 
2012) ranged from 14.0 feet bgs in boring IR03B395 to 31 feet bgs in boring IR-03B401b.  Four cone 
penetrometer test (CPT) borings located within the limits of the two former oil reclamation ponds 
(IR03B387, IR03B388B, IR03B393, and IR03B397) indicated the Bay Mud was present at 29, 22, greater 
than 23, and 20 feet bgs, respectively. In addition, three CPT borings (IR03B394, IR03B398, and 
IR03B403) located outside the limits of the two former oil reclamation ponds, but within the NAPL-
impacted area, Bay Mud was indicated at 19.5, 18.5, and greater than 18 feet bgs, respectively.  Four CPT 
borings (IR03B391, IR03B396, IR03B401b, and IR03B402) were located on the Bay side of the sheet 
pile wall, with Bay Mud indicated at 22, 25, 31, and 24 feet bgs, respectively. 

Undifferentiated Sediments. Undifferentiated Sediments typically are interbedded clays, silts, and sands 
that underlie the Artificial Fill, Undifferentiated Upper Sands, and Bay Mud. Undifferentiated Sediments 
are reportedly about 230 feet thick in the south-central area of Parcel E, thin to the north and east, and are 
absent at the bedrock highs in the central and southeastern portions of the parcel and at the northwestern 
border. At IR-03, Undifferentiated Sediments consist of poorly graded sand. The thickness of this unit 
appears to decrease moving southwest to northeast at IR-03 (Barajas & Associates, 2008). (Note: The 
depth of drilling for this contract task order (CTO) was limited to the top of the Bay Mud, and therefore 
Undifferentiated Sediments were not observed in the NAPL characterization investigation at IR-03.) 

Bedrock. Bedrock at HPNS is part of the Franciscan Complex, and includes basalt (greenstone), 
serpentinite, chert, sandstone, siltstone, and shale. The depth to bedrock is shallowest (less than 5 feet 
bgs) at the northwestern border of Parcel E and deepest (about 280 feet bgs) in the south-central portion 
of the parcel. Two bedrock outcrops are located in Parcel E: one near Buildings 406, 413, and 414, and 
one in the southeastern corner at Building 521 (Barajas & Associates, 2008).  

Hydrogeology    

Three hydrostratigraphic units are found at HPNS Parcel E, including IR-03. These consist of (1) the A-
aquifer, (2) the B-aquifer, and (3) the bedrock water-bearing zone (WBZ). An aquitard composed of the 
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Bay Mud separates the A-aquifer from the B-aquifer across most of Parcel E. The A-aquifer at Parcel E 
primarily saturates the heterogeneous Artificial Fill, and may include (1) Undifferentiated Upper Sands; 
(2) sandy units within the Bay Mud; and (3) the upper weathered bedrock zone, where the A-aquifer 
directly overlies bedrock (such as in the southeastern corner of Parcel E, at Building 521). The A-aquifer 
covers most of Parcel E and ranges in thickness from a few feet to over 50 feet. 

The A-aquifer generally is unconfined throughout most of Parcel E, but semi-confined conditions may 
exist in places where fine-grained sediments below the water table overlie more permeable materials. 
Based on average groundwater elevations measured in A-aquifer wells, the depth to groundwater at IR-03 
ranges from 7 to 11 feet bgs. The groundwater flow direction in the A-aquifer at IR-03 varies due to tidal 
influences and the proximity of San Francisco Bay, and is influenced by the sheet pile wall (Figure 10-4), 
which was installed to control groundwater flow from IR-03 to the Bay (Barajas & Associates, 2008). 

Bay Mud, described above, typically is an aquitard that separates the A-aquifer from the underlying B-
aquifer. The B-aquifer in Parcel E typically is found within the Undifferentiated Sediments, in a sequence 
of layers comprised of sand and silty and clayey sand. The B-aquifer generally is confined by the Bay 
Mud aquitard, which separates it from the A-aquifer across most of Parcel E. Beneath IR-03 as well as 
Redevelopment Block EOS-2, the A- and B-aquifers are not in direct hydraulic communication, as they 
are separated by the Bay Mud aquitard. The general direction of groundwater flow for the B-aquifer is 
approximately southeast.  

At depth, the saturated fractured weathered zones within the bedrock that are not in direct contact with the 
A- or B-aquifers are classified as the bedrock water-bearing zone. The fractured, unweathered bedrock is 
not considered an aquifer (Barajas & Associates, 2008). 

Based on the state and federal groundwater classification criteria and the evaluation of site-specific 
factors, evidence indicates that the A-aquifer and the B-aquifer at Parcel E have low potential for use as 
potable water supplies. The A-aquifer is not a viable source of drinking water, and federal maximum 
contaminant levels (MCLs) are not applicable or relevant and appropriate requirements (ARARs) for the 
CERCLA action. In addition, the City of San Francisco currently has institutional controls that prohibit 
the installation of wells for domestic use within the city limits (Tetra Tech Inc., 1999). 

At IR-03, groundwater monitoring has been limited to the A-aquifer and the upper B-aquifer, and no 
monitoring has been required in the lower portions of the B-aquifer or the bedrock water-bearing zone. A-
aquifer groundwater elevations at IR-03 generally indicate groundwater flows primarily to the 
north/northeast (Figure 10-2) toward a sink located at the boundary between Parcels D and E (Tetra 
Tech, Inc., 1999, CE2, 2012).   The potentiometric surface plots (Figure 10-2) from the 2012 
Groundwater Annual Report (CE, 2012), also shows an apparent groundwater mound from locations 
inside the sheet pile wall toward the north and Parcel D.  Groundwater on the Bay side of the sheet pile 
wall likely flows toward the Bay.  The effectiveness of the sheet pile wall and the groundwater flow near 
the wall is uncertain because of complications from tidal influence and the presence of LNAPL.  In 
addition, only two wells within IR-03 have been regularly used to evaluate gradients for Basewide 
evaluation.  A higher resolution hydraulic gradient evaluation for IR-03 has not been conducted to 
evaluate flow in and around the sheet pile wall and toward the Bay. 

One phenomenon that has never been evaluated at IR-03 is the LNAPL gradient.   Similar to the driving 
forces that dictate groundwater flow, LNAPL bodies also behave as potentially mobile bodies.  The 
primary driving force for LNAPL movement is LNAPL head or gradient.  If the LNAPL gradient is high 
enough to overcome soil pore entry pressures, the LNAPL can migrate horizontally. LNAPL gradient is 
evaluated very similar to groundwater gradient where the relative difference in LNAPL elevation is used 
to calculate the magnitude of the LNAPL gradient and triangulation analysis (or other modeling means) 
used to evaluate direction. 
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There is significant uncertainty in the IR-03 hydraulic groundwater and NAPL gradients.  A 
comprehensive evaluation using all existing Site wells has not been done.  In order to understand driving 
forces for LNAPL migration and groundwater flow, the NTPS will include activities to quantify the 
magnitude and direction of these gradients in order to determine potential impacts to the Bay.  

Tidal Effects 

Tidal mixing refers to the influx and mixing of San Francisco Bay’s saline surface water into near-shore 
groundwater by daily tidal action. This results in degradation of groundwater with a significant increase 
of total dissolved solids (TDS) to above 10,000 milligrams per liter (mg/L). Figure 10-3 taken from the 
Revised RI Report for Parcel E shows the location of the tidal influence and tidal mixing zone study wells 
in Parcel E (Barajas & Associates, Inc., 2008b). 
Results of a tidal influence study conducted in 2002 indicated the A-aquifer tidal influence zone in Parcel 
E extends about 100 to 400 feet inland from San Francisco Bay. During the study, the maximum 
fluctuation of bay water levels (between high and low tides) was about 9 feet (TtEMI, 2004b). Tidal 
effects on A-aquifer groundwater are generally stronger closer to the bay; however, exceptions exist that 
likely reflect the heterogeneity of the A-aquifer materials. 

In May and June 2002, a tidal mixing study was conducted for the A-aquifer because physical mixing of 
groundwater and Bay water only occurs in the A-aquifer along the shoreline. During the study, specific 
conductance fluctuations related to tidal fluctuations in water levels were observed along the shoreline in 
nearshore well IR02MW206A1, located 70 feet from San Francisco Bay in the area east of IR-03, but not 
in inland well IR15MW06A, located 335 feet from the bay at IR-15. These data indicate that the tidal 
mixing zone in Parcel E extends at least 70 feet inland from the shoreline (Barajas & Associates, Inc., 
2008b). 

Based on the Data Gaps Investigation Report (Tetra Tech 2004), maximum tidal fluctuations observed 
within the A-aquifer ranged from 0.14 to 0.05 foot during a 2002 evaluation. Tidal influence was 
observed at IR03MW218A2 (screened from 12.5 to 17.5 feet bgs), but no tidal influence was observed at 
IR03MW218A3 (screened from 20 to 30 feet bgs).  Tidal influence was observed at IR03MW224A with 
0.05 feet of tidal fluctuation observed. 

A high-resolution evaluation of tidal influence has not been conducted at IR-03.  Given the significant 
uncertainty in the integrity of the sheet pile wall, it is very likely that the influence of the tides has 
changed between 2002 to current.  Tidal influence can have significant impacts to the design of treatment 
technologies, such as ISS and ISTR, and overall evaluation of transport from IR-03 to the Bay.  
Therefore, the NTPS will include activities to evaluate tidal influences inside and on the Bay-side of the 
sheet pile wall.  

Contaminant Extent and Distribution    

The Site consists of two former oil reclamation ponds located in Parcel E, approximately 30 feet from the 
San Francisco Bay that were filled with soil in 1974.  It contains significant soil and groundwater 
contamination, consisting mainly of petroleum hydrocarbons (TPH), along with polychlorinated 
biphenyls (PCBs), pesticides, and chlorinated solvents resulting from the disposal of shipyard wastes.  
The TPHs have resulted in a floating NAPL layer above the water table and contaminants are also trapped 
in the void space of the vadose zone and have spread into the groundwater.  Additionally, the Navy has 
identified the Site as a potentially radiologically-impacted area. 

Data from previous investigation activities (Table 10-1) were compiled in order to provide a 
comprehensive review of contaminant extent and distribution.   The overarching objective of the NTPS is 
to evaluate effectiveness of ISTR and ISS in preventing or minimizing migration of mobile NAPL and 
discharge of groundwater to San Francisco Bay that would result in COEC concentrations greater than the 
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water quality criteria for aquatic wildlife.  Therefore, contaminant data were compiled to 1) evaluate 
extent of NAPL and 2) evaluate current concentrations of COECs in groundwater.   

LNAPL NATURE AND EXTENT 

The first objective of the NTPS is to address NAPL, and in particular mobile NAPL.  Therefore, first, a 
compilation of the existing soil, CPT/laser induced fluorescence (LIF) and monitoring well NAPL data 
were input into a three dimensional (3D) visualization model (Mining Visualization Software [MVS]) to 
evaluate estimated extent of NAPL using these multiple lines of evidence. The three primary data sources: 
existing monitoring wells and the presence or absence of NAPL in wells; the CPT-LIF borings advanced 
in 2011; and traditional soil borings and associated total TPH analyses are shown in Figure 10-4. Each of 
these data sources presents a different and partial picture of NAPL extent across the Site.   Combined they 
provide a more comprehensive representation of current knowledge of NAPL contamination at the HPNS 
IR-03. 

Measurable free product (LNAPL) is present in many of the monitoring wells present at the IR-03 site.  
LNAPL thickness in IR-03 monitoring wells is presented in Table 10-2.  Monitoring well locations with 
measureable LNAPL are shown as red and those without NAPL are shown as green in Figure 10-4.  The 
thickest LNAPL has historically been measured in IR03MW370A, however, the 2009 through 2010 data 
show that the thickest LNAPL was at IR03MW0-3, while the July 2011 data indicated the highest 
LNAPL was at IR03MW225A.  Of note, is that monitoring well locations on the Bay-side of the sheet 
pile wall, IR03MW0-3, IR03MW370A and IR03MW369A contain measurable LNAPL.  This is 
particularly important because the extent of this LNAPL has not been bounded and potential discharge to 
the Bay not evaluated. 

The Remedial Investigation (RI) (Barajas & Associates, Inc., 2008) consisted of collecting soil samples 
(greater than 4,700) from surface locations, shallow test pits, and deeper soil and monitoring well borings. 
Soil borings advanced and samples collected in and around IR-03 as part of the RI generally occurred 
between 1991 and 1995. The soil borings advanced from IR-03 and surrounding areas are shown in 
Figure 10-4.  In addition, ITSI advanced an additional 16 soil borings in 2011. These boring locations 
(IR03B409 through IR03B424) are also shown on Figure 10-4.  Borings where TPH results in soil 
samples (taken as the sum of TPH-d and TPH- mo) exceeded the LNAPL source criterion of 3,500 mg/kg 
are used to infer the presence of LNAPL.  This criterion was based on saturation limits for LNAPL; the 
source of these criteria is the Final New Preliminary Screening Criteria and Petroleum Program Strategy.   

Figure 10-4 illustrates soil borings with samples that exceeded the 3,500 mg/kg criterion as red and those 
with soil results below this criterion as green.  The borings which had soil concentrations that exceeded 
the 3,500 mg/kg criterion were IR03B409, IR03B410A, and IR03B411. Based on field observations, 
which included soil discoloration, odor, and organic vapor monitoring (OVM) data, (ITSI 2012), NAPL-
impacted soil was observed between 12 to 20 feet bgs in IR03B409, 15 to 20 feet bgs in IR03B410A, and 
12 to 20 feet bgs in IR03B411, respectively.  Although IR03B412 and IR03B414 didn’t have soil 
concentrations that exceeded the criterion, field observations indicated elevated contaminants between 13 
to 19 feet bgs and 13 to 20 feet bgs, respectively.  Three confirmation borings (IR03B416, 
IR03B417/417A/417B, and IR03B418/418A) located on the San Francisco Bay side of the sheet pile wall 
indicated NAPL-impacted soil between 9 to 10, 9 to 15, and 17 to 19 feet bgs at borings IR03B416, IR-
03B417A, and IR03B418A, respectively.  

In addition to the 16 soil borings advanced in 2011 described above, ITSI also advanced 18 soil borings 
using CPT/LIF to evaluate presence and extent of LNAPL at IR-03.  The CPT/LIF method used a fiber 
optic-based LIF sensor system with the CPT.  The LIF tool used at the IR-03 was ultraviolet optical 
screening technology (UVOST).  This technique involves using a laser to emit light at a specific 
wavelength, which generates fluorescence when it comes into contact with petroleum hydrocarbons.  The 
presence and the intensity of the fluorescent signal is quantified using a detector system. Analysis of the 
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actual characteristics of the fluorescence relative to a Reference Emitter (RE) can provide some general 
indication of the type of petroleum hydrocarbon encountered and the intensity can sometimes be used to 
evaluate the relative concentration.  The fluorescence response is not constant for all hydrocarbons, and 
so the interpretation of the LIF response is considered semi-qualitative. Additionally, non-hydrocarbon 
elements, such as the presence of calcareous soils or soils with concentrated shell fragments, can be 
responsible for a positive LIF response.  Therefore, the LIF data were interpreted as a presence/absence 
indicator for LNAPL.  In Figure 10-4, those CPT/LIF borings which indicated LNAPL are in red and 
those which did not indicate LNAPL are shown in green.  Generally, if detected, the vertical extent of 
NAPL was observed between approximately 8 to 22 feet bgs.   

MODELED LNAPL EXTENT 

An initial 3D MVS model with integrated geostatistics was developed to analyze the Site contaminant 
data.  Following the pre-design characterization, the modeling will be updated to provide a visual 
representation of the site geology and distribution of contamination. The model provides an effective way 
to communicate the CSM through integration of geologic information, environmental contamination data, 
site buildings, roads, aerial photographs, etc. into a single visualization.  MVS provides data interpolation, 
geostatistical analysis, and 3D visualization tools in a single software system for data analysis, including 
calculating estimates of contaminant volume and mass.  
 
The model for the IR03 site was developed using several sets of data: 1) CPT data (ITSI, 2012), 
specifically used normalized soil behavior type, to represent stratigraphy and relative permeability, 2) 
monitoring well LNAPL observations as an average of values collected from 2006 to 2011 (Table 10-2), 
3) soil boring TPH concentrations, and 4) LIF data to indicate presence or absence of LNAPL. Consistent 
with earlier work, a value of 3,500 mg/kg of TPH and >20% RE (relative to Reference Emittence) for the 
soil and LIF borings, respectively, was assumed to represent the presence of LNAPL.  Collectively, the 
LNAPL data (items 2, 3 and 4 above) were used to define the lateral extent, shown in Figure 10-5, and 
the vertical extent, shown in Figures 10-7 and 10-8, using the MVS model.   

The following MVS integrated geostatistics functions were utilized to develop the preliminary model of 
LNAPL extent: 

• Site evaluation: determination of the spatial distribution of LNAPL contamination based on 
soil analytical results, groundwater monitoring well LNAPL levels and CPT/LIF based on 
locations where data were available   

• Analytical kriging interpolation methods to determine the possible extent of LNAPL. 

Kriging was selected as the geostatistical method for this project due to its defensible estimates.  Kriging 
is a weighted moving average interpolation (and extrapolation) method that minimizes the estimated 
variance of a predicted point (node) with the weighted average of its neighbors.  The weighting factors 
and the variance are calculated using a semivariogram model that describes the differences versus 
distance for pairs of samples in the input data set.  Determining an optimal semivariogram model is the 
important first step in producing a defensible kriged estimate.  MVS’s kriging is based on sound 
mathematical and statistical concepts of the U.S. EPA-developed two-dimensional kriging software 
package called Geo-EAS.  Geo-EAS version 1.1 was released in September 1988.   

3D kriging with adaptive gridding was utilized for all analyte data interpolation.  Adaptive gridding 
automatically refines gridding in the cell(s) surrounding measured samples to ensure that the interpolated 
results and corresponding isosurfaces accurately honor measured sample data. The following data sources 
and technical parameters were used to populate and evaluate the MVS model. 

Surface Features.  Site surface features were added to the 3D model to help orient the viewer.  The aerial 
photo gives a good indication of where boring location and subsurface data are located while viewing the 
model from the top view. 
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Subsurface Features.  Site subsurface features include monitoring wells, borings, and the sheet pile wall.  
Monitoring well construction information including total depth of well and screen interval was compiled 
from monitoring well logs.  The location of the sheet pile wall was taken from the as built in the 
completion report (IT, 1999).   
 
Grid Type: For the interpolation of the observed LNAPL in wells a convex hull bound grid with X/Y 
model grid resolution = 121x121 was utilized.  For the analytical model of the soil Total TPH data, a 
convex hull bound grid with X/Y/Z model grid resolution = 81 X 81 X 70 was utilized.  For the 
stratigraphic model using CPT data a convex hull bound grid with X/Y model grid resolution = 81x81 
was utilized.  The stratigraphic model was then combined with the LIF/UVOST data model which used 
the same convex hull bound 81x81 grid in order to view the CPT/LIF inferred NAPL extent colored by 
estimated permeability.  

Contaminant Input Data. Three data sets were kriged in 3D using the model including: 

 The average NAPL observed thickness estimates (average taken from values shown in Table 10-
2) 

 Soil total TPH (sum of TPH-mo and TPH-d) concentrations from samples collected between 
1991 and 2011 

 LIF/UVOST %RE responses where a response greater than 20%RE was indicative of NAPL. 

All soil data were first converted to logarithmic values for kriging purposes to better model the range of 
concentrations.  The default horizontal/vertical anisotropy of 10 was chosen as the best-fit calibration 
variogram using a Reach of 2918’ based on 20 points.  The default horizontal and vertical anisotropy 
number is a value that the model uses to “weight” horizontal and vertical data.  This is needed for high-
resolution datasets, such as the TPH soil data for IR-03, because the resolution of the horizontal and 
vertical data is different.  For instance, for the soil data, samples were collected at much closer spacing 
vertically (often a few feet apart) than horizontally, which are often collected tens of feet apart.  Using 
kriging, if you “weight” the data identically, you end up with your modeled contaminant extents being 
shown as discrete extents just around a given borehole.  By weighting the data, the lateral extents are 
connected.  The default value for the MVS model for the horizontal and vertical anisotropy was 10 and 
provided sufficient weighting to connect the soil TPH lateral extents, but not extend the estimated NAPL 
extent unrealistically.  Therefore, this value was not changed. The chosen nominal plume exhibits a 
minimum confidence of 35% based on a confidence bound factor of 10.  All sample concentrations within 
the model domain were used in the kriging algorithm to produce the best possible estimate for every grid 
node. 

The kriged extent of the 3 data sets was used to develop a preliminary “summary” LNAPL extent shown 
in Figure 10-5.  In addition, two cross sections (Figures 10-6, 10-7, and 10-8) are presented which 
illustrate the estimated vertical extent of NAPL with the site geologic interpretation reported in Figures 3, 
4 and 5 in ITSI, 2012.  The LNAPL mass within the ISTR TTZ will be re-evaluated once additional data 
are collected to elucidate how soil concentrations relate to soil LNAPL saturation, and to evaluate 
reductions in contaminant mass post-treatment. The MVS modeling will be used to estimate volumes of 
LNAPL within different geologic media within the ISTR and ISS TTZ.  In addition, volumes of mobile 
NAPL will also be estimated in MVS once the pre-design characterization is complete and estimates for 
total, leachable (i.e., mobile) and residual LNAPL have been measured in soil cores within the ISTR and 
ISS TTZ. 

 

MOBILE LNAPL 

In Section 2.3.4.1 and 2.3.4.2, multiple lines of evidence were used to evaluate the extent of NAPL across 
the site.  However, these data do not reflect knowledge about what portion of this NAPL is actually 
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mobile.  The mobility of NAPL is a function of both the hydraulic properties of the subsurface system, 
the properties of the LNAPL, and the saturation of the LNAPL within the soil matrix.  The Intrastate 
Technology Regulatory Council (ITRC) in its 2009 document Evaluating Natural Source Zone Depletion 
at Sites with LNAPL states that indications for the presence of mobile LNAPL include:  1) significant 
quantities of LNAPL accumulate in wells and 2) LNAPL is present at levels greater than residual 
saturation.  While the first line of evidence is clearly evident at IR-03, it is unclear how LNAPL thickness 
in wells translates to LNAPL thickness within the aquifer formation, and how the concentrations of TPH 
observed in soil translate into NAPL saturation levels. It is also unclear, what fraction of the LNAPL 
across the entire extent (shown in Figure 10-5) is actually mobile. 
 
By definition, LNAPL saturation is just the LNAPL-filled fraction of the total soil porosity.  Mobile 
LNAPL, however, is the LNAPL that exceeds the residual LNAPL saturation, where the residual LNAPL 
saturation is the range of LNAPL saturations at which LNAPL capillary pressure equals pore entry 
pressure.  In other words, the residual LNAPL saturation is the amount of LNAPL that can fill the soil 
pore space and not move under the Site gradient.  Any LNAPL present at levels greater than residual 
LNAPL saturation represent the portion of LNAPL that is potentially mobile (i.e. could potentially 
migrate).  The amount of LNAPL that constitutes residual saturation varies based on soil properties (e.g. 
porosity and hydraulic conductivity), and LNAPL properties (e.g. density, viscosity).  Therefore, for sites 
that contain heterogeneous soils, such as the fill observed at IR-03, there could be significant differences 
in the residual saturation level of the different soil types.   
 
In order to begin to understand how LNAPL might be distributed throughout the heterogeneous soils, the 
MVS model was used to evaluate, and integrate, the CPT data, which provides estimates of soil 
permeability, with the LIF response, which indicates LNAPL presence. The CPT data were evaluated and 
“grouped” according to high (greater than [>] 26 feet per day [ft/d]) medium (26>K to less than [>]0.25 
ft/d) and low (<0.25 ft/d) permeability.  To evaluate the extents of these different permeability zones in 
3D, the MVS model geologic indicator kriging was used to interpolate values within the field.   
 
From these data, some initial relationships between the extent of LNAPL within high, medium and low 
permeability soils were made, and shown in Table 10-3.  Figure 10-9 illustrates the summary MVS-
modeled LNAPL extent using a compilation of soil, LIF/UVOST, and monitoring well NAPL data sets in 
plan view and the in the cross sectional view.  In addition, the figure shows the LNAPL extent modeled 
(i.e. kriged) using only LIF/UVOST data in plan view.  The LNAPL extent modeled using the 
LIF/UVOST data is colored based on whether the NAPL is within high, medium or low permeability soils 
(generated using the CPT data).  This provides a visual representation what proportion of the NAPL 
volume is within the high, medium and low permeability soils. Based on this initial assessment, 
approximately 50% of the total LNAPL-impacted volume is estimated to be within high permeability 
soils, 36% is within medium and 13% is within low permeability soils.  The mass within high and 
medium permeability soils represents the portion of the LNAPL mass with the greatest potential to be 
present as mobile LNAPL.  However, these data still do not provide information on what the actual 
NAPL saturations are within these different soils nor what the residual saturation within each of these 
high, medium and low permeability soils is.  In order for estimates on LNAPL volume, mass and 
quantities of residual and mobile LNAPL to be calculated in the ISTR and ISS treatment zones, additional 
information on total and residual NAPL saturation within the different soils is needed. This information 
will be obtained during pre-design characterization within the NPTS technology treatment areas. 

COECS 

The second objective of the NTPS is evaluate effectiveness of ISTR and ISS in preventing or minimizing 
discharge of groundwater with COEC concentrations greater than the water quality criteria for aquatic 
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wildlife to San Francisco Bay.   In the Feasibility Study (ERRG 2012), COECs identified for IR-03 
included: 

 arsenic  
 copper  
 lead  
 mercury  
 nickel  
 zinc  
 Arochlor-1254  
 Arochlor-1260  
 TPH.   

Therefore, evaluation of historical COECs concentration in groundwater at IR-03 was conducted.  
Previous investigations of IR-03 groundwater have reported total TPH at concentrations ranging from 
4,000 to 13,500 μg/L, and PCBs as Aroclor-1254 at 1 μg/L; (Barajas & Associates, 2008).  Since 2008, 
additional groundwater sampling has been conducted.  Recent sampling in 2011 (Semiannual 
Groundwater Monitoring Report, CE2/Kleinfelder 2012), indicated exceedences for arsenic (120, 130 
μg/L) and PCBs (6.4 μg/L) in IR03MW0-1, TPH (9,813J μg/L) and PCBs (0.66 μg/L) in IR03MW218A, 
and TPH (9194J μg/L) in IR03MW218A2.   

During the ITSI 2012, groundwater samples were collected from groundwater monitoring wells 
IR03MW224A, IR03MW342A, and IR03MW371A, and grab groundwater samples collected from 
borings IR03B419, IR03B421, and IR03B423 (see Figure 10-5 for borehole locations).  Total TPH (sum 
of TPH-g and TPH-mo) was reported in groundwater samples from borings IR03B421 and IR03B423 at 
concentrations of 18,600 J and 42,000 μg/L, respectively.  PCBs as Aroclor-1260 were reported only in 
the grab groundwater sample from boring IR03B421 at a concentration of 27 J μg/L, nearly three orders 
of magnitude above the PCB project screening criterion of 0.03 μg/L.  However, comprehensive 
evaluation of COEC concentrations in groundwater at IR03 monitoring wells has not been conducted 
recently. 

In addition to COECs, other COCs for groundwater, such as benzene, naphthalene, and 1,4-
dichlorobenzene, have also been identified at IR-03.  Although not specifically a goal of the NTPS, these 
compounds will be evaluated to determine the impact of the treatment technologies on 
removal/immobilization of these compounds.  However, again, a comprehensive evaluation of 
concentrations in groundwater has not been conducted recently. 
 
DATA GAPS 

The data gaps identified to achieve overall NTPS objectives include:   

 Detailed understanding and quantification of groundwater and LNAPL gradients and directions 
on the inside and Bay-side of the sheet pile wall 

 Integrity and effectiveness of the existing sheet pile wall near the area planned for ISTR 
 Detailed understanding of hydraulic communication between the A-aquifer and the Bay, 

including tidal influences 
 Detailed understanding of vertical hydraulic conductivities of various fill soils and correlation 

with NAPL saturation 
 Detailed knowledge of the lateral extent and vertical distribution of LNAPL in proposed ISTR 

and ISS pilot test areas  
 Comprehensive, and current, evaluation of COECs and COCs in groundwater 
 Knowledge of key geochemical groundwater parameters, including salinity.  
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The objective of the pre-design characterization and baseline sampling activities is to fill data gaps in the 
CSM such that the pilot studies can be efficiently designed and implemented. In addition, these data are 
necessary in order to make decisions regarding technology performance and to develop the overall 
strategy to remediate the Site. 
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SAP Worksheet #11: Project Quality Objectives/Systematic Planning Process Statements 
Project quality objectives (PQOs) define the type, quantity, and quality of data that are needed to answer 
specific environmental questions and support environmental decisions.  PQOs are developed using a 
systematic planning process described in the Guidance for the Data Quality Objective (DQO) Process 
(EPA, 2006).  The DQOs consist of the following seven iterative steps: 

1. State the problem (see SAP Worksheet #10) 

2. Identify the goals of the study 

3. Identify information inputs 

4. Define the boundaries of the study 

5. Develop the analytic approach 

6. Specify performance or acceptance criteria 

7. Develop the plan for obtaining data 

The project specific DQOs are described below: 

1. State the Problem 

As defined in Worksheet #10, the site is contaminated with a variety of materials, including petroleum-
related NAPL. To achieve site cleanup goals, the subsurface requires implementation of remedial 
technologies to both remove and immobilize contaminants. However, before this can be completed, pilot 
studies are required to determine the effectiveness of the remedial alternatives. To achieve the overall 
pilot study objectives of evaluating the effectiveness of ISTR for enhanced NAPL recovery and ISS for 
NAPL immobilization and developing a full-scale strategy to achieve remedial objectives, it will be 
necessary to: 

 
 have a thorough understanding of site conditions and variability  
 determine how site conditions influence the two technologies being evaluated in pilot tests  
 determine the appropriate full scale application of one or both technologies under site conditions. 

   
Critical factors for successful NTPS testing and exit strategy development include refining the CSM in 
the following key areas:  
 

 Site Hydrogeology:  develop a comprehensive understanding of Site hydrogeology including 
tidal influences; groundwater hydraulic heads, flow directions and rate; site stratigraphy, and 
heterogeneity, and; hydraulic conductivities 

 Nature & Extent of Contamination:  Quantify the degree of NAPL saturation including 
delineation of areas with mobile NAPL within TTZ; quantify distribution and concentrations of 
COECs in groundwater  

 Fate and Transport of Contaminants:  Quantify NAPL mobility under existing conditions and 
determine if NAPL and/or groundwater with COECs above water quality criteria are discharged 
to the Bay. 
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The objective of the pre-design characterization is to fill data gaps in the CSM such that the pilot studies 
can be efficiently designed and implemented to achieve the overall objectives.  In addition, baseline data 
will be collected as a basis to evaluate performance of the two technologies during pilot studies. 
Performance sampling will be completed during operation of the ISTR system. Additionally, post-pilot 
study sampling will be completed to allow for comparison of end results to the baseline data. This 
information is necessary for evaluation of the success of the remedial technologies at removing or 
immobilizing the NAPL, COCs and COECs. 
 
2. Identify the Goals of the Study 

The principal study questions that must be addressed by the analytical data are: 

IR-03 Site Pre-design Characterization: 

 What is the overall lateral and vertical distribution of NAPL at IR-03 within the ISTR TTZ?  

 How do groundwater and NAPL elevations and gradient vary over time, and what is the tidal 
influence on site groundwater?  

 What is the NAPL vertical distribution relative to Site stratigraphy, (i.e. NAPL saturation within 
the different lithologies)? 

 What is the effectiveness of the sheet pile wall near the ISTR TTZ in maintaining a hydraulic 
barrier? 

In situ Thermal Treatment Area: 

 What is the pre- and post-ISTR distribution of NAPL, including NAPL saturation, in the ISTR 
treatment area? 

 What is the effectiveness of ISTR in reducing NAPL mobility within the subsurface? 

 Does ISTR reduce average total NAPL saturation in soil to levels below residual saturation1? 

In situ Stabilization Treatment Area: 

 Which additives will best solidify soil and stabilize contaminant leaching?  

 What is the lateral and vertical distribution of NAPL in the ISS treatment area? 

 How will the physical and chemical properties of subsurface materials effect the implementation 
of ISS? 

 Is the pilot study implementation of ISS effective at reducing hydraulic conductivity in the 
aquifer to a value of 10-6 or less?   

 Does ISS reduce leachability of NAPL to achieve maximum concentrations of COECs below 
water quality criteria for aquatic wildlife (Worksheet #15) and TPH to less than 1,400 µg/L? 

 
_________________________________________________________ 

1IR-03 LNAPL total and residual saturation levels within the ISTR treatment zone will be quantified during the pre-design characterization. The 
ISTR treatment goal will be to reduce the total LNAPL saturation to levels below residual saturation, once both have been quantified. 

2 Note that while thermal will reduce metals entrained within the LNAPL, it will not treat high metals contents associated with the soil. 
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3. Identify the Information Inputs. 

Table 11-1 identifies the information inputs for the Pilot Study.  

Table 11-1 Information Inputs 
Input Data Quality Level (Screening or Definitive 

Data)1 

Cone penetrometer testing (CPT) / Hydraulic 
profiling tool (HPT) screening during pre-design 
characterization 

Screening Data – 6 borings 

 Figure 11-1 presents the planned CPT/HPT 
boring locations 

 CPT provides soil behavior type (grain size 
and density) to infer hydraulic properties, 
such as soil permeability 

 HPT Provides continuous measurement of 
soil hydraulic conductivity along vertical 
extent of borehole within the ISTR 
treatment zone (three borings)  and along 
shoreline between IR-03 and San Francisco 
Bay (three borings). Collect up to 10 grab 
groundwater samples during CPT/HPT 
characterization at elevations that 
correspond to the LNAPL extent at IR-03 
to to determine COEC/COC concentrations 
in groundwater which may be discharging 
to the Bay.  
Samples will be collected and analyzed as 
described in Worksheet #17 and Table 11-
2.  
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Table 11-1 Information Inputs 
Input Data Quality Level (Screening or Definitive 

Data)1 

Direct-push technology (DPT) sampling during 
pre-design characterization and baseline  

Definitive Data – 6 borings for ISTR confirmation 

 Planned locations shown in Figure 11-2 

 Collect 60 primary samples (10 per boring) for 
TPH-purgeable, TPH-extractable, and PCBs  

 Collect 10 primary samples for VOCs, 
SVOCs, and metals 

Analyses indicated in Worksheet #17 and Table 
11-2. Screening Data – 6 borings for ISTR 
confirmation 

 Continuous core samples used to evaluate 
lithology and NAPL presence  

 Flame-ionization detector (FID) screening and 
Cheiron OilScreenSoil of soil cores to identify 
highest concentration areas 

 Collect 18 primary samples for TOC and 
NAPL Free Product Mobility. Analyses 
indicated in Worksheet #17 & Table 11-2 

 If it is determined that additional data are 
required to define residual NAPL saturation, 
additional samples will be collected during 
ISTR system installation. 

LNAPL/groundwater level measurement Screening Data – 2 rounds of LNAPL/groundwater 
elevation measurement 

 Manual groundwater/LNAPL elevation 
collection using product-level indicator 

 One round as close to high tide as possible and 
one round as close to low tide as possible 

 Coordinate with lunar cycles to attain 
influence of maximum tidal ranges 

 Measure depth to product and thickness of 
productat all available monitoring wells within 
and adjacent to IR-03. 

Stilling well 

 

Screening Data – Stilling well installed along shore 
to measure tidal range. 

 Planned stilling well location shown on Figure 
11-3 

 Data recording pressure transducer installed to 
collect water level measurements every 15. 
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Table 11-1 Information Inputs 
Input Data Quality Level (Screening or Definitive 

Data)1 

minutes 

 Data will be compared to tidal data available 
from National Oceanic and Atmospheric 
Administration to determine acceptability. 

Continuous water level recording Screening Data – pressure transducers installed at 
17 monitoring wells and stilling well 

 Data recording pressure transducers installed 
in all IR-03 wells screened within the 14 “A” 
aquifer monitoring wells, the three new 
performance monitoring wells, and the stilling 
well. Figure 11-4 presents the planned 
pressure transducer locations 

 Each location surveyed and water level at time 
of installation measured to determine baseline 
elevation 

 Water levels recorded every 15 minutes for 
approximately 1 week (duration of pre-design 
characterization) to evaluate tidal influence on 
groundwater 

 Data used to calculate hydraulic properties of 
A-aquifer based on time lag and tidal 
fluctuation in the well relative to timing of 
tides, and evaluate extent and magnitude of 
tidal influences where ISTR and ISS pilot 
studies will be completed. 

Baseline groundwater sampling Definitive Data – 13 wells 

 Samples collected and analyzed for 
geochemical parameters and contaminants. 
Analyses indicated in Worksheet #17 and 
Table 11-2. Wells which will be sampled 
during groundwater monitoring are three new 
monitoring wells in the ISTR treatment area 
and IR02MW146A, IR03MW218A2, 
IR03MW370A, IR03MW218A3, 
IR03MW226A, IR03MW0-1, IR03MW0-3, 
IR03MW369A, IR03MW342A, and 
IR03MW224A as shown on Figure 11-6.
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Table 11-1 Information Inputs 
Input Data Quality Level (Screening or Definitive 

Data)1 

Groundwater pumping test Screening Data – 1 pumping test 

 Pumping test at IR03MW225A in the ISTR 
study area in order to evaluate the integrity of 
the sheet pile wall and to collect hydraulic 
conductivity for ISTR design. Water levels will 
be monitored at the three new ISTR performance 
monitoring wells, IR03MW218A1, 
IR03MW218A2, IR03MW0-2, and Bay-side 
wells IR03MW0-3, IR03MW370A,  and 
IR03MW371A. Pumping and observation well 
locations are presented on Figure 11-7 

 Pumping test will be completed for not longer 
than 24 hours. Tidal influence will be accounted 
for during the pumping test by monitoring water 
levels in surrounding wells to establish 
background levels and fluctuation due to tidal 
influence. The water level response observed 
during the pumping test will be adjusted based 
on the background levels and fluctuation trends 

 Pumping will be stopped either at 24 hours or 
once influence has been noted at monitoring 
wells and hydraulic parameters can be calculated 

 Water levels will be monitored using data 
recording pressure transducers deployed in the 
pumping and observation wells. Data will be 
recorded at one minute intervals 

 A monitoring well outside of the range of 
influence of the pumping well will be monitored 
during the pumping test to allow for a 
comparison water levels related to tidal 
influences. 

 Slug tests in the other two new ISTR 
performance monitoring wells will be performed 
if data collected from pumping tested is not 
sufficient to estimate the hydraulic conductivity 
within the ISTR area.  
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Table 11-1 Information Inputs 
Input Data Quality Level (Screening or Definitive 

Data)1 

ISTR performance samples during treatment Definitive Data - groundwater 

 One performance sampling event from the three 
new ISTR monitoring wells to evaluate 
contaminant concentrations and NAPL presence 
during heating.  Analyses indicated in 
Worksheet #17 and Table 11-2. Figure 11-5 
presents the planned locations for the three new 
monitoring wells. 

Screening Data – aqueous and vapor 

 Weekly vapor samples will be collected from the 
ISTR system influent sample port to determine 
contaminant removal. Vapor samples will be 
analyzed for VOCs by TO-15 as described in 
Worksheet #17 

 Daily vapor samples for PID screening will be 
collected and analyzed. 

Weekly aqueous samples will be collected from the 
ISTR system influent sample port to determine 
contaminant removal. Aqueous samples analysis 
indicated on Worksheet #17 and Table 11-2. 

ISS bench-scale study 

 

 

 

 

 

 

 

 

 

 

 

Screening Data – ISS product results 

 Soil samples will be collected from the area 
where the ISS pilot study will be conducted with 
a DPT rig and California Modified Sampler 
(CMS) or Macro-Core®. The CMS/Macro-
Core® will be used to collect soil needed for 
analyses which require minimally disturbed 
samples. Cores will be screened using PID or 
FID and LNAPL test kits and handheld radiation 
detectors. Boring locations are presented on 
Figure 11-2 

 Soil samples will be collected from soil cores 
before compositing. Six samples will be 
collected for TOC and 3 samples will be 
collected for NAPL Free Product Mobility and 
SPLP. SPLP extract will be analyzed for pH, 
VOCs, TPH-purgeable, TPH-extractable, metals, 
and PCBs. Pre-composite sample results will be 
compared to the composited soil sample results 
to evaluate the impact of compositing.  

 Soil will be composited at the laboratory by 
mixing with a shovel until the soil is well 
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Table 11-1 Information Inputs 
Input Data Quality Level (Screening or Definitive 

Data)1 

 

ISS bench-scale study (cont.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

homogenized.  Two samples of composited 
material will be analyzed for chemical analysis 
and geotechnical parameters. Three samples will 
be analyzed for NAPL Free Product Mobility 
(including NAPL saturation). SPLP extraction 
will be performed on 2 samples and the extract 
will be analyzed for pH, VOCs, TPH-purgeable, 
TPH-extractable, metals, and PCBs. Analyses 
are indicated in Tables 11-2, 11-3, and 
Worksheet #17. 

 Phase 1a bench testing: Workability evaluation 
of composited soil with reagents. Up to four 
concrete slump tests using bentonite will be 
performed with composited soil. Titration 
testing completed with bentonite, organoclay, 
site groundwater, and potable water initially; 
titration testing with cement, site groundwater, 
and potable water; testing with activated carbon. 
Determine solidification potential of reagents 
and soil by bulk density, moisture content, and 
permeability of each reagent and soil mixture.  
See Tables 11-2, 11-3, and Worksheet #17 for 
titration testing properties  

 Phase 1b bench testing: Leachability, during 
workability evaluation, will evaluate 
stabilization by performing SPLP extraction on 
2 samples and analyzing the extract for pH, 
VOCs, TPH-purgeable, TPH-extractable, metals, 
and PCBs. See Tables 11-2, 11-3, and 
Worksheet #17 for leachability testing 

 Phase 2 bench testing: Up to 6 mixtures, from 
Phase 1 will receive further geotechnical, 
physical, and chemical testing including SPLP 
using site groundwater. Geotechnical testing will 
include unconfined compressive strength. 
Physical testing will included NAPL saturation. 
Chemical   analyses and SPLP extract analysis 
include VOCs, SVOCs, metals, TPH-purgeable, 
TPH-extractable, PCBs, and TOC (chemical 
analyses only). Sampling and analysis for Phase 
2 are outlined in Tables 11-2, 11-3, and 
Worksheet #17 

 Phase 3 bench testing: Up to 2 mixtures 
recommended from Phase 2 results will be 
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Table 11-1 Information Inputs 
Input Data Quality Level (Screening or Definitive 

Data)1 

submitted for confirmation geotechnical testing 
including moisture content, and bulk density,  

ISS bench-scale study (cont.) 

 

 permeability and semi-dynamic leaching (SDL) 
testing, as outlined in Tables 11-2, 11-3, and 
Worksheet #17. 

Definitive Data – soil 

Three samples for VOC, SVOC, and metals and 6 
samples for TPH-purgeable, TPH-extractable, and 
PCBs, analysis will be collected from the soil cores 
(using Terra Core) for comparison against 
composited soils for use in bench testing. Samples 
from same three zones also will be sent for analysis 
of pH, TPH, SVOCs, metals, PCBs, and TOC, as 
well as SPLP tests as outlined below for Phase 2. 
Analyses indicated in Tables 11-2, 11-3, and 
Worksheet #17. 

Post-ISTR groundwater sampling Definitive Data – groundwater 

 Collect post-ISTR groundwater samples at 13 
wells to evaluate COC and COEC 
concentrations in groundwater to pre-treatment 
concentrations. Analyses indicated in Worksheet 
#17 and Table 11-2. Figures 11-5 and 11-6 
present the groundwater sampling locations. 
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Table 11-1 Information Inputs 
Input Data Quality Level (Screening or Definitive 

Data)1 

Post-ISTR DPT soil sampling Definitive Data – 6 borings for ISTR confirmation 

 Planned locations shown in Figure 11-2, but 
final locations will be adjacent to pre-ISTR soil 
borings 

 10 samples collected per boring (60 samples 
total) 

 Collect 60 primary samples (10 per boring) for 
TPH-purgeable, TPH-extractable, and PCBs  

 Collect 10 primary samples (one per boring) for 
VOCs, SVOCs, and metals 

 Analyses indicated in Worksheet #17 and Table 
11-2. 

 

Post-ISTR DPT soil sampling (cont.) Screening Data – 6 borings for ISTR confirmation

 FID screening and Cheiron OilScreenSoil of 
soil cores to identify highest concentration 
areas 

 Collect 18 primary samples (three per borehole) 
for NAPL Pore Fluid Saturation. Analyses 
indicated in Worksheet #17 and Table 11-2 

Post-ISS soil core sampling Definitive Data – 2 cores for ISS pilot study 

 At least 28 days post-ISS mixing, complete two 
soil cores through ISS-treated pilot study areas. 
Collect 6 samples for VOC, SVOC, metals, 
TPH-purgeable, TPH-extractable, PCBs, SPLP 
(VOCs, TPH-purgeable, TPH-extractable, 
metals, and PCBs) and one sample for SDL 
(VOCs, TPH-purgeable, TPH-extractable, 
metals, PCBs, and TOC) as indicated in Tables 
11-2 and Worksheet #17.   

Screening Data – 6 physical parameter tests 

 At least 28 days post-ISS mixing, complete two 
soil cores through the ISS-treated pilot study 
areas. Collect 6 samples from the two soil cores 
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Table 11-1 Information Inputs 
Input Data Quality Level (Screening or Definitive 

Data)1 

for geotechnical analysis including particle size 
analysis (ASTM D422), Atterberg limits 
(ASTM D4318), permeability (ASTM D5084), 
unconfined compression (ASTM D1633), 
NAPL Free Product Mobility, and TOC as 
indicated in Tables 11-2 and Worksheet #17.   

1 “Data which will be compared to project applicable limits (Worksheet #15) and will be used to make decisions for 
IR-03 will be considered definitive data. Data which is not quantifiable, is not compared to a PAL, or used to 
estimate subsurface conditions will be considered screening level data.” 

 

4. Define the Boundaries of the Study 

The proposed lateral boundaries of the study include the sampling locations shown (to scale) on 
Figures 11-1 through 11-7, and the pilot treatment areas indicated on Figures 11-8 and 11-9.  
The site is bordered on the east and north by vacant lots and on the west and south by San 
Francisco Bay.   

Field activities at IR-03 are anticipated to be completed within an approximately 18-month 
period of field work.  Results of the activities will be presented in the Final Report to be 
submitted within approximately 60 days following receipt of final laboratory data. 
5. Develop the Analytic Approach 

To conserve cost and avoid duplicating work, the existing CSM will be updated with the results 
of the pre-design characterization investigation results. Pre-design characterization activities are 
designed to fill data gaps in the current CSM and will include a CPT/HPT survey, an evaluation 
of tidal influence, hydraulic and NAPL gradient, a pump test, soil sampling and analysis, and 
baseline groundwater monitoring. Six preliminary CPT/HPT boring locations are shown in 
Figure 11-1, three within the ISTR treatment zone and  three adjacent to San Francisco Bay 
from northeast to southwest. 

CPT/HPT Survey: 

 If the CPT/HPT survey at six boring locations provides the necessary data to understand 
vertical stratification of horizontal hydraulic conductivity within the different fill media 
within the ISTR TTZ and along San Francisco Bay, then the survey will be considered 
complete 

 If the CPT/HPT survey at six boring locations does not provide the necessary data to 
understand vertical stratification of horizontal hydraulic conductivity within the different 
fill media within the ISTR TTZ and along San Francisco Bay, then additional  
CPT/HPT survey locations may be necessary 

 If the CPT/HPT groundwater sampling provides data that indicates elevated 
concentrations of COCs/COECs are present in the groundwater between IR-03 and the 
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Bay, then it is possible that contaminants are migrating to the Bay in the vicinity of the 
borings 

 If the CPT/HPT groundwater sampling provides data that indicates elevated 
concentrations of COCs/COECs are not present in the groundwater between IR-03 and 
the Bay, then it is possible that contaminants are not migrating to the Bay in the vicinity 
of the borings. 

Evaluation of Tidal Influence: 

 If the stilling well provides the data necessary to understand tide elevations, then tidal 
monitoring at the stilling well will be considered complete 

 If the stilling well does not provide the data necessary to understand tide elevations, then 
tidal monitoring at the stilling well may continue or data from the National Oceanic and 
Atmosphere Administration’s Station 9414750 in Alameda California will be used to 
understand tide elevations  

 If two rounds of groundwater/LNAPL elevations (one round at high tide and one round at 
low tide) at IR-03 and adjacent wells, in conjunction with continuous water level 
monitoring using data loggers, do not provide the data necessary to evaluate the 
maximum influence of the tide on groundwater elevations at IR-03, then additional 
groundwater/LNAPL measurements may be necessary to understand tidal influence 

 If 1 week of continuous water level monitoring over multiple tidal cycles at 17 
monitoring wells provides the data necessary to understand how San Francisco Bay 
elevations affect groundwater elevations of the A-aquifer, then continuous water level 
monitoring will be considered complete 

 If 1 week of continuous water level monitoring over multiple tidal cycles at 17 
monitoring wells do not provide the data necessary to understand how San Francisco Bay 
elevations affect groundwater elevations of the A-aquifer, then continuous water level 
monitoring may need to be extended to collect additional data or monitoring locations 
may need to be adjusted. 

Groundwater Pumping Test: 

 If drawdown in the Bay-side observation wells (with the water level adjusted to account 
for tidal influence) indicates that there is a strong connection between the pumping well 
and the observation wells, than it will be determined that the sheet pile wall is not an 
effective hydraulic barrier 

 If drawdown is not observed in the Bay-side observation wells (with the water level 
adjusted to account for tidal influence), but significant draw down in the pumping well 
occurs, than the sheet pile wall will be considered an effective hydraulic barrier between 
the pumping and observation wells 
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 If drawdown in the surrounding observation wells (with the water level adjusted to 
account for tidal influence) is sufficient to estimate hydraulic conductivity in the ISTR 
treatment area, then the pumping test will be considered complete 

 If drawdown in the surrounding observation wells (with the water level adjusted to 
account for tidal influence) is not sufficient to estimate hydraulic conductivity in the 
ISTR treatment area, slug tests in the two other ISTR performance monitoring wells will 
be performed to provide additional hydraulic conductivity estimates. 

ISTR Performance Monitoring: 

 If pilot study ISTR design and implementation reduces the average total NAPL saturation 
below residual saturation, then ISTR will be considered effective at treating NAPL at IR-
03. ISTR is not intended to treat metals COECs and their concentrations will not be 
evaluated in this decision problem 

 If pilot study ISTR design and implementation do not reduce NAPL saturation below 
residual saturation levels, then ISTR will not be considered effective at treating NAPL 
and at IR-03 as designed and implemented.  

ISS Bench-Scale Study: 

 If the evaluation of physical properties of composited soil at IR-03 provides the necessary 
information to begin ISS bench testing, then additional sampling and analysis will not 
need to be conducted 

 If the evaluation of physical properties of composited soil at IR-03 does not provide the 
necessary information to begin ISS bench testing, then additional sampling and analysis 
will be conducted 

 If initial workability and titration testing reduces the leachability of NAPL to achieve 
discharge of COECs below water quality criteria for aquatic wildlife (which are presented 
in Worksheet #15), then additional workability and titration testing will not be completed, 
and Phase 1 testing will commence 

 If initial workability and titration testing does not reduce the leachability of NAPL to 
achieve discharge of COECs below water quality criteria for aquatic wildlife (which are 
presented in Worksheet #15), then additional workability and titration testing will be 
completed, and Phase 1 testing will commence 

 15 mixtures will be tested in Phase 1.  The quantitative decision criteria to determine 
which of the 15 mixtures will be tested in Phase 2 are (up to 6 mixtures will proceed to 
Phase 2): 

o Is the mixture’s hydraulic conductivity less than 10-6 to 10-7 cm/sec?   
o If yes, up to six mixtures will be considered for tested in Phase 2. 
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 For Phase 2 testing, the quantitative criteria used in the decision of which mixture will be 
tested for Phase 3 (one mixture will be tested in Phase 3) are: 

o Do the mixture’s SPLP results achieve the target aquatic evaluation criteria in 
Worksheet 15?  

o Do the mixture’s TPH concentrations meet the criteria in Worksheet 15? 
o The mixture which performs the best against these two criteria will be selected for 

Phase 3 testing. 
 For Phase 3 testing, the quantitative criteria used to decide if the mixture will be tested in 

the field are: 
o Do the mixture’s semi-dynamic leaching test results meet the COCs and COEC 

evaluation criteria in Worksheet 15? 
o Do the mixture’s TPH concentrations meet the criteria in Worksheet 15? 
o Are diffusion rates sufficiently low that COCs and COECs would not be 

discharged above maximum concentrations to the Bay?  
 The best-performing mixture that meets these criteria will be tested in the field.  If the 

Phase 3 mixture does not meet the Phase 3 criteria, then this mixture will be adjusted and 
re-tested prior to going into the field to ensure that it meets the Phase 3 criteria. 
 

ISS Pilot Study: 

 If the ISS at the pilot study area reduces permeability to 1 x 10-6 or lower and reduces the 
leachability of NAPL to achieve maximum concentrations of COECs below water quality 
criteria for aquatic wildlife (which are presented in Worksheet #15), then ISS will be 
considered an effective remedial technology at IR-03 

 If the ISS at the pilot study area does not reduce permeability to 1 x 10-6 or lower and 
reduce the leachability of NAPL to achieve maximum concentrations of COECs below 
water quality criteria for aquatic wildlife (which are presented in Worksheet #15), then 
ISS will not be considered an effective remedial technology at IR-03. 

6.  Specify Performance or Acceptance Criteria 
Proposed treatment areas, sampling locations, and associated sampling depths are based on 
results from previous investigations at IR-03. An evaluation of pre-existing data sources are 
described in Worksheet #13. To minimize sampling error, samples and field screening will be 
collected by CIJV and CDM Smith personnel trained in the collection of soil, groundwater, and 
soil vapor samples using procedures described in this UFP-QAPP.   

Samples for chemical and radiological analysis will be analyzed by Test America, St. Louis, 
Missouri, a Department of Defense Environmental Laboratory Accreditation Program (DOD 
ELAP)-certified laboratory facility.  Test America will perform the analysis in accordance with 
the methods presented in Worksheet #15 and the standard operating procedures (SOPs) listed in 
Worksheet #23. 

Analytical data reported by C&T and Test America will be validated by a third party (LDC) and 
loaded into NIRIS. Analytical data collected only for IDW characterization will not be validated 
or loaded into NIRIS. Some analytical extraction methods typically only performed on IDW 
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samples will be used to determine leachability of COECs during the ISS bench-scale and pilot 
study and will undergo validation appropriate for screening level data (i.e., Stage 2B).  Table 11-
4 presents which analytical data will be validated during the pilot study.  

All samples submitted to C&T and Test America will be analyzed by an accepted EPA or TO 
method with the exception of NAPL saturation and mobility analyses. Project Quantitation 
Limits (PQLs) for chemical analytical methods are listed on Worksheet #15. The Applicable 
Limits (ALs) for this project are remedial goals (RG) defined for COECs and COCs in the A-
aquifer. The RGs are defined and explained in detail in the Draft Final Feasibility Study (FS) for 
Parcel E (ERRG 2011).  If the AL for an analyte is below the PQL, then the Level of Detection 
(LOD) will become the PQL (Worksheet #15).  

ALs for Aroclor-1254 and Aroclor-1260 are below the C&T’s detection level (DL). Therefore, a 
comparison of Aroclor-1254 and Aroclor-1260 concentrations and the AL will only be able to be 
performed at concentrations above the LOD.    

Data collected with field instruments (e.g. FID) will be reviewed with the manufacturer’s 
guidance on precision and accuracy. 

Physical property data analyzed by the CDM Smith Somerville laboratory, and NAPL saturation 
and mobility analyses by C&T will not be validated as part of the pilot study because chemical 
data validation does not apply to these physical property analysis methods. Physical property 
analyses will be performed according to an ASTM or API method.  

Data validation will be performed on analytical methods described on Table 11-4 by LDC.  Data 
validation will be conducted by EWI No. 1 (NAVFAC Southwest 2001) and EPA Contract 
laboratory Program National Functional Guidelines for Superfund Organic Methods Data 
Review (EPA 2008), EPA Contract Laboratory Program National Functional Guidelines for 
Inorganic Superfund Data Review (EPA 2010), and Guidance for Labeling Externally Validated 
Laboratory Analytical Data for Superfund Use (EPA 2009).  Validated data will be assessed for 
usability as described in Worksheet #37.  Data assessment and validation will determine if 
collected data can be used for comparison. Data validation will be performed to Level III for 
80% of the COC and COEC data and Level IV for 20% of the COC and COEC data as described 
in Table 11-4.    Data used from secondary sources, listed on Worksheet #13, was reviewed for 
usability by the organization which generated and compiled the data, as described within the 
report narratives. 

Evaluation of the site analytical results will include data trending, comparison of screening and 
definitive data, updating the CSM with pre-design characterization data, finalizing the design of 
ISTR and ISS treatments, and evaluating performance of ISTR and ISS. This collective body of 
knowledge will be used to identify any possible problems with the data, and minimize decision 
errors. 

7.  Develop the Plan for Obtaining Data  

Soil, groundwater, and soil vapor samples will be collected in accordance with the sampling 
criteria discussed above in Worksheet #11 and Worksheet #17 including referenced technical 
standard operating procedures (TSOPs), and at the locations shown in Figure 11-1 through 11-7.  
Should field conditions require adjustment of sampling locations, frequency, and/or depths, 
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modifications to such must be made in consideration of achieving the project goals described 
above. 

Groundwater, soil, and soil vapor samples will be collected by onsite field staff as scheduled in 
Worksheet #17. Samples will be sent to C&T and the CDM Smith Somerville laboratories for 
analysis. The CDM Smith Somerville laboratory will produce hard copy reports. An automated 
data review (ADR) file will be generated by C&T and delivered to CIJV/CDM Smith. 
Additionally, a report narrative will be generated by C&T as a hard copy and electronic copy 
(PDF). Validation will be performed by LDC using the ADR file generated by C&T. The data 
verification and validation procedures which C&T and LDC will follow are described in 
Worksheets #34-36. Following validation, raw and validated data reports will be archived by 
CIJV in the project file. Hard copies of the raw data reports and validation reports will be 
submitted to NAVFAC Southwest to be included in the NAVFAC Southwest Administrative 
Record. Worksheet #14 describes the data management process in detail. 
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SAP Worksheet #12.1: Field Quality Control Samples for Aqueous Samples 
 

Measurement Performance Criteria Table – Field QC Samples 
 

QC Sample Analytical Group Frequency Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

Field Duplicate 
VOCs, SVOCs, metals, 
TPH-purgeable, TPH-
extractable, and PCBs, 

10% 
Homogeneity – 

precision 
Relative percent difference (RPD) 

< 30% 

Equipment Blank 
VOCs, SVOCs, metals, 
TPH-purgeable, TPH-
extractable, and PCBs 

1 per day of 
sampling 

Contamination – 
accuracy/bias 

< Project levels of quantitation 
(LOQs) 

Field Blank 
VOCs, SVOCs, metals, 
TPH-purgeable, TPH-
extractable, and PCBs, 

1 per source water 
Contamination – 

accuracy/bias 
< Project LOQs 

Trip Blank VOCs 
1 per cooler with 

VOC samples 
Contamination – 

accuracy/bias 
< Project LOQs 

Temperature Indicator 
VOCs, SVOCs, metals, 
TPH-purgeable, TPH-
extractable, and PCBs, 

1 per cooler Accuracy/Bias 
4 degrees Celsius (°C) 

+ 2°C 

 
Notes: Analytical methods are listed on Worksheet #15. 
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SAP Worksheet #12.2: Field Quality Control Samples for Solid Matrix Samples 
 

Measurement Performance Criteria Table – Field QC Samples 
 

QC Sample Analytical Group Frequency Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

Equipment Blank 

VOCs, SVOCs, metals, 
total organic carbon 

(TOC), TPH-
purgeable, TPH-

extractable, and PCBs 

10% 
Contamination – 

accuracy/bias 
< Project LOQs 

Field Blank 

VOCs, SVOCs, metals, 
TOC, TPH-purgeable, 
TPH-extractable, and 

PCBs  

1 per source water 
Contamination – 

accuracy/bias 
< Project LOQs 

Temperature Indicator 

VOCs, SVOCs, metals, 
TOC, TPH-purgeable, 
TPH-extractable, and 

PCBs, NAPL 
saturation  

1 per cooler Accuracy/Bias 
4°C 

+ 2°C 

 
 
Notes: Analytical methods are listed on Worksheet #15. Field QC samples will not be collected for IDW samples. Field duplicates will not be 
collected for solid matrix samples. 
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SAP Worksheet #12.3: Field Quality Control Samples for Air Samples 
 

Measurement Performance Criteria Table – Field QC Samples 
 

QC Sample Analytical Group Frequency Data Quality 
Indicators (DQIs) 

Measurement Performance 
Criteria 

Field Duplicate VOCs 10% 
Homogeneity – 

precision 
RPD < 30% 

 
 
Notes: Analytical methods are listed on Worksheet #15.  
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SAP Worksheet #13: Secondary Data Criteria and Limitations Table 
 

Secondary Data Criteria and Limitations Table 

 
 

Secondary 
Data 

Data Source 
(originating organization, 

report title and date) 

Data Generator(s) 
(originating organization, 

data types, data generation 
/ collection dates) 

How Data Will Be 
Used 

Limitations on 
Data Use 

Site 
Characterization 
and Bench Scale 

Study 

ITSI, Site Characterization and 
Bench-Scale Treatability Study 

Report. July 2012.  

ITSI. Soil samples and UVOST 
logs. Data was collected in 

September 2011. 

Data was used to update 
the CSM. 

None.  

FS 

ERRG, Draft Final Feasibility 
Study Report for Parcel E 

Hunters Point Shipyard, San 
Francisco, California. July 

2011. 

ERRG. Soil, groundwater, and 
soil vapor sample results from 
Parcel E. Collection dates vary. 

Data was used to update 
the CSM and establish 
applicable limits for 

performance monitoring. 

None. 

Soil, 
groundwater, 

NAPL 
thicknesses 

NIRIS 

Department of the Navy (DoN) 
information repository was 

queried to review previous data 
collected at IR-03 from soil, 

groundwater, and NAPL 
thicknesses 

Data was used to update 
the CSM. 

Some data points 
were located outside 

of the IR-03 site 
boundary. 
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SAP Worksheet #14: Summary of Project Tasks 
 

Major Tasks: 

This worksheet summarizes the major tasks for this project. 

 Preparation 

Site Access 

 CIJV team will coordinate with the Navy’s CSO to obtain site access for all required site 
personnel (including Subcontractors) and vehicles 

   Every effort to limit the number of personnel and vehicles that need to enter the site will be made  
 A gamma walkover survey (GWS) will be performed before at IR-03 prior to any other activities 
 Grubbing of vegetation in areas were activities will be conducted. 

Permitting 

 In accordance with Section 121(e) of CERCLA 1980 (CERCLA, 42 United States Code, [USC] 
Section 9621[e]), as amended, no federal, state, or local permits shall be required for the portion 
of any removal or remedial action conducted entirely onsite 

 Although not required, substantive compliance with applicable permit requirements will be met 
 CIJV team responsible for coordination with Navy to obtain any permits determined to be 

necessary 
 Navy RPM, ROICC, and appropriate HPNS security and fire department personnel will be 

notified of work 
 Wells and borings will be constructed in accordance with Department of Water Resources well 

construction standards and City of San Francisco Department of Public Health well construction 
rules and regulations. 

Subsurface Utility Clearance 

 USA Dig-Alert (1-800-227-2600) will be contacted for subsurface utility location as required by 
California law 

 Navy personnel will be used to verify known utility locations 
 Private utility locate will be performed using geophysical survey to detect subsurface 

obstructions; methods to be utilized may include ground-penetrating radar, electromagnetic 
methods, and metal detectors 

 If utility identified in vicinity of a boring location, location will be moved if possible, or hole will 
be hand-dug to 5 ft bgs. 

Site Survey 

 Survey will include locations and elevations of the stilling well, new monitoring wells, CPT/HPT 
borings, and soil borings 

 California-licensed land surveyor will be subcontracted to provide a horizontal and vertical 
survey (to the nearest 0.01-foot) of all borings and well locations, according to the North 
American Datum (NAD) 83 Zone III (feet) for horizontal datum and NAD 27 for vertical datum 

 Radiological drive-over survey using Cabrera Large Area Scanning System (CLASS) to identify 
potentially contaminated locations within all site areas in order to aid in characterization of the 
site. 



Project-Specific SAP 
IR-03/HPNS Revision No: Final  
San Francisco, CA Revision Date: June 2013 
 

Page 56 of 188 
 

 

Equipment Staging / Storage 

 Majority of equipment staged/stored in temporary Conex boxes onsite 
 Acceptable location for storage will be coordinated with Navy prior to mobilization 
 Work is anticipated during daylight hours; generally 7 AM and 7 PM 
 Weekend work will be coordinated with HPNS personnel as needed. 

Investigation-Derived Waste Management 

 A Waste Management Plan has been prepared and describes the management of investigation-
derived waste. The Waste Management Plan is included as Appendix B of the Work Plan. 

Pre-Design Characterization 

Well Installation 

 Purpose to upgrade monitoring network for use in ISTR area 
o Abandon two existing polyvinyl chloride (PVC) wells prior to ISTR 
o Install three stainless steel monitoring wells for use in ISTR groundwater and NAPL 

monitoring 

CPT/HPT/DPT 

 Purpose to determine detailed hydraulic conductivity values in target lithologies 
o 6 borings with continuous logging of permeability (CPT) and hydraulic conductivity (HPT) 

throughout the boring 
 Purpose to determine concentrations of COCs/COECs in groundwater between IR-03 and the Bay 

o Collect up to 10 groundwater samples for COCs/COECs while completing CPT/HPT 
survey at locations along the Bay. Three to four groundwater samples will be collected 
from each of the CPT/HPT borings along the shoreline between IR-03 and the Bay. 

 Purpose to collect soil samples in ISTR area prior to heating to determine COC and COEC 
concentrations and distribution and LNAPL saturation and distribution  

o 6 DPT continuous core borings 

Groundwater Elevation Monitoring 

 Purpose to determine tidal influences on groundwater in treatment areas 
o Collect groundwater elevation measurements at all monitoring wells within or in proximity 

to IR-03 
o Install stilling well at nearby location along shore and monitor tidal changes 
o Install pressure transducers in three newly installed performance monitoring wells, all 14 of 

the IR-03 A-aquifer monitoring wells (total of 17 wells), and stilling well to monitor 
continuous changes in groundwater elevation with the tides for at least a week, a subset 
of transducers may remain in wells to monitor groundwater gradients continuously during 
the NPTS 

o Conduct pumping tests and slug tests to evaluate the integrity of the sheet pile wall and 
hydraulic conductivity in the ISTR treatment zone 

Baseline Groundwater Sampling 

 Purpose to collect pre-treatment groundwater geochemistry parameters and COC and COEC 
concentrations 

 Collect groundwater samples from 13 monitoring wells  
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In Situ Thermal Remediation 

Mobilization/Demobilization 

 Mobilization 
o Prepare permit for vapor discharge 
o Deliver/install propane tank and connections 
o Fabricate heaters, heater cans, custom piping, etc. 
o Package and crate materials 
o Perform site survey and utility clearance 
o Mobilize personnel 
o Mobilize temporary facilities as needed 
o Establish exclusion zones 
o Construct gravel equipment pads 
o Shop test/ship heater power controls and effluent treatment equipment (ISTR, vapor and 

liquid treatment equipment, generator, etc.) 
 Demobilization 

o Purpose to return site to pre-treatment conditions 
o Remove and decontaminate all conveyance piping and treatment equipment 
o Remove/abandon all heating and extraction wells 
o Ship all treatment components offsite 
o Perform radiological release on all equipment 
o Perform CLASS survey in site areas 

Well Installation 

 Purpose to install heater, multi-phase extraction (MPE), vacuum extraction, and reinjection wells, 
along with temperature/pressure monitoring points 

o 62 heater wells – purpose to supply heat to the subsurface for contaminant mobilization 
o 20 MPE wells – purpose to extract groundwater and vapor from the subsurface 
o Co-located (with heater wells) vacuum extraction wells at all of the 62 TCH heater wells – 

purpose to provide pneumatic control during heating and MPE 
o 8 reinjection wells – installed to the north, east, and south of ISTR treatment area; purpose 

to inject treated water and provide hydraulic control 
o 18 Temperature and Pressure Monitoring Points  – purpose to document heating 

effectiveness (thermocouples placed at 5 ft intervals from 5 ft bgs to 20 ft bgs) within 
TTZ and pressure transducers will be placed within the vadose zone area.   

o 8 pressure monitoring points (in addition to temperature/pressure monitoring points) – 
purpose to measure vadose zone pressures with transducers within and on the boundary 
of the TTZ to document pneumatic control. 

o Groundwater level monitoring points – purpose to monitor effectiveness of hydraulic 
control (recirculation) system. 

Well Decommissioning 

 Existing monitoring wells IR03MW225A and IR03MW371A will be decommissioned prior to 
ISTR treatment because these wells could catch fire or emit toxic fumes due to their proximity to 
the ISTR treatment area. 
o Wells will be inspected prior to decommissioning including measuring the total depth of the 

well 
o The wells will be decommissioned by overdrilling the well annular materials and pulling the 

well casing. 
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o The boring will be decommissioned using bentonite grout to 1 foot bgs to allow for surface 
restoration. 

o Plastic sheeting will be used to prevent contaminated materials or soils from contacting the 
ground. 

ISTR System Installation/Operation 

 Purpose to provide equipment/technology necessary to heat, extract, and treat contaminated 
groundwater and vapor 
o Heating of the subsurface increases the transmissivity of NAPL contamination 
o MPE and steam stripping provides removal of contaminated groundwater and vapor 
o Heat exchanger and condensers cool the extracted liquid 
o NAPL separator used to separate free-phase liquid 
o Remaining water stream treated with granular activated carbon system 
o Treated water injected after re-heating using heat exchanger from the extracted groundwater 
o Vapors either destroyed in situ or recovered using vapor extraction wells/MPE wells 
o Vapors treated using an off-gas system 

In Situ Solidification/Stabilization 

Bench-Scale Study 

 Purpose to test various amendment ratios with site soil and groundwater to determine optimal mix 
for stabilization/solidification application during the pilot-scale test 
o Soils and groundwater will be composited and separated into batches for bench testing 
o Up to 15 different mixes of stabilizing/solidifying agents added to soils and groundwater 
o ISS bench mixes will be allowed to cure for 28 days 
o Following cure time, samples for physical characteristics and leaching potential collected (see 

Worksheet #11, Tables 11-2 and 11-3) 

Pilot Study 

 Purpose to demonstrate the selected ISS mixture from the bench-scale testing in the field 
o Conceptual design includes addition of reagents based on the preferred ISS mix from bench-

scale testing 
o Materials will be mixed in situ using augers 
o Vertical extent of mixing will be from approximately 5 feet above groundwater to 10 feet 

below the bottom of the NAPL layer into the Bay Mud (maximum depth approximately 30 
feet bgs) 

Performance Monitoring 

 Purpose to assess ability of ISTR to reduce NAPL presence and mobility in subsurface 
o Collect groundwater samples from three monitoring wells in the ISTR area 
o Drill 6 DPT continuous core borings near boring locations from pre-design characterization 

work and collected 60 samples 
o 3 soil samples collected from each boring targeting high, medium, and low permeability 

NAPL-impacted zones for NAPL pore fluid saturation analyses 
o Perform weekly monitoring of influent vapor and aqueous samples 
o Collect daily vapor samples for screening with a PID and/or FID 

 Purpose to assess pilot study effectiveness of ISS to reduce permeability and prevent contaminant 
migration to Bay 
o Complete two soil cores through areas treated by ISS pilot study 

 Collect samples for physical property assessment, including permeability 
 Collect samples for leaching potential from the solidified/stabilized soil 
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 Purpose to assess overall reduction in contaminant concentrations within site groundwater 
following pilot studies 

 Collect groundwater samples from same suite of monitoring wells as sampled during baseline 
sampling. 

Equipment Decontamination 
 Decontamination will be performed under the supervision of the Site Radiological Officer 
 All non-consumable equipment potentially contaminated with target analytes will be 

decontaminated 
 Decontamination completed using a non-phosphate detergent scrub, followed by fresh water and 

distilled or deionized water rinses 
 Non-consumable equipment which comes in contact with NAPL may be decontaminated using 

pesticide grade methanol, followed by a hexane rinse and then another methanol rinse. 
 Decontamination will take place on plastic sheeting or similar set up 
 Equipment rinsates will be collected daily and analyzed for the same chemicals of concern as the 

field samples.   

The following steps will be followed for decontamination of non-disposable sample equipment: 

 Rinse and scrub with potable water  
 Wash/scrub with non-phosphate detergent and water solution 
 Rinse and scrub with potable water 
 Rinse with distill water.  

 
Radiological Tasks 

Radiological screening, surveys (including CLASS surveys), and sampling will be incorporated into or 
performed for the following: 

 Site preparation prior to drilling, including the utility clearance 
 Preparatory activities and meetings 
 Quality control tasks 
 Excavation and management of radiologically impacted soils and associated material 
 Soil borings 
 Monitoring well profiling and characterization 
 Backfill placement and compaction 
 Site restoration 
 Free-release survey and decontamination of equipment 
 Investigation Derived Waste tasks 
 Preparation and shipment of environmental samples to offsite laboratory for analysis 
 Data management and review. 

Quality Control Task 

 Samples will be collected using procedures presented above 
 QC samples to be collected are presented in Worksheet #12 
 Sample collection activities will be documented in accordance with procedures described in 

Worksheet #27 
 Sample handling, packaging and shipping procedures are presented in Worksheet #27.  

 
Data Management 
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Data will be generated from the activities described in Worksheets #11 and #17. The CDM Smith Field 
Team Leader will be responsible for sample tracking from the planning phase to sample delivery to the 
laboratories. The intent of the tracking process is to ensure that all proposed samples are collected, named 
properly, located properly, recorded properly on chain-of-custody forms, analyzed for the proposed 
analytes, validated correctly, and recorded accurately in the data deliverables. The CDM Smith Field 
Team Leader will describe sampling activities and deviations to the CIJV Chemist/Data Manager and 
provide the field data, which will be recorded in the field logbook, as described in SOP 4-1, on field 
forms included as Appendix A, and on chains-of-custody as described in Worksheet #27. Field data from 
the chains-of-custody (date and time collected, sample identification, etc.) will be entered into the 
database by the CIJV Chemist will be QC checked by another team member. Survey data will be recorded 
by a field surveyor and also entered into the database by the CIJV Data Manager as follows: 

 All pre-design characterization soil borings, new monitoring wells, and bench-scale soil borings 
will be surveyed in accordance with EWI EVR.6, Environmental Data Management and Required 
Electronic Delivery Standards (NAVFAC Southwest 2005) 

 For Naval Electronic Data Deliverables (NEDD) deliverables, horizontal and vertical survey will 
be captured (to the nearest 0.01-foot) in NAD 83 Zone III (feet) for horizontal datum and NAD 
27 for vertical datum 

 All survey data which is manually entered will be QC checked by another team member.  

C&T will verify the sample receipt and document it in a sample receipt form after samples are received. 
Samples will be assigned a unique number and recorded in the laboratory internal sample management 
software. C&T will send a confirmation email to the CIJV Chemist describing the samples which were 
received, the planned analysis, and any problems identified during sample login. The CIJV Chemist will 
review sample logins against the field logbook, field forms, and chain-of-custody to verify the laboratory 
login.  

All data reported by the analyst must be reviewed by a peer analyst qualified to perform the method, and a 
supervisor, prior to reporting the data. The laboratory QA manager must annually review 10 percent of 
the data reported for each section (may be completed after the data have been reported). All data will be 
reported on or before the designated turnaround time by e-mail. 

On or before 21 calendar days from sample receipt, C&T will submit hard-copy data with associated QC 
information, along with an electronic data deliverables (EDD) including the NEDD and ADR files. 
Geotechnical data and physical properties data will be delivered in hardcopy and electronic reports on or 
before 21 calendar days from sample receipt. 

The CIJV Data Manager will upload the EDDs to a CIJV Microsoft Access database. Ten percent of the 
data will be checked by the CIJV Chemist against the hard-copy data package. Any discrepancies in the 
database or EDD will either be corrected by CIJV Data Manager, or C&T will be notified to make 
corrections. The CIJV Chemist will review the data upon receipt prior to releasing it to the CIJV Data 
Manager to verify that the sampling procedures and analytical results were obtained following the 
protocols in this SAP and are of sufficient quality to satisfy DQOs. The CIJV Data Manager will QC data 
before it is distributed to the end users and all manually entered data will be QC checked by another team 
member. 

The EDD from LDC will be compatible with NEDD requirements and will be uploaded into NIRIS as 
specified in EWI #6. Bench-scale sample results and IDW sample results will not be uploaded NIRIS, 
except for the bench-scale pre-composite sample results. 

The electronic data in NEDD format will be submitted to the DON 30 calendar days after the validation 
report is received. Figure 14-1 presents a flow chart for how data will be managed during the NTPS.
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SAP Worksheet #15.1: Reference Limits and Evaluation Tables for Anions 

 
ALs for this analyses are not applicable during the NTPS. 

 
  

Matrix: Aqueous  

Analytical Group: Anions  EPA 300.0 

Analyte 

Chemical 
Abstract 

Service (CAS) 
No. 

Project AL  
(applicable limits) Project AL Reference

Project quantitation 
limit (QL) Goal 

(applicable units) 

Laboratory Specific Limits 

LOQs  
(mg/L) LODs (mg/L) DLs (mg/L) 

Fluoride 16984-48-8 NA NA 0.1 0.1 0.02 0.0335 

Chloride 16887-00-6 NA NA .2 0.2 0.04 0.0138 

Nitrogen, Nitrite 14797-65-0 NA NA .05 0.05 0.025 0.0129 

Bromide 24959-67-9 NA NA .2 0.2 0.1 0.035 

Nitrogen, Nitrate 14797-55-8 NA NA .05 0.05 0.025 0.0113 

Sulfate 14808-79-8 NA NA .5 0.5 0.1 0.0465 
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SAP Worksheet #15.2: Reference Limits and Evaluation Tables for Metals 

 
  

Matrix: Aqueous  

Analytical Group: Metals  EPA Method 6020 

Analyte CAS No. 
Project AL  

(micrograms per liter 
[µg/L])b 

Project AL 
Referencec 

Project QL Goal 
(µg/L) 

Laboratory Specific Limits  
LOQs  
(µg/L) LODs (µg/L) DLs (µg/L) 

Aluminum 7429-90-5 NA FS 50 50 25 10.8 

Antimony 7440-36-0 NA FS 1 1 0.5 0.144 

Arsenic 7440-38-2 36 FS 1 1 1 0.257 

Barium 7440-39-3 NA FS 1 1 0.5 0.253 

Beryllium 7440-41-7 NA FS 1 1 0.25 0.201 

Cadmium 7440-43-9 NA FS 1 1 0.5 0.129 

Calcium 7440-70-2 NA FS 50 50 100 77.1 

Chromium 7440-47-3 NA FS 1 1 0.25 0.228 

Cobalt 7440-48-4 NA FS 1 1 0.25 0.233 

Copper 7440-50-8 28.0a FS 1 1 1 0.526 

Iron 7439-89-6 NA FS 50 50 25 7.22 

Lead 7439-92-1 14.4a FS 1 1 0.5 0.291 

Magnesium 7439-95-4 NA FS 50 50 25 10.4 

Manganese 7439-96-5 NA FS 1 1 0.5 0.175 
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SAP Worksheet #15.2: Reference Limits and Evaluation Tables for Metals Cont. 

Analyte CAS No. Project AL  
(µg/L)b 

Project AL 
Referencec 

Project QL Goal  
(µg/L) 

Laboratory Specific Limits  

LOQs  
(µg/L) 

LODs  
(µg/L) 

DLs  
(µg/L) 

Molybdenum 7439-98-7 NA FS 1 1 0.5 0.245 

Nickel 7440-02-0 96.5a FS 1 1 0.5 0.177 

Potassium 7440-09-7 NA FS 50 50 25 18.6 

Selenium 7782-49-2 NA FS 1 1 0.5 0.258 

Silver 7440-22-4 NA FS 1 1 0.25 0.139 

Sodium 7440-23-5 NA FS 50 50 50 10.9 

Thallium 7440-28-0 NA FS 1 1 0.25 0.161 

Vanadium 7440-62-2 NA FS 1 1 0.5 0.273 

Zinc 7440-66-6 81 FS 5 5 5 3.01 

 
a Value shown has been Hunters Point groundwater ambient levels (HGAL)-adjusted and is applicable to the A-aquifer at the interface to surface water (San Francisco Bay). 
b Some metals may not have a Project AL, but all metal concentrations will be reviewed during bench scale testing to evaluate possible interactions with bentonite 
in ISS mixtures or permeability. Additionally, some metal concentrations without a Project AL will be used for waste characterization purposes 
c Draft Final Feasibility Study (FS) Report for Parcel E (ERRG 2011). 
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SAP Worksheet #15.3: Reference Limits and Evaluation Tables for TPH-purgeable and TPH-extractable 

 
a The AL for TPH is the sum of detected concentrations of all TPH ranges (diesel, gasoline, and motor oil range organics).  
b Draft Final Feasibility Study Report for Parcel E (ERRG 2011). The AL for TPH-extractable is based on reducing TPH concentrations below the solubility threshold. 
c Laboratory specific limits are not applicable to TPH (diesel, gasoline, and motor oil range organics) because multiple analyses will be completed and the results will be combined and compared to the   
AL. 
 
  

Matrix: Aqueous  

Analytical Group:  TPH-purgeable 
 and TPH-extractable EPA Method 8015D 

Analyte CAS No. Project AL  
(µg/L)a Project AL Referenceb Project QL Goal  

(µg/L) 

Laboratory Specific Limitsc   

LOQs  
(µg/L) 

LODs  
(µg/L) 

DLs  
(µg/L) 

Gasoline C6-C10 8006-61-9 NA NA 50 50 20 11.8 

Diesel C11-C24 68334-30-5 NA  NA 50 50 20 15.9 

Motor Oil C25-C36 NA NA  NA 300 300 100 84 

TPH (diesel, gasoline, 
 and motor oil range organics ) 

NA 1,400 FS NA NA NA NA 
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SAP Worksheet #15.4: Reference Limits and Evaluation Tables for PCBs 

 
a Draft Final Feasibility Study Report for Parcel E (ERRG 2011). 
b Laboratory limits for Aroclor-1254 and Aroclor-1260 are above the AL for this project. Therefore, a decreasing trend in Aroclor-1254 and Aroclor-1260 concentrations will be used to assess the 
performance of ISS for this project. 
 
  
  

Matrix: Aqueous  

Analytical Group: PCBs   EPA 8082 

Analyte CAS No. Project AL  
(µg/L) 

Project AL 
Referencea 

Project QL Goal 
(µg/L) 

Laboratory Specific Limitsb  

LOQs  
(µg/L) 

LODs  
(µg/L) 

DLs  
(µg/L) 

Aroclor-1016 12674-11-2 NA NA 0.5 0.5 0.2 0.16 

Aroclor-1221 11104-28-2 NA NA 1 1 0.6 0.324 

Aroclor-1232 11141-16-5 NA NA 0.5 0.5 0.2 0.142 

Aroclor-1242 53469-21-9 NA NA 0.5 0.5 0.2 0.159 

Aroclor-1248 12672-29-6 NA NA 0.5 0.5 0.2 0.16 

Aroclor-1254 11097-69-1 0.03 FS 0.03 0.5 0.2 0.157 

Aroclor-1260 11096-82-5 0.03 FS 0.03 0.5 0.2 0.134 
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SAP Worksheet #15.5: Reference Limits and Evaluation Tables for VOCs 

 

  

Matrix: Aqueous  

Analytical Group: VOCs  EPA 8260C 

Analyte CAS No. Project AL  
(µg/L) Project AL Reference Project QL Goal  

(µg/L) 

Laboratory Specific Limits  

LOQs  
(µg/L) 

LODs  
(µg/L) 

DLs  
µg/L) 

1,1,1,2-Tetrachloroethane 630-20-6 NA NA 0.5 0.5 0.2 0.164 

1,1,1-Trichloroethane 71-55-6 NA NA 0.5 0.5 0.2 0.13 

1,1,2,2-Tetrachloroethane 79-34-5 NA NA 0.5 0.5 0.2 0.135 

1,1,2-Trichloroethane 79-00-5 NA NA 0.5 0.5 0.4 0.16 

1,1-Dichloroethane 75-34-3 NA NA 0.5 0.5 0.2 0.159 

1,1-Dichloroethene 75-35-4 NA NA 0.5 0.5 0.4 0.159 

1,1-Dichloropropene 563-58-6 NA NA 0.5 0.5 0.4 0.13 

1,2,3-Trichlorobenzene 87-61-6 NA NA 0.5 0.5 0.5 0.14 

1,2,3-Trichloropropane 96-18-4 NA NA 0.5 0.5 0.4 0.154 

1,2,4-Trichlorobenzene 120-82-1 NA NA 0.5 0.5 0.5 0.133 

1,2,4-Trimethylbenzene 95-63-6 NA NA 0.5 0.5 0.2 0.16 

1,2-Dibromo-3-Chloropropane 96-12-8 NA NA 2 2 1 0.391 

1,2-Dibromoethane 106-93-4 NA NA 0.5 0.5 0.2 0.149 

1,2-Dichlorobenzene 95-50-1 NA NA 0.5 0.5 0.2 0.11 

1,2-Dichloroethane 107-06-2 NA NA 0.5 0.5 0.2 0.15 

1,2-Dichloropropane 78-87-5 NA NA 0.5 0.5 0.2 0.15 

1,3,5-Trimethylbenzene 108-67-8 NA NA 0.5 0.5 0.2 0.131 
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SAP Worksheet #15.5: Reference Limits and Evaluation Tables for VOCs Cont. 
 

Analyte CAS No. Project AL  
(µg/L) Project AL Reference Project QL Goal  

(µg/L) 

Laboratory Specific Limits  

LOQs  
(µg/L) 

LODs 
(µg/L) 

DLs  
(µg/L) 

1,3-Dichlorobenzene 541-73-1 NA NA 0.5 0.5 0.2 0.147 

1,3-Dichloropropane 142-28-9 NA NA 0.5 0.5 0.2 0.149 

1,4-Dichlorobenzene 106-46-7 NA NA 0.5 0.5 0.2 0.125 

1-Chlorohexane 544-10-5 NA NA 0.5 0.5 0.4 0.16 

2,2-Dichloropropane 594-20-7 NA NA 0.5 0.5 0.4 0.155 

2-Butanone 78-93-3 NA NA 10 10 5 0.9 

2-Chlorotoluene 95-49-8 NA NA 0.5 0.5 0.2 0.149 

2-Hexanone 591-78-6 NA NA 10 10 1 0.36 

4-Chlorotoluene 106-43-4 NA NA 0.5 0.5 0.2 0.155 

4-Methyl-2-Pentanone 108-10-1 NA NA 10 10 2 0.654 

Acetone 67-64-1 NA NA 5 5 5 1.59 

Benzene 71-43-2 NA NA 0.5 0.5 0.2 0.1 

Bromobenzene 108-86-1 NA NA 0.5 0.5 0.2 0.125 

Bromochloromethane 74-97-5 NA NA 0.5 0.5 0.4 0.151 

Bromodichloromethane 75-27-4 NA NA 0.5 0.5 0.2 0.161 

Bromoform 75-25-2 NA NA 1 1 0.4 0.179 

Bromomethane 74-83-9 NA NA 1 1 1 0.212 

Carbon Disulfide 75-15-0 NA NA 0.5 0.5 0.2 0.109 
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SAP Worksheet #15.5: Reference Limits and Evaluation Tables for VOCs Cont. 
 
  

Analyte CAS No. Project AL  
(µg/L) Project AL Reference Project QL Goal  

(µg/L) 

Laboratory Specific Limits 
LOQs  
(µg/L) 

LODs 
(µg/L) 

DLs  
(µg/L) 

Carbon Tetrachloride 56-23-5 NA NA 0.5 0.5 0.2 0.124 

Chlorobenzene 108-90-7 NA NA 0.5 0.5 0.2 0.138 

Chloroethane 75-00-3 NA NA 1 1 1 0.267 

Chloroform 67-66-3 NA NA 0.5 0.5 0.2 0.117 

Chloromethane 74-87-3 NA NA 1 1 0.5 0.272 

cis-1,2-Dichloroethene 156-59-2 NA NA 0.5 0.5 0.4 0.149 

cis-1,3-Dichloropropene 10061-01-5 NA NA 0.5 0.5 0.2 0.119 

Dibromochloromethane 124-48-1 NA NA 0.5 0.5 0.2 0.158 

Dibromomethane 74-95-3 NA NA 0.5 0.5 0.2 0.146 

Ethyl tert-Butyl Ether (ETBE) 637-92-3 NA NA 0.5 0.5 0.2 0.101 

Ethylbenzene 100-41-4 NA NA 0.5 0.5 0.2 0.156 

Freon 12 75-71-8 NA NA 1 1 0.2 0.173 

Hexachlorobutadiene 87-68-3 NA NA 2 2 0.4 0.182 

Isopropanol 67-63-0 NA NA 100 100 50 13.8 

Isopropyl Ether (DIPE) 108-20-3 NA NA 0.5 0.5 0.2 0.1 

Isopropylbenzene 98-82-8 NA NA 0.5 0.5 0.2 0.1 

m,p-Xylenes 1330-20-7 NA NA 0.5 0.5 0.2 0.145 

Methyl tert-Amyl Ether (TAME) 994-05-8 NA NA 0.5 0.5 0.2 0.113 

Methylene Chloride 75-09-2 NA NA 5 5 5 0.948 

MTBE 1634-04-4 NA NA 0.5 0.5 0.2 0.112 
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SAP Worksheet #15.5: Reference Limits and Evaluation Tables for VOCs Cont. 
 

Analyte CAS No. Project AL  
(µg/L) Project AL Reference Project QL Goal  

(µg/L) 

Laboratory Specific Limits  

LOQs  
(µg/L) 

LODs  
(µg/L) 

DLs  
(µg/L) 

Naphthalene 91-20-3 NA NA 2 2 1 0.165 

n-Butylbenzene 104-51-8 NA NA 0.5 0.5 0.4 0.101 

n-Hexane 110-54-3 NA NA 5 5 2 0.555 

para-Isopropyl Toluene 99-87-6 NA NA 0.5 0.5 0.2 0.101 

Propylbenzene 103-65-1 NA NA 0.5 0.5 0.2 0.107 

sec-Butylbenzene 135-98-8 NA NA 0.5 0.5 0.2 0.11 

Styrene 100-42-5 NA NA 0.5 0.5 0.2 0.1 

tert-Butyl Alcohol (TBA) 75-65-0 NA NA 10 10 10 2.81 

tert-Butylbenzene 98-06-6 NA NA 0.5 0.5 0.2 0.159 

Tetrachloroethene 127-18-4 NA NA 0.5 0.5 0.2 0.14 

Toluene 108-88-3 NA NA 0.5 0.5 0.2 0.113 

trans-1,2-Dichloroethene 156-60-5 NA NA 0.5 0.5 0.4 0.158 

trans-1,3-Dichloropropene 10061-02-6 NA NA 0.5 0.5 0.2 0.139 

Trichloroethene 79-01-6 NA NA 0.5 0.5 0.2 0.116 

Trichlorofluoromethane 75-69-4 NA NA 1 1 0.4 0.228 

Vinyl Acetate 108-05-4 NA NA 10 10 2 1.15 

Vinyl Chloride 75-01-4 NA NA 0.5 0.5 0.2 0.154 

 
ALs for this analyses are not applicable during the NTPS. 
.
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SAP Worksheet #15.6: Reference Limits and Evaluation Tables for SVOCs 

Matrix: Aqueous   

Analytical Group: SVOCs  EPA 8270D 

Analyte CAS No. Project AL  
(µg/L) Project AL Reference1 Project QL Goal  

(µg/L) 

Laboratory Specific Limits   

LOQs  
(µg/L) 

LODs  
(µg/L) 

DLs  
(µg/L) 

1,2,4-Trichlorobenzene 120-82-1 NA NA 10 10 2.5 2.24 

1,2-Dichlorobenzene 95-50-1 NA NA 10 10 2.5 2.09 

1,3-Dichlorobenzene 541-73-1 NA NA 10 10 2.5 1.62 

1,4-Dichlorobenzene 106-46-7 NA NA 10 10 2.5 1.65 

1-Methylnaphthalene 90-12-0 NA NA 10 10 2.5 1.98 

2,3,4,6-Tetrachlorophenol 58-90-2 NA NA 10 10 5 2.61 

2,4,5-Trichlorophenol 95-95-4 NA NA 10 10 2.5 1.14 

2,4,6-Trichlorophenol 88-06-2 NA NA 10 10 2.5 1.13 

2,4-Dichlorophenol 120-83-2 NA NA 10 10 2.5 2.12 

2,4-Dimethylphenol 105-67-9 NA NA 10 10 2.5 2.49 

2,4-Dinitrophenol 51-28-5 NA NA 20 20 10 2.64 

2,4-Dinitrotoluene 121-14-2 NA NA 10 10 2.5 2.09 

2,6-Dinitrotoluene 606-20-2 NA NA 10 10 2.5 1.77 

2-Chloronaphthalene 91-58-7 NA NA 10 10 2.5 1.83 

2-Chlorophenol 95-57-8 NA NA 10 10 2.5 1.6 

2-Methylnaphthalene 91-57-6 NA NA 10 10 2.5 1.82 

2-Methylphenol 95-48-7 NA NA 10 10 2.5 2.16 

2-Nitroaniline 88-74-4 NA NA 20 20 5 2.6 
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SAP Worksheet #15.6: Reference Limits and Evaluation Tables for SVOCs Cont. 
Matrix: Aqueous   

Analytical Group: SVOCs  EPA 8270D 

Analyte CAS No. Project AL  
(µg/L) 

Project AL 
Reference1 

Project QL Goal  
(µg/L) 

Laboratory Specific Limits   

LOQs  
(µg/L) 

LODs  
(µg/L) 

DLs  
(µg/L) 

2-Nitrophenol 88-75-5 NA NA 20 20 5 3.15 

3,3'-Dichlorobenzidine 91-94-1 NA NA 20 20 5 2.54 

3-Nitroaniline 99-09-2 NA NA 20 20 5 3.82 

4,6-Dinitro-2-methylphenol 534-52-1 NA NA 20 20 5 2.51 

4-Bromophenyl-phenylether 101-55-3 NA NA 10 10 2.5 2 

4-Chloro-3-methylphenol 59-50-7 NA NA 10 10 2.5 1.54 

4-Chloroaniline 106-47-8 NA NA 10 10 2.5 2.05 

4-Chlorophenyl-phenylether 7005-72-3 NA NA 10 10 2.5 1.61 

4-Methylphenol 106-44-5 NA NA 10 10 2.5 1.71 

4-Nitroaniline 100-01-6 NA NA 20 20 5 3.33 

4-Nitrophenol 100-02-7 NA NA 20 20 2.5 1.77 

Acenaphthene 83-32-9 NA NA 10 10 2.5 1.79 

Acenaphthylene 208-96-8 NA NA 10 10 2.5 1.75 

Acetophenone 98-86-2 NA NA 10 10 4 1.11 

Aniline 62-53-3 NA NA 10 10 2.5 1.97 

Anthracene 120-12-7 NA NA 10 10 2.5 1.85 

Atrazine 1912-24-9 NA NA 10 10 4 1.24 

Azobenzene 103-33-3 NA NA 10 10 2.5 1.6 

Benzaldehyde 100-52-7 NA NA 10 10 4 1.39 
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SAP Worksheet #15.6: Reference Limits and Evaluation Tables for SVOCs Cont. 
Matrix: Aqueous   

Analytical Group: SVOCs  EPA 8270D 

 

Analyte CAS No. Project AL  
(µg/L) 

Project AL 
Reference1 

Project QL Goal  
(µg/L) 

Laboratory Specific Limits   
LOQs  
(µg/L) 

LODs  
(µg/L) 

DLs  
(µg/L) 

Benzidine 92-87-5 NA NA 50 50 5 1.56 

Benzo(a)anthracene 56-55-3 NA NA 10 10 2.5 1.58 

Benzo(a)pyrene 50-32-8 NA NA 10 10 2.5 1.57 

Benzo(g,h,i)perylene 191-24-2 NA NA 10 10 2.5 1.87 

Benzo(k)fluoranthene 207-08-9 NA NA 10 10 2.5 1.95 

Benzoic acid 65-85-0 NA NA 50 50 25 15.7 

Benzyl alcohol 100-51-6 NA NA 10 10 2.5 1.5 

Biphenyl 92-52-4 NA NA 10 10 4 1.12 

bis(2-Chloroethoxy)methane 111-91-1 NA NA 10 10 2.5 1.34 

bis(2-Chloroethyl)ether 111-44-4 NA NA 10 10 2.5 1.82 

bis(2-Chloroisopropyl) ether 108-60-1 NA NA 10 10 5 2.74 

bis(2-Ethylhexyl)phthalate 117-81-7 NA NA 10 10 2.5 1.92 

Butylbenzylphthalate 85-68-7 NA NA 10 10 2.5 1.37 

Caprolactam 105-60-2 NA NA 10 10 4 2.28 

Carbazole 86-74-8 NA NA 50 50 5 2.81 

Chrysene 218-01-9 NA NA 10 10 2.5 1.72 

Dibenz(a,h)anthracene 53-70-3 NA NA 10 10 2.5 1.77 

Dibenzofuran 132-64-9 NA NA 10 10 2.5 1.87 
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SAP Worksheet #15.6: Reference Limits and Evaluation Tables for SVOCs Cont. 
Matrix: Aqueous   

Analytical Group: SVOCs   EPA 8270D 

Analyte CAS No. Project AL  
(µg/L) 

Project AL 
Reference1 

Project QL Goal  
(µg/L) 

Laboratory Specific Limits  

LOQs (µg/L) LODs  
(µg/L) 

DLs  
(µg/L) 

Diethylphthalate 84-66-2 NA NA 10 10 2.5 1.62 

Dimethylphthalate 131-11-3 NA NA 10 10 2.5 2 

Di-n-butylphthalate 84-74-2 NA NA 10 10 2.5 1.37 

Di-n-octylphthalate 117-84-0 NA NA 10 10 2.5 1.82 

Fluoranthene 206-44-0 NA NA 10 10 2.5 1.94 

Fluorene 86-73-7 NA NA 10 10 2.5 1.75 

Hexachlorobenzene 118-74-1 NA NA 10 10 2.5 1.98 

Hexachlorobutadiene 87-68-3 NA NA 10 10 2.5 2.39 

Hexachlorocyclopentadiene 77-47-4 NA NA 20 20 5 1.74 

Hexachloroethane 67-72-1 NA NA 10 10 2.5 1.74 

Indeno(1,2,3-cd)pyrene 193-39-5 NA NA 10 10 2.5 1.81 

Isophorone 78-59-1 NA NA 10 10 2.5 1.88 

Naphthalene 91-20-3 NA NA 10 10 2.5 1.91 

Nitrobenzene 98-95-3 NA NA 10 10 2.5 1.61 

N-Nitrosodimethylamine 62-75-9 NA NA 10 10 2.5 2.3 

N-Nitroso-di-n-propylamine 621-64-7 NA NA 10 10 2.5 2 

N-Nitrosodiphenylamine 86-30-6 NA NA 10 10 2.5 1.86 

Pentachlorophenol 87-86-5 NA NA 20 20 2.5 1.93 

Phenanthrene 85-01-8 NA NA 10 10 2.5 1.92 
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SAP Worksheet #15.6: Reference Limits and Evaluation Tables for SVOCs Cont. 
Matrix: Aqueous   

Analytical Group: SVOCs   EPA 8270D 

Analyte CAS No. Project AL  
(µg/L) 

Project AL 
Reference1 

Project QL Goal  
(µg/L) 

Laboratory Specific Limits  

LOQs (µg/L) LODs  
(µg/L) 

DLs  
(µg/L) 

Phenol 108-95-2 NA NA 10 10 2.5 1.66 

Pyrene 129-00-0 NA NA 10 10 2.5 1.65 

Pyridine 110-86-1 NA NA 10 10 2.5 2.11 

Resorcinol 108-46-3 NA NA 20 20 10 2.5 

 
ALs for this analyses are not applicable during the NTPS. 
.
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SAP Worksheet #15.7: Reference Limits and Evaluation Tables for TOC 

Matrix: Aqueous  

Analytical Group: TOC   EPA 9060A 

Analyte CAS No. Project AL  
(mg/L) 

Project AL 
Reference1 Project QL Goal (%)

Laboratory Specific Limits  

LOQs  
(%) 

LODs  
(mg/L) 

DLs  
(mg/L) 

Total Organic Carbon 7440-44-0 NA NA 0.01 0.5 0.2 0.106 

 
ALs for this analyses are not applicable during the NTPS. 
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SAP Worksheet #15.8: Reference Limits and Evaluation Tables for Metals  

Matrix: Soil  

Analytical Group: Metals  EPA 6020  

Analyte CAS No. 
Project AL  

(milligrams per kilogram 
[mg/kg]) 

Project AL 
Reference 

Project QL Goal 
(mg/kg) 

Laboratory Specific Limits  

LOQs  
(mg/kg) 

LODs  
(mg/kg) 

DLs  
mg/kg) 

Aluminum 7429-90-5 NA NA 12.5 12.5 25 12 

Antimony 7440-36-0 NA NA 0.25 0.25 0.25 0.0745 

Arsenic 7440-38-2 NA NA 0.25 0.25 0.1 0.0823 

Barium 7440-39-3 NA NA 0.25 0.25 0.25 0.0668 

Beryllium 7440-41-7 NA NA 0.25 0.25 0.1 0.0475 

Cadmium 7440-43-9 NA NA 0.25 0.25 0.25 0.0545 

Calcium 7440-70-2 NA NA 25 25 25 8.5 

Chromium 7440-47-3 NA NA 0.25 0.25 0.25 0.0736 

Cobalt 7440-48-4 NA NA 0.25 0.25 0.25 0.0592 

Copper 7440-50-8 NA NA 0.25 0.25 0.25 0.0921 

Iron 7439-89-6 NA NA 12.5 12.5 10 3.25 

Lead 7439-92-1 NA NA 0.25 0.25 0.25 0.0668 

Magnesium 7439-95-4 NA NA 25 25 25 3.45 

Manganese 7439-96-5 NA NA 0.25 0.25 0.25 0.0799 

Molybdenum 7439-98-7 NA NA 0.25 0.25 0.25 0.135 
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SAP Worksheet #15.8: Reference Limits and Evaluation Tables for Metals Cont. 
Matrix: Soil  

Analytical Group: Metals  EPA 6020  

Analyte CAS No. Project AL  
(mg/kg) 

Project AL 
Reference1 

Project QL Goal 
(mg/kg) 

Laboratory Specific Limits  

LOQs  
(mg/kg) 

LODs  
(mg/kg) 

DLs  
(mg/kg) 

Nickel 7440-02-0 NA NA 0.25 0.25 0.25 0.13 

Potassium 7440-09-7 NA NA 25 25 25 6.62 

Selenium 7782-49-2 NA NA 0.25 0.25 0.25 0.0806 

Silver 7440-22-4 NA NA 0.25 0.25 0.25 0.0279 

Sodium 7440-23-5 NA NA 25 25 25 9.04 

Thallium 7440-28-0 NA NA 0.25 0.25 0.125 0.0198 

Vanadium 7440-62-2 NA NA 0.25 0.25 0.25 0.147 

Zinc 7440-66-6 NA NA 1 1 1 0.244 

 
ALs for this analyses are not applicable during the NTPS. 
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SAP Worksheet #15.9: Reference Limits and Evaluation Tables for TPH-extractable 

Matrix: Soil  

Analytical Group: TPH- extractable  EPA 8015   

Analyte CAS No. Project AL  
(mg/kg) 

Project AL 
Reference 

Project QL Goal  
(mg/kg) 

Laboratory Specific Limits  

LOQs  
(mg/kg) 

LODs  
(mg/kg) 

DLs  
(mg/kg) 

Diesel C11-C24 68334-30-5 NA NA 1 1 0.4 0.278 

Motor Oil C25-C36 NA  NA NA 5 5 1.6 1.2 

 
ALs for this analyses are not applicable during the NTPS. 
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SAP Worksheet #15.10: Reference Limits and Evaluation Tables for TPH-purgeable 

Matrix: Soil  

Analytical Group: TPH-purgeable  EPA 8015   

Analyte CAS No. Project AL  
(mg/kg) 

Project AL 
Reference 

Project QL Goal 
(mg/kg) 

Laboratory Specific Limits  

LOQs  
(mg/kg) 

LODs  
(mg/kg) 

DLs  
(mg/kg) 

Gasoline C6-C10 8006-61-9 NA NA 1 1 0.1 0.106 

ALs for this analyses are not applicable during the NTPS. 
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SAP Worksheet #15.11: Reference Limits and Evaluation Tables for PCBs  

Matrix: Soil  

Analytical Group: PCBs   EPA 8082 (prep method 3550) 

Analyte CAS No. 
Project AL  

(micrograms per 
kilogram [µg/kg]) 

Project AL 
Reference 

Project QL Goal  
(µg/kg) 

Laboratory Specific Limits  

LOQs  
(µg/kg) 

LODs  
(µg/kg) 

DLs  
(µg/kg) 

Aroclor-1016 12674-11-2 NA NA 12 12 3 2.96 

Aroclor-1221 11104-28-2 NA NA 24 24 9 7.96 

Aroclor-1232 11141-16-5 NA NA 12 12 6 3.71 

Aroclor-1242 53469-21-9 NA NA 12 12 3 2.84 

Aroclor-1248 12672-29-6 NA NA 12 12 3 2.14 

Aroclor-1254 11097-69-1 NA NA 12 12 9 3.05 

Aroclor-1260 11096-82-5 NA NA 12 12 3 1.13 

ALs for this analyses are not applicable during the NTPS. 
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SAP Worksheet #15.12: Reference Limits and Evaluation Tables for VOCs 

Matrix: Soil  

Analytical Group: VOCs   EPA 8260C 

Analyte CAS No. Project AL  
(µg/kg) 

Project AL 
Reference 

Project QL Goal  
µg/kg) 

Laboratory Specific Limits  

LOQs  
µg/kg) 

LODs  
(µg/kg) 

DLs  
(µg/kg) 

Ethanol 64-17-5 NA NA 1000 1000 500 215 

Iodomethane 74-88-4 NA NA 5 5 2 1.03 

1,1-Dichloroethene 75-35-4 NA NA 5 5 2 1.28 

Benzene 71-43-2 NA NA 5 5 1 0.967 

Trichloroethene 79-01-6 NA NA 5 5 2 1.13 

Toluene 108-88-3 NA NA 5 5 2 1.3 

Chlorobenzene 108-90-7 NA NA 5 5 1 0.626 

Freon 12 75-71-8 NA NA 5 5 2 1.35 

Chloromethane 74-87-3 NA NA 5 5 2 1.07 

Vinyl Chloride 75-01-4 NA NA 5 5 2 1.54 

Bromomethane 74-83-9 NA NA 5 5 1 1.06 

Chloroethane 75-00-3 NA NA 5 5 2 1.4 

Trichlorofluoromethane 75-69-4 NA NA 5 5 2 1.38 

Acetone 67-64-1 NA NA 10 10 5 3.19 

Freon 113 76-13-1 NA NA 5 5 2 1.43 
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SAP Worksheet #15.12: Reference Limits and Evaluation Tables for VOCs Cont. 
Matrix: Soil  

Analytical Group: VOCs   EPA 8260C 

Analyte CAS No. Project AL  
(µg/kg) 

Project AL 
Reference 

Project QL Goal 
(µg/kg) 

Laboratory Specific Limits  

LOQs  
(µg/kg) 

LODs  
(µg/kg) 

DLs  
(µg/kg) 

Methylene Chloride 75-09-2 NA NA 10 10 5 3.1 

MTBE 1634-04-4 NA NA 5 5 2 1.51 

Carbon Disulfide 75-15-0 NA NA 5 5 2 1.5 

trans-1,2-Dichloroethene 156-60-5 NA NA 5 5 2 1.46 

Vinyl Acetate 108-05-4 NA NA 10 10 5 2.38 

1,1-Dichloroethane 75-34-3 NA NA 5 5 2 1.46 

2-Butanone 78-93-3 NA NA 10 10 2 1.65 

cis-1,2-Dichloroethene 156-59-2 NA NA 5 5 1 0.965 

2,2-Dichloropropane 594-20-7 NA NA 5 5 2 1.13 

Chloroform 67-66-3 NA NA 5 5 2 1.14 

Bromochloromethane 74-97-5 NA NA 5 5 2 1.14 

1,1,1-Trichloroethane 71-55-6 NA NA 5 5 2 1.28 

1,1-Dichloropropene 563-58-6 NA NA 5 5 2 1.05 

Carbon Tetrachloride 56-23-5 NA NA 5 5 1 0.967 

1,2-Dichloroethane 107-06-2 NA NA 5 5 1 0.932 

1,2-Dichloropropane 78-87-5 NA NA 5 5 2 1.55 
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SAP Worksheet #15.12: Reference Limits and Evaluation Tables for VOCs Cont. 
Matrix: Soil  

Analytical Group: VOCs   EPA 8260C 

Analyte CAS No. Project AL  
(µg/kg) 

Project AL 
Reference 

Project QL Goal  
(µg/kg) 

Laboratory Specific Limits  

LOQs  
(µg/kg) 

LODs  
µg/kg) 

DLs  
(µg/kg) 

Bromodichloromethane 75-27-4 NA NA 5 5 2 1.12 

Dibromomethane 74-95-3 NA NA 5 5 1 0.651 

4-Methyl-2-Pentanone 108-10-1 NA NA 10 10 2 1.25 

Tetramethyl THF 15045-43-9 NA NA 5 5 1 0.898 

cis-1,3-Dichloropropene 10061-01-5 NA NA 5 5 1 0.835 

trans-1,3-Dichloropropene 10061-02-6 NA NA 5 5 1 0.466 

1,1,2-Trichloroethane 79-00-5 NA NA 5 5 1 0.527 

2-Hexanone 591-78-6 NA NA 10 10 1 1.11 

1,3-Dichloropropane 142-28-9 NA NA 5 5 2 1.04 

Tetrachloroethene 127-18-4 NA NA 5 5 1 0.667 

Dibromochloromethane 124-48-1 NA NA 5 5 1 0.508 

1,2-Dibromoethane 106-93-4 NA NA 5 5 1 0.6 

1,1,1,2-Tetrachloroethane 630-20-6 NA NA 5 5 1 0.824 

Ethylbenzene 100-41-4 NA NA 5 5 2 1.2 

m,p-Xylenes 1330-20-7 NA NA 5 5 2 1.38 

o-Xylene 95-47-6 NA NA 5 5 2 1.12 
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SAP Worksheet #15.12: Reference Limits and Evaluation Tables for VOCs Cont. 
Matrix: Soil  

Analytical Group: VOCs   EPA 8260C 

Analyte CAS No. Project AL  
(µg/kg) 

Project AL 
Reference 

Project QL Goal  
(µg/kg) 

Laboratory Specific Limits   

LOQs  
(µg/kg) 

LODs  
(µg/kg) 

DLs  
(µg/kg) 

Styrene 100-42-5 NA NA 5 5 2 1.09 

Bromoform 75-25-2 NA NA 5 5 1 0.474 

Isopropylbenzene 98-82-8 NA NA 5 5 2 1.26 

1,1,2,2-Tetrachloroethane 79-34-5 NA NA 5 5 1 0.957 

1,2,3-Trichloropropane 96-18-4 NA NA 5 5 1 0.961 

Propylbenzene 103-65-1 NA NA 5 5 2 1.3 

Bromobenzene 108-86-1 NA NA 5 5 2 1.18 

1,3,5-Trimethylbenzene 108-67-8 NA NA 5 5 2 1.41 

2-Chlorotoluene 95-49-8 NA NA 5 5 2 1.42 

4-Chlorotoluene 106-43-4 NA NA 5 5 2 1.08 

tert-Butylbenzene 98-06-6 NA NA 5 5 2 1.05 

1,2,4-Trimethylbenzene 95-63-6 NA NA 5 5 2 1.46 

sec-Butylbenzene 135-98-8 NA NA 5 5 1 0.904 

para-Isopropyl Toluene 99-87-6 NA NA 5 5 2 1.47 

1,3-Dichlorobenzene 541-73-1 NA NA 5 5 2 1.21 

1,4-Dichlorobenzene 106-46-7 NA NA 5 5 2 1.41 
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SAP Worksheet #15.12: Reference Limits and Evaluation Tables for VOCs Cont. 
Matrix: Soil  

Analytical Group: VOCs   EPA 8260C 

Analyte CAS No. Project AL  
(µg/kg) 

Project AL 
Reference 

Project QL Goal  
(µg/kg) 

Laboratory Specific Limits  

LOQs  
(µg/kg) 

LODs  
(µg/kg) 

DLs  
(µg/kg) 

n-Butylbenzene 104-51-8 NA NA 5 5 2 1.41 

1,2-Dichlorobenzene 95-50-1 NA NA 5 5 2 1.6 

1,2-Dibromo-3-Chloropropane 96-12-8 NA NA 5 5 1 1.02 

1,2,4-Trichlorobenzene 120-82-1 NA NA 5 5 2 1.16 

Hexachlorobutadiene 87-68-3 NA NA 5 5 2 1.08 

Naphthalene 91-20-3 NA NA 5 5 2 1.09 

1,2,3-Trichlorobenzene 87-61-6 NA NA 5 5 1 0.926 

tert-Butyl Alcohol (TBA) 75-65-0 NA NA 100 100 20 18 

Isopropyl Ether (DIPE) 108-20-3 NA NA 5 5 2 1.46 

Ethyl tert-Butyl Ether (ETBE) 637-92-3 NA NA 5 5 1 0.969 

Methyl tert-Amyl Ether 
(TAME) 

994-05-8 NA NA 5 5 1 0.631 

Isopropanol 67-63-0 NA NA 100 100 50 26.5 

Tetrahydrofuran 109-99-9 NA NA 100 100 10 8.72 

1-Chlorohexane 544-10-5 NA NA 5 5 2 0.748 

n-Hexane 110-54-3 NA NA 10 10 5 2.22 

ALs for this analyses are not applicable during the NTPS. 
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SAP Worksheet #15.13: Reference Limits and Evaluation Tables for SVOCs 

Matrix: Soil  

Analytical Group: SVOCs  EPA 8270D   

Analyte CAS No. Project AL  
(µg/kg) 

Project AL 
Reference 

Project QL Goal  
(µg/kg) 

Laboratory Specific Limits  
LOQs  
(µg/kg) 

LODs  
(µg/kg) 

DLs  
(µg/kg) 

Phenol 108-95-2 NA NA 333 333 83.3 46.7 

2-Chlorophenol 95-57-8 NA NA 333 333 83.3 55 

1,4-Dichlorobenzene 106-46-7 NA NA 333 333 33.3 14.7 

N-Nitroso-di-n-propylamine 621-64-7 NA NA 333 333 83.3 49.7 

1,2,4-Trichlorobenzene 120-82-1 NA NA 333 333 33.3 12.9 

4-Chloro-3-methylphenol 59-50-7 NA NA 333 333 33.3 14.7 

Acenaphthene 83-32-9 NA NA 66.7 66.7 33.3 11.2 

4-Nitrophenol 100-02-7 NA NA 667 667 667 71.3 

2,4-Dinitrotoluene 121-14-2 NA NA 333 333 33.3 9.8 

Pentachlorophenol 87-86-5 NA NA 667 667 167 148 

Pyrene 129-00-0 NA NA 66.7 66.7 33.3 11.7 

Diisoheptyl phthalate 62-75-9 NA NA 333 333 83.3 70.4 

Diphenyl ether 110-86-1 NA NA 333 333 83.3 36.8 

Benzaldehyde 62-53-3 NA NA 333 333 83.3 49.9 

Dimethyl formamide 62-75-9 NA NA 333 333 83.3 70.4 

Aniline 110-86-1 NA NA 333 333 83.3 36.8 
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SAP Worksheet #15.13: Reference Limits and Evaluation Tables for SVOCs Cont. 
Matrix: Soil  

Analytical Group: SVOCs  EPA 8270D   

Analyte CAS No. Project AL  
(µg/kg) 

Project AL 
Reference 

Project QL Goal  
(µg/kg) 

Laboratory Specific Limits  

LOQs  
(µg/kg) 

LODs  
(µg/kg) 

DLs  
(µg/kg) 

bis(2-Chloroethyl)ether 111-44-4 NA NA 333 333 83.3 59.6 

1,3-Dichlorobenzene 541-73-1 NA NA 333 333 83.3 56.7 

Benzyl alcohol 100-51-6 NA NA 333 333 83.3 50.6 

1,2-Dichlorobenzene 95-50-1 NA NA 333 333 83.3 33.4 

2-Methylphenol 95-48-7 NA NA 333 333 83.3 62.2 

bis(2-Chloroisopropyl) ether 108-60-1 NA NA 333 333 83.3 83.1 

4-Methylphenol 106-44-5 NA NA 667 667 83.3 51.6 

Hexachloroethane 67-72-1 NA NA 333 333 33.3 25.8 

Nitrobenzene 98-95-3 NA NA 333 333 33.3 14.6 

Isophorone 78-59-1 NA NA 333 333 33.3 10.8 

2-Nitrophenol 88-75-5 NA NA 667 667 83.3 38.8 

2,4-Dimethylphenol 105-67-9 NA NA 333 333 33.3 18.6 

Benzoic acid 65-85-0 NA NA 1670 1670 833 437 

bis(2-Chloroethoxy)methane 111-91-1 NA NA 333 333 33.3 11.5 

2,4-Dichlorophenol 120-83-2 NA NA 333 333 33.3 12.6 

Naphthalene 91-20-3 NA NA 66.7 66.7 33.3 12.9 
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SAP Worksheet #15.13: Reference Limits and Evaluation Tables for SVOCs Cont. 
Matrix: Soil  

Analytical Group: SVOCs  EPA 8270D   

Analyte CAS No. Project AL  
(µg/kg) 

Project AL 
Reference 

Project QL Goal 
(µg/kg) 

Laboratory Specific Limits  

LOQs  
(µg/kg) 

LODs  
(µg/kg) 

DLs  
(µg/kg) 

4-Chloroaniline 106-47-8 NA NA 333 333 33.3 16.5 

Hexachlorobutadiene 87-68-3 NA NA 333 333 83.3 60.6 

1-Methylnaphthalene 90-12-0 NA NA 66.7 66.7 33.3 13.4 

2-Methylnaphthalene 91-57-6 NA NA 66.7 66.7 33.3 10.8 

Hexachlorocyclopentadiene 77-47-4 NA NA 667 667 83.3 76.1 

2,4,6-Trichlorophenol 88-06-2 NA NA 333 333 33.3 14 

2,4,5-Trichlorophenol 95-95-4 NA NA 333 333 33.3 13.3 

2-Chloronaphthalene 91-58-7 NA NA 333 333 83.3 55.2 

2-Nitroaniline 88-74-4 NA NA 667 667 83.3 33.8 

Dimethylphthalate 131-11-3 NA NA 333 333 33.3 12.4 

Acenaphthylene 208-96-8 NA NA 66.7 66.7 33.3 12.7 

2,6-Dinitrotoluene 606-20-2 NA NA 333 333 83.3 33.7 

3-Nitroaniline 99-09-2 NA NA 667 667 83.3 10.8 

2,4-Dinitrophenol 51-28-5 NA NA 667 667 667 93.7 

Dibenzofuran 132-64-9 NA NA 333 333 33.3 14.4 

Diethylphthalate 84-66-2 NA NA 333 333 33.3 13.5 
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SAP Worksheet #15.13: Reference Limits and Evaluation Tables for SVOCs Cont. 
Matrix: Soil  

Analytical Group: SVOCs  EPA 8270D  

Analyte CAS No. Project AL  
(µg/kg) 

Project AL 
Reference 

Project QL Goal  
(µg/kg) 

Laboratory Specific Limits  

LOQs  
(µg/kg) 

LODs  
(µg/kg) 

DLs  
(µg/kg) 

Fluorene 86-73-7 NA NA 66.7 66.7 33.3 11.7 

4-Chlorophenyl-phenylether 7005-72-3 NA NA 333 333 33.3 12.4 

4-Nitroaniline 100-01-6 NA NA 667 667 83.3 10.6 

4,6-Dinitro-2-methylphenol 534-52-1 NA NA 667 667 167 76.8 

N-Nitrosodiphenylamine 86-30-6 NA NA 333 333 83.3 55.9 

Azobenzene 103-33-3 NA NA 333 333 33.3 14 

4-Bromophenyl-phenylether 101-55-3 NA NA 333 333 83.3 58.6 

Hexachlorobenzene 118-74-1 NA NA 333 333 33.3 13.7 

Phenanthrene 85-01-8 NA NA 66.7 66.7 33.3 14.9 

Creosote 8001-58-9 NA NA 667 667   

Anthracene 120-12-7 NA NA 66.7 66.7 33.3 12.4 

Carbazole 86-74-8 NA NA 1670 1670 33.3 14.6 

Di-n-butylphthalate 84-74-2 NA NA 333 333 33.3 14.5 

Fluoranthene 206-44-0 NA NA 66.7 66.7 33.3 13 

Benzidine 92-87-5 NA NA 1670 1670 667 71.9 

Butylbenzylphthalate 85-68-7 NA NA 333 333 33.3 10.8 
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SAP Worksheet #15.13: Reference Limits and Evaluation Tables for SVOCs Cont. 
Matrix: Soil  

Analytical Group: SVOCs  EPA 8270D   

Analyte CAS No. Project AL  
(µg/kg) 

Project AL 
Reference 

Project QL Goal  
(µg/kg) 

Laboratory Specific Limits  

LOQs  
(µg/kg) 

LODs  
(µg/kg) 

DLs  
µg/kg) 

3,3'-Dichlorobenzidine 91-94-1 NA NA 667 667 83.3 79.3 

Benzo(a)anthracene 56-55-3 NA FS 66.7 66.7 33.3 11.8 

Chrysene 218-01-9 NA FS 66.7 66.7 33.3 14.5 

bis(2-Ethylhexyl)phthalate 117-81-7 NA NA 333 333 33.3 14.7 

Di-n-octylphthalate 117-84-0 NA NA 333 333 83.3 34.2 

Benzo(b)fluoranthene 205-99-2 NA FS 66.7 66.7 33.3 13.9 

Benzo(k)fluoranthene 207-08-9 NA FS 66.7 66.7 33.3 17.8 

Benzo(a)pyrene 50-32-8 NA NA 66.7 66.7 33.3 15.4 

Indeno(1,2,3-cd)pyrene 193-39-5 NA NA 66.7 66.7 33.3 14.8 

Dibenz(a,h)anthracene 53-70-3 NA FS 66.7 66.7 33.3 14.6 

Benzo(g,h,i)perylene 191-24-2 NA NA 66.7 66.7 33.3 13 

Resorcinol 108-46-3 NA NA 667 667 83.3 12.3 

2,3,4,6-Tetrachlorophenol 58-90-2 NA NA 333 333 33.3 15.4 

ALs for this analyses are not applicable during the NTPS. 
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SAP Worksheet #15.14: Reference Limits and Evaluation Tables for VOCs 

Matrix: AIR  

Analytical Group: VOCs   EPA TO-15 

Analyte CAS No. Project AL  
nanoliters per liter (nL/L)

Project AL 
Referencea 

Project QL Goal 
(nL/L) 

Laboratory Specific Limits  

LOQs  
(nL/L) 

LODs  
(nL/L) 

DLs  
(nL/L) 

1,1,1-Trichloroethane 71-55-6 NA NA 2.73 2.73 0.909 0.546 

1,1,2,2-Tetrachloroethane 79-34-5 NA NA 3.43 3.43 1.14 0.687 

1,1,2-Trichloroethane 79-00-5 NA NA 2.73 2.73 0.909 0.546 

1,1-Dichloroethane 75-34-3 NA NA 2.02 2.02 0.675 0.405 

1,1-Dichloroethene 75-35-4 NA NA 1.98 1.98 0.661 0.396 

1,2,4-Trichlorobenzene 120-82-1 NA NA 3.71 3.71 1.24 0.742 

1,2,4-Trimethylbenzene 95-63-6 NA NA 2.46 2.46 0.819 0.492 

1,2-Dibromoethane 106-93-4 NA NA 3.84 3.84 1.28 0.768 

1,2-Dichlorobenzene 95-50-1 NA NA 3.01 3.01 1 0.601 

1,2-Dichloroethane 107-06-2 NA NA 2.02 2.02 0.675 0.405 

1,2-Dichloropropane 78-87-5 NA NA 2.31 2.31 0.77 0.462 

1,3,5-Trimethylbenzene 108-67-8 NA NA 2.46 2.46 0.819 0.492 

1,3-Butadiene 106-99-0 NA NA 1.11 1.11 0.369 0.221 

1,3-Dichlorobenzene 541-73-1 NA NA 3.01 3.01 1 0.601 

1,4-Dichlorobenzene 106-46-7 NA NA 3.01 3.01 1 0.601 
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SAP Worksheet #15.14: Reference Limits and Evaluation Tables for VOCs Cont. 
 

Analyte CAS No. Project AL  
(nL/L) 

Project AL 
Reference1 

Project QL Goal 
(nL/L) 

Laboratory Specific Limits  

LOQs  
(nL/L) 

LODs  
(nL/L) 

DLs  
(nL/L) 

1,4-Dioxane 123-91-1 NA NA 1.8 1.8 0.601 0.36 

2-Butanone 78-93-3 NA NA 1.47 1.47 0.492 0.295 

2-Hexanone 591-78-6 NA NA 2.05 2.05 0.683 0.41 

4-Ethyltoluene 622-96-8 NA NA 2.46 2.46 0.819 0.492 

4-Methyl-2-Pentanone 108-10-1 NA NA 2.05 2.05 0.683 0.41 

Acetone 67-64-1 NA NA 4.75 4.75 1.19 0.349 

Acrolein 107-02-8 NA NA 4.59 4.59 1.15 0.485 

Benzene 71-43-2 NA NA 1.6 1.6 0.532 0.319 

Benzyl chloride 100-44-7 NA NA 2.59 2.59 0.863 0.518 

Bromodichloromethane 75-27-4 NA NA 3.35 3.35 1.12 0.67 

Bromoform 75-25-2 NA NA 5.17 5.17 1.72 1.03 

Bromomethane 74-83-9 NA NA 1.94 1.94 0.647 0.388 

Carbon Disulfide 75-15-0 NA NA 1.56 1.56 0.519 0.311 

Carbon Tetrachloride 56-23-5 NA NA 3.15 3.15 1.05 0.629 

Chlorobenzene 108-90-7 NA NA 2.3 2.3 0.767 0.46 

Chloroethane 75-00-3 NA NA 1.32 1.32 0.44 0.264 
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SAP Worksheet #15.14: Reference Limits and Evaluation Tables for VOCs Cont. 
 

Analyte CAS No. Project AL  
(nL/L) 

Project AL 
Reference1 

Project QL Goal 
(nL/L) 

Laboratory Specific Limits 

LOQs  
(nL/L) 

LODs  
(nL/L) 

DLs  
(nL/L) 

Chloroform 67-66-3 NA NA 2.44 2.44 0.814 0.488 

Chloromethane 74-87-3 NA NA 1.03 1.03 0.344 0.315 

cis-1,2-Dichloroethene 156-59-2 NA NA 1.98 1.98 0.661 0.396 

cis-1,3-Dichloropropene 10061-01-5 NA NA 2.27 2.27 0.756 0.454 

Cyclohexane 110-82-7 NA NA 1.72 1.72 0.574 0.344 

Dibromochloromethane 124-48-1 NA NA 4.26 4.26 1.42 0.852 

Ethanol 64-17-5 NA NA 0.942 0.942 0.942 0.666 

Ethyl Acetate 141-78-6 NA NA 1.8 1.8 0.601 0.36 

Ethylbenzene 100-41-4 NA NA 2.17 2.17 0.724 0.434 

Freon 113 76-13-1 NA NA 3.83 3.83 1.28 0.766 

Freon 114 76-14-2 NA NA 3.5 3.5 1.17 0.699 

Freon 12 75-71-8 NA NA 2.47 2.47 0.824 0.495 

Hexachlorobutadiene 87-68-3 NA NA 5.33 5.33 1.78 1.07 

Isopropanol 67-63-0 NA NA 4.92 4.92 1.23 0.246 

m,p-Xylenes 1330-20-7 NA NA 2.17 2.17 0.724 0.434 

Methyl methacrylate 80-62-6 NA NA 2.05 2.05 0.682 0.409 

Methylene Chloride 75-09-2 NA NA 1.74 1.74 0.579 0.347 
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SAP Worksheet #15.14: Reference Limits and Evaluation Tables for VOCs Cont. 
 

Analyte CAS No. Project AL  
(nL/L) 

Project AL 
Reference1 

Project QL Goal 
(nL/L) 

Laboratory Specific Limits  

LOQs  
(nL/L) 

LODs  
(nL/L) 

DLs  
(nL/L) 

MTBE 1634-04-4 NA NA 1.8 1.8 0.601 0.361 

Naphthalene 91-20-3 NA NA 10.5 10.5 0.874 0.524 

n-Heptane 142-82-5 NA NA 2.05 2.05 0.683 0.41 

n-Hexane 110-54-3 NA NA 1.76 1.76 0.587 0.352 

o-Xylene 95-47-6 NA NA 2.17 2.17 0.724 0.434 

Propylene 115-07-1 NA NA 0.861 0.861 0.287 0.237 

Styrene 100-42-5 NA NA 2.13 2.13 0.71 0.426 

Tetrachloroethene 127-18-4 NA NA 3.39 3.39 1.13 0.678 

Tetrahydrofuran 109-99-9 NA NA 1.47 1.47 0.492 0.295 

Toluene 108-88-3 NA NA 1.88 1.88 0.628 0.377 

trans-1,2-Dichloroethene 156-60-5 NA NA 1.98 1.98 0.661 0.396 

trans-1,3-Dichloropropene 10061-02-6 NA NA 2.27 2.27 0.756 0.454 

Trichloroethene 79-01-6 NA NA 2.69 2.69 0.896 0.537 

Trichlorofluoromethane 75-69-4 NA NA 2.81 2.81 0.936 0.562 

Vinyl Acetate 108-05-4 NA NA 1.76 1.76 0.587 0.352 

Vinyl Chloride 75-01-4 NA NA 1.28 1.28 0.426 0.256 

aALs for this analyses are not applicable during the NTPS. 
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SAP Worksheet #15.15:  Reference Limits and Evaluation Tables for Soil-IDW Samples 
 
Matrix:  Soil-IDW 
 
Analytical Group:  Static alpha/beta (field scintillation detectors) 
 

Analyte CAS No. 
Project AL (disintegrations 
per minute per 100 square 
centimeters [dpm/100cm2])

Project AL Reference Project QL Goal 
(dpm/100cm2) 

Instrument Minimum Detectable Activities (MDAs) 
(dpm/100cm)1 

Gross Alpha Radiation 12587-46-1 100 

Radiological Remedial 
Objective (RROs); 

Atomic Energy 
Commission 

Regulatory Guide 
(AEC RG) 1.86 

50 TBD 

Gross Beta Radiation 12587-47-2 1000 RROs; AEC RG 1.86 500 TBD 

 

Matrix:  Soil-IDW 

Analytical Group:  Gamma Spectroscopy (TestAmerica) 

Analyte CAS No. Project AL (picoCuries per 
gram [pCi/g]) Project AL Reference Project QL Goal 

(pCi/g) 
Laboratory Specific Limits (TestAmerica) 

MDAs (pCi/g)1

Cesium-137 10045-97-3 0.113 RROs 0.07 0.07 

Radium-226 13982-63-3 1.0 above background RROs 0.7 0.7 

 

Matrix:  Soil-IDW 

Analytical Group:  Strontium-90 (TestAmerica) 

Analyte CAS No. Project AL (pCi/g) Project AL Reference Project QL Goal 
(pCi/g) 

Laboratory Specific Limits (TestAmerica) 
MDAs (pCi/g)1

Strontium-90 10098-97-2 0.331 RROs 0.17 0.17 

 
1 Listed MDAs from TestAmerica are for typical 30-45 minute count times.  Lower MDAs may be achieved as required by increasing the count times.  MDLs are not applicable to 
radiological analyses.  
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SAP Worksheet #15.16:  Reference Limits and Evaluation Tables for Wastewater-IDW Samples 

Matrix:  Aqueous-IDW 

Analytical Group:  Gamma Spectroscopy (TestAmerica) 

Analyte CAS No. Project AL (picoCuries per 
liter [pCi/L]) Project AL Reference Project QL Goal 

(pCi/L) 
Laboratory Specific Limits (TestAmerica) 

MDAs (pCi/L) 0F

1 

Cesium-137 10045-97-3 119 
RROs, Water Discharge 

Permit 
60 60 

 

Matrix:  Aqueous-IDW 

Analytical Group:  Radium-226 (TestAmerica) 

Analyte CAS No. Project AL (pCi/L) Project AL Reference Project QL Goal 
(pCi/L) 

Laboratory Specific Limits (TestAmerica) 
MDAs (pCi/L)1 

Radium-226 13982-63-3 5 
RROs, Water Discharge 

Permit 
2.5 2.5 

 

Matrix:  Aqueous-IDW 

Analytical Group:  Strontium-90 (TestAmerica) 

Analyte CAS No. Project AL (pCi/L) Project AL Reference Project QL Goal 
(pCi/L) 

Laboratory Specific Limits (TestAmerica) 
MDAs (pCi/L)1 

Strontium-90 10098-97-2 8 
RROs, Water Discharge 

Permit 
4 4 

 
 Listed MDAs from TestAmerica are for typical 30-45 minute count times.  Lower MDAs may be achieved as required by increasing the count times.  MDLs are not applicable to 
radiological analyses. 
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SAP Worksheet #15.17: Reference Limits and Evaluation Tables for TOC  

Matrix: Soil  

Analytical Group: TOC   Walkley-Black 

Analyte CAS No. Project AL  
  

Project AL 
Reference1 Project QL Goal (%)

Laboratory Specific Limits  

LOQs  
(%) 

LODs  
(mg/L) 

DLs  
(mg/L) 

Total Organic Carbon 7440-44-0 NA NA 0.01 0.01 NA NA 

 
ALs for this analyses are not applicable during the NTPS. 
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SAP Worksheet #15.18: Reference Limits and Evaluation Tables for TOC  

Matrix: Aqueous  

Analytical Group: 
Alkalinity   EPA 310.1 

Analyte CAS No. Project AL  
(mg/L) 

Project AL 
Reference1 

Project QL Goal 
(mg/L) 

Laboratory Specific Limits  

LOQs  
(mg/L) 

LODs  
(mg/L) 

DLs  
(mg/L) 

Alkalinity 7440-44-0 NA NA 1 1 NA NA 

ALs for this analyses are not applicable during the NTPS. 
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SAP Worksheet #16: Project Schedule/Timeline Table  
Figure 16-1 presents the schedule for the Pilot Study. 
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SAP Worksheet #17: Sampling Design and Rationale 
Data gathered during this sampling program will: 
 

1. Provide the following information necessary to finalize the NTPS design:  
 Fill data gaps in order to delineate the nature and extent of NAPL in the ISTR and 

ISS TTZs 
 Provide sub-surface geochemical conditions 
 Provide sub-surface lithology and hydraulic conditions 
 Provide characterization of VOCs, SVOCs, TPH, PCBs, and metals  
 Provide soil properties for use in ISS bench-scale testing 
 Determine tidal impacts on groundwater in the vicinity of the treatment areas. 

2. Monitor performance to determine effectiveness of ISTR and ISS. 
 
Table 11-2 describes how many samples will be collected during each phase of the NTPS and 
the analyses. The text below describes the rationale for the proposed sampling. Samples will be 
collected with the containers and preservative listed in Worksheet #19. For samples collected for 
laboratory analysis, C&T will analyze samples within the holding times listed on Worksheet #19. 
All sampling will be conducted according to SOPs listed in Worksheet #21 and included as 
Appendix D of the Work Plan. Sample concentrations at IR-03 are expected to range from non-
detect to containing free NAPL product in soil and groundwater. Concentrations in soil vapor 
samples are expected to range from non-detect to high levels reflecting NAPL product once 
ISTR has begun. 
 
Soil, groundwater, and soil vapor samples will be analyzed as indicated in Table 11-2 and all 
definitive data (see Table 11-1) will be independently validated by LDC. Samples analyzed for 
NAPL presence and physical properties will not be independently validated because these are 
considered screening-level data (see Table 11-1) that will be used to establish trends only. 
Groundwater collected during active ISTR (if groundwater temperature is above 35 ºC) will not 
be validated since low flow sampling techniques have been modified. Some screening-level data 
will undergo Stage 2B validation; this data includes chemical analyses completed during ISS 
bench-scale testing. Table 11-4 outlines the data that will require either Stage 2B or Stage 4 
validation. 
 
Material which is brought to the surface (i.e., soil and groundwater) during intrusive activities 
will be screened to limit the potential for exposure to radioactive materials. Screening will be 
conducted by personnel who are trained to use radiation detection instrumentation. Acceptable 
surface contamination levels and the release limit are presented in the Radiological Materials 
Management Plan (Appendix C of this Work Plan). Wastes which are above the release limit will 
be placed in a separate container from wastes which are below the release limit in order to 
minimize the amount of radioactive wastes for disposal. 
 
Pre-Design Characterization 
Rationale: The CSM has several data gaps that need to be addressed before final design 
implementation of the ISTR and ISS pilot study can be done. Pre-design characterization 
CPT/HPT surveys will be completed as outlined in Worksheets 11 and 14. Following the 
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surveys, DPT borings will be completed to confirm areas of contamination in the pilot study 
areas and to collect additional information on lithology and soil properties. Hydraulic gradients 
and LNAPL surveys will be completed to evaluate NAPL mobility in pilot study areas. 
Groundwater samples will be collected during CPT/HPT work to evaluate concentrations of 
COCs and COECs in the groundwater between IR-03 and the Bay. Groundwater samples will be 
collected using the DPT GW SOP. A pumping test will be completed in the vicinity of the sheet 
pile wall to evaluate its integrity and provide hydraulic data for the recirculation during ISTR. 
The pumping test will follow the procedures outlined in SOP 4-9. The information gathered 
during the pre-design characterization will be used to modify the design of the pilot areas if 
necessary (see Worksheet #11). Additionally, evaluation of tidal influence on site groundwater 
will be completed using water level collection and transducers. However, if the pumping test 
does not provide data of sufficient quality to conduct this test, slug testing may be conducted 
within one or more of the new ISTR performance monitoring wells to obtain hydraulic 
conductivity estimates.  Slug testing would be completed in accordance with SOP 4-6. 
 
CPT/HPT: The CPT/HPT survey will be completed to further define hydraulic conductivity in 
the subsurface in the ISTR treatment zone and along the shoreline between IR-03 and San 
Francisc Bay. The proposed locations for the HPT borings are presented on Figure 11-1 and the 
locations are distributed across the Site to: 

 Generate a vertical profile of hydraulic conductivity at three locations within the ISTR 
treatment zone,  

 Generate a vertical profile of hydraulic conductivity along the shoreline between IR-03 
and San Francisco Bay and collect grab groundwater samples at elevations that 
correspond to the LNAPL extent at IR-03 to evaluate presence of LNAPL and 
COC/COEC concentrations. 

 
At each CPT/HPT point, HPT will continuously evaluate hydraulic conductivity across the entire 
vertical length of the boring. During CPT/HPT at each point, the soil permeability (CPT) and 
hydraulic conductivity (HPT) values will be monitored during drilling to identify appropriate 
depths for collection of groundwater samples. Up to 10 groundwater samples in total will be 
collected and analyzed according to Table 11-2 for COECs and COCs from zones with high 
hydraulic conductivity values (approximately 1 ft/day to 26 ft/day expected range). These 
samples will be used to assist with characterization of groundwater contamination between IR-03 
and the Bay. 
 
DPT Borings: DPT continuous core logging will be completed to provide lithologic information, 
confirm contaminant concentrations, evaluate NAPL presence, and quantify residual NAPL 
saturation. Six DPT borings will be completed in the ISTR area. Subsurface soil samples will be 
collected and submitted for laboratory analysis from the borings located within the ISTR pilot 
study area to determine baseline concentrations prior to implementation of ISTR. Approximately 
3 soil cores per boring will be collected and submitted for laboratory analysis to determine total, 
leachable, and residual NAPL saturation prior to implementation of ISTR, for a total of 18 
samples. First the soil cores will be logged to assess the geology represented by the core. Second, soil 
samples will be collected approximately every two to four feet, placed in a plastic bag and 
screened with a FID. FID measurements will be recorded in the logbook. Field screening for 
NAPL will consist of using a field test kit for the presence of NAPL.  A commercially available 
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field test kit for NAPL (i.e. OilScreenSoilTM kits) will be utilized. Visible NAPL in the cores will 
also be noted. The field test kit will not be utilized in the event that NAPL is clearly visible and 
present.   
 
Third, the soil cores will be evaluated for total, leachable, and residual LNAPL using Free Product 
Mobility (FPM) testing (ASTM D425/Dean-Stark extraction). The FPM testing uses a centrifuge to 
remove the mobile LNAPL from an undisturbed soil core. The residual saturation is calculated by 
measuring the remaining LNAPL in soil (using Dean-Stark extraction) after the mobile (i.e., leachable) 
fraction (taken as the volume of LNAPL that is removed by centrifugation) of LNAPL has been removed.  
This method will also provide total porosity, dry bulk density and grain density. In addition, subsamples 
will also be collected to quantify the concentration of TPH in soil that corresponds to the NAPL 
saturation testing.  In this way, values for residual LNAPL saturation within the geologic media will be 
compared to soil TPH concentrations to determine if the relationship can be correlated. In addition, 
subsurface samples will be analyzed for VOCs, SVOCs, TPH, PCBs, and total organic carbon 
(TOC) in accordance with Table 11-2. The CPT/HPT, DPT, and field screening data will be 
used to update the 3-D visualization model of NAPL and lithology for the ISTR TTZ. 
 
Additional borings will be completed in the area of the proposed ISS pilot test. Test borings will 
be conducted to collect representative samples of soils within the anticipated treatment zone for 
compositing to allow for bench scale ISS testing. The test borings will be located on the bay-side 
of the sheet pile wall downgradient of the former oil reclamation pond on the southeast part of 
the IR-03 area. The proposed locations are presented on Figure 11-2. Continuous core samples 
will be collected using a 3-inch diameter spilt-spoon sampler (Modified California Sampler) or 
3-inch diameter direct push macro-core sampler to obtain sufficient volume of soil to complete 
the ISS bench-scale tests. Continuous core samples will be evaluated for lithology and presence 
of NAPL and radionuclides in the field similar to the DPT borings described in the previous 
section.   
 
Each test boring will be advanced through the fill layers and extend approximately ten (10) feet 
into the Bay Mud, or to a total depth of approximately 30-35 feet below ground surface (bgs) 
based on available boring information. Prior to compositing, a set of three samples will be 
collected for VOC analysis using Terra Core samplers to preserve any volatile compounds 
present in the soil. The results from these samples will be used to assess any loss of VOCs during 
the compositing process. Additionally, samples from the same three zones will be submitted for 
chemical and SPLP analyses, as identified in Table 11-2 to evaluate concentrations to determine 
properties of soils comprising the composite used for the bench study. Collection of samples for 
laboratory analysis will be targeted to represent high, medium and low permeability NAPL-
impacted zones.  Geotechnical soil testing may include grain size analysis with or without 
hydrometer (ASTM D422), Atterberg limits (ASTM D4318), organic content (ASTM D2974), 
specific gravity (ASTM D854) and permeability (ASTM D5084), as specified in Table 11-2. 
 
Tidal Evaluation: To evaluate tidal influences, two rounds of groundwater/LNAPL elevation 
measurements will be collected.  One round will be collected as close to high tide as possible and 
as near to low tide as possible.  These high and low tide events will be coordinated with lunar 
cycles so that the influence of maximum tide ranges is recorded. All available monitoring wells 
within and proximate to IR-03 will be measured using an oil water interface probe.  The depth to 
LNAPL product and thickness of product and depth to water will be recorded.  
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Additionally, a stilling well will be installed by attaching a section of 2-inch diameter slotted 
PVC pipe to a dry dock at the HPNS property and surveying the elevation of the top of the PVC 
pipe. The planned location of the stilling well is in the former dry dock between Parcels C and 
D-1, as shown in Figure 11-3. The slotted portion of the pipe will be completely submerged 
below the low-tide water level. The stilling well used during the Phase III Groundwater Data 
Gap Investigation may be used if it is still in place and intact. Surveying of the stilling well will 
be performed in conjunction with other project surveying. Manual measurements from the 
surveyed top of casing to the water level will be collected at the beginning and end of the 
transducer recording period and during the collection of groundwater/LNAPL measurement 
rounds to provide for correlation of stilling well data recordings to the site datum and other water 
level measurements. 

   
A data recording pressure transducer (In-Situ MiniTroll or equivalent) will be installed in the 
stilling well and water level measurements acquired at 15 minute intervals through a minimum 
five week period. The stilling well will record the exact time and height of tides influencing the 
HPNS. The data recorder will be synchronized with other water level measurements. 
 

Data recording pressure transducers (In-Situ MiniTroll or equivalent) will be installed in all A-
aquifer wells with IR-03, the three newly installed performance monitoring wells, and the stilling 
well. Figure 11-4 presents the monitoring well locations for pressure transducer installation. 
Water levels will be recorded every 15 minutes for approximately 1 week to evaluate tidal cycles 
and tidal influences. Manual measurements from the surveyed top of casing to the water level 
will be collected at the beginning and end of the recording period and during the collection of 
LNAPL level rounds to provide for correlation of data recordings to the site datum and other 
water level measurements.  All recorded and manual water level measurements will be 
completed in accordance with SOP 1-6. 

 
Based on the data collected with continuous water level recordings, the following tidal influence 
parameters will be calculated for the monitored wells: maximum tidal fluctuation, mean tidal 
efficiency, and mean time lag (high and low tide).  In addition, the mean groundwater elevations 
will be determined and used to evaluate average groundwater gradients and flow directions.  
 
Baseline Characterization 
Rationale: In order to establish the current nature and extent of dissolved-phase COCs at the site 
and provide a baseline to evaluate performance of the NTPS, baseline groundwater sampling will 
be conducted.  
 
Prior to ISTR, well installation and decommissioning will be completed. ISTR will raise the 
groundwater to the boiling point and areas around the heater wells may reach temperature as 
high as 100ºC.  Elevated temperatures will destroy existing PVC wells within the ISTR area and 
could cause fire or toxic fumes to be generated.  Therefore, two of the existing groundwater 
monitoring wells in or near the ISTR pilot study area (IR03MW225A and IR03MW371A) will 
be decommissioned (Figure 11-5) before implementation of ISTR.  
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As shown in Figure 11-5, three stainless steel groundwater monitoring wells will be installed in 
the ISTR pilot study area (ISTR monitoring wells).  One well will be placed near the location of 
IR03MW225A, which will be decommissioned prior to the ISTR pilot study. The other two 
wells will be placed as indicated on Figure 11-5 within the ISTR pilot study area. These wells 
will be converted to MPE wells during ISTR installation. 
 
Thirteen groundwater monitoring wells (ten existing wellsand three new wells) shown in Figure 
11-6 will be sampled as part of the baseline characterization effort. The sample locations were 
selected to monitor LNAPL and groundwater concentrations near the ISTR and ISS treatment 
areas. Wells located on the Bay-side of the sheet-pile wall were also selected to evaluate the 
ISTR influence on the opposite side of the sheet-pile wall. Background locations are also 
included on the northern, eastern, and western boundaries of IR-03. The existing monitoring 
wells which will be sampled are IR02MW146A, IR03MW218A2, IR03MW370A, 
IR03MW218A3, IR03MW226A, IR03MW0-1, IR03MW0-3, IR03MW369A, IR-03MW342A, 
and IR03MW224A. The new wells to be sampled will consist of the monitoring wells to be 
installed within the ISTR pilot study area as described above and in Worksheet #14.  One of 
these new wells sampled will be the replacement well for the well decommissioned prior to the 
ISTR pilot study. At all well locations, samples will be analyzed for geochemical parameters 
(dissolved metals, alkalinity, anions, and purge parameters). These data will be used to determine if 
the tidal influence and saltwater intrusion is impacting IR-03, and/or if the treatment 
technologies impact other geochemical parameters (e.g., pH, alkalinity, and metals mobilization). 
Samples will be collected and analyzed for parameters as described in Table 11-2.  The extent of 
COCs will be evaluated during the baseline event and revisions to subsequent sampling events 
will be made based on results. NAPL measurements will be collected at all wells using an oil-
water interface probe. 
 
If concentrations of SVOCs, VOCs, PCBs, TPH-extractable, TPH-purgeable, and dissolved 
metals are below Project Action Limits, as applicable, or non-detect during baseline 
characterization, then analyses of these COCs may not be performed during subsequent rounds 
of sampling. 
 
Groundwater sampling will be performed using either low-flow sampling methods or 
HydraSleeves®. Low-flow sampling will be performed in accordance with CDM Smith SOP 1-
12, Low-Stress (Low-Flow) Groundwater Sampling (Worksheet 21), and HydraSleeve® 
sampling will be performed in accordance with the HydraSleeve® SOP. At wells with NAPL, 
groundwater samples will be collected from beneath the NAPL/water interface. At these 
locations, for samples that will be collected using a peristaltic pump, the pump will be operated 
in reverse while the tubing is lowered through the NAPL layer, in order to prevent introduction 
of the NAPL into the sample tubing. Additional applicable TSOPs are indicated in Worksheet 
18. 
 
Pumping tests will be performed to evaluate the effectiveness of the existing sheet pile barrier 
wall and hydraulic conductivity within the ISTR treatment zone. The purpose of the pumping 
tests is to evaluate whether there is a hydraulic connection through the sheet pile wall due to 
corrosion and to measure the hydraulic conductivity within the ISTR treatment zone to assist the 
final ISTR design. Pumping is planned from one of the newly installed performance monitoring 
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wells within the ISTR treatment area near IR03MW225A.  Water level elevation monitoring will 
be performed at six wells on the inland side of the sheet pile wall, IR03MW225A [to be 
decommissioned after the pumping tests are completed], IR03MW218A1, IR03MW218A2, 
IR03MW02A and the other two new ISTR performance monitoring wells, and three wells in the 
Bay-side of the sheet pile wall, IR03MW0-3, IR03MW370A and IR03MW371A using 
continuous data recording pressure transducers.     
 
During the pumping test, a bulk sample of site groundwater will be collected to provide material 
to be used during completion of the ISS bench-scale study. The groundwater will be pumped into 
a labeled drum and stored on site for use in the ISS bench-scale study. 
 
The pumping test will be of short duration – no longer than 24 hours and will be curtailed at the 
end of 24 hours or after the influence of pumping is noted in an observation well whereby 
hydraulic parameters can be calculated. Water level measurements will be collected in the 
pumping and observation wells using data recording pressure transducers set to record at one 
minute intervals. Water levels will be monitored in the pumping well, observation wells, and 
other nearby monitoring wells to establish background water levels and estimate the fluctuations 
in water levels, at the pumping and observation wells, due to tidal influence. Water levels will 
also be monitored at a nearby well outside the influence of the pumping well for comparison 
purposes. The pumping test will be completed in accordance with SOP 4-9. 
 
One of the goals of the pumping test is to estimate the hydraulic conductivity within the ISS 
TTZ.  However, if the pumping test does not provide data of sufficient quality to conduct this 
test, slug testing may be conducted within one or more of the new ISTR performance monitoring 
wells to obtain hydraulic conductivity estimates.  Slug testing would be completed in accordance 
with SOP 4-6. 
 
NTPS: ISS 
The ISS NTPS includes both a bench-scale study and a pilot study. 

Bench-Scale Testing Design    
Up to four (4) test borings will be completed to collect soil for bench-scale testing for ISS. 
Continuous core samples will be collected and logged for lithology and screened for the presence 
of LNAPL and radionuclides. Soil samples will be collected directly from the four cores and 
submitted for chemical analysis presented on Worksheet #11 and Table 11-2. The four soil cores 
will be composited for the bench-scale testing at the CDM Smith Geotechnical laboratory in 
Somerville, MA. Prior to mixing with reagents, the composited soil will be sampled and 
analyzed to obtain baseline values for physical and chemical characteristics and for later 
comparison with the treated specimens, as indicated in Worksheet #11 and Tables 11-2 and 11-
3. Bench-scale testing will be completed in multiple phases. Following initial physical and 
chemical analysis of the original and composited material, workability and titration testing will 
be completed to determine compatibility of the site soils, groundwater, and various mixing 
agents. 
  
The reagents will be thoroughly mixed with the composited soil sample and subsampled 
according to ASTM D6323.  The subsamples will then be compacted into various cylindrical 
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molds in accordance with ASTM D1632. The cylinder samples will be placed in coolers in the 
site laboratory and allowed to cure. At a minimum, the following cylinders will be constructed 
for each type of mixtures: 
 

 Six (6) of type A cylinders (3 inches [diameter] x 6 inches [length]) for geotechnical 
testing, analytical testing, and SPLP testing 

 One (1) of type B cylinders (2 inches [diameter] x 6 inches [length]) for LNAPL 
saturation testing 

 Three (3) of type C cylinders (2.5 cm [diameter] x 5 cm [length]) for SDL testing. 
 
During Phase 1a of the bench-scale testing, solidification additives will be tested for up to 15 
different mixtures. Following mixing, the mixtures will be allowed to cure for at least 28 days, 
before performing permeability, bulk density, and moisture content analyses.  
 
During Phase 1b of the bench-scale testing, the reagents ability to stabilize contaminants will be 
assessed using leachate testing (SPLP). The two reagent mixtures which solidified the best will 
be submitted to C&T for leachability testing as indicated in Worksheet #11 and Tables 11-2 and 
11-3. These results will be used to help select reagent mixtures for Phase 2. 
 
Based on the results of the geotechnical testing (targeting low permeability) and leachate testing 
performed in Phase 1 and on visual observations of the cured samples, up to six (6) mixtures will 
be selected for Phase 2 of the bench-scale testing. One type A cylinder from each of the selected 
Phase 2 mixtures will be tested for unconfined compressive strength analysis, NAPL pore fluid 
saturation (at PTS), and chemical analysis (at C&T) described in Worksheet #11 and Tables 11-
2 and 11-3.  
 
One Type A cylinder and one type B cylinder from each of the six selected Phase 2 mixtures will 
also be sent to C&T for leachability analysis indicated in Table 11-2. 
 
Leachability evaluation will be performed using a modified SPLP (EPA Method 1312). Results 
from the SPLP test will be used to assess relative performance/effectiveness between the 
formulations for selection of the best performers for a more representative leaching test in Phase 
3 of the bench scale testing. The following modifications to the SPLP will be made:  

 
 Changing the extraction fluid to soil ratio from 20:1 (milliliter [mL] to gram [g]) to 2:1 

This ratio is more representative of in situ leaching by groundwater 
 Changing the extraction fluid from synthetic rainwater to actual on site groundwater 

(uncontaminated groundwater).  
 
Groundwater collected during the pumping test is needed as the starting water for the leachate 
testing, to document any leaching of the COECs. In addition, if geochemical data suggest that the 
selected groundwater well is not tidally influenced (contains no salt water from the ocean), salt 
water from a stilling well may be used in conjunction with groundwater to create a more 
representative water sample for the SPLP test. 
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During SPLP testing, the mixture samples from one of the type A cylinders for each selected 
formulations will be crushed to less than 9.5 mm. One sample will also be randomly chosen 
among the six selected samples and used as duplicate for SPLP test. Approximately 600 grams of 
each crushed mixture will be placed in its respective extraction bottle, where approximately 1.2L 
of extraction fluid will be added. Exact weights and volumes of the mixture and extraction 
liquids will be documented. The extraction bottles will be secured in a rotary extractor device 
and rotated at 30 ± 2 rpm for 18 ± 2 hours. Following the 18 ± 2 hours extraction, the liquid and 
solid phase will be separated, and the extracted liquid (extract) will be analyzed. 
 
The fluid extract from the each of the seven tested mixtures/formulations (six mixtures plus one 
randomly chosen duplicate) will be aliquoted into appropriate volumes and 
containers/preservatives for the analyses listed in Tables 11-2 and 11-3. The samples will then 
be sent to C&T and analyzed for the chemical parameters indicated in Tables 11-2 and 11-3.  
 
Because the samples will be crushed to less than 9.5mm (per EPA Method 1312), the results will 
represent worst case conditions and will be used to select mixtures for more representative 
leaching tests. 
 
Based on the results from Phase 2 of the bench scale study, (results from leachability testing, 
geotechnical analysis, etc.), up to two mixtures will be recommended for confirmation 
geotechnical testing and for a more representative leaching test (SDL).  
 
One type A cylinder from each of the recommended mixtures will be analyzed at CDM Smith’s 
geotechnical laboratory for geotechnical parameters, including permeability, bulk density, and 
moisture content. 
 
The leachability test selected to represent the actual in situ leaching of a solidified and stabilized 
soil is a SDL test using intact solid cured samples. During SDL testing, the solid cured sample is 
exposed to water (leachant) in a closed container, and this water will be removed (removed water 
is termed leachate), analyzed, and replaced at regular intervals. Typically, the volume of leachant 
used is approximately 10 times the surface area of the intact cured sample (e.g. 100 mL of 
leachant for a sample with 10 cm2 surface area). 
 
The SDL test will be conducted using a modified method ASTM C1308-08, Accelerated Leach 
Test for Diffusion Releases from Solidified Waste and a Computer Program to Model Diffusive, 
Fractional Leaching from Cylindrical Waste Forms. The following modification to ASTM 
C1308-08 will be made: 

 
 Using actual on site groundwater (uncontaminated groundwater, if possible) as leachant 
 The leachant replacement times will be modified from those specified in the procedure 

based on initial results. The following are the fourteen (14) anticipated replacement times 
of the water extract subject to change based on initial results: 2 hours (hr), 5 hr, 17 hr, 24 
hr, day 2, day 3, day 4, day 5, day 6, day 7, day 14, day 21, day 28, and day 42 

 The test will only be conducted under ambient temperature (ambient temperatures will be 
recorded throughout test period) 

 No duplicates/triplicates testing will be performed. 
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If geochemical data suggest that the groundwater from IR03MW225A is not tidally influenced 
(contains no salt water from the ocean), salt water from a stilling well may be used in 
conjunction with groundwater to create a more representative water sample for the SDL test. 
 
Three of the type C cylinders (each with surface area of roughly 50 cm2) from each mixture to be 
tested will be placed in the extraction chamber with approximately 1.5L of leachant. All volumes 
will be recorded. Each of the fourteen sets of leachant removed during SDL testing will be 
aliquoted into appropriate volumes and containers/preservatives as noted in Worksheet #19.2 and 
sent to C&T for chemical analyses indicated in Worksheet #11, Tables 11-2 and 11-3.  
 
The analytical results of the leachate will be used to confirm the leaching mechanism, determine 
diffusion rates, and predict future water quality. Ultimately, the best performing mixture will be 
tested in the pilot study. 
 
PERFORMANCE MONITORING 

Tables 11-1 and 11-2 summarizes planned sampling and analysis in support of the NTPS.  As 
detailed in Worksheet #14, following the pre-design characterization activities and baseline 
sampling, ISTR and ISS include sampling for treatment performance assessment and post-
treatment monitoring to evaluate the impacts on NAPL presence and mobility and contaminant 
fate and transport in groundwater and soils.  

Data Supporting Evaluation of ISTR    

Groundwater Sampling:  Samples from existing and new groundwater monitoring wells 
installed as part of the pre-design characterization will be collected for performance monitoring 
before, during and after ISTR.  Samples will be collected prior to any treatment (baseline)and 
once following ISTR shutdown as detailed in Table 11-2.  Data will be evaluated to determine 
the impact of ISTR on NAPL thickness and groundwater contaminant concentrations. 
 
Soil Sampling:  The goal of ISTR is a reduction in NAPL saturation in soil below the residual 
saturation and to reduce NAPL saturation to levels that would result in discharge of COECs 
below water quality criteria for aquatic wildlife and TPH to less than 1,400 ug/L in groundwater.  
As shown in Figure 11-2 and Table 11-2, soil samples will be collected prior to and following 
ISTR to evaluate mass removal during treatment.  The baseline soil samples will be collected 
during the pre-design characterization boring locations will be based on lithologic logs and 
NAPL field screening information.  Post-treatment samples will be collected close as possible to 
the locations and depth intervals as the pre-treatment samples. These samples will be collected as 
soon as possible after ISTR system shutdown, and subsurface temperatures are expected to 
remain high. No additional soil borings are planned after the system has cooled to ambient 
temperatures.  
 
Temperature/Pressure Monitoring:  ISTR temperature and pressure in the subsurface will be 
continuously monitored using nine temperature monitoring points (TMPs) and 15 pressure 
monitoring wells to document heating effectiveness and pneumatic controls before, during, and 
after ISTR implementation.  Data will be used to monitor when the system has reached target 
treatment temperature (TTT) and to verify that the TTT is maintained for the designed operation 



Project-Specific SAP 
IR-03/HPNS Revision No: Final 
San Francisco, CA Revision Date: June 2013 
 

Page 109 of 188 
 

 

period. Monitoring will continue following ISTR shutdown until steam extraction has slowed 
sufficiently.  
 
Air Monitoring:  Extracted and treated vapors from the ISTR aboveground treatment systems 
effluent will be monitored during ISTR operation to evaluate compliance with applicable 
discharge standards. Monitoring of the vapor treatment train will be conducted monthly. 
Additionally, vapors from the aboveground treatment systems influent will be monitored weekly 
to evaluate the contaminant mass being extracted. Vapor samples will be analyzed for VOCs by 
TO-15.  During implementation of the NTPS, real time air monitoring will be performed for 
health and safety purposes at the site and will be completed in accordance with the APP/SSHP. 
 
Routine Extracted Water and Vapor Monitoring:  TPS Tech personnel will routinely (at least 
weekly) collect samples of the extracted groundwater and soil vapor to test removal rates for the 
purpose of ISTR optimization. The samples will be analyzed by TPS Tech using their onsite 
spectrophotometer. Additionally, daily vapor samples will be screened with a PID to augment 
weekly data. PID samples will be collected using a Tedlar bag will be attached to the influent 
sample port to collect the vapor samples. This data will not be used to satisfy project DQOs, but 
will rather be used as a field screening tool to make adjustments real-time as needed. 
 

Data Supporting Evaluation of ISS      
Soil Sampling:  The overall goal of ISS is to reduce permeability in the TTZ to 10-6 to 10-7 
cm/sec and to reduce leachability of NAPL to achieve a maximum discharge of COECs below 
water quality criteria for aquatic wildlife and TPH to less than 1,400 ug/L in groundwater. This 
goal is based on typical EPA requirements for stabilizing contaminates in the ground (EPA 
1999b). As described in Worksheet #11, both wet and solidified samples will be collected from 
the ISS columns.  
 
The wet samples will be prepared in 3”-dia x 6”-height cylinder molds and cured at the CDM 
Smith Geotechnical laboratory similar to the bench-scale cylinder preparation described 
previously. Up to four wet samples will be collected, two at each column, for cylinder 
preparation. Cylinders will be allowed to cure for at least 28 days before geotechnical testing. 
Geotechnical  testing will include homogeneity, permeability and strength of the mixed columns.  
Testing may include particle size analysis (ASTM D422), Atterberg limits (ASTM D4318), 
permeability (ASTM D5084) and unconfined compression (ASTM D1633) as shown in Table 
11-2. 
 
After at least 28 days, a drilling subcontractor will mobilize and perform continuous coring 
through the center of two treated columns, with the location selected by CDM Smith. A CDM 
Smith geotechnical engineer will observe the coring and prepare field logs. Up to six (6) sets of 
soil core samples will be sent to the CDM Smith Geotechnical Laboratory for geotechnical 
testing, including permeability, unconfined compressive strength, bulk density, and moisture 
content as described in Table 11-2. 
 
In addition, another six sets of samples will be sent to C&T for SPLP testing. Two sets of 
continuous core samples will be used for SDL testing at the CDM Smith Geotechnical 
laboratory. SPLP and SDL testing will be performed in the same manner as described in the 
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bench-scale study. The extracts from the six SPLP tests and the leachates from the two SDL test 
will be tested for the chemical parameters indicated in Tables 11-2 and 11-3. 
 
IDW Disposal 
Implementation of the NTPS will generate liquid (purge water, decontamination water, and 
condensate water) and solid (soil) IDW. IDW samples will be collected from stockpiles (for soil) 
and temporary tanks (for liquid) and analyzed for VOCs, SVOCs, metals, chromium-VI, TPH-
purgeable, and TPH-extractable. Sample results will be used by the waste disposal contractor to 
determine appropriate means of disposal. 
 
Radiological 
Radiological screening will be performed for work within and around IR-03.  The screening 
which will be conducted will include: 

 Providing radiation and safety training for all project staff prior to initiating work at IR-
03 

 Conduct radiological awareness briefings for field staff 
 Establish site control to preclude inadvertent access and delineation of a radiation 

controlled area (RCA).  Controls will consist of temporary fencing and radiological 
postings in accordance with NETOPS #6 

 Establish radiological access control points.  Persons within the RCA will wear 
appropriate personal protective equipment (PPE), enter and exit at designated locations, 
and the individual scanned for contamination prior to exit 

 Monitor radiation doses of personnel performing field work.  The dosimeters are National 
Voluntary Laboratory Accreditation Program (NVLAP)-approved and obtained from a 
NVLAP-certified provider 

 Conduct routine calibration and operational checks of field radiation detection 
instrumentation prior to, and during, use.  Calibrations are performed at least annually 
and after repair.  Field instrument checks will verify instrument response and will be 
performed at the beginning and end of each day, at a minimum.  All calibrations will be 
done with National Institute of Standards and Technology (NIST)-traceable sources 

 Perform radiation surveys at IR-03 to monitor for contamination and to prevent the 
unwanted spread of contamination beyond the site boundaries 

 Perform radiation exposure surveys of the thermal treatment system granular activated 
carbon canisters and above ground storage tanks to ensure operating personnel exposures 
due to radon buildup are ALARA 

 Perform field screening surveys of all soil cuttings and cores from borings, in accordance 
with Cabrera SOP OP-001, Rev 2, Radiological Surveys (Cabrera, 2007), to determine if 
sample collection is needed.  Samples will be collected in accordance with Cabrera SOP 
OP-005, Rev 1, Volumetric and Material Sampling (Cabrera 2006) 

 Conduct fully-documented surveys for the release of equipment consisting of 100-percent 
scans of accessible areas for alpha/beta contamination and swipes to ensure that no 
removable contamination is present on equipment before it is released from IR-03 

 Air sample upwind and downwind of all work having the potential for causing fugitive 
dust.  This includes site grubbing to remove large vegetation in preparation for the ISTR 
and ISS activities.  Air sample results will be analyzed onsite for airborne radioactivity 
and compared to NRC effluent concentrations 
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 Periodically analyze samples of liquid influent and liquid effluent from the thermal 
treatment system to characterize radiological content. This will be done to verify 
injection of groundwater is not radiologically enhanced when compared to extracted 
groundwater concentrations. 

 
Radiological Gamma Driveover Survey 
A radiological gamma driveover survey will be conducted as described in the RMMP, Section 
6.12.4.  Following site grubbing, the Cabrera Large Area Scanning System (CLASS) will be 
used to survey the existing radiological surface contamination on IR-03 to augment existing site 
radiological characterization, aid in final siting of the radiological decontamination and control 
areas, and support any required changes in health and safety operations and PPE.  A CLASS 
survey will be performed in 100% of accessible site areas as well as a background reference area 
in accordance with RMMP Section 6.12.4 and Cabrera SOP OP-074, Cabrera Large Area 
Scanning System (CLASS) Setup and Use (Cabrera 2010).  The background reference area data 
will be summarized, cumulative frequency distributions will be developed, and summary 
statistics calculated and provided to RASO for review prior to authorization for use.  The results 
will be used to determine if the planned protective measures are appropriate for work occurring 
at IR-03.  Coverage of the CLASS survey is planned for 100% of site areas, but if portions 
cannot be made accessible for this system, GWS will be performed in accordance with RMMP 
Section 6.12.5. 
 
ON-SITE SURVEYS 
Radiation Surveys 
Radiation surveys (gross gamma or gross beta measurements) will be performed as necessary 
during invasive activities and on IDW to support characterization, personnel protection, and 
contamination control.  The granular activated carbon canister on the thermal treatment system 
will be monitored periodically to ensure personnel exposures due to radon buildup are ALARA.  
Radiation surveys will also be performed on external surfaces of packages and/or conveyances 
prepared for transport in accordance with U.S. Department of Transportation (DOT) regulations 
and/or International Air Transport Association (IATA) requirements. 
 
A Bicron MicroRem meter (or equivalent) will be used for performance of area and material 
dose rate measurements.  A Ludlum 2221 scaler ratemeter (or equivalent) coupled to a Ludlum 
44-10 2” x 2” scintillation detector will be used for gross gamma measurements and detection.  
A Ludlum Model 3 coupled to a Ludlum Model 44-9 Geiger-Mueller (GM) detector (or 
equivalent) will be used for performance of routine frisking.  A Ludlum Model 2224-1 ratemeter 
coupled to a detector capable of measuring alpha and beta radiation, such as the Ludlum Model 
43-93 scintillation detector (or equivalent), will be used for direct surface alpha-beta activity 
measurements and field screening of smears/swipes. 
 
Gross Alpha and Beta/Gamma Removable Surface Contamination Surveys 
Contamination surveys (smears or large area wipes) will be conducted upon arrival/receipt of 
equipment that will enter a Radiological Control Area (RCA) or exclusion zone, prior to removal 
of equipment from an RCA or exclusion zone, on any equipment or materials that required 
decontamination, and following packaging of waste for transport.  Incoming (receipt) and 
outgoing (free release) radiation surveys will be performed on items or equipment containing 
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suspect or potentially contaminated surfaces.  Swipe samples will be collected over a finite 
surface area, ideally 100 square centimeters (100 cm2) and processed using a Ludlum 2929 
alpha/beta scaler coupled to the Ludlum 43-10-1 scintillation detector (or equivalent).   Data are 
reported in units of disintegrations per minute per 100 cm2 (dpm/100 cm2).  Surveys will be 
performed in accordance with Cabrera SOP OP-004, Unconditional Release of Material from 
Radiological Control Areas, Rev 2 (Cabrera 2013).  
 
Air Sampling 
Continuous air sampling at multiple stations will be performed, in accordance with Cabrera SOP 
OP-002, Radioactive Air Sampling and Analysis, Rev 1 (Cabrera, 2013), during performance of 
tasks within the structure to verify adequate work area ventilation.  Effluent discharges will be 
monitored using low-volume air samplers with flow rates of approximately 80 to 100 liters per 
minute (lpm). Air sampling will monitor radiological contaminants to ensure they do not exceed 
the IR-03 annual average air effluent limits along IR-03 boundary.  An air effluent ALARA goal, 
presented on Table 17-1, will be implemented as an administrative and engineering control 
design objective, during the planning and execution of work at the IR-03. 
 
Decontamination  
Radiological decontamination shall be performed using the guidance presented in Cabrera SOP, 
OP-018, Decontamination of Equipment and Tools (Cabrera 2000a) and SOP OP-043, Personnel 
Frisking and Decontamination, Rev 1 (Cabrera 2009). 
 
Control of Radiation Sources 
Sources are controlled, stored, posted, and managed as radioactive material per Cabrera SOP OP-
009, Rev 1, Use and Control of Radioactive Sources (Cabrera 2007).  A source storage location 
shall be selected at the on-site project office, and should consist of a lockable storage cabinet that 
can be secured inside of a lockable room, or equivalent secure area.  The SRSO or his designee 
shall control the keys to the storage cabinet.  When sources are initially placed in the storage 
cabinet, it shall be posted as a Radioactive Materials Area.  An area for the storage and 
operational checks of instruments shall be established, and the use of the sources should be 
restricted to this area. The source storage cabinet shall remain locked while sources are stored in 
it, and sources shall be returned to the storage cabinet immediately after any use. 
 
DATA MANAGEMENT 
Completed, original paper copies of survey records, RWPs, field data, field records, analytical 
data, training records, and other project-specific documentation will be retained in a secured 
location at IR-03 in accordance with Cabrera procedure AP-001, Rev. 0, Record Retention 
(Cabrera 2000b). 
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SAP Worksheet #18: Location-Specific Sampling Methods/SOP Requirements Table 

  

Sample Event Sampling Location / ID 
Number Matrix Depth 

(units) Analytical Group 
Number 

of 
Samples 

Sampling SOP 
Reference1 

1. Soil Borings – CPT/HPT 
 03-EV1-001-GW through 03-

EV1-010-GW 
Groundwater Varies 

VOCs, SVOCs, dissolved metals, 
TPH-extractable, TPH-purgeable, 

PCBs, Cs-127/Ra-226, Sr-90, gross 
a/b, anions, TOC 

10 

1-4, 1-10, 3-1, 3-6, 4-1, 4-2, 
4-5, 4-6, 4-9, 4-10, CPT SOP, 
HPT SOP,   DPT GW SOP, 

Cabrera  OP-005 

2a. Baseline groundwater 
sampling 

03-EV2-001-GW through 03-
EV2-013-GW 

Groundwater Varies 

VOCs, SVOCs, TPH-extractable, 
TPH-purgeable, PCBs, dissolved 

metals, alkalinity, anions, TOC,Cs-
127/Ra-226, Sr-90, gross a/b     

13 

1-2, 1-6, 1-10, 2-1, 2-2, 4-1, 
4-2, 4-3, 4-5, 4-8, 5-1, 

HydraSleeve®,   Cabrera  OP-
005 

2b. Soil Borings – DPT Soils 
– ISTR area 

03-EV2-001-SB through 03-
EV2-060-SB 

Soil 
Varies – high, 

medium, and low 
permeability areas 

VOCs, SVOCs, and total metals (10 
samples only), PCBs, TPH-

extractable, and TPH-purgeable (60 
samples),  TOC and NAPL Mobility 
(18 samples only),  Cs-127/Ra-226,  

Sr-90, gross a/b (as needed) 

60 
1-2, 1-4, 1-10, 2-1, 2-2, 3-1, 

3-5, 3-6, 4-1, 4-2, 4-5, 4-8, 4-
10, 5-1,   Cabrera  OP-005 

2c. Continuous Groundwater 
Level Recording 

N/A Groundwater Varies groundwater elevation 
Readings 
every 15 
minutes 

1-6, 1-10, 4-1, 4-5, 4-8, 5-1, 
Cabrera OP-005 

2d. Groundwater/LNAPL 
LevelRecording 

N/A LNAPL Varies LNAPL elevation 2 1-6 

3a. Soil Borings – DPT Soils 
– ISS area pre-composite 

03-EV3a-006-SB through 03-
EV3a-006-SB 

Soil 
Varies – high, 

medium, and low 
permeability areas 

pH, VOCs, SVOCs, metals, TPH,  
TOC, PCBs,  and SPLP  analyzed 

for pH, TPH-extractable, TPH-
purgeable, VOCs, metals, PCBs,  

Cs-127/Ra-226,  Sr-90, gross a/b (as 
needed) 

6 
1-2, 1-4, 1-10, 2-1, 2-2, 3-1, 

3-5, 3-6, 4-1, 4-2, 4-5, 4-8, 4-
10, 5-1,   Cabrera  OP-005 

3b. ISS Bench Testing – 
composite 
physical/radiological 

03-EV3b-001-SB through 03-
EV3b-002-SB 

Soil NA 

Permeability, grain size, Atterberg 
limits, organic content, bulk density, 
moisture content, NAPL Mobility (3 

samples),  Cs-127/Ra-226,  Sr-90, 
gross a/b (as needed) 

2 
1-2, 2-1, 2-2, 4-1, 4-2, 4-5, 4-

8, 5-1,   Cabrera  OP-005 

3b. ISS Bench Testing – 
composite chemical 

03-EV3b-003-SB through 03-
EV3b-004-SB 

Soil NA 

pH, TPH, VOCs, SVOCs, metals, 
PCBs, and TOC and  SPLP for pH, 
TPH-extractable, TPH-purgeable, 
VOCs, SVOCs, metals, and PCBs 

2 
1-2, 2-1, 2-2, 4-1, 4-2, 4-5, 4-

8, 5-1 

3c. ISS Bench Testing – 
Phase 1a 

03-EV3c-001-SB through 03-
EV3c-015-SB 

Soil NA 
Permeability, bulk density, and 

moisture content  
15 

1-2, 2-1, 2-2, 4-1, 4-2, 4-5, 4-
8, 5-1 

3c. ISS Bench Testing – 
Phase 1b 

03-EV3c-016-SB through 03-
EV3c-017-SB 

Soil NA 

SPLP analyzed for pH, TPH-
extractable, TPH-purgeable, VOCs, 
metals, and PCBs,  Cs-127/Ra-226,  

Sr-90, gross a/b (as needed) 

2 
1-2, 2-1, 2-2, 4-1, 4-2, 4-5, 4-

8, 5-1,   Cabrera  OP-005 
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SAP Worksheet #18: Location-Specific Sampling Methods/SOP Requirements Table Cont. 

 

Sample Event Sampling Location / ID 
Number Matrix Depth 

(units) Analytical Group 
Number 

of 
Samples 

Sampling SOP Reference1 

3d. ISS Bench Testing – 
composite physical/chemical 

Phase 2 

03-EV3d-001-SB through 03-
EV3d-006-SB 

Soil NA 

VOCs, SVOCs, metals, TPH-
extractable, TPH-purgeable, PCBs, 
SPLP for pH, TPH, VOCs, SVOCs, 

metals, PCBs, TOC, NAPL 
saturation,  Cs-127/Ra-226,  Sr-90, 

gross a/b (as needed) 

6 
1-2, 2-1, 2-2, 4-1, 4-2, 4-5, 4-8, 

5-1,   Cabrera  OP-005 

3e. ISS Bench Testing – 
composite physical/chemical 

Phase 3 

03-EV3e-001-SB through 03-
EV3e-002-SB 

Soil NA 

Permeability, bulk density, and 
moisture content and  SDL for pH,  
TPH-extractable, TPH-purgeable, 
VOCs, metals, PCBs, TOC,  Cs-
127/Ra-226,  Sr-90, gross a/b (as 

needed) 

2 
1-2, 2-1, 2-2, 4-1, 4-2, 4-5, 4-8, 

5-1,   Cabrera  OP-005 

4.  ISTR  remediation 
performance sampling – 

water 

03-EV4-001-GW through 03-
EV4-019-GW  

Groundwater NA 
VOCs, TPH-extractable, TPH-

purgeable, PCBs  Cs-137/Ra-226, 
Sr-90, gross a/b  (16 samples only) 

20 
1-2, 1-6, 1-10, 2-1, 2-2, 4-1, 4-2, 

4-3, 4-5, 4-8, 5-1,    Cabrera  
OP-005 

4.  ISTR  remediation 
performance sampling – 

vapor 

03-EV4-001-VP through 03-
EV4-020-VP 

Vapor NA VOCs 20 
1-2, 1-8, 1-10, 2-1, 2-2, 4-1, 4-2, 

4-5, 4-8, 5-1 

4. ISTR remediation 
performance sampling - 

vapor 
Not Applicable Vapor NA VOCs 85 1-10 

5. Post-treatment 
groundwater sampling 

03-EV5-001-GW through 03-
EV5-013-GW (See Table 18-1 

for rationale) 
Groundwater NA 

VOCs, SVOCs, TPH-extractable, 
TPH-purgeable, PCBs, Dissolved 

metals, anions, TOC, and Ra-
226/Cs-137, Sr-90, gross a/b   

13 

1-2, 1-6, 1-10, 2-1, 2-2, 4-1, 4-2, 
4-3, 4-5, 4-8, 5-1, 

HydraSleeve®,    Cabrera  OP-
005 

5a. Post-ISTR soil sampling 
03-EV5a-001-SB through 03-

EV5a-060-SB 
Soil 

Varies – high, 
medium, and low 
permeability areas 

VOCs, SVOCs, and metals (10 
samples only), PCBs, TPH-

extractable, and TPH-purgeable (60 
samples),  NAPL Saturation (18 

samples only), Cs-137/Ra-226, Sr-
90, gross a/b    

60 
1-2, 1-4, 1-10, 2-1, 2-2, 3-1, 3-5, 
3-6, 4-1, 4-2, 4-5, 4-8, 4-10, 5-1,   

Cabrera  OP-005 

5b. Post-ISS soil sampling – 
physical/radiological 

03-EV5b-001-SB through 03-
EV5b-006-SB 

Soil 
Varies – high, 

medium, and low 
permeability areas 

Permeability, grain size, 
compressive strength, bulk density, 

moisture content, and NAPL 
mobility, Cs-137/Ra-226, Sr-90, 

gross a/b   

6 
1-2, 1-4, 1-10, 2-1, 2-2, 3-1, 3-5, 
3-6, 4-1, 4-2, 4-5, 4-8, 4-10, 5-1,   

Cabrera  OP-005 

5b. Post-ISS soil sampling - 
chemical 

03-EV5b-007-SB through 03-
EV5b-013-SB 

Soil NA 

VOCs, SVOCs, metals, TPH-
extractable, TPH-purgeable, PCBs, 
and TOC and SDL for pH, TPH-

extractable, TPH-purgeable, PCBs, 
VOCs, metals, PCBs, TOC and  
SPLP  analyzed for pH, TPH-

extractable, TPH-purgeable, VOCs, 
metals, PCBs 

6 
1-2, 1-4, 1-10, 2-1, 2-2, 3-1, 3-5, 
3-6, 4-1, 4-2, 4-5, 4-8, 4-10, 5-1,   

Cabrera  OP-005 
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Notes: 
1  Standard operating procedure (SOP) or worksheet that describes the sample collection procedures. All SOPs are CDM Smith unless otherwise specified. SOPs are included as Appendix D of the 
Work Plan.
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SAP Worksheet #19.1: Field Sampling Requirements  

 
 

Matrix Analytical Group Analytical and Preparation 
Method / SOP Reference 

Containers 
(number, size, and 

type) 

Sample Volume 
(units) 

Preservation 
Requirements 

(chemical, 
temperature, light 

protected) 

Maximum 
Holding Time1 
(preparation / 

analysis) 

Aqueous TPH-extractable EPA Method 3520/8015D 

Two 1-L amber bottles 
and two additional 

bottles for matrix spike/ 
matrix spike duplicate 

(MS/MSD) 

1-L Cool at 4 + 2°C 
7 days for 

extraction and 40 
days for analysis 

Aqueous TPH-purgeable EPA Method 8015D 

Three 40-mL vials, 
Teflon™ -lined septum 
and six additional vials 

for MS/MSD 

40-mL 
Hydrochloric acid (HCl) 
to pH<2, Cool at 4±2°C 

14 days 

Aqueous VOC EPA Method 8260C 

Three 40-mL vials, 
Teflon™ -lined septum 
and six additional vials 

for MS/MSD 

40-mL 
HCl to pH<2, Cool at 

4±2°C 
14 days 

Aqueous SVOC EPA Method 8270D 
Two 1-L amber bottles 

and two additional 
bottles for MS/MSD 

1-L Cool at 4 + 2°C 
7 days for 

extraction and 40 
days for analysis 

Aqueous PCBs EPA Method 8082 
Two 1-L amber bottles 

and two additional 
bottles for MS/MSD 

1-L Cool at 4 + 2°C 
7 days for 

extraction and 40 
days for analysis 

Aqueous Metals EPA Method 6020 
250-mL HDPE and one 

500-mL bottle for 
MS/MSD 

100-mL 
nitric acid (HNO3) to 

pH<2 
180 days 

Aqueous Mercury EPA Method 7470 
250-mL HDPE and one 

500-mL bottle for 
MS/MSD 

100-mL HNO3 to pH<2 180 days 

Aqueous Anions EPA Method 300 

One 250-mL HDPE 
bottle and two 250-mL 

HDPE bottle for 
MS/MSD 

200-mL Cool at 4 + 2°C 48 hours 

Aqueous Alkalinity EPA Method 310.1 
250-mL HDPE and one 

500-mL bottle for 
MS/MSD 

100-mL Cool at 4 + 2°C 14 days 

Aqueous Strontium-90 
EPA Method 905 Mod 

SOP ST-RC-0050 
One 1-L poly/glass 1-L HNO3 to pH<2 6 months 

Aqueous Cesium-137 (Gamma isotopes) 
EPA Method 901.1 Mod 

SOP ST-RD-0102 
One 1-L poly/glass 1-L HNO3 to pH<2 6 months 
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SAP Worksheet #19.1: Field Sampling Requirements Cont.  
  

Matrix Analytical Group Analytical and Preparation 
Method / SOP Reference 

Containers 
(number, size, and 

type) 

Sample Volume 
(units) 

Preservation 
Requirements 

(chemical, 
temperature, light 

protected) 

Maximum 
Holding Time1 
(preparation / 

analysis) 

Aqueous TOC EPA Method 9060A 

Two amber 40-mL 
VOAs and two amber 
40-mL VOAs for the 

MS/MSD 

80-mL 
H2SO4 to pH<2, Cool at 

4±2°C 
28 days 

Aqueous Radium-226 
EPA Method 903.0 Mod 

SOP ST-RD-0403 
One 1-L poly/glass 1-L HNO3 to pH<2 6 months 

Aqueous Gross alpha and beta EPA Method 900 One 1-L poly 1-L 
HNO3 to pH<2, Cool at 

4±2°C 
6 months 

Solid TPH-extractable EPA Method 8015D One 8oz jar 50 g Cool at 4 + 2°C 
14 days for 

extraction and 40 
days for analysis 

Solid TPH-purgeable EPA Method 8015D 

Three 5 g Terra Core 
Containers and six 

additional Terra Cores 
for the MS/MSD 

5 g 
Cool at 4 + 2°C or freezer 

to <-7°C 

48 hours in Terra 
Cores, 14 days if 
transferred within 
48 hours into 1) 
volatile organic 
analysis (VOA) 

vials with sodium 
bisulfate and cooled 
to 4±2ºC, 2) VOA 
vials and frozen to 
< -7oC, or 3) VOA 

Vials with methanol 
and cooled to 4±2ºC 

Solid VOC EPA Method 8260C 

Three 5 g Terra Core 
Containers and six 

additional Terra Cores 
for the MS/MSD 

5 g 
Cool at 4 + 2°C or freezer 

to <-7°C 

48 hours in Terra 
Cores, 14 days if 
transferred within 
48 hours into 1) 
VOA vials with 
sodium bisulfate 

and cooled to 
4±2ºC, 2) VOA 

vials and frozen to 
< -7oC, or 3) VOA 

Vials with methanol 
and cooled to 4±2ºC 

Solid PCBs EPA Method 8082 One 8 oz jar 30 g Cool at 4 + 2°C None 

Solid Metals EPA Method 6020 One 4 oz jar 5 g None 180 days 
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SAP Worksheet #19.1: Field Sampling Requirements Cont.  
  

Matrix Analytical Group Analytical and Preparation 
Method / SOP Reference 

Containers 
(number, size, and 

type) 

Sample 
Volume 
(units) 

Preservation 
Requirements 

(chemical, temperature, 
light protected) 

Maximum 
Holding Time1 
(preparation / 

analysis) 

Solid Cs-137 and Ra-226 
EPA Method 901.1 Mod/HASL 

300 
SOP ST-RD-0102 

One 250-mL poly/glass 250 - 400 g None 6 months 

Solid TOC Walkley-Black One 4 oz jar 25 g Cool at 4 + 2°C None 

Solid Sr-90 
EPA Method 905 Mod 

SOP ST-RC-0050 
One 250-mL poly/glass 5 g None 6 months 

Solid Permeability ASTM D5084 
2-inch x 6-inch stainless 

steel sleeve 
500 g None None 

Solid Grain Size ASTM D422 Zipper top plastic bag 500 g None None 

Solid Compressive Strength ASTM D2166 
2.5-inch x 3-inch 

stainless steel sleeve 
500 g None None 

Solid 
Atterberg Limit ASTM D4318 Zipper top plastic bag 500 g None None 

Solid NAPL Saturation 
ASTM D425/Dean-Stark 

Extraction 
2-inch x 6-inch stainless 

steel sleeve 
500 g None None 

Solid VOCs SPLP EPA Method 
1312M/8260C 

Three 5 g Terra Core 
Containers and six 

additional Terra Cores 
for the MS/MSD 

5 g Cool at 4 + 2°C or freezer to 
<-7°C 

48 hours in Terra 
Cores, 14 days if 
transferred within 
48 hours into 1) 
VOA vials with 
sodium bisulfate 

and cooled to 
4±2ºC, 2) VOA 

vials and frozen to 
< -7oC, or 3) VOA 

Vials with 
methanol and 

cooled to 4±2ºC 
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SAP Worksheet #19.1: Field Sampling Requirements Cont.  
  

Matrix Analytical Group Analytical and Preparation 
Method / SOP Reference 

Containers 
(number, size, and 

type) 

Sample 
Volume 
(units) 

Preservation 
Requirements 

(chemical, temperature, 
light protected) 

Maximum 
Holding Time1 
(preparation / 

analysis) 

Solid TPH-purgeable SPLP EPA Method 
1312M/8015D 

Three 5 g Terra Core 
Containers and six 

additional Terra Cores 
for the MS/MSD 

5 g Cool at 4 + 2°C or freezer to 
<-7°C 

48 hours in Terra 
Cores, 14 days if 
transferred within 
48 hours into 1) 
VOA vials with 
sodium bisulfate 

and cooled to 
4±2ºC, 2) VOA 

vials and frozen to 
< -7oC, or 3) VOA 

Vials with 
methanol and 

cooled to 4±2ºC   
Solid TPH-extractable SPLP EPA Method 

1312M/8015D 
One 8oz jar 50 g Cool at 4 + 2°C 

14 days for 
extraction and 40 
days for analysis 

Solid Metals SPLP EPA Method 
1312M/6020A 

One 4 oz jar 5 g None 180 days 

Solid VOCs SDL ASTM C1308-08/8260C Three 5 g Terra Core 
Containers and six 

additional Terra Cores 
for the MS/MSD 

5 g Cool at 4 + 2°C or freezer to 
<-7°C 

48 hours in Terra 
Cores, 14 days if 
transferred within 
48 hours into 1) 
VOA vials with 
sodium bisulfate 

and cooled to 
4±2ºC, 2) VOA 

vials and frozen to 
< -7oC, or 3) VOA 

Vials with 
methanol and 

cooled to 4±2ºC   
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SAP Worksheet #19.1: Field Sampling Requirements Cont.  

 
Note: 
1 Maximum holding time is calculated from the time the sample is collected to the time the sample is prepared/extracted. 
 
2 Vapor samples collected in a tedlar bag will be field analyzed with a PID  immediately.

Matrix Analytical Group Analytical and Preparation 
Method / SOP Reference 

Containers 
(number, size, and 

type) 

Sample 
Volume 
(units) 

Preservation 
Requirements 

(chemical, temperature, 
light protected) 

Maximum 
Holding Time1 
(preparation / 

analysis) 
Solid TPH-purgeable SDL ASTM C1308-08/8015D Three 5 g Terra Core 

Containers and six 
additional Terra Cores 

for the MS/MSD 

5 g Cool at 4 + 2°C or freezer to 
<-7°C 

48 hours in Terra 
Cores, 14 days if 
transferred within 
48 hours into 1) 
VOA vials with 
sodium bisulfate 

and cooled to 
4±2ºC, 2) VOA 

vials and frozen to 
< -7oC, or 3) VOA 

Vials with 
methanol and 

cooled to 4±2ºC   
Solid TPH-extractable SDL ASTM C1308-08/8015D One 8oz jar 50 g Cool at 4 + 2°C 14 days for 

extraction and 40 
days for analysis 

Solid Metals SDL ASTM C1308-08/6020A One 4 oz jar 5 g None 180 days 

Air VOCs TO-15 6-L SUMMA® 10 mL None 30 days 

Air VOCs PID  1-L Tedlar Bag Not Applicable Light protected Not Applicable2 
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SAP Worksheet #19.2: Bench-Scale Study Sampling Requirements  

SOIL Method Minimum Mass (g) Container Preservative Holding Time Reporting Limit 

pH EPA 9045 10 Glass Jar None 14 Days 0.1 pH Units 

TPH-extractable EPA 8015D M 
50 Glass Jar None 

14 Days 1 mg/kg 

TPH-purgeable EPA 8015D M 14 Days 5 mg/kg 

VOCs EPA 8260C 15 
3 Terra Core 

Samplers per sample 
1 with Methanol, 2 

with DI water 
14 Days 5.0-50 µg/kg 

Metals EPA 6020A 5 Glass Jar None 6 Months 0.25 mg/kg 

Mercury EPA 7471B 2 Glass Jar None 14 Days 0.02 mg/kg 

PCBs EPA 8082A 30 Glass Jar None 14 Days 12.0-24.0 µg/kg 

TOC Walkley Black 10 Glass Jar None 28 Days 0.01 % 

LIQUID Method Minimum Volume (mL) Container Preservative Holding Time Detection Limit 

pH EPA 9040 20 Poly None 24 Hours 0.1 pH Units 

TPH-extractable* EPA 8015D M 
500 Amber Glass None 

7 Days 0.05 mg/L 

TPH-purgeable* EPA 8015D M 7 Days 0.3 mg/L 

VOCs EPA 8260C 80 VOAs HCl 7 Days 0.5-10 µg/L 

Metals EPA 6020A 50 Amber Glass HNO3 180 Days 1 µg/L 

Mercury EPA 7470A 50 Poly HNO3 180 Days 0.2 µg/L 

PCBs EPA 8082A 250 Amber Glass None 7 Days 2.0-4.0 µg/L 

TOC EPA 9060A 80 Amber Glass H2SO4 28 Days 1 mg/L 

Note:               

*if 1000mL provided, reporting limit will range from 10 to 50 µg/L 



Project-Specific SAP 
IR-03/HPNS Revision No: Final 
San Francisco, CA Revision Date: June 2013 
 

Page 122 of 188 
 

 

SAP Worksheet #20: Field Quality Control Sample Summary Table 

1 
Analysis included for SPLP extract includes, pH, VOCs, TPH-purgeable, TPH-extractable, metals, and PCBs.

 

2 Analysis included for SDL leachate includes, pH, VOCs, TPH-purgeable, TPH-extractable, metals, PCBs, and TOC. 
Notes: 
MS matrix spike  PT proficiency test 
MSD matrix spike duplicate VOA volatile organic analysis 
 

 

Matrix Analytical Group 
No. of 

Sampling 
Locations 

No. of Field 
Duplicates 

No. of 
MS/MSDs 

No. of Field 
Blanks 

No. of 
Equip. 
Blanks 

No. of 
VOA Trip 

Blanks 

No. of PT 
Samples 

Total No. of 
Samples to 

Lab 
Soil VOCs 37 0 4 0 3 0 0 44 

Soil SVOCs 37 0 4 0 3 0 0 44 

Soil Metals 24 1 3 2 3 0 0 33 

Soil 
TPH-extractable,  

TPH-purgeable, PCBs 
140 0 7 0 3 0 0 150 

Soil 
Physical properties 

(various) 
84 0 0 0 0 0 0 84 

Soil TOC 38 4 2 0 0 0 0 44 

Soil NAPL Saturation 18 0 0 0 0 0 0 18 

NAPL NAPL Mobility 27 0 0 0 0 0 0 27 

Groundwater VOCs 56 5 2 2 3 6 0 74 

Groundwater 
TPH-extractable,  

TPH-purgeable, PCBs 
56 5 3 2 3 0 0 69 

Groundwater Ra-226/Cs-137 52 5 2 2 3 0 0 64 

Groundwater SVOCs 36 3 3 2 3 0 0 47 

Groundwater Dissolved metals 36 0 4 0 3 0 0 43 

Groundwater TOC 46 5 3 0 0 0 0 54 

Groundwater Anions 13 2 0 2 0 0 0 14 

Groundwater Alkalinity 13 2 0 2 0 0 0 14 

Soil Vapor VOCs 20 0 0 0 0 0 0 20 

Leachate SPLP1 19 0 0 0 0 0 0 19 

Leachate SDL2 2 0 0 0 0 0 0 2 
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SAP Worksheet #21: Project Sampling SOP References Table 

Reference 
Number Title, Revision Date and / or Number Originating Organization of

Sampling SOP Equipment Type 

Modified for 
Project 
Work? 
(Y/N) 

Comments 

1-2 Sample Custody, Revision 7, January 2012 CDM Smith None N None 

1-4 
Subsurface Soil Sampling,  Revision 7, January 

2012 
CDM Smith Section 4.0 of the SOP N 

TerraCores will be used 
during sampling. SOP 

includes hot soil sampling. 

1-6 
Water Level Measurement,  Revision 8, January 

2012 
CDM Smith Section 4.0 of the SOP N None 

1-8 
Volatile Organic Compound Air Sampling using 

USEPA Method TO-15 with SUMMA® 
Canister,  Revision 7, January 2012 

CDM Smith Section 4.0 of the SOP N None 

1-10 
Field Measurement of Total Organic Vapors,  

Revision 6, January 2012 
CDM Smith Section 4.0 of the SOP N A PID will be utilized 

1-12a 
Low-Stress (Low-Flow) Groundwater Sampling, 

Revision 1, January 2012 
CDM Smith Section 4.0 of the SOP Y 

Hot groundwater samples 
will be collected with a 

bladder pump or peristaltic 
pump or HydraSleeve. 

2-1 
Packing and Shipping of Environmental Samples,  

Revision 5, January 2012 
CDM Smith Section 1.3 of the SOP Y 

Vermiculite will not be 
used to pack samples 

2-2 
Guide to Handling of Investigation-Derived 

Waste,  Revision 7, January 2012 
CDM Smith Section 4.0 of the SOP N None 

3-1 Geoprobe® Sampling,  Revision 6, January 2012 CDM Smith Section 4.0 of the SOP N None 

3-5 Lithologic Logging,  Revision 8, January 2012 CDM Smith Section 4.0 of the SOP N None 

3-6 
Underground Utility Location,  Revision 1, 

January 2012 
CDM Smith Subcontractor Provided N None 

4-1 
Field Logbook Content and Control,  Revision 7, 

January 2012 
CDM Smith None N None 

4-2 
Photographic Documentation of Field Activities,  

Revision 8, January 2012 
CDM Smith Camera N None 

4-3 
Well Development and Purging,  Revision 6, 

January 2012 
CDM Smith Section 4.0 of the SOP N None 

4-4 
Design and Installation of Monitoring Wells in 

Aquifers,  Revision 7, January 2012 
CDM Smith Section 4.0 of the SOP N None 

NA 
HydraSleeve SOP: Sampling Ground Water with 

a HydraSleeve 
GeoInsight Page 4 N None 
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SAP Worksheet #21: Project Sampling SOP References Table Cont. 

Notes: 
SOPs are included as Appendix D of the Work Plan. 
a Hot groundwater will be cooled with a copper coil submerged in a ice bath  during well purging and sampling. 
  

Reference 
Number Title, Revision Date and / or Number Originating Organization of

Sampling SOP Equipment Type 

Modified for 
Project 
Work? 
(Y/N) 

Comments 

4-5 
Field Equipment Decontamination at 

Nonradioactive Sites,  Revision 9, January 2012 
CDM Smith Section 4.0 of the SOP N None 

4-6 
Hydraulic Conductivity Testing,  Revision 4, 

January 2012 
CDM Smith Section 4.0 of the SOP N None 

4-8 
Environmental Data Management,  Revision 2, 

January 2012 
CDM Smith None Y 

Navy’s NEDD NIRIS 
requirements apply 

4-9 
Aquifer Performance Tests, Revision 1, January 

2012 
CDM Smith Section 4.0 of the SOP N None 

4-10 
Borehole and Well Decommissioning,  Revision 

1, January 2012 
CDM Smith Section 4.0 of the SOP N None 

5-1 
Control of Measurement and Test Equipment,  

Revision 9, January 2012 
CDM Smith None Y 

A PID, FID, flow through 
cell, and dust meter will be 

utilized 

NA 
Geoprobe® Hydraulic Profiling Tool System, 

March 2007 
Geoprobe Systems Section 3 of the SOP N None 

NA 
Standard Operating Procedure: Sampling Ground 

Water with a HydraSleeve, 2010 
GeoInsight HydraSleeves® N None 

OP-002 Air Sampling and Analysis, Rev 0, January 2000 Cabrera Air samplers N OP-002 

OP-004 Unconditional Release of Material from Radiological 
Control Areas, Rev 1, July 2005 Cabrera All potentially 

contaminated equipment N OP-004 

OP-005 Volumetric and Materials Sampling, Rev 1, June 2006 Cabrera Survey equipment N OP-005 

OP-018 Decontamination of Equipment and Tools, Rev 0, 
January 2000 Cabrera All potentially 

contaminated equipment N OP-018 
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SAP Worksheet #22: Field Equipment Calibration, Maintenance, Testing, and Inspection Table 
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Field 
Equipment Activity Frequency Acceptance 

Criteria Corrective Action Resp. Person SOP Reference Comments 

PID 
Calibration, verification, 
testing, and maintenance 

Daily before taking 
first measurement 

Within 
manufacturer’s 
recommend value 

According to 
Manufacturer’s 
instructions 

Field personnel 
CDM Smith SOP 1-10 and 
5-1 

PID usage per APP 
requirements in 
addition to field 
screening purposes 

Flow through meter 
Calibration, verification, 
testing, and maintenance 

Daily before taking 
first measurement 

Within 
Manufacturer’s 
recommended value 

According to 
Manufacturer’s 
instructions 

Field personnel  
CDM Smith SOP 1-12, 4-3, 
and 5-1 

None 

Water level meter 
and interface probe 

Calibration check against 
other depth to water/NAPL 
measurement equipment 

Once per field event Within 0.05 feet Replace inaccurate meter Field personnel None 

Check will be 
performed to ensure 
accuracy between 
meters and probes. 

Turbidity meter Calibration check 
Daily before taking 
first measurement 

Within 
Manufacturer’s 
recommended value 

According to 
Manufacturer’s 
instructions 

Field personnel  None None 

Portable dust 
monitor 

Calibration check 
Daily before taking 
first measurement 

Within 
Manufacturer’s 
recommended value 

According to 
Manufacturer’s 
instructions 

Field personnel  None 

Dust levels will be 
monitored to 
determine if the 
appropriate PPE is 
being utilized 

2929/43-10-1 
(or equivalent) 

1. Calibrate at 
manufacturer featuring 
NIST traceable 
standards 
 

2. Operational checks and 
verifications (QC) 

1. Annually 
 

2. Daily 

1. Pass/Fail 
 

2. +/- 2 sigma of 
baseline 
response 
criteria 
(investigate) 
or +/- 3 sigma 
(fail) 

1. If recalibration 
fails, instruments 
are retained for 
repair by 
instrument vendor 
 

2. If QC fails, 
instruments are 
placed OOS and 
RTL is notified.  
Instruments may 
be sent to vendor 
for repair.  Data 
collected with 
instrument since 
previous QC 
check will be 
reviewed. 

RCT/RTL 

Cabrera   OP-021 None 

2360/43-93 
(or equivalent) 

Cabrera  OP-020 None 

2221/43-20 
(or equivalent) 1. Pass/Fail 

 
2. +/- 20%of 

baseline 
response 
criteria 

Cabrera  OP-020 None 

Model 19 
(or equivalent) 

Cabrera OP-020 None 

3/44-9 
(or equivalent) 

Cabrera  OP-020 None 

CLASS NaI(Tl) 
detectors 

1. Pass/Fail 
2. +/- 2 sigma of 

baseline 
response 
criteria 
(investigate) or 
+/- 3 sigma 
(fail) 

Cabrera  OP-074 None 
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SAP Worksheet #22: Field Equipment Calibration, Maintenance, Testing, and Inspection Table Cont. 
Field 

Equipment Activity Frequency Acceptance 
Criteria Corrective Action Resp. Person SOP Reference Comments 

FID 
Calibration, verification, 
testing, and maintenance 

Daily before taking 
first measurement 

Within 
manufacturer’s 
recommend value 

According to 
Manufacturer’s 
instructions 

Field personnel 
CDM Smith SOP 1-10 and 
5-1 

FID to be used for 
soil core screening 

High/Low Volume 
Air Sampler 

 
BZ Air Sampler 

 
(or equivalent) 

1. Calibrate at 
manufacturer 
featuring 
manufacturer air flow 
acceptance standards 
and equipment 
 

2.  Operational checks 
and verifications (QC) 

1. Annually 
 

2. Daily 
Pass/Fail 

If QC fails, then 
instruments are placed 
OOS and RTL is notified.  
Instruments may be sent 
to vendor for 
repair/exchange. 

RCT/RCL Cabrera OP-002 None 

 
Notes:  
Calibration, maintenance, testing, and inspection activities will be recorded in the field logbook. SOPs are included in Appendix D of the Work Plan. 
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SAP Worksheet #23: Analytical SOP References Table 

Reference 
Number 

Title, Revision Date, 
and/or Number 

Definitive or Screening 
Data 

Analytical Group Instrument Organization Performing 
Analysis 

Modified for Project 
Work? 
(Y/N)

LP-3 Automated Liquid-Liquid 
Extraction (EPA 3520) of 
Aqueous Samples for EPA 

8270 SEMIVOLATILE 
ORGANIC COMPOUNDS; 

rev 17 

Definitive Liquid Preparation for 
Semivolatile Organic 

Compounds 

NA C&T N 

LP-4 Sonication Extraction (EPA 
3550) of Soil Samples for 

EPA 8270 
SEMIVOLATILE 

ORGANIC COMPOUNDS; 
rev 12 

Definitive Solid Preparation for 
Semivolatile Organic 

Compounds 

NA C&T N 

LP-10 Automated Liquid-Liquid 
Extraction (EPA 3520) of 

Water Samples for 
POLYCHLORINATED 

BIPHENYLS (PCBs) For 
GC-ECD Methods EPA 608 

and EPA 8082; rev 10 

Definitive Liquid Preparation for 
PCBs 

NA C&T N 

LP-11 SONICATION 
EXTRACTION (EPA 

3550) of SOIL SAMPLES 
POLYCHLORINATED 
BIPHENYLS (PCBs)For 
GC-ECD Method EPA 

8082; rev 9 

Definitive Solid Preparation for PCBs NA C&T N 

LP-12 Automated Liquid-Liquid 
Extraction (EPA 3520) of 

Water Samples for 
TOTAL EXTRACTABLE 

HYDROCARBONS 
(TEH); rev 13 

Definitive Liquid Preparation for TEH NA C&T N 

LP-13 Sonication Extraction EPA 
3550 of Soil Samples for 

TOTAL EXTRACTABLE 
HYDROCARBONS 

(TEH); rev 0 

Definitive Solid Preparation for TEH NA C&T N 
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SAP Worksheet #23: Analytical SOP References Table Cont. 

  

Reference 
Number 

Title, Revision Date, 
and/or Number 

Definitive or Screening 
Data 

Analytical Group Instrument Organization Performing 
Analysis 

Modified for Project 
Work? 
(Y/N)

LP-14 Preparation of Water  
Samples for TOTAL 

EXTRACTABLE 
HYDROCARBONS (TEH) 

by Separatory Funnel 
Extraction (EPA 3510C) 
For Analysis by GC/FID; 

rev 0 

Definitive Liquid Preparation for TEH NA C&T N 

LP-15 DIGESTION OF 
AQUEOUS SAMPLES 

FOR TOTAL METALS BY 
ICP-MS EPA 200.8 
DIGESTION; Rev 4 

Definitive Liquid Preparation for 
Metals by ICP-MS 

NA C&T N 

LP-17 ACID DIGESTION  
OF SOIL & SOLID 

SAMPLES For Total 
Metals Analysis by ICP-
AES and ICP-MS EPA 

3050B; Rev 9 

Definitive Solid Preparation for Metals 
by ICP and ICP-MS 

NA C&T N 

LA-1 VOLATILE ORGANIC 
COMPOUNDS by GC/MS 

In Soils, Solid Waste, 
Surface & Ground Water by 
EPA 8260B and 8260C and 
in Wastewater by EPA 624; 

Rev 9 

Definitive Volatile Organic 
Compounds (VOC) 

GC/MS C&T N 

LA-2 TVH & MBTEX Purge & 
Trap GC/FID-PID EPA 

8015/ EPA 8021; Rev 15 

Definitive TPH as Gasoline, BTXE GC/FID/PID C&T N 

LA-4 SEMIVOLATILE 
ORGANIC COMPOUNDS 
(Base/Neutrals & Acids by 

GC/MS) 
EPA 8270C 8270D & EPA 

625; Rev 10 

Definitive Semivolatile Organic 
Compounds (SVOC) 

GC/MS C&T N 

LA-7 POLYCHLORINATED 
BIPHENYLS (PCBs)EPA 
8082 & EPA 608; Rev 8 

Definitive PCBs GC/ELCD C&T N 

LA-9 TOTAL EXTRACTABLE 
HYDROCARBONS ‘TEH’ 

by GC/FID Method EPA 
8015B and 8015D; Rev 14 

Definitive TPH as Diesel and Motor 
Oil 

GC/FID C&T N 
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SAP Worksheet #23: Analytical SOP References Table Cont. 
 

 
Notes: Information regarding methods for physical analyses of soil samples are NA to this worksheet and include the following analysis: permeability, grain size, compressive strength, Atterberg limits, 
and NAPL saturation and mobility.

Reference 
Number 

Title, Revision Date, 
and/or Number 

Definitive or Screening 
Data 

Analytical Group Instrument Organization Performing 
Analysis 

Modified for Project 
Work? 
(Y/N)

LA-10 DIGESTION & 
ANALYSIS OF SOLID 

SAMPLES FOR 
MERCURY ANALYSIS 

EPA 7471; Rev 13 

Definitive Mercury in Solids CVAA C&T N 

LA-11 Digestion & Analysis of 
Aqueous Samples for 

MERCURY EPA 7470 / 
EPA 245.1; Rev 13 

Definitive Mercury in Liquids CVAA C&T N 

LA-13 METALS ANALYSIS BY 
ICP-MS EPA 6020 & EPA 

200.8; Rev 6 

Definitive Metals ICP-MS C&T N 

LA-17 ANIONS Ion 
Chromatography Method 

EPA 300.0 and 9056A; Rev 
9 

Definitive Anions IC C&T N 

ST-RC-0050 Low Background Gas Flow 
Proportional 

Counting System Analysis 
Rev. 10, 4/28/10 

Definitive Soil/Water 
90Sr 

Gas Flow Proportional 
Counter (GFPC) 

Test America N 

ST-RD-0102 GammaVision Analysis 
Rev. 6, 07/31/09 

Definitive Soil/Water 
Gamma Isotopes/226Ra 

Gamma Spectrometer Test America N 

ST-RD-0403 Determination of Gross 
Alpha/Beta Activity 

Low Background Gas Flow 
Proportional 

Counting System Analysis 
Rev. 10, 04/28/10 

Definitive Swipe 
Alpha/Beta Isotopes 

GFPC Test America Y 
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SAP Worksheet #24: Analytical Instrument Calibration Table 

Instrument Calibration Procedure 
Frequency of 
Calibration Acceptance Criteria Corrective Action (CA) Person Responsible for 

CA SOP Reference 

 
GC/FID 
Gasoline 
Diesel 

Motor Oil 
 
 
 

Five-point initial 
calibration for all analytes 

Initial calibration prior to 
sample analysis 

Average response - RSD 
for each analyte 20% 

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

LP-12, LP-13, LP-14, LA-
2  

Second Source Calibration 
Verification (ICV) 

Following five-point 
initial calibration 

Each analyte within 20% 
of expected value 

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

Calibration verification 
(CCV) 

Beginning of each 
sequence, after every 

10 samples and at the end 
of the sequence 

Each analyte within  
20% of expected value 

Correct problem then 
repeat initial calibration 

verification and reanalyze 
all samples since last 
successful calibration 

verification 

Department 
manager/Analyst 

Retention time window 
calculated for each analyte

Each initial calibration 
and calibration 
verifications 

 3 times standard 
deviation for each analyte 

retention time from 
72-hour study, or defaults 

listed in SW-846 

Correct problem then 
reanalyze all samples 
analyzed since the last 
retention time check 

Department 
manager/Analyst 

GC/ECD 
PCBs 

 

Five-point initial 
calibration for 1016/1260 

mix 
 

If other Aroclors detected, 
single point calibration 

required with linear range 
designated by 1016/1260 

cal. 

Initial calibration prior to 
sample analysis 

Average response -  RSD 
for each analyte 20% 

or 
linear – least squares 

regression 
r > 0.995 

or 
non-linear – correlation 

coefficient 
r  0.99 

(6 points shall be used for 
second order) 

 

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

LP-10, LP-11, L1-7 

Second-source calibration 
verification 

for 1016/1260 mix 

Once per five-point initial 
calibration 

Mix within 20% of 
expected value 

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

Calibration verification for  
1016/1260 mix and other 
Aroclors when detected 

At beginning of sequence, 
after every 10 samples and 
at the end of the sequence 

All analytes within 20% 
of expected value 

Correct problem then 
repeat initial calibration 

verification and reanalyze 
all samples since last 
successful calibration 

verification 

Department 
manager/Analyst 

Retention time window 
calculated for each analyte

Each initial calibration 
and calibration 
verifications 

 3 times standard 
deviation for each analyte 

retention time from 
72-hour study, or defaults 

listed in SW-846 

Correct problem then 
reanalyze all samples 
analyzed since the last 
retention time check 

Department 
manager/Analyst 
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SAP Worksheet #24: Analytical Instrument Calibration Table Cont. 

Instrument Calibration Procedure 
Frequency of 
Calibration 

Acceptance Criteria Corrective Action (CA) Person Responsible for 
CA 

SOP Reference 

GC/MS 
VOC 

Check of mass spectral ion 
intensities using BFB 

Prior to initial calibration 
and calibration 

verification, every 12 
hours of analysis time 

Refer to criteria listed in 
the method 

Retune instrument and 
verify 

Department 
manager/Analyst 

LA-1, LA-2 

Five-point initial 
calibration for all analytes 

Initial calibration prior to 
sample analysis 

1) SPCCs average RF  
0.30 for chlorobenzene 
and 1,1,2,2,-
tetrachloroethane; > 0.1 
for chloromethane, 
bromomethane, and 1,1-
dichloroethane   
 
2) RSD for RFs for CCC  
30%  and one option 
below: 
 
Option 1: RSD for each 
analyte < 15%; 
 
Option 2: linear least 
squares regression r > 
0.995; 
 
Option 3: non-linear 
regression-coefficient of 
determination (COD) r2 > 
0.99 (6 points shall be 
used for second order) 
 
 
 

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

Second-source calibration 
verification (ICV) 

Following five-point 
initial calibration 

Each analyte within 20% 
of expected value 

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

Calibration verification Daily, before sample 
analysis and every 12 
hours of analysis time 

1) SPCCs average RF  
0.30 for chlorobenzene 
and 1,1,2,2,-
tetrachloroethane; > 0.1 
for chloromethane, 
bromomethane, and 1,1-
dichloroethane  
  

2) % Difference or Drift 
for all target compounds 

and surrogates < 20% 

Correct problem then 
repeat initial calibration 

verification and reanalyze 
all samples since last 
successful calibration 

verification 

Department 
manager/Analyst 
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SAP Worksheet #24: Analytical Instrument Calibration Table Cont. 

  

Instrument Calibration Procedure 
Frequency of 
Calibration 

Acceptance Criteria Corrective Action (CA) Person Responsible for 
CA 

SOP Reference 

GC/MS 
VOC 
(cont) 

Internal Standards 
 
 
 

Each sample and QC Retention time 30 
seconds from retention 

time of the mid-point std. 
in the ICAL. 

 
EICP area within -50% to 
+100% of ICAL mid-point 

std. 

Inspect mass spectrometer 
and GC for malfunctions; 
mandatory reanalysis of 
samples analyzed while 

system was 
malfunctioning 

Department 
manager/Analyst 

 

Retention time window 
calculated for each analyte 

Each sample and QC Relative retention time 
(RRT) of the analyte 

within  0.06 RRT units 
of the RRT 

Correct problem then 
reanalyze all samples 
analyzed since the last 
retention time check 

Department 
manager/Analyst 

GC/MS 
SVOC 

 
 
 

Check of mass spectral ion 
intensities using DFTPP 

Prior to initial calibration 
and calibration 

verification, every 12 
hours of analysis time 

Refer to criteria listed in 
the method 

Retune instrument and 
verify 

Department 
manager/Analyst 

LA-3, LA-4 

Breakdown check and peak 
tailing check 

Prior to initial calibration 
and calibration 

verification, every 12 
hours of analysis time 

Degradation ≤ 20% for 
DDT. Benzidine and 

pentachlorophenol should 
be present at their normal 
responses, and should not 
exceed a tailing factor of 

2. 

Clean injector port, 
change gold seal, clip 

column, reanalyze 

Department 
manager/Analyst 

Five-point initial 
calibration for all analytes 

Initial calibration prior to 
sample analysis 

1) SPCCs RF  0.050    
 
2) RSD for RFs for CCC  
30%  and one option 
below: 
 
Option 1: RSD for each 
analyte < 15%; 
 
Option 2: linear least 
squares regression r > 
0.995; 
 
Option 3: non-linear 
regression-coefficient of 
determination (COD) r2 > 
0.99 (6 points shall be 
used for second order) 
 

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 
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SAP Worksheet #24: Analytical Instrument Calibration Table Cont. 

  

Instrument Calibration Procedure 
Frequency of 
Calibration 

Acceptance Criteria Corrective Action (CA) Person Responsible for 
CA 

SOP Reference 

GC/MS 
SVOC 
(cont.) 

 

Second-source calibration 
verification (ICV) 

Following five-point 
initial calibration 

Each analyte within 20% 
of expected value 

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

 

Calibration verification Daily, before sample 
analysis and every 12 
hours of analysis time 

1) SPCCs average RF  
0.050   
  

2) % Difference or Drift 
for all target compounds 

and surrogates < 20% 

Correct problem then 
repeat initial calibration 

verification and reanalyze 
all samples since last 
successful calibration 

verification 

Department 
manager/Analyst 

 

Internal Standards 
 
 
 

Each sample and QC Retention time 30 
seconds from retention 

time of the mid-point std. 
in the ICAL. 

 
EICP area within -50% to 
+100% of ICAL mid-point 

std. 

Inspect mass spectrometer 
and GC for malfunctions; 
mandatory reanalysis of 
samples analyzed while 

system was 
malfunctioning 

Department 
manager/Analyst 

Retention time window 
calculated for each analyte 

Each sample and QC Relative retention time 
(RRT) of the analyte 

within  0.06 RRT units 
of the RRT 

Correct problem then 
reanalyze all samples 
analyzed since the last 
retention time check 

Department 
manager/Analyst 

ICP-MS 
Metals 

MS tuning sample Daily, prior to initial 
calibration 

Refer to criteria listed in 
the DoD QSM document 

Retune instrument then 
reanalyze tuning solution 

Department 
manager/Analyst 

LP-15, LP-17 

Five-point initial 
calibration for all analytes 

Daily, following tune and 
prior to sample analysis 

Linear regression 
correlation -  coefficient 

r > 0.998 

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

Low-Level Initial 
calibration verification 

(ICV) 
 

Daily after initial 
calibration 

All analytes within 30% 
of expected value 

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

Mid-Level Initial 
calibration verification 

(ICV) 
(second source) 

Daily after initial 
calibration 

All analytes within 10% 
of expected value 

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

Mid-Level Continuing 
Calibration Verification 

(CCV) 
Standard 

After every 10 samples 
and at the end of the 

analysis sequence 

All analyte(s) within 
10% of expected value 

and RSD of replicate 
integrations 

<5% 
 
 

Repeat calibration and 
reanalyze all samples 
since last successful 

calibration verification 

Department 
manager/Analyst 
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SAP Worksheet #24: Analytical Instrument Calibration Table Cont. 

  

Instrument Calibration Procedure 
Frequency of 
Calibration 

Acceptance Criteria Corrective Action (CA) Person Responsible for 
CA 

SOP Reference 

ICP-MS 
Metals  
(cont.) 

Low-Level Continuing 
Calibration Verification 

(CCV) 
Standard 

At the end of the analysis 
sequence 

All analyte(s) within 
20% of expected value 

Repeat calibration and 
reanalyze all samples 
since last successful 

calibration verification 

Department 
manager/Analyst 

 

Calibration blank After every calibration 
verification 

No analytes detected  
LOD 

Correct problem then 
analyze calibration blank 
and previous 10 samples 

Department 
manager/Analyst 

CVAA 
Mercury 

Initial multipoint 
calibration (minimum 5 
standards and a blank) 

Daily initial calibration 
prior to sample analysis 

Linear Regression 
Correlation coefficient 
r 0.995  

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

LA-10, LA-11 

Initial Calibration 
Verification (Second-
source standard) 

Once per initial daily 
multipoint calibration 

Analyte within 
 10% of expected value 

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

Calibration verification After every 10 samples 
and at the end of the 
analysis sequence 

The analyte within 20% 
of expected value 

Correct problem then 
repeat calibration and 
reanalyze all samples 
since last successful 
calibration 

Department 
manager/Analyst 

Calibration blank Once per initial daily 
multipoint calibration 

No analyte detected  
LOD 

Correct problem then 
reanalyze calibration 
blank and all samples 
associated with blank 

Department 
manager/Analyst 

IC 
Anions 

 

 

Initial multipoint 
calibration (minimum 3 
standards and a blank) 

Annually at minimum, or 
more frequently as needed 

Regression Correlation 
coefficient 
r 0.995  

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

LA-17 

Initial Calibration 
Verification (ICV) 
(Second-source)  

Following initial 
calibration 

Analyte within 
 10% of expected value 

Correct problem then 
repeat initial calibration 

Department 
manager/Analyst 

Calibration blank Daily  No analyte detected  RL Correct problem then 
reanalyze calibration 
blank and all samples 
associated with blank 

Department 
manager/Analyst 

Calibration verification Prior to sample analysis, 
after every 10 samples and 
at the end of the sequence 

Analyte within 10% of 
expected value 

Correct problem then 
repeat calibration and 
reanalyze all samples 
since last successful 
calibration 

Department 
manager/Analyst 
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SAP Worksheet #24: Analytical Instrument Calibration Table Cont. 

  

Instrument Calibration Procedure 
Frequency of 
Calibration 

Acceptance Criteria Corrective Action (CA) Person Responsible for 
CA 

SOP Reference 

Gamma Spectrometer 1. Energy calibration 
2. FWHM calibration 
3. Background 

1. Annual 
2. Annual 
3. Monthly 

For Energy and FWHM 
calibration: 
 Within 0.5% or 0.1 KeV 

for all calibration points 
 Within 8% for all 

calibration points 
 Verify with second 

source that always 
contains at least Am-
241, Co-60, and Cs-137 

 Must be ± 10%D for 
each nuclide 

For Background, 
acceptance criterion is 12 
hours 

 Recalibrate 
 Instrument 

maintenance 
 Consult with 

Technical Director 

TestAmerica –St. Louis 
Group Leader 

ST-RD-0102 
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SAP Worksheet #24: Analytical Instrument Calibration Table Cont. 

Notes: Information regarding methods for physical analyses of soil samples are NA to this worksheet and include the following analysis: permeability, grain size, compressive strength, Atterberg limits, 
and NAPL saturation and mobility.  
Laboratory SOPs are included as Appendix C.

Instrument Calibration Procedure 
Frequency of 
Calibration 

Acceptance Criteria Corrective Action (CA) Person Responsible for 
CA 

SOP Reference 

Gas Flow Proportional 
Counter 

 Plateau generation 
and/or verification 

 Discriminator setting 
 Initial long background 

count 
 Mass attenuated 

efficiency calibration 
 Eight source dual/single 

calibration curves 
 

Annual  Plot efficiencies vs. 
masses 

 Calculate equation of 
curve –degree ≤3 

 Remove outliers >15% 
deviation from 
theoretical values but 
not more than 20% of 
total points 

 Calculate coefficient of 
determination (R^2). 
R^2 must be ≥0.9 

 Verify calibration with 
second source standard 
count – must be within 
30 percent of true 
value and mean across 
all detectors <10% 

 Recalibrate 
 Instrument 

maintenance 
Consult with Technical 
Director 

TestAmerica –St. Louis 
Group Leader 

ST-RD-0403 
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SAP Worksheet #25: Analytical Instrument and Equipment Maintenance, Testing, Inspection Table 
 

Instrument/ 
Equipment 

Maintenance 
Activity 

Testing Activity Inspection Activity Frequency 
Acceptance 

Criteria 
Corrective Action 

Responsible 
Person SOP Reference 

GC/FID 
Diesel 

 
 

Change septa and 
liner, clean injection 

port, clip column 

Analyze CCV  Daily for 
Preventative 
Maintenance 

CCV passes criteria Reinspect injection 
port, cut additional 
column, reanalyze 
CCV, recalibrate 

instrument 

Analyst or 
Department 

Manager  

LP-12, LP-13, LP-
14 

GC/FID 
Gasoline 

Change septa and 
liner, clean injection 

port, clip column 

Analyze CCV  After sample foam 
over or high level 
sample analyzed 

CCV passes criteria Reinspect injection 
port, cut additional 
column, reanalyze 
CCV, recalibrate 

instrument 

Analyst or 
Department 

Manager  

LA-2 

GC/FID 
Gasoline 

Change Trap Analyze CCV   When responses 
start to drop or after 
a foam over sample 

CCV passes criteria Rebake trap, replace 
trap, reanalyze 

CCV, recalibrate 

Analyst or 
Department 

Manager  

LA-2 

GC/FID 
Diesel 

Clean Syringe   Weekly for 
preventative 
maintenance 

No residue on 
plunger, plunger 

moves freely 

Replace syringe Analyst or 
Department 

Manager  

LP-12, LP-13, LP-
14 

GC/FID 
Gasoline and Diesel 

Column Analyze ICAL  When ICAL won’t 
pass 

ICAL passes criteria Rebake column, 
flush column 

Analyst or 
Department 

Manager  

LA-2, LP-12, LP-
13, LP-14 

GC/ECD 
PCBs 

Change septa and 
liner, clean injection 

port, clip column 

Analyze CCV 
and/or PEM 

 Daily for 
Preventative 
Maintenance 

CCV and/or PEM 
passes criteria 

Reinspect injection 
port, cut additional 
column, reanalyze 
CCV, recalibrate 

instrument 

Analyst or 
Department 

Manager  

LP-10, LP-11, LA-7

GC/ECD 
PCBs 

Clean Syringe  No residue on 
plunger, plunger 

moves freely 

Weekly for 
preventative 
maintenance 

CCV passes criteria Replace syringe Analyst or 
Department 

Manager  

LP-10, LP-11, LA-7

GC/ECD 
PCBs 

Bake out detectors  Background levels 
decrease 

Every 3 months for 
preventative 
maintenance 

CCV passes, blanks 
clean 

Rebake out 
detector, recalibrate,  

replace detector 

Analyst or 
Department 

Manager  

LP-10, LP-11, LA-7

GC/ECD 
PCBs 

Prime System with 
high level CCV 

Analyze PEM  Whenever 
maintenance 

performed on the 
system 

PEM passes Run another Primer Analyst or 
Department 

Manager  

LP-10, LP-11, LA-7

GC-MS 
VOC 

Change Trap Analyze CCV   When responses 
start to drop or after 
a foam over sample 

CCV passes criteria Rebake trap, replace 
trap, reanalyze 

CCV, recalibrate 

Analyst or 
Department 

Manager  

LA-1, LA-2 

GC-MS 
VOC 

Backflush Purge 
and Trap Lines 

Analyze CCV  CCV won’t pass, 
foam over sample, 
high level sample 

analyzed 

CCV passes criteria, 
Blank clean 

Backflush lines 
again, replace lines, 

recalibrate 

Analyst or 
Department 

Manager  

LA-1, LA-2 
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SAP Worksheet #25: Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table Cont. 
 

Instrument/ 
Equipment 

Maintenance 
Activity 

Testing Activity Inspection Activity Frequency 
Acceptance 

Criteria 
Corrective Action 

Responsible 
Person 

SOP Reference 

GC-MS 
VOC 

Change septa and 
liner, clean injection 

port, clip column 

Analyze CCV  After sample foam 
over or high level 
sample analyzed 

CCV passes criteria Reinspect injection 
port, cut additional 
column, reanalyze 
CCV, recalibrate 

instrument 

Analyst or 
Department 

Manager  

LA-1, LA-2 

GC-MS 
SVOC 

Change septa and 
liner, clean injection 

port, clip column 

Analyze CCV  Daily for 
Preventative 
Maintenance 

CCV passes criteria Reinspect injection 
port, cut additional 
column, reanalyze 
CCV, recalibrate 

instrument 

Analyst or 
Department 

Manager  

LP-3, LP-4 

GC-MS 
SVOC 

Clean Syringe  No residue on 
plunger, plunger 

moves freely 

Weekly for 
preventative 
maintenance 

CCV passes criteria Replace syringe Analyst or 
Department 

Manager  

LP-3, LP-4 

GC-MS 
VOC and SVOC 

Change Column Recalibrate  ICAL won’t pass, 
loss of peak 

resolution, first 
analyte lost in 
solvent peak 

ICAL passes Recondition 
column, flush 

column, replace 
column 

Analyst or 
Department 

Manager  

LA-1, LA-2, LP-3, 
LP-4 

GC-MS 
VOC and SVOC 

Clean Ion Source Recalibrate  Tune won’t pass, 
filaments burned 

out, changing 
column, ICAL 

won’t pass 

ICAL passes Change column, 
replace parts 

Analyst or 
Department 

Manager  

LA-1, LA-2, LP-3, 
LP-4 

GC-MS 
VOC and SVOC 

Change rough pump 
oil 

 Brown and cloudy Every 6 months for 
preventative 
maintenance 

  Analyst or 
Department 

Manager  

LA-1, LA-2, LP-3, 
LP-4 

ICP-MS 
Metals 

Replace peristaltic 
pump tubing 

Analyze tune check Yellow, discolored, 
or cracked 

Daily Passes RSD criteria Retune and 
recalibrate 

Analyst or 
Department 

Manager  

LP-15, LP-17 

ICP-MS 
Metals 

Clean nebulizer, 
spray chamber, and 

torch 

Analyze CCV  When CCV failing 
criteria 

CCV passes criteria Replace parts, 
recalibrate 

Analyst or 
Department 

Manager  

LP-15, LP-17 

ICP-MS 
Metals 

Clean cone Analyze CCV  CCV fails criteria, 
low response, 
distorted peak 
shape, vacuum 

pressure increases 

CCV passes criteria, 
response increases, 

peak shape 
improves, pressure 

decreases 

Replace, recalibrate Analyst or 
Department 

Manager  

LP-15, LP-17 

ICP-MS 
Metals 

Clean extraction 
lens and Einzel lens 

assembly 

Analyze Tune  Tune won’t pass, 
ion signal unstable 

Instrument will tune Replace parts Analyst or 
Department 

Manager  

LP-15, LP-17 

ICP-MS 
Metals 

Lubricate 
autosampler tracks 

 Build-up visible on 
tracks 

Every 6 months Tracks clean Replace tracks Analyst or 
Department 

Manager  

LP-15, LP-17 
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SAP Worksheet #25: Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table Cont. 
 

Instrument/ 
Equipment 

Maintenance 
Activity 

Testing Activity Inspection Activity Frequency 
Acceptance 

Criteria 
Corrective Action 

Responsible 
Person 

SOP Reference 

ICP-MS 
Metals 

Replace vacuum 
pump oil 

  Every 6 months   Analyst or 
Department 

Manager  

LP-15, LP-17 

CVAA 
Mercury 

Replace pump 
windings 

Analyze ICAL  Cracked or leaking ICAL and CCVs 
pass criteria 

Replace again Analyst or 
Department 

Manager  

 

CVAA 
Mercury 

Clean drying tube Analyze ICAL  Glass has a yellow 
color 

ICAL and CCVs 
pass criteria 

Replace Analyst or 
Department 

Manager  

LA-10, LA-11 

CVAA 
Mercury 

Clean gas-liquid 
separator 

Analyze ICAL  Appears smudged 
or dirty 

ICAL and CCVs 
pass criteria 

Replace Analyst or 
Department 

Manager  

LA-10, LA-11 

CVAA 
Mercury 

Replace lamp Analyze ICAL  Voltage reaches 
15mV 

ICAL and CCVs 
pass criteria 

Replace, call for 
service 

Analyst or 
Department 

Manager  

LA-10, LA-11 

IC 
Anions 

 

Clean the column Analyze ICAL  Retention times 
decrease, peak 
shape or areas 

change 

Retention times 
increase to expected 
values, peak shape 
improves, ICAL 
passes criteria 

Replace column Analyst or 
Department 

Manager  

LA-17 

GFPC 1. Clean instrument 
2. Inspect windows 
3. QA check 

1. Physical check 
2. Background and 
source count 

1. Physical check 
2. Check deviation 

1. Daily 
2. High counts 
and/or background 

1. None applicable 
2. No physical 
defects 
3. Within 3 sigma 
of 20 day 
population 

 Recalibrate 
 Instrument 

maintenance 
 Consult with 

Technical 
Director 

TestAmerica –St. 
Louis Group Leader 

/ Analyst 

ST-RD-0403 

Gamma 1. Clean cave; fill 
dewar with N2 
2. QA check 

1. Physical check 
2. Background and 
source count 

1. Physical check 
2. Check deviation 

1. Weekly 
2. Daily 

1. Acceptable 
background 
2. Within 3 sigma 
of measured 
population 

 Recalibrate 
 Instrument 

maintenance 
Consult with 
Technical Director 

TestAmerica –St. 
Louis Group Leader 

/ Analyst 

ST-RD-0102 

Notes: Information regarding methods for physical analyses of soil samples are NA to this worksheet and include the following analysis: permeability, grain size, compressive strength, Atterberg limits, 
and NAPL saturation and mobility. 
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SAP Worksheet #26: Sample Handling System 

 

SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

Sample Collection (Personnel/Organization): Andrew Greazel, Mike Lamar, Ryan Wood, and Andrew Thompson (CDM Smith); Jim Reese 
(CIJV) 

Sample Packaging (Personnel/Organization):  Andrew Greazel, Mike Lamar, Ryan Wood, and Andrew Thompson (CDM Smith); Jim Reese 
(CIJV) 

Coordination of Shipment (Personnel/Organization):  Andrew Greazel, Mike Lamar, Ryan Wood, and Andrew Thompson (CDM Smith); Jim 
Reese (CIJV) 

Type of Shipment/Carrier: Commercial Carrier or courier 

SAMPLE RECEIPT AND ANALYSIS 

Sample Receipt (Personnel/Organization): Andrew Thompson/CDM Smith, John Goyette/C&T 

Sample Custody and Storage (Personnel/Organization): Andrew Thompson/CDM Smith,  John Goyette/C&T 

Sample Preparation (Personnel/Organization): Laboratory Technician/CDM Smith,  John Goyette/C&T 

Sample Determinative Analysis (Personnel/Organization):  Laboratory Technician/CDM Smith,  John Goyette/C&T 

SAMPLE ARCHIVING 

Field Sample Storage (No. of days from sample collection): John Goyette/C&T   

Sample Extract/Digestate Storage (No. of days from extraction/digestion):  John Goyette/C&T 

Biological Sample Storage (No. of days from sample collection): NA 

SAMPLE DISPOSAL 

Personnel/Organization:  John Goyette/C&T 

Number of Days from Analysis:  John Goyette/C&T 
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SAP Worksheet #27: Sample Custody Requirements 
Field Sample Custody Procedures (sample collection, packaging, shipment, and delivery to 
laboratory): 
Packaging will be performed according to CDM SOP 2-1, Packing and Shipping of 
Environmental Samples (Attachment A). To maintain a record of sample collection transfer 
between field personnel, shipment, and receipt by the laboratory, the applicable sample chain-of-
custody paperwork (CDM SOP 1-2 [Attachment A]) is completed for each shipment (i.e., cooler) 
of packed sample jars. The field member performing the sampling is responsible for the care and 
custody of the samples collected until they are transferred to the laboratory. The chain-of-
custody report is employed as physical evidence of sample custody. CDM Smith personnel 
relinquishing the samples will sign the chain-of-custody when submitted to the overnight carrier. 
 
Samples will be shipped from the field directly to each laboratory via FedEx or an equivalent 
overnight carrier. Samples will be shipped from the field the same day they are collected unless 
unforeseen circumstances prevent shipping. All courier receipts and/or paperwork associated 
with the shipment of samples will serve as a custody record for the samples while they are in 
transit from the field to the laboratory. Custody seals should remain intact during this transfer. 
Coolers are secured with nylon fiber tape and at least two custody seals are placed across cooler 
openings. Since custody forms are sealed inside the sample cooler and custody seals remain 
intact, commercial carriers are not required to sign the chain-of-custody form. Examples of 
custody seals are included in CDM SOP 1-2 (Attachment A). 
 
Laboratory Sample Custody Procedures (receipt of samples, archiving, and disposal): 
Laboratory custody procedure requirements are described in the contracted laboratories’ SOPs. C 
& T uses Laboratory Information Management System (LIMS) to track sample custody from 
login through analysis. Laboratory sample login and custody are described in their SOPs Sample 
Receiving and Logging Samples into LIMS included in Appendix C.  
 
Sample Identification Procedures: 
Field crews will use an alphanumeric coding system to label each sample collected. Samples will 
be labeled according to CDM Technical SOP 1-2, included in the SAP (Appendix A). A unique 
number code to indicate the sampling location will identify each sample using the procedure 
described here. Sample IDs will have the format of VV-EVW-XYY-ZZ where VV is the IR site 
number ”03”; EVW is the event number; X is the target boring area within a specific event (0 or 
1); YY is the sample number (01-99) that begins with 01 at the start of each separate boring area 
each event; and ZZ is the sample matrix “SB” for a soil sample, “GW” for groundwater, and 
“SV” for soil vapor. 
 
For the sample ID 03-EV2-001-GW: 
03 = IR Site 03 
EV2 = event 2 
001 = first sample collected 
GW = groundwater sample 
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For the sample ID 03-EV2-101-SB 
03 = IR Site 03 
EV2 = event 2 
101 = first sample collected in the ISS treatment area 
SB = soil sample 
 
For the sample ID 03-EV5-003-SB 
03 = IR Site 03 
EV2 = event 5 
003 = third sample collected in the ISTR treatment area 
SB = soil sample 
 
QC sample identifiers will be assigned a unique sample number (XYY) and the type of QC 
sample will be noted in the field logbook only to ensure they are submitted as “blind” samples to 
the laboratory. QC samples include field duplicates, field blanks, trip blanks, 
rinsate blanks, and source blanks. 
 
Chain-of-custody Procedures: 
Field staff will follow CDM SOP 1-2, Sample Custody (Attachment A), for chain-of-custody 
procedures. 
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SAP Worksheet #28.1: Laboratory QC Samples Table for TPH-purgeable 
 

 
 
 
 
 
 
 
  

Matrix:  Water 

Analytical Group TPH-purgeable 

Analytical Method/ SOP Reference:  
Analytical Organization  

EPA 8015DLA-2  
Curtis & Tompkins, Ltd. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement Performance 

Criteria 

Method Blank 
One per every 

analytical 
/preparation batch 

No analytes > ½ RL 
or > 1/10 the amount 

measured in any 
sample. For common 

laboratory 
contaminants, no 

analytes detected > 
the RL. 

Correct problem then reprepare and 
reanalyze method blank and all 
affected samples in the batch 

Analyst / Department 
Manager 

Representativeness 

No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 

analytes detected > the RL. 

Laboratory Control 
Sample (LCS) or 
LCS/Laboratory 
Control Sample 

Duplicate (LCSD) 
pair if insufficient 

sample for MS/MSD 

One LCS or 
LCS/LCSD pair 

per analytical 
/preparation batch 

See control limits 
table for acceptance 

criteria 

Correct problem, then re-extract and 
reanalyze the LCS and all associated 

batch samples in accordance with 
DoD QSM requirements.   

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

MS/MSD 
One MS/MSD per 
every 20 project 

samples per matrix 

See control limits 
table for acceptance 

criteria 

Identify problem; if not related to 
matrix interference, re-extract and 

reanalyze MSS and MS/MSD 

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

Surrogates 
Every sample and 

QC 

See control limits 
table for acceptance 

criteria 

Correct problem then reprep and 
reanalyze the samples for failed 
surrogates, if sufficient sample 
material is available. If obvious 

chromatographic interference with 
surrogate is present, reanalysis may 

not be necessary. 

Analyst / Department 
Manager 

Accuracy 
See control limits table for 

acceptance criteria 
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SAP Worksheet #28.1: Laboratory QC Samples Table for TPH-purgeable Cont. 
 
CONTROL LIMITS 

 
  
  

Analyte CAS number Water Control 
Limits (%) 

Water Relative 
Percent 

Difference 
(RPD) Limits 

(%) 

Soil Control Limits (%) Soil RPD 
Limits (%) 

Gasoline C6-C10 8006-61-9  30  30 

Surrogate 
     

Trifluorotoluene 98-08-8     

Bromofluorobenzene 460-00-4     
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SAP Worksheet #28.2: Laboratory QC Samples Table for Polychlorinated Biphenyls 
 

  

Matrix:  Water 

Analytical Group:  Polychlorinated Biphenyls (PCBs) 

Analytical Method/ SOP Reference 
Analytical Organization:  

EPA 8082A/LA-7 
Curtis & Tompkins, Ltd. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement Performance 

Criteria 

Method Blank 
One per every 

analytical 
/preparation batch 

No analytes > ½ RL 
or > 1/10 the amount 

measured in any 
sample. For common 

laboratory 
contaminants, no 

analytes detected > 
the RL. 

Correct problem then re-extract and 
reanalyze method blank and all 
affected samples in the batch 

Analyst / Department 
Manager 

Representativeness 

No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 

analytes detected > the RL. 

LCS or LCS/LCSD 
pair if insufficient 

sample for MS/MSD 

One LCS or 
LCS/LCSD pair 

per analytical 
/preparation batch 

See control limits 
table for acceptance 

criteria 

Correct problem, then re-extract and 
reanalyze the LCS and all associated 

batch samples in accordance with 
DoD QSM requirements.   

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

MS/MSD 
One MS/MSD per 
every 20 project 

samples per matrix 

See control limits 
table for acceptance 

criteria 

Identify problem; if not related to 
matrix interference, re-extract and 

reanalyze MSS and MS/MSD 

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

Surrogates 
Every sample and 

QC 

See control limits 
table for acceptance 

criteria 

Correct problem then reprep and 
reanalyze the samples for failed 
surrogates, if sufficient sample 
material is available. If obvious 

chromatographic interference with 
surrogate is present, reanalysis may 

not be necessary. 

Analyst / Department 
Manager 

Accuracy 
See control limits table for 

acceptance criteria 
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SAP Worksheet #28.2: Laboratory QC Samples Table for Polychlorinated Biphenyls Cont. 
 
CONTROL LIMITS 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 

Aroclor-1016 12674-11-2 25-145 30 40-140 30 

Aroclor-1221 11104-28-2  30  30 

Aroclor-1232 11141-16-5  30  30 

Arochlor-1242 53469-21-9  30  30 

Aroclor-1248 12672-29-6  30  30 

Aroclor-1254 11097-69-1  30  30 

Aroclor-1260 11096-82-5 30-145 30 60-130 30 

Surrogate      

Decachlorobiphenyl (DCB) 2051-24-3 40-135  60-125  
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SAP Worksheet #28.3: Laboratory QC Samples Table for Volatile Organic Compounds 

 
  

Matrix: Water 

Analytical Group:  Volatile Organic Compounds (VOCs) 

Analytical Method/ SOP Reference:  
Analytical Organization:  

EPA 8260C/LA-1  
Curtis & Tompkins, Ltd. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement Performance 

Criteria 

Method Blank 
One per every 

analytical 
/preparation batch 

No analytes > ½ RL 
or > 1/10 the amount 

measured in any 
sample. For common 

laboratory 
contaminants, no 

analytes detected > 
the RL. 

Correct problem then re-extract and 
reanalyze method blank and all 
affected samples in the batch 

Analyst / Department 
Manager 

Representativeness 

No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 

analytes detected > the RL. 

LCS or LCS/LCSD 
pair if insufficient 

sample for MS/MSD 

One LCS or 
LCS/LCSD pair 

per analytical 
/preparation batch 

See control limits 
table for acceptance 

criteria 

Correct problem, then re-extract and 
reanalyze the LCS and all associated 

batch samples in accordance with 
DoD QSM requirements.   

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

MS/MSD 
One MS/MSD per 
every 20 project 

samples per matrix 

See control limits 
table for acceptance 

criteria 

Identify problem; if not related to 
matrix interference, re-extract and 

reanalyze MSS and MS/MSD 

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

Surrogates 
Every sample and 

QC 

See control limits 
table for acceptance 

criteria 

Correct problem then reprep and 
reanalyze the samples for failed 
surrogates, if sufficient sample 
material is available. If obvious 

chromatographic interference with 
surrogate is present, reanalysis may 

not be necessary. 

Analyst / Department 
Manager 

Accuracy 
See control limits table for 

acceptance criteria 
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SAP Worksheet #28.3: Laboratory QC Samples Table for Volatile Organic Compounds Cont. 
 
CONTROL LIMITS 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 
Acetone 67-64-1 40-140 30 20-160 30 
Benzene 71-43-2 80-120 30 75-125 30 

Bromobenzene 108-86-1 75-125 30 65-120 30 
Bromochloromethane 74-97-5 65-130 30 70-125 30 

Bromodichloromethane 75-27-4 75-120 30 70-130 30 
Bromoform 75-25-2 70-130 30 55-135 30 

Bromomethane 74-83-9 30-145 30 30-160 30 
2-Butanone 78-93-3 30-150 30 30-160 30 

Tert-Butyl Alcohol (TBA) 75-65-0  30  30 
n-Butylbenzene 104-51-8 70-135 30 65-140 30 

sec-Butylbenzene 135-98-8 70-125 30 65-130 30 
tert-Butylbenzene 98-06-6 70-130 30 65-130 30 
Carbon disulfide 75-15-0 35-160 30 45-160 30 

Carbon tetrachloride 56-23-5 65-140 30 65-135 30 
Chlorobenzene 108-90-7 80-120 30 75-125 30 
Chloroethane 75-00-3 60-135 30 40-155 30 
Chloroform 67-66-3 65-135 30 70-125 30 

Chloromethane 74-87-3 40-125 30 50-130 30 
2-Chlorotoluene 95-49-8 75-125 30 70-130 30 
4-Chlorotoluene 106-43-4 75-130 30 75-125 30 

Dibromochloromethane 124-48-1 60-135 30 65-130 30 
1,2-Dibromo-3-chloropropane 96-12-8 50-130 30 40-135 30 

1,2-Dibromoethane 106-93-4 80-120 30 70-125 30 
Dibromomethane 74-95-3 75-125 30 75-130 30 

1,2-Dichlorobenzene 95-50-1 70-120 30 75-120 30 
1,3-Dichlorobenzene 541-73-1 75-125 30 70-125 30 
1,4-Dichlorobenzene 106-46-7 75-125 30 70-125 30 
1,1-Dichloroethane 75-34-3 70-135 30 75-125 30 
1,2-Dichloroethane 107-06-2 70-130 30 70-135 30 
1,1-Dichloroethene 75-35-4 70-130 30 65-135 30 

cis-1,2-Dichloroethene 156-59-2 70-125 30 65-125 30 
trans-1,2-Dichloroethene 156-60-5 60-140 30 65-135 30 

1,2-Dichloropropane 78-87-5 75-125 30 70-120 30 
1,3-Dichloropropane 142-28-9 75-125 30 75-125 30 
2,2-Dichloropropane 594-20-7 70-135 30 65-135 30 
1,1-Dichloropropene 563-58-6 75-130 30 70-135 30 

cis-1,3-Dichloropropene 10061-01-5 70-130 30 70-125 30 
trans-1,3-Dichloropropene 10061-02-6 55-140 30 65-125 30 

Ethylbenzene 100-41-4 75-125 30 75-125 30 
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SAP Worksheet #28.3: Laboratory QC Samples Table for Volatile Organic Compounds Cont. 
CONTROL LIMITS Cont. 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 
Ethyl tert-butyl ether (ETBE) 637-92-3  30  30 

Dichlorodifluoromethane 75-71-8 30-155 30 35-135 30 
Freon 113 76-13-1  30  30 

Hexachlorobutadiene 87-68-3 50-140 30 55-140 30 
2-Hexanone 591-78-6 55-130 30 45-145 30 

Isopropylbenzene 98-82-8 75-125 30 75-130 30 
Isopropyl ether (DIPE) 108-20-3  30  30 
para-Isopropyl toluene 99-87-6 75-130 30 75-135 30 

Methylene chloride 75-09-2 55-140 30 55-140 30 
4-Methyl-2-pentanone 108-10-1 60-135 30 45-145 30 

Methyl tert-amyl ether (TAME) 994-05-8  30  30 
Methyl tert-butyl ether (MTBE) 1634-04-4 65-125 30  30 

Naphthalene 91-20-3 55-140 30 40-125 30 
Propylbenzene 103-65-1 70-130 30 65-135 30 

Styrene 100-42-5 65-135 30 75-125 30 
1,1,1,2-Tetrachloroethane 630-20-6 80-130 30 75-125 30 
1,1,2,2-Tetrachloroethane 79-34-5 65-130 30 55-130 30 

Tetrachloroethene 127-18-4 45-150 30 65-140 30 
Toluene 108-88-3 75-120 30 70-125 30 

1,2,3-Trichlorobenzene 87-61-6 55-140 30 60-135 30 
1,2,4-Trichlorobenzene 120-82-1 65-135 30 65-130 30 
1,1,1-Trichloroethane 71-55-6 65-130 30 70-135 30 
1,1,2-Trichloroethane 79-00-5 75-125 30 60-125 30 

Trichloroethane 79-01-6 70-125 30 75-125 30 
Trichlorofluoromethane 75-69-4 60-145 30 25-185 30 
1,2,3-Trichloropropane 96-18-4 75-125 30 65-130 30 
1,2,4-Trimethylbenzene 95-63-6 75-130 30 65-135 30 
1,3,5-Trimethylbenzene 108-67-8 75-130 30 65-135 30 

Vinyl acetate 108-05-4  30  30 
Vinyl chloride 75-01-4 50-145 30 60-125 30 

m,p-Xylene 1330-20-7 75-130 30 80-125 30 
o-Xylene 95-47-6 80-120 30 75-125 30 

      
Surrogate      

Bromofluorobenzene 460-00-4 75-120  85-120  
Dibromofluoromethane 1868-53-7 85-115    
1,2-Dichloroethane-d4 17060-07-0 70-120    

Toluene-d8 2037-26-5 85-120  85-115  
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SAP Worksheet #28.4: Laboratory QC Samples Table for Semivolatile Organic Compounds  

  

 
Matrix:  

 
Water 

Analytical Group:  Semivolatile Organic Compounds (SVOC) 

Analytical Method/ SOP Reference:  
Analytical Organization:  

EPA 8270D/LA-4  
Curtis & Tompkins, Ltd. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement Performance 

Criteria 

Method Blank 
One per every 

analytical 
/preparation batch 

No analytes > ½ RL 
or > 1/10 the amount 

measured in any 
sample. For common 

laboratory 
contaminants, no 

analytes detected > 
the RL. 

Correct problem then re-extract and 
reanalyze method blank and all 
affected samples in the batch 

Analyst / Department 
Manager 

Representativeness 

No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 

analytes detected > the RL. 

LCS or LCS/LCSD 
pair if insufficient 

sample for MS/MSD 

One LCS or 
LCS/LCSD pair 

per analytical 
/preparation batch 

See control limits 
table for acceptance 

criteria 

Correct problem, then re-extract and 
reanalyze the LCS and all associated 

batch samples in accordance with 
DoD QSM requirements.   

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

MS/MSD 
One MS/MSD per 
every 20 project 

samples per matrix 

See control limits 
table for acceptance 

criteria 

Identify problem; if not related to 
matrix interference, re-extract and 

reanalyze MSS and MS/MSD 

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

Surrogates 
Every sample and 

QC 

See control limits 
table for acceptance 

criteria 

Correct problem then reprep and 
reanalyze the samples for failed 
surrogates, if sufficient sample 
material is available. If obvious 

chromatographic interference with 
surrogate is present, reanalysis may 

not be necessary. 

Analyst / Department 
Manager 

Accuracy 
See control limits table for 

acceptance criteria 
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SAP Worksheet #28.4: Laboratory QC Samples Table for Semivolatile Organic Compounds Cont. 
 
CONTROL LIMITS 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 

Acenaphthene 83-32-9 45-110 30 45-110 30 
Acenaphthylene 208-96-8 50-105 30 45-105 30 

Anthracene 120-12-7 55-110 30 55-105 30 
Azobenzene 103-33-3 55-115 30  30 

Benzo(a)anthracene 56-55-3 55-110 30 50-110 30 
Benzo(a)pyrene 50-32-8 55-110 30 50-110 30 

Benzo(b)fluoranthene 205-99-2 45-120 30 45-115 30 
Benzo(k)fluoranthene 207-08-9 45-125 30 45-125 30 
Benzo(g,h,i)perylene 191-24-2 40-125 30 40-125 30 

Benzoic acid 65-85-0 10-125 30 10-110 30 
Benzyl alcohol 100-51-6 30-110 30 20-125 30 

bis(2-Chloroethoxy)methane 111-91-1 45-105 30 45-110 30 
bis(2-Chloroethyl)ether 111-44-4 35-110 30 40-105 30 

bis(2-Chloroisopropyl)ether 108-60-1 25-130 30 20-115 30 
bis(2-Ethylhexyl)phthalate 117-81-7 40-125 30 45-125 30 

4-Bromophenyl-phenylether 101-55-3 50-115 30 45-115 30 
Butylbenzylphthalate 85-68-7 45-115 30 50-125 30 

4-Chloroaniline 106-47-8 15-110 30 10-100 30 
4-Chloro-3-methylphenol 59-50-7 45-110 30 45-115 30 

2-Chloronaphthalene 91-58-7 50-105 30 45-105 30 
2-Chlorophenol 95-57-8 35-105 30 45-105 30 

4-Chlorophenyl-phenylether 7005-72-3 50-110 30 45-110 30 
Chrysene 218-01-9 55-110 30 55-110 30 

Dibenz(a,h)anthracene 53-70-3 40-125 30 40-125 30 
Dibenzofuran 132-64-9 55-105 30 50-105 30 

1,2-Dichlorobenzene 95-50-1 35-100 30 45-100 30 
1,3-Dichlorobenzene 541-73-1 30-100 30 40-100 30 
1,4-Dichlorobenzene 106-46-7 30-100 30 35-105 30 

3,3’-Dichlorobenzidine 91-94-1 20-110 30 10-130 30 
2,4-Dichlorophenol 120-83-2 50-105 30 45-110 30 

Diethylphthalate 84-66-2 40-120 30 50-115 30 
2,4-Dimethylphenol 105-67-9 30-110 30 30-105 30 
Dimethylphthalate 131-11-3 25-125 30 50-110 30 
Di-n-butylphthalate 84-74-2 55-115 30 55-110 30 

4,6-Dinitro-2-methylphenol 534-52-1 40-130 30 30-135 30 
2,4-Dinitrophenol 51-28-5 15-140 30 15-130 30 
2,4-Dinitrotoluene 121-14-2 50-120 30 50-115 30 
2,6-Dinitrotoluene 606-20-2 50-115 30 50-110 30 
Di-n-octylphthalate 117-84-0 35-135 30 40-130 30 
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SAP Worksheet #28.4: Laboratory QC Samples Table for Semivolatile Organic Compounds Cont. 
 
CONTROL LIMITS Cont. 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 
Fluoranthene 206-44-0 55-115 30 55-115 30 

Fluorene 86-73-7 50-110 30 50-110 30 
Hexachlorobenzene 118-74-1 50-110 30 45-120 30 

Hexachlorobutadiene 87-68-3 25-105 30 40-115 30 
Hexachlorocyclopentadiene 77-47-4  30  30 

Hexachloroethane 67-72-1 30-100 30 35-110 30 
Indeno(1,2,3-cd)pyrene 193-39-5 45-125 30 40-120 30 

Isophorone 78-59-1 50-110 30 45-110 30 
2-Methylnaphthalene 91-57-6 45-105 30 45-105 30 

2-Methylphenol 95-48-7 40-110 30 40-105 30 
4-Methylphenol 1319-77-3 30-110 30 40-105 30 
2-Nitroaniline 88-74-4 50-115 30 45-120 30 
3-Nitroaniline 99-09-2 20-125 30 25-110 30 
4-Nitroaniline 100-01-6 35-120 30 35-115 30 
2-Nitrophenol 88-75-5 40-115 30 40-110 30 
4-Nitrophenol 100-02-7 10-125 30 15-140 30 

N-Nitroso-di-n-propylamine 621-64-7 35-130 30 40-115 30 
N-Nitrosodimethylamine 62-75-9 25-110 30 20-115 30 
N-Nitrosodiphenylamine 86-30-6 50-110 30 50-115 30 

Naphthalene 91-20-3 40-100 30 40-105 30 
Nitrobenzene 98-95-3 45-110 30 40-115 30 

Pentachlorophenol 87-86-5 40-115 30 25-120 30 
Phenanthrene 85-01-8 50-115 30 50-110 30 

Phenol 108-95-2 10-115 30 40-100 30 
Pyrene 129-00-0 50-130 30 45-125 30 

1,2,4-Trichlorobenzene 120-82-1 35-105 30 45-110 30 
2,4,5-Trichlorophenol 95-95-4 50-110 30 50-110 30 
2,4,6-Trichlorophenol 88-06-2 50-115 30 45-110 30 

      
Surrogate      

2-Fluorobiphenyl 321-60-8 50-110  45-105  
2-Fluorophenol 367-12-4 20-110  35-105  
Nitrobenzene-d5 4165-60-0 40-110  35-100  

Phenol-d5 13127-88-3 10-115  40-100  
Terphenyl-d14 1718-51-0 50-135  30-125  

2,4,6-Tribromophenol 118-79-6 40-125  35-125  
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SAP Worksheet #28.5: Laboratory QC Samples Table for Metals by ICP-MS 

 
  

Matrix: Water 

Analytical Group:  Metals by ICP MS 

Analytical Method/ SOP Reference:  
Analytical Organization:  

EPA 6020A/LA-13  
Curtis & Tompkins, Ltd. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement Performance 

Criteria 

Method Blank 
One per every 

analytical 
/preparation batch 

No analytes > ½ RL 
or > 1/10 the amount 

measured in any 
sample. For common 

laboratory 
contaminants, no 

analytes detected > 
the RL. 

Correct problem then redigest and 
reanalyze method blank and all 
affected samples in the batch 

Analyst / Department 
Manager 

Representativeness 

No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 

analytes detected > the RL. 

LCS or LCS/LCSD 
pair if insufficient 

sample for MS/MSD 

One LCS or 
LCS/LCSD pair 

per analytical 
/preparation batch 

See control limits 
table for acceptance 

criteria 

Correct problem, then re-extract and 
reanalyze the LCS and all associated 

batch samples in accordance with 
DoD QSM requirements.   

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

MS/MSD 
One MS/MSD per 
every 20 project 

samples per matrix 

See control limits 
table for acceptance 

criteria 
Analyze post digestion spike 

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

Interference check 
solution (ICS-AB) 

At the beginning 
and end of an 

analytical run or 
twice during an 12 

hour period, 
whichever is more 

frequent 

See control limits 
table for acceptance 

criteria 

Terminate analysis; locate and correct 
problem; reanalyze ICS; reanalyze all 

affected samples 

Analyst / Department 
Manager 

Accuracy 
See control limits table for 

acceptance criteria 

Post Digestion Spike 
MS/MSD 

recoveries outside 
criteria 

Recovery within 
75% to 125% of 
expected results 

Suspect matrix effect in MS/MSD 
recoveries, run serial dilution test 

Analyst / Department 
Manager 

Accuracy 
Recovery within 75% to 125% of 

expected results 

Serial Dilution 
Post digestion 

spike failure, one 
per digestion batch 

1:5 dilution within 
10% of the original 

determination 

Suspect chemical or physical 
interference of sample; if available, 

use an alternate wavelength or 
alternate method. 

Analyst / Department 
Manager 

Accuracy 1:5 dilution within 10% of the 
original determination 
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SAP Worksheet #28.5: Laboratory QC Samples Table for Metals by ICP-MS Cont. 
 
CONTROL LIMITS 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 

Aluminum 7429-90-5 80-120 20 80-120 20 
Antimony 7440-36-0 80-120 20 80-120 20 
Arsenic 7440-38-2 80-120 20 80-120 20 
Barium 7440-39-3 80-120 20 80-120 20 

Beryllium 7440-41-7 80-120 20 80-120 20 
Cadmium 7440-43-9 80-120 20 80-120 20 
Calcium 7440-70-2 80-120 20 80-120 20 

Chromium 7440-47-3 80-120 20 80-120 20 
Cobalt 7440-48-4 80-120 20 80-120 20 
Copper 7440-50-8 80-120 20 80-120 20 

Iron 7439-89-6 80-120 20 80-120 20 
Lead 7439-92-1 80-120 20 80-120 20 

Magnesium 7439-95-4 80-120 20 80-120 20 
Molybdenum 7439-98-7 80-120 20 80-120 20 

Nickel 7440-02-0 80-120 20 80-120 20 
Potassium 7440-09-7 80-120 20 80-120 20 
Selenium 7782-49-2 80-120 20 80-120 20 

Silver 7440-22-4 80-120 20 80-120 20 
Sodium 7440-23-5 80-120 20 80-120 20 

Thallium 7440-28-0 80-120 20 80-120 20 
Vanadium 7440-62-2 80-120 20 80-120 20 

Zinc 7440-66-6 80-120 20 80-120 20 
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SAP Worksheet #28.6: Laboratory QC Samples Table for Metals by CVAA  

 
CONTROL LIMITS 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 

Mercury 7439-97-6 80-120 20 80-120 20 

 
  

Matrix: Water 

Analytical Group:  Metals by CVAA 

Analytical Method/ SOP Reference:  
Analytical Organization:  

EPA 7470A/LA-11  
Curtis & Tompkins, Ltd. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement Performance 

Criteria 

Method Blank 
One per every 

analytical 
/preparation batch 

No analytes > ½ RL 
or > 1/10 the amount 

measured in any 
sample. For common 

laboratory 
contaminants, no 

analytes detected > 
the RL. 

Correct problem then redigest and 
reanalyze method blank and all 
affected samples in the batch 

Analyst / Department 
Manager 

Representativeness 

No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 

analytes detected > the RL. 

LCS or LCS/LCSD 
pair if insufficient 

sample for MS/MSD 

One LCS or 
LCS/LCSD pair 

per analytical 
/preparation batch 

See control limits 
table for acceptance 

criteria 

Correct problem, then re-extract and 
reanalyze the LCS and all associated 

batch samples in accordance with 
DoD QSM requirements.   

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

MS/MSD 
One MS/MSD per 
every 20 project 

samples per matrix 

See control limits 
table for acceptance 

criteria 
Analyze post digestion spike 

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

Post Digestion Spike 
MS/MSD 

recoveries outside 
criteria 

Recovery within 
75% to 125% of 
expected results 

Suspect matrix effect in MS/MSD 
recoveries, run serial dilution test 

Analyst / Department 
Manager 

Accuracy 
Recovery within 75% to 125% of 

expected results 

Serial dilution 
Post digestion 

spike failure, one 
per digestion batch 

1:5 dilution within 
10% of the original 

determination 

Suspect chemical or physical 
interference of sample; if available, 

use an alternate wavelength or 
alternate method. 

Analyst / Department 
Manager 

Accuracy 1:5 dilution within 10% of the 
original determination 
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SAP Worksheet #28.7: Laboratory QC Samples Table for Anions by IC 

 
 
 
 

Matrix:  Water 

Analytical Group:  Anions by IC 

Analytical Method/ SOP Reference:  
Analytical Organization:  

EPA 300/LA-17  
Curtis & Tompkins, Ltd. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement Performance 

Criteria 

Method Blank One per every 
analytical 

/preparation 
batch 

No analytes > ½ 
RL or > 1/10 the 
amount measured 

in any sample  

Correct problem then reprepare 
and reanalyze method blank and 
all affected samples in the batch 

Analyst / 
Department Manager

Representativeness No analytes > ½ RL or > 1/10 
the amount measured in any 

sample. For common laboratory 
contaminants, no analytes 

detected > the RL.  
LCS One LCS or 

LCS/LCSD pair 
per analytical 
/preparation 

batch 

Laboratory in-
house limits not to 
exceed 80-120% 

Correct problem, then reanalyze 
the LCS and all associated batch.  

Analyst / 
Department Manager

Precision/Accuracy Laboratory in-house limits not to 
exceed 80-120% 

MS/MSD One MS/MSD 
per every 20 

project samples 
per matrix 

Use laboratory in-
house LCS limits 
not to exceed 80-

120% 

Narrate 

Analyst / 
Department Manager

Precision/Accuracy Laboratory in-house LCS limits 
not to exceed 80-120% 
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SAP Worksheet #28.8: Laboratory QC Samples Table for TPH-purgeable 
 

CONTROL LIMITS 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 

Gasoline C6-C10 8006-61-9  30  30 

Surrogate      

Trifluorotoluene 98-08-8     

Bromofluorobenzene 460-00-4     

  

Matrix:  Soil 

Analytical Group:  TPH-purgeable 

Analytical Method/ SOP Reference:  
Analytical Organization:  

EPA 8015D/LA-2  
Curtis & Tompkins, Ltd. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement Performance 

Criteria 

Method Blank 
One per every 

analytical 
/preparation batch 

No analytes > ½ RL 
or > 1/10 the amount 

measured in any 
sample. For common 

laboratory 
contaminants, no 

analytes detected > 
the RL. 

Correct problem then reprepare and 
reanalyze method blank and all 
affected samples in the batch 

Analyst / Department 
Manager 

Representativeness 

No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 

analytes detected > the RL. 

LCS or LCS/LCSD 
pair if insufficient 

sample for MS/MSD 

One LCS or 
LCS/LCSD pair 

per analytical 
/preparation batch 

See control limits 
table for acceptance 

criteria 

Correct problem, then re-extract and 
reanalyze the LCS and all associated 

batch samples in accordance with 
DoD QSM requirements.   

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

MS/MSD 
One MS/MSD per 
every 20 project 

samples per matrix 

See control limits 
table for acceptance 

criteria 

Identify problem; if not related to 
matrix interference, re-extract and 

reanalyze MSS and MS/MSD 

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

Surrogates 
Every sample and 

QC 

See control limits 
table for acceptance 

criteria 

Correct problem then reprep and 
reanalyze the samples for failed 
surrogates, if sufficient sample 
material is available. If obvious 

chromatographic interference with 
surrogate is present, reanalysis may 

not be necessary. 

Analyst / Department 
Manager 

Accuracy 
See control limits table for 

acceptance criteria 
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SAP Worksheet #28.9: Laboratory QC Samples Table for Polychlorinated Biphenyls (PCBs) 
 

  
  

Matrix: Soil 

Analytical Group:  Polychlorinated Biphenyls (PCBs) 

Analytical Method/ SOP Reference:  
Analytical Organization:  

EPA 8082A/LA-7 
Curtis & Tompkins, Ltd. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement Performance 

Criteria 

Method Blank 
One per every 

analytical 
/preparation batch 

No analytes > ½ RL 
or > 1/10 the amount 

measured in any 
sample. For common 

laboratory 
contaminants, no 

analytes detected > 
the RL. 

Correct problem then reprepare and 
reanalyze method blank and all 
affected samples in the batch 

Analyst / Department 
Manager 

Representativeness 

No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 

analytes detected > the RL. 

LCS or LCS/LCSD 
pair if insufficient 

sample for MS/MSD 

One LCS or 
LCS/LCSD pair 

per analytical 
/preparation batch 

See control limits 
table for acceptance 

criteria 

Correct problem, then re-extract and 
reanalyze the LCS and all associated 

batch samples in accordance with 
DoD QSM requirements.   

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

MS/MSD 
One MS/MSD per 
every 20 project 

samples per matrix 

See control limits 
table for acceptance 

criteria 

Identify problem; if not related to 
matrix interference, re-extract and 

reanalyze MSS and MS/MSD 

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

Surrogates 
Every sample and 

QC 

See control limits 
table for acceptance 

criteria 

Correct problem then reprep and 
reanalyze the samples for failed 
surrogates, if sufficient sample 
material is available. If obvious 

chromatographic interference with 
surrogate is present, reanalysis may 

not be necessary. 

Analyst / Department 
Manager 

Accuracy 
See control limits table for 

acceptance criteria 
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SAP Worksheet #28.9: Laboratory QC Samples Table for Polychlorinated Biphenyls Cont. 
 
CONTROL LIMITS 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 

Aroclor-1016 12674-11-2 25-145 30 40-140 30 

Aroclor-1221 11104-28-2  30  30 

Aroclor-1232 11141-16-5  30  30 

Arochlor-1242 53469-21-9  30  30 

Aroclor-1248 12672-29-6  30  30 

Aroclor-1254 11097-69-1  30  30 

Aroclor-1260 11096-82-5 30-145 30 60-130 30 

Surrogate      

Decachlorobiphenyl (DCB) 2051-24-3 40-135  60-125  
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SAP Worksheet #28.10: Laboratory QC Samples Table for Volatile Organic Compounds 

 
  

Matrix: Soil 

Analytical Group:  Volatile Organic Compounds (VOC) 

Analytical Method/ SOP Reference:  
Analytical Organization:  

EPA 8260C/LA-1 
Curtis & Tompkins, Ltd. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement Performance 

Criteria 

Method Blank 
One per every 

analytical 
/preparation batch 

No analytes > ½ RL 
or > 1/10 the amount 

measured in any 
sample. For common 

laboratory 
contaminants, no 

analytes detected > 
the RL. 

Correct problem then reprepare and 
reanalyze method blank and all 
affected samples in the batch 

Analyst / Department 
Manager 

Representativeness 

No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 

analytes detected > the RL. 

LCS or LCS/LCSD 
pair if insufficient 

sample for MS/MSD 

One LCS or 
LCS/LCSD pair 

per analytical 
/preparation batch 

See control limits 
table for acceptance 

criteria 

Correct problem, then re-extract and 
reanalyze the LCS and all associated 

batch samples in accordance with 
DoD QSM requirements.   

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

MS/MSD 
One MS/MSD per 
every 20 project 

samples per matrix 

See control limits 
table for acceptance 

criteria 

Identify problem; if not related to 
matrix interference, re-extract and 

reanalyze MSS and MS/MSD 

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

Surrogates 
Every sample and 

QC 

See control limits 
table for acceptance 

criteria 

Correct problem then reprep and 
reanalyze the samples for failed 
surrogates, if sufficient sample 
material is available. If obvious 

chromatographic interference with 
surrogate is present, reanalysis may 

not be necessary. 

Analyst / Department 
Manager 

Accuracy 
See control limits table for 

acceptance criteria 
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SAP Worksheet #28.10: Laboratory QC Samples Table for Volatile Organic Compounds Cont. 
 
CONTOL LIMITS 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 
Acetone 67-64-1 40-140 30 20-160 30 
Benzene 71-43-2 80-120 30 75-125 30 

Bromobenzene 108-86-1 75-125 30 65-120 30 
Bromochloromethane 74-97-5 65-130 30 70-125 30 

Bromodichloromethane 75-27-4 75-120 30 70-130 30 
Bromoform 75-25-2 70-130 30 55-135 30 

Bromomethane 74-83-9 30-145 30 30-160 30 
2-Butanone 78-93-3 30-150 30 30-160 30 

Tert-Butyl Alcohol (TBA) 75-65-0  30  30 
n-Butylbenzene 104-51-8 70-135 30 65-140 30 

sec-Butylbenzene 135-98-8 70-125 30 65-130 30 
tert-Butylbenzene 98-06-6 70-130 30 65-130 30 
Carbon disulfide 75-15-0 35-160 30 45-160 30 

Carbon tetrachloride 56-23-5 65-140 30 65-135 30 
Chlorobenzene 108-90-7 80-120 30 75-125 30 
Chloroethane 75-00-3 60-135 30 40-155 30 
Chloroform 67-66-3 65-135 30 70-125 30 

Chloromethane 74-87-3 40-125 30 50-130 30 
2-Chlorotoluene 95-49-8 75-125 30 70-130 30 
4-Chlorotoluene 106-43-4 75-130 30 75-125 30 

Dibromochloromethane 124-48-1 60-135 30 65-130 30 
1,2-Dibromo-3-chloropropane 96-12-8 50-130 30 40-135 30 

1,2-Dibromoethane 106-93-4 80-120 30 70-125 30 
Dibromomethane 74-95-3 75-125 30 75-130 30 

1,2-Dichlorobenzene 95-50-1 70-120 30 75-120 30 
1,3-Dichlorobenzene 541-73-1 75-125 30 70-125 30 
1,4-Dichlorobenzene 106-46-7 75-125 30 70-125 30 
1,1-Dichloroethane 75-34-3 70-135 30 75-125 30 
1,2-Dichloroethane 107-06-2 70-130 30 70-135 30 
1,1-Dichloroethene 75-35-4 70-130 30 65-135 30 

cis-1,2-Dichloroethene 156-59-2 70-125 30 65-125 30 
trans-1,2-Dichloroethene 156-60-5 60-140 30 65-135 30 

1,2-Dichloropropane 78-87-5 75-125 30 70-120 30 
1,3-Dichloropropane 142-28-9 75-125 30 75-125 30 
2,2-Dichloropropane 594-20-7 70-135 30 65-135 30 
1,1-Dichloropropene 563-58-6 75-130 30 70-135 30 

cis-1,3-Dichloropropene 10061-01-5 70-130 30 70-125 30 
trans-1,3-Dichloropropene 10061-02-6 55-140 30 65-125 30 

Ethylbenzene 100-41-4 75-125 30 75-125 30 
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SAP Worksheet #28.10: Laboratory QC Samples Table for Volatile Organic Compounds Cont. 
CONTOL LIMITS Cont. 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 
Ethyl tert-butyl ether (ETBE) 637-92-3  30  30 

Dichlorodifluoromethane 75-71-8 30-155 30 35-135 30 
Freon 113 76-13-1  30  30 

Hexachlorobutadiene 87-68-3 50-140 30 55-140 30 
2-Hexanone 591-78-6 55-130 30 45-145 30 

Isopropylbenzene 98-82-8 75-125 30 75-130 30 
Isopropyl ether (DIPE) 108-20-3  30  30 
para-Isopropyl toluene 99-87-6 75-130 30 75-135 30 

Methylene chloride 75-09-2 55-140 30 55-140 30 
4-Methyl-2-pentanone 108-10-1 60-135 30 45-145 30 

Methyl tert-amyl ether (TAME) 994-05-8  30  30 
Methyl tert-butyl ether (MTBE) 1634-04-4 65-125 30  30 

Naphthalene 91-20-3 55-140 30 40-125 30 
Propylbenzene 103-65-1 70-130 30 65-135 30 

Styrene 100-42-5 65-135 30 75-125 30 
1,1,1,2-Tetrachloroethane 630-20-6 80-130 30 75-125 30 
1,1,2,2-Tetrachloroethane 79-34-5 65-130 30 55-130 30 

Tetrachloroethene 127-18-4 45-150 30 65-140 30 
Toluene 108-88-3 75-120 30 70-125 30 

1,2,3-Trichlorobenzene 87-61-6 55-140 30 60-135 30 
1,2,4-Trichlorobenzene 120-82-1 65-135 30 65-130 30 
1,1,1-Trichloroethane 71-55-6 65-130 30 70-135 30 
1,1,2-Trichloroethane 79-00-5 75-125 30 60-125 30 

Trichloroethane 79-01-6 70-125 30 75-125 30 
Trichlorofluoromethane 75-69-4 60-145 30 25-185 30 
1,2,3-Trichloropropane 96-18-4 75-125 30 65-130 30 
1,2,4-Trimethylbenzene 95-63-6 75-130 30 65-135 30 
1,3,5-Trimethylbenzene 108-67-8 75-130 30 65-135 30 

Vinyl acetate 108-05-4  30  30 
Vinyl chloride 75-01-4 50-145 30 60-125 30 

m,p-Xylene 1330-20-7 75-130 30 80-125 30 
o-Xylene 95-47-6 80-120 30 75-125 30 

      
Surrogate      

Bromofluorobenzene 460-00-4 75-120  85-120  
Dibromofluoromethane 1868-53-7 85-115    
1,2-Dichloroethane-d4 17060-07-0 70-120    

Toluene-d8 2037-26-5 85-120  85-115  
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SAP Worksheet #28.11: Laboratory QC Samples Table for Semivolatile Organic Compounds  

 
  

Matrix: Soil 

Analytical Group:  Semivolatile Organic Compounds (SVOC) 

Analytical Method/ SOP Reference:  
Analytical Organization:  

EPA 8270D/LA-4 
Curtis & Tompkins, Ltd. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement Performance 

Criteria 

Method Blank 
One per every 

analytical 
/preparation batch 

No analytes > ½ RL 
or > 1/10 the amount 

measured in any 
sample. For common 

laboratory 
contaminants, no 

analytes detected > 
the RL. 

Correct problem then reprepare and 
reanalyze method blank and all 
affected samples in the batch 

Analyst / Department 
Manager 

Representativeness 

No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 

analytes detected > the RL. 

LCS or LCS/LCSD 
pair if insufficient 

sample for MS/MSD 

One LCS or 
LCS/LCSD pair 

per analytical 
/preparation batch 

See control limits 
table for acceptance 

criteria 

Correct problem, then re-extract and 
reanalyze the LCS and all associated 

batch samples in accordance with 
DoD QSM requirements.   

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

MS/MSD 
One MS/MSD per 
every 20 project 

samples per matrix 

See control limits 
table for acceptance 

criteria 

Identify problem; if not related to 
matrix interference, re-extract and 

reanalyze MSS and MS/MSD 

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

Surrogates 
Every sample and 

QC 

See control limits 
table for acceptance 

criteria 

Correct problem then reprep and 
reanalyze the samples for failed 
surrogates, if sufficient sample 
material is available. If obvious 

chromatographic interference with 
surrogate is present, reanalysis may 

not be necessary. 

Analyst / Department 
Manager 

Accuracy 
See control limits table for 

acceptance criteria 
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SAP Worksheet #28.11: Laboratory QC Samples Table for Semivolatile Organic Compounds Cont. 
 
CONTROL LIMITS 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 
Acenaphthene 83-32-9 45-110 30 45-110 30 

Acenaphthylene 208-96-8 50-105 30 45-105 30 
Anthracene 120-12-7 55-110 30 55-105 30 
Azobenzene 103-33-3 55-115 30  30 

Benzo(a)anthracene 56-55-3 55-110 30 50-110 30 
Benzo(a)pyrene 50-32-8 55-110 30 50-110 30 

Benzo(b)fluoranthene 205-99-2 45-120 30 45-115 30 
Benzo(k)fluoranthene 207-08-9 45-125 30 45-125 30 
Benzo(g,h,i)perylene 191-24-2 40-125 30 40-125 30 

Benzoic acid 65-85-0 10-125 30 10-110 30 
Benzyl alcohol 100-51-6 30-110 30 20-125 30 

bis(2-Chloroethoxy)methane 111-91-1 45-105 30 45-110 30 
bis(2-Chloroethyl)ether 111-44-4 35-110 30 40-105 30 

bis(2-Chloroisopropyl)ether 108-60-1 25-130 30 20-115 30 
bis(2-Ethylhexyl)phthalate 117-81-7 40-125 30 45-125 30 

4-Bromophenyl-phenylether 101-55-3 50-115 30 45-115 30 
Butylbenzylphthalate 85-68-7 45-115 30 50-125 30 

4-Chloroaniline 106-47-8 15-110 30 10-100 30 
4-Chloro-3-methylphenol 59-50-7 45-110 30 45-115 30 

2-Chloronaphthalene 91-58-7 50-105 30 45-105 30 
2-Chlorophenol 95-57-8 35-105 30 45-105 30 

4-Chlorophenyl-phenylether 7005-72-3 50-110 30 45-110 30 
Chrysene 218-01-9 55-110 30 55-110 30 

Dibenz(a,h)anthracene 53-70-3 40-125 30 40-125 30 
Dibenzofuran 132-64-9 55-105 30 50-105 30 

1,2-Dichlorobenzene 95-50-1 35-100 30 45-100 30 
1,3-Dichlorobenzene 541-73-1 30-100 30 40-100 30 
1,4-Dichlorobenzene 106-46-7 30-100 30 35-105 30 

3,3’-Dichlorobenzidine 91-94-1 20-110 30 10-130 30 
2,4-Dichlorophenol 120-83-2 50-105 30 45-110 30 

Diethylphthalate 84-66-2 40-120 30 50-115 30 
2,4-Dimethylphenol 105-67-9 30-110 30 30-105 30 
Dimethylphthalate 131-11-3 25-125 30 50-110 30 
Di-n-butylphthalate 84-74-2 55-115 30 55-110 30 

4,6-Dinitro-2-methylphenol 534-52-1 40-130 30 30-135 30 
2,4-Dinitrophenol 51-28-5 15-140 30 15-130 30 
2,4-Dinitrotoluene 121-14-2 50-120 30 50-115 30 
2,6-Dinitrotoluene 606-20-2 50-115 30 50-110 30 
Di-n-octylphthalate 117-84-0 35-135 30 40-130 30 
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SAP Worksheet #28.11: Laboratory QC Samples Table for Semivolatile Organic Compounds Cont. 
CONTROL LIMITS Cont. 

 
  Analyte CAS number Water Control 

Limits (%) 
Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 
Fluoranthene 206-44-0 55-115 30 55-115 30 

Fluorene 86-73-7 50-110 30 50-110 30 
Hexachlorobenzene 118-74-1 50-110 30 45-120 30 

Hexachlorobutadiene 87-68-3 25-105 30 40-115 30 
Hexachlorocyclopentadiene 77-47-4  30  30 

Hexachloroethane 67-72-1 30-100 30 35-110 30 
Indeno(1,2,3-cd)pyrene 193-39-5 45-125 30 40-120 30 

Isophorone 78-59-1 50-110 30 45-110 30 
2-Methylnaphthalene 91-57-6 45-105 30 45-105 30 

2-Methylphenol 95-48-7 40-110 30 40-105 30 
4-Methylphenol 1319-77-3 30-110 30 40-105 30 
2-Nitroaniline 88-74-4 50-115 30 45-120 30 
3-Nitroaniline 99-09-2 20-125 30 25-110 30 
4-Nitroaniline 100-01-6 35-120 30 35-115 30 
2-Nitrophenol 88-75-5 40-115 30 40-110 30 
4-Nitrophenol 100-02-7 10-125 30 15-140 30 

N-Nitroso-di-n-propylamine 621-64-7 35-130 30 40-115 30 
N-Nitrosodimethylamine 62-75-9 25-110 30 20-115 30 
N-Nitrosodiphenylamine 86-30-6 50-110 30 50-115 30 

Naphthalene 91-20-3 40-100 30 40-105 30 
Nitrobenzene 98-95-3 45-110 30 40-115 30 

Pentachlorophenol 87-86-5 40-115 30 25-120 30 
Phenanthrene 85-01-8 50-115 30 50-110 30 

Phenol 108-95-2 10-115 30 40-100 30 
Pyrene 129-00-0 50-130 30 45-125 30 

1,2,4-Trichlorobenzene 120-82-1 35-105 30 45-110 30 
2,4,5-Trichlorophenol 95-95-4 50-110 30 50-110 30 
2,4,6-Trichlorophenol 88-06-2 50-115 30 45-110 30 

      
Surrogate      

2-Fluorobiphenyl 321-60-8 50-110  45-105  
2-Fluorophenol 367-12-4 20-110  35-105  
Nitrobenzene-d5 4165-60-0 40-110  35-100  

Phenol-d5 13127-88-3 10-115  40-100  
Terphenyl-d14 1718-51-0 50-135  30-125  

2,4,6-Tribromophenol 118-79-6 40-125  35-125  
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SAP Worksheet #28.12: Laboratory QC Samples Table for Metals by ICP-MS 

  

Matrix: Soil 

Analytical Group:  Metals by ICP MS 

Analytical Method/ SOP Reference:  
Analytical Organization:  

EPA 6020A/LA-13 
Curtis & Tompkins, Ltd. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement Performance 

Criteria 

Method Blank 
One per every 

analytical 
/preparation batch 

No analytes > ½ RL 
or > 1/10 the amount 

measured in any 
sample. For common 

laboratory 
contaminants, no 

analytes detected > 
the RL. 

Correct problem then redigest and 
reanalyze method blank and all 
affected samples in the batch 

Analyst / Department 
Manager 

Representativeness 

No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 

analytes detected > the RL. 

LCS or LCS/LCSD 
pair if insufficient 

sample for MS/MSD 

One LCS or 
LCS/LCSD pair 

per analytical 
/preparation batch 

See control limits 
table for acceptance 

criteria 

Correct problem, then re-extract and 
reanalyze the LCS and all associated 

batch samples in accordance with 
DoD QSM requirements 

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

MS/MSD 
One MS/MSD per 
every 20 project 

samples per matrix 

See control limits 
table for acceptance 

criteria 
Analyze post digestion spike 

Analyst / Department 
Manager 

Precision/Accuracy 
See control limits table for 

acceptance criteria 

Interference check 
solution (ICS-AB) 

At the beginning 
and end of an 

analytical run or 
twice during an 
12 hour period, 

whichever is 
more frequent 

ICS-AB 
Within 20% of true 

value 

Terminate analysis; locate and correct 
problem; reanalyze ICS; reanalyze all 

affected samples 

Analyst / Department 
Manager 

Accuracy 
ICS-AB 

Within 20% of true value 

Post Digestion Spike 
MS/MSD 

recoveries outside 
criteria 

Recovery within 
75% to 125% of 
expected results 

Suspect matrix effect in MS/MSD 
recoveries, run serial dilution test 

Analyst / Department 
Manager 

Accuracy 
Recovery within 75% to 125% of 

expected results 

Serial Dilution 
Post digestion 

spike failure, one 
per digestion batch 

1:5 dilution within 
10% of the original 

determination 

Suspect chemical or physical 
interference of sample; if available, 

use an alternate wavelength or 
alternate method. 

Analyst / Department 
Manager 

Accuracy 1:5 dilution within 10% of the 
original determination 
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SAP Worksheet #28.12: Laboratory QC Samples Table for Metals by ICP-MS Cont. 
 
CONTROL LIMITS 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 

Aluminum 7429-90-5 80-120 20 80-120 20 
Antimony 7440-36-0 80-120 20 80-120 20 
Arsenic 7440-38-2 80-120 20 80-120 20 
Barium 7440-39-3 80-120 20 80-120 20 

Beryllium 7440-41-7 80-120 20 80-120 20 
Cadmium 7440-43-9 80-120 20 80-120 20 
Calcium 7440-70-2 80-120 20 80-120 20 

Chromium 7440-47-3 80-120 20 80-120 20 
Cobalt 7440-48-4 80-120 20 80-120 20 
Copper 7440-50-8 80-120 20 80-120 20 

Iron 7439-89-6 80-120 20 80-120 20 
Lead 7439-92-1 80-120 20 80-120 20 

Magnesium 7439-95-4 80-120 20 80-120 20 
Molybdenum 7439-98-7 80-120 20 80-120 20 

Nickel 7440-02-0 80-120 20 80-120 20 
Potassium 7440-09-7 80-120 20 80-120 20 
Selenium 7782-49-2 80-120 20 80-120 20 

Silver 7440-22-4 80-120 20 80-120 20 
Sodium 7440-23-5 80-120 20 80-120 20 

Thallium 7440-28-0 80-120 20 80-120 20 
Vanadium 7440-62-2 80-120 20 80-120 20 

Zinc 7440-66-6 80-120 20 80-120 20 
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SAP Worksheet #28.13: Laboratory QC Samples Table for Ra-226 and Cs-137 
 

  

Matrix: Soil and Water 

Analytical Group: Radiochemistry Ra-226 and Cs-137 

Analytical Method/ SOP Reference: EPA 
901.1 MOD /SOP ST-RD-0102 
 
Analytical Organization: Test America 
Laboratories LLC 

. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement 

Performance Criteria 

Sample 
Duplicates 

1 per 
preparatory 

batch 

RPD ≤40% and/or RER 
≤1 

Reprep and reanalyze the sample and duplicate 
in the associated preparatory batch for failed 
analytes if sufficient sample material is available 
and the sample is homogeneous. If RPD/RER 
still out of range, report as matrix interference 
confirmed and write a nonconformance. If 
reanalysis is in range, re-extract samples in 
batch. 

Test America-St. 
Louis Analyst 

Accuracy 
RPD ≤40% and/or RER 

≤1 

Method Blank 
1 per 

preparatory 
batch 

Analytes < RL 

Any sample associated with a blank that fails the 
criteria checks will be reprocessed in a 
subsequent preparation batch, except when the 
sample analysis resulted in a non-detect. If no 
sample volume remains for reprocessing, the 
results will be reported with appropriate data 
qualifying codes. 

Test America-St. 
Louis Analyst 

Accuracy Analytes < RL 

LCS 
1 per 

preparatory 
batch 

Within in-house limits 
(Limits are for tuna can 
LCS geometry until 250 
mL Ra-226 geometry is 
active – Limits for Ra-
226 listed are advisory 
until enough data points 
are generated to be 
statistically meaningful) 

Reprep and reanalyze the LCS and all samples 
in the associated preparatory batch for failed 
analytes, if sufficient sample material is 
available. 

Test America-St. 
Louis Analyst 

Accuracy 

Tuna Can: 
137Cs: 94–118% 
60Co: 90–110% 

241Am: 90–110% 
 

250 mL Poly: 
226Ra: 70–130% 
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SAP Worksheet #28.14: Laboratory QC Samples Table for Sr-90 

  

Matrix: Water 

Analytical Group: Radiochemistry Sr-90 

Analytical Method/ SOP Reference: EPA 
905 Mod/ SOP ST-RD-0403 
Analytical Organization: Test America 

. 

QC Sample: Frequency & 
Number 

Method/SOP QC 
Acceptance Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 
DQI Measurement 

Performance Criteria 

Method Blank 
1 per 

preparatory 
batch 

Analytes < RL 

Any sample associated with a blank that fails the 
criteria checks will be reprocessed in a 
subsequent preparation batch, except when the 
sample analysis resulted in a non-detect. If no 
sample volume remains for reprocessing, the 
results will be reported with appropriate data 
qualifying codes. 

Test America-St. 
Louis Analyst 

Accuracy Analytes < RL 

LCS and/or 
LCD 

1 per 
preparatory 

batch 
Within in-house limits 

Reprep and reanalyze the LCS and all samples in 
the associated preparatory batch for failed 
analytes, if sufficient sample material is 
available. 

Test America-St. 
Louis Analyst 

Accuracy 
69–137% 

RPD ≤40% and/or RER 
≤1 

Sample 
Duplicates 

1 per 
preparatory 

batch 

RPD ≤40% and/or RER 
≤1 

Reprep and reanalyze the sample and duplicate 
in the associated preparatory batch for failed 
analytes if sufficient sample material is available 
and the sample is homogeneous. If RPD/RER 
still out of range, report as matrix interference 
confirmed and write a nonconformance. If 
reanalysis is in range, re-extract samples in 
batch. 

Test America-St. 
Louis Analyst 

Accuracy 
RPD ≤40% and/or RER 

≤1 

Matrix Spike 
(MS)/MSD 

As requested Within in-house limits 
The data will be evaluated to determine the 
source of difference and to determine if there is a 
matrix effect or analytical error. 

Test America-St. 
Louis Analyst 

Accuracy/Prec
ision 

69–137% 
RPD ≤40% and/or RER 

≤1 

Carriers 
Per sample, 

blank, LCS, MS, 
MSD 

 

Truncate carriers/tracers above 100% recovery 
to eliminate low biased results. Re-prep and 
reanalyze sample if carrier is low (indicating 
high biased results) if there is activity in the 
sample above the reporting limit. No reanalysis 
if matrix interference is nonconformance during 
sample preparation.  

Test America-St. 
Louis Analyst 

Accuracy 
Sr and Yt carriers ≥40% 

and ≤110% 
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SAP Worksheet #28.15: Laboratory QC Samples Table for TPH-extractable 
  
Matrix Water       

Analytical Group TPH-extractable      

Analytical Method/ SOP 
Reference 

EPA 8015D/LA-9         

Analytical Organization Curtis & Tompkins, Ltd.         

QC Sample: Frequency/Number 
Method/SOP QC 

Acceptance Limits 
Corrective Action 

Person(s) Responsible 
for Corrective Action 

Data Quality Indicator 
(DQI) Measurement Performance Criteria

Method Blank One per every analytical 
/preparation batch 

No analytes > ½ RL or > 
1/10 the amount 
measured in any sample. 
For common laboratory 
contaminants, no analytes 
detected > the RL. 

Correct problem then 
re-extract and 
reanalyze method 
blank and all affected 
samples in the batch 

Analyst / Department 
Manager 

Representativeness No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 
analytes detected > the RL. 

LCS or LCS/LCSD pair 
if insufficient sample for 
MS/MSD 

One LCS or LCS/LCSD 
pair per analytical 
/preparation batch 

See control limits table 
for acceptance criteria 

Correct problem, then 
re-extract and 
reanalyze the LCS and 
all associated batch 
samples in accordance 
with DoD QSM 
requirements. 

Analyst / Department 
Manager 

Precision/Accuracy See control limits table for acceptance 
criteria 

MS/MSD One MS/MSD per every 
20 project samples per 
matrix 

See control limits table 
for acceptance criteria 

Identify problem; if 
not related to matrix 
interference, re-extract 
and reanalyze MSS 
and MS/MSD 

Analyst / Department 
Manager 

Precision/Accuracy See control limits table for acceptance 
criteria 

Surrogates Every sample and QC See control limits table 
for acceptance criteria 

Correct problem then 
reprep and reanalyze 
the samples for failed 
surrogates, if sufficient 
sample material is 
available. If obvious 
chromatographic 
interference with 
surrogate is present, 
reanalysis may not be 
necessary. 

Analyst / Department 
Manager 

Accuracy See control limits table for acceptance 
criteria 

CONTROL LIMITS 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 

Diesel C11-C24 68334-30-5  30  30 
Motor Oil C25-C36      

Surrogate      
Hexacosane 630-01-3     



Project-Specific SAP 
IR-03/HPNS Revision No: Final 
San Francisco, CA Revision Date: June 2013 
 

Page 172 of 188 
 

 

SAP Worksheet #28.16: Laboratory QC Samples Table for TPH-extractable 

Matrix Soil       
Analytical Group TPH-extractable      

Analytical Method/ SOP 
Reference 

EPA 8015D/LA-9         

Analytical Organization Curtis & Tompkins, Ltd.         

QC Sample: Frequency/Number 
Method/SOP QC 

Acceptance Limits 
Corrective Action 

Person(s) Responsible 
for Corrective Action 

Data Quality Indicator 
(DQI) Measurement Performance Criteria

Method Blank One per every analytical 
/preparation batch 

No analytes > ½ RL or > 
1/10 the amount 
measured in any sample. 
For common laboratory 
contaminants, no analytes 
detected > the RL. 

Correct problem then 
re-extract and 
reanalyze method 
blank and all affected 
samples in the batch 

Analyst / Department 
Manager 

Representativeness No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 
analytes detected > the RL. 

LCS or LCS/LCSD pair 
if insufficient sample for 
MS/MSD 

One LCS or LCS/LCSD 
pair per analytical 
/preparation batch 

See control limits table 
for acceptance criteria 

Correct problem, then 
re-extract and 
reanalyze the LCS and 
all associated batch 
samples in accordance 
with DoD QSM 
requirements. 

Analyst / Department 
Manager 

Precision/Accuracy See control limits table for acceptance 
criteria 

MS/MSD One MS/MSD per every 
20 project samples per 
matrix 

See control limits table 
for acceptance criteria 

Identify problem; if 
not related to matrix 
interference, re-extract 
and reanalyze MSS 
and MS/MSD 

Analyst / Department 
Manager 

Precision/Accuracy See control limits table for acceptance 
criteria 

Surrogates Every sample and QC See control limits table 
for acceptance criteria 

Correct problem then 
reprep and reanalyze 
the samples for failed 
surrogates, if sufficient 
sample material is 
available. If obvious 
chromatographic 
interference with 
surrogate is present, 
reanalysis may not be 
necessary. 

Analyst / Department 
Manager 

Accuracy See control limits table for acceptance 
criteria 

CONTROL LIMITS 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 
Diesel C11-C24 68334-30-5  30  30 

Motor Oil C25-C36 NA     
Surrogate      

Hexacosane 630-01-3     
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SAP Worksheet #28.17: Laboratory QC Samples Table for Mercury by CVAA 

 

Analyte CAS number Water Control 
Limits (%) 

Water RPD 
Limits (%) Soil Control Limits (%) Soil RPD 

Limits (%) 
Mercury 7439-97-6 80-120 20 80-120 20 

  

Matrix Soil      
Analytical Group Mercury by CVAA      

Analytical Method/ SOP 
Reference 

EPA 7471B/LA-10           

Analytical Organization Curtis & Tompkins, Ltd.          

QC Sample: Frequency/Number 
Method/SOP QC 

Acceptance Limits 
Corrective Action 

Person(s) Responsible 
for Corrective Action 

Data Quality Indicator 
(DQI) Measurement Performance Criteria

Method Blank One per every analytical 
/preparation batch 

No analytes > ½ RL or > 
1/10 the amount 
measured in any sample. 
For common laboratory 
contaminants, no analytes 
detected > the RL. 

Correct problem then 
redigest and reanalyze 
method blank and all 
affected samples in the 
batch 

Analyst / Department 
Manager 

Representativeness No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 
analytes detected > the RL. 

LCS or LCS/LCSD pair 
if insufficient sample for 
MS/MSD 

One LCS or LCS/LCSD 
pair per analytical 
/preparation batch 

See control limits table 
for acceptance criteria 

Correct problem, then 
re-extract and 
reanalyze the LCS and 
all associated batch 
samples in accordance 
with DoD QSM 
requirements. 

Analyst / Department 
Manager 

Precision/Accuracy See control limits table for acceptance 
criteria 

MS/MSD One MS/MSD per every 
20 project samples per 
matrix 

See control limits table 
for acceptance criteria 

Analyze post digestion 
spike 

Analyst / Department 
Manager 

Precision/Accuracy See control limits table for acceptance 
criteria 

Post Digestion Spike MS/MSD recoveries 
outside criteria 

Recovery within 
75% to 125% of expected 
results 

Suspect matrix effect 
in MS/MSD 
recoveries, run serial 
dilution test 

Analyst / Department 
Manager 

Accuracy Recovery within 75% to 125% of 
expected results 

Serial Dilution Post digestion spike 
failure, one per digestion 
batch 

1:5 dilution within 10% 
of the original 
determination 

Suspect chemical or 
physical interference 
of sample; if available, 
use an alternate 
wavelength or 
alternate method.  

Analyst / Department 
Manager 

Accuracy 1:5 dilution within 10% of the 
original determination 
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SAP Worksheet #28.18: Laboratory QC Samples Table for Alkalinity 

 
  

Matrix Water      
Analytical Group Alkalinity      

Analytical Method/ SOP 
Reference 

EPA 310.1/SMWW18           

Analytical Organization Curtis & Tompkins, Ltd.          

QC Sample: Frequency/Number 
Method/SOP QC 

Acceptance Limits 
Corrective Action 

Person(s) Responsible 
for Corrective Action 

Data Quality Indicator 
(DQI) Measurement Performance Criteria

Method Blank One per every analytical 
/preparation batch 

No analytes > ½ RL or > 
1/10 the amount 
measured in any sample. 
For common laboratory 
contaminants, no analytes 
detected > the RL. 

Correct problem then 
redigest and reanalyze 
method blank and all 
affected samples in the 
batch 

Analyst / Department 
Manager 

Representativeness No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 
analytes detected > the RL. 

LCS or LCS/LCSD pair 
if insufficient sample for 
MS/MSD 

One LCS or LCS/LCSD 
pair per analytical 
/preparation batch 

Recovery within 
90% to 110% of expected 
results 

Correct problem, then 
re-extract and 
reanalyze the LCS and 
all associated batch 
samples in accordance 
with DoD QSM 
requirements. 

Analyst / Department 
Manager 

Precision/Accuracy Recovery within 90% to 110% of 
expected results 

MS/MSD One MS/MSD per every 
20 project samples per 
matrix 

Recovery within 
80% to 120% of expected 
results 

Analyze post digestion 
spike 

Analyst / Department 
Manager 

Precision/Accuracy Recovery within 80% to 120% of 
expected results 
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SAP Worksheet #28.19: Laboratory QC Samples Table for TOC 

 
 
  

Matrix Water      
Analytical Group TOC      

Analytical Method/ SOP 
Reference 

EPA 9060A/WETCHEM           

Analytical Organization Curtis & Tompkins, Ltd.          

QC Sample: Frequency/Number 
Method/SOP QC 

Acceptance Limits 
Corrective Action 

Person(s) Responsible 
for Corrective Action 

Data Quality Indicator 
(DQI) Measurement Performance Criteria

Method Blank One per every analytical 
/preparation batch 

No analytes > ½ RL or > 
1/10 the amount 
measured in any sample. 
For common laboratory 
contaminants, no analytes 
detected > the RL. 

Correct problem then 
redigest and reanalyze 
method blank and all 
affected samples in the 
batch 

Analyst / Department 
Manager 

Representativeness No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 
analytes detected > the RL. 

LCS or LCS/LCSD pair 
if insufficient sample for 
MS/MSD 

One LCS or LCS/LCSD 
pair per analytical 
/preparation batch 

Recovery within 
90% to 110% of expected 
results 

Correct problem, then 
re-extract and 
reanalyze the LCS and 
all associated batch 
samples in accordance 
with DoD QSM 
requirements. 

Analyst / Department 
Manager 

Precision/Accuracy Recovery within 90% to 110% of 
expected results 

MS/MSD One MS/MSD per every 
20 project samples per 
matrix 

Recovery within 
50% to 126% of expected 
results. RPD <20% 

Analyze post digestion 
spike 

Analyst / Department 
Manager 

Precision/Accuracy Recovery within 50% to 126% of 
expected results. RPD <20% 
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SAP Worksheet #28.20: Laboratory QC Samples Table for TOC 

Matrix Soil      
Analytical Group TOC      

Analytical Method/ SOP 
Reference 

Walkley Black/WET CHEM           

Analytical Organization Curtis & Tompkins, Ltd.          

QC Sample: Frequency/Number 
Method/SOP QC 

Acceptance Limits 
Corrective Action 

Person(s) Responsible 
for Corrective Action 

Data Quality Indicator 
(DQI) Measurement Performance Criteria

Method Blank One per every analytical 
/preparation batch 

No analytes > ½ RL or > 
1/10 the amount 
measured in any sample. 
For common laboratory 
contaminants, no analytes 
detected > the RL. 

Correct problem then 
redigest and reanalyze 
method blank and all 
affected samples in the 
batch 

Analyst / Department 
Manager 

Representativeness No analytes > ½ RL or > 1/10 the 
amount measured in any sample. For 
common laboratory contaminants, no 
analytes detected > the RL. 

LCS or LCS/LCSD pair 
if insufficient sample for 
MS/MSD 

One LCS or LCS/LCSD 
pair per analytical 
/preparation batch 

Recovery within 
80% to 120% of expected 
results 

Correct problem, then 
re-extract and 
reanalyze the LCS and 
all associated batch 
samples in accordance 
with DoD QSM 
requirements. 

Analyst / Department 
Manager 

Precision/Accuracy Recovery within 80% to 120% of 
expected results 

MS/MSD One MS/MSD per every 
20 project samples per 
matrix 

Recovery within 
40% to 120% of expected 
results. RPD <28% 

Analyze post digestion 
spike 

Analyst / Department 
Manager 

Precision/Accuracy Recovery within 40% to 120% of 
expected results. RPD <28% 
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SAP Worksheet #29: Project Documents and Records Table 

 
Note: copies of the field logbook, field screening results, field change request form, purge logs, photographic log, chain-of-custodies, and daily 
reports will be included in the final report. The final report will be maintained in the NAVFAC SW Administrative Record.

Document Where Maintained 

Field logbook CIJV project file 

Field screening results CIJV project file (Logbook) 

Sample labels Laboratories Project Files 

Field change request form CIJV project file 

Purge logs CIJV project file 

Equipment calibration log/certificate of calibration CIJV project file (Logbook) 

Photographic log CIJV project file (Logbook) 

Chain-of-Custody CIJV project file and laboratories 

Shipping records CIJV project file 

Health and safety sign-off sheet CIJV project file 

Daily reports  CIJV project file 

Laboratory data package   
CIJV project file, laboratories project files, and 

NAVFAC SW Administrative Record 

Data validation reports 
CIJV project file, laboratories project files, and 

NAVFAC SW Administrative Record 
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SAP Worksheet #30: Analytical Services Table 

 
Notes: 
1 CDM Smith Somerville laboratory is an American Association of State Highway and transportation Officials (AASHTO) Materials Reference Laboratory (AMRL) certified laboratory. 
2 C & T is a National Environmental Laboratory Accreditation Program (NELAP) certified laboratory. 
3 Test America is a DODELAP and NELAP certified laboratory. 

Matrix Analytical Group 
Sample 

Locations/ID 
Numbers 

Analytical SOP Data Package 
Turnaround Time 

Laboratory/Organization1,2 
(name and address, contact 

person and telephone number)

Backup 
Laboratory/Organization  

(name and address, contact 
person and telephone number)

Soil 

Permeability 
Grain size 

Compressive Strength 
Atterberg limits 
NAPL saturation 

Soil boring locations 
described on 

Worksheet #18 

 
ASTM D5084 
ASTM D422 
ASTM D2166 
ASTM D4318 

API 1628 
 

10 business days 

CDM Smith 
153 South Street 1st Floor 

Somerville, MA 02143 
Andrew Thompson 

(617)-452-6801 

CDM Smith 
14432 SE Eastgate Way Suite 100 

Bellevue, WA 98007 
Nicole Hansen 
(425) 519-8300 

Soil 
FID and NAPL test kit  

field screening   

Soil boring locations 
described on 

Worksheet #18 

CDM Smith TSOP 1-
10 

NA CDM Smith field staff NA 

Soil/Groundwater/Air 
Chemical analysis listed 

on Worksheet #15 

Locations and IDs 
are described on 
Worksheet #18 

Analytical SOPs for 
chemical analysis are 
listed on Worksheet 

#23 

10 business days for 
preliminary results and 
4 weeks for final data 

package 

C & T 
2323 5th Street  

Berkeley, CA 94710 
Mike Dahlquist 
(510) 486-0900 

Test America 
13715 Rider Trail North 
Earth City, MO 63045 

Erika Starman 
314-298-8566 

Soil and water 
Sr-90, Ra-226, Cs-137, 

and gross alpha/beta 

Locations and IDs 
are described on 

Worksheet #18 and 
IDW samples as 

needed 

Analytical SOPs for 
chemical analysis are 
listed on Worksheet 

#23 

10 business days for 
preliminary results and 
4 weeks for final data 

package 

Test America 
13715 Rider Trail North 
Earth City, MO 63045 

Erika Starman 
314-298-8566 

NA 

Soil 
NAPL mobility and 

saturation 

Soil boring locations 
described on 

Worksheet #18 

ASTM 425 
Dean Stark extraction 

 

10 business days for 
preliminary results and 
4 weeks for final data 

package 

PTS Laboratories 
8100 Secura Way 

Santa Fe Springs, CA 90670 
NA 
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SAP Worksheet #31: Planned Project Assessments Table 

 
1 The field planning meeting form is included as Appendix A. The field planning meeting is intended to assess the readiness of field staff for the startup of field work. 

 
 

Assessment 
Type Frequency Internal or 

External 

Organization 
Performing 
Assessment 

Person(s) Responsible for 
Performing Assessment 
(title and organizational 

affiliation) 

Person(s) Responsible for 
Responding to Assessment 

Findings  
(title and organizational 

affiliation) 

Person(s) Responsible 
for Identifying and 
Implementing CA 

(title and 
organizational 

affiliation) 

Person(s) 
Responsible for 

Monitoring 
Effectiveness of CA 

(title and 
organizational 

affiliation) 
Field Planning 

Meeting1 

Prior to 
initiating 

work 
Internal CDM Smith CDM Smith PM 

CDM Smith PM and CDM 
Smith Field Team Leader 

CIJV QC Manager CIJV QC Manager 

Management 
Review 

Once Internal CIJV CIJV QC Manager 
CIJV PM and  CIJV QC 

Manager 
CIJV PM and  CIJV QC 

Manager 
CIJV QC Manager 
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SAP Worksheet #32: Assessment Findings and Corrective Action Responses Table 

 
 

Assessment 
Type 

Nature of 
Deficiencies 

Documentation 

Individual(s) Notified of 
Findings  

(name, title, 
organization) 

Timeframe of 
Notification 

Nature of Corrective 
Action Response 
Documentation 

Individual(s) Receiving 
Corrective Action 

Response 
(name, title, organization) 

Timeframe for Response 

Field Planning 
Meeting 

Field Planning Meeting 
Form 

CDM Smith PM, CIJV PM, 
and CIJV QAM 

24 hours 
Corrective Action Request 

Form (Appendix A) 
CDM Smith PM, CIJV PM, 

and CIJV QAM 
24 hours 

Management 
Review 

Management Review 
Report 

CDM Smith PM, CIJV PM, 
and CIJV QAM 

24 hours 
Corrective Action Request 

Form (Appendix A) 
CDM Smith PM, CIJV PM, 

and CIJV QAM 
Fifteen to 30 days from the date of 

the corrective action notice 
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SAP Worksheet #33: Quality Assurance Management Reports Table 

Type of Report 
Frequency  

(daily, weekly monthly, 
quarterly, annually, etc.) 

Projected Delivery Date(s) 

Person(s) Responsible for 
Report Preparation 

(title and organizational 
affiliation) 

Report Recipient(s) 
(title and organizational 

affiliation) 

Status Reports Monthly 15th of every month Mitra Fattampour (CIJV PM) Danielle Janda (BRAC RPM) 

QC Reports Daily Following day TBD – PQCM Peter Strogenoff (NAVFAC SW NTR)

Management Review Report Once during field activities 10 days after management review Nick Weinberger (CIJV QAM) 
Mitra Fattampour (CIJV PM) and 

Tamzen Macbeth (CDM Smith PM) 
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SAP Worksheets #34-36: Data Verification and Validation (Steps I and IIa/IIb) Process Table 
 

  
  

Data Review Input Description Responsible for Verification 
(name, organization) Step I / IIa / IIb 1 Internal/ 

External 
Field logbook Field logbooks will be reviewed and placed in the project file 

upon project completion. 
Field Team Leader (Andrew Greazel, CDM 
Smith) 
QAM (Nick Weinberger, CIJV) 

Step I 
Internal 

Chain-of-custody forms Chain-of-custody forms will be reviewed upon their 
completion and verified for completeness. A copy of the chain 
of custody will be retained in the project file, and the original 
and remaining copies taped inside the container for shipment. 

Field Team Leader (Andrew Greazel, CDM 
Smith) 

Step I 

Internal 

Sample logins Sample login information will be reviewed and verified for 
completeness in accordance with the chain-of-custody forms.  

Laboratory PM (Mike Dahlquist, C & T) 
Laboratory PM (Andrew Thompson ,CDM 
Smith) 
Project Chemist ( Nick Weinberger, CIJV) 

Step I 
Internal 

External 

Laboratory data prior to release Laboratory data will be reviewed and verified for 
completeness against analyses requested on the chain-of-
custody forms. 

Laboratory PM (Mike Dahlquist, C & T) 
Laboratory PM (Andrew Thompson ,CDM 
Smith) 
 

Step I 

External 
  

Laboratory data packages All laboratory data packages will be verified by the laboratory 
performing the work for completeness and technical accuracy 
prior to submittal. Data packages will then be reviewed by the 
Project Chemist for completeness. Subsequently, data 
packages will be evaluated externally according to the data 
validation procedures specified in Worksheet #36 of this SAP. 
Geotechnical, IDW, and ISTR system process data will not be 
validated, but will be verified by the laboratory. 

Laboratory PM (Mike Dahlquist, C & T) 
 Laboratory PM (Andrew Thompson ,CDM 
Smith) 
Project Chemist ( Nick Weinberger, CIJV) 
Field Team Leader (Andrew Greazel, CDM 
Smith)  

Step I 

External 

Internal 

 

Electronic data deliverables(EDDs) All EDDs will be verified by the chemical laboratory 
performing the work for completeness and technical accuracy 
prior to submittal.  All received EDDs will be verified against 
the hard-copy laboratory data packages. EDDs will not be 
generated for geotechnical data. 

Laboratory PM (Mike Dahlquist, C & T) 
Project Chemist ( Nick Weinberger, CIJV) 
 

Step I 

External 

Internal 

Communication Establish that required communication procedures were 
followed by field or laboratory personnel. 

PM (Mitra Fattampour, CIJV) 

PM (Tamzen Macbeth, CDM Smith) 

QAM (Nick Weinberger, CIJV) 

Step IIa Internal 

Sampling Methods and Procedures Establish that the required sampling methods were used and 
that any deviations were noted.  Verify that the sampling 
procedures and field measurements met performance criteria 
and that any deviations were documented.  

QAM (Nick Weinberger, CIJV) 

Step IIa Internal 
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SAP Worksheets #34-36: Data Verification and Validation (Steps I and IIa/IIb) Process Table Cont. 

 

 

Data Review Input Description Responsible for Verification 
(name, organization) Step I / IIa / IIb 1 Internal/ 

External 
Holding Times Verify that samples were analyzed within holding times 

specified in method, procedure, or contract requirements.  If 
holding times were not met, confirm that deviations were 
documented, that appropriate notifications were made to the 
laboratory. Holding times are not applicable to geotechnical 
samples. 

Analyst–primary; supervisor or peer–secondary 
(C & T) 

 Step IIa 

 Internal 

Analytes Verify that required lists of analytes were reported as 
specified in the SAP. 

Analyst–primary; supervisor or peer–secondary 
(C & T and CDM Smith).  

Step IIa 
Internal 

Analytical Methods and Procedures Verify that the required analytical methods were used and that 
any deviations were noted.  Verify that the QC samples met 
performance criteria and that any deviations were 
documented. 

Analyst–primary; supervisor or peer–secondary 
(C & T and CDM Smith) 

Step IIa 

Internal 

Data Qualifiers Verify that the laboratory data qualifiers were defined in the 
laboratory data package and applied as specified. Data 
qualifiers are NA for geotechnical samples. 

Analyst–primary; supervisor or peer–secondary 
(C & T) 

Project Chemist ( Nick Weinberger, CIJV) 

Step IIa 

Internal/External

Sampling Plan Determine whether the sampling plan was executed as 
specified (i.e., the number, location, and type of field samples 
were collected and analyzed as specified in the SAP. 

Project Chemist (Nick Weinberger, CIJV) for 
chemical samples. Field Team Leader (Andrew 
Greazel, CDM Smith) for geotechnical samples. 

 

Step IIb 

Internal 

Sampling Procedures Evaluate whether sampling procedures were followed with 
respect to equipment and proper sampling support (e.g., 
techniques, equipment, decontamination, volume, 
temperature, preservative). 

Project Chemist ( Nick Weinberger, CIJV) 
Field Team Leader (Andrew Greazel, CDM 
Smith) 
 

 

Step IIb 

Internal 

Field Duplicates Compare results of field duplicates with criteria established in 
the SAP. Field duplicates are not collected for geotechnical 
samples. 

Project Chemist ( Nick Weinberger, CIJV) 

Data Validation PM (Linda Rauto, LDC  Step IIa/IIb 

 External 

Project Quantitation Limits Determine that quantitation limits were achieved, as outlined 
in the SAP. Quantitation limits are NA for geotechnical 
samples. 

Project Chemist ( Nick Weinberger, CIJV) 

Data Validation PM (Linda Rauto, LDC Step IIa/IIb 

External 

Performance Criteria Evaluate QC data against performance criteria in the SAP.  Project Chemist ( Nick Weinberger, CIJV) 

Data Validation PM (Linda Rauto, LDC 
Step IIa/IIb 

Internal/ 
External 
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SAP Worksheet #37: Usability Assessment 
The data usability assessment will be performed by a team of personnel at CIJV and CDM 
Smith. Analytical DQOs will be assessed through application of precision, accuracy, 
representativeness, completeness, and comparability (PARCC) parameters to ensure that the data 
of sufficient quality to meet the project objectives.  The following subsections describe each of 
the PARCC parameters and how they will be assessed within this project. 

Precision 
Precision is the degree of mutual agreement between individual measurements of the same 
property under similar conditions. Usually, combined field and laboratory precision is evaluated 
by collecting and analyzing field duplicates and then calculating the variance between the 
samples, typically as an RPD. 

 
2

BA
BA

RPD



  X 100% 

Where: 

A = First duplicate concentration 
B = Second duplicate concentration 

Field sampling precision is evaluated by analyzing field duplicate samples. Field duplicates will 
be collected and analyzed at a frequency of 10 percent for groundwater samples. 

Laboratory analytical precision is evaluated by analyzing laboratory duplicates or MSs and 
MSDs. MS/MSD samples will be generated for all analytes for this project except compliance 
samples related to ISTR treatment and IDW samples. The results of the analysis of each 
MS/MSD pair will be used to calculate an RPD for evaluating precision. Acceptance criteria for 
precision is presented in Worksheet #28. 

Accuracy 
Field accuracy will be assessed by collecting and analyzing equipment rinsate blanks, trip 
blanks, and source water blank QC samples as appropriate. These QC samples will be used to 
evaluate the potential for target analytes to enter samples as a result of sampling processes. 

A program of sample spiking will be conducted to evaluate laboratory accuracy. This program 
includes analysis of the MS and MSD samples, LCSs or blank spikes, surrogate standards, and 
method blanks. MS and MSD samples will be prepared and analyzed at a frequency of 5 percent 
for groundwater and soil samples. LCS or blank spikes are also analyzed at a frequency of 5 
percent. Surrogate standards, where applicable, are added to every sample analyzed for organic 
constituents. The results of the spiked samples are used to calculate the percent recovery for 
evaluating accuracy. 

Percent Recovery 
T

CS 
  x 100 
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Where: 

S =  Measured spike sample concentration 
C =  Sample concentration 
T =  True or actual concentration of the spike 

Results that fall outside the accuracy goals, which are presented on Worksheet #28, will be 
further evaluated based on the results of other QC samples. 

Representativeness 
Representativeness expresses the degree to which sample data accurately and precisely represent 
the characteristics of a population, variations in a parameter at a sampling point, or an 
environmental condition that they are intended to represent. Representative data will be obtained 
for this project through selection of sampling locations, selecting analytical parameters based 
upon the pilot study activity, and conducting multiple sampling events in some instances. 
Representative data will also be obtained through proper collection and handling of samples to 
avoid interference and minimize contamination. 

Representativeness of data will also be ensured through the consistent application of established 
field and laboratory procedures. Field blanks (if appropriate) and laboratory blank samples will 
be evaluated for the presence of contaminants to aid in evaluating the representativeness of 
sample results. Data determined to be nonrepresentative, by comparison with existing data, will 
be used only if accompanied by appropriate qualifiers and limits of uncertainty. 

Completeness 
Completeness is a measure of the percentage of project-specific data that are valid. Valid data are 
obtained when samples are collected and analyzed in accordance with QC procedures outlined in 
this SAP. When all data validation is completed, the percent completeness value will be 
calculated by dividing the number of usable sample results by the total number of sample results 
planned for this investigation. 

Completeness will also be assessed to determine if the samples which were planned for 
collection, were collected. The total number of samples planned will be compared to the total 
number of samples collected. 

Completeness will also be evaluated as part of the data quality assessment process. This 
evaluation will help determine whether any limitations are associated with the decisions to be 
made based on the data collected. 

Comparability 
Comparability expresses the confidence with which one data set can be compared with another. 
Comparability of data will be achieved by consistently following standard field and laboratory 
procedures and by using standard measurement units in reporting analytical data. 

Sensitivity 
The DL is defined as the smallest analyte concentration that can be demonstrated to be different 
from zero or a blank concentration at the 99% level of confidence. At the DL, the false positive 
rate (Type I error) is 1%. The LOD is defined as the smallest amount of concentration of a 
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substance that must be present in a sample in order to be detected at a high level of confidence 
(99%). At the LOD, the false negative rate (Type II error) is 1%. The LOQ is at the lowest 
concentration that produces a quantitative result with specified limits of precision and bias. 
Analytical methods for this project have been selected so that the LOQ for each target analyte is 
below the ALs listed in Worksheet #15, wherever practical. A LOQ below the AL will not be 
possible for Aroclor-1254 and Aroclor-1260, based on analytical capabilities. 

Data Quality Assessment 
After data are validated, the project chemist will review and assess field and laboratory QC.  The 
PARCC parameters will be assessed as described above.  Data validation reports will be 
reviewed and assessed for meeting DQOs.  The Project Chemist will review the data validation 
reports for any deviations and qualify data accordingly.  The following data qualifiers will be 
used: 

J – Result is estimated 

U – Analyte is not detected at or above the stated QL 

R – Data are rejected 

UJ – Analyte is not detected, but there is an uncertainty about the QL 

Data qualifiers are used to indicate uncertainties associated with the data.  The assigned 
qualifiers will be entered into the validation code field in the database.    

The Project Chemist will prepare a data quality assessment report that will summarize the 
findings of the data assessment and discuss the usability of the data to be included in the report.  

Data will be reported in tabular format to be included in the report.  The electronic data in NEDD 
format will be submitted to the Naval Installation Restoration Information Solution database 
within 30 days of completion of validation, as described in EWI EVR.6, Environmental Data 
Management and Required Electronic Delivery Standards (NAVFAC Southwest 2005).  An e-
mail confirmation received by SDVJV will be forwarded to the project file. 
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TABLE 10-1 HISTORY OF INVESTIGATIONS AND REMOVAL ACTIONS AT IR03 

Dates 
Investigation Report 

Title Parcel E IR03 Objective Activity Conclusions
1984 Initial Assessment 

Survey /NEESA, 
1984 

Eight sites within Parcel E were included in the IAS: IR-03 
(Oil Reclamation Ponds), IR-02 southeast (Burn Disposal 
Area and AST S-505), IR-04 (Scrap Yard Shed Building 
807), IR-05 (Old Transformer Storage Yard), IR-11/14/15 
(Power Plant Building 521), IR-02 Northwest and IR-02 
Central (Old Bay Fill Area), and Bay Sediment (includes all 
sediments immediately surrounding the shoreline, specifically 
in IR-02 and IR-03). 

The IAS assessed the extent of 
releases of contamination, 
potential migration pathways, and 
potential receptors (humans or 
wildlife) where releases of 
contamination had occurred.  

The IAS was based on reviews of records and interviews of 
previous workers at the site.  
 

Based on the findings of the IAS, five of the eight sites (IR-03, IR-
04, IR-05, and IR-02 Northwest and IR-02 Central) were 
recommended for further evaluation in a confirmation study. Two 
of the Parcel E sites, IR-02 Southeast and Bay Sediment, were 
recommended for no further investigation. 

1987  Confirmation Study 
and Verification 
Step/EMCON, 1987a 

Parcel E sites IR-02, IR-03, IR-04, IR-05, and IR-11. Conducted to verify the presence 
of hazardous waste contamination. 
  

Activities included a geophysical survey; subsurface 
exploration using exploratory borings; and soil, groundwater, 
and air sampling. 

The Confirmation Study made the following conclusions and 
recommendations for IR03: IR-03: The oil reclamation ponds did 
not pose an immediate risk to humans or wildlife from direct 
exposure. However, a risk assessment and periodic groundwater 
monitoring was recommended. 

1988 Scoping Document 
Summary/HLA, 1988 

Parcel E Make recommendations regarding 
Navy’s approach to investigation 
and remediation sites under RI/FS 
for Parcel E. 

The scoping document summarized (1) previous activities and 
investigations, (2) ongoing or planned investigations and how 
they relate to the RI/FS process, (3) the Navy’s approach to 
investigating and remediating sites under the RI/FS and the 
field investigations to be conducted as part of the RI, and (4) 
proposed investigation activities for sites identified during the 
IAS, confirmation study, and Triple A investigation. Sites were 
grouped into operable units. 

The scoping document recommended RI/FSs be conducted at IR-
02, IR-03, IR-04, IR-05, IR-08, IR-11 and PA/SIs be conducted at 
PA Sites 12 through 15.  
 

1988 
to 
1989 

Solid Waste Air 
Quality 
Assessment 
Test/HLA, 
1989a 

Parcel E-2 Landfill, but also included Parcel E sites 
IR-02, IR-03, IR-12, and IR-14. 

Make recommendations regarding 
further actions for sites as part of 
the SI or RI. 

Reviewed existing documents to: (1) identify buildings or areas 
where chemicals were used, stored, or disposed of; (2) evaluate 
potential environmental effects of underground utilities (e.g., 
steam lines, storm and sanitary sewer lines, fuel lines, etc.); 
(3) identify potential receptors and threats to human health and 
the environment; (4) evaluate the need for immediate removal 
actions; (5) assess priorities for subsequent SI activities; and (6) 
identify which IR sites required no further action or 
investigation. 

Areas with chemical data indicating contamination in soil or 
groundwater were included in the RI. Areas where leaks or spills 
of chemicals were suspected or identified were recommended for 
further action during the SI. The following Parcel E sites were 
evaluated as part of the PA and recommended for further action: 
IR-12 through IR-15, IR-36 North, IR-36 South, IR-36 West, IR-
38, IR-39, IR-40, IR-52, IR-54, IR-56, and portions of facility-
wide utility systems. IR-12 and IR-15 were carried forward 
directly to the RI phase (IR-14/IR-15 were combined with IR-11), 
and the remaining sites were carried forward to the SI phase. 

1992 
– 
1996 

Remedial 
Investigation/TtEMI, 
LFR, and U&A, 1997 

Parcel E Evaluated the nature and extent of 
contamination in soil and 
groundwater at Parcel E.  
 

More than 4,700 soil and 1,200 groundwater samples were 
collected and analyzed for various hazardous substances, 
including metals, organic chemicals, and TPH. All data were 
compared with screening criteria for the protection of humans 
and wildlife. Additionally, an HHRA for soil and groundwater 
and ERA for soil were conducted. 

Based on the soil results, the RI Report recommended that all 
Parcel E sites be carried forward to an FS to develop risk 
management strategies and evaluate possible remedial actions for 
the site. Additionally, the report noted that additional soil 
sampling was needed to better define the nature and extent of 
contamination at the parcel. Based on the HHRA results for 
groundwater, the RI Report concluded groundwater contamination 
did not pose an unacceptable risk to human health. However, the 
report noted many sites contained chemicals in groundwater at 
concentration exceeding screening criteria, thus further 
groundwater sampling was required to define the nature and extent 
of groundwater contamination. 
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TABLE 10-1 HISTORY OF INVESTIGATIONS AND REMOVAL ACTIONS AT IR03 (continued) 

Dates Investigation Report Title 
Parcel 
E IR03 Objective Activity Conclusions

1991 Product Recovery Site Characterization 
Investigation, Former Oil Reclamation 
Ponds, Site IR-03, Naval Station 
Treasure Island, Hunters Point Annex. 
HLA, 1991 

IR-03 Recover free product from oily waste pond 
area at IR-03. 

About 25 gallons of floating petroleum product on the water table and 70 
gallons of subsurface waste oil were recovered at IR-03 to reduce the volume 
of chemicals that could migrate to San Francisco Bay. 

NAPL extraction was demonstrated to be very inefficient. 

1996 
to 
1998 

Sheet-pile wall and low-permeability 
cap installation at the former oil 
reclamation ponds in IR-03/IT 
Corporation, 1999 

IR-03 Isolate the groundwater and NAPL from the 
former oily waste pond areas from migrating 
to San Francisco Bay. 

A 900-foot-long sheet-pile wall was installed to a maximum depth of 27 feet 
bgs at IR-03 to reduce the potential for chemicals to migrate from the waste 
oil reclamation ponds to San Francisco Bay (IT Corporation, 1999). A 
geosynthetic clay liner with a 1-foot topsoil layer was placed over the area to 
minimize rainfall infiltration 

The sheet pile wall was successfully installed, however, NAPL was present 
on the Bay-side of the wall. 

2001 Phase II Groundwater Data Gaps 
Investigation.  Tetra Tech/EM 2001 

Parcel 
E 

Update the previous assessment of conditions 
and supplement information gathered during 
the RI.  New information used to evaluate 
groundwater remedial technologies in the 
parcel- specific feasibility study. 

Evaluate conditions of existing monitoring wells, develop a Basewide 
potentiometric surface map and conduct two sampling events at Parcel E to 
confirm extent of remedial units (RUs). 

Additional data gaps identified to be filled during Phase 3 Data Gaps 
Investigation. 

2002 Phase III Groundwater Data Gaps 
Investigation.  Tetra Tech/EM 2004 

Parcel 
E 

Fill remaining data gaps identified for Parcel 
E. 

Collect water levels to evaluate horizontal and vertical gradients, conduct 
hydraulic test to characterize shallow A aquifer, and evaluate tidal influence 
and mixing zones and refine chemical data from A-aquifer, B-aquifer, 
bedrock WBZ to confirm horizontal extents of   RUs, including 
radionuclides in shallow groundwater. 

The Phase III GDGI groundwater data, along with the Phase II data, will be 
used by the Navy and the BCT to complete the Parcel E FS. 

2008 Final Revised Remedial Investigation 
Report for Parcel E, 
Barajas & Associates, Inc., 2008 

Parcel 
E 

Revise RI based on updated information 
gathered since 2004, especially changes in 
contaminant plume extents due to treatability 
studies. 

The RI was updated to reflect recent data collected since 2004 that could be 
used to develop the Parcel C feasibility study. 

The Revised RI could be used to develop the Parcel C Feasibility Study. 

2011 Draft Final Feasibility Study Report 
for Parcel E.  Engineering/Remediation 
Resources Group, Inc. ERRG/2011 

Parcel 
E  

Develop remedial alternatives for IR03 and 
evaluate relative to effectiveness, 
implementability and cost using CERCLA. 

NAPL Alternatives Evaluated, 1) No Action, 2) Source Containment, 
Monitoring , and Institutional Controls (IC), 3) Source Removal by 
Thermally Enhanced NAPL Extraction, MNA and ICs, 4A) Source Removal 
by Thermally Enhanced NAPL Extraction, In Situ Bioremediation, MNA 
and ICs, 4B) Source Removal by Thermally Enhanced NAPL Extraction 
with Steaming, Containment, MNA and ICs, 5) Source Removal by 
Excavation and Thermally Enhanced NAPL Extraction, In-Situ 
Bioremediation, MNA, ICs, 6) Source Removal by Excavation, MNA and 
ICs. 

For NAPL, Alternatives N-4A and N-4B were assigned overall ratings of 
very good. Other alternatives were lower in overall ranking because of a 
lesser degree of protectiveness and performance  (Alternatives N-2 and N-
3), or because of issues related to cost and implementability (Alternatives 
N-5 and N-6). Although Alternative N-5 involves source removal by 
excavation in the unsaturated zone, it was not considered to significantly 
improve the long-term effectiveness of the remedy because Site data 
indicate that most of the IR-03 NAPL source is located within the saturated 
zone. The remedy for Parcel E will be selected in the Record of Decision 
following comment on the FS Report and the proposed plan. 

2011-
2012 

Site Characterization and Benchscale 
Treatability Study Report.  ITSI/2012 

IR-03 Evaluate nature and extent of NAPL 
contamination in soil and conduct a bench 
study to evaluate in situ thermal treatment for 
removal of NAPL. 

Completion of cone penetrometer testing (CPT) with laser-induced 
fluorescence (LIF) survey, and drilling of confirmation borings with soil and 
groundwater sample collection and analyses to characterize the lateral and 
vertical extent of NAPL contamination.  Complete a bench scale treatability 
study with site soil and groundwater to evaluate thermal treatment for 
enhanced NAPL removal/recovery. 
 

The CPT data provided an interpretation of site stratigraphy, indicating a 
wide variation in soil permeability, along with drilling of confirmation 
borings to validate the CPT results. The LIF survey and confirmation 
sample analytical results were used to characterize the lateral and vertical 
extent of NAPL, and to profile the hydrocarbons present in the NAPL.  
Bench study results indicated that enhanced NAPL recovery was not 
observed at 65-90˚C, and that NAPL removal was observed at 180˚C.  A 
pilot test was recommended in the field to verify enhanced NAPL recovery 
under field conditions.  In situ stabilization was also recommended for 
evaluation at the IR03 site. 
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TABLE 10-1 HISTORY OF INVESTIGATIONS AND REMOVAL ACTIONS AT IR03 (continued) 
 

 

Acronyms and Abbreviations: 

AST - aboveground storage tank       
U.S. EPA - U.S. Environmental Protection Agency      
CERCLA- Comprehensive Environmental Response, Compensation, and Liability Act 
CPT-  Cone PenetrometerTesting 
ERA - Ecological Risk Assessment       
ERRG- Engineering/Remediation Resources Group, Inc. 
FS - Feasibility Study          
HHRA - Human Health Risk Assessment       
HLA – Harding Lawson Associates 
HPNS – Hunters Point  Naval Shipyard 
IC- institutional control 
IR – Installation Restoration 
ITSI-Innovative Technical Solutions Inc. 
LIF- Laser-induced fluorescence 
LFR – Levine-Fricke-Recon 
MNA-monitored natural attenuation 
NAPL- nonaqueous phase liquid 
NEESA – Naval Energy and Environmental Support Activities 
PCB – polychlorinated biphenyl 
PRC – PRC Environmental Management, Inc. 
RASO – Radiological Affairs Support Office 
RI – Remedial Investigation 
RU – Remedial Unit 
Tetra Tech – Tetra Tech EM Inc. 
TM – Technical Memorandum 
TPH – total petroleum hydrocarbons 
U&A – Uribe & Associates 
                              



TABLE 10-2  LNAPL Thickness in Monitoring Wells from 2006-2011 

08/16/06 09/13/06 11/13/06 08/02/07 09/24/08 09/30/09 07/09/10 07/20/11 09/21/11
IR02MW146A  4.62 4.29 4.39 3.31 3.28 3.62 4.17 0.66 4.94

IR02MW173A  2.34 1.91 2.17 2.3 2.34 2.45 1.8 1.8 2.37

IR03MW225A 3.6 4.1 3.93 5.1 0.03 4.11 0.35 3.9 0.1

IR03MW226A 0.08 0.11 0.07 0.27 0.02 0.16 0.04 0.02 0.6

IR03MW369A 2.64 2.14 0.05 0.05 0.04 0.58 0.14 0.04 0.45

IR03MWO‐2 1.9 0.11 1.16 1.5 0.8 0.21 0.66 0.17 0.7

IR03MWO‐3 2.8 2.7 5.11 5.65 5.41 4.62 5.37 0.07 5.3

IR03MW370A 9.89 4.4 4.08 4.53 5.33 4.4 3.47 1.42 4.6

Acronyms and Abbreviations:
ft‐ feet

ID‐ identification

NAPL‐ nonaqueous phase liquid

Monitoring Well ID 

NAPL Thickness (ft)

1 of 1



CPT Permeability Estimates 
(ft/d)

Porosity
LNAPL Density (g/mL)

IR-03 Total LNAPL 
Area

ISTR Treatment 
Zone

IR-03 Total LNAPL 
Area

ISTR 
Treatment 

Zone

IR-03 Total 
LNAPL Area

ISTR 
Treatment Zone

LNAPL Impacted Soil Volume 
(cuft)

213159 21412 148964 10720 52981 1994

% of total LNAPL-impacted 
volume

0.51 0.63 0.36 0.31 0.13 0.06

Acronyms and Abbreviations:
CPT – Cone Penetrometer Testing
ft/d– feet per day
g/mL– grams per milliliter
IR– Installation Restoration
k–  permeability (ft/d)
LNAPL– light nonaqueous phase 
liquid
MVS– Mining Visualization 
Software

0.931 0.931 0.931

Table 10-3.  MVS Estimates for NAPL extents within Different Permeability Media

High (>26) Medium(26>k>0.25) Low (<0.25)
0.35 0.25 0.15

1 of 1



TABLE 11-2 SUMMARY OF ANALYTICAL SAMPLING AND ANALYSIS FOR THE IR-03 NTPS
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Advance 6 CPT/HPT borings
Detailed knowledge of heterogeneous site stratigraphy, 
obtain high resolution vertical profile hydraulic conductivity 
within the ISTR TTZ and investigate hydraulic properties 
and potential for groundwater contaminants at levels greater 
than COC and COECs near the Bay discharging from IR-03.

Figure 11-1 presents preliminary placement of 
CPT/HPT borings, collect up to 10 samples along 
bay for groundwater samples during CPT/HPT.

10 10 10 10 10 10 10 10 10
Complete two rounds of LNAPL 
thickness measurements

Accurate representation of LNAPL gradients and flow 
directions

Collect measurements at high and low-tide events at 
all available monitoring wells within and near to IR-
03 (IR02MW146A, IR03MW372A, IR03MW0-3, 
IR03MW371A, IR03MW370A, IR03MW218A1, 
IR03MW218A2, IR03MW218A3, IR03MW226A, 
IR03MW0-1, IR03MW0-2, IR03MW369A, 
IR02MW173A, IR03MW225A, IR03MW342A, and 
IR03MW224A)

2

Measure water level fluctuations over 
multiple tidal cycles using transducers

Knowledge of tidal fluctuations and hydraulic properties of 
"A" aquifer 

Deploy transducers at 17 wells (all A-aquifer wells 
within IR03) and newly-installed stilling well as 
shown in Figures 11-3 and 11-4.

18

Pr
e-

D
es

ig
n/

Te
ch

no
lo

gy
 

Pe
rf

or
m

an
ce

 M
on

ito
ri

ng Baseline groundwater monitoring at 13 
wells.

Provide baseline data to evaluate geochemistry and 
performance monitoring.

Sample wells as shown in Figure 11-6.

13 13 13 13 13 13 13 13 13 13 13 1

Advance 6 DPT soil borings in the 
proposed ISTR test area prior to heating 
for collection of baseline soil samples to 
determine the  NAPL saturation, and 
concentrations of COCs and COECs.

Detailed knowledge of the amount and vertical distribution 
of total and mobile NAPL and the concentrations of COCs 
and COECs in proposed ISTR pilot test areas pre-heating

Proposed boring locations identified in Figure 11-2. 
Collect approximately 3 samples from each boring 
for laboratory NAPL saturation analysis and TOC 
(total of 18), and 10 samples from each boring (60 
samples) for analysis of PCBs and TPH.  In addition, 
10 total samples will be collected for VOCs, SVOC, 
and metals. 

10 10 10 60 60 60  as needed 18 18

ISS Bench Scale Testing - Test Boring 
Sampling (pre-composite)

Determine initial VOC concentrations in test borings prior to 
composite sampling

Proposed boring locations identified in Figure 11-2. 
Collect approximately 3 samples for SVOC, VOC 
and metals analysis, 2 samples from 3 borings for 
TPH, PCB and TOC analysis, and 1 sample from 3 
borings for NAPL Saturation and SPLP.

3 3 3 6 6 6 as needed 6 3 3

ISS Bench Scale Testing - Composite 
Baseline Sampling

Determine soil properties for composite sample prepared 
during ISS bench scale test.

Proposed boring locations identified in Figure 11-2. 
Collect 2 samples of composited material for 
laboratory and geotechnical analysis, 3 for NAPL 
Saturation/Mobility, and 2 sample for SPLP analysis.

2 2 2 2 2 2 as needed 2  2 2 2 2 2 2 3 2

Pr
e-

D
es

ig
n 

C
ha

ra
ct

er
iz

at
io

n
IS

S/
IS

TR
 P

ro
ce

ss
 M

on
ito

ri
ng

1 of 2



TABLE 11-2 SUMMARY OF ANALYTICAL SAMPLING AND ANALYSIS FOR THE IR-03 NTPS
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ISS Bench Scale Phase 1 - Workability 
and Titration Testing

Evaluate workability of composite sample and  additions of 
bentonite in field laboratory:  a) Evaluate ISS reagents 
(cement, bentonite, organoclay) compatibility with site 
groundwater in field laboratory; b) evaluate leachability of 
composite sample when mixed with "stabilization" reagents 
(organoclay, activated carbon)

Mixing composited samples with up to 3 separate 
bentonite reagents  a) Mixing reagents with Site 
groundwater and potable water for comparison; b) 
mixing composited samples with 2 separate reagent 
mixtures

15 15 15 4 6 2

ISS Bench Scale Testing - Phase 2 and 3 Determine best performing ISS mix formulations that 
achieve the most ideal balance between strength, 
leachability, and permeability.

Complete bench scale testing and collect samples for 
laboratory analysis upon completion of the testing. 6 6 6 6 6 6 as needed 6 1 6 1 1 6 7 1

Groundwater Monitoring in ISTR 
Aqueous Influent.

Evaluate COC and COEC concentrations in groundwater 
before, during, and after ISTR for cumulative mass removal 
estimates.

Collect samples of extracted groundwater influent to 
the ISTR treatment system. 20 20 20 20 16 20

Daily ISTR Vapor Influent Samples
Evaluate chemical concentrations during ISTR to ensure 
compliance with permit.

Collect daily samples of vapor influent to the ISTR 
treatment system. 85

Weekly ISTR Vapor Influent Samples
Evaluate chemical concentrations during ISTR to ensure 
compliance with permit.

Collect weekly samples of vapor influent to the ISTR 
treatment system. 20

Post-ISTR soil sampling at 6 boring 
locations.

Evaluate changes in quantity of NAPL and the 
concentrations of COCs and COECs in proposed ISTR pilot 
test areas post-heating

Will complete borings adjacent to locations of the 
pre-ISTR borings. Collect approximately 3 samples 
from each boring for laboratory NAPL saturation 
analysis and TOC (total of 18), and 10 samples from 
each boring (60 samples) for analysis of PCBs , and 
TPH.  In addition, 10 total samples will be collected 
for VOCs, SVOC, and metals. 

10 10 10 60 60 60  as needed 18

Post-treatment soil and aqueous sampling 
at (2 boring locations).

Evaluate hydraulic properties and NAPL mobility post-ISS 
pilot study

Complete 2 soil cores through ISS TTZ, and collect 
3 samples/core for a total of 6 samples for analytical, 
geotechnical analysis and SPLP.  One sample will be 
submitted for SDL testing.  

6 6 6 6 6 6 as needed 6 6 6 6 6 6 6 6 1

Post-treatment groundwater sampling (13 
wells)

Evaluate post-treatment COC and COEC concentrations 
against pre-treatment values and action levels

Sample wells as shown in Figure 11-6.
13 13 13 13 13 13 13 13 13 1

c Purge parameters include temperature, pH, salinity, and ORP
Acronyms and Abbreviations:
API-American Petroleum Institute
ASTM-American Society for Testing and Materials
COC– chemical of concern
COEC – chemical of ecological concern
DPT – Direct Push Technology
DQO - data quality objective
ISTR – in situ thermal remediation
ISS – in situ solidification stabilization
NAPL – nonaqueous phase liquid
PCB– polychlorinated biphenyl
PID - photoionization detector
SDL –  semidynamic leaching
SPLP–  synthetic precipitation leaching procedure
SVOC– semivolatile organic compound
TOC - total organic carbon
TPH– total petroleum hydrocarbons
TTZ – target treatment zone
VOC– volitile organic compound

a Analysis included for SPLP extract includes, pH, VOCs by 8260C, TPH-purgeable and TPH-extractable by 8015D, metals by 6020A/7470, and PCBs by 8082A.
b Analysis included for SDL leachates includes, pH, VOCs by 8260C, TPH-purgeable and TPH-extractable by 8015D, metals by 6020A/7470, PCBs by 8082A and TOC by 9060A.

Te
ch

no
lo

gy
 P

er
fo

rm
an

ce
 M

on
ito

ri
ng

- P
os

t-
tr

ea
tm

en
t

IS
S/

IS
TR

 P
ro

ce
ss

 M
on

ito
ri

ng
, c

on
t.

2 of 2



TABLE 11-3 BENCH SCALE STUDY SAMPLING SUMMARY

Work 
Phase Sample

No. of 
Samples No. of Duplicates

Total No. of 
samples Testing to Methods

Sample Amount for each 
Sample Sampling Schedule

6 0 6 See Table 11-2 for specifics on analytical samples and methods. See Worksheet 19.2 for 
sampling requirements

One Time

3 0 3 SPLP 1 kilogram in plastic bag One Time; Extract from SPLP to be 
analyzed as described below

Extract from SPLP testing of the 
three composite soil core samples

3 0 3 See Table 11-2 for specifics on analytical samples and methods. See Worksheet 19.2 for 
sampling requirements

One Time, after 18±2 hours of rotation 
in SPLP Testing

Soil Composite 1 1 2 See Table 11-2 for specifics on geotechnical samples and methods. 2 kilograms in plastic bag One Time

1 1 2 See Table 11-2 for specifics on analytical samples and methods. See Worksheet 19.2 for 
sampling requirements

One Time

3 0 3 NAPL Saturation, Mod. ASTM D425/Dean-Stark One 2 inches (diameter) x 6 
inches (length) cylinder (Type 
B)

One Time

1 0 1 Slump Test, ASTM C143 30 pounds One Time, up to 3 different bentonite 
additions

2 0 2 SPLP 1 kilogram in plastic bag One Time; Extract from SPLP to be 
analyzed as described below

Extract from SPLP Testing of the 
composite sample

2 0 2 See Table 11-2 for specifics on analytical samples and methods. See Worksheet 19.2 for 
sampling requirements

One Time, after 18±2 hours of rotation 
in SPLP Testing

Groundwater + Bentonite 1 0 1 • pH
• Unit weight (ASTM D4380; or API-RP-13- B);
• Marsh Funnel (API-RP-13-B);
• Free Swell (API-RP-13-B);
• Visual Observations

5 gallons One Time prior to bench-scale testing

Potable Water + Bentonite 1 0 1 • pH
• Unit weight (ASTM D4380; or API-RP-13-B);
• Marsh Funnel (API-RP-13-B);
• Free Swell (API-RP-13-B);
• Visual Observations

5 gallons One Time prior to bench-scale testing

Soil Core - up to 2 composite 
samples from each

Soil Composite (cont.)
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TABLE 11-3 BENCH SCALE STUDY SAMPLING SUMMARY

Work 
Phase Sample

No. of 
Samples No. of Duplicates

Total No. of 
samples Testing to Methods

Sample Amount for each 
Sample Sampling Schedule

Groundwater + Organoclay 1 0 1 • pH
• Unit weight (ASTM D4380; or API-RP-13-B);
• Marsh Funnel (API-RP-13-B);
• Free Swell (API-RP-13-B);
• Visual Observations

5 gallons One Time prior to bench-scale testing

Potable Water + Organoclay 1 0 1 • pH
• Unit weight (ASTM D4380; or API-RP-13-B);
• Marsh Funnel (API-RP-13-B);
• Free Swell (API-RP-13-B);
• Visual Observations

5 gallons One Time prior to bench-scale testing

Groundwater + Cement 1 0 1 • pH
• Unit weight (ASTM D4380; or API-RP-13-B)
• Visual Observations

5 gallons One Time prior to bench-scale testing

Potable Water + Cement 1 0 1 • pH
• Unit weight (ASTM D4380; or API-RP-13-B)
• Visual Observations

5 gallons One Time prior to bench-scale testing

SPLP Screening Composite + 1% 
organoclay

1 0 1 SPLP 1 kilogram in plastic bag One Time; Extract from SPLP to be 
analyzed as described below

Extract from SPLP Testing of the 
Composite + 1% organoclay 

1 0 1 See Table 11-2 for specifics on analytical samples and methods. See Worksheet 19.2 for 
sampling requirements

One Time, after 18±2 hours of rotation 
in SPLP Testing

SPLP Screeing Composite + 4% 
activated carbon

1 0 1 SPLP 1 kilogram in plastic bag One Time; Extract from SPLP to be 
analyzed as described below

Extract from SPLP Testing of the 
Composite + 4% activated carbon

1 0 1 • See Table 11-2 for specifics on analytical samples and methods. See Worksheet 19.2 for 
sampling requirements

One Time, after 18±2 hours of rotation 
in SPLP Testing

Phase 1 - each of the 15 
solidification/stabilization 
formulation mixtures

15 0 15 • Hydraulic conductivity, ASTM D5084.
• Bulk Density, ASTM D7263
• Moisture Content, ASTM D2216

One 3 inches (diameter) x 6 
inches (length) cylinder (Type 
A)

One Time: After 28 days of curing

B
en

ch
 T

es
tin

g 
M

on
ito

ri
ng

- P
ha

se
 1

Page 2 of 3



TABLE 11-3 BENCH SCALE STUDY SAMPLING SUMMARY

Work 
Phase Sample

No. of 
Samples No. of Duplicates

Total No. of 
samples Testing to Methods

Sample Amount for each 
Sample Sampling Schedule

6 0 6 • Unconfined compressive strength, ASTM C39 One 3 inches (diameter) x 6 
inches (length) cylinder (Type 
A)

One Time: After 28 days of curing and 
Phase 1 geotechnical testing

6 0 6 • See Table 11-2 for specifics on analytical samples and methods. See Worksheet 19.2 for 
sampling requirements

One Time: After 28 days of curing and 
Phase 1 geotechnical testing

6 0 6 • NAPL Saturation, Mod. ASTM D425/Dean-Stark One 2 inches (diameter) x 6 
inches (length) cylinder (Type 
B)

One Time: After 28 days of curing and 
Phase 1 geotechnical testing

Phase 2 - each of the 6 
solidification/stabilization 
formulation mixtures selected based 
on results from Phase 1 geotechnical 
testing (cont.)

6 1 7 SPLP One 3 inches (diameter) x 6 
inches (length) cylinder (Type 
A)

One Time: After 28 days of curing and 
Phase 1 geotechnical testing; Extraction 
from SPLP to be analyzed as describe 
below.

Extract from SPLP Testing of each 
of the 6 selected formulation 
mixtures from Phase 2

6 1 7 See Table 11-2 for specifics on analytical samples and methods. See Worksheet 19.2 for 
sampling requirements

One Time, after 18±2 hours of rotation 
during Phase 2 SPLP Testing

1 0 1 • Hydraulic conductivity, ASTM D5084.
• Bulk Density, ASTM D7263
• Moisture Content, ASTM D2216

One 3 inches (diameter) x 6 
inches (length) cylinder (Type 
A)

One Time: After evaluation of Phase 2 
results

1 0 1 • SDL Test Three 2.5 cm (diameter) x 5 
cm (length) cylinder (Type C)

One Time: After evaluation of Phase 2 
results. Leachate is removed and 
replaced at the following intervals for 
analysis as described below: 2 hours 
(hr), 5 hr, 17 hr, 24 hr, day 2, day 3, 
day 4, day 5, day 6, day 7, day 14, day 
21, day 28, and day 42*

Leachate removed at each of 14 
intervals during Phase 3 SDL 
Testing of each of the 1 selected 
formulation mixtures 

14 0 14 See Table 11-2 for specifics on analytical samples and methods. See Worksheet 19.2 for 
sampling requirements

One time for each sample.

Notes:
*SDL leachate removal/replacement times are subject to change based on initial results

Acaronyms and Abbreviations:
API-American Petroleum Institute PCB- polychlorinated biphenyl
ASTM-American Society for Testing and Materials SDL - semi-dynamic leaching test
COC- chemical of concern SPLP - synthetic precipitation leaching procedure
COEC - chemical of ecological concern SVOC- semivolatile organic compounds
EPA- United States Environmental Protection Agency TPH- total petroleum hydrocarbon
NAPL - Non-aqueous phase liquid TOC- total organic carbon

VOC- volatile organic compounds

Phase 2 - each of the 6 
solidification/stabilization 
formulation mixtures selected based 
on results from Phase 1 geotechnical 
testing

Phase 3 - 1 
solidification/stabilization 
formulation mixture selected based 
on results from Phase 2 testing. 
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Task Validation Requirements
Baseline groundwater monitoring at 12 
wells.

Stage 3 or 4: VOCs, metals, TPH, PCBs                                                              
Stage 2B: radiological, anions, TOC

DPT soil borings in ISTR area Stage 3 or 4: VOCs, SVOCs, TPH, PCBs                                                             
Stage 2B: TOC

DPT soil borings in ISS area Stage 3 or 4: VOCs, SVOCs, TPH, PCBs, metals                                                
Stage 2B: TOC

ISS bench-scale testing, composited 
samples

Stage3 or  4: VOCs, SVOCs, TPH, PCBs, metals                                                
Stage 2B: TOC

ISS bench-scale testing, titration tests Stage 2B: SPLP effluent for pH, VOCs, SVOCs, metals, TPH, PCBs, and 
TOC

ISS bench-scale testing, post-testing 
samples

Stage 2B: VOCs, SVOCs, metals, TPH, PCBs, TOC (and SPLP/SDL effluent 
for same analytes)

ISTR performance groundwater 
monitoring

Stage 2B: VOCs, TPH, PCBs, radiological

ISTR performance vapor monitoring Stage 2B: VOCs

ISTR post-treatment soil borings Stage 3 or 4: VOCs, SVOCs, TPH, PCBs                                                             
Stage 2B: TOC

ISS post-treatment soil and groundwater Stage 3 or 4: VOCs, SVOCs, TPH, PCBs (and SPLP effluent for same 
analytes)                                                                                                        
Stage 2B: TOC

Post-treatment groundwater sampling Stage 3 or 4: VOCs, metals, TPH, PCBs                                                              
Stage 2B: radiological, anions, TOC

Acronyms and Abbreviations:
VOC - volatile organic carbon
SVOC - semivolatile organic carbon
PCB - polychlorinated biphenyls
TOC - total organic carbon
TPH - total petroleum hydrocarbons
SPLP - Synthetic Precipitation Leaching Procedure
SDL - semi-dynamic leaching test
ISTR - In Situ Thermal Remediation
ISS - In Situ Solidification Stabilization

Table 11-4 Data Validation for Pilot Study
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Table 17-1 Site Contaminant Air Effluent Limits

ALARA

Goal
137Cs 2.0E-10 (Class Y) 4.00E-11

226Ra 9.0E-13 (Class W) 1.80E-13
90Sr 6.0E-12 (Class Y) 1.20E-12

Acronyms and Abbreviations:

RCOC
10CFR20, Appendix B, Table 2 Air 

Effluent Limit (μCi/ml) 

μCi/ml - microcuries per milliliter 
RCOC - Radiological Contaminant of Concern
ALARA - as low as reasonably achievable

1 of 1
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Tidal Influence and Mixing Zones for IR03
Figure 10-3

IR-03 Former Oily Waste Pond NAPL Treatment Pilot Study
Hunters Point Naval Shipyard, San Francisco, California
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Hunters Point Naval Shipyard, San Francisco, CaliforniaDate: 5/2013  94810.6429 NAPL Characterization Locations

Figure 10-4
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Hunters Point Naval Shipyard, San Francisco, CaliforniaDate: 5/2013  94810.6429

Plan View of Estimated NAPL Extent
Figure 10-5
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Interpolated NAPL Extent Using
MVS with Measurable NAPL in Wells, 
Soil TPH >3,500 mg/kg, and CPT-LIF Data
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extent shown in the figure is an artifact of the indicator
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IR-03 Former Oily Waste Pond NAPL Treatment Pilot Study
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Cross Section Location Map
Figure 10-6
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Figure 10-7
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IR-03 Former Oily Waste Pond NAPL Treatment Pilot Study
Hunters Point Naval Shipyard, San Francisco, CaliforniaDate: 5/2013  94810.6429 MVS Modeled NAPL Extent and Soil Permeability

Figure 10-9

!?

!?

!?

!?

!?

!?

!?

!?
!?

!?

!?

!?

!?
!?

!?

!?

!?

!?

!?

!?
!?

!?

!O

!O

!O

!O

!A

!A

!A

!A

!A!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!O

!A

!O

!O

!O

!O

!O

!O

!O

!O

!O

!O

!O!O
!O

!O

!O

!O

!O

!O

!O

!O

!O
!O

!O

!O

!O

!O
!O

!O

!O

!O

!O

!O

S a n
F r a n c i s c o

B a y

IR03MW218A3

IR03MW218A1

IR03MW218A2

IR03MWO-2IR03MW370A

IR03MW369A

IR03MW173A

IR03MWO-3

IR03MWO-1

IR03MW146A

IR03MW371A

IR03B420

IR03B418IR03B418A
IR03B412

IR03B421

IR03B410A

IR03B409
IR03B408A

IR03B406
IR03B411

IR03B408B

IR03B408C
IR03B407
IR03B413

IR03B417
IR03B416

IR03B424

IR03B415

IR03B414
IR03B423

IR03B422

IR03B369

NAPL Extent (colors represent
permeability of aquifer within extent)

Cross-Section 1

IR03B220

IR03B340

IR03B341

IR03B342IR03B343 IR03B354

IR03B355

IR03B367

IR03B368

IR03B370

IR03B374

IR03B375

IR03B376

IR03B377

IR03B378

IR03B373
IR03B372

IR03B363

IR03B356

IR03B228A

IR03MW372A

IR03MW224A

IR03MW342AIR03MW226A

IR03MW225A
IR03B399

IR03B388

IR03B394

IR03B405IR03B404

IR03B400

IR03B403

IR03B402

IR03B398IR03B397

IR03B395

IR03B401

IR03B392

IR03B393

IR03B396

IR03B387

IR03B391

Legend
Parcel E Boundary

IR-03 Site Boundary

Former Oil Reclamation Pond

Interpolated NAPL

Sheet Pile Wall

Treatment Area Cross Section

!A Monitoring Well Location

!A Monitoring Well Location with NAPL

!O Soil Boring with TPH Detection < 3,500 mg/kg

!O Soil Boring with TPH Detection > 3,500 mg/kg

!? CPT-LIF Boring

!? CPT-LIF Boring with NAPL

´
50 0 5025

Feet

Total TPH Cross Section 1
177,000 mg/kg

100,000 mg/kg

10,000 mg/kg

3,000 mg/kg

1,000 mg/kg

300 mg/kg

100 mg/kg

30 mg/kg

10 mg/kg

30,000 mg/kg

Soil Permeability

High
(> 25.92 feet/day)

Medium 
(0.25 < X < 25.92) feet/day

Low 
(<0.25 feet/day)

Cross Section 1, NAPL Extent and Soil Permeability
NAPL in Wells

Unsaturated

NAPL

Saturated

10

0

-10

Soil Permeability

High
(> 25.92 feet/day)

Medium 
(0.25 < X < 25.92) feet/day

Low 
(<0.25 feet/day)



50 0 5025

Feet

´

IR-03 Former Oily Waste Pond NAPL Treatment Pilot Study
Hunters Point Naval Shipyard, San Francisco, CaliforniaDate: 5/2013  94810.6429 HPT Boring Locations and RCA Boundary

Figure 11-1
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Figure 11-2
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Figure 11-3
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Figure 11-4
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Figure 11-5
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Figure 11-6
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Figure 11-7
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Figure 11-8
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Data Flow ProcessIR-03 Former Oily Waste Pond NAPL Treatment Pilot Study
Hunters Point Naval Shipyard, San Francisco, California Figure 14-1Date: 5/2013  94810.6429
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ID WBS Task Name Working Days Start Finish

0 0 IR-03 Former Oily Waste Pond NAPL Pilot Study 517 days Fri 9/21/12 Mon 9/15/14
1 1 Meetings, Project Management and Admin Support 517 days Fri 9/21/12 Mon 9/15/14
2 1.1 Notice of Award 1 day Fri 9/21/12 Fri 9/21/12
3 1.2 Project Kickoff 1 day Thu 10/4/12 Thu 10/4/12
4 1.3 Navy Monthly Report 477 days Fri 11/16/12 Mon 9/15/14

28 1.4 BCT Meetings 411 days Tue 1/8/13 Tue 8/5/14
29 1.4.1 BCT Meeting 1 1 day Tue 1/8/13 Tue 1/8/13
30 1.4.2 BCT Meeting 2 1 day Fri 5/10/13 Fri 5/10/13
31 1.4.3 BCT Meeting 3 1 day Thu 9/12/13 Thu 9/12/13
32 1.4.4 BCT Meeting 4 1 day Mon 1/20/14 Mon 1/20/14
33 1.4.5 BCT Meeting 5 1 day Mon 2/17/14 Mon 2/17/14
34 1.4.6 BCT Meeting 6 1 day Tue 8/5/14 Tue 8/5/14
35 1.5  Contractor Integration Meetings 214 days Wed 12/5/12 Mon 9/30/13
40 1.6 Community Meeting 1 1 day Wed 6/26/13 Wed 6/26/13
41 1.7 Community Meeting 2 1 day Wed 7/23/14 Wed 7/23/14
42 2 Project Plans 181 days Fri 10/5/12 Fri 6/14/13
43 2.1 WORK PLAN, RMMP 181 days Fri 10/5/12 Fri 6/14/13
44 2.1.1 Initial Draft Work Plan 45 days Fri 10/5/12 Thu 12/6/12
45 2.1.2 Navy Review 34 days Fri 12/7/12 Wed 1/23/13
46 2.1.3 Incorporate Navy Comments and Draft RTCs 27 days Thu 1/24/13 Fri 3/1/13
47 2.1.4 Submit RTCs and Draft Work Plan in track changes 1 day Mon 3/4/13 Mon 3/4/13
48 2.1.5 Submit Draft Work Plan to Stakeholders 1 day Thu 3/14/13 Thu 3/14/13
49 2.1.6 BCT Review Draft Work Plan 27 days Fri 3/15/13 Mon 4/22/13
50 2.1.7 Incorporate Stakeholder Comments and Draft RTCs 17 days Tue 4/23/13 Wed 5/15/13
51 2.1.8 Submit RTCs and Final Work Plan in track changes 1 day Thu 5/16/13 Thu 5/16/13
52 2.1.9 BCT Review Final Work Plan 5 days Fri 5/17/13 Thu 5/23/13
53 2.1.10 Incorporate Stakeholder Comments and Draft RTCs 5 days Fri 5/24/13 Thu 5/30/13
54 2.1.11 Submit RTCs and Final Work Plan 1 day Fri 6/14/13 Fri 6/14/13
55 2.2 Sampling and Analysis Plan (UFP-QAPP) 181 days Fri 10/5/12 Fri 6/14/13
56 2.2.1 Initial Draft SAP 45 days Fri 10/5/12 Thu 12/6/12
57 2.2.2 Navy Review 34 days Fri 12/7/12 Wed 1/23/13
58 2.2.3 Incorporate Navy Comments and Draft RTCs 27 days Thu 1/24/13 Fri 3/1/13
59 2.2.4 Submit Draft SAP to Stakeholders 1 day Thu 3/14/13 Thu 3/14/13
60 2.2.5 BCT Review Draft SAP 27 days Fri 3/15/13 Mon 4/22/13
61 2.2.6 Incorporate Stakeholder Comments and Draft RTCs 17 days Tue 4/23/13 Wed 5/15/13
62 2.2.7 Submit RTCs and Final SAP 1 day Thu 5/16/13 Thu 5/16/13
63 2.2.8 BCT Review Final SAP 5 days Fri 5/17/13 Thu 5/23/13
64 2.2.9 Incorporate Stakeholder Comments and Draft RTCs 5 days Fri 5/24/13 Thu 5/30/13
65 2.2.10 Navy QAO Review of Final RTCs and SAP 10 days Fri 5/31/13 Thu 6/13/13
66 2.2.11 Submit RTCs and Final SAP 1 day Fri 6/14/13 Fri 6/14/13
67 2.3 SWPPP, DCP, CQCP 181 days Fri 10/5/12 Fri 6/14/13
68 2.3.1  Draft SWPPP, DCP CQCP 45 days Fri 10/5/12 Thu 12/6/12
69 2.3.2  Navy Review 30 days Fri 12/7/12 Thu 1/17/13
70 2.3.3  Incorporate Navy Comments 24 days Fri 1/18/13 Wed 2/20/13
71 2.3.4  Navy Review of Revisions 1 day Thu 2/21/13 Thu 2/21/13
72 2.3.5 Submit Draft  to Stakeholders 1 day Thu 3/14/13 Thu 3/14/13
73 2.3.6 BCT Review Draft SWPPP, DCP 27 days Fri 3/15/13 Mon 4/22/13
74 2.3.7 Incorporate Stakeholder Comments and Draft RTCs 10 days Tue 4/23/13 Mon 5/6/13
75 2.3.8 Submit RTCs and Final SWPPP, DCP 1 day Tue 5/7/13 Tue 5/7/13
76 2.3.9 BCT Review Final SWPPP, DCP 10 days Wed 5/8/13 Tue 5/21/13
77 2.3.10 Incorporate Stakeholder Comments and Draft RTCs 5 days Wed 5/22/13 Tue 5/28/13
78 2.3.11 Submit RTCs and Final SWPPP, DCP, CQCP 1 day Fri 6/14/13 Fri 6/14/13
79 2.4 HSP: APP/SSHP 137 days Fri 10/5/12 Mon 4/15/13
80 2.4.1  Draft APP/SSHP 53 days Fri 10/5/12 Tue 12/18/12
81 2.4.2  Navy Review 25 days Wed 12/19/12 Tue 1/22/13
82 2.4.3  Incorporate Navy Comments 21 days Wed 1/23/13 Wed 2/20/13
83 2.4.4  Navy Review of Revisions 1 day Thu 2/21/13 Thu 2/21/13
84 2.4.5  Submit Final APP/SSHP 1 day Mon 4/15/13 Mon 4/15/13
85 3 Field Work 217 days Wed 6/19/13 Thu 4/17/14
86 3.1 ISTR Pre-Design Characterization/ Baseline Sampling 60 days Wed 6/19/13 Tue 9/10/13
87 3.1.1 Mobilization- site preparation and training 1 day Wed 6/19/13 Wed 6/19/13
88 3.1.2 Clearing and Grubbing and Baseline Radiological Survey 2 days Wed 6/19/13 Thu 6/20/13
89 3.1.3 Utility Clearance/Layout Boring Locations 1 day Thu 6/20/13 Thu 6/20/13
90 3.1.4 Install Stiling Well 1 day Thu 6/20/13 Thu 6/20/13
91 3.1.5 Install 3 new wells in ISTR Treatment Zone 3 days Mon 6/24/13 Wed 6/26/13
92 3.1.6 Hydraulic Gradient and Tidal Influences Evaluation 3 days Thu 6/27/13 Mon 7/1/13
93 3.1.7 Hydraulic Profiling Tool- 6 borings 3 days Wed 7/3/13 Fri 7/5/13
94 3.1.8 Pump Test to Evaluate Sheet Pile Wall 2 days Mon 7/8/13 Tue 7/9/13
95 3.1.9 Baseline ISTR Soil Borings- 6 borings 3 days Mon 7/8/13 Wed 7/10/13
96 3.1.10 BCT Data Meeting 1 day Thu 7/11/13 Thu 7/11/13
97 3.1.11 Survey New Monitoring Wells/Soil borings/HPT borings 1 day Mon 7/8/13 Mon 7/8/13
98 3.1.12 Groundwater sampling (12 wells) 5 days Tue 7/9/13 Mon 7/15/13
99 3.1.13 Decommission Existing Wells in ISTR Treatment Zone 2 days Thu 7/11/13 Fri 7/12/13

100 3.1.14 Update Conceptual Site Model 45 days Wed 7/10/13 Tue 9/10/13
101 3.1.14.1 Hydraulic Modeling 10 days Wed 7/10/13 Tue 7/23/13
102 3.1.14.2 3D Visualization Model 20 days Wed 8/14/13 Tue 9/10/13
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ID WBS Task Name Working Days Start Finish

103 3.2 In Situ Thermal Conduction Heating Pilot 179 days Mon 8/12/13 Thu 4/17/14
104 3.2.1 Final ISTR Design Based on Updated CSM 23 days Mon 8/12/13 Wed 9/11/13
105 3.2.1.1 Submit Final Design for Navy Review 1 day Mon 8/12/13 Mon 8/12/13
106 3.2.1.2 Navy Review Period 10 days Tue 8/13/13 Mon 8/26/13
107 3.2.1.3 Submit Final Design for BCT Review 1 day Tue 8/27/13 Tue 8/27/13
108 3.2.1.4 BCT Review Period 10 days Wed 8/28/13 Tue 9/10/13
109 3.2.1.5 Navy/BCT Meeting 1 day Wed 9/11/13 Wed 9/11/13
110 3.2.2 Installation of System 39 days Tue 9/24/13 Fri 11/15/13
111 3.2.2.1 Mobilization- site preparation, training, ROICC kickoff 

meeting
3 days Tue 9/24/13 Thu 9/26/13

112 3.2.2.2 Well installation 10 days Fri 9/27/13 Thu 10/10/13
113 3.2.2.3 Cover installation 5 days Fri 10/11/13 Thu 10/17/13
114 3.2.2.4 Mechanical and electrical installation 15 days Fri 10/18/13 Thu 11/7/13
115 3.2.2.5 Submit O & M Manual 6 days Fri 11/8/13 Fri 11/15/13
116 3.2.3 Startup/Shakedown 109 days Mon 11/18/13 Thu 4/17/14
117 3.2.3.1 TCH- operation 85 days Mon 11/18/13 Fri 3/14/14
118 3.2.3.2 TCH- cool down 5 days Mon 3/17/14 Fri 3/21/14
119 3.2.3.3 Demobilization and Site Cleanup 8 days Mon 4/7/14 Wed 4/16/14
120 3.2.3.4 Conductance Heating Complete 1 day Thu 4/17/14 Thu 4/17/14
121 3.2.4 Sampling and Analysis: Groundwater and soil vapor 91 days Mon 11/18/13 Mon 3/24/14

122 3.2.4.1 ISTR Performance Monitoring 91 days Mon 11/18/13 Mon 3/24/14
139 3.2.5 Post- TCH sampling and analysis: Groundwater, soil 5 days Tue 4/1/14 Mon 4/7/14
140 3.2.5.1 Post-heating advancement of 6 borings 5 days Tue 4/1/14 Mon 4/7/14
141 3.2.5.2 LNAPL Transmissivity Testing 2 days Tue 4/1/14 Wed 4/2/14
142 3.2.5.3 Sampling and Analysis: Groundwater (12 wells) 5 days Tue 4/1/14 Mon 4/7/14
143 3.3 In Situ Stabilization Pilot 211 days Thu 6/27/13 Thu 4/17/14
144 3.3.1 Mobilization 1 day Thu 6/27/13 Thu 6/27/13
145 3.3.2  Soil Cores for Bench Study 3 days Fri 6/28/13 Tue 7/2/13
146 3.3.3 Bench Study 100 days Wed 7/3/13 Tue 11/19/13
147 3.3.4 Final ISS Design Based on Updated CSM/Bench Study 23 days Wed 12/18/13 Fri 1/17/14

148 3.3.4.1 Submit Final Design for Navy Review 1 day Wed 12/18/13 Wed 12/18/13
149 3.3.4.2 Navy Review Period 10 days Thu 12/19/13 Wed 1/1/14
150 3.3.4.3 Submit Final Design for BCT review 1 day Thu 1/2/14 Thu 1/2/14
151 3.3.4.4 BCT Review Period 10 days Fri 1/3/14 Thu 1/16/14
152 3.3.4.5 Navy/BCT Triad Meeting 1 day Fri 1/17/14 Fri 1/17/14
153 3.3.5 ISS Pilot Test 9 days Mon 2/3/14 Thu 2/13/14
154 3.3.5.1 Mobilization- site preparation, training, ROICC kickoff 

meeting
3 days Mon 2/3/14 Wed 2/5/14

155 3.3.5.2 ISS Installation 5 days Thu 2/6/14 Wed 2/12/14
156 3.3.5.3 ISS Complete 1 day Thu 2/13/14 Thu 2/13/14
157 3.3.6 Post- ISS sampling and analysis: Groundwater, soil 8 days Tue 4/8/14 Thu 4/17/14
158 3.3.6.1 Post-ISS Soil Cores for Leachability Testing 3 days Tue 4/8/14 Thu 4/10/14
159 3.3.6.2 Demobilization and Site Cleanup 5 days Fri 4/11/14 Thu 4/17/14
160 4 Pilot Study Completion Report 88 days Tue 5/6/14 Thu 9/4/14
161 4.1 Initial Draft Completion Report 24 days Tue 5/6/14 Fri 6/6/14
162 4.2 Navy Review 10 days Mon 6/9/14 Fri 6/20/14
163 4.3 Incorporate Comments and Draft RTCs 10 days Mon 6/23/14 Fri 7/4/14
164 4.4 Submit Draft Completion Report 1 day Mon 7/7/14 Mon 7/7/14
165 4.5 BCT Review Draft Completion Report 20 days Tue 7/8/14 Mon 8/4/14
166 4.6 Incorporate Comments and Draft RTCs 8 days Tue 8/5/14 Thu 8/14/14
167 4.7 Draft Final Completion Report 1 day Fri 8/15/14 Fri 8/15/14
168 4.8 BCT Review Draft Final Completion Report 13 days Mon 8/18/14 Wed 9/3/14
169 4.9 Submit RTCs and Final Completion Report 1 day Thu 9/4/14 Thu 9/4/14 9/4
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Appendix A 
Field Forms 

  



 
 CDM SMITH CORRECTIVE ACTION REQUEST  

Project:______________________________________________________________ 

Contract/Project No: ______________ Project Manager: _________________  

Description of problem and date identified: _______________________________  

Requested by: ____________________ Date: ___________________________  

Submit this form to the QA Manager promptly.  

 

Significant Condition Adverse to Quality?  Yes / No  

Responsible for Action: ___________ Response Due: __________________  

Submit completed response to: __________________________________________  

[To be completed by the responsible person.  Attach additional pages as required.  
 
Include evidence that corrective action has been implemented.]  
 
State cause of problem (if known or suspected): ____________________________  
 
Corrective Action(s) Taken to Correct Problem and Prevent Recurrence: 
___________________________________________________________________________________
___________________________________________________________________________________  

Signature: _______________________ Date: ___________________________  

 

Corrective Action Plan Accepted: _____________________  Date: ___________  
Corrective Action Verified By: ________________________  Date: ___________  
Corrective Action Accepted:   Date:   
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FIELD CHANGE REQUEST FORM 
 
 
 
Contract/Project:   _____________________________      Date:                                
 
Requested by:           
 
Description of requested change:  

 

 

 

 

 

 

Reason for change: 

 

 

 

 

 

 

 

 

Expected results or impact:  

 

 

 

 

 

 

 

 

Submit this form to the Remedial Project Manager immediately.      

Required before implementation of major changes: 
Approved by:        CDM Smith PM Date:     

Acknowledged by:       Navy RPM   Date:     

Approved by       Navy QAO       Date    

cc:  Contract QA Manager 



 

  1 

CDM SMITH FIELD PLANNING MEETING FORM 

Assignment No./Name: ______________________________  

Date of Meeting: ____________________________________ 

ATTENDEES 

Project Manager: ________________________________________________ 

Field Team Leader: ___________________________________________ 

Site Health and Safety Officer: ______________________________________ 

Additional Personnel: _______________________________________________ 

QA Coordinator: _________________________________________________________ 

AGENDA 

░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░ 

I. PERSONNEL, FIELD SCHEDULES, TASKS 

A. Who is doing the sample collection? List personnel and responsibilities. 

  

B. What media are being sampled?  List here.  

  

C. Identify sample locations and requested analytical parameters here.  Attach map if 
needed.  

  

D. How long will personnel be in the field? 

 ░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░ 

II. PRE-PLANNING 

A. Are site-specific Work Plan, SAP and H&SP ready? 

  



 

  2 

B. Have other necessary documents been assembled (Client SOPs, CDM SOPs, other 
applicable client documents)? 

  

C. Review status of procurement of field supplies, equipment and subcontracts  

  

D. Reservation of Laboratory Space 

  

E. Arrangement for QC Samples (Spikes, trip blanks, rinsates, temperature blank, duplicates, 
MS/MSD, others if necessary) 

  

F. Coordination with client project manager and subcontractors 

  

G. Have chain-of-custody forms and sample labels been prepared? 

  

H. Are field equipment calibration logs prepared/available for all the field equipment to be 
used? 

  

░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░ 

III. TRAINING 

A. Are sampling personnel familiar with sample collection procedures and requirements, 
CDM SOP requirements, or other applicable client requirements? 

  

B. Review sampling procedures as needed (logbook entries, non-CLP tracking form, spike 
submittal, etc) 

  

░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░ 

IV. CHAIN-OF-COMMAND 

A. Who will talk to client project manager? 



 

  3 

  

B. Have back-ups been established for the client project manager and the CDM Project 
Manager? 

  

C. If applicable, has a client contract specialist or client technical/field procedure contact 
been established?  

  

 

░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░░ 



QA Check 
Field Member Date Initials 
Sample Collector   

Sample Coordinator   

 

GROUNDWATER MONITORING WELL PURGING AND SAMPLING LOG 

PROJECT NO.:  TO-X007 SAMPLE LOCATION: 

PROJECT NAME:  IR-03 Pilot Study SAMPLE ID: 

DATE: SAMPLED BY:   

EQUIPMENT DECONTAMINATED:     YES PURGE START TIME: 

PURGING METHOD:   

Well Casing Diameter:  2-inch diameter      or      4-inch diameter 

Total Volume Removed: Purge Volume 

Initial Groundwater Level: Final Groundwater Level: 

Actual 
Time 

Volume 
Purged 

Temp. pH Conductance 
(mS/cm) 

Dissolved 
oxygen 
(mg/L) 

ORP Turbidity 
(NTU) 

Depth to 
Water (ft 
BTOC) 

Description 

          

          

          

          

          

          

          

          

          

          

          

          

          

Average Purge Rate: Total Time: 

Laboratory Analysis: VOCs (  ) Metals Filtered (  )      Anions (  )    Alkalinity (  )    Total metals (  )   PCBs (  ) TPH-g (  ) 
TPH-d (  ) SVOCs (  ) TOC (  ) Cs-137/Ra-226(   ) Sr-90 (  ) Other_______________________________________________ 

Total number of bottles: 

Comments: 

Well Head PID Reading =             

QC Sample Collected?  Yes (  )      No (  )      If YES, then type of sample and sample ID: 

 



 Water Level, NAPL, and PID

Gauging
Order

Well ID Date Depth to 
LNAPL

Depth to 
Water

PID or 
FID

Comments

1  

2  

3  

4  

5  

6  

7  

8  

9  

17  

11  

10  

12  

13  

15  

16  

14  



Project-Specific SAP 
IR-03/HPNS Revision No: Final 
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Meeting Minutes 
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Meeting Minutes 

Kick Off and Conceptual Site Model (CSM) Presentation (October 3 and 16, 2012) 

IR-03 Former Oily Waste Ponds Nonaqueous Phase Liquid (NAPL) Treatment Pilot Study, 
Hunters Point Naval 

Shipyard (HPNS), San Francisco, California 

I. Kick Off Meeting Minutes 

Meeting Date:  Wed, October 3, 2012 

Meeting Time:  13:00 – 14:30 Pacific Time (PT) 
Meeting Location:  BRAC PMO West, 1455 Frazee Road, Suite 900, San Diego, CA 
Teleconference No.:  1-866-398-9973, Participant Pass Code: 129331# 
 

Handouts (attached):  Organizational chart 

Attendees: 

Name Organization E-mail 
NAVFAC 

Danielle Janda BRAC danielle.janda@navy.mil 

Doug DeLong BRAC douglas.delong@navy.mil 

Michael Mentink BRAC michael.mentink@navy.mil 

Shirley Ng ROICC/FEAD shirley.ng@navy.mil 

Zachary Edwards RASO POC zachary.edwards@navy.mil 

Peter Stroganoff ROICC   
Andy Uehisa ROICC    
        

CIJV-CDM Team 
Asrar Faheem Insight afaheem@ieeci.com 
Jim Reese Cabrera jreese@cabreraservices.com 

Craig-Alan Bias Cabrera cbias@cabreraservices.com 

Mitra Fattahipour Insight mfattahipour@ieeci.com 

Tamzen Macbeth CDM Smith macbethtw@cdmsmith.com 

Larry Davidson CDM Smith DavidsonLN@cdmsmith.com 

Roger Olsen CDM Smith olsenrl@cdmsmith.com 

Kent Sorenson CDM Smith SorensonKS@cdmsmith.com 

Dave Marks Insight dmarks@ieeci.com 

Ryan Wymore CDM Smith wymorera@cdmsmith.com 

Carol Winell TPS Tech cwinell@geoinc.org 

Edward Lachendro TPS Tech elachendro@tpsthermal.com 
Grant Geckler TPS Tech grant.geckeler@tpstech.com 
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Review Organization Chart: 

 Shirley Ng is the ROICC point of contact (POC). Peter Stroganoff and Andy Uehisa will 
be the ROICC engineers who handle temporary facilities, site staging, utilities, etc.  

 Caretaker site office (Mike Mentink, Doug Delong) will be involved with facilities, utilities, 
etc.  Also handles all of the manifesting and profiling (Mel- utilities and coordination with 
Pacific Gas and Electric).  

Site visit/Conceptual Site Model at Hunters Point Naval Shipyard-October 16th 

 Need to submit names of people going to site walk and all future site visits 
 For site walk, we need RAD support from Tetra Tech (Danielle will check with 

Melanie Kito) 

Work Plan and Deliverables: 

 Review of schedule for the Planning documents. Review times required for upcoming 
deliverables.  For the work plan, the Navy review is usually 2 weeks- but some 
components may take longer.  Given the tight timeframe and the holidays, may need 4 
weeks to complete Navy review. 

 To expedite reviews and stay on schedule, the possibility of submitting individual 
documents (e.g. Health and Safety Plan [H&S], Radiological Material Management Plan 
[RMMP], Sampling and Analysis Plan [SAP]) if completed before the Dec. 6th submittal 
date for the work plan.  The H&S Plan/RMMP/SAP will take a month to review.  

 Zachary Edwards is the RASO POC.  Jim Reese (Cabrera) and Zac can work together 
on the review of the RMMP.  

 The SAP will need to go through the quality assurance officer (QAO), Joseph 
Michalowski, for review.  

 Danielle will see which documents (i.e. H&S Plan, RMMP) that regulators will review as 
that may allow more time for some components of the Navy review. 

 The State may have jurisdiction for RAD work (Cabrera submitting reciprocity 
application) and memorandum of understanding (MOU)s. 

 H&S Plan and Contractor Quality Control Plan- need to have plans in place before 
mobilize. 

 For the Quality Control Program- must follow the Uniform Federal Policy for Quality 
Assurance Project Plans (UFP-QAPP) requirements. 

 Shirley Ng noted that she would like to see the Contractor Quality Control Plan. 
 Zac suggested that Radiological data be kept separate for easy review. 
 Final Report:  

 Zac will review along with other Navy reviewers 

Logistical concerns with working at the site: 

 Submittal of daily reports to the CSO/ROICC is required during field work at HPNS.  
 Weekly meetings for Hunters Point (ROICC/CSO) are on Tues. mornings. 
 The Navy recommends we put in place a plan to design a security system to protect 

field equipment.  The Navy pointed out that copper mining is an issue at HPNS and it 
will be important to devise some kind of security system. The team agreed and will 
look into installing video cameras and other security items. 
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 Working outside normal work hours is allowed. However, CIJV will have to submit a 
request to the ROICC/CSO that details the scope of work, crew size, and POC for 
safety, superintendent, and health and safety. 

 CIJV needs to request the site wide HPNS Dust Control Plan and there will be an 
updated format for Storm Water Pollution Prevention Plan (SWMPP).  The treatment 
area is less than an acre so a SWMPP may not be required. 

 Need to get field staff that will be regularly working at HPNS badged through CSO 
(list of people, length of time will work). 

 Safety:  Safety and logistics of power utilization was discussed.  TPS Tech, 
CIJV/CDM Smith’s teaming partner for the Thermal Conductive Heating (TCH) 
technology, discussed the use of propane to heat the wells and sensors on the 
system to send an alert/page to local personnel located within 20 minutes for times 
outside of working hours.  Tamzen noted that dealing with flammable gasses, high 
temperature fluids and vapors, is probably the biggest safety issue associated with 
TCH. 

Radiological Support: 

 Jim will coordinate with Zac on logistics 
 Will have a site Radiation Safety Officer and technician (more than one only when doing 

invasive work) 
 Will get an MOU for site 

Action Items: 

 Coordinate Site Visit and CSM Presentation in San Francisco – tentatively proposed 
for October 16. 
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II. CSM Presentation 

Meeting Date:  Tuesday October 16, 2012 

Meeting Time:  10:30 – 14:00 PT 

Meeting Location:  Insight, 501 W. Broadway, Suite 800, San Diego, CA 92101 

Gotomeeting/Teleconference No.:  1-866-398-9973, Participant Pass Code: 129331# 

 

Handouts (attached):  Presentation and Schedule 

Attendees: 
Name Organization E-mail 

NAVFAC 
Danielle Janda BRAC danielle.janda@navy.mil 

Hamide Kayaci BRAC hamide.kayaci.ctr@navy.mil 
CIJV-CDM Team 

Jim Reese Cabrera jreese@cabreraservices.com 

Mitra Fattahipour Insight mfattahipour@ieeci.com 

Tamzen Macbeth CDM Smith macbethtw@cdmsmith.com 

Tom Cook CDM Smith cooktj@cdmsmith.com 
Dave Marks Insight dmarks@ieeci.com 

Grant Geckler TPS Tech grant.geckeler@tpstech.com 

 

Tamzen Macbeth presented an overview of the LNAPL conceptual site model (CSM) and the 
properties affecting fate and transport of LNAPL.  

Highlights of the LNAPL CSM: 

 Heterogeneity of the geologic and hydrogeologic properties of the IR-03 site may 
result in the aquifer having unconfined or confined properties, and will influence 
distribution and saturation of LNAPL in within the aquifer matrix.  For LNAPL in a 
confined aquifer,  the height of the LNAPL in a screened monitoring well may not 
correlate with the actual height of the LNAPL in the aquifer.  The heterogeneity also 
affects predicted NAPL saturation and calculated volume of NAPL.   

 Another important consideration for an LNAPL CSM is the LNAPL gradient.  This is 
the motive force behind mobile NAPL.  Factors and parameters that affect LNAPL 
gradient include  relative permeability, LNAPL density, LNAPL viscosity. 

 Our goal is to address the ‘head’ of the LNAPL so that the residual LNAPL is not as 
mobile.  In other words, to remove a sufficiently high mass of LNAPL to reduce 
LNAPL transmissivity to levels where remaining LNAPL is no longer mobile. 

 Some data suggest that the composition of LNAPL varies across with site, with 
significant heavy fractions observed during the laser induced fluorescence 
characterization.  This will be further investigated during the pre-design site 
investigation. 
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Pre-Design Characterization, Thermal Conductive Heating (TCH) and In Situ 
Solidification/Stabilization (ISS) Design 

 Tamzen Macbeth discussed the proposed components of the TCH and ISS pilot study 
and the pre-design characterization.  Grant Geckeler (TPS Tech) gave a presentation of 
the proposed TCH design showing the thermal heating wells, extraction wells, and 
injection wells.  He also showed some pictures of other TCH sites illustrating the 
technology footprint.  

 Hamide Kayaci asked how CIJV would address the radiological monitoring during re-
injecting back in the aquifer.  Jim Reese said he would review the process and put a 
plan in place. 

 Tamzen Macbeth discussed the importance of evaluating the hydraulic conductivity 
(through pump tests) and the tidal influence (through installation of transducers) at IR03 
in order to better understand the aquifer gradient and NAPL gradients and assess NAPL 
mobility, transport and impact to the San Francisco Bay.  A complete CSM that includes 
a comprehensive LNAPL-centric strategy will ensure that we are targeting the right areas 
for active removal that can be incorporated into an overall exit strategy for the Navy. 

 Danielle Janda and Hamide Kayaci discussed the field work schedule.  Hamide was 
wondering how the rainy season would affect the TCH.  Based on IR-25 results, 
significant cooling of the thermal treatment zone was observed during heating when 
significant rain events resulted in infiltration of cool water.  Ideally, it would be better if 
the TCH field work, and specifically the time period when the treatment zone was heated 
to target treatment temperature, was in progress.  The current schedule places the TCH 
field work to start in November 2013. The team discussed strategies to expedite initiation 
of the TCH-portion of the field work.  One key data gap that will be filled during the pre-
design characterization is the aquifer groundwater and NAPL gradients, tidal influences, 
and hydraulic communication inside and outside the sheet pile wall.  The TCH design is 
contingent on the assumption that the sheet pile wall acts as a hydraulic barrier.  
Therefore, in order to move forward with TCH installation, this must be confirmed, and 
any changes in conditions accounted for in the final TCH design.  Options for expediting 
this portion of the characterization were discussed where perhaps some of the field work 
(perhaps the tidal influence study) could be conducted earlier based on approval by the 
regulators.  Tamzen will review the components of the schedule and work out a 
proposed alternative to see if the TCH portion of the field work could start sooner. 

 Hamide asked if the team has seen the Post Construction Sheet Pile Wall report.  If not, 
she will transmit it.  Tamzen said the current model of the sheet wall location was based 
on the ITSI report (prior to Draft).  Hamide suggested that we use the latest ITSI report 
or the IR03 Feasibility Study.  In review of the CSM, Hamide thought that we will need to 
check on the location of IR03MW03 as it may be outside the sheet wall.  The team will 
confirm that since it will be critical to the design and may not be used for the pump test. 

 The team discussed the rationale of the TCH and ISS pilot test locations.  It was noted 
that the configuration and design of each may change based on a revised CSM after the 
pre-design characterization was completed.  It was noted that the biggest game changer 
was the hydraulic properties of the aquifer system including: groundwater and NAPL 
gradients, tidal influences and hydraulic communication outside and within the sheet pile 
wall. 

 Tamzen discussed the additional data from Arcadis IR-03 central that is currently being 
collected that will be useful for the IR-03 CSM.  The NAPL extent in soil still needs to be 
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modelled for IR-03 using the Mining Visualization Software (MVS) with this new data 
incorporated. 

 

Report and Meetings: 

 The team discussed possible presentation at the next BCT meeting.  Danielle noted that 
BRAC would like to see the planning documents prior to the presentation so most likely the 
January meeting may be a good time to discuss the design for the pilot test. 

 

Action Items: 

- CIJV team will review the components of the schedule and work out a proposed 
alternative to see if the TCH portion of the field work could be expedited. 

- CIJV will incorporate all of the recent soil analytical data from the Arcadis work into the 
MVS model and refine the proposed pre-design characterization approach. 

- CIJV will use actual diagram from the sheet pile wall and determine if IR03MW03 is 
inside or outside the sheet pile wall. 

- Request following documents:  Post construction sheet wall report, Dust Control Plan for 
the base, Storm Water Pollution Prevention Plan, CQCP 
 



Project-Specific SAP 
IR-03/HPNS Revision No: Final 
San Francisco, CA Revision Date: June 2013 
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ANIONS 

 By Ion Chromatography Method EPA 300.0 and 9056A 
 

 
SCOPE 
This procedure details the analysis of common anions in drinking water, surface water, 
industrial wastewater, groundwater, and reagent water samples by ion chromatography. It also 
discusses the preparation and analysis of soil samples. Oil or waste samples should be 
prepared by bomb combustion (EPA 5050).  
 
Reporting limits for this analysis are:  Water (mg/L)  Soil (mg/Kg) 
 Bromide 0.2  2.0 
 Chloride 0.2  2.0 
 Fluoride 0.1  1.0  
 Nitrate-N 0.05  0.5  
 Nitrite-N 0.05  0.5  
  Sulfate 0.5  5.0  
 
REFERENCES 
EPA 300.0, Methods for Chemical Analysis of Water and Wastes, EPA600/4-79-020 
EPA 9056A, Inorganic Ions by Ion Chromatography, February 2007 
EPA Method 5050, Bomb Preparation Method for Solid Waste, September 1994 
 
Additional SOP’s and Guidance Documents: 
EPA 5050, Bomb Preparation for Solid Waste, SW-846 Update 3, Dec. 1996 
NELAC Chapter 5, Quality Systems, June 2003 
DoD Quality Systems Manual, Version 4.1, April 2009 
C&T SOP QA 1.4, Balance Calibration Check & Maintenance 
C&T SOP QA 1.5, Calibrating & Maintaining Temperature Controls 
C&T SOP QA 1.6, Pipette Calibration Check Procedures 
C&T SOP QA 4.1, Establishing Control Limits 
C&T SOP QA 4.4, Determining Method Detection Limits (MDL) 
C&T SOP QA 9.6, Insuring Compliant Manual Integration 
C&T SOP QA 8.4, State Program Requirements 
C&T SOP QA 8.5, Federal Program Requirements 
C&T SOP CS 2.3, Subsampling & Compositing 
 
SAFETY 
Assume that all samples may contain hazardous and/ or toxic materials. Wear safety glasses, 
gloves, and lab coats whenever handling samples, reagents, or standards.  
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PRESERVATION & HOLDING TIME 
All samples and standards must be collected and stored in pre-cleaned polyethylene containers.  

    Preservation   Holding time 
Nitrate    Cool to 4 °C   48 hours  
Nitrite    Cool to 4 °C    48 hours  
 
Bromide   Cool to 4 °C   28 days 
Chloride   Cool to 4 °C   28 days  
Fluoride   Cool to 4 °C   28 days 
Sulfate    Cool to 4 °C    28 days 

 
QC REQUIREMENTS 
A method blank (MB), blank spike (BS), blank spike duplicate (BSD), matrix spike (MS), and 
matrix spike duplicate (MSD) must be analyzed with every batch of twenty or fewer samples.  
 
An initial calibration curve is generated to define the quantitation range of the instrument. The 
standards bracket the reporting range, with the lowest standard at or below the reporting limit 
and the highest standard defining the upper limit of the quantitation range. The standards must 
be analyzed with a minimum of five points, run in order of increasing concentration. If one level 
of the initial calibration curve has a particularly deviant response factor, that level may be rerun 
so long as it immediately follows the initial calibration and no samples have been analyzed. An 
Initial Calibration Verification (ICV) standard, supplied by a second manufacturer, is analyzed 
after the initial calibration standards but prior to the analysis of samples to verify calibration 
curve.  
 
A Continuing Calibration Verification (CCV) standard and a Continuing Calibration Blank (CCB) 
must be analyzed at the beginning of each sequence, after every 10 samples, including batch 
QC samples, and at the end of the analytical sequence.  
 
Note: The calibration and water batch QC recovery limits are those listed in the method; RPD 
and soil batch QC recovery limits are in-house limits which are based on control charts; see the 
associated SOP “Anions by IC QC Limits” for batch QC acceptance limits. Client Quality 
Assurance Project Plans (QAPPs) may require different acceptance limits; for samples from 
those projects, the QAPP requirements supersede C&T in-house requirements. 
 
Method Detection Limit (MDL) studies must be performed annually or whenever there is a 
significant change in the background or instrument response, by analysis of a minimum of 7 
aliquots of a low-level laboratory control sample.  
 
Limit of Detection (LOD), must be determined quarterly and is based on the analysis of a 

laboratory control sample (MDL verification standard) that is spiked 1 to 4 times the 
MDL. See the QA SOP for Establishing and Validating Method Detection Limits or Limits 
of Detection for details. 

 



SOP Volume: Wet Chemistry 
Section: 6.1  Curtis & Tompkins, Ltd. 
Page: 5  of  42 
Revision:   9 Number:  1 of 1 
Effective:   15 November 2010
File:  F:\qc\sop\wetchem\anions_300_rv9.doc 
  

This document contains proprietary information and may not be disseminated to entities other than C&T staff, clients & regulators. 

 

Limit of Quantitation (LOQ) must be determined quarterly and is based on a laboratory control 
sample that is spiked 1 to 2 times the reporting limit. It is only analyzed once per 
method. See the QA SOP for Establishing and Verifying the Limit of Quantitation for 
details. 

 
 
EQUIPMENT (see Appendix_5 for instrument conditions & maintenance) 
Analytical supplies may be changed at the analysts’ discretion in order to optimize instrument 
performance. Any changes are documented in the instrument maintenance log.  
 
IC01 & IC03: 
 Dionex DX-120 Ion Chromatograph with conductivity detector 
 Dionex ASRS-II Anion Self-Regenerating Suppressor 
 Dionex AS-14 Anion analytical column 
 Dionex AG-14 Anion guard column 
 Dionex AS-40 Autosampler 
 25 μL injection loop 
 
 
IC04: Dionex ICS-2000 with conductivity detector 

Dionex ASRS-300 Anion Self-Regenerating Suppressor 
 Dionex AS-18 Anion analytical column 
 Dionex AG-18 Anion guard column 
 Dionex AS-40 Autosampler 
 25 μL injection loop 
 
Chromatography Data System: Dionex Chromeleon 
 
Dionex PolyVial 5mL autosampler vials 
 
Dionex PolyVial Filter Caps, 0.2 µm, Dionex # 038009 
 
Dionex Sample Pretreatment Cartridges: 
 OnGuard-II Ag, Dionex # 057089 
 OnGuard-II H, Dionex # 057085 
 OnGuard-II P, Dionex # 057087 
 OnGuard-II RP, Dionex # 057083 
 

Note: Each cartridge lot must be verified as clean to <1/2 the reporting limit before use. 
Filter an aliquot of DI water through the new cartridge then run the eluent, labeling the 
file with the cartridge lot#. Print the data and file it in the appropriate 3-ring binder. 

 
REAGENT, STANDARD & SAMPLE PREPARATION 
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1.) Reagent Preparation: 
Document preparation of the 100x eluent in the “Standards & Reagents” benchbook, 
including the volume of each reagent, it’s manufacturer and lot#, and the final volume. 
Assign a unique ID based on the prep chemist’s initials (or reagent vendor) and the prep 
date and document this ID in the benchbook and on the reagent bottle. Reference this ID 
in the sample prep logs; because the working eluent is made up daily, it does not have 
to be assigned a unique ID. 
 
a.) IC-01 (AS-14 System)/IC03 
 100X Concentrated Eluent Solution Make as needed   

(350 mM sodium carbonate - Na2CO3 and 100 mM sodium bicarbonate - 
NaHCO3):  Transfer 84.80 g Na2CO3 and 8.40 g NaHCO3 through a dry, wide 
mouth funnel into a 1L Class-A volumetric flask containing about 700 mL of 
Ultrapure deionized water and a magnetic bar, while continuously stirring on 
magnetic stirrer. Carefully wash the funnel with Ultrapure deionized water and 
continue stirring until the solids are completely dissolved - about 20 minutes. 
Remove magnetic bar from volumetric flask and dilute to mark.  

 
 Working Eluent Solution: Make as needed 

(3.5 mM sodium carbonate - Na2CO3 and 1.0 mM sodium bicarbonate - NaHCO3)  
Dilute exactly 20.0 mL of Eluent Concentrate to 2000 mL with Ultrapure 
deionized water in a volumetric flask. Transfer the solution to two 1 L glass 
bottles and degas eluent by using ultrasonic bath and water aspirator. Carefully 
pour eluent into the chromatograph 2 L eluent container.  
 

 
b.) Filters 

Each time a new lot is received for any of the filters used to remove matrix 
interferences, screen the lot to ensure that they are not contaminated or 
removing target analytes from the samples. To do this, filter a method blank and 
an LCS through one of the filters and analyze them to verify that the filters are 
not contaminated or removing anions from the samples. Label the runs with the 
lot# and file the data in the 3-ring binder. Reference the filter lot# in the sample 
prep log whenever used. 

 
2.) Daily Standards & QC Preparation: 

All standards should be stored at 4°C. A Certificate of Analysis should be obtained from 
the vendor for each stock standard, labeled with the LIMS S# and expiration date, and 
filed in the loose-leaf binder or appropriate file. 
 
a.) Continuing Calibration Verification (CCV) Standards  

Continuing calibration verification (CCV) standards must be analyzed at the 
beginning of each analytical sequence, after every ten samples, and at the end of 
the sequence. The concentrations of the CCV standards are varied over the 
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course of the sequence, but should not be analyzed at the extreme high or low 
points.  
 
Note:  The USACE recommends that an ICAL standard, or a standard from the 
same manufacturer as the ICAL standards, be used for the CCVs, to more 
readily identify problems that are due to changing instrument conditions and are 
not due to differences between standards. 
 
Continuing Calibration Verification (CCV) standards should be prepared in the 
same way as for the Cal-2, Cal-3, and Cal-4 standards. These standards expire 
after 48 hours. See Table A2-3 in Appendix_2 for the concentrations of each 
analyte in these standards. 

 
Calibration 
Standard 

Final 
Vol (mL) 
Cal Std 

Vol (mL) 
Source Std 

Vol (mL) 
100x Eluent *

Vol (mL) 
Ultrapure 
DI H2O 

“Dilution 
Factor” 
from SS 

      
Cal-3 5 0.05 0.05 4.90 100x 
Cal-4 5 0.20 0.05 4.75 25x 
Cal-5 5 0.50 0.05 4.45 10x 

      
 

* Note:  All working standards are prepared in the same manner for both columns 
AS-14 and AS-14A with one difference; AS-14A standards are prepared without 
100x concentrated eluent and with DI water making up the difference in volumes. 

 
b.) Method Blank (MB) / Continuing Calibration Blank (CCB)  

A method blank is analyzed with every batch of twenty or fewer samples to 
demonstrate that the system is free of contamination and is not contributing a 
high bias or false positives to the reported sample results. 
 
Prepare MB/ CCB directly in an autosampler 5 mL vial: 
a.) For AS-14 column, use 4.95 mL Ultrapure deionized water and 0.050 mL 

100X Eluent Solution  
b.) For AS-14A column, use Ultrapure deionized water only 

 
c.) Blank Spike (BS) / Blank Spike Duplicate (BSD)  

Blank spikes are analyzed with every batch of twenty or fewer samples to 
demonstrate the accuracy of the analysis in the absence of matrix interferences. 
The blank spike duplicate is analyzed to demonstrate the precision 
(reproducibility) of the analysis in the absence of matrix interferences. The spikes 
should be prepared so the concentration falls within the lower half of the 
calibration curve. 
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Prepare the blank spikes directly in an autosampler 5 mL vial: 
a.) For AS-14 column:   

0.20mL of the source standard (VCTB-3) 
0.05mL 100x Eluent, and  
4.75mL Ultrapure DI water 

 
b.) For AS-14A column:   

0.20mL of the source standard (VCTB-3) and  
4.80mL Ultrapure DI water 

 
d.) Matrix Spike (MS) / Matrix Spike Duplicate (MSD) 

A matrix spike and spike duplicate are analyzed with every batch of samples to 
demonstrate the accuracy and precision of the analysis on real-world samples, in 
the presence of possible matrix interferences. Choose a sample for batch QC so 
that matrix QC is rotated throughout the laboratory's clients and so that no one 
client's samples predominate over a period of time. 
 
Use the same standard as used for the blank spikes above and follow the 
procedures outlined below: 
 
a.) Spiking undiluted samples 

Pipette 4.90 mL of sample into a 5mL autosampler vial. Add 0.10 mL of the 
source standard (VCTB-3). The prep dilution factor is then 1.02x.  

 
b.) Spiking diluted samples: 

For each dilution prepare a 5 mL aliquot of the sample, plus 2 aliquots of 
spike using the volumes outlined in the table below. Clearly mark each vial 
with sample number, dilution and type (sample, ms, msd).  

 
QC Sample 
Diluted by: 

Sample  
Vol (mL) 

Vol (mL) 
Source Std 

 

Vol (mL) 
100x Eluent* 

Vol (mL) 
Ultrapure DI 

Water 
2x 2.5 0.10 0.05 2.35 
5x 1.0 0.10 0.05 3.85 

10x 0.50 0.10 0.05 4.35 
20x 0.25 0.10 0.05 4.60 
50x 0.10 0.10 0.05 4.75 

100x 0.05 0.10 0.05 4.80 
 

* Note: MS/MSD’s for column AS-14A are prepared without 100X concentrated 
eluent and with DI water making up the difference in volume. 

 



SOP Volume: Wet Chemistry 
Section: 6.1  Curtis & Tompkins, Ltd. 
Page: 9  of  42 
Revision:   9 Number:  1 of 1 
Effective:   15 November 2010
File:  F:\qc\sop\wetchem\anions_300_rv9.doc 
  

This document contains proprietary information and may not be disseminated to entities other than C&T staff, clients & regulators. 

 

3.) Sample Preparation & Interferences: 
 
a.) Water & Wastewater 

Before beginning analysis, evaluate sample for presence of possible 
contaminants and interferents, which may require cleaning/filtering. Check for 
possible sample history, source, or previous experience.  
 
Evaluate the sample for presence the following interferences: 
 
 humic acids (colored drainage water, river water, bay mud, sediment, etc.),  
 organic solvents/ gasoline,  
 possible heavy metal content (industrial waste, electroplating solution),  
 suspended solids/ emulsion or any other sample component which might 

cause damage to column (especially high molecular weight poly-electrolytes 
and water soluble polymers).  

 high concentration of any anion,  
 

Some samples may require removing multiple components, using consecutive 
cleaning & filtering procedures.  
 
a.) Remove suspended solids from all water and wastewater samples by filtering 

through a 0.2 μm syringe filter. If sample is colored it may require further 
cleaning, otherwise analyze the filtrate. Samples may be diluted before 
filtration if content of suspended solids is substantial and caused filtration 
problems. 

 
b.) Remove excess chloride, which interferes with nitrite analysis, by filtering 

through Dionex OnGuard-Ag and OnGuard-H cartridges in series according 
to the manufacturers instructions.  

 
c.) Remove humic acids and other polar organic contaminants by filtering any 

orange or brown samples through a Dionex OnGuard-P cartridge, as these 
samples often have high amounts of humic acids. If the sample contains 
suspended solids, use an 0.2µm filter first in series. 

 
d.) Remove organic solvents and gasoline, from samples with strong gasoline or 

solvent odors, by filtering through a Dionex OnGuard-RP cartridge. Wet the 
cartridge with methanol prior to filtering. 

 
e.) Remove heavy metals from colored samples that also exhibit a strong nitric or 

hydrochloric acid odor (which may contain dissolved metals like nickel, 
copper, cobalt, chromium etc. and can cause serious damage to column) by 
filtering through a Dionex OnGuard-H cartridge.  
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If enough sample volume is available, measure the conductivity to determine the 
appropriate dilution factor: the higher the conductivity the higher the dilution 
factor (high conductivity indicates high dissolved salt content). 
 

Conductivity Range 
*micromhos/cm 

Dilution Factor 
For Cl- or SO4

2- 
Dilution Factor 

If No Cl- or SO4
2- Needed 

0 - 500 1x 1x 
500 - 700 2x 1x 
700 - 900 5x 1x 

900 - 1000 10x 1x 
1000 - 1400 25x 5x 
1400 - 1800 50x 10x 
1800 - 2500 100x 25x 
2500 - 3000 200x 50x 
3000 - 5000 500x 100x 

5000 – 20,000– 1,000x 200x 
20,000 – 30,000 2,000x 500x 

30,000+ 5,000x 1,000x 
    *micromhos=microsiemens 
If little or no information about sample is available, substantially dilute the sample 
before analysis. Always error on the conservative side when estimating dilutions, 
it is much easier to rerun at a lower dilution factor than to replace a column.  
 
Chloride and sulfate are often present at much higher levels than the other 
anions; run the analysis for these anions first to help determine the correct 
dilutions for the other anions. Chloride can be removed from the aliquot being 
analyzed for other anions by filtration through the -Ag/H filters but sulfate can 
only be diluted. The maximum on-column chloride concentration should be 
500mg/L if analyzing for nitrite, or 1,000mg/L if analyzing for other anions. The 
maximum on-column sulfate concentration should be 500 mg/L. 
 
See Appendix_3 for instructions on preparing the dilutions. 

 
b.) Soil and Solid Waste 

3.1) Verify that the balance has been calibrated earlier in the day. If it has not, 
calibrate it before proceeding. 

 
3.2) Using a clean spatula or equivalent tool, remove and discard the top ~1cm 

of sample. Discard any leaves, twigs, large stones, etc and take a visually 
representative aliquot of each sample. Document your observations and 
actions (ie: “discarded leaves & twigs”) in the prep log. 
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3.3) Using the same spatula, thoroughly homogenize the next several cm of 
sample, then weigh 1.0 +0.1g from this homogenized fraction into a clean 
disposable centrifuge tube that is labeled with the sample number. 

 
3.4) Document the sample number, container letter, and sample weight in the 

benchbook. 
 

Note:  If the client requests that we make a “composite” sample, see 
Appendix_4 for the procedure. 

 
3.5) Clean the spatula or tool between samples using deionized water and a 

clean paper towel, to ensure that there is no contamination between the 
samples. 

 
3.6) Add 10 mL Ultrapure deionized water. 
 
3.7) Place on a mechanical shaker table and set the timer for 15 minutes. 
 
3.8) Remove from shaker table and centrifuge for 1 minute to separate soil 

layer.  
 
3.9) Filter the water extract through a 0.20 μm filter.  

 
3.10) Unless the sample was clean, sandy material, filter the extract through a 

Dionex OnGuard-P cartridge, as most soil samples will include 
decomposing organic material (humus, wood particulates, etc) that will 
contain humic acids.  

 
3.11) If any other contaminant is suspected, treat the extract as described above 

for water and wastewater samples. 
 
Prepare batch QC by spiking additional aliquots of soil prior to extraction. For the 
BS/BSD, use 0.40 mL of spiking solution and add 9.60 mL of Ultrapure DI water. 
For the MS/MSD, use 0.20 mL of spiking solution and add 9.80 mL of Ultrapure 
DI water. Document the spiking solution WS# and volume in the benchbook. 

 
 
INSTRUMENT PROCEDURE 
 
1.) Continuing Calibration Verification (CCV): 

The calibration must be verified at the beginning of each analytical sequence, after every 
10 samples (including method blanks and matrix spikes), and at the end of the 
sequence.  
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1.1) Prepare the CCV standards as described in Section 2a above. Vary the 
concentrations of the CCV standards over the course of the sequence (NELAC 
Ch.5.9.5.2.2.b requirement), but do not analyze the extreme high or low points.  

 
1.2) For sequences that will run overnight, bracket each set of samples by two of 

each type of CCV so that if one does not inject correctly, the sample data may 
still be salvaged by the 2nd CCV. If one of the CCV’s failed, note the reason for 
the failure on the run log.  

 
1.3) Continuing calibration blanks (CCB) should be run after every CCV to 

demonstrate that the CCV is not carrying over into the sample runs. If any anion 
is detected at a level greater than the reporting limit, any samples that are 
bracketed by that CCB, are being analyzed for that anion, and had reportable 
levels of that anion must be re-prepared and reanalyzed. If any anion is detected 
at a level between the reporting limit and ½ the reporting limit, document the 
contamination on the “Data Review Checklist” and report the data. 

 
2.) Daily Sequence: 

2.1) Prepare a data system sequence for the analysis of a batch of samples. Verify that 
the dilution/concentration factor is entered correctly. Sample sequences should 
be limited to no more than one batch, to keep data processing simple. The 
established order for an analytical sequence is as follows: 

  
 CCV 
 Method Blank (MB) – doubles as the CCB 
 BS and BSD 
 5 samples 
 MS and MSD 
 CCV 
 CCB 
 10 samples 
 CCV 
 CCB 
 10 samples 
 CCV 
 CCB 
 … 

 
For sequences that will run overnight, bracket each set of samples by two of 
each type of CCV so that if one does not purge correctly, the sample data may 
still be salvaged by the 2nd CCV. 
 
If high levels are know or suspected, analyze an instrument blank immediately 
following the sample to prevent carryover into the next sample.  
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If high levels are detected in a sample and an instrument blank was not analyzed 
immediately after the high-level sample, examine the data of the subsequent 
samples to determine whether carry-over may have contributed to the sample 
results. If carry-over is suspected, reanalyze the sample to confirm the absence 
of carry-over contributions. 

 
Note:  A batch is a set of twenty or fewer samples that are prepared together and 
run on a single instrument; a batch can not be split over two instruments. Any 
dilutions or re-analysis that are prepared and run with a different sequence must 
be reassigned to the new batch number assigned to that sequence. If the method 
blank or BS/BSD fail acceptance criteria, the entire batch (not just the MB or 
spike) must be re-prepared and reanalyzed 

 
2.2) Writing a Chromeleon Sequence 

Sample reports are automatically produced after the run is complete and are 
based on the sample type, sample number, the LIMS ID of the calibration or 
spiking standards, and any applicable dilution factors. The batch number, dilution 
factor and PDF are also needed. All of this information must be correctly entered 
into the sequence in a specific order for LIMS to be able to interpret the 
information. The Chromeleon sequence editor contains spaces for the batch 
number, dilution factor and PDF, but the rest of the information must be placed in 
the NAME column of the sequence as follows: 
 
CCV, Level, WS#, Dilution factor 
CCB/MB, QC# 
BS, QC#, WS#, Dilution factor  
BSD, QC#, WS#, Dilution factor  
Sample number 
MS, QC#, WS#, Dilution factor 
MSD, QC#, WS#, Dilution factor 
 
Where: Level = level of the CCV, (H) High, (M) Medium, or (L) Low 
 WS# = LIMS WS# of the standard used 
 Dilution factor = dilution factor of the standard used =  
  10 for (H) CCV’s, 25 for (M) CCV’s, 100 for (L) CCV’s 
  25 for LCS/BS/BSD and 50 for MS/MSD 
 QC# = LIMS# assigned this QC sample (ie: QC14963) 
 Sample number = LIMS sample number (ie: 161449-008) 
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DATA REDUCTION & EVALUATION 
Note:  Client- or Project-specific Quality Assurance Project Plans (QAPP’s) may include 
different requirements than those listed below. For samples associated with those projects, the 
requirements of the QAPP supercede in-house requirements. 
 
1.) Verify the Retention Times: 

Anions are identified by comparison of the peak retention times to expected retention 
times for each analyte. Before processing the sequence, examine the data for the first 
and last CCV in the sequence. If all peaks are correctly identified and no significant 
retention time differences are observed between the CCV’s, process the entire 
sequence.  
 
If peaks are mis-identified or an Rt-drift is observed, examine the remaining CCV’s to 
determine when the Rt-shift occurred. Process the samples that are bracketed by CCV’s 
which did not show the drift. Perform instrument maintenance, then recalibrate and 
reanalyze the remaining samples. 
 
Do not adjust the width of the RT window. Method Modification to 9056: Because the 
width of the retention time window as statistically determined by a 72-hour study is too 
narrow for routine use, C&T uses a default RT-window of 5.0 seconds. If a client 
requests that we run a 72-hour RT-window study, see Appendix_6 for the procedure. 
 

2.) Evaluate the Continuing Calibration Verification (CCV) standard results.  
To process any data, including CCV's, the results must be sent to LIMS. To do this, first 
batch out all of the files together, with the Export box checked. This creates a text file.  
 
If re-integration is necessary, perform the manual integration, save the file then re-export 
it and re-send it to LIMS. Always include both the unaltered chromatogram and the 
manually integrated chromatogram in the data package. If the reason for the manual 
integration is not intuitive and obvious from the chromatogram, further explanation 
should be noted on the raw data, accompanied by the analyst’s initials and date. 
 
Warning: Unsubstantiated alteration of peak integrations solely to pass QC criteria (ie: 

calibration, spike recovery or RPD) is illegal and is grounds for immediate 
termination of employment. 

 
The calculated CCV concentrations must be within +10% of the true value (90-110% 
recovery). If this criterion is not met, the calibration verification standard may be 
analyzed a second time (a poor injection may have occurred), so long as not samples 
have subsequently been analyzed. If the second calibration verification is still 
unacceptable, prepare and analyze a new calibration verification standard; any samples 
analyzed after the last passing CCV must be reanalyzed. 

 
 Cal-3 Cal-4 Cal-5 
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 TV (mg/L) Limits ( +10%) TV (mg/L) Limits ( +10%) TV (mg/L) Limits ( +10%) 
Fluoride 0.5 0.45 - 0.55 2.0 1.8 - 2.2 5.0 4.5 - 5.5 
Chloride 1.0 0.9 - 1.1 4.0 3.6 - 4.4 10. 9.0 - 11. 
Nitrate-N 0.25 0.225 - 0.275 1.0 0.9 - 1.1 2.5 2.25 - 2.75 
Bromide 1.0 0.9 - 1.1 4.0 3.6 - 4.4 10. 9.0 - 11. 
Nitrite-N 0.25 0.225 - 0.275 1.0 0.9 - 1.1 2.5 2.25 - 2.75 
PO4-o 1.0 0.9 - 1.1 4.0 3.6 - 4.4 10. 9.0 - 11. 
Sulfate 2.5 2.25 - 2.75 10 9.0 - 11. 25 22.5 - 27.5 

 
If the %D does not meet this requirement, prepare and analyze a fresh standard. If the 
reanalysis does not produce acceptable results, inspect the IC and the autosampler to 
determine the cause and perform whatever maintenance is necessary. If only minor 
instrument maintenance is performed, analyze another CCV. If major maintenance was 
performed or the CCV again fails, prepare and analyze a new initial calibration curve.  

 
All samples bracketed by a standard failing the %D acceptance criteria must be 
reanalyzed, except when: 

 
a. If samples bracketed by the failing standard do not require analysis for the failing 

analytes, those samples may be reported without reanalysis. 
 

b. If a high recovery is observed but that analyte was ND in the bracketed samples, 
those samples may be reported without reanalysis, as the potential high bias 
does not affect sample results. Any associated samples that contain reportable 
levels of the failing analyte must be rerun. 

 
c. If a low recovery was observed, any samples that were bracketed by that 

standard and require analysis for the failing analyte must be rerun. 
 

Acceptable sample data must be bracketed by acceptable CCV standards. Alteration of 
peak integration solely to meet calibration criteria is illegal and is grounds for immediate 
termination of employment. 
 
Continuing calibration blanks (CCB) should follow every CCV. If any anion is detected at 
a level greater than the reporting limit, the samples that are being analyzed for that anion 
must be re-prepared and reanalyzed. If any anion is detected at a level between the 
reporting limit and ½ the reporting limit, document the contamination on the “Data 
Review Checklist” and report the data. 
 

3.) Evaluate the Blank Spike (BS) / Blank Spike Duplicate (BSD) recoveries and RPD’s.  
To process any data, including the BS and BSD, the results must be set to LIMS. To do 
this, first batch all the files together, with the Export box checked. This creates a text file. 
If re-integration is necessary, perform the manual integration, save the file then re-export 
it and re-send it to LIMS. 
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Warning: Unsubstantiated alteration of peak integrations solely to pass QC criteria (ie: 

calibration, spike recovery or RPD) is illegal and is grounds for immediate 
termination of employment. 

 
If a recovery or RPD is not within limits, verify that the LIMS S# and volume used for the 
spikes was entered correctly; if no error was found, initiate a Corrective Action Report 
and reanalyze all samples in this batch that are being analyzed for the failing analyte. 
 
Check for correct operation of the instrument and autosampler before re-starting a new 
sequence. If the instrument requires maintenance, perform the maintenance and 
document the cause (“high BS/BSD RPD”), the steps taken (“changed transfer line”), 
and the resolution (did it fix the problem) in the maintenance log. 

 
4.) Evaluate the results of the Method Blank (MB).  

If contamination is detected in the method blank, initiate a Corrective Action Record and 
determine whether the samples must be reanalyzed using the following criteria: 
 

a. Any samples that are not being analyzed for the contamination analyte may be 
reported. 
 

b. If the contamination is below ½ the reporting limit, the samples may be reported 
with narration of the contamination documented on the Data Review Checklist.  

 
c. If the contamination is greater than the reporting limit but that analyte is ND in the 

associated samples, the samples may be reported. 
 

d. If the contamination is greater than ½ the reporting limit and was detected in the 
samples, but was present in the samples at levels greater than 10x that in the 
method blank, the samples may be reported with narration of the contamination. 

 
e. If the contamination is greater than ½ the reporting limit and was detected in the 

samples at levels between ½ the reporting limit and 10x the level in the method 
blank, the samples must be reanalyzed. 

 
Determine the source of the contamination and perform any necessary corrective action 
before reanalyzing any samples. Document any required instrument maintenance in the 
maintenance benchbook. 

 
5.) Evaluate the sample chromatograms.  

Determine whether the data system correctly integrated the peak by examining the 
sample chromatogram. If not, perform manual integration and save the reprocessed data 
file; Chromeleon will include the comment “modified by IC analyst” on the 
chromatogram, next to the sample number. For samples in which no matrix interferences 



SOP Volume: Wet Chemistry 
Section: 6.1  Curtis & Tompkins, Ltd. 
Page: 17  of  42 
Revision:   9 Number:  1 of 1 
Effective:   15 November 2010
File:  F:\qc\sop\wetchem\anions_300_rv9.doc 
  

This document contains proprietary information and may not be disseminated to entities other than C&T staff, clients & regulators. 

 

are present, the sample peaks should be integrated in the same fashion as the 
calibration standards. For samples in which the background raises the baseline, 
integration of the target compounds should be done on a valley-to-valley basis.  
 
Always include both the unaltered chromatogram and the manually integrated 
chromatogram in the data package. If the reason for the manual integration is not 
intuitive and obvious from the chromatogram, further explanation should be noted on the 
raw data, accompanied by the analyst’s initials and date. 
 
Warning: Unsubstantiated alteration of peak integrations solely to pass QC criteria 

(ie: calibration, spike recovery or RPD) is illegal and is grounds for 
immediate termination of employment. 

 
If peak identification or quantitation is prevented by the presence of interferences, a 
cleanup procedure may be required. Discuss the chromatograms with the Group Leader 
to determine if cleanup is required. 

 
6.) Evaluate the sample results. 

Quantitation is done by the data system using an external standard calculation method. 
The concentration of an analyte is calculated, by the data system, by comparing its peak 
area in the sample chromatogram against the initial calibration curve. This concentration 
is then adjusted for the dilution/concentration factor to obtain the final concentration of 
the analyte in the sample. See Appendix_1 for example calculations. 
 
If the response for any analyte exceeds the response of the most concentrated standard, 
dilute the sample and reanalyze. Report sample concentrations in units of milligrams per 
liter or per kilogram (mg/L, mg/Kg). 

 
Dilutions: 
If the sample chromatogram includes a very wide peak, be aware that this peak may 
obscure target compounds or shift retention times of later-eluting compounds; discuss 
the problem with the Department Manager or QA Director. On the Data Review 
Checklist, narrate raised reporting limits as due to non-target matrix interferences. 
 
If a sample is analyzed at multiple dilutions, compare the sample results across the 
various dilutions to verify that the dilutions were prepared correctly. Do the results make 
sense or is there a discrepancy between the runs? If there seems to be a discrepancy, 
reanalyze the sample to confirm the results. 
 
Carryover:  
Carryover may happen whenever a sample contains over-range compounds. When this 
happens, the high-level compounds are not completely cleaned out of the system 
between samples and low levels of the same compound may be detected in subsequent 
samples but not actually be present in those samples. If a sample contains the same 
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low-level compound(s) that was present in the preceding sample at a concentration 
greater than the calibration range, reanalyze the sample to verify that the presence of 
the low-level hit is not due to instrument carryover.  
 
Caution:  Be aware that a single run may not be sufficient to clean out the instrument 
after a very high-level sample; several runs may be required and if subsequent samples 
(beyond the immediately following sample) contain the same target compound at 
decreasing levels, these samples should also be reanalyzed. Experience with an 
instrument will dictate to the analyst what levels are not conducive to carryover.  
 

7.) Evaluate the MS/MSD results.  
If the recoveries or RPD are outside QC limits, determine whether reanalysis is required 
using the following criteria: 
 

a. If the concentration of a target analyte is greater than 4x the spiking level, the 
MS/MSD results are considered “Not Meaningful” and LIMS will place an “NM”-
flag on the report. Note this outlier on the MS/MSD report and report the data 
without reanalysis. 

 
b. If the recoveries fail but the RPD is within acceptance limits, a matrix effect is 

generally suspected. Note the failure on the MS/MSD report and report the data 
without reanalysis. 

 
c. If the RPD is outside control limits and an isolated problem cannot be identified 

and documented, the QC sample and MS/MSD should be reanalyzed 
 

Note:  For any Department of Defense (Navy, USACE, AFCEE) project that references 
the DoD Quality Systems Manual (QSM), the MS/MSD should meet in-house LCS limits 
(not to exceed  +_20%) and the RPD < or = 15% 
 
Note:  For jobs logged in as Project-type USACE, LIMS will also place a flag on the MSS 
concentration if it exceeds the spiking level. 

 
8.) Assemble the Data Package. 

After all samples and necessary dilutions have been analyzed, print the final report 
forms on “page 2” letter head paper. Review these forms to make sure that the correct 
results were reported and that there are no samples marked “N/A” (results “not 
analyzed”). Verify that all necessary sample information is present (see section below for 
details), then complete and sign the “Data Review Checklist”. Submit the data package 
to the Department Manager or QC Chemist for second-party review. Any changes made 
by the second-party reviewer must be individually initialed and dated by the reviewer. 
The second party reviewer must initial and date each user report, make any additional 
comments on the case narrative, and initial and date the completed checklist. 
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WASTE DISPOSAL 
Excess sample volume should be returned to the cold room for eventual disposal, by sample 
control, in the ‘Aqueous’ waste stream.   
 
 
POLLUTION PREVENTION 
Prepare only sufficient standard and reagent volume that can be used within the expiration date, 
to reduce the volume of waste generated by the laboratory and to reduce production cost. 
 
Revision History: 
This is rev 9. Rev 8 was changed as follows: 

• Text was added to integrate method DoD QSM criteria and requirements. 
• Equipment list was revised 
• Ortho phosphate removed from analyte list 
• Instrument IC02 removed 
• References were revised for appropriate revisions to methods and standards 
• This Revision History Section was added 
• Documentation section deleted 

This SOP was reviewed and reissued without changes on 10/29/10
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APPENDIX_1: CALCULATIONS 
 
 
SAMPLE CONCENTRATIONS     
If a client requests that Nitrate, Nitrite, or Phosphate be reported as the complete anion instead 
of Nitrogen or Phosphate (whichever is appropriate), multiply the determined concentration by 
the ratio of the anion weight to the elemental weight: 
 
 Nitrate:  CNO3 = CN * (62.0049 / 14.0067) = CN * 4.4268 
 Nitrite:  C NO2 = CN * (46.0055 / 14.0067) = CN * 3.2845 
 Phosphate:  CPO4 = CP * (94.9714 / 30.9738) = CP * 3.0662 
 
Moisture Corrected Results 
Dry Weight Concentration (ug/Kg) =  “As Received” Conc. / ((100 - %moisture)/100) 
 
Concentration via Quadratic Equation (by external standard)  

Assuming use of normal quadratic equation ( y = ax2 + bx + c ) 
Where y = Ax = Area of compound 
 x = Cx = Concentration of compound 
 
 Cx = [(√[b2 – (4*a*(c - Ax))] – b) /(2*a)] * pdf * idf 
 
Where: Ax = Area of the compound 

   a = second order (x2, quadratic) coefficient, from curve 
   b = linear (x, first order) coefficient, from curve 
   c = intercept, from curve 
   pdf  =  Prep Dilution Factor (Vf/Vi or Vf/Wi) 
   idf  =  Instrument Dilution Factor  
 
Concentration using Linear Regression (by external standard) 
 
 Cx = [ (Ax – b) / m ] * pdf * idf 
 

Where: Ax = Area of compound 
  b = intercept 
  m = slope 
  pdf  =  Prep Dilution Factor (Vf/Vi or Vf/Wi) 
  idf  =  Instrument Dilution Factor  

 
Concentration using Average Calibration Factor (by external standard) 
 
 Cx = (Ax / CFavg) * pdf * idf 
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 Where: Ax = Area of compound 
   CFavg = Average Calibration Factor from the curve 
   pdf  =  Prep Dilution Factor (Vf/Vi or Vf/Wi) 
   idf  =  Instrument Dilution Factor  
 
 
INITIAL CALIBRATION   
 
Quadratic Equation for External Standard  
 
 y = axb  
 
 Where: y = response (area) 
   x = concentration 
   a = intercept 
   b = slope 
 
Transformed into a Linear Equation: 
 (log y) = b * (log x) + (log a) 
 
Linear Regression Equations  
 
 y = mx + b 
 
 Where: y = response (Ax = Area of compound)  
   x = concentration (Cx = Concentration of compound) 
   m = slope 
   b = intercept 
 
Slope (m) = [ (∑wxiyi * ∑w) – (∑wxi * ∑wyi) ] / [ (∑w * ∑wxi

2) – (∑wxi * ∑wxi) ] 
 
Intercept (b) = yavg – (m * xavg) 
 
Correlation Coefficient (r)  
 
 r =   [ (∑w * ∑wxiyi) – (∑wxi * ∑wyi) ]   
  √ {[ (∑w * ∑wxi

2) – (∑wx * ∑wxi)] * [ (∑w * ∑wyi
2) – (∑wyi * ∑wyi) ]} 

 
Coefficient of Determination (r2) = r * r 
 
 Where: xi = individual values for the independent variable (concentration) 
   yi = individual values for the dependent variable (response, area) 
   w = weighting factor (for no weighting w = 1) 
   xavg = average of the x-values 
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   yavg = average of the x-values 
 
Calibration Factor/Response Factor using External Standard 
“Calibration Factor” is the ratio of the detector response (area) to the amount (mass or 
concentration) in the calibration standard. 
 
 CF = Ax / Cx 
 
 Where:   Ax = Area of the compound 
   Cx = Concentration of the compound 
 
Average Calibration Factor (CF)  
 
 Average CF = CFavg = ∑(CFi) / n 
 
 Where: CFi = Calibration Factor for each level 
   n = number of calibration points 
 
Standard Deviation  
 
 SD = √ {[ ∑ (CFi – CFavg )2 ] / (n-1) } 
 
 Where: CFi = Calibration factor for each level 
   CFavg = Average Calibration Factor or  
   n = number of calibration points 
 
Relative Standard Deviation  
 
 RSD =  (SD / CFavg ) * 100 
 
 Where: SD = Standard Deviation 
   CFavg = Average Calibration Factor  
 
 
CALIBRATION VERIFICATION           
 
Percent Difference (%D) or %Drift 
Used for calibration curves or calibration factor verification. If the response of any analyte varies 
from the predicted response by more than a set amount usually 10%, the instrument's 
calibration status is questionable and corrective action must be taken. Calibration specifications 
are based on %D acceptance criteria calculated as follows: 
 

% Difference (% Drift) = %D =  ((C1 - C2) / C1)  *  100 
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Where: C1 =  Concentration of the Calibration Verification Standard 
C2 =  Measured concentration 

 
Percent Recovery (%R):  
The recovery is the measured concentration divided by the true concentration of the standard. 
 

%Recovery  =  C2 / C1 * 100 
 

Where: C1 =  Concentration of the Calibration Verification Standard 
C2 =  Measured concentration 

 
BATCH QC   
 
Percent Recovery (%R):  
The recovery is the measured concentration divided by the true concentration of the spike. 
 
 %Recovery  =  (SP – SA) / (C * V) *100 
 
 Where: SP  =  measured concentration in the spiked sample 
  SA  =  measured concentration in the un-spiked aliquot of sample  
  C  =  concentration of the spiking standard 
  V  =  volume used, of the spiking standard 
 
Relative Percent Difference (RPD):  
The RPD is the difference in concentrations divided by the average of the concentrations. 
 
 %RPD  =  (SA -  DU )  /  ((SA + DU)/2)  * 100 
 
 Where: SA  =  the sample concentration 
  DU  =  the duplicate concentration 
 
Make a Working Standard from a Source (Stock) Standard: 
Determine the volume of source standard needed to make a given volume of working standard: 
 

Vss (mL)  =  Vws * Cws / Css 
 

Where: Vss   =  Volume of Source Standard (mL) needed to make Working 
Standard 
 Vws  =   Final Volume (mL) of Working Standard  
 Cws  =   Final Concentration (ug/mL) of the Working Standard 
 Css  =   Concentration (ug/mL) of the Source Standard 
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APPENDIX_2: REAGENTS & STANDARDS 
 
The standards listed below are those that were in use at the time this document was written. 
Alternates may be used at the analyst’s discretion so long as they are of equivalent purity and 
are documented in the appropriate benchbook. 
 
REAGENTS   
For stock reagents purchased from an outside vendor, write the date received and expiration 
date on the reagent bottle. 
 
For any reagents that are prepared by C&T, including dilutions into deionized water, document 
the preparation in a benchbook, including the volume of each reagent, it’s manufacturer and 
lot#, and the final volume. Assign a unique ID based on the prep chemist’s initials (or reagent 
vendor) and the prep date; write this ID and the expiration date on the reagent bottle. Reference 
this reagent ID on the daily sample prep logs. Note: For anions, because the working eluent is 
made up daily, it does not have to be assigned a unique ID. 
 
Sodium Carbonate (Na2CO3), ACS Reagent Grade, Mallinckrodt Catalog # 7527-04 
Store the original bottle at room temperature for up to 10 years from the date received. 
 
Sodium bicarbonate (NaHCO3) , ACS Reagent Grade, JT Baker Catalog # 3509-01 
Store the original bottle at room temperature for up to 10 years from the date received. 
 
To avoid contamination of your original reagent, decant small volume into a secondary container 
before weighing out the necessary aliquot; don’t use spatula directly into vendor’s container. 
 
SOURCE STANDARDS   
Source standards are those purchased directly from a manufacturer or vendor and should be 
NIST-traceable. Log each source standard into LIMS upon receipt, through the Standards 
Menu. The LIMS S-name for a source standard is unique to the vendor that the source is 
obtained from; if a source standard is obtained from a different vendor, a new name must be 
assigned and the information entered in the LIMS Standards table before the standard is 
assigned an S#.  
 
Label each container with the LIMS S# and expiration date. Write the S# and the date received 
on the ‘Certificate of Analysis’ that accompanied the standard; if the supplier did not provide a 
certificate, call and request that a copy be faxed. The Certificate of Analysis must be kept on file 
in the appropriate binder.  
 
Source standards usually have an expiration date set by the manufacturer; make sure to include 
this date in the LIMS database entry. Store the standards at 4°C (+ 2°C) until the expiration 
date, or until comparison with other standards indicates a problem. 
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Seven-anion custom solution, SPEX Catalog# VCTB-3 LIMS S-Name:  VCTB-3 
 

Table A2-1 
 Anion      Conc  (mg/L)   
 Fluoride   F      50 
 Chloride   CL       100 
 Nitrite-N   NO2N      25 
 Bromide   BR   100 
 Nitrate-N   NO3N     25  
 Sulfate    SO4      250        
 
Six-anion custom solution, Accu Spec Catalog# 904-6C9-501 LIMS S-Name: ANION-PRIM 
Is the same as VCTB-3 but without bromide. 
 
ICV Source Standard: 
SPEX, Catalog# ICMIX6-100  LIMS S-Name: ICMIX6-100 
 
 
WORKING STANDARDS   
Working standards are those prepared at C&T, which should be prepared in Class-A volumetric 
flasks. For working standards, the LIMS S-name is not unique to the source standard vendor but 
is unique to the compound list and concentrations contained in the working standard; if the 
concentration or compounds in the working standard changes, a new S-name, compound list 
and concentrations must be entered in the “Standard Definitions” table before the standard is 
logged in and assigned an S#. It is very important to enter this information correctly, as LIMS 
uses this information to calculate spike and surrogate recoveries. 
 
Working standards expire 48 hours after preparation from the source standards unless any of 
the source standards expire before the 48 hour shelf-life expires. If any of the source standards 
expire before this, change the expiration date of the working standard to match the earliest 
expiration date of the stock standards. The expiration date of the working standard must not 
exceed the expiration date of any of the source standards from which it was made. 
 
In the Standards Benchbook, enter the prep date, LIMS S#, concentration, and volume of each 
source standard used, the LIMS S-name, final volume and concentration of the working 
standard, expiration date, and prep chemist’s initials.  

 
In LIMS, enter the prep chemist’s initials, prep date, and S# of all source standards used to 
make the working standard; LIMS will then assign a standard number (S#). If you need more 
details, log into the LIMS browser; follow the ‘LAB MENU’ link and click on the “New Standards 
System (March 2005)” link for details on the system. 
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Label the standards vials with the LIMS S# and the expiration date.  Expired standards may be 
used for trouble-shooting or method development so long as each standard vial is clearly 
marked “expired” and stored in a well-marked tray containing only expired standards. 
 
Store the calibration standards at 4°C for up to 48 hrs.  
 

Table A2-2: ICAL Standards Preparation 
Calibration 
Standard 

Final 
Vol (mL) 
Cal Std 

Vol (mL) 
Stock Std 

Vol (mL) 
Ultrapure 
DI H2O 

“Dilution 
Factor” from 

SS 
Cal-1 5 .01 4.99 500x 
Cal-2 5 0.02 4.98 250x 
Cal-3 5 0.05 4.95 100x 
Cal-4 5 0.20 4.80 25x 
Cal-5 5 0.05 4.50 10x 
Cal-6 6 1.00 4.00 5x 

 
* Note:  All working standards are prepared in the same manner for both columns AS-14 and 
AS-14A with one difference; AS-14A standards are prepared without 100x concentrated eluent 
and with DI water making up the difference in volume. 
 

Table A2-3: ICAL Standards Composition 
Calibration 
Standard 

F 
mg/L 

Cl 
mg/L 

NO2N 
mg/L 

Br 
mg/L 

NO3N  
mg/L 

SO4 
mg/L 

Cal-1 0.10 0.20 0.05 0.20 0.05 0.50 
Cal-2 0.20 0.40 0.10 0.40 0.100 1.00 
Cal-3 0.50 1.00 0.25 1.00 0.25 2.50 
Cal-4 2.00 4.00 1.00 4.00 1.00 10.00 
Cal-5 5.00 10.00 2.50. 10.00 2.50 25.00 
Cal-6 10.00 20.00 5.00 20.00 5.00 50.00 
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APPENDIX_3: SAMPLE DILUTIONS 
 
Dilutions should be prepared so that the concentration of the target analyte falls in the middle of 
the calibration curve. Prepare dilutions of water samples directly in the autosampler vials, 
following the steps below. 
 
1. Measure the required volume of sample (from the table below) into an autosampler tube that 

has been labeled with the sample number and dilution factor. 
2. Add enough Ultrapure deionized water to bring the total volume to 5.0 mL. 
3. Cap the vial with a filter cap then invert 3 times to homogenize. 
4. Analyzing it as any other water sample.  
 
 

WATER SAMPLE DILUTIONS (diluted to 5.0mL with Ultrapure DI water) 
Dilution Factor Sample Volume Add Vol (mL) DI  

2 2.5 mL 2.5  
2.5 2.0 mL 3.0  
5 1.0 mL 4.0  

10 500 μL  4.5  
20 250 μL 4.7  
25 200 μL 4.8  
50 100 μL  4.9  

100 50 μL 5.0  
200 25 μL 5.0  
250 20 μL 5.0  
500 10 μL 5.0  

1,000 5 μL 5.0  
2,000 2.5 μL 5.0  
2,500 2.0 μL 5.0  
5,000 1.0 μL 5.0  
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APPENDIX_4: COMPOSITING SOIL SAMPLES 
 
1.) Verify that the balance has been calibrated earlier in the day. If it has not, calibrate it before 

proceeding. 
 

2.) Group the samples to be included in the composite and determine what size container will 
be needed to create more than enough of the composite for all of the analyses needed. Use 
a minimum of 1g of each sample being added to the composite, as we need to take 
subsamples that are representative of the entire contents of each core or bottle. 

 
3.) Label a pre-cleaned container with the C&T sample number of the composite. 

 
4.) Place the container on the scale and tare the scale. 

 
5.) Using a clean spatula or equivalent tool, remove and discard the top ~1cm from the first 

sample sleeve. 
 

Discard any leaves, twigs, large stones, etc and take a visually representative aliquot of 
each sample. Document your observations and actions (ie: “discarded leaves & twigs”) in 
the prep log. 

 
6.) Using the same spatula, thoroughly homogenize the next several cm of sample, then weigh 

the necessary aliquot out of this homogenized fraction.  
 

7.) Clean the spatula or tool between samples using deionized water and a clean paper towel, 
to ensure that there is no contamination between the discrete samples. 

 
8.) Repeat Steps 5-7 for each of the remaining samples to be included in the composite, using 

exactly the same weight for each aliquot. 
 
9.) In the appropriate analysis or Soil Aliquot benchbook, write the C&T sample number of the 

composite, along with the sample numbers, bottle letters, and weight used from each of the 
discrete samples being included in the composite. 

 
Example: 162689-001 comp -001 A-D, 15.0g of each 
  172014-001 comp -1A, -2A, -3A, 20.0g of each 
 

Note: When using composites that have been previously prepared, write “premade comp”, 
“xlab comp”, etc. under the Comments/Observations heading. 
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APPENDIX_5: INSTRUMENT CONDITIONS & MAINTENANCE 
 
The conditions listed below may be changed at the analyst’s discretion in order to maximize 
instrument performance. Any changes are documented in the instrument maintenance log. 
 
INSTRUMENT CONDITIONS   
 
IC-01 & IC-03:   
Ion Chromatograph: Dionex DX-120 
Autosampler: Dionex AS-40 
 
Column A: AS-14A/AG-14A  
Suppressor Mode: AutoSuppression/ Recycle Mode 
ASRS-II Current Jump Switch: 50 mA.  
Flow Rate: 1.00 mL/min 
Pressure: 2000 - 25800 psi 
Total Condition (conductivity): 23 - 24 μS 
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INSTRUMENT START-UP   
Before starting instrument pump, visually check for obvious signs of damage to plumbing, leaks, 
or missing parts. Make sure the correct column is installed and selected. 
 
IC-01 (DX-120): 
1.) Refill eluent. 
2.) Check liquid level in waste container.  Empty if full. 
3.) Open helium cylinder valve. If cylinder pressure is below 300 psi, replace tank.  
4.) System pressure should be between 80 and 120 psi.   
5.) Press Eluent Pressure button on instrument panel.  
6.) If no leak is detected by the instrument or through visual inspection, press Pump Band, and 

after few seconds the SRS buttons.   
7.) Open instrument door and check for leaks and presence of gas bubbles coming out of 

ASRS-II.  
8.) Check instrument parameters on front panel display and compare with those listed below: 

 flow rate should be 1.00 mL/min; if not adjust with pump valve 
 pressure should be between 2000 and 2500 psi 
 total condition (conductivity) should be between 23 and 24 μS 

9.) Allow the instrument parameters to stabilize and columns/ ASRS-II to equilibrate for at least 
10-15 minutes, then check instrument parameters one more time. 

 
Note:  Total condition (background conductivity) and background pressure should be within 
0.1μS and 50 psi, respectively compared to last run or before replacing and/or adding fresh 
eluent. If these conditions are not met, eluent contamination, faulty flow rate, or improper 
operation of ASRS-II is possible. 
 

 
 
 
INSTRUMENT SHUT-DOWN   
 
IC-01 & IC03 (DX-120): 
If the instrument jump switch Pump Timeout is in ON position, the pump and ASRS-II current 
will be automatically lowered to 1/10 of operational conditions after 2 hrs of last injection (e.g. 
after last sample). Otherwise to shut down the instrument, turn off SRS, wait few seconds to 
allow the gas to be forced out of ASRS-II, then turn off pump and eluent pressure in that order. 
Finally, turn off helium tank valve. 
 
IC-02 (DX-320): 
DX-320 will not shutdown automatically.  Chromeleon software has a shutdown program (called 
SHUTDOWN) that can be used.  Otherwise to shut down the instrument, turn off SRS, wait few 
seconds to allow the gas to be forced out of ASRS-II, then turn off pump and eluent pressure in 
that order. Finally, turn off helium tank valve. 
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IC-04 (ICS-2000): 
If the instrument jump switch Pump Timeout is in ON position, the pump and ASRS-II current 
will be automatically lowered to 1/10 of operational conditions after 2 hrs of last injection (e.g. 
after last sample). Otherwise to shut down the instrument, turn off SRS, wait few seconds to 
allow the gas to be forced out of ASRS-II, then turn off pump and eluent pressure in that order. 
Finally, turn off helium tank valve. 
 
 
INSTRUMENT MAINTENANCE   
Instrument maintenance must be documented in the maintenance benchbook. If preventative or 
trouble-shooting maintenance is performed, document: 
 

1.) date and initials of the person performing the maintenance,  
2.) reason the maintenance was necessary (“failing CCVs”, “leaking injector port”, etc.),  
3.) steps taken,  and 
4.) resolution (“passed ICAL”, “no longer leaking”, etc.).  

 
File the laboratory copy of the contractor receipt in the three-ringed binder titled IC Instrument 
Maintenance Contractor Receipts.  The three-ringed binder is separated by instrument. 
 
Column Cleanup 
When retention times become shorter and peak shapes or areas change, especially for ortho-
phosphate and sulfate, then AS-14/ AG-14 column contamination is possible. After eliminating 
any other reason for these observations, cleaning may restore column efficiency. Follow the 
general rules described in Dionex column manuals. 
 
Cleaning Solutions 
If the column contaminant can be determined, chose proper cleaning solution from those listed 
below. Sometimes it is necessary to use more then one cleaning solution to restore column 
efficiency. The most common cleaning solutions recommended for AS-14/AG-14 are: 

 
 10x and/or 100x concentrated eluent is recommended for general cleaning 
 0.1 M oxalic acid helps to remove aluminum and iron contamination 
 1M NaCN solution can be used for silver contamination 

 
If column efficiency cannot be restored, the column should be replaced. The AG-14 column 
usually requires more frequent replacement. 
 
Instrument Configuration For Cleaning 
1.) Prepare cleaning solution/water in a Dionex pressure bottle and connect to instrument 

eluent/helium proper column (A or B) tubing connectors.  
2.) Inside the Dionex DX-120, disconnect tubing coming out of pressure transducer (green, 

ID=0.030”) and replace with 2’ long tubing (brown, ID=0.020”) to connect to inlet of AS-14. 
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3.) Using short tubing connect AG-14 in series, checking for both columns correct flow 
direction. 

4.) Prepare waste container, especially if using acetonitrile as one of cleaning solution 
components, and connect tubing to outlet end of AG-14 column as a waste line.  

 
Column Cleanup Procedure 
1.) Start column cleaning by pumping Ultrapure water, especially when a cleaning solution 

containing organic solvent is used.  
2.) Start running pump with pressure transducer valve open, set flow rate to required rate 

(usually 0.5 – 2.0 mL/min) and close the pressure transducer valve.  
3.) Carefully monitor flow rate and pressure and readjust flow rate back to required rate, if 

necessary.  
4.) Perform cleaning by flowing cleaning solution for 60 min, then flow water, and finally eluent.  
5.) If using 10x or 100x concentrated eluent as a cleaning solution, pumping water before and 

after cleaning is not required. 
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APPENDIX_6: RETENTION TIMES & ELUTION ORDER 
 
 
Retention Time Windows: 
“Retention Time Windows” are necessary because analytes may not elute at exactly the same 
time during each and every injection, due to slight variations in temperature, flow rate, or 
injection composition (sample viscosity, compound concentrations), etc. The RT-window is the 
length of time (width, in minutes, on the chromatogram) during which any peak eluting within the 
window is presumed to be the analyte of interest. “72-hour RTW Study” is a term often used by 
auditors to describe statistical analysis of the retention times of standards injected over a 72 
hour sequence; theoretically, the RT windows determined by this study can be used for routine 
analysis, however the studies that C&T has conducted in the past often result in windows that 
are too narrow for routine use.  
 
Verify the retention time windows by observing whether the analytes were correctly identified by 
the data system. If the analytes are not correctly identified, perform instrument maintenance 
(guard column) then recalibrate and reanalyze the samples. 
 
Note:  The DoD QSM requires that a 72-hour RT study be performed whenever the column is 
changed. 
 
Absolute Retention Times: 
The “absolute” retention time of any compound is the expected time of the compound is the 
center of the RT window. Use the retention time for each analyte from calibration standard 
mixtures injected during that 12 hour shift as the “absolute” retention time. Use the calibration 
standards analyzed during the sequence to evaluate retention time stability. If any of the 
standards fall outside their daily or preset fixed retention time windows, the system is out of 
control. Determine the cause of the problem and correct it. 
 
Method Modification Note: EPA 8000B, Section 7.6.5 suggests updating the absolute retention 
times each time a new sequence is started. Because the retention times for these compounds 
are relatively stable, C&T has found it necessary to update the retention times only when 
performing the initial calibration. 
 
Make three serial injections of mid-level calibration standards (ICAL, ICV, or CCV mixes), over a 
72-hour period. Calculate the standard deviation of the three retention times for each 
compound; you can use either absolute or relative Rt, but be consistent. Plus or minus three 
times the standard deviation of each of the retention times for each compound defines the 
retention time windows. In those cases where the standard deviation is zero, use a default 
standard deviation of no more than 0.03 minutes (EPA 8000C recommendation). Determine and 
calculate the retention time window for each compound on each type of column used and repeat 
the procedure whenever a new type of column is installed. 
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Elution Order: 
The order in which compounds elute is based on chemical composition of the stationary phase 
of the column and on the instrument conditions (flow rates, temperature programming, column 
length). Given a specific set of instrument conditions (flow rates, temperature program) the 
order in which compounds elute from a column should remain constant but may differ between 
different types of columns. See the table below for the expected elution order of the anions. 
 
 

Column AS-14A 
Fluoride 
Chloride 

Nitrite 
Bromide 
Nitrate 
Sulfate 

 
 
Note:  If the instrument conditions are changed or a different type of column is installed, the 

elution order may change.  
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APPENDIX_7: INITIAL CALIBRATION 
 
REQUIREMENTS 
An initial calibration curve must be analyzed annually, at minimum, or whenever instrument 
conditions (temperature programs, flow rates, etc.) have been changed, the detector has been 
cleaned, or when a new column has been installed. In general, a new calibration curve must be 
made whenever instrument conditions have been altered, or whenever the continuing calibration 
verification no longer passes acceptance criteria. 
 
An instrument blank should be analyzed prior to the initial calibration standards, to demonstrate 
that the system is free of contaminants and is not contributing to the response of the low-level 
standards. An instrument blank should also be analyzed after the high-level standard to 
demonstrate that the standard is not carrying over. 
 
The calibration curve must consist of at least 5 calibration levels, with lowest point on the curve 
at or below the reporting limit and the highest point defining the upper limit of quantitation. The 
standards must be analyzed in order of increasing concentration. The calibration typically 
includes: 
 
 

Calibration 
Standard 

F 
mg/L 

Cl 
mg/L 

NO2N 
mg/L 

Br 
mg/L 

NO3N  
mg/L 

SO4 
mg/L 

Cal-1 0.10 0.20 0.05 0.20 0.05 0.50 
Cal-2 0.20 0.40 0.10 0.40 0.100 1.00 
Cal-3 0.50 1.00 0.25 1.00 0.25 2.50 
Cal-4 2.00 4.00 1.00 4.00 1.00 10.00 
Cal-5 5.00 10.00 2.50. 10.00 2.50 25.00 
Cal-6 10.00 20.00 5.00 20.00 5.00 50.00 

 
The correlation coefficient (r) must be 0.995 or greater; LIMS reports correlation coefficients as 
r2 therefore r2 must be > 0.990. 
 
If the correlation coefficient does not meet this criterion, a new calibration curve must be 
generated before any samples may be analyzed. If one level of the initial calibration curve has a 
particularly deviant response factor, that level may be rerun so long as it immediately follows the 
five-point curve. If any samples were analyzed after the calibration standards, the single level 
may not be simply rerun, as the sample matrix may have altered the instrument response; a full 
new set of standards must be analyzed and the samples then rerun. 
 
Verify the preparation of the ICAL standards by analyzing an Initial Calibration Verification (ICV) 
standard obtained from a different manufacturer than the standards used for the initial 
calibration curve. 
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PROCEDURE 
1.) Prepare the calibration standards as described in Appendix_2. 
 
2.) Prepare an Initial Calibration Verification (ICV) standard from source standards obtained 

from a different manufacturer than the ICAL standards.  
 
3.) Perform any needed instrument maintenance and run an instrument blank. If the target 

compound is detected above 1/2 the reporting limit, run another instrument blank. 
 
4.) Load the calibration standards onto the autosampler tray in order of increasing 

concentration.  
 
5.) Add instrument blanks before and after the ICAL standards to demonstrate that the low-level 

standard was not influenced by instrument contamination and that high-level concentrations 
will not carryover into real-world samples.  

 
6.) Load the ICV after the instrument blank that follows the calibration standards. The ICV, 

prepared from standards obtained from a second manufacturer, must be analyzed to verify 
that the standards used to create the initial calibration curve were prepared correctly. 

 
7.) Write the sequence as below, identifying the type of sample as initial calibration standards, 

the LIMS identification of the standards, and the applicable dilution factors. The “stype” and 
S-number must be correctly entered into the sequence in a specific order for LIMS to be 
able to interpret the information and should be written into the sequence as follows: 

 
IB 
ICAL,L1,S#,Dilution Factor 
ICAL,L2,S#,Dilution Factor 
ICAL,L3,S#,Dilution Factor 
ICAL,L4,S#,Dilution Factor 
ICAL,L5,S#,Dilution Factor 
ICAL,L6,S#,Dilution Factor 
ICB 
ICV,S#,Dilution Factor 
 
Where: 
S# = The LIMS WS# of the standard used 
Dilution factor = The dilution factor of the standard used to make the ICAL standard 
 

8.) Use the same Chromeleon method for calibration standards the as used for samples (ie: 
ic02<julian date>). 
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ICAL ACCEPTANCE CRITERIA & DATA REVIEW 
After the standards have run, check the integration of the standards then print the runs and 
examine the data to determine if the curve passes acceptance criteria. 
 
9.) See Appendix_8 for instructions on working up the Chromeleon and LIMS files. 
 
10.) Verify that each peak was detected, identified, and integrated correctly in each of the 

standards.  
 

Unsubstantiated alteration of peak integration solely to pass calibration criteria is illegal and 
is grounds for immediate termination.  

 
11.) Print the files. 
 
12.) Print out a hard copy of the Chromeleon ICAL curve for each compound. 
 
13.) Verify that the Chromeleon Correlation Coefficient (r) is >0.995 and the LIMS Correlation 

Coefficient (r2) is >0.990.  
 
14.) Check the response of the high standard to verify that the upper levels are not saturated. 
 
15.) If the curve fails the correlation criterion or the high concentration standards appear to be 

saturating the detector (decreasing response factors in comparison to the lower level 
calibration standards), reviewing the results against the following criteria: 

 
 The low point may only be rejected if the reporting limit is greater than that level. 

 
 The high point may be rejected so long as there are at least 5 points remaining for 

each compound in the ICAL.  
 
 If a single point in the curve is causing the failure, the standard may be reanalyzed, 

so long as it immediately follows the original curve and the calibration then uses the 
second run.  

 
 Under no circumstances may a point in the middle of the curve be rejected in order 

to pass calibration criteria for a particular compound. 
 

16.) Generate the LIMS ICAL summary and verify that the data match the Chromeleon report. 
 
17.) Examine the LIMS ICAL summary. The %D for recalculated concentrations should be 

within 20% of the true concentration of the standard. 
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Method Modification:  EPA 300 does not require the recalculation and control of the 
individual ICAL standards, however this practice is suggested in EPA 8000C. 

 
18.) Using the newly calibrated method, process the Initial Calibration Verification (ICV) 

standard, to verify that the calibration standards were prepared correctly and to highlight 
any discrepancies between the primary- and second-source standards. See Continuing 
Calibration Verification Section for the procedure to generate this form. 

 
The ICV must meet the CCV criteria of < 10%D. An ICV that passes this criterion must be 
run before any samples are loaded. If the ICV does not pass this acceptance limit and 
samples were analyzed immediately following it, the entire calibration must be reanalyzed, 
as there is no way of determining what effect the sample matrix would have on any 
subsequent ICV analysis. 
 
If the first ICV does not meet the acceptance criteria, another ICV standard may be 
analyzed; “x” out the first ICV and process the data from the second ICV. Be aware that if 
the second ICV is processed, that data must be used; if the second ICV fails, a new 
calibration curve and subsequent ICV must be analyzed and processed before sample 
analysis can continue. 

 
19.) Review & sign each data file. Notify the Department Manager or QC Chemist that the 

calibration is ready for review; the ICAL cannot be used to process final forms through 
LIMS until it has been reviewed and approved in LIMS.  
 
Note:  Any corrections to the ICAL must be done through Chromeleon, then resent to 
LIMS and a new ICAL# created. Any data processed with the draft ICAL would then need 
to be reprocessed against the corrected, new ICAL#.  

 
ICAL DATA PACKAGE 
Assemble the raw data for review as follows: 

 LIMS Calibration Report 
 Sequence Summary 
 Chromeleon ICAL curves (‘Calibration Batch Report’) 
 Raw Data printouts for ICAL standards 
 ICV Summary 
 ICV Raw Data 
 ICB Summary & Raw Data 
 IB Data  
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APPENDIX_8: CHROMELEON CALIBRATION 
 
1.) Create the calibration folder. 

Copy the most recent calibration temporary folder from the main folder directory and paste it 
in the current folder directory. To do this, right click on the temporary calibration and paste it 
into the folder you are working on. Rename the folder to the current date. 

 
Example:  Under the IC1_DX120 directory there is a file labeled ‘anions cal 306’.  This is 
the temporary folder used to create new sequences but is also used to create a new 
calibration.  Right click on that and then select copy.  Move the curser to the folder you 
want the new calibration to be run in and select paste.  Example is pasting anions cal 
306 in the IC01-ANIONS-2007 directory. 

 
Make sure the temporary calibration you are copying is for the same instrument and 
analysis. If a temporary calibration is not available you will have to copy the last sequence 
run and paste that in the main directory then rename it and use it as your temporary 
calibration folder.  

 
2.) Before you run the standards, set all points to ‘single’ and ‘Standard in the sequence file, 

then run the sequence. If the same standard is used in the new calibration that was used in 
the temporary folder then skip to step 5. 

 
3.) Rename the standards to the correct LIMS S#.  Double click on the quantitation method in 

Chromeleon at the top of the sequence you are working on.  This method is labeled with the 
.qnt ending.  A prompt will come up saying, “Standards Unassociated with any current 
amount column have been detected Please create new amount columns, and/or re-assign 
these standards appropriately”.  Click OK.  On the right highlight all the points in the 
calibration. Then click the Auto-Generate button. Then click the Apply button which will 
apply a separate amount column for each standard. 

 
4.) Enter the concentrations in the amount table of the quantitation file. These numbers can be 

found in the SOP.  When complete simply close the quantitation file and it will prompt you to 
save.  Click yes. 

 
5.) Update Retention Times. 

After running the calibration standards you must re-enter the retention times.  Batch the 
middle point by right clicking on the standard and clicking batch.  Batch it out with the default 
settings but de-select the export setting. Re-open the quantitation method and enter the 
retention values from the mid point of the calibration into the new quantitation method and 
save the changes. 
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6.) Batch out all the standards.   
Select all the standards and right click on them.  Select batch.  Use the default settings but 
de-select export. Click Ok.  This prints out un-integrated reports.  The re-integrate the point 
as needed and batch them out again but still de-select the export setting.   

 
7.) Print the necessary reports.   

Open the quantitation method and under file select print QNT method.  You only need to 
print out the Detection, Peak Table, Amount Table, and Calibration tabs. All other tabs can 
be unchecked. The calibration must also be batched.  This is done on the sequence not in 
the quantitation method.  Highlight the mid-point of the calibration and right click.  Select 
batch report.  Change the report definition to the appropriate calibration report.  Double click 
on the Calibration(batch) box and select ‘Print’ if sample name is equal to the mid-point 
standard (as named in the sequence)  and fill in the exact mid-point standard name. Then 
hit ok and ok again.  This will batch out the calibration sheet.   

 
You must follow the same procedure but for the Summary- INJ vs Area, Ht, Amt. Highlight 
the mid-point of the calibration and right click.  Select batch report.  Change the report 
definition to the appropriate calibration report.  Double click on the Summary- INJ vs Area, 
Ht, Amt box and select to print if sample name is equal to and fill in the exact mid-point 
standard name. Then hit ok and ok again.  These reports along with the actual standards 
batch reports are all that is needed from Chromeleon to print out the calibration. 

 
8.) Send to LIMS.   

Select all the standards and right click on them.  Select batch.  Use the default settings but 
this time de-select print box and make sure the export box is checked. This sends the points 
to a temporary folder to get them to LIMS you must push Control, Alt, and S buttons at the 
same time.  The calibration can then be processed in LIMS.  
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APPENDIX_9: CHROMELEON MANUAL INTEGRATION IDENTIFIERS 
 
If manual integration is necessary there are a number of different baseline events to choose 
from. Chromeleon draws a baseline based solely on peak separation criteria. In many instances 
it will be necessary for manual integration. If a chromatogram is manually integrated the 
software will place the comment “modified by IC analyst” on the chromatogram, next to the 
sample number. The following is a partial listing of the common types of manual integrations.   
 
Rider Skimming 
 

Value Range: Tangential at lower peak end, Tangential at both peak ends or 
Exponential 

 
Default: Tangential at lower peak end 

 
Description: This parameter indicates how Rider Peaks are skimmed. 

 
Function: There are three options: 

 
· Tangential at lower peak end (default and the common skimming 

method): For ascending rider peaks, the peak start, and for descending 
rider peaks, the peak end is defined in such a way that rider skimming is 
tangential to the chromatogram. 

   
· Tangential at both peak ends: Peak start and peak end are determined so 

that rider skimming is tangential at both chromatogram ends. 
   

· Exponential: The chromatogram is approximated by an exponential 
function, so that the slope of the chromatogram and the exponential 
function correspond at the peak start and the peak end of the rider peak. 
This option clearly distinguishes from the two others. In most cases, 
Exponential maps the actual course of the curve very accurate. With this 
option, the rider peak will usually receive a more realistic larger area. A 
sufficient number of data points must be available to ensure that this 
option can be used. 

 
Tip: When reprocessing a chromatogram, the skimming function can be set 

manually for each rider peak. The required commands are included in the 
context menu of the selected peak. 
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Inhibit Integration 
 

Value Range: On / Off 
 

Default: Off 
 
Description: The Inhibit Integration detection parameter serves to fade out certain 

chromatogram areas. When turned on, peak detection is de-activated, 
 

Function: If the value is set to On before the first peak to inhibit, no peak detection 
will take place until the parameter is deactivated (Off), i.e., no peaks are 
recognized in this area. The chromatogram is displayed on the screen, 
but it is not integrated.  

 
Inhibit Integration can be used to inhibit the injection peak by activating 
the criterion at the start time of the chromatogram and by deactivating it 
after the dead time.  

 
Tip: To have any effect, this switch must be activated before the start of the 

first peak to be inhibited. 
 
Detect Negative Peaks 
 

Value Range: On / Off 
 
Default: Off (i.e., negative peaks are not detected) 
 
Description: Enables/disables detection of negative peaks ON or OFF. When turned 

on, negative as well as positive peaks are detected. 
 
Function: Enabling detection of negative peaks automatically activates the Lock-

Baseline parameter. Disabling negative peak detection locks the baseline 
to the default again. In the result report, the area of negative peaks is 
indicated as a positive value.  

   
To correct the baseline without labeling the peaks or including peaks in 
the peak list, select the Don't label option. 

 
Tip: In order to be effective, this switch must be activated before the peak 

start. 
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ACID DIGESTION  

Of Aqueous Samples, Extracts and TCLP Leachates 
By Method EPA 3010A   

For Total Metals Analysis by ICP-AES Method EPA 6010B, 6010C 
 
SCOPE  
This SOP describes the acid digestion procedure used for the preparation of aqueous samples 
and extracts for total metals analysis by ICP-AES. This procedure is not applicable to samples 
requiring analysis for mercury or for metals by ICP-MS. 
 
In this procedure, the sample is digested with nitric acid then refluxed with hydrochloric acid. 
This digestion procedure reduces interferences due to organic matter and converts metals that 
are adsorbed onto particulate matter into a form that can be determined by Ion Coupled Plasma 
– Atomic Emission Spectrometry. 
 
Dissolved metals may be determined in filtered, acidified samples without preliminary digestion. 
For total metals, the acidified sample is digested with strong acids prior to analysis, to 
breakdown molecular bonds and convert adsorbed ions into molecular elements.  
 
Note:  Although California DHS-ELAP auditors approved the use of method 3010A for digestion 
of samples to be analyzed for EPA 200.7, with notation of the modification, EPA Region 9 
rejected this approach and requires the digestion described in 40CFR136 Method 200.7. 
 
REFERENCES  
Sample Preparation Method: 
EPA 3010A, Acid Digestion of Aqueous Samples & Extracts, SW-846 Update 3, Dec 1996 
 
Subsequent Analytical Method: 
EPA 6010B, Inductively Coupled Plasma-Atomic Emission, SW-846 Update 3, Dec 1996 
EPA 6010C, Inductively Coupled Plasma-Atomic Emission, SW-846, Feb 2007 
 
Additional SOP’s and Guidance Documents: 
EPA 1311, Toxicity Characteristic Leaching Procedure (TCLP), SW-846 Update 1, July 92 
NELAC Chapter 5, Quality Systems, June 2003 
DoD Quality Systems Manual, Version 4.1, April 2009 
U.S. Army Corp of Engineers “Shell” Document, EM 200-1-3, February 2001 
40CFR Methods Update Rule, Federal Register, Vo.72, No.47, Effective 4/11/07 
Volume 1, TNI Standard, EL-V1-2009, September 2009 
DoD Quality Systems Manual, Rev 4.2 October 2010 
Volume 1, TNI Standard, EL-V1-2009, September 2009 
DoD Quality Systems Manual, Rev 4.2 October 2010 
 
C&T QA SOP 1.6, Pipet Calibration Check Procedures 
C&T QA SOP 4.1, Establishing Control Limits 
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C&T QA SOP 4.4, Determining Method Detection Limits (MDL) 
C&T QA SOP 8.4.1, State Program Requirements 
C&T QA SOP 8.5.1, DoD Program Requirements 
C&T QA SOP 8.6.1, DoE Program Requirements 
C&T CS SOP 2.3, Subsampling & Compositing  
 
SAMPLE PRESERVATION & HOLDING TIME  
Preservation:  HNO3 to pH < 2. Store at 4C 
Holding Time:  6 months from collection to digestion 
   6 months from TCLP extraction to digestion & analysis. 
 
Filtration: 
Sample filtration should be performed in the field, within 15 minutes of sample collection, 
however if an unfiltered sample is submitted for dissolved metals, the sample must be filtered 
through a 0.45 μm Cellulose-Ester membrane filter as soon as possible after receipt, then 
acidified to pH <2 with HNO3. An aliquot of DI water should also be filtered for use as a prep 
blank, to verify that the filters did not contaminate the sample. Document the filtration date & 
time in a sample prep log. 
 
Preservation:    
Sample preservation should be performed in the field, within 15 minutes of sample collection, 
however if sample preservation (acidification) is done by C&T and not by the sampling crew, the 
sample control technician should add sufficient nitric acid to bring the pH to < 2 as soon as 
possible after receipt, noting the preservation date and time in the LIMS login “comment” field. 
The ICP prep analyst should then wait at least 24 hours before verifying the pH and digesting/ 
analyzing the samples. If after 24 hours, the pH is >2, the preservation and 24 hour wait must 
be repeated until the pH remains < 2.  
 
SAFETY 
The acids used in this procedure will cause injury if allowed to contact eyes or skin. Assume 
that all samples contain toxic and/ or hazardous materials and should always be handled with 
care. Safety glasses, gloves, and a lab coat should be worn whenever handling samples, 
standards or reagents. 
 
INTERFERENCES 
Lead and zinc are common contaminants present in everyday dust; keeping the sample prep 
area clean and dusted will reduce these contaminants, as will loosely covering the digestates 
during the heating steps.  
 
Volatile elements (particularly antimony) may be lost during the digestion process if the 
digestate is superheated or allowed to go dry during heating.  
 
Silver may precipitate during the digestion process if present in relatively high levels; samples 
submitted by photo-processing or reclamation clients (Dean X-Ray, Safety Kleen, etc.) should 
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not be digested prior to analysis for silver. Standards should be stored away from light to 
prevent photo-induced precipitation of silver.  
 
QC REQUIREMENTS 
A preparation blank (BLANK), blank spike (BS), blank spike duplicate (BSD), matrix spike (MS), 
and matrix spike duplicate (MSD) are digested and analyzed with each batch of 20 samples or 
less. If a client requests that a sample spike (SPIKE) and sample duplicate (SDUP) be analyzed 
on their sample, these should be analyzed in place of the MS and MSD. 
 
If filtered samples are analyzed for dissolved metals, the sample does not have to be digested 
prior to analysis, but the batch QC should include a filtered aliquot of DI water as a prep blank 
and a sample duplicate. 
 
The temperature setting for the digestion block & DigiProbe must be verified, and documented, 
at least annually. A method detection limit study will be conducted annually by digesting and 
analyzing seven aliquots of a low-concentration laboratory control sample. 
 
Note:  Barium and zinc are commonly found in the TCLP blanks at levels between the reporting 
limit and 0.1 mg/L; the action limit for barium is 100mg/L and zinc is not a TCLP-regulated 
element. The manufacturers of the filters do not control these elements to C&T reporting limits 
because these levels are far below regulatory levels. 
 
QC DEFINITIONS & CORRECTIVE ACTIONS  
A). Method Blank (BLANK): 

A method blank is an aliquot of deionized water that is carried through the entire digestion 
and analysis procedure to demonstrate that the process is free of contamination and is not 
contributing to the detected sample concentrations. If elements of interest are detected in 
the prep blank at levels greater than the reporting limits, the batch must be re-digested and 
reanalyzed for that element. 
 
Note:  Barium and zinc are commonly found in the TCLP blanks at levels between the 
reporting limit and 0.1 mg/L; the action limit for barium is 100mg/L and zinc is not a TCLP-
regulated element. The manufacturers of the filters do not control these elements to C&T 
reporting limits because these levels are far below regulatory levels. 

 
B). Blank Spike (BS)/ Blank Spike Duplicate (BSD): 

Blank spikes are aliquots of deionized water that are carried through the digestion and 
analysis procedure to demonstrate the accuracy (recovery) and precision (RPD) of the 
process in the absence of matrix interferences. If the recovery or RPD of any element of 
interest fails the QC limits, the entire batch must be re-digested and reanalyzed for that 
element. 

 
C). Matrix Spike (MS)/ Matrix Spike Duplicate (MSD): 

Matrix spikes and duplicates are aliquots of a real-world sample that are digested and 
analyzed with each batch to demonstrate the accuracy and precision of the process in 
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samples that may contain or cause matrix interferences. If the recovery or RPD of an 
element of interest fails the QC limits, the spikes may need to be re-digested and re-
analyzed. 

 
EQUIPMENT  
Disposable 70 mL Class-A digestion tubes, SPC Scientific, Catalog#  010-500-061 
Auto-pipette, adjustable to 0.5mL 
Digestion Block, adjustable and capable of maintaining a temperature of 90-95°C 
Centrifuge Tubes, E&K Catalog# N17023 
Whatman # 541 filter paper (“ashless”, specifically for trace metals - reduces Na contamination) 
Funnel, used for filtration if needed 
 
Equivalent supplies from a different vendor may be used with the manager’s permission. 
 
DIGESTION PROCEDURE  
1.) Calibrate the autopipet and document the results in the pipet benchbook. 
 
2.) If the digestion block was not left on “Idle” overnight, set the digestion block to pre-heat 

mode “E” and allow it to heat.  
 
3.) Check samples out of the coldroom and allow them to come to room temperature.  
 
4.) Line the samples up on the counter or cart in order of increasing job number and increasing 

sample number; this will help prevent samples from being switched during the aliquotting 
process. 

 
5.) Review the job sheets to determine if any of the clients in the batch requested that matrix 

QC be done on their sample. If so, use that sample for the MS and MSD (or SSPIKE/ 
SDUP), otherwise choose a sample for batch QC so that matrix QC is rotated throughout the 
laboratory's clients and so that no one client's samples predominate over a period of time.  

 
6.) Select enough Class-A disposable digestion tubes for the samples and batch QC then label 

them with the sample numbers.  
 

For the batch QC, include a MB, BS, BSD, MS, and MSD – label the MS and MSD with the 
sample number and “MS” or “MSD” as applicable. 

 
7.) Line the digestion tubes up in the same order as the samples.  
 
8.) Shake the first sample to ensure homogeneity, uncap and immediately decant 50mL into the 

Class-A digestion tube labeled with that sample number.  
 
9.) Place the digestion tube in the rack and recap the original bottle. 
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10.) Repeat Steps 8 and 9 for each sample, checking the bottle label against that on the 
digestion tube before decanting the sample. 

 
For the MS and MSD, decant a second and third 50mL aliquot into the digestion tubes 
labeled with the sample number and “MS” and “MSD”. 

 
11.) After all of the samples have been measured into their digestion tubes, measure 50mL of 

DI water into the digestion tube labeled BLANK. 
 
12.) Add 50mL DI water into each of the tubes labeled BS and BSD. 
 
13.) Measure 50mL of the sample selected for batch QC into each tube labeled “MS” or ”MSD”.  
 
14.) To the BS and BSD, add 0.5mL of each spiking solution (SS1A and SS1B). 
 
15.) To the MS and MSD, add 0.5mL of each spiking solution (SS1A and SS1B). 
 
16.) To each digestion tube, add 1.5 mL concentrated nitric acid (HNO3). 
 
17.) Swirl each tube to homogenize to homogenize. 
 
18.) Place the digestion tube rack in the digestion block. 
 
19.) Make sure the samples do not boil and that the tubes do not go dry.  
 
20.) Reduce sample volume to less than 5mL. This is usually accomplished using the pre-

programmed 3-4 hour heating procedure.  
 

Note: If any sample goes dry, it will have to be discarded and re-digested, as some of the 
target analytes are relatively volatile. 

 
21.) While the samples are digesting, before returning the original sample bottles to the 

coldroom, write the sample number and bottle letter of each sample in the digestion log. 
 

Write “MSS” in the ‘Comments’ field next to the sample used for the matrix QC, to indicate 
that it is the “Matrix Spike Sample”. 

 
22.) Document the LIMS# of each spiking solution and the volume used in the digestion log. 
 
23.) Document the vendor and lot# of each acid in the digestion log 
 
24.)  “Batch” the samples in LIMS, creating a batch number and unique QC numbers for the 

batch QC samples.  
 

Write the batch number at the top of the prep log page. 
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List the QC sample type and LIMS QC numbers at (ex: BS, QC348967) the bottom of the 
page, immediately following the samples. 

 
25.) Return the original sample bottles to the coldroom and sign them back in. 
 
26.) After the digested sample volumes have been reduced to < 5mL, but not to dryness, 

remove tubes from the digestion block and allow them to cool.   
 
27.) Add another 1.5 mL of concentrated HNO3.  
 
28.) Return the tubes to digestion block and reflux for 30 minutes reducing the volume to 

approximately 3 mL, without going dry, then and remove from digestion block and cool. 
 

Note:  If sample was digested to dryness, discard the sample and redigest, as antimony 
and silver are relatively volatile elements that can be easily lost. 

 
29.) Check the sample color. If any are dark, adding an additional 1.5mL acid to all of the 

samples and place the rack back in the digestion block for 15 minutes, then remove from 
heat, allow the solutions to cool and recheck the color.  

 
Repeat this step until the digestates are light in color or do not change appearance with 
continued refluxing. 

 
30.) Cool and add 5mL of 1:1 HCl and return to the rack to the digestion block. Let the 

temperature return to 95°C and reflux for an additional 15 minutes to dissolve any 
precipitate or residue that may exist. 

 
31.) Document the reagent ID of the 1:1 HCl in the digestion log. 
 
32.) Wash down the digestion tube walls and lid with DI water.  If particulates are observed in 

the digest, gravity filter through a nitric-washed apparatus using a Whatman # 541 filter.  
 

Note: If any sample in the batch is filtered, the batch QC must be filtered as well and the 
filtration documented in the digestion benchbook. 

 
33.) Use deionized water to adjust the digestate volume to 50 mL with DI in the digestion tube.  
 

Note: The digestion tubes do not need to undergo annual calibration, as the digest volume 
is returned to the initial volume and any volume error is thereby cancelled out. 

 
34.) Select enough disposable centrifuge tubes for the entire batch of digests and label them 

with the sample numbers and batch QC designations. 
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Line up the centrifuge tubes in order of increasing sample number, just like the digestion 
tubes. 

 
35.) Transfer sample to the centrifuge tube labeled with that sample ID, cap the centrifuge tube 

and place it in a tube-holding tray.  
 
36.) Repeat Step 34 for each digest, checking the sample ID on the centrifuge tube against 

that on the digestion tube before each transfer. 
 
37.) Label the tube-holder with the batch number. 
 
38.) Complete any remaining benchbook entries then enter the data in the appropriate fields in 

the LIMS prep screens.  
 
39.) Print a copy of the LIMS prep entry and photocopy the benchbook page. Complete the 

prep section of a Data Review Checklist.  
 
40.) Give the job sheets, checklist, batch sheet and prep log to a qualified prep chemist or 

analyst for review of the LIMS data entries; have the reviewer sign the digestion log and 
the LIMS data entry printout.  

 
41.) Sign and date the ‘Relinquished by’ line on the LIMS prep log when the digests are turned 

over to the analyst. 
 
 
DOCUMENTATION 
A copy of the preparation benchbook page documenting when the samples were digested must 
accompany the paperwork for these samples. Each Digestion Log page should include: 
 

• Date & Time of Digestion event  
• C&T sample ID's (including the letter assigned to each container) 
• Initial sample volume and final digestate volume 
• Indication that digest was or was not filtered 
• LIMS QC number for batch QC (blanks and spikes) 
• LIMS# and volume used of spike standards 
• List of all reagents used including manufacturer and lot number 
• Any unusual occurrences during digestion 

 
 
POLLUTION PREVENTION 
Any excess standard, sample, or digestate volume should not be poured down the sink, but 
should be included in the laboratory’s “Corrosives” waste stream. 
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WASTE DISPOSAL  
All digests are kept for at least 6 months prior to disposal. After 6 months, the digests are 
included in the ‘Corrosives’ waste stream. 
 
REVISION HISTORY 
This is revision 13 revision 12 was modified as follows 

• References updated 
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APPENDIX_1: WATER DIGESTION BY EPA 3010A 

For Analysis by ICP Method 6010B  
  
 

Sample Volume: 50 mL 
 
Spike: 0.5 mL each of SS1A and SS1B 
 
1st Digestion: + 1.5 mL concentrated HNO3  
 95 °C 
 reduce volume to < 5mL   
 
2nd Digestion: + 1.5 mL concentrated HNO3  
 95 °C  
 30 minutes 
 
3rd Digestion: + 1.5 mL concentrated HNO3  
 95 °C  
 15 minutes 
 repeat until appearance is stable 
 reduce volume to about 3 mL   
 
Final Digestion: + 5mL 1:1 HCl  
 95 °C 
 15 minutes 
 
Filtration: if particulates present in sample 
 Whatman # 541 
 filter QC samples if any sample filtered 

 
Final Volume: 50 mL 
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APPENDIX_2: REAGENTS & STANDARDS  
 
REAGENTS   
The reagents listed below were those in use at the time this document was written. Alternate 
supplies may be used at the analyst’s discretion, so long as they are of comparable quality and 
fully traceable. 
 
All reagents must be documented in a benchbook and traceable to the manufacturer and lot#. 
Any reagents that are used without additional preparation may be documented in the analytical 
benchbook on a daily basis or in the reagent log upon receipt. Any reagents that require an 
additional preparation step before use, including dilutions into DI water must be documented in 
the reagent prep benchbook; assign a unique ID, based on the type of reagent, manufacturer’s 
lot#, and the date prepared. Each benchbook entry should include the date and analyst initials, 
the name of the reagent, and the manufacturer and lot#. 
 
Label each reagent bottle with the contents name, concentration, reagent ID, date opened or 
prepared, chemist’s initials, and expiration date. 
 
Each reagent lot should be checked prior to analysis to verify that the levels of impurities are 
within acceptable levels. Place a copy of the vendor’s Certificate of Analysis in the reagents 
benchbook. 
 
Caution:  Always add acid to water, as reversing the process may cause hot acid to 

splatter and cause chemical burns. 
 
Hydrochloric acid (HCl), concentrated, Instra-Analyze (trace metals) grade, 
JT Baker, VWR catalog # JT9530-33 
Store at room temperature for up to 1 year. 
 
Nitric acid (HNO3), concentrated, Instra-Analyze (trace metals) grade, 
JT Baker, VWR catalog # JT9598-34 
Store at room temperature for up to 1 year. 
 
1:1 HCl, (v/v), Hydrochloric acid   

Partially fill an empty HCl bottle with 500mL of DI water. 
Slowly add 500mL of concentrated HCl to the deionized water. 
Allow to cool, then cap tightly and invert 3 times to mix, allowing sufficient time for mixing.  
Store at room temperature for up to 1 year.  

 
1:1 HNO3, (v/v), Nitric acid   

Partially fill an empty HCl bottle with 500mL of DI water. 
Slowly add 500mL of concentrated HCl to the deionized water. 
Allow solution to cool, then cap tightly and invert 3 times to mix, allowing sufficient time for 
mixing Store at room temperature for up to 1 year.  
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SOURCE STANDARDS    
Source standards are those purchased directly from a manufacturer or vendor and should be 
NIST-traceable. Log each source standard into LIMS upon receipt, through the Standards 
Menu. The LIMS S-name for a source standard is unique to the vendor from which that the 
source is obtained. Different standards may be used, however if a source standard is obtained 
from a different vendor, a new name must be assigned and the information entered in the LIMS 
Standards table before the standard is assigned an S#.  
 
Source standards usually have an expiration date set by the manufacturer. If no expiration date 
is listed, the expiration date is one year from date received.  
 
Write the S# and the date received on the ‘Certificate of Analysis’ that accompanied the 
standard; if the supplier did not provide a certificate, call and request that a copy be faxed. The 
Certificate of Analysis must be kept on file in the appropriate binder.  
 
Label each standard container with the content name, LIMS S#, and expiration date. Store the 
standards at room temperature until the expiration date. 
 
The Spiking Standards are purchased as custom standards from CPI and used without an 
intermediate dilution.  
 

Spiking Solution A LIMS S-Name:  SS1A 
Element Concentration  

(µg/mL) 
 Element Concentration  

(µg/mL) 
Aluminum 200  Magnesium 2,000 
Arsenic 10  Manganese 50 

Beryllium 5  Nickel 50 
Boron 200  Potassium 1,000 

Cadmium 5  Selenium 10 
Calcium 2,000  Silver 5 

Chromium 200  Sodium 2,000 
Cobalt 50  Thallium 10 
Copper 25  Vanadium 50 

Iron 100  Zinc 50 
 

Spiking Solution B LIMS S-Name:  SS1B 
Element Concentration  

(µg/mL) 
 Element Concentration  

(µg/mL) 
Antimony 50  Tin 100 
Barium 200  Titanium 100 
Lead 10    

Molybdenum 40    
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APPENDIX_3: SPIKING LEVELS 
 For BS/BSD, MS/MSD, or SSPIKE 
 
When the procedure above is followed, the Batch QC spikes (blank spike, blank spike duplicate, 
matrix spike, matrix spike duplicate) are spiked at the following levels: 

 
   

Element 
Water Spiking Level 

(ug/L) 
 

 Sb Antimony 500  
 As Arsenic 100  
 Ba Barium 2,000  
 Be Beryllium 50  
 Cd Cadmium 50  
 Cr Chromium 200  
 Co Cobalt 500  
 Cu Copper 250  
 Pb Lead 100  
 Mo Molybdenum 400  
 Ni Nickel 500  
 Se Selenium 100  
 Ag Silver 50  
 Tl Thallium 100  
 V Vanadium 500  
 Zn Zinc 500  
     
 Al Aluminum 2,000  
 Ca Calcium 20,000  
 Fe Iron 1,000  
 Mg Magnesium 20,000  
 Mn Manganese 500  
 K Potassium 10,000  
 Na Sodium 20,000  
     
 B Boron 1,000  
 Sn Tin 1,000  
 Ti Titanium 1,000  
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APPENDIX_4: CALCULATIONS 
 
If you need to make a less concentrated spiking solution, determine the volume of source 
standard needed to make a given volume of working standard: 
 

 Vss (mL)  =  Vws * Cws / Css 
 

Where: Vss   =  Volume of Source Standard (mL) needed to make Working Standard 

 Vws  =   Final Volume (mL) of Working Standard  

 Cws  =   Final Concentration (ug/mL) of the Working Standard 

 Css  =   Concentration (ug/mL) of the Source Standard 
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“TEH” by GC/FID Method EPA 8015B and 8015D 
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TOTAL EXTRACTABLE HYDROCARBONS 
“TEH” by GC/FID Method EPA 8015B and 8015D 

 
SCOPE 
This procedure details the identification and quantitation of Total Extractable Hydrocarbons 
(TEH) in the dichloromethane extracts. This procedure uses a gas chromatograph (GC) to 
separate the components followed by a Flame Ionization Detector (FID) that detects the 
components as they pass through the detector. This method is applicable to the determination 
of jet fuel, kerosene, diesel, motor oil, or other hydrocarbons between the carbon-markers C-10 
to C-50.  
 
Reporting limits for water samples are 50 µg/L for jet fuel, kerosene, and diesel and 300 µg/L for 
motor oil, transformer oil, and Bunker C. Reporting limits for soil samples are 1 mg/Kg for jet 
fuel, kerosene, and diesel and 5 mg/Kg for motor oil, transformer oil, and Bunker C.  
 
REFERENCES 
Analysis Methods: 
EPA 8015B, Non-Halogenated Organics using GC/FID, SW-846, December 1996 
EPA 8015C, Non-Halogenated Organics using GC/FID, SW-846, Nov 2000 
EPA 8015D, Non-Halogenated Organics using GC/FID, SW-846, June 2003 
EPA 8000B, Determinative Chromatographic Separations, SW-846, Dec 1996 
EPA 8000C, Determinative Chromatographic Separations, SW-846, March 2003 
California Leaking Underground Fuel Tank Field Manual (LUFT Manual), October 1989 
Tri-Regional Recommendations, Revised 10 August 1990 
8015AZ, “C6-C32 Hydrocarbons in Soil”, Arizona Dept of Envir Quality, Rev.1, 9/25/98 
 
Extraction/Preparation Methods: 
EPA 3500B, Organic Extraction & Sample Preparation, SW-846 Update 3, Dec 1996 
EPA 3500C, Organic Extraction & Sample Preparation, SW-846 Feb 2007 
EPA 3510C, Separatory Funnel Liquid-Liquid Extraction, SW-846 Update 3, Dec 1996 
EPA 3520C, Continuous Liquid-Liquid Extraction, SW-846 Update 3, Dec 1996 
EPA 3535, Solid-Phase Extraction, SW-846 Update 3, Dec 1996 
EPA 3535A, Solid-Phase Extraction, SW-846 Feb 2007 
EPA 3540C, Soxhlet Extraction, SW-846 Update 3, Dec 1996  
EPA 3545, Pressurized Fluid Extraction, SW-846 Update 3, Dec 1996 
EPA 3545A, Pressurized Fluid Extraction, SW-846, Feb 2007 
EPA 3550B, Ultrasonic Extraction, SW-846 Update 3, Dec 1996 
EPA 3550C, Ultrasonic Extraction, SW-846, rev 3 Feb 2007 
EPA 3580A, Waste Dilution, SW-846 Update 1, July 1992 
California Leaking Underground Fuel Tank Field Manual (LUFT Manual), October 1989 
Tri-Regional Recommendations, Revised 10 August 1990 
 
Cleanup Methods: 
EPA 3630C, Silica Gel Cleanup, SW-846 Update 3, Dec 1996 
 
Related C&T Procedures & Other Guidance Documents: 
SVOC 5.1.1, ‘TEH QC Acceptance Limits, Table-1’ 
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QA 1.4, Balance Calibration Check & Maintenance 
QA 1.5, Calibrating & Maintaining Temperature Controls 
QA 1.6, Pipet Calibration Check Procedures 
QA 4.1, Establishing Control Limits 
QA 4.4, Determining Method Detection Limits (MDL) 
NELAC Chapter 5, Quality Systems, June 2003 
DoD Quality Systems Manual, Version 4.1, April 2009 
Volume 1, TNI Standard, EL-V1-2009, September 2009 
DoD Quality Systems Manual, Rev 4.2 October 2010 
 
 
PRESERVATION & HOLDING TIME  
Preservation:  No chemical preservation. Store samples and extracts at 4o C. 
 
Holding time:  California/LUFT H2O: 14 days from collection to extraction. 
 Other H2O:  7 days from collection to extraction. 
 Soil: 14 days from collection to extraction. 
 Extract: 40 days after extraction. 
 
Note:  For Arizona, soil samples must be analyzed within 14 days of sample collection. 
 
QC REQUIREMENTS 
Mid-range continuing calibration verification (CCV) standards of diesel (and other hydrocarbons 
if requested) must be analyzed prior to the analysis of samples to verify the calibration curve. 
Additional CCV standards should be analyzed after every 10 samples “a bracket”, not including 
batch QC, and at the end of the sequence. Alkane Retention-Time Verification (carbon-marker) 
standards must be analyzed every twelve hours or every other bracket. 
 
The %D for the fuel CCV’s must be < 15%. If one of the fuel standards does not meet this 
requirement, any extracts that are being analyzed for this fuel and were analyzed after the last 
passing CCV must be reanalyzed. The carbon-markers must fall within the expected retention 
time for those carbon ranges; if the RT’s drift outside the RT windows, the method must be 
updated and all associated data reprocessed against the corrected retention times. The method 
must be updated and the data will only be re-analyzed when it’s impacted by the retention shift. 

Note:  For any Department of Defense (Navy, USACE, AFCEE) project that references the DoD 
Quality Systems Manual (QSM) and the method 8015D requirement for the ICV & CCV %D is < 
20%. 
 
Two surrogate compounds are added to each CCV standard, sample, method blank, and spike 
to monitor the performance of the analytical system. A method blank (BLANK), blank spike (BS) 
and blank spike duplicate (BSD), or lab control sample (LCS), matrix spike (MS), and matrix 
spike duplicate (MSD) will be analyzed for each batch of 20 samples or less. For projects or 
sites that are known or suspected to contain high levels of hydrocarbons or matrix interferences, 
a single sample spike (SSPIKE) and sample duplicate (SDUP) may replace the MS/MSD. 
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Acceptance limits for the surrogates and spikes are updated semiannually, based on control 
charts of the previous year’s results. See the associated SOP TPH-E Laboratory Control Limits; 
Table-1 for current in-house QC acceptance limits. 
 
Method Detection Limit (MDL) studies must be performed annually, at minimum, on each 
instrument and matrix. See the QA SOP 4.4 “Determining Method Detection Limits” for details. 
 
Limit of Detection (LOD), must be determined quarterly and is based on the analysis of a 
laboratory control sample (MDL verification standard) that is spiked 1 to 4 times the MDL. See 
the QA SOP for Establishing and Validating Method Detection Limits or Limits of Detection for 
details. 
 
Limit of Quantitation (LOQ) must be determined quarterly and is based on a laboratory control 
sample that is spiked 1 to 2 times the reporting limit. It is only analyzed once per method. See 
the QA SOP for Establishing and Verifying the Limit of Quantitation for details. 
 
SAFETY 
Assume that all extracts contain potentially toxic materials and should be handled with care. 
The chromatograph’s injection port and detectors are hot and should be handled with caution. 
Take appropriate precautions when handling pressurized gas cylinders; all gas cylinders should 
be chained to a wall or benchtop when in use. 
  
EQUIPMENT 
Gas chromatograph: Hewlett-Packard 5890 with HP-7673 Autosampler 
 Agilent 6890N with Agilent G2614A (7683B) Autosampler 
 Agilent 7890A with Agilent 7683B Autosampler 
Guard column: 5 meter x 0.32mm I.D.  
 
Guard column: 5 meter x 0.32mm I.D.  
 IP Deactivated (Restek, Catalog # 10044) 
GC column:  15 meter x 0.32mm I.D., 0.1 um df, 
 100% polysiloxane (Restek Rtx-1, Catalog # 13321)   
 RX -1ms  
Detector:  Flame ionization detector (FID)  
Chromatography Data System: Agilent EZ Chrom, Version 3.1.7 
 
Alternate supplies and vendors may be used so long as all QC requirements are met. 
 
INTERFERENCES 
The purpose of this analysis is primarily to determine the identity and concentration of petroleum 
fuels; however, non-petroleum hydrocarbons may also be detected. These are called “biogenic” 
interferences and may consist of vegetable oils, fatty acids, sugars or other polar analytes. This 
type of interference is typically seen in aquatic water or sediment samples, due to algae or other 
marine life. Also, surface soils at agricultural sites where decomposing vegetable or animal 
matter may contribute high levels of non-petroleum hydrocarbons. Because petroleum products 
are not very polar, a silica gel cleanup will remove the polar biogenic material without affecting 
the non-polar petroleum products. 
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MAINTENANCE 
Maintenance is performed when needed. Remove the ‘solvent’ vials and empty the ‘waste’ vials 
from the autosampler tower. Rinse each vial twice with clean methylene chloride, then refill the 
‘solvent’ vial with clean methylene chloride. Rinse the vial cap inserts thoroughly with 
dichloromethane before capping the vials and returning them to the autosampler. The needle-
guide should also be removed from the foot of the autosampler tower and rinsed thoroughly with 
methylene chloride. The septum and liner should be changed every 2-3 days, before analysis of 
the opening CCV. 
 
DAILY SEQUENCE 
Each sequence should begin with an Instrument Blank and a Carbon Marker (Retention Time 
verification) Mix followed by a Continuing Calibration Verification (CCV) standard for diesel. 
Once the opening CCV’s have passed acceptance criteria (%D < 15%), sample extracts may be 
added to the instrument sequence. Additional diesel CCV’s must be analyzed after every ten 
samples, not including known QC, but including any unknown non-extracted test samples, and 
at the end of the sequence. The concentration of the CCV ‘s must be varied within the 
calibration range, excluding the highest or lowest points. Additional fuel CCV’s (motor oil, jet 
fuel, or any other fuels that you need to include for the samples in the sequence) must bracket 
any samples requiring those fuels and the method blank associated with those samples. 
Additional Alkane (RT) Mix standards must be analyzed every 12 hours at minimum, or with 
every 2nd set of bracketing CCV’s. 
 
Writing an EZChrom Sequence (see Appendix_10 for EZChrom instructions) 
Various user reports are automatically produced after the run is complete. This automation is 
based on the type of sample being analyzed, the sample number, the LIMS identification of any 
associated calibration or spiking standards, the batch number, and any applicable dilution 
factors. This data must be correctly entered into the sequence in a specific order for LIMS to be 
able to interpret the information and should be written into the sequence as follows: 
 
 
 

Primer 
IB 
CMARKER,S#    
CCV,S#,DSL_<##>   
CCV,S#,MO_<##> 
MB,QC#, <b#> 
LCS,QC#,<b#> 
Sample#,<b#>,IDF 
MS,QC#,<b#> 
MSD,QC#,<b#> 

 
Where: S# is the LIMS S# of the standard used (ie: 06S1365) s12545,  

 ## is the concentration of the standard (mg/L) 
 QC# is the LIMS ID of the batch QC sample (ie: QC169359) 
 b# is the LIMS batch number (ie: 124536) 
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 IDF is the instrument dilution factor for the sample (ie: “1000x” or similar), used 
only if necessary, otherwise left null 

 PDF is the prep dilution factor for the sample (ie: 0.02 or similar) 
 Samplenum is the LIMS sample number (ie: 160961-005) 
 

Silica Gel: If a silica-gel cleanup has been performed on the sample or QC, add an “sg” to 
the name of the sample or batch QC number (ie:  170269-003sg, or 
QC138963sg). 

 
Examples of EZChrom file names include: 
 

Sample files:  Julian-date/a(or b)/<file number> (ie: 004b012) 
Process files:  asur115.met  

 
For data file names, the first three characters of the data file name are the Julian day; the fourth 
character is A for Channel A (if the front injector port is used) or B for Channel B (for the back 
injection port) data files. The files are written to the G:\GCxx\CHA or CHB subdirectory, where 
xx is the GC number.  

 
Example:  The complete path for the 12th injection onto GC15b on January 4 would be 

G:\GC15\CHB\004b012. 
 
For process files, the first letter is the channel number, followed by an identification of what the 
method does (‘sur’ for surrogate, ‘teh’ for fuels), and the Julian date of the sequence containing 
the relevant files. If the process (method) file is updated more than once on the same Julian 
sequence, a letter will be appended to the file name (ie: asur115a.met). 
 
Instrument Sequence 
The following is a typical sequence, only the diesel CCV's are required for analysis unless 
others are requested: 
 

1. PRIMER (any standard or dichloromethane) 
2. CCB IB - Instrument blank (clean dichloromethane) 
3. CMARKER (Alkane Mix for RT verification) 
4. 250 mg/L JP 5 standard - (if requested)  
5. 500 mg/L Diesel standard  
6. 500 mg/L Motor Oil standard - (if requested) 
7. Method Blank 
8. LCS or Blank Spike  
9. Matrix Spike or Blank Spike Duplicate 
10. Matrix Spike Duplicate  
11-20. Unknown Samples 
21. JP 5 CCV 
22. Diesel CCV  
23. Motor Oil CCV 
24-34. 10 samples 
35. CMARKER (Alkane Mix for RT verification) 



SOP Volume: SVOC Curtis & Tompkins, Ltd 
Section:  5.1 
Page: 8 of  61 
Revision:   17 Number: 1 of  1 
Effective:   30 NOV 2011 
Filename:  f:\qc\sop\svoc\teh_rv17.doc 
 

This document contains proprietary information and may not be disseminated to entities other than C&T staff, clients, and 
regulators. 

36. JP 5 CCV 
37. Diesel CCV 
38. Motor Oil CCV 

 
The sequence must end with a CCV and an Alkane Mix regardless of the number of samples 
analyzed. If a new sequence is beginning immediately after finishing one, an alkane mix does 
not need to run at the end of the closing sequence, as long as one ran with the previous 
bracket’s ccvs; the opening sequence’s alkane mix will run within 12 hours of the previous 
alkane mix. 
 
Although the current SW-846 methods allow up to twenty runs between CCV’s, C&T typically 
runs CCV’s after every ten samples to meet the additional SW-846 requirement that no more 
than 12 hours should elapse between CCV’s and to reduce the number of reanalyses caused by 
failing CCV’s.  
 
Note:  If the instrument will be running unattended or overnight, it is a good idea to load two of 
each CCV standards for each bracket, to reduce the number of samples that have to be 
reanalyzed due to an injection error.  
 
1.) Primer 

If the instrument has been idle for several hours, it’s a good idea to start the instrument with 
an injection of dichloromethane or any standard, to rinse the injection system and anything 
(column bleed, contamination, etc.) that may have gathered in the injection port, column, or 
detector. 

 
2.) CMARKER - Alkane Mix (Retention Time Verification standard) 

Carbon Marker (retention-time verification) standards must be analyzed every twelve hours 
and at the end of the sequence; generally loading these standards with every other CCV 
bracket will meet this requirement. The carbon-markers that define the ranges needed for 
the associated samples must fall within the expected retention time for those carbon ranges; 
if the RT’s drift outside the RT windows, the method must be updated and all associated 
data reprocessed against the corrected retention times. The method must be updated and 
the data will only be re-analyzed when it’s impacted by the retention shift. 
 
If the Carbon Markers routinely fall outside their expected retention window, do a 72-hour 
RT study to determine if the windows should be changed; see Appendix_4 for further 
discussion of RT windows. 

 
3.) Hydrocarbon Continuing Calibration Verification (CCV): 

After the instrument blank has shown that the instrument is not contaminated, analyze a 
diesel CCV (Continuing Calibration Verification) standard to verify that the response of the 
instrument has not changed significantly and that the curve may still be used to quantitate 
sample results. Use CCV standards at the mid-levels of the calibration curve for all other 
fuels but diesel; do not use either the highest or lowest point. For diesel CCVs, the CCV 
levels are alternated. 
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3.1) Review the job sheets to decide what CCV standards to analyze, keeping in mind 
that the concentrations must be alternated across the mid-levels of the calibration 
curve.  

 
Note:  The USACE recommends that the CCV’s be the same standards, or from the 
same source, as the ICAL standards in order to more readily determine which 
problems are due to changing instrument conditions and are not due to differences 
between standards. 

 
3.2) Load CCV standards after every ten samples and at the end of the sequence, not 

including batch QC and excluding instrument blanks and other standards in the 
count. 
 
LIMs identifies samples that are associated with the DoD QSM 4.1 requirements, 
other DoD requirements or commercial clients.  It identifies all project specific criteria 
that are reviewed by the analyst before sample analysis. 

 
For sequences containing samples that are not associated with requirements from 
DoD QSM 4.1, If the instrument is running unattended or overnight, it is a good idea 
to load two CCV standards for each bracket, to reduce the number of samples that 
have to be reanalyzed due to an injection error. Type in the sequence with an “x” 
stype for the second CCV so that only the first CCV will automatically process.  
 
For sequences where both DoD QSM 4.1 samples and non-DoD QSM 4.1 samples 
are analyzed, both sets of CCVs will be run and integrated and both CCVs must 
pass the DoD QSM 4.1 criteria. If the entire sequence contains DoD QSM 4.1 
samples only, then only one CCV will be analyzed.  

 
3.3) Analyze the standards using the same data acquisition method as for the samples, 

typing “CCV,” before the working standard number, so that LIMS will automatically 
generate a CCV summary (Continuing Calibration Verification summary), which 
compares the calculated concentrations from this run to the known concentrations of 
the standard. 

 
3.4) Integrate the fuel chromatogram. Manual integrations must be consistently applied to 

standards and samples; see Appendix_7 for integration events & examples.  
 

3.5) Scale the chromatogram so that the baseline corrections and integration flags are 
clearly visible. Scale the chromatogram so the entirety of the client’s extract is 
visible. If the extract has low level hydrocarbons present, make sure not to zoom in 
too closely (around 400 mV), and try to be consistent with scaling throughout a 
client’s job. The integration flags and baseline corrections are present on the raw 
method data and not on the chromatogram. 

 
3.6) Print the data to LIMS//Ezchrom_capture then examine the CCV summary to 

determine if the %D is < 15% and the CCV is acceptable. 
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Note:  For any Department of Defense (Navy, USACE, AFCEE) project that 
references the DoD Quality Systems Manual (QSM), and the method 8015D 
requirement for the ICV & CCV %D is < 20%. 

 
3.7) If the acceptance criteria are not met, examine the integration to verify that each 

peak was correctly integrated. See Appendix_7 for examples of acceptable 
integration. 

 
Unsubstantiated alteration of peak integration solely to pass calibration or QC criteria 
is illegal and is grounds for immediate termination.  

 
3.8) If the acceptance criteria are not met, analyze another CCV standard. If the second 

analysis of the standard fails to meet the criteria, perform instrument maintenance 
and analyze another CCV; if the CCV is still not passing then recalibrate. 

 
If two CCV’s were analyzed, examine the first one against the acceptance criteria; if 
it fails, “x” out the first CCV, change the second to stype “CCV” and process the data 
from the second CCV.  

 
3.9) If any of the fuel CCV’s fail acceptance criteria, data may be reportable based on the 

following criteria: 
 

a.) If the failing analyte is not a target analyte for the associated samples, sample 
results should be reported without reanalysis. 

 
b.) If the compound fails the %D criterion due to a high response but was not 

detected above the reporting limit in the associated samples, the sample results 
may be reported without reanalysis, as the high bias does not affect the sample 
results.  

 
c.) If the compound fails the %D criterion due to a high response and was detected 

above the reporting limit in any of the associated samples, the samples must be 
reanalyzed.   

 
d.) If the compound fails the %D criterion due to a low response, the sample must be 

reanalyzed, as a low bias may result in false negatives. 
 
Load additional CCV’s after every ten samples and at the end of the sequence. The 
standard concentration used for the CCV should be alternated for diesel over the course of 
the sequence. See Appendix_1 for calculation of %D. 
 
Recommendation: Although SW-846 methods 8000 and 8015 do not require, or even 
discuss, the analysis of continuing calibration blanks (CCBs/IBs), at least one instrument 
blank should be analyzed, usually at the beginning of each sequence, with the first set of 
CCVs, to demonstrate that the analytical system is not contributing to the analytical results. 
If any target compounds are detected in this blank at levels greater than the reporting limit, 
determine the source of the contamination and correct the problem before continuing with 
sample analysis. 
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4.) Surrogate Continuing Calibration Verification (CCV): 

Compare the surrogate concentrations in the first CCV standard to the expected 
concentration. If the result differs from the expected concentration by more than 15%, check 
the instrument for possible problems. Low surrogate recovery with obvious peak tailing is a 
sign of inlet activity/contamination or column degradation; changing septum, liner and/or 
cutting a loop off of the guard column usually corrects this situation. If no leaks are 
discovered and instrument maintenance does not produce an acceptable surrogate CCV, 
recalibrate the surrogate.    

 
Note:  Acceptable sample data must be bracketed by acceptable surrogate CCV's. 

 
Note:  The method 8015D requirement for the ICV & CCV %D is < 20%, however CA-DHS 

has not yet recognized 8015D, so C&T must continue to meet the 8015B 
requirement. 

 
5.) Prepare the Sample and Batch QC Extracts for Analysis 

5.1) Remove the extracts from the extraction lab refrigerator and let the extracts warm to 
room temperature then aliquot approximately 1mL of extract into an autosampler vial.   

 
5.2) If dilutions are required, see Appendix_3 for instructions on preparing the dilutions. 

 
5.3) Place the samples and standards on the autosampler tray as described above, 

beginning with the lightest colored extracts followed by more highly colored or 
viscous extracts. If a highly colored or viscous extract needs to run before a lighter 
one, then run a CCB/IB between the two. Also, try not to run a CCB/IB directly before 
a CCV. 

 
5.4) Enter the sequence information (sample numbers, batch numbers, any applicable 

instrument dilution factors) into the EZChrom sequence. See Appendix_10 for 
instruction on using EZChrom to set up a sequence.  

 
5.5) Sequences are verified in LIMs and ask another analyst to review the entry against 

the vials in the autosampler tray. Any errors in the sequence entry must be corrected 
before processing and reporting the sequence data.  

 
 
QUALITATIVE ANALYSIS 
 
1.) Integration 

Manual Integrations are required whenever chromatograms contain unresolved components 
that raise the baseline. Since these components must be included in the area sum, 
reprocess the raw files using forced baselines (see Appendix_7 for EZchrom "integration 
events") and save the modified result file. The baseline event should be the same as that 
used in the calibration for that hydrocarbon. Often, components other than the fuels of 
interest make the use of certain baseline projections impractical. In this case, the analyst’s 
judgment must weigh heavily in correctly integrating the sample chromatogram. Baselines 
are drawn from where the baseline starts to deviate from the trend to a second inflection 
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point in the chromatogram, or to the end of the chromatogram if there is no second inflection 
point.  

 
WARNING: Unsubstantiated alteration of peak integration solely to pass QC criteria (ie: 

calibration, surrogate) is illegal and is grounds for immediate termination of 
employment. 

 
2.) Fuel Pattern Recognition 

Fuels are not discrete chemicals but are comprised of many related compounds and the 
composition of the fuel mixture is dependent upon multiple variables. The standards used 
for quantitation are only examples of each fuel.  
 
In general, lighter hydrocarbons will elute before heavier hydrocarbons however various fuel 
patterns overlap. For example, Jet Fuels will typically be represented by hydrocarbons 
between C10-C16 while Diesel will elute somewhere between C10-C36. Note that higher 
fuel concentrations will spill over into adjoining ranges. For example, a high motor oil content 
will also contain a smaller fraction of hydrocarbons in the diesel range; these should be 
reported as diesel because, even though the chromatogram may exactly match a motor oil 
standard, those hydrocarbons within the jet fuel or diesel ranges will still behave in the 
environment in the same manner as those originating in a diesel mixture.  

 
For our clients to adequately treat, or remediate, environmental contamination, they may 
need additional information aside from simply the concentration of fuel in each range. We 
therefore provide the sample chromatograms and indicate through “flagging” whether or not 
the chromatogram is representative of the fuel being quantitated; see Appendix_6 for 
example fuel chromatograms). Some of the things to consider when examining fuel 
chromatograms include: 
 
 The lack of sharp, well-defined alkane peaks does not necessarily indicate that the 

chromatogram does not represent the fuel. After the fuel has been processed by the 
refinery, the aliphatic (straight-chain) compounds begin reacting with the many other 
hydrocarbons present, reducing the number of individual peaks into an undifferentiated 
‘blob’ or ‘hump-o-gram’.  
 

 Hydrocarbons migrate through soil at varying rates. The lightest hydrocarbons tend to 
disperse more quickly, changing the profile of the remaining fuel. This is often referred to 
as “weathering”. 
 

 The composition of the hydrocarbon mixture depends on the temperature programming 
used by the refinery during the distillation process and so varies by supplier.  
 

 The composition is also changed seasonally, and may be specific to a certain 
geographic location (Alaska’s diesel looks like California’s kerosene or jet fuel).  

 
To be considered representative of the fuel, the chromatogram should have the same basic 
shape as the standard, but doesn’t have to exactly match the standard.  
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3.) Qualifier Flags 
Compare the sample chromatogram with the CCV's for the requested fuel hydrocarbon 
patterns. What we're looking for here is consistency. If the chromatogram resembles the 
standard (to resemble the chromatogram should have the same basic shape as the 
standard, but doesn’t have to exactly match the standard), don’t apply any qualifier flag. The 
lack of sharp alkane peaks is not necessarily an indication that the hydrocarbon does not 
resemble the standard (fuel may be ‘weathered’). If the sample chromatogram does not 
resemble the standard, flag the data with a “Y”. See Appenix_6 for example chromatograms. 

 
If the sample chromatogram contains only a single peak (or several peaks, but no 
hydrocarbon ‘hump’), flag the sample data with only a "YZ"-flag. If the sample chromatogram 
contains a fuel pattern but the quantitation is being a significantly biased by a single peak (or 
peaks), flag the sample data “Z”.  

 
In summary: 
 
 

Y Does not resemble the requested standard. 
 

  
Z Resembles the requested standard, but also includes a single peak that 

significantly biases the quantitation. 
 
YZ Quantitation based only on a single peak or peaks. 

  
 
QUANTITATIVE ANALYSIS 
Analyte quantitation is done using the external standard technique. Quantitation is determined 
by the total area of the fuel within the selected retention time range to the initial calibration curve 
for that compound, with adjustments for the sample preparation concentration factor and 
instrument dilution factor. The start and end time of the area is determined by the beginning or 
ending retention time of the windows identified in the carbon marker (i.e. use the retention time 
of the apex of the peak then +/- .9 which is ½ the window).  If the surrogate peak elutes within 
the carbon-range of the fuel, the area of the surrogate peak is subtracted from the total area 
before the concentration is calculated. See Appendix_1 for example calculations and Appendix 
9 for the initial calibration procedure. Concentrations are expressed as micrograms per liter 
(µg/L) or milligrams kilogram (mg/kg). 
 
All results are reported on a wet-weight (“as received”) basis unless otherwise requested by the 
client. If the client requests ‘dry-weight’ corrections, the ‘wet-weight’ results in the results 
database are corrected for moisture by LIMS when producing the final report forms. 
 
Evaluate the Batch QC 
For every batch of 20 samples (or less) analyzed, a Method Blank (MB), a Laboratory Control 
Sample (LCS), a matrix spike (MS) and duplicate (MSD) are extracted and analyzed. If 
insufficient sample volume was submitted for matrix QC, a blank spike (BS) and blank spike 
duplicate (BSD) are extracted in place of the LCS/ MS/ MSD.   
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Note: Project-specific quality assurance project plans (QAPP’s) may contain different 

requirements than those listed in this SOP. If so, the QAPP requirements supersede this 
SOP for all samples related to that project. 

 
1.) Method Blank 

A method blank is extracted with each batch of samples to verify that contamination was not 
introduced by the extraction glassware or reagents. No fuels should be detected in the 
method blank above the reporting limit, however if contamination is detected, the blank 
should be reanalyzed; if contamination is again detected, use the following steps to 
determine the corrective action required: 

 
a.) If the concentration of the contaminant is below the reporting limit but above 1/2 of 

the reporting limit, document the contamination and potential for a slight high bias on 
the batch sequence summary and the data review checklist. Report the data without 
reanalysis as long as the contaminant does not resemble any low levels hits in the 
batch’s samples; if so, reanalyze and possibly re-extract if it is believed that the hit 
was caused by a consistent contamination in the batch. 

 
b.) If the fuel found in the method blank was not detected in the associated samples, the 

data may be reported and the problem narrated. Initiate a Corrective Action Report 
(CAR) immediately so that re-extraction can begin within the extraction holding time, 
if necessary. 

 
c.) If the fuel found the method blank was also detected in the associated samples, but 

the level in the samples is greater than 10x the level in the method blank, document 
the contamination on the batch sequence summary and the data review checklist 
and report the data without reanalysis. Initiate a Corrective Action Report (CAR) 
immediately so that re-extraction can begin within the extraction holding time, if 
necessary. 

 
d.) If the fuel detected in the method blank was also detected in the associated samples, 

but at levels less than 10x the level in the method blank, and reanalysis confirms the 
problem, the samples containing the contaminant must be re-extracted and 
reanalyzed. Initiate a Corrective Action Report (CAR) immediately so that re-
extraction can begin within the extraction holding time, if necessary.   

 
 

2.) Laboratory Control Sample (LCS) or Blank Spike/ Blank Spike Duplicate (BS/BSD): 
Laboratory Control Samples are clean aliquots of DI water or sodium sulfate that are fortified 
or “spiked” with a known amount of diesel; the spike concentration should be in the lower 
half of the calibration range. The LCS or BS/BSD is then extracted and analyzed with each 
batch of samples to demonstrate the performance of the extraction and analysis in the 
absence of matrix interferences. In-house Acceptance Criteria are specified in the 
associated SOP ‘TEH Laboratory Control Limits, Table-1’. These limits are generated semi-
annually, using control charts.  
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Note:  Laboratory Control Samples are physically identical to Blank Spikes, however if a 
spike is identified in LIMS as a “BS”, LIMS will look for a BSD. 
 

2.1) In the LIMS Review-App, select “Review”, then “Batch #” to bring up the “reduced” 
LCS. This lists the results for each carbon range and compares the results to the 
tightest set of QC limits that are applicable to the jobs in that batch.  

 
2.2) Review the recoveries to determine if the spike is acceptable for all jobs in the 

batch.  
 

2.3) If either recovery or the RPD (for a BS/BSD) is outside acceptance limits, 
reanalyze those extracts.  

 
2.4) If the spikes are within acceptance limits upon reanalysis, report the data without 

further action.  
 

2.5) If reanalysis confirms the failure, initiate a corrective action report (CAR). Review 
the data on a job-specific basis to identify which jobs are affected by the failure and 
use the following steps to determine the appropriate corrective action:  

 
a.) If a high recovery is observed but diesel was not detected in the associated 

samples, report the data without re-extraction, as the potential high bias does 
not affect the sample results. 
 

b.) If a high recovery is observed and samples contain diesel at levels above the 
reporting limit, those samples must be re-extracted.  
 

c.) If a high RPD is observed but the recoveries are within acceptance limits and 
diesel was not detected in any of the samples, note the failure on the Data 
Review Checklist and report the data without re-extraction, as the lack of 
good precision data does not affect ND samples.  
 

d.) If a high RPD is observed and diesel was detected in the samples at levels 
above the reporting limits, those samples must be re-extracted.  
 

e.) If low surrogate recovery is observed, the associated samples must be re-
extracted. 

 
f.) If low diesel recovery is observed, re-extract all samples in the batch. 

 
2.6) If a sample must be re-extracted and the holding time has expired, the client’s 

Project Manager should log the sample in as an alias and have the samples re-
extracted as the new sample number, so that both results may be reported. If the 
sample is still within holding time, re-extract and reanalyze the sample under the 
original sample number.  
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3.) Matrix Spike/ Matrix Spike Duplicate (MS/MSD): 
Matrix spikes are real-world samples that have been spiked with a known amount of diesel 
then extracted with that batch of samples to demonstrate the accuracy (recovery) and 
precision (RPD) of the analysis in real-world samples. In-house Acceptance Criteria are 
specified in the associated SOP ‘TEH Laboratory Control Limits, Table-1’. These limits are 
generated semi-annually, using control charts.  
 
Review the MS/MSD data. If either the recoveries or RPD fail criteria, use the following 
steps to determine whether or not the data can be reported: 

 
a.) If the diesel concentration in the native (non-spiked aliquot) sample is greater than 

the linear range and the sample needs to be rerun for just that compound, report the 
MS/MSD with a LIMS-flag of “>LR” on those recoveries without reanalysis.  

 
b.) If the diesel concentration in the native sample is within linear range but the 

concentration in the matrix spikes is greater than the linear range, LIMS will apply a 
“>LR” flag to those recoveries. Report the data without reanalysis.  

 
c.) If the diesel concentration in the native sample is greater than 4x the spiking level, 

LIMS will apply a “NM” (for “Not Meaningful”) flag to those recoveries. Report the 
data without reanalysis.  

 
Note:  If the concentration of a target compound is greater than the spiking level, 
LIMS will flag and footnote that concentration for the client’s attention. 

 
d.) If recoveries fail but the RPD is within acceptance limits, matrix interference is 

usually suspected. Narrate the failure and report the data without reanalysis (except 
for USACE, or other Level 3 or Level 4 projects that always require reanalysis).  

 
e.) If the recoveries fail due to obvious chromatographic interference (ie: coelution of 

other analytes with the spike compounds), narrate the failure on the Data Review 
Checklist and report the data without reanalysis.  

 
f.) If the recoveries are within limits but the RPD fails, and an isolated problem cannot 

be identified and documented, reanalyze the sample and matrix spikes. 
 

Note: If the sample used for matrix QC must be analyzed at a 10x or greater dilution, don’t 
analyze the MS/MSD, as the sample concentration will be >4x the spiking level and 
the spike results will therefore be considered “not meaningful”. An MS/MSD will be 
analyzed/re-analyzed if the client has requested the associated MSS. 

 
After the batch QC samples have been reviewed and deemed acceptable, assemble the Batch 
QC folder and complete a Batch Review Checklist. Submit this package to the Department 
Manager or a QC Chemist for review and approval. 
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Evaluate the Sample Results 
After the standards and batch QC results have been examined to verify that the sequence and 
batch can be reported, and the sample chromatograms integrated, examine the data for each 
sample to determine if the results are complete or if reruns or re-extractions are required. 
 
4.) Surrogates 

Surrogate compounds are chemically similar to the target analytes but are compounds not 
found in actual samples. These compounds are added, prior to extraction, to every sample, 
method blank, and spike to monitor the efficiency of the extraction for that sample. In-house 
Surrogate Acceptance Criteria are specified in the associated SOP ‘TEH Laboratory Control 
Limits, Table-1’. These limits are generated semi-annually, using control charts. 
 
After each sample is integrated and sent to LIMS, LIMS will automatically generate a user 
report with the surrogate criteria for that sample and flag any failing recoveries. Evaluate the 
surrogate recoveries for all samples, method blanks, and spikes. If the extract was diluted 
by a factor of 10 or more, the surrogate is considered diluted out and LIMS will place a “DO” 
flag on the user report and final forms. 
 
If a surrogate recovery is outside QC limits, verify that the prep information (LIMS S#, 
amount, and concentration of surrogate added, sample weight/ volume, extract volume, and 
instrument dilution factors) is correct. If any of these are incorrect, fix the entry and 
reprocess the data. If the prep entry was correct, the sample must be reanalyzed, on 
another instrument if possible. If the surrogates again fail, determine whether reanalysis is 
required using the following criteria: 

 
a.) If a high recovery is observed but no target analytes were detected above the 

reporting limit in the sample, note the failure on the ‘Data Review Checklist’ and 
report the data without reanalysis, since the possible high bias will not affect sample 
results. 

 
b.) If a high recovery is observed and matrix interference is the likely cause (ie: the 

sample chromatogram also contains significant alkane peaks in the region of the 
surrogate, or the surrogate peak shows a distinct shoulder), discuss the failure with 
the Group Leader or QC Chemist, and then report the data with narration of the 
failure, namely “co-elution”. 

 
c.) If a high recovery is observed and target analytes were detected, and there is no 

obvious chromatographic interference, the sample must be reanalyzed. If the same 
surrogate(s) fails criteria upon reanalysis a Corrective Action report must be initiated 
and the sample must be re-extracted. If the same surrogate fails criteria after re-
extraction it is deemed to be matrix effect. Include both sets of data in the package 
and note the situation in the case narrative. 

 
d.) If a low recovery is observed for any surrogate and there is no obvious 

chromatographic interference, or documented historical site matrix interference, the 
sample must be reanalyzed. If the same surrogate(s) fails criteria upon reanalysis a 
Corrective Action report must be initiated and the sample must be re-extracted. If the 
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same surrogate fails criteria after re-extraction it is deemed to be matrix effect. 
Include both sets of data in the package and note the situation in the case narrative. 

 
If a sample must be re-extracted and the holding time has expired, the client’s Project 
Manager must log the sample into LIMS as an alias and have the sample re-extracted as 
the new sample number. If the sample is still within holding time, the sample should be re-
extracted under the original sample number.  
 
If upon re-extraction, the surrogate recovery is again outside limits, note the matrix effect as 
“confirmed matrix interference” on the User Report and the Data Review Checklist, 
otherwise report the data with passing surrogate recovery. 
 
Note: Project-specific quality assurance project plans (QAPPs) may require batch control 
based on different control limits, in which case the project requirements supersede this SOP 
for all samples related to that project. 

 
5.) Sample Results 

Once the chromatogram is integrated and the data sent to LIMS, LIMS automatically 
generates a user report. Review any batch QC sample data first to verify that samples from 
that batch can be reported, then review the sample results to identify any samples that need 
to be rerun and/ or diluted.  
 
If the concentration in any sample exceeds that of the most concentrated standard, LIMS 
will apply a “>LR” (greater than linear range) flag to the result. Dilute the extract and 
reanalyze. Diluted sample concentrations must be above the low-CCV level and preferably 
in the upper half of the calibration range. Dilute to the middle half of the linear range, and to 
the lower half if the sample needs to run on the 6890 or 7890 instruments and is the sample 
has “heavy” elution. 

 
If high levels of hydrocarbons are known or suspected, analyze an instrument blank 
immediately following the sample to prevent carryover into the next sample. If very high 
levels are detected in a sample and an instrument blank was not analyzed immediately after 
the high-level sample, examine the data of the subsequent samples to determine whether 
carry-over may have contributed to the sample results. If carry-over is suspected, reanalyze 
the sample to confirm the absence of carry-over contributions. 
 
If a silica gel cleanup was performed on any of the sample extracts, the method blank and 
LCS/BS/BSD must also be silica-gelled; if the native sample used for the MS/MSD was 
silica-gelled, the cleanup must also be performed on the MS/MSD extracts. If a client has 
requested results be reported for both the original and silica-gelled fractions (“pre- and 
post“), the batch QC for both fractions must be reported. If a client has requested silica-gel 
cleanup only on those samples containing reportable levels of extractable hydrocarbons (“sg 
if hit“), examine the sample data to identify which samples should be cleaned up. Write the 
request for silica gel cleanup on the “silica gel request white-board”.   

 
6.) Dilutions 

If the concentration in any extract exceeds that of the most concentrated standard, the 
extract must be diluted and reanalyzed to bring the response into the calibration range. 
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Diluted sample concentrations must be above the low-CCV level and preferably in the upper 
half of the calibration range. See Appendix_3 for preparing various dilutions. 
 
If a sample is analyzed at multiple dilutions, compare the sample results across the various 
dilutions to verify that the dilutions were prepared correctly. Do the results make sense or is 
there a discrepancy between the runs? If there seems to be a discrepancy, reanalyze the 
sample to confirm the results. 

 
DATA REVIEW & DOCUMENTATION 
Review the job sheet to make sure that any special client needs are addressed (for example, 
CCI needs to be on one instrument, and ITSI Hunter’s Point requires special flagging), that the 
job was logged in properly and has the correct compound list.  
 
Check to make sure the correct clean-up version of samples and QC has run and are ready to 
report. Finally, search for any CARS associated with job. 
 
Once you know what you need to report, begin by using the C&T search tool and type in the 
Job#, Product (“gcsv”), and Matrix. This will bring up sample data in LIMS. 
 
In the top right, use the "Review" pull down menu and select the job you would like to report. 
 
Log in if necessary.  
 

Important! You must be logged in with your own initials to process and review sample data! 
If another analyst has been using the computer, make sure to login under your name. 

 
Review the LIMS generated user reports, the data reduction quantitation reports, and the 
chromatograms to ensure that the correct carbon ranges, qualifier flags, dilution factors and 
results are reported. The user report must be initialed and dated by the analyst reviewing and 
approving the data for that sample. 
 
Complete and sign the "Data Package Review and Narrative" checklist on line. The completed 
data package consists of this checklist, C&T Job sheet, and LIMS “Form 1’s” (sample and batch 
QC results). The QC package includes the ICAL summary, CCV summaries, Method Blank 
summary, LCS/ MS/ MSD summaries, Extraction Batch sheets (including silica gel cleanup logs, 
if applicable), and sequence files, and any associated Corrective Action Reports.  
 
Submit the data package to the Group Leader, Department Manager, or QC Chemist for 
second-party review by signing the top of the job in LIMS’ review application. Any changes 
made by the second-party reviewer must be individually initialed and dated by the reviewer. The 
second party reviewer must initial and date each user report, make any additional comments on 
the case narrative, and initial and date the completed checklist. 
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POLLUTION PREVENTION 
Direct the split vent and septum purge lines through a carbon trap in order to reduce solvent 
emissions into the laboratory. Prepare only sufficient standard volume to use within the shelf-life 
of the standard to reduce the volume of waste generated by the laboratory. 
 
WASTE DISPOSAL 
All sample extracts should be stored in the Delfield refrigerator in the extraction lab. The 
extracts should be retained for a minimum of 40 days after extraction. After 40 days they should 
be included in the ‘MeCl2’ waste stream.  
 
Standards stored in scintillation vials are included in the ‘MeCl2’ waste stream, after expiration of 
the standard expiration date. Autosampler vials containing standards or extracts should be 
taken to Sample Control for eventual disposal in the ‘Solvent/ Solid’ waste stream. 
 
REVISION HISTORY  
This is rev 17 rev 16 was changed as follows: 

• On Page 13 added: The start and end time of the area is determined by the beginning or 
ending retention time of the windows identified in the carbon marker (i.e. use the 
retention time of the apex of the peak then +/- .9 which is ½ the window). 

• Added: Volume 1, TNI Standard, EL-V1-2009, September 2009 
• Added: DoD Quality Systems Manual, Rev 4.2 October 2010 
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APPENDIX_1: CALCULATIONS 
 
 
CALIBRATION EQUATIONS   
 
Response Factor: 
 

RF  =  Area of standard / Concentration of standard 
 
Percent Relative Standard Deviation (%RSD):  
The %RSD is the quotient of the Standard Deviation of the data set 
divided by the mean of the data set multiplied by 100.  
 

%RSD =   SD/avgRF  * 100 
                                                                          

Where: AvgRF  =  Average of the initial calibration RF’s for a compound 
SD = Standard deviation of RF’s for a compound 

        n  
      = SQRT (  ∑ ((Rfi – avg Rf)2/(n-1))   ) 

                       i=1 
 
BATCH QC CALCULATIONS   
 
Percent Recovery (%R):  
The recovery is the measured concentration divided by the true concentration of the spike. 
 
 %Recovery  =  (Cf – Cs) / (Cws * Vws/ S) *100 
 

Where: Cf  =  final measured concentration in the spiked sample 
Cs  =  measured concentration in the un-spiked aliquot of sample  
Cws  =  concentration of the spiking standard 
Vws  =  volume used, of the spiking standard 
S = Sample weight or volume 

 
Relative Percent Difference (RPD):  
The RPD is the absolute value of the difference in concentrations divided by the average of the 
concentrations. 
 

%RPD  =  |(Cs -  Cdup )| /  ((Cs + Cdup)/2)  * 100 
 

Where: Cs  =  measured sample concentration 
Cdup  =  measured concentration in the duplicate 

 
For soil MS/MSD’s where the sample weights are not weight-targeted, the expected 
concentrations will vary with sample weight (because the same volume of spike standard is 
being added to different weights of sample) and must be accounted for when calculating RPD. 
This is accomplished by: 
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“Scaled” MSD conc = ((MSSc + MSsp) / (MSSc + MSDsp)) * MSDc 
 
 Where: MSSc = determined concentration in the unspiked aliquot of sample 

MSsp = the amount spiked into the MS 
   MSDsp = the amount spiked into the MSD 
   MSDc = determined concentration in the MSD 
 
 Then:  %RPD = (MS – ‘Scaled’ MSD) / ((MS + ‘scaled’ MSD)/2) *100 
  
 
SAMPLE CALCULATIONS   
 
Concentration of Aqueous Samples (ug/L)  =  ( Ax * A *Vt * Df ) / ( Rf * Vi * Vs )  
 
 Where: Ax =  Area response for the analyte in the sample  
  (minus the surrogate area, if applicable) 
  A  =  Amount (mass) of calibration standard injected in ng 
  RF = Average Response factor (area/concentration) from the calibration 
  Vi =  Volume of extract injected in uL 
  Df =  Instrument Dilution Factor, if no Dilution D =1, dimensionless 
  Vt =  Volume of Total Extract in uL. 
  Vs =  Volume of Sample extracted in mL. 
 
Concentration of non-Aqueous Samples (ug/Kg)  =  ( Ax * A * Vt * Df ) / ( Rf * Vi * W)  
 
 Where:  Ax =  Area response for the analyte in the sample  
  (minus the surrogate area, if applicable) 
  A  =  Amount (mass) of calibration standard injected in ng 
  RF =  Average Response factor (Area/Conc) from the calibration 
  Vi  =  Volume of extract injected in uL 
  Df  =  Instrument Dilution Factor, if no Dilution D =1, dimensionless 
  Vt  =  Volume of Total Extract in uL. 
  W  =  Mass of Sample extracted in grams. 
 
Moisture Corrected Results 
If a client requests results reported on a ‘Dry Weight’ basis, the concentration is divided by the 
‘solids’, where the solids is (100-%moisture)/100. 
 

Dry Weight Concentration (ug/Kg) =  “As Received” Conc. / ((100 - %moisture)/100) 
 



SOP Volume: SVOC Curtis & Tompkins, Ltd 
Section:  5.1 
Page: 23 of  61 
Revision:   17 Number: 1 of  1 
Effective:   30 NOV 2011 
Filename:  f:\qc\sop\svoc\teh_rv17.doc 
 

This document contains proprietary information and may not be disseminated to entities other than C&T staff, clients, and 
regulators. 

 
APPENDIX_2: REAGENTS & STANDARDS 
 
REAGENTS              
 
Dichloromethane:  “High Resolution GC’ grade. Store at room temperature for up to one 

year, or until the manufacturer’s expiration date, whichever is sooner. 
 
Carrier Gas:  Helium, 99.99% or better  
Makeup Gas:  Nitrogen, 99.99% or better 
Detector Gases: Hydrogen, 99.99% or better 
   Air, compressed (air compressor in attic) 
 
STANDARDS DOCUMENTATION    
The standards listed below are those in use at the time this procedure was written. Alternate 
supplies may be used so long as they are of equivalent quality and all other calibration, quality 
control, and traceability requirements are met. 
 
Source Standards 

Source standards are those purchased from a chemical manufacturer or vendor. For source 
standards, the LIMS S-name is unique to both the composition (compound list) of the 
standard and to the vendor of that standard. A new S-name must be assigned whenever the 
composition is changed or when the standard is obtained from a different vendor; the 
information must then be entered in the “Standard Definitions” table before the new standard 
is assigned an S#. If you need more details, log into the LIMS browser; follow the ‘LAB 
MENU’ link and click on the “New Standards System (March 2005)” link for details on the 
system. 
 
Certificates of Analysis should be obtained from the vendor of each source standard; each 
standard should be traceable to NIST. Source standards usually have an expiration date set 
by the manufacturer. If no expiration date is listed, the expiration date is 1 year from date 
received, or sooner if comparison with check standards indicates a problem. Also, opened, 
ampulated standards should be discarded within 1 year after opening. 
 
Enter the lot#, date received, and expiration date of each source standard into LIMS 
immediately upon receipt, using the Standards Menu “Standard Inventory”.  
 
Label the Certificate of Analysis with the LIMS S#, date received and expiration date (if not 
already listed on vial) then file the certificates in the 3-ring binder. Label each vial with the 
contents, LIMS S#, and expiration date. 
 

Working Standards 
Working standards are those prepared at C&T, which should be prepared in Class-A 
volumetric flasks. For working standards, the LIMS S-name is not unique to the source 
standard vendor but is unique to the compound list and concentrations contained in the 
working standard; if the concentration or compounds in the working standard changes, a 
new S-name, compound list and concentrations must be entered in the “Standard 
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Definitions” table before the standard is logged in and assigned an S#. It is very important to 
enter this information correctly, as LIMS uses this information to calculate spike and 
surrogate recoveries. 
 
Working standards expire 180 days after preparation from the source standards unless any 
of the source standards expire before 180 days. If any of the source standards expire before 
180 days, change the expiration date of the working standard to match the earliest 
expiration date of the stock standards. The expiration date of the working standard must not 
exceed the expiration date of any of the source standards from which it was made.  
 
In the Standards Benchbook, enter the prep date, LIMS S#, concentration and volume of 
each source standard used, the LIMS S-name, final volume and concentration of the 
working standard, expiration date, and prep chemist’s initials.  
 
In LIMS, enter the prep chemist’s initials, prep date, and S# of all source standards used to 
make the working standard; LIMS will then assign a standard number (S#). If you need more 
details, log into the LIMS browser; follow the ‘LAB MENU’ link and click on the “New 
Standards System (March 2005)” link for details on the system. 
 
Expired standards may be used for trouble-shooting or method development so long as 
each standard vial is clearly marked “expired” and stored in a well-marked tray containing 
only expired standards. 

 
COMMON FUEL STANDARDS    
 
Source Standards 

Label each vial with the contents, LIMS S#, and expiration date. These solutions must not be 
used for calibration after supplier noted expiration dates or sooner. Expired standards may 
be stored separately, in a well-marked tray, for use in trouble-shooting or method 
development. Store neat, liquid standards at 4°C (+ 2°C) in Refrigerator # 5 in the extraction 
lab; store any pre-diluted standards in the freezer at < -10°C. Do not store standards in a 
refrigerator containing samples or sample extracts. 

 
Source Standards 

ANALYTE Concentration  Supplier & Catalog# LIMS S-Name 
Diesel Composite 50,000 ug/mL Restek # 31259 DIESEL XHC 
Motor Oil 10W-40 100% Chevron “Supreme” MO_10W-40 
Jet A (commercial jet fuel) 50,000 ug/mL Restek # 31242 XHCJETA 
JP-5 (military jet fuel) 50,000 ug/mL Restek # 31252 XHCJP-5 
JP-8 (military fuel) 50,000 ug/mL Restek # 31254 JP-8 
Kerosene 50,000 ug/mL Restek # 31256 KER 
Bunker C 50,000 ug/mL Restek # 31248 BUNKERC 
Creosote 50,000 ug/mL Restek # 31838 CREOSOTE_R 
Hydraulic Fluid 100% Envirometrix 

AccuStandard 
64742-54-7 

Transmission Fluid 100% Law Environmental NAT LAWTRNSOIL 
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Working Standards 
Prepare working standards by diluting source standards to volume in Dichloromethane in a 
Class-A volumetric flask. Because the solvent may dissipate over time, these solutions must 
be discarded after 180 days or sooner if there is a discrepancy when compared with check 
standards. Also, the expiration date of a working standard cannot exceed the expiration date 
of the source standard used to prepare it. If the 180-day expiration date in LIMS exceeds that 
of the source standard, the expiration date of the working standard must be advanced to the 
expiration date of the source standard in LIMS, the benchbook entry, and the vial label. 
Store working standards in the extraction lab freezer at < -10°C. 
 

DIESEL WORKING STANDARDS 
Working Standard  
& Conc. (μg/mL) 

Final Volume  
 in MeCl2 

Using Std Add Std 
(mL)  

LIMS  
S-Name 

Diesel ICAL 7,500 25 mL DIESEL HXC 3.75 DIESEL7500 
Diesel ICAL 5,000 25 mL DIESEL HXC 2.50 DIESEL5000 
Diesel ICAL 1,000 10 mL DIESEL5000 2.00 DIESEL1000 
Diesel ICAL 500 10 mL DIESEL5000 1.00 DIESEL500 
Diesel ICAL 100 10 mL DIESEL5000 0.20 DIESEL100 
Diesel ICAL 10 10 mL DIESEL5000 0.02 DIESEL10 

     
Diesel ICV 500 200 mL DIESEL 2.0 DSL500ICV 

  TEH10_SURR 4.0  
     

Diesel CCV 1,000 200 mL DIESEL 4.0 DSL1000CCV 
  TEH10_SURR 4.0  
     

Diesel CCV 500 200 mL DIESEL HXC 2.0 DSL500CCV 
  TEH10_SURR 4.0  
     

Diesel CCV 250 200 mL DIESEL HXC 1.0 DSL250CCV 
  TEH10_SURR 4.0  

 
MOTOR OIL WORKING STANDARDS 

Working Standard  
& Conc. (μg/mL) 

Final Volume  
 in MeCl2 

Using Std Add Std 
(mL) 

LIMS  
S-Name 

Motor Oil ICAL 5,000 100 mL MO_10W-40 0.050 MO_5000STK 
Motor Oil ICAL 2,500 50 mL MO_5000STK 25.0 MO_2500 
Motor Oil ICAL 1,000 50 mL MO_5000STK 10.0 MO_1000 
Motor Oil ICAL 500 50 mL MO_5000STK 5.0 MO_500 
Motor Oil ICAL 250 50 mL MO_5000STK 2.5 MO_250 
Motor Oil ICAL 50 50 mL MO_5000STK 0.50 MO_50 

     
Motor Oil ICV 500 200 mL MO_10W-40 0.10 g MO500ICV 

  TEH10_SURR 4.0 mL  
     

Motor Oil CCV 500 200 mL MO_5000STK 20.0 mL MO500ICV 
  TEH10_SURR 4.0 mL  

 
JET-A WORKING STANDARDS 
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Working Standard  
& Conc. (μg/mL) 

Final Volume 
in MeCl2 

Using Std Add Std 
 (mL)  

LIMS  
S-Name 

Jet-A ICAL 5,000 25 mL XHCJETA 2.5 JETA5000 
Jet-A ICAL 3,000 10 mL JETA5000 6.0 JETA3000 
Jet-A ICAL 1,000 10 mL JETA5000 2.0 JETA1000 
Jet-A ICAL 500 10 mL JETA5000 1.0 JETA500 
Jet-A ICAL 100 10 mL JETA5000 0.20 JETA100 
Jet-A ICAL 10 10 mL JETA5000 0.020  JETA10 

     
Jet-A CCV 250 100 mL JETA 0.50 JETACCV250 

  TEH10_SURR 2.0  
     

 
JP-5 WORKING STANDARDS 

Working Standard  
& Conc. (μg/mL) 

Final Volume  
in MeCl2 

Using Std Add Std 
(mL) 

LIMS  
S-Name 

JP-5 ICAL 2,500 25 mL XHCJP-5 5.0 JP/5 2500 
JP-5 ICAL 1,500 10 mL JP/5-STOCK 3.0 JP/5 1500 
JP-5 ICAL 500 10 mL JP/5-STOCK 1.0 JP/5 500 
JP-5 ICAL 100 10 mL JP/5-STOCK 0.20 JP/5 100 
JP-5 ICAL 10 10 mL JP/5-STOCK 0.02 JP/5 10 

     
JP-5 Intermediate  

at 2,500 µg/mL 
100 mL XHCJP-5 5.0 JP5_STOCK

 TEH10_SURR 2.0  
     

JP-5 CCV 250 200 mL XHC JP-5 1.0 JP5250CCV 
  RESO_TERPHENYL 1.0  
     

 
 JP-8 WORKING STANDARDS 

Working Standard  
& Conc. (μg/mL) 

Final Volume  
 in MeCl2 

Using Std Add Std 
(mL) 

LIMS  
S-Name 

JP-8 Intermediate  
at 5,000 µg/mL 25 mL XHCJP-8 2.5 JP85000PPM 

     
JP-8 ICAL 2,500 10 mL JP85000PPM 5.0 JP82500PPM 
JP-8 ICAL 1,500 10 mL JP85000PPM 3.0 JP81500PPM 
JP-8 ICAL 500 10 mL JP85000PPM 1.0 JP8 500PPM 
JP-8 ICAL 100 10 mL JP85000PPM 0.20 JP8 100PPM 
JP-8 ICAL 10 10 mL JP85000PPM 0.02 JP8 10PPM 

     
JP-8 CCV 250 100 mL JP-8 0.50 JP8CCV 

  RESO_TERPHENYL 0.50  
     

 



SOP Volume: SVOC Curtis & Tompkins, Ltd 
Section:  5.1 
Page: 27 of  61 
Revision:   17 Number: 1 of  1 
Effective:   30 NOV 2011 
Filename:  f:\qc\sop\svoc\teh_rv17.doc 
 

This document contains proprietary information and may not be disseminated to entities other than C&T staff, clients, and 
regulators. 

 
 
 
 

Bunker C WORKING STANDARDS 
Working Standard  
& Conc. (μg/mL) 

Final Volume  
 in MeCl2 

Using Std Add Std 
(mL) 

LIMS  
S-Name 

Bunker C Stock  
at 5,000 µg/mL 25 mL Bunker C 2.5 BUNKC5000 

     
Bunker C ICAL 2,500 10 mL BUNKC5000 5.0 BUNKC2500 
Bunker C ICAL 1,250 10 mL BUNKC5000 2.5 BUNKC1250
Bunker C ICAL 500 10 mL BUNKC5000 1.0 BUNKC500
Bunker C ICAL 50 10 mL BUNKC5000 0.10 BUNKC50

     
Bunker C CCV 500 100 mL BUNKC5000 10.0 BUNKC_500 

  RESO_TERPHENYL 0.5  
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SURROGATE STANDARD   
Label each vial with the contents, LIMS S#, and expiration date. These standards must not be 
used for calibration after expiration date or sooner if there is a discrepancy when compared with 
the check standards. Expired standards may be stored separately, in a well-marked tray, for use 
in trouble-shooting or method development. 
 
Source Standard 

Hexacosane, 99% 
Aldrich catalog # EC211-124-1LIMS S-Name:  HEXACO 
Store at room temperature in the extraction lab until the manufacturer’s expiration date or 
until the check standards indicate a problem with the source standard. 
o-Terphenyl  
Restek  2,000.00 ug/mL +/- -0.03% 
Store in freezer 

 
Working Standards 

Follow the steps below to make the 2,500 ug/mL Intermediate working standard  
(LIMS S-Name:  TEH10_SURR): 

 
1.) Weigh 250 mg Hexacosane onto a weighing paper. 
2.) Transfer the Hexacosane to a Dichloromethane-rinsed Class A 100mL volumetric flask.  
3.) Add about 25 mL 1:1 Dichloromethane:Acetone. 
4.) Place in an ultrasonic bath until all of the Hexacosane is dissolved.  
5.) Allow the solution to cool and bring to volume with Dichloromethane. 
6.) Store this standard in the freezer at < -10°C for up to 180 days. 
7.) Use this intermediate standard to make the calibration standards.  

 
To make the calibration standards, remove the intermediate from the refrigerator and allow 
ample time for the solution to warm to room temperature. Use the Vortex mixer to re-
dissolve any Hexacosane that has solidified. Rinse five (5) 50mL Class-A volumetric flasks 
with dichloromethane, then partially fill them with fresh Dichloromethane.  Add the standards 
as listed below. Cap & invert 3 times to mix, then dilute to volume with Dichloromethane. 
Store these standards in the freezer at < -10°C for up to 180 days, or until comparison to 
other standards indicates that the standards should be discarded. 
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SURROGATE CALIBRATION STANDARDS 
WS Standard & 
Conc. (μg/mL) 

Final 
Volum
e (mL) 

in 
MeCl2 

Using Std Add Std 
(mL)  

LIMS  
S-Name 

Hexacosane ICAL & OTP 
200  50  

TEHOTPHEXSU
RR 1.000 

HEX OTP 200 
mg/L 

Hexacosane ICAL & OTP 
100  50 

TEHOTPHEXSU
RR 0.500 

HEX OTP 100 
mg/L 

Hexacosane ICAL & OTP 
50 50 

TEHOTPHEXSU
RR 0.250 

HEX OTP 50 
mg/L 

Hexacosane ICAL & OTP 
25 50 

TEHOTPHEXSU
RR 0.125 

HEX OTP 25 
mg/L 

Hexacosane ICAL & OTP 
10 50 

TEHOTPHEXSU
RR 0.050 

HEX OTP 10 
mg/L 

Hexacosane ICAL & OTP 5 50 
TEHOTPHEXSU

RR 0.025 HEX OTP 5 mg/L 
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ALKANE MARKER STANDARDS   
 
Source Standards 
Label each vial with the contents, LIMS S#, and expiration date. These solutions must not be 
used for calibration after supplier noted expiration dates or sooner if there is a discrepancy when 
compared with the check standards. Expired standards may be stored separately, in a well-
marked tray, for use in trouble-shooting or method development. Store neat, liquid standards at 
4°C (+ 2°C) in Refrigerator # 5 in the extraction lab. Store neat, solid standards at room 
temperature. Do not store standards in a refrigerator containing samples or sample extracts. 
 

Source Standards 
ANALYTE Concentration  Supplier & Catalog# LIMS S-Name 

Alkane Mix (C8-C50) 1 mg/mL 
AccuStandard  

DRH-004S-R1-5x C8-C50 
C-50 (Pentacontane), neat, 
250mg/ampule 100% Supelco 442743 C-50 
    

 
Working Standards 
Prepare working standards by diluting source standards to volume in Dichloromethane in a 
Class-A volumetric flask. Because the solvent may dissipate over time, these solutions must be 
discarded after 180 days or sooner if there is a discrepancy when compared with check 
standards. Also, the expiration date of a working standard cannot exceed the expiration date of 
the source standard used to prepare it. If the 180-day expiration date in LIMS exceeds that of the 
source standard, the expiration date of the working standard must be advanced to the expiration 
date of the source standard in LIMS, the benchbook entry, and the vial label. Store working 
standards in the extraction lab freezer at < -10°C. 
 

ALKANE MIX - WORKING STANDARDS 
Working Standard  
& Conc. (μg/mL) 

Final Volume 
(mL) in MeCl2 

Using  
Source Std 

Add  
Source Std 

LIMS  
S-Name 

Alkane Mix (C8-C50) at 
25 mg/L 

100 mL CMARKER 2.50 mL C8-C50
 C-50 2.5 mg  
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OTHER STANDARDS (Bunker C, etc.)   
Neat solutions of other fuel hydrocarbon mixtures (Bunker Fuel, or client-supplied fuels) are 
kept at 4°C (+ 2°C) in the standards refrigerator # 5 in the extraction lab. To prepare a working 
standard from a neat standard: 
 

1.) Tare a 100mL Class-A volumetric flask. 
 
2.) Using an analytical (4 decimal) balance, measure the mass of fuel identified in the table 

below into the volumetric flask. 
 

3.) Add about 25mL dichloromethane and swirl until the neat standard is dissolved into the 
solvent. 

 
4.) Bring to volume with dichloromethane. 
 
5.) Cap & invert 3 times to mix, allowing sufficient time for mixing during each inversion. 
 
6.) Store all solutions in 40mL VOA vials in the extraction lab freezer at < -10°C. Discard 

these standards after six months, or sooner if there is a discrepancy when compared with 
check standards.  

 
MISCELLANEOUS STANDARDS 

WS Standard & 
Conc. (μg/mL) 

Final Volume  
in MeCl2 

Using S- Std Add   
Source Std 

LIMS  
S-Name 

Hydraulic Fluid  
at 1,250 ug/mL 100 mL EN HYD OIL 0.125 g HYFL 1250 

  TEH10_SURR 2.0 mL  
     

Transformer Fluid  
at 1,250 ug/mL 100 mL LAWTRNSOIL 0.125 g TRANS_1250 

  TEH10_SURR 2.0 mL  
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APPENDIX_3: TEH DILUTIONS 
 
Let the extracts warm to room temperature then prepare the dilution in either an autosampler 
vial or an insert. See table below for appropriate volumes. Shake the dilution and invert 3 times 
to mix. 
 

Dilution 
Factor 

Made In Extract Volume 
(μL) 

MeCl2 Volume 
(μL) 

    
2x Insert 100 100 
 GC vial 500 500 

3x Insert 50 100 
 GC vial 250 500 

4x Insert 50 150 
 GC vial 250 750 

5x Insert 40 160 
 GC vial 200 800 

10x Insert 20 180 
 GC vial 100 900 

20x Insert 10 190 
 GC vial 50 950 

50x GC vial 20 980 
100x GC vial 10 990 

    
 
 
SERIAL DILUTIONS 
If you need to make a >100x dilution, first make the 100x dilution listed above, then make 
further dilutions, in dichloromethane, using that as an intermediate. 
 

Dilution 
Factor 

Using 
Primary Dil’n 

Made In Extract Volume 
(μL) 

MeCl2 Volume 
(μL) 

     
200 100x Insert 100 100 
500 100x Insert 40 160 

1,000 100x Insert 20 180 
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APPENDIX_4: INSTRUMENT CONDITIONS  
 & RETENTION-TIME WINDOWS 
 
Instrument conditions will vary; the conditions listed below should be used as guidelines when 
setting up a new instrument. The specific conditions applicable to a given instrument are listed 
in the method software and in instrument maintenance logs.   
 
Carrier Gas:  Helium  
Head pressure:  55-60 kPa (about 8 - 9 psig)   
 
Split Vent Flow: 12 - 15 mL/min  
Septum Purge Flow: 5 mL/min 
Injection Volume:  3 µL  
Make up Gas:  Nitrogen at 30 mL/min  
Hydrogen pressure:  16 psig 
Air pressure:  40 psig 
 
Injector Temperature:  280 °C for HP5890; GC14, GC15, GC17 
 310 °C for HP6890; GC26 
 325 °C for HP7890; GC27 
Detector Temperature:  340 °C 
 
 
Temperature Program:  
Initial Temperature: 50 °C  
Initial Time: 1 minute 
Ramp: 25 °C/min  
Final Temperature: 325°C 
Final Time: 8 min.  
 
 
EPC program (GC15, GC14, GC26, GC27):  
Initial pressure: 60 kPa 
Initial time: 0.5 min. 
Rate: 682.6 kPa/ min. 
Final Pressure: 40 kPa 
Final time:  0.0 min. 
Rate A: 4.0 kPa/ min. 
Final Pressure A: 125 kPa 
Final time A: 0.5 min. 
 



SOP Volume: SVOC Curtis & Tompkins, Ltd 
Section:  5.1 
Page: 34 of  61 
Revision:   17 Number: 1 of  1 
Effective:   30 NOV 2011 
Filename:  f:\qc\sop\svoc\teh_rv17.doc 
 

This document contains proprietary information and may not be disseminated to entities other than C&T staff, clients, and 
regulators. 

 
“SAFETY SHUT-DOWN” (GC15, GC14, GC26, GC27 ): 
A “safety shut-down” will occur when the EPC (electronic pressure control) can not reach the 
pressure set-points due to problems with the gas supply. The problem may be due to a cored 
septum, a faulty valve, someone disconnecting a tank incorrectly, a loose injection port screw, a 
broken or plugged column, or an empty tank. Investigate and correct the problem before 
restarting the sequence. 
 
The GC will begin beeping up to 2 minutes before the “safety shut-down” happens. If the 
problem is immediately corrected, the shut-down may be averted. If this happens, watch the 
sequence to ensure that it does continue correctly. 
 
To restart after a safety shut-down: 

1.) Turn off the GC, HP box, and ICON box. 
 

2.) Reboot by pressing ALT, CTRL, DELETE. 
If this doesn’t work, try pressing the reset button on the computer. 
If this still doesn’t work, hard-boot the computer by turning off the power, allowing 
it to sit for about 15 seconds, then turning the power back on. 

 
3.) Turn on GC, HP box, and ICON box. 

 
4.) On GC key pad enter: 

[gold], Inj A Pres, 60, [Enter]  
[gold], Inj B Pres, 60, [Enter]  
[gold], Aux E Pres, 310, [Enter]  
[gold], Aux F Pres, 310, [Enter] 

 
If the key pad entries are not reset, the instrument will again shut down. 

 
 
Retention Time Windows: 
For the TEH analysis, there are two types of retention time windows: the window for the fuel 
range defined by the carbon markers, and the window for each carbon-marker compound. 
“Retention Time Windows” are necessary for the carbon-markers because the compounds may 
not elute at exactly the same time during each and every injection, due to slight variations in 
temperature, flow rate, or injection composition (sample viscosity, compound concentrations), 
etc. The RT-window is the length of time (width, in minutes, on the chromatogram) during which 
any peak eluting within the window is presumed to be the analyte of interest. “72-hour RTW 
Study” is a term often used by auditors to describe statistical analysis of the retention times of 
standards injected over a 72 hour sequence; theoretically, the RT windows determined by this 
study can be used for routine analysis, however the studies that C&T has conducted in the past 
often result in windows that are too narrow for routine use. If this occurs, you may use the 
default retention time windows of + 0.03 minutes as specified in EPA 8000B.  
 
If the RT windows are based on a 72-hour study, the RT windows are defined as plus or minus 
three times the standard deviation of the absolute retention times for each compound in the 
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calibration standard mix as measured over the course of 72 hours. The study must include files 
collected over 72-hours without column maintenance. In the event that a standard deviation is 
0.00, or < 0.01 minutes, use the 0.03-minute window (see 8000B).  
 
Absolute Retention Times: 
The “absolute” retention time of any compound is the expected time of the compound and is the 
center of the RT window, which is where the top of the carbon marker should occur. Use the 
retention time for each Carbon Marker injected during that 12 hour shift to evaluate retention 
time stability. If any of the standards fall outside their daily or preset fixed retention time 
windows, the system is out of control. Determine the cause of the problem and correct it, then 
rerun any samples bracketed by the failing standard. 
 
Method Modification Note: EPA 8000B, Section 7.6.5 suggests updating the absolute retention 
times each time a new sequence is started. Because the retention times for these compounds 
are relatively stable, C&T has found it necessary to update the retention times only when 
performing the initial calibration or when drift is observed. 
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APPENDIX_5: MAINTENANCE  & TROUBLE-SHOOTING 
 
 
All instrument maintenance and/or trouble shooting must be documented in the instrument 
maintenance log. Describe the conditions that led to the maintenance, what maintenance was 
performed, and whether the maintenance fixed the problem. Date and initial the benchbook 
entry. If the maintenance was performed by an outside contractor, such as Full Spectrum, place 
a copy of the work order receipt in the 3-ring maintenance binder located in the Department 
Managers bookshelf; reference this event in the maintenance benchbook. 
 
PREVENTATIVE MAINTENANCE           
 
1) Septa should be replaced after no more than 100 injections. 
 
2) Liners should be replaced every 2 - 3 days or whenever a CCV is out of limits or you cannot 

get a clean instrument blank or when surrogate exhibits tailing. 
 
3) Leak check and check the tightness of the capillary column detector adapter nut weekly. 

Replace the ferrule in the adapter when leaking or you can no longer tighten the fitting and 
the adapter is still loose. 

 
4) Leak check and check tightness of capillary column ferrule nuts in detector and inlet fittings; 

they should be snug - do not overtighten. 
 
5) Autosampler syringes should be removed from the autosampler and cleaned weekly. Clean 

by drawing and expelling a 1:1 vol:vol Dichloromethane/Acetone mixture. After 3 syringe 
fulls, withdraw the plunger and wipe it with a Kimwipe. Repeat; continue until no more 
residue is being wiped from the plunger. 

 
6) A C8 to C50 n-Alkane mix should be analyzed whenever a change has been made to the GC 

system, in order to document baseline performance. 
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TROUBLE-SHOOTING             
 
Symptom: Continuing Calibration Verification out of limits (low) 
 

Reanalyze the CCV after you have made changes to the GC system (ie: septum/liner 
change). If the CCV still fails, analyze the C8 - C50 n-Alkane mixture to aid in 
troubleshooting. If the result from the analysis of the n-Alkane mixture is normal, then 
recalibrate.  

 
Possible causes: 
 

 Bad CCV solution. Are all fuels out, or only one? If only one is out, it probably is the 
standard; if both are out, it may be the instrument. If only Hexacosane is out, check 
for peak tailing.  Clipping the column may be required. 

 
 Leak in GC inlet. Replace septum, check column ferrule nut on inlet end for 

tightness, check inlet insert nut for tightness. 
 
 Dirty inlet liner. Replace liner and O-ring seal. 

 
 Inlet seal leaking or dirty. Replace. 

 
 Leaky syringe. Syringes do wear out. Replace.  

 
 Split vent flow has increased. Check split vent flow for correct flow.  

Caution - incorrect flow may be due to a leak; make sure that the system is leak free 
before adjusting the split vent flow. Change flows only as a last resort - you will 
probably have to recalibrate after you change the flow. 

 
 Detector gas flows have changed, especially H2. Check flows and adjust as required. 

Caution - incorrect flow may be due to a leak; make sure that the system is leak free 
before adjusting flows. Change flows only as a last resort - you will probably have to 
recalibrate after you change the flow. 
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Symptom: Continuing Calibration Verification out of limits (high) 
 
Possible causes: 
 

 CCV solvent has evaporated. Make a new CCV and reanalyze. 
 
 Autosampler not injecting correct amount. HP 7673's will start to fail by intermittently 

injecting 1 stop (µl) more. Watch the autosampler inject; if it injected the correct 
amount, was the CCV in limits? 

 
 Split vent flow has decreased. Check split vent flow for correct flow. Caution - 

incorrect flow may be due to a leak; make sure that the system is leak free before 
adjusting the split vent flow. Change flows only as a last resort - you will probably 
have to recalibrate after you change the flow. 

 
 Detector gas flows have changed, especially H2. Check flows and adjust as required. 

Caution - incorrect flow may be due to a leak; make sure that the system is leak free 
before adjusting flows. Change flows only as a last resort - you will probably have to 
recalibrate after you change the flow. 

 
Symptom: Dirty instrument blank 
 
Possible causes: 
 

 Septum Bleed appears as a series of peaks after the hexacosane peak.(See Restek 
catalog for an example). Septum bleed is most prevalent after the instrument has 
been sitting idle for a few days. If this is the case, the contamination should dissipate 
after a few runs. If after a few runs it is still present, replace the septum and liner 
(often pieces of septum fall into the liner.) 

 
 Semivolatile or nonvolatile sample residues in injector. Remove injector liner and 

stainless steel seal and swab out injection port with a Q-Tip soaked in 
Dichloromethane and Hexane. Change septum, injector liner and stainless steel 
seal. Reanalyze instrument blank. 

 
 Semivolatile or nonvolatile sample residues in column. Remove column from injector 

and cut off about 1 loop. Reinstall. Reanalyze instrument blank. If instrument blank is 
still dirty, rinse column and reanalyze instrument blank. See RESTEK literature for 
column rinsing instructions. 
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Symptom: Early eluting (around C10 to C20) alkanes in the carbon-marker mix have low 

response, or are tailing, or both. 
 
Possible causes: 
  

 Leak in GC inlet. Replace septum, check column ferrule nut on inlet end for 
tightness, check inlet insert nut for tightness. 

 
 Improper column insertion distance in inlet liner. Check that the column protrudes 

between 3 - 7 mm past the front of the ferrule in the capillary column nut. 
 
 Dirty inlet liner. Replace liner and O-ring seal. 

 
 Inlet seal leaking or dirty. Replace. 

 
 Leak in detector fittings or improper column installation in the detector. Check 

tightness of detector adapter nut. Column should be 1 - 3 mm below top of detector 
jet.  

 
 Dirty column. Remove column from injector and cut off about 1 loop and reinstall. 

Reanalyze carbon-markers. If this does not correct the problem, replace the column. 
 
Symptom: Late eluting (around C40 to C50) alkanes in the carbon-marker mix have low 

response. 
 
Possible causes: 
 

 Leak in GC inlet. Replace septum, check column ferrule nut on inlet end for 
tightness, check inlet insert nut for tightness. 

 
 Poor volatilization of higher mole weight compounds. Pyrex wool in inlet liner packed 

too tightly, or placed too far up or down in liner. Replace liner and reanalyze the 
carbon-markers. 

 
 Improper column insertion distance in inlet liner. Check that the column protrudes 

between 3 - 7 mm past the front of the ferrule in the capillary column nut. 
 
 Leak in detector fittings or improper column installation in the detector. Check 

tightness of detector adapter nut. Column should be 1 - 3 mm below top of detector 
jet. 
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Symptom: Inconsistent retention times. 
 
Possible causes: 
 

 Leakage through the septum. You may need to replace the septum more frequently, 
possibly daily. 

 
Symptom: Difficulty in igniting FID or flame goes out during elution of solvent. 
 
Possible causes: 
 

 FID flame tip (jet) dirty or partially plugged - replace. You may have to recalibrate 
after you replace a jet.   

 
 Improper flow rates of hydrogen and/or air.  There should be about a 9 to 1 ratio of 

air to fuel in order for the flame to quickly ignite.  The hydrogen flow can be turned off 
by using the needle valve at the upper left of the GC control panel.  As you hold the 
ignition button down, slowly open the hydrogen valve.  The flame should light with a 
“pop” sound and remain lit.  Fully open the hydrogen valve.  

 
Symptom: Cannot generate a valid calibration. 
 
Possible causes: 

 
 Bad calibration solution. Does one calibration level have a much different calibration 

factor than the rest? This calibration solution may be bad; remake and analyze new 
solution. 

 
 Dirty column. Remove column from injector and cut off about 1 loop and reinstall. 

Reanalyze C8 - C50 Alkane (carbon-marker) standard. If this does not correct the 
problem, replace the column. 

 
Symptom:  Baseline resembles a sine-wave. 
 
Possible causes: 
 

 Water trap on the air compressor is full and needs to be emptied; the drain may be 
plugged. (Wave pattern is due to pressure pulse through the detector) 
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APPENDIX_6: EXAMPLE CHROMATOGRAMS 
 
 
 Diesel 

 
 
 
 Motor Oil 
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 JP-5 (Military Jet Fuel) 

 
 
 JET A (Commercial Jet Fuel) 

 
 
 JP-8 (Military Jet Fuel) 
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 Hydraulic Fluid 

 
 
 Bunker C 
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APPENDIX_7: EZCHROM INTEGRATION EVENTS 
 
 
METHOD DEFINED EVENTS (from EZChrom help files): 
Two Integration events are required for each run: Width, and Threshold. These events are used 
to detect peak start, stop, and apex, and to distinguish true peaks from noise. Default values are 
entered automatically when you create a new method. If you clear an Integration Event Table, 
you must enter these events again, otherwise you will get an error message when you analyze 
the chromatogram. 
 
a.) Width 

The Width event is used to calculate a value for bunching, or smoothing, the data points 
before the integration algorithm is applied. Integration works best when there are 20 points 
across a peak. If a peak is over-sampled (i.e. the sampling frequency was too high), the 
Width parameter will be used to average the data such that the integration algorithm sees 
only 20 points across the peak. In setting a Width value graphically, use the narrowest peak 
in the chromatogram.  
 
A Width event will be applied to a given peak as long as it occurs before or on the apex of 
the peak. 
 
The Width parameter is only used to correct for over-sampling. It cannot correct for data that 
was under-sampled (i.e. sampling frequency too low causing fewer than 20 points acquired 
across the narrowest peak.) 
 
Note: In most circumstances, an initial Width value based on the narrowest peak in the 
chromatogram will be adequate for proper integration of all peaks. However, a new Width 
timed event should be entered every time a peak width doubles. 
 

b.) Threshold 
This parameter is the first derivative, used to allow the integration algorithm to distinguish 
the start and stop of peaks from baseline noise and drift. When setting the Threshold value 
graphically, you select a section of baseline. The recommended Threshold value is based 
on the highest first derivative value determined in that section of the chromatogram.  
 
Note that extreme values of both Width and Threshold (too large or too small) can result in 
peaks not detected. 
 

c.) Force Peak Start /Force Peak Stop  
These events are used to force the start or stop of the peak integration to a specific point. 
 

d.) Reset Baseline  -- (no definition from EZChrom) 
This event will cause the baseline to be reset at any selected position.  This can result in a 
discontinuous baseline.  The “Reset Baseline at Valley” is more commonly used when 
manually integrating since it does not give a discontinuous baseline. 
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e.) Valley to Valley 
This event causes the baselines of peaks that are not totally resolved (i.e. do not return to 
baseline) to be drawn to the minimum point between the peaks. If this event is not used, a 
baseline is projected to the next point at which the chromatogram returns to baseline, and a 
perpendicular is dropped for peaks which do not reach baseline. 
 

f.) Shoulder Sensitivity 
This parameter is used to enable the detection of shoulders on larger peaks. A larger value 
will decrease shoulder sensitivity, while smaller values increase sensitivity to shoulder 
peaks. When setting the Shoulder Sensitivity value graphically, you select a section of the 
baseline. The recommended Shoulder Sensitivity value is based on the highest second 
derivative value determined in that section of the chromatogram. 
 

g.) Integration Off 
This event turns off the integration of your chromatogram during the range specified. This 
event is useful if you are not interested in certain areas of your chromatogram, and do not 
wish peaks to be reported for that section.  
 

 
USER-ADDED INTEGRATION EVENTS (from EZChrom help files): 
 
a.) Manual Peak 

This command allows you to graphically define a peak that was not previously detected. 
This is convenient when you want to force integration of a peak, but do not want to change 
your overall integration parameters.  
 
To use this event, click on the Manual Peak button from the Graphical Integration toolbar. 
Click once on the start of the peak to be defined. Click again on the end of the peak to be 
defined.  
 

b.) Reassign Peak 
This event allows you to graphically designate a different peak as the calibrated peak in 
place of the peak which has been identified. This event does not change the values in the 
Peak Table. 
 

c.) Split Peak  
This event is used to force a perpendicular drop-line integration in a peak. The 
perpendicular will be dropped at the point where the event is inserted. 
 

d.) Move Baseline Start/ Stop 
These events allow you to move the start or stop of a baseline by clicking and dragging it to 
a new location.  

  
1. When you select either Move Baseline Start or Move Baseline Stop, you will be 

prompted to click on the baseline segment you want to modify. The start and end 
points of the baseline will then appear highlighted with a box.  
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2. When you move the cursor to a location within range of the start or stop point, it will 
turn into an "anchor". Click the left mouse button and "drag" the baseline start-point to 
the new location, then let go.  

 
3. You can continue to "click and drag" the baseline in this manner until it is in the correct 

location. Then press the "Esc" key. A dialog box will appear. 
 

4. Click “Analyze now” to add the event to the events table and analyze the 
chromatogram with the new events. 

 
e.) Reset Baseline at Valley 

This event will cause the baseline to be reset at the next valley detected after the event.  To 
enter the event graphically, click on the location you want to enter the event, then click the 
Reset Baseline at Valley button at the bottom of the window. 
 
Note: The event should be placed after the start of the first peak in the cluster; otherwise the 
start of the peak will be identified as the valley. 
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APPENDIX_8: INITIAL CALIBRATION 
 Requirements & Procedure 
 
REQUIREMENTS 
An initial calibration curve must be analyzed whenever instrument conditions (temperature 
programs, flow rates, etc.) have been changed, the detector has been cleaned, or when a new 
column has been installed. In general, a new calibration curve must be made whenever 
instrument conditions have been altered, or whenever the continuing calibration verification no 
longer passes acceptance criteria. 
 
The instrument analytical range must be established by running a minimum of 5 calibration 
standards, containing the target compound, at levels that bracket the quantitation range (see 
Appendix_2 for standards information); the lowest standard must be at or below the reporting 
limit and the highest standard determines the upper end of the quantitation range. The 
standards must be analyzed in order of increasing concentration.  
 
Points may be dropped if the following criteria are met: 
 

 Using average response, the RSD must be < 20%. 
 
 The highest concentration standard may be omitted so as long as there are at least five 

points remaining and the remaining highest point defines the top of the calibration range. 
Any extracts which exceed this response must be diluted and reanalyzed; LIMS will 
apply an ‘>LR’ flag to any results above the highest ICAL standard.  

 
 The lowest concentration standard may be omitted from curve if, and only if, the 

resulting lowest standard is at or below the reporting limit for samples and there are at 
least five points remaining.  

 
 Mid-point standards may not be omitted simply to improve the RSD or linear correlation 

coefficient. They may, however, be reanalyzed if a poor injection is suspected. The 
reanalysis must occur immediately after the standards, so long as no sample extracts 
were analyzed since the last standard or blank and all compounds are calibrated using 
the second run. Under no circumstances may a point in the middle of the curve be 
rejected in order to pass calibration criteria. 

 
The curve must be verified before any sample extracts are run, by analyzing an Initial 
Calibration Verification (ICV) standard comprised of standards obtained from a different 
manufacturer than those used to prepare the ICAL standards. If a standard cannot be obtained 
from a second vendor, or the fuel composition is particular to a specific vendor, an ICV may be 
prepared from a different lot. The ICV must meet CCV %D criteria. 
 
Note:  Because fuel composition varies greatly between standard vendors, an ICV is normally 
analyzed only for the diesel calibration. 
 
See Appendix_1 for calculation of response factors, RSD, and correlation coefficient. 
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A carbon-marker standard (C8 to C50) must be analyzed along with the initial calibration in order 
to set retention times. Note: The State of Arizona requires that the carbon markers be run after 
the fuel standards. 
 
Obtain area sums for each fuel mixture over the retention time range during which at least 85% 
of the material elutes. Curtis & Tompkins default carbon ranges are: 
 

Jet Fuels: C10 to C16  
Kerosene: C10 to C16 
Diesel: C10 to C24  
Motor Oil: C24 to C36  

 
Method Modification:  SW-846 Method 8015D lists the carbon-range for diesel as C10-C28, 

however C&T has historically reported diesel as C10-C24 & continues to do so for data 
consistency. Also, client project plans may require different carbon ranges; for those 
clients, the project plan requirements supersede this SOP. 

 
Clients may request the analysis of fuels other than our typical fuels, and may provide a 
standard of the fuel. It is acceptable in these cases to utilize a single point calibration for the 
alternate fuel, so long as acceptable diesel CCV’s bracket the samples. In these cases a CCV 
for the client-supplied fuel will be analyzed after every 10 samples and compared to the initial 
single point calibration. The CCV must be within 15% deviation from the original single-point 
calibration standard. The concentration of these fuel standards is dependent upon its response, 
but generally made up at 1250 mg/L. Refer to Appendix 2 for directions on the preparation of 
standards. 
 
PROCEDURE 
1.) Prepare the standards as described in Appendix_2. 
 
2.) Prepare an Initial Calibration Verification (ICV) standard from source standards obtained 

from a different manufacturer than the ICAL standards.  
 

Note:  Because fuel composition varies greatly between standard vendors, an ICV is 
normally analyzed only for the diesel calibration. 

 
3.) Perform any needed instrument maintenance and run a dichloromethane instrument blank. 

If any target compound is detected above the reporting limit, run another instrument blank. 
 
4.) Load the alkane “carbon marker” standard. Note: The State of Arizona requires that the 

carbon markers be run after the fuel standards. 
 
5.) Load the calibration standards onto the autosampler tray in order of increasing 

concentration.  
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6.) Add instrument blanks before and after the ICAL standards to demonstrate that the low-level 
standard was not influenced by instrument contamination and that analytes at the high-level 
concentrations will not carryover into real-world samples.  

 
7.) Load the ICV after the instrument blank that follows the calibration standards. The ICV, 

prepared from standards obtained from a second manufacturer, must be analyzed to verify 
that the standards used to create the initial calibration curve were prepared correctly. 

 
8.) Write the sequence as below, identifying the type of sample as initial calibration standards, 

the LIMS identification of the standards, and the applicable dilution factors. The “stype” and 
S-number must be correctly entered into the sequence in a specific order for LIMS to be 
able to interpret the information and should be written into the sequence as follows: 

 
Diesel Calibration Where:  <S#> is the LIMS S# of the standard used (ie: S3124) 

IB 
CMARKER,S#   
IB,CALIB 
ICAL,S#,DSL_10 
ICAL,S#,DSL_100 
ICAL,S#,DSL_500 
ICAL,S#,DSL_1000 
ICAL,S#,DSL_5000 
ICAL,S#,DSL_7500 
IB 
ICV,S#,DSL_500 

 
9.) Use the same EZchrom method as used for samples. 
 
ACCEPTANCE CRITERIA & DATA REVIEW 
After the standards have run, integrate the fuel standards then print the runs to “EZChrom_ 
capture” printer. Verify that the curve passes acceptance criteria. Any corrections must be done 
through EZchrom, then resent to LIMS and a new ICAL# created. Any data processed with the 
draft ICAL would then need to be reprocessed against the corrected, new ICAL#. 
 
10.) See Appendix_9 for instructions on working up the EZChrom and LIMS files. 
 
11.) Verify that each compound was detected, identified, and integrated correctly in each of the 

standards.  
 

Unsubstantiated alteration of peak integration solely to pass calibration criteria is illegal and 
is grounds for immediate termination.  

 
12.) Print the files to EZChrom_Capture. 
 
13.) For the alkane (carbon-marker) standard, examine the data closely to make sure that all of 

the required peaks were detected and labeled correctly. 
 
14.) Print out a hard copy of the EZChrom ICAL curve for each compound. 
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15.) Verify that the %RSD is < 20% for each of the common (or needed) carbon-ranges and 

that the upper levels are not saturated. 
 
16.) If the curve fails the %RSD criterion or the high concentration standards appear to be 

saturating the detector (decreasing response factors in comparison to the lower level 
calibration standards), review the results against the following criteria: 

 
 The low point may only be rejected for those compounds that have reporting limits 

greater than that level. 
 
 The high point may be rejected for compounds that tend to saturate at high levels so 

long as there are at least 5 points remaining for each compound in the ICAL.  
 
 If a single point in the curve is causing the failure, the standard may be reanalyzed, 

so long as it immediately follows the original curve and all compounds are calibrated 
using the second run.  

 
 Under no circumstances may a point in the middle of the curve be rejected in order 

to pass calibration criteria for a particular compound. 
 

17.) Generate the LIMS ICAL summary and verify that the data match the EZChrom report. 
 
18.) Examine the LIMS ICAL summary. The %D for recalculated concentrations should be 

within 20% of the true concentration of the standard. 
 
19.) Using the newly calibrated method, process the Initial Calibration Verification (ICV) 

standard, to verify that the calibration standards were prepared correctly and to highlight 
any discrepancies between the primary- and second-source standards. See Continuing 
Calibration Verification Section for the procedure to generate this form. 

 
The ICV should meet the CCV criteria of < 15%D.  
 
If the first ICV does not meet the acceptance criteria, another ICV standard may be 
analyzed; “x” out the first ICV and process the data from the second ICV. Be aware that if 
the second ICV is processed, that data must be used. 

 
Note:  The method 8015D requirement for the ICV & CCV %D is < 20%, however CA-DHS 
has not yet recognized 8015D, so C&T must continue to meet the 8015B for any client that 
does not list 8015D in a project-specific QAPP.    

 
20.) Review & sign each data file. Complete the “GC & HPLC ICAL Review Checklist” and 

notify the Department Manager or QC Chemist that the calibration is ready for review; the 
ICAL cannot be used to process final forms through LIMS until it has been reviewed and 
approved in LIMS.  
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APPENDIX_9: WORK UP INITIAL CALIBRATION FILES 
 
 
MULTI-POINT FUEL OR SURROGATE CALIBRATION    
 
1.) Update the RT “Carbon-Markers” (Alkane Standard) & create new RT method 

Before processing the ICAL files, update the retention times so the correct portion of each 
chromatogram will be quantitated. 
 
1.1) In EZChrom, open the sequence containing the carbon marker run. 
 
1.2) Open the most recent carbon marker method file.  

 -File  
  -Method  
   -Open  
    - (the most recent carbon marker method) 

 
1.3) Save this method under a new method name with the same Julian date as the 

sequence containing the carbon marker runs (example: carbon markers that ran on 
Feb.13 should be saved as “cm044.met”). 
 -File 
    -method 
       - save as...  

 
1.4) In the carbon marker data file, label each peak with its RT by right-clicking, select 

annotations, then select Retention Times and hit ‘Apply’. Each peak should now 
have the RT labeled at top of each peak. 

 
The identity of the first peak depends on the alkaline mix, and instrument 
parameters. The current mix includes C8 – C50, but only GC26 can see C8; for all 
other GC’s, the first peak after the solvent peak is C10 (decane), followed by the 
even numbered alkanes (C12, C14, etc) out to C40, followed by C50. 

 
1.5) If any peaks are not labeled, manual peak integration may be necessary to correctly 

define the peak.  Print a copy of the chromatogram to \\LIMS\EZChrom_capture, 
then print out a hard copy by going to the sequence where the carbon markers ran, 
click on the raw data for the carbon markers, then click “Reprint” on the 
chromatogram file. 
 

1.6) Update the new Carbon Marker (cm) method with the current RT’s by opening 
Method, Peak/Groups, and type in the new retention times.  

 
1.7) Save the method! 
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1.8) Reprocess carbon-marker data file using the new carbon marker method, so that the 

peaks are labeled with the correct names.  
-Sequence 
  -Process 
             -Range (enter the run number here) 

                     -click on Start 
 

1.9) Print another copy of the data file chromatogram to Ezchrom_capture.  This will have 
each peak named correctly and will overwrite the previous chromatogram that was 
sent to LIMS.  

 
1.10) Print a copy of the method report to EZchrom_capture by selecting File, Print, 

Method. 
 

2.) Update the Retention Times 
2.1) Open the most recent surrogate method and save this method under a new method 

name with the same Julian date as the sequence containing the ICAL data files.  
 
2.2) Click on: 

 -Method  
  -Peaks/Group  
   -Named Peaks  
 

2.3) Under the “Ret. Time” column enter the time from C26 
 
2.4) Save the changes that you made to this method. 
 
2.5) Open the most recent TEH method and save this method under a new method name 

with the same Julian date as the sequence containing the ICAL data files. Click on: 
 -Method  
  -Peaks/Group  
   -Named Peaks 

 
2.6) Under the “Ret. Time” column enter the correct retention times for each alkane.  
 
 Click on the “Groups” tab. 

 
Each row has a compound with a carbon range. 
 
For each row, click on the box under the “Group Def.” column. 
 
A “Group Range Definition” box will pop up with a 2x2 chart. 
 
One column will be “Region Start” and the second will be “Region Stop”.   
 
Enter the retention time for the starting alkane in the first column and the retention time 
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for the second alkane in the second column.  
 
Click on “OK”, this will close the window. 

   
2.7) Repeat this for every carbon range.  
 
2.8) When finished save method and double check to make sure that all retention times 

were entered correctly. 
 

2.9) Open each method (surrogate and TEH) and print the method summary, this is done 
by clicking on: 
 - File  
  - Method  
   - Print 
  

3.) Integrate the Fuel Calibration Files 
Once the EZChrom methods have been created with the correct RTs, it is time to process 
the fuel calibration points. 
 
3.1) In the sequence containing the ICAL data files, under the ‘Method’ column, select the 

method with the updated retention times.   
 
3.2) Process the data files once to draw up the baselines, carefully integrating only when 

necessary.  Do not send any data to LIMS at this time. 
 
3.3) Under the “Level” column, enter the correct calibration level.  
 

To find the calibration level, go to the “Groups” tab where the retention times were 
entered. In this window, scroll to the right and there are columns labeled “Level 1” 
through “Level 30”, where the number represents the concentration for that 
compound (in mg/L).  

 
3.4) In the “Run Type” column, select “Clear Calibration at Level” for each calibration 

point.  
 
3.5) Reprocess each data file. This will now update the calibration with the new area 

counts.  
CAUTION:  If the newest method name is not in the method column, you will 
overwrite whatever method is in the column! 

 
3.6) Under ‘Method’, ‘Review Calibration’, check to make sure the %RSD for each 

analyte range being calibrated is < 20%.   
 

You may need to change the view mode from peaks to groups (or visa versa) by 
right clicking in the window on the upper right, select “View Mode,” and then select 
either the peaks or groups view mode.   
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3.7) If the %RSD passes, print out the Peak/Groups report. Do this by left-clicking on a 
range for the analyte being calibrated in the upper right window, then right-click and 
select “Print Current Peak/Group.”  Repeat this for each range being calibrated.  
These printouts will be necessary to review EZChrom method data and make sure it 
matches LIMS.  

 
3.8) Save the changes made to current method.  

 
3.9) Print all method report and chromatogram files to EZChrom_Capture.    

 
4.) Create a Calibration in LIMS 

4.1) Work up the ICAL in EZChrom, making sure the printers are set to 
EZChrom_capture and that the calibration blank is labeled “IB,CALIB”.  

 
4.2) Review and sign the runs in the LIMS sequence.  
 
4.3) In the LIMS Sequence page, select the runs needed for the ICAL by checking the 

box next to each file.  
 
4.4) From the task bar below the sequence, click ‘Create calibration’.  

 
4.5) Delete any ranges that are not in the CCV list. 

 
4.6) Verify that the raw data matches the calibration table.   

 
4.7) Verify that the response factors in EZChrom match those in LIMS. 

 
4.8) If the calibration is a single-point calibration, verify that the surrogate area was 

subtracted, if the surrogate falls within the fuel range. 
 

4.9) Sign the sequence and the ICAL itself in LIMS. 
 

4.10) Print the following: 
Carbon markers 
EZChrom method printout (to review that correct RTs were entered) 
EZChrom ICAL printouts 
LIMS ICAL summary 

 
4.11) Sign and date each page and then submit the printed copies to the data reviewers.  
 
4.12) When the reviewers return the hardcopies, file the hardcopy in the data archives. 

 
 
 
 
 
SINGLE-POINT CALIBRATION   
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1.) Integrate the CCV to be used for the ICAL using the most recent analytical method. 

 
2.) Print the report using our TEH format. 
 
3.) Determine what carbon range is being reported for the fuel. On the analytical report, 

highlight the area of the fuel and its carbon range.   
 
4.) If the surrogate (hexacosane, C-26) does fall within the carbon range, subtract the 

surrogate’s area from the area of the fuel. 
 

a.) On the TEH surrogate report, highlight the area of the surrogate. 
 

b.) Subtract the area of the surrogate from the area of the fuel. 
 

c.) Divide that adjusted area by the known concentration of that CCV.  The result is 
the Calibration Factor for the fuel that should be entered into an updated method. 
Write this calculation on the analytical report along with your initials and the date. 

 
5.) If the surrogate (hexacosane, C-26) does not in fall in the fuel’s carbon range, take the 

area for the fuel and divide it by the known concentration of that CCV. This result is the 
Response Factor for the fuel that should be entered into an updated method. Write this 
calculation on the analytical report along with your initials and the date. 

 
6.) Create a new method name, using the Julian date of the sequence containing the CCV, 

just as you would if you were creating a multi-point calibration. 
 

7.) Enter the fuel’s Response Factor into the analytical method. 
 

a.) Open the new method with the CCV's Julian date. 
 
b.) In EZChrom click on: 

 - Method  
  - Peak/groups... 
   - Click on the “groups” tab 

 
c.) Scroll right until you find the “Manual RF” column. 
 
d.) Enter the response factor that you calculated. 
 
e.) Save the method. 

 
8.) In the LIMS sequence, change the Sample type of the fuel CCV from CCV to ICAL.   
 
9.) Make sure that the data was printed to the EZChrom_capture printer. 
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10.) In the LIMS Sequence page, check the box of the run that is being sinle-pointed.  From 
the task bar below the sequence, click ‘Create calibration’. 

 
11.) Print the LIMS calibration summary and make sure that it matches EZChrom. 

 
 
REVIEW THE CALIBRATION   
1.) Compare the calibration response factors generated by LIMS to the factors generated by 

EZChrom.  Did your calibration factors change significantly from the last time you 
calibrated this GC?     

 
2.) Print out the ICV and CCVs with the updated surrogate method and then draw them with 

the updated analytical method.  Process the data in LIMS.  Does the EZChrom result 
match the LIMS result?  Is LIMS using the updated calibration factor?  You can determine 
this by checking the Cal. Number on the LIMS report.  Did you remember to update the 
description field in your EZChrom method?  Spend some time looking at your calibration 
before you assemble it.  

 
3.) Once you are very confident that everything is acceptable, get an ICAL review checklist 

and assemble it in order.  Submit it for review.  You will only be able to put out draft data 
until the ICAL is reviewed. 
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APPENDIX_10: USING EZCHROM 
 
 
Set up a new sequence in EZChrom: 
1.) Open the latest sequence and rename with current Julian date.  To do this: 
 

1.1) From the menu bar, select FILE, SEQUENCE, and OPEN.   
1.2) If a sequence is already open, SAVE that sequence then create a new sequence by 

going to FILE, SEQUENCE, SAVE AS.  
1.3) Save sequence under the new Julian date.seq (e.g. January 17 = 017.seq). 

 
2.) Once the new sequence is created, change FILENAME to the current Julian date. In the 

FILENAME column, select the first box in the beginning of the sequence, right click, and 
select fill down. Enter Julian date/channel/number bracket (e.g. 017a<###>), then select 
OK.  

 
3.) Next, make sure that the most current surrogate/run method is open. From the sequence, 

select the first box under the Method column, and click on the green diamond box. Select 
the most current surrogate method and OPEN. Right click on the opened method and select 
‘Fill Down’.   

 
4.) Clear the old SAMPLE ID column, and type in the new sample IDs and CCVs that are going 

to run.  
 
5.) SAVE new sequence. 
 
 
Run the Sequence:   
6.) Open the sequence that you want to run.  
 
7.) Set GC to run sample(s) by selecting the CONTROL button from the toolbar, and select 

Sequence Run.  
 
8.) Enter the sequence run numbers for the range you want to run. If you want to run vials 1 

through 10, type in 1-10.  If you want to run multiple vial ranges, type them in consecutive 
order, with a comma between each range (for example: 1-10, 21-25).   

 
9.) Click the Submit (or Start) button.  
 
10.) Watch to make sure that the autosampler picks up the intended vial. 
 
 
Process Surrogate Results: 
First process data with the surrogate method.  
 
11.) Make sure that samples are processed with the most recent surrogate method.  To select 
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the most current surrogate method, under the Method column, click on green diamond 
button, and select the most current method from the menu.   

 
12.) Click on SEQUENCE, and select Process.   
 
13.) Enter the data file range that you want to process and uncheck the ‘Print Method Reports’ 

if it is checked. Check ‘Review’ box and select results review, and hit Start. 
 
14.) No special manual integration should be necessary for surrogates. If the sample contains 

many alkane peaks, which may coelute with the surrogate or within the surrogate retention 
window; examine the data closely to ensure that the correct peak was picked and 
integrated correctly.  

 
15.) Print method custom report under REPORTS, PRINT, METHOD CUSTOM REPORT. 
 
 
Process the hydrocarbon (TEH) results: 
After the data has been processed with the surrogate method, process the hydrocarbon results. 
 
16.) Make sure that samples are processed with the most recent teh_method.  To select the 

most current teh_method, under the Method column, click on green diamond button, and 
select the most current method from the menu.   

 
17.) Click on SEQUENCE, and select Process.   
 
18.) Enter the data file range that you want to process and uncheck the ‘Print Method Reports’ 

if it is checked. Check ‘Review’ box and select results review, and hit Start. 
 
19.) Carefully integrate each sample using the EZChrom integration tools. Print method custom 

report under REPORTS, PRINT, METHOD CUSTOM REPORT. 
 
20.) Make sure a good chromatogram is printed for each sample by scaling it to the 

appropriate size, right clicking with the mouse, select Utilities, and Print.   
 
21.) After all samples are processed in EZChrom, review the data in LIMS.   
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APPENDIX_11: WORK UP DATA IN LIMS 
 
 
Work up a sequence in LIMS. 
1. Process sequence in EZChrom, making sure EZChrom print setup is set to 

\\LIMS\ezchrom_capture. 
 
2. Go to your Sequence in LIMS. Select and process runs. In the top right, use the "Review" 

pull down menu and select your Sequence (for example: GC11A/ 02/11/07). 
 
3. Check each run to ensure it is within the acceptable criteria.  
 

3.1 Scroll down the left screen and make sure the EZChrom TEH raw data and 
surrogate raw data reports match LIMS, and check for the proper 
chromatograms.  

 
3.2 Use the re-run button to mark data for re-analysis. Any re-runs that are not 

because of linear range will require a brief comment as to why the data needs re-
analysis.  

 
3.3 For over linear range or over diluted samples, use the RR button with the rerun 

dropdown tab selected and type in the dilution factor needed.  Finally, use the RX 
button for any re-extracts. 

 
4. Click the “integrated” canned comment, then Save+Next, after the run has been carefully 

reviewed. 
 
 
Put together a Batch QC pack in new LIMS 
Batch QC packages can be put together after the extraction lab has scanned in all the sample 
prep paperwork, and all the QC samples (including the MSS and any necessary re-runs) have 
run and their brackets have been closed off with CCVs. 
 
1. Use the C&T search function and type in batch number. This will find all data associated 

with the batch. Use the review apps pull-down menu and select batch number (ie: batch 
121060). 

 
2. Log in if necessary.  
 

Important! You must be logged in with your own initials to process and review sample data! 
If another analyst has been using the computer, make sure to login under your name. 

 
3. In Review Application mode on left screen, the runs for the QC will appear along with 

associated ICALs, CCVs, and sequences. The associated CCVs should already be signed. 
If any are not signed, review and sign them.  
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4. Click the batch number at top of screen. Scanned documents should appear on right screen. 
Scroll down and check for any Corrective Action Records (CAR’s) associated with the batch 
or with samples in the batch. Review and update the CAR. 

 
5. Review the sample prep log to make sure volumes, spike, and surrogate amounts are 

entered correctly in LIMS (data on left screen). Also look for any comments in the comment 
section, such as “2x surrogate” or “sediment”. 

 
For soils, make sure the weights in the soil aliquot page are entered correctly in LIMS.   
 
Finally, be sure the correct prep and clean-up methods are entered.    

 
6. Click on each QC data file and verify that all QC requirements (clean MB, analyte recovery, 

surrogate recovery, RPD) are met and that any necessary comments explaining recoveries 
that are outside of QC limits are present.  

 
7. Check that the LIMS raw data numbers match the EZChrom data. 
 
8. Sign each QC file, signifying that the data has been reviewed and is reportable or has been 

narrated if it is not being reported.  
 
9. Verify that the run of the MSS that you are reporting is the same as the one that is linked to 

the MS/MSD. If the MSS was re-run for any reason, the run that we are reporting may not be 
linked correctly. If necessary, change the MSS run that is linked to the MS/MSD using the 
“MSS” link from the sequence where the MS/MSD ran. It must be changed for both the MS 
and the MSD individually. Be sure to make comments about any MS/MSD recovery or RPD 
failure.  

 
10. Add any necessary comments to the batch as a whole using the comment tool at the bottom 

of the screen. For example, this would be where you could explain that the MS/MSD were 
not run if the MSS was run at a dilution >5x.  

 
11. Finally, click the “Sign” button when the batch QC pack is complete and ready for review.  
 
12. Write the batch number on our tracking list of batches sent for review, and notify a QC 

reviewer that it is ready (by instant message, telephone, or in person). Cross the batch 
number off the list once a reviewer has replied the data is reviewed. 

 
 
Work up a Job  
1. Review job sheet. Check to make sure the correct cleaned-up extract of samples and QC 

has run and are ready to report. Make sure that any client-specific needs are addressed (for 
example, CCI needs to be on one instrument, and ITSI Hunter’s Point requires special 
flagging). Also, double-check to make sure the job was logged in properly. Finally, search 
for any CARS associated with job. 
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2. Once you know what you need to report, begin by using the C&T search tool and type in job 
#, product (gcsv), and matrix (ie: 194505 gcsv soil).  This will bring up sample data in LIMS. 
In the top right, use the "Review" pull down menu and select the job you would like to report. 

 
3. Login if necessary. 
 

Important! You must be logged in with your own initials to process and review sample data! 
If another analyst has been using the computer, make sure to login under your name. 

 
4. Click on first sample. This sample should already have an “integrated” comment by the 

analyst who integrated the data. The sample chromatogram should be present on the right 
monitor. If this chromatogram needs to be compared to CCVs for flagging, size the window 
to fit half the screen. Open a new window in the right monitor and open the CCV 
chromatogram(s) needed for flagging. Size this chromatogram to fill the other half of the 
right monitor. This should allow you to view the sample chromatograms along side the CCV 
chromatograms. 

 
5. Go through each sample and choose ("u"), flag, and sign each reportable run. If there are 

multiple runs for one sample, you can click on the “chooser…” button located below sample 
results to view all runs on one screen.  If there are only two runs to compare, use the 
“compare next” button to compare and select which run(s) to report.   

 
6. Once all specific versions (and general versions) of the QC and samples have been chosen, 

flagged, and signed, select the pull down menu that says "all" and select "pkg".  While in 
package mode, select “edit runs” and look at the flag by individual analyte to check for 
consistency. Click “Done” to return to previous screen. 

 
7. Click ‘Reports’ then choose which Form 1's to print. Print those forms on “2nd page” 

letterhead. 
 
8. Next click “Done”. The Form 1's will now appear on the right in the Review App. 
 
9. If the job is being turned in as a F1 without closing CCV's or without the QC package 

completed, turn in F1's with job sheet to reviewers at this time.  If entire package is 
complete, and CCV’s have been analyzed, go on to next step. 

 
10. Click on Checklist to generate the checklist and print it out. Hit Done. 
 
11. Make any necessary comments for the Job. 
 
12. Click Sign to sign off on the Job.   Remember to log out by clicking on your initials. 
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TVH & MBTEX by Purge & Trap GC/FID-PID 
 EPA 8015/EPA 8021  
SCOPE 
This document describes the determination of MBTXE (MTBE, Benzene, Toluene, Xylenes and 
Ethylbenzene) and TPH/Gasoline-range volatile hydrocarbons (TVH) in water, wastewater, and solid 
matrices. 
 
Volatile fuel product components are “purged” from the sample using an inert gas and concentrated on 
a “trap” prior to being injected onto a gas chromatograph (GC). The GC separates the molecular fuel 
constituents that are measured by a Photo Ionization Detector (PID) and a Flame Ionization Detector 
(FID). The FID response is used to determine the concentration of flammable hydrocarbons between 
certain molecular weights based on the retention times of representative alkane markers. The PID 
response is used to identify and quantitate fuel constituents containing aromatic, or double-bonds; a 
second column PID is used to “confirm” the identity of these compounds. 
 
C&T standard Reporting Limits for this method are: 
 MTBE: 20 ug/Kg in soil  2 ug/L in water 
 BTEX: 5 ug/kg in soil  0.5 ug/L in water 
 TVH (as gasoline) 1.0 mg/kg in soil  50 ug/L in water. 
 
REFERENCES 
Sample Preparation Methods: 
EPA 5035A, Closed-System Purge & Trap and Extraction for Volatile Organics in Soil and Waste 
Samples, SW846 Update 1, July 2002 
EPA 5030C, Purge-And-Trap For Aqueous Samples, SW846 Update 3, May 2003 
 
Analytical Methods: 
EPA 8000B, Determinative Chromatographic Separations, USEPA SW-846, Dec 1996 
EPA 8000C, Determinative Chromatographic Separations, USEPA SW-846, Mar 2003 
EPA 8015C, Nonhalogenated Organics Using GC/FID, USEPA SW-846, Nov 2000 
EPA 8015D, Nonhalogenated Organics Using GC/FID, SW846 Update 4, June 2003 
EPA 8021B, Aromatic & Halogenated Volatiles by GC Using PID…, USEPA SW-846, Dec 1996  
 
California: Leaking Underground Fuel Tank Field Manual (LUFT), Oct.1989 

Tri Regional Board Recommendations for Preliminary Evaluation and Investigation of 
Underground Tanks, 10-Aug-90. Appendix A 30-Aug-91 

Arizona:  8015AZ Rev.1 Appendix_A, Hydrocarbons in Soil, 25-Sep-98 
Note:  8015AZ Rev.1 is not approved from compliance samples - report as EPA 8015B 

 
Related C&T Procedures & Other Guidance Documents: 
VOC 7.1.1, ‘TVH/BTXE QC Acceptance Limits, Table-1’ 
CS SOP 2.3, Subsampling & Compositing (ASTM D6323-98, Reapproved 2003) 
QA 1.4, Balance Calibration Check & Maintenance 
QA 1.5, Calibrating & Maintaining Temperature Controls 
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QA 1.6, Pipette Calibration Check Procedures 
QA 4.1, Establishing Control Limits 
QA 4.4, Determining Method Detection Limits (MDL) 
NELAC Chapter 5, Quality Systems, June 2003 
DoD Quality Systems Manual, Version 4.1, 4/22/2009 
HP 5890 GC Operating Manual 
EZchrom Users Guide 
OI Model 4552 W/S Autosampler Operator’s Manual   (GC-07) 
OI Model 4560 Sample Concentrator Operator’s Manual (GC-07) 
EST Encon Purge and Trap Operation Manual (GC-04, GC-05, GC-19) 
EST Archon Model 8100 Purge and Trap Autosampler System Operation Manual 2001 
Volume 1, TNI Standard, EL-V1-2009, September 2009 
DoD Quality Systems Manual, Rev 4.2 October 2010 
 
 
SAMPLE PRESERVATION & HOLDING TIMES 
Water Samples:  

Preservation: HCl to pH < 2.  
Holding Time: Store at 4°C. Analyze within 14 days. 

 
If a client submits unpreserved VOAs, the samples must be analyzed within 7-days.  

 
Free chlorine should be neutralized at the time of sampling by addition of 0.008% sodium 
thiosulfate (Na2S2O3).  

  
Soil Samples:   

in brass sleeves: Store at 4°C 
 California:  Analyze within 14 days of sample collection. 
 Arizona:  Analyze within 72 hours of sample collection (per 8015AZ Rv.1) 

 
in Encore devices: Store at 4°C & analyze within 48-hours, or 

Preserve with sodium bisulfate within 2 days & analyze within 14 days, or 
Preserve with methanol within 2 days & analyze within 14 days, or 
Freeze* & analyze within 7 days  

 
* Method Modification:  Region 9 has approved the use of freezing to 
extend the holding time for unpreserved samples to 7 days, however the 
client must approve this variance on a case-by-case basis. A copy of the 
USEPA Region IX Interim Policy Memorandum (June 23, 1999) is on file 
in the QA files. 

 
Methanol Extracts: Store at 4°C.  Analyze within 14 days of sampling date. 
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SAFETY 
Assume that all samples may contain hazardous and/ or toxic materials. Wear safety glasses, gloves, 
and a lab coat whenever handling samples, reagents, or standards.  
 
Methanol is toxic and flammable; avoid contact and open flame. If samples are highly contaminated 
with fuel emitting a gasoline smell handle the samples in a hood. Use care when performing 
maintenance on the GC, parts around ovens, injectors and detectors can be very hot. 
 
QC REQUIREMENTS 
An initial multi-point calibration consisting of at least 5 standards is analyzed to establish the working 
range of the instrument. Continuing calibration verification (CCV) standards are analyzed prior to the 
analysis of samples, after every ten samples (or 12 hours, whichever comes first) including ms/msd, 
and at the end of the sequence, to verify the calibration curve and retention time windows.  
 
A method blank (MB), laboratory control sample (LCS), matrix spike (MS) and matrix spike duplicate 
(MSD) must be analyzed in each batch of twenty samples or less. If, as is often the case for water 
samples, insufficient sample volume was submitted to perform the matrix spikes, a blank spike (BS) 
and blank spike duplicate (BSD) may be analyzed in place of the LCS/MS/MSD; narrate the lack of 
sufficient sample volume on the Data Review Checklist. 
 
Surrogate compounds are added to each standard, sample, method blank and spike to monitor the 
performance of the system.  
 
Spike and surrogate acceptance limits are generated semi-annually, based on control-charts of the 
previous year’s data. See the associated SOP 8015/8021 QC Limits for current in-house acceptance 
limits. A method detection limit (MDL) study is conducted annually, for each instrument and analyte, 
using a minimum of seven replicates of a low-level laboratory control sample. See the MDL SOP for 
details. A Limit of Detection (LOD) or MDL check standard must be determined quarterly and is based 
on a laboratory control sample that is spiked 2 to 4 times the MDL, extracted and analyzed on every 
instrument. See the QA SOP for Method Detection Limits for details. A limit of quantitation (LOQ) must 
be determined quarterly and is based on a laboratory control sample that is spiked 1 to 2 times the 
reporting limit. It is only analyzed once per method. See the QA SOP of Limit of Quantitation for details. 
 
INSTRUMENTS 
Gas Chromatograph: Hewlett-Packard, 5890 
Purge-and-Trap/ Concentrator: EST Archon 8100 Auto-sampler/ Encon Concentrator  
 OI Archon 4552 Autosampler/ OI 4560 Concentrator 
OI-4560 Trap: Supelco Purge/Trap J BTXETRAP, Catalog # 24939 
Encon Trap: EST Purge Trap G, Catalog # E70300-G03 
Moisture Trap: PTS Catalog # E70300-L03  
Analytical Columns:  30 meter x 0.53mm I.D., 3.0 µm film thickness. 
 Primary:  Restek RTX-1    
 Secondary:  Restek RTX-502.2  
Photoionization Detector (PID): OI, Model 4430 
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Flame Ionization Detector (FID): OI, Model 4410 
Chromatography Data System: Agilent EZchrom, Version 3.1.7 
 
Note:  Alternate equipment parts and vendors may be used at the analyst’s discretion.  
 
INTERFERENCES 
This test determines the identity and concentration of petroleum fuel products as gasoline, and 
measures several specific product components (MBTXE). Petroleum fuel products are complex 
mixtures, the presence and concentration of numerous component molecules is dependent on the 
crude oil source, the refining methods, the time of year the fuel was produced, and the presence of 
oxygenate additives like MethylTertButylEther (MTBE) or Ethanol.  
 
 At high sample fuel concentrations, some components may coelute with the surrogates, particularly 
Bromofluorobenzene, creating an apparent high bias on the surrogate recovery. This coelution is 
primarily a problem on the FID, which responds to nearly any component that will burn, but is less of a 
problem on the PID which responds primarily to double-bonds or aromatic compounds. 
 
Samples containing charcoal or organic matter may create a low bias on the surrogate recovery by 
adsorption of the surrogate onto the matrix. 
 
Samples containing surfactants may foam during the purging process; liquid may enter the trap, 
creating active sites throughout the system and potentially plugging the transfer lines. 
 
If a sample contains very high levels of hydrocarbons, some of these may be retained on the trap or in 
the chromatography system and carryover between runs. Peak broadening or ‘ghost peaks’ are 
symptoms of severe carryover. If samples are known or suspected to contain very high levels of 
hydrocarbons, it’s a good idea dilute the samples before making the first determination.  
 
DAILY SEQUENCE 
Each sequence should begin with an Instrument Blank, and a Carbon Marker (Retention Time 
verification) Mix followed by a Continuing Calibration Verification (CCV) standard for Gasoline, and a 
CCV for MBTXE if needed. Once the opening CCV’s have passed acceptance criteria (%D < 15% for 
8015B and %D < 20% for 8015C or QSM 4.1 samples), samples may be added to the sequence. 
Additional CCV’s must be analyzed after every ten samples, including ms/msds, and at the end of the 
sequence. The concentration of the CCV ‘s must be varied within the calibration range, excluding the 
highest or lowest points. Additional fuel CCV’s (aviation gas, JP-4, or any other fuels that you need to 
include for the samples in the sequence) must bracket any samples requiring those fuels and the 
method blank associated with those samples. Additional Alkane (RT) Mix standards must be analyzed 
every 12 hours at minimum, or with every 2nd set of bracketing CCV’s. 
 
Writing an EZChrom Sequence (see Appendix_9 for EZChrom instructions): 
Various user reports are automatically produced after the run is complete. This automation is based on 
the type of sample being analyzed, the sample number, the LIMS identification of any associated 
calibration or spiking standards, the batch number, and any applicable dilution factors. This data must 
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be correctly entered into the sequence in a specific order for LIMS to be able to interpret the 
information and should be written into the sequence as follows: 
 
Prepare a data system sequence for the analysis of a batch of samples. Sample sequences should be 
limited to no more than one batch, to keep data processing simple; use the instrument ID, Julian date 
and channel ID as the sequence name. Set up the analytical sequence as follows: 
  

IB 
Alkane Mix (RT verification standard) CMARKER, <S#> 
MBTEX CCV CCV, BTXE,<batch#>,<S#>,<#µL/5000> 
Gasoline CCV (doubles as LCS) CCV, TVH,<batch#>,<S#>,<#µL/5000> 
Method Blank (MB) = the CCB MB, QC<##>,<batch#> 
8 samples <sample number>, <batch#>, PDF 
MS, Gas or MBTEX  MS, QC<##>,<batch#>,<S#>,<#µL/5000> 
MSD, Gas (or MBTEX if used for MS)  MSD,QC<##>,<batch#>,<S#>,<#µL/5000> 
MBTEX CCV 
Gas CCV 
Up to 10 samples 
CMARKER 
MBTEX CCV 
Gas CCV 

 
Where: S# is the LIMS S# of the standard used (ie: S1234),  
 QC# is the LIMS ID of the batch QC sample (ie: QC169359) 
 b# is the LIMS batch number (ie: 124536) 
 PDF is the prep dilution factor for the sample (ie: 2x or similar) 
 Samplenum is the LIMS sample number (ie: 160961-005) 

 
The sequence must end with a CCV regardless of the number of samples analyzed.  
 
Although the current SW-846 methods allow up to twenty runs between CCV’s, C&T typically runs 
CCV’s after every ten samples to meet the additional SW-846 requirement that no more than 12 
hours should elapse between CCV’s and to reduce the number of reanalyses caused by failing 
CCV’s.  
 
For sequences that will run overnight, bracket each set of samples by two of each type of CCV so 
that if one does not purge correctly, the sample data may still be salvaged by the 2nd CCV. 
 
If high levels of hydrocarbons are know or suspected, analyze an instrument blank immediately 
following the sample to prevent carryover into the next sample.  
 
If high levels are detected in a sample and an instrument blank was not analyzed immediately after 
the high-level sample, examine the data of the subsequent samples to determine whether carry-
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over may have contributed to the sample results. If carry-over is suspected, reanalyze the sample 
to confirm the absence of carry-over contributions. 
 
Data file names are based on the date and file number, where the first three characters represent 
the Julian date of the sequence, the fourth character being an underscore, and the last three 
characters are the file number. The files are written to the G:\EZCHROM\PROJECTS\GCxx\Data\ 
subdirectory, where xx is the GC number. 

 
Example:  The complete path for the 12th injection onto GC05 on January 4 would be 

G:\EZCHROM\PROJECTS\GC05\Data\ 004_012. 
 

1.) CMARKER - Alkane Mix (Retention Time Verification standard) 
Carbon Marker (retention-time verification) standards should be analyzed every twelve hours; 
generally loading these standards with every other CCV bracket will work to address this. The 
carbon-markers that define the ranges needed for the associated samples must fall within the 
expected retention time for those carbon ranges; if the RT’s drift outside the RT windows, the 
method must be updated and all associated data reprocessed against the corrected retention times. 
 
If the Carbon Markers routinely fall outside their expected retention window, do a 72-hour RT study 
to determine if the windows should be changed; see Appendix_6 for further discussion of RT 
windows. 
 

2.) Continuing Calibration Verification (CCV) Requirements: 
After the instrument blank has shown that the instrument is not contaminated, and the Carbon-
Marker standard verifies that the current RT’s are acceptable, analyze the CCV (Continuing 
Calibration Verification) standard to verify that the response of the instrument has not changed 
significantly and that the curve may still be used to quantitate sample results.  
 
The calibration must be verified at the beginning of each analytical sequence, after every 10 
samples (or 12 hours) including method blanks and matrix spikes, and at the end of the sequence. 
The concentrations of the CCV standards should be varied over the course of the sequence, but 
should not be analyzed at the extreme high or low points.  

 
2.1) Review the job sheets to determine what CCV standards to analyze, keeping in mind 

that the concentrations must be alternated across the mid-levels of the calibration curve. 
 
2.2) Prepare the CCV standards as described in Appendix_2, using the same source 

standards as used for the ICAL. Vary the concentrations of the CCV standards over the 
course of the sequence.  

 
LIMs identifies samples that are associated with the DoD QSM 4.1 requirements, other 
DoD requirements or commercial clients.  It identifies all project specific criteria that are 
reviewed by the analyst before sample analysis. 

 



SOP Volume: VOC Curtis & Tompkins, Ltd. 
Section:  7.1  
Page: 9 of  63 
Revision:  21    Number:  1 of 1 
Effective:  June 6, 2012  
Filename: F:\qc\sop\voc\TVH_BTXE_rv21.doc 
 

This document contains confidential information that may not be disseminated to entities other than C&T staff, clients, and regulators. 

For sequences containing samples that are not associated with requirements from DoD 
QSM 4.1, if the instrument will run overnight, bracket each set of samples by two of each 
type of CCV so that if one does not purge correctly, the sample data may still be 
salvaged by the 2nd CCV. Process the data for both CCV’s and include both sets in the 
sequence packages. If one of the CCV’s failed, note the reason for the failure on the run 
log and “X” it out of the LIMS sequence.  
 
For sequences where both DoD QSM 4.1 samples and non-DoD QSM 4.1 
samples are analyzed, both sets of CCVs will be run and integrated and both 
CCVs must pass the DoD QSM 4.1 criteria. If the entire sequence contains DoD 
QSM 4.1 samples only, then only one CCV will be analyzed.  

 
2.3) Analyze the standard(s) using the same data acquisition method as for the samples, 

typing “CCV,” before the working standard number, so that LIMS will automatically 
generate a CCV summary (Continuing Calibration Verification summary), which 
compares the calculated concentrations from this run to the known concentrations of the 
standard. 

 
2.4) Check the integration of the CCV standards. When manual integrations are required, 

analyst’s judgment must be applied along with guidelines detailed in the SOP on Manual 
Integration, (F:\QC\SOP\QA\Manual Integration rev8). Samples must be integrated 
consistently between batch QC, standards and samples; see Appendix_9 for integration 
events & examples. 

 
Peak integration for the sole purpose of making a sample, QC Sample or Calibration 
standard pass QC criteria is unethical and grounds for immediate termination.  

 
2.5) Scale the chromatogram so that the baseline corrections and integration flags are clearly 

visible. 
 

2.6) Print the data to LIMS//Ezchrom capture then examine the CCV summary to determine if 
the %D is < 20% and the CCV is acceptable. 

 
If two CCV’s were analyzed, examine the first one against the acceptance criteria; if it 
fails, “x” out the first CCV, change the second to stype “CCV” and process the data from 
the second CCV.  

 
2.7) If the %D does not meet the acceptance criteria, prepare and analyze a fresh standard. 

If the reanalysis does not produce acceptable results, inspect the GC and the Purge-
and-Trap autosampler to determine the cause and perform whatever maintenance is 
necessary.  
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If only minor instrument maintenance is performed, analyze another CCV. If major 
maintenance was performed or the CCV fails again, prepare and analyze a new initial 
calibration curve.  
 

2.8) If the CCV fails acceptance criteria, data may be reportable based on the following 
criteria: 

 
a.) If the failing compound is not a target analyte for the associated samples, sample 

results should be reported without reanalysis. For example, MTBE fails but was not 
requested for the associated samples. 

 
b.) If the compound fails the %D criterion due to a high response but was not detected 

above the reporting limit in the associated samples, the sample results may be 
reported without reanalysis, as the high bias does not affect the sample results.  

 
c.) If the compound fails the %D criterion due to a high response and was detected 

above the reporting limit in any of the associated samples, the samples must be 
reanalyzed.   

 
d.) If the compound fails the %D criterion due to a low response, the sample must be 

reanalyzed, as a low bias may result in false negatives. 
 

2.9) Continuing or Initial calibration blanks (CCB, ICB) are typically run at the beginning of a 
sequence. If a CCB is needed to demonstrate that the system is not contributing 
hydrocarbons to the signal, it can be worked into the sequence at analyst’s discretion. If 
target compounds are detected in the CCB at levels greater than the reporting limit, 
determine the source of the contamination and correct the problem before continuing 
with sample analysis. 

 
3.) SAMPLE PREPARATION 
 

A. LIQUID SAMPLES:  
 

1. Place 40-mL sample vial, containing 5.0 mL of sample or a diluted aliquot of sample, 
in appropriate position in the autosampler.  

2. Record the sample number and any applicable dilution factor in the run log, and the 
EZChrom sequence.  

3. Check the autosampler tray against the EZChrom sequence. 
4. The autosampler will add the surrogate mix and purge the sample at 40oC.  
5. After analysis, transfer the VOA vials from the autosampler tray to an empty VOA 

box, keeping the vials in the sequence in which they ran. 
6. Using a disposable Pasteur pipette, measure the pH of the sample by placing a drop 

of sample onto narrow-range (0-2.5 SU) pH paper. Record the sample pH and 
container letter in the sequence log. If the pH is >2.5, use wide range pH paper to 
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record the proper pH.  Note: Never dip the pH strip directly into the sample as it 
could contaminate the sample. 

 
Dilutions and Reruns 

 If the sample concentration exceeds the linear calibration range, or the sample cannot 
be purged at a 5 mL volume due to matrix problems, it must be diluted.  

  
1. Use the Appendix_3 to determine the appropriate volume of sample to be used for 

the required dilution.  
2. If there is a 2nd, unopened VOA vial, use the sample from that vial to make the 

dilution. If more than one dilution or rerun must be performed for a sample, use the 
VOA with the least amount of headspace. Do not assume that you may use a 3rd or 
4th VOA without discussion with the RSK-175 analyst, GC/MS Volatiles group, or the 
client’s Project Manager, as most clients only submit 2 vials for each purgeable 
analysis. 

3. Use a disposable glass pipette to add an aliquot of the sample to a 40-mL vial. 
4. Add organic-free de-ionized water to bring the total volume to 5 mL. 
5. Record the amount of sample purged in the sequence and sample prep log. 
 
The dilution for the highest target compound should fall within the upper half of the initial 
calibration curve. The value for the lower target compound(s) should still be near 
concentration of the mid-level continuing calibration standard. If this goal is not met, 
consider running a second dilution. 
 

B. SOLID SAMPLES:  
  

Soil samples submitted in brass or steel sleeves: 
 Soil samples often exhibit heterogeneity, such as plant debris, rocks, and other 

materials. If samples have significant heterogeneity, make a note in the sample prep log, 
and try to take a visually representative aliquot from the sample. 

 
1. Verify that the balance has been calibrated that day. If it has not, calibrate it before 

using for sample prep. 
2. Discard the top centimeter or so of sample, which may have lost volatile components 

into the sleeve headspace. 
3. Weigh 1.0 + 0.1g (or appropriate amount) into a 40-mL vial. 
4. Clean the spatula thoroughly with MeOH and water between samples to avoid cross-

contamination.  
5. Record the sample number, container letter, and weight (to 2 decimals) in the 

sample prep benchbook.  
6. Put the vial into the appropriate location on the autosampler. The autosampler will 

add the surrogate mix and purge the sample at 40oC.  
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If the sample is known or suspected to contain high concentrations of target analytes 
and/ or when a dilution of >2x (or < 0.5g sample weight) will be required, perform a 
methanol extraction, as outlined below. The autosampler will add the surrogate mix and 
purge the sample at 40oC. Record the sample information in the sequence log and 
sample prep log. 
 
Methanol dilution (extraction) of highly contaminated soil samples.  

 Verify that the balance has been calibrated that day. If it has not, calibrate it 
before using for sample prep. If unclear on Balance calibration requirements please 
refer to the SOP on Balance Calibration. 
 Weigh 5.0 + 0.5 g into a 20mL scintillation vial. 
 Clean the spatula thoroughly with MeOH and water between samples to avoid 

cross-contamination.  
 Use a graduated pipette to add an equal volume (to weight of sample) of 

Methanol to the VOA vial. Record the manufacturer and lot number of the methanol 
in the soil prep benchbook.  
 Record the weight (to 2 decimals) and sample number and container letter in the 

sample prep benchbook.  
 Vortex the sample for two minutes then place in centrifuge until methanol and soil 

are thoroughly separated.  
 See Appendix_3 to determine the appropriate volume of methanol extract for the 

required dilution. 
 Add a volume of methanol extract, up to 200 uL, to a VOA such that the 

concentration falls in the upper half of the initial calibration curve.  
 Record the dilution factor in the run log and in the data system sequence file.  

 Transfer the remaining methanol extract to a 1.8mL screw-cap vial and 
store the extract in the freezer at < -10 oC. 

 
Method Modification: Because the autosampler automatically adds surrogate to every 
sample just prior to the purge cycle, the surrogate is not added at the time of methanol 
extraction as suggested in EPA 5035 Section 7.3.3. 
 
EPA 5035/ Encore samples.  

 If EPA 5035 is requested as the preparation method for soil samples, three Encore 
devices should be submitted for each sample. The samples must be: 

 
a. Analyzed within 48-hours of collection as a normal soil sample. 
b. Chemically preserved within 48-hours with sodium bisulfate and analyzed within 14-

days. 
c. Chemically preserved with methanol within 48-hours and analyzed within 14-days. 
d. Frozen (with the client’s prior permission) and analyzed within 7 days from 

collection*.  
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 * Method Modification: EPA  Region 9 has approved the use of freezing to extend the 
holding time for unpreserved samples to 7 days, clients must approve this variance on a 
case-by-case basis. A copy of the USEPA Region IX Interim Policy Memorandum (June 
23, 1999) is on file in the QA files. 

 
Preservation 
If the client has given permission for the Encores to be frozen, the samples will be 
placed in the Encore freezer by the login personnel and should be checked out like a 
normal soil sample and analyzed following “C” below. 

 
If the samples cannot be frozen, preserve 2 Encores with sodium bisulfate and 1 
Encore with methanol: 

 
Sodium Bisulfate Preservation: 
1. Verify that the balance has been calibrated that day. If it has not, calibrate it 

before using for sample prep. 
2. Write the sample number and container letter on a VOA vial and in the run log. 
3. Weigh 1g of sodium bisulfate into a VOA vial.  
4. Add a spinbar and 5mL reagent water. 
5. Tare the VOA vial. 
6. Using an EnCore extrusion tool, dispense the entire contents of the EnCore 

device into the tared VOA vial. 
7. Record sample weight in lab notebook. 
8. For the second Encore, repeat Steps 1 through 6. 
 
Methanol Preservation: 
9. For the third Encore, write the sample number and container letter on a 

scintillation vial.  
10. Using an EnCore extrusion tool, dispense the entire contents of the EnCore 

device into the tared VOA vial. 
11. Record the sample weight, to two decimal places, in a lab notebook. 
12. Use a graduated pipette to add an equal volume (to weight of sample) of 

Methanol to the VOA vial. Record the manufacturer and lot number of the 
methanol in the soil prep benchbook. 

13. Vortex the sample for 2 minutes then place in centrifuge until methanol and soil 
are thoroughly separated.  

14. Transfer the remaining methanol extract to a 1.8mL screw-cap vial and store the 
extract in the freezer at < -10 oC. 

 
Method Modification: Methanol dilutions for Encores are done at 1:1 (volume: weight) 
instead of the method 1:2 so that there is not a reporting limit gap between the soil 
mode and the methanol dilution. Because the autosampler automatically adds 
surrogate to every sample just prior to the purge cycle, the surrogate is not added at 
the time of methanol extraction as suggested in EPA 5035 Section 7.3.3. 
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a. Low-level unpreserved samples: 

1. Write the sample number and container letter on a VOA vial and in the run log. 
2. Add a spin-bar and 5mL reagent water to VOA vial and tare the VOA vial. 
3. Using an EnCore extrusion tool, dispense the entire contents of the EnCore 

device into the tared VOA vial.  
4. Record sample weight (to 2 decimals) in the soil prep benchbook. 

 
 Important: Allow frozen encore samples to come to room temperature before 

analysis. 
   

b. Chemically-preserved (Sodium Bisulfate) low-level samples: 
1. Analyze samples in soil mode, heating the sample at 40°C during the purge 

cycle.  
 

c. Chemically-preserved (Methanol) high-level samples: 
1. See Appendix_3 to determine the appropriate volume of methanol extract for the 

required dilution. 
2. Add a volume of methanol extract, up to 200 uL (or less if a higher dilution is 

required) into 5mL of reagent water into VOA vial and place on carousel. 
Samples will be heated to 40°C during the purge cycle.  

 
Important! Aliquots of methanol extracts must not exceed 200 uL when analyzed on 
an autosampler or trap damage may result. Response of target gas compounds may 
be dampened by an excess of methanol in the sample. 
 
Method Modification: Because the autosampler automatically adds surrogate to 
every sample just prior to the purge cycle, the surrogate is not added at the time of 
methanol extraction as suggested in EPA 5035 Section 7.3.3. 

 
Any sample should be reanalyzed if it is suspected to contain carryover of low level 
target hits following a sample containing the same target hits exceeding the established 
working calibration range.  However, experience with an instrument will dictate to the 
analyst what levels are not conducive to carryover.  

 
4.) Prepare Batch QC Samples 
 In-house LCS/ MS/ MSD and surrogate Acceptance Criteria are specified in the associated SOP 

‘TVH/MBTXE Laboratory Control Limits, Table-1’. These limits are generated semi-annually, using 
control charts. 
 
A method blank must be analyzed with every batch to monitor laboratory contamination. A 
laboratory control sample (LCS) should be analyzed for each product to verify that the detector is 
working and responding correctly but, since the data for these two analyses (TPH/G and BTXE) are 
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collected from the same preparation and separation steps, only one MS/MSD need be analyzed. 
Use the following guidelines to determine which spikes to use for batch QC: 

 
 If all of the jobs in the batch require both TVH and BTXE, either gasoline or BTXE may 

be used for the matrix spikes. 
 If any of the jobs in the batch require only TVH and all other jobs require both TVH and 

BTXE, use gasoline for the matrix spikes. 
 If any of the jobs in the batch require only BTXE and all other jobs require both TVH and 

BTXE, use BTXE for the matrix spikes. 
 If the batch contains jobs that require only BTXE and jobs that require only TVH, use 

gasoline as the matrix spike but also analyze a BS/BSD using BTXE. 
 

4.1) Method Blank (MB): For this analysis, the method blank is identical to a 
continuing calibration blank. A method blank/ calibration blank should be 
analyzed at the beginning of each sequence, after the first set of CCV’s, to 
demonstrate that the analytical system is not contributing to the analytical results.  

 
Prepare a method blank by adding 5mL of organic-free deionized water into a VOA vial 
and label it “MB”. Verify the DI auto-pipette calibration every month; the mass dispensed 
should 5g + 0.15g (within +3%, or 4.85 – 5.15g). 
 
Enter the information in the EZChrom sequence as: 
 
 MB, QC<####>, <batch#> 

 
4.2) Laboratory Control Sample (LCS): Because the sample preparation and 

analysis steps are the same for both standards and samples, the opening CCV 
can be reported as the LCS. Laboratory control samples should be spiked 
between the low and middle level of calibration standards.  Check the expiration 
date of the standard before use. 

Prepare and analyze one of the Gasoline CCV levels listed in Appendix_2.  
Enter the information in the EZChrom sequence as: 
 
 CCV, TVH, <batch#>, <WS#>, <# uL used>/5000 

  
Prepare one of the MBTXE CCV levels listed in Appendix_2.  
Enter the information in the EZChrom sequence as: 
 
 CCV, MBTXE, <batch#>, <WS#>, <# uL used>/5000 
 
If the CCV is to be used at an LCS, the correct designation is: 
 
 CCV/LCS, <batch#>, <WS#>, <# uL used>/5000 
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4.3) Blank Spike/ Blank Spike Duplicate (BS/BSD): A BS/BSD is required only for 

those rare cases where the batch contains jobs that require only BTXE and jobs 
that require only TVH (see bullet #4 above), or when the batch includes only 
‘Encore’ samples for which the clients have provided insufficient number of 
‘Encore’ devices for an MS/MSD. For these batches, use the opening BTXE CCV 
as the BS and a second aliquot as the BSD. Check the expiration date of the 
standard before use. 

 
Prepare one of the MBTXE CCV levels listed in Appendix_2. Enter the information in the 
EZChrom sequence as: 
 
 CCV/BS MBTXE, <batch#>, <WS#>, <# uL used>/5000 
 BSD, <batch#>, <WS#>, <# uL used>/5000 
 
4.4) Matrix Spike/ Matrix Spike Duplicate (MS/MSD): If a client has requested an 

MS/MSD on a specific sample, use that sample for the matrix QC. Otherwise 
select the sample for matrix spike QC on a rotating basis, so that no one client’s 
samples predominate over a period of time (NELAC Ch.5 Appendix D.1.1.b.2 
requirement).  

 
Prepare a matrix spike and spike duplicate, for either Gasoline or MBTXE, for each 
batch of twenty samples or less; if only one product (TVH or BTXE) is requested for all of 
the samples in the batch, use the standard for that analysis. If both TVH and BTXE are 
requested for samples in the batch, use the Gasoline standard unless matrix spikes 
were specifically requested for a BTXE-only sample. 

 
Prepare 2,000 μg/L (or 10mg/Kg for soil) Gasoline matrix spikes by adding 5 μL of the 
2,000mg/L Gas standard to each of two additional aliquots of the sample.  
Enter the information for the matrix spike in the EZChrom sequence as: 
 
 MS, QC< ## >, < batch# >, < WS# >, < # µL used > / 5000 
 
Prepare 20 μg/L (or 100μg/Kg for soil) MBTEX matrix spikes by adding 5 μL of the 20 
mg/L MBTEX standard to each of two additional aliquots of the sample. 
Enter the information in the EZChrom sequence as: 
 
 MSD, QC< ## >, < batch# >, < WS# >, < # µL used > / 5000 

 
DATA REDUCTION & EVALUATION:    
Review the job sheet to make sure that any special client needs are addressed (for example, CCI 
needs to be on one instrument, and ITSI Hunter’s Point requires special flagging), that the job was 
logged in properly and has the correct compound list.  
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Once you know what you need to report, begin by using the C&T search tool and type in the Job#, 
Product (“gcvoa”), and Matrix. This will bring up sample data in LIMS. 
 
In the top right, use the "Review" pull down menu and select the job you would like to report. 
 
Log in if necessary.  
 

Important! You must be logged in with your own initials to process and review sample data! If 
another analyst has been using the computer, make sure to login under your name. 

 
Review the LIMS generated user reports, the data reduction quantitation reports, and the 
chromatograms to ensure that the correct carbon ranges, qualifier flags, dilution factors and results are 
reported. The user report must be initialed and dated by the analyst reviewing and approving the data 
for that sample. 
 
1.) Evaluate the Continuing Calibration Verification (CCV) standard results. If the recoveries of the 

CCV’s are within limits, continue reviewing the batch QC and sample data.  
 
If any CCV recovery is outside limits, verify that the LIMS S# (and therefore concentration) was 
entered into the sequence correctly; if no error was found, use the following criteria to determine 
whether the samples bracketed by that standard need to be reanalyzed: 
 

a. If samples bracketed by the failing standard do not require analysis for the failing analytes, 
those samples may be reported without reanalysis. 

 
b. If a high recovery is observed but that analyte was ND in the bracketed samples, those 

samples may be reported without reanalysis, as the potential high bias does not affect 
sample results. Any associated samples that contain reportable levels of the failing analyte 
must be rerun.  If the quantiation column passes, but the confirmation column has a high 
bias, report the hit from the quantitation column, rather than reporting the higher value. 

 
c. If a low recovery was observed for the quantitation column, any samples that were 

bracketed by that standard and require analysis for the failing analyte must be rerun. 
 
d. If a low recovery was observed for the confirmation column, results that are not detected on 

either column, or that detected on both columns at >2x the reporting limit  may be reported. 
Narrate the QC failure on the sequence and fix the problem with the confirmation column or 
recalibrate as soon as possible. Results that are detected at  >1/2 but <2x the reporting limit 
on the confirmation column must be rerun. 

 
2.) Evaluate the Laboratory Control Sample (LCS) or BS/BSD results.  

Laboratory Control Samples are physically identical to Blank Spikes, however if a spike is identified 
in LIMS as a “BS”, LIMS will look for a “BSD”. 
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2.1) In the LIMS Review-App, select “Review”, then “Batch #” to bring up the “reduced” LCS. 
This lists the results for each carbon range and compares the results to the tightest set 
of QC limits that are applicable to the jobs in that batch.  

 
2.2) Review the recoveries to determine if the spike is acceptable for all jobs in the batch.  

 
2.3) If either recovery or the RPD is outside limits, verify that the LIMS S# and concentration 

of LCS was entered correctly. If no error was found, initiate a Corrective Action Report 
and use the following to determine the appropriate corrective action: 

 
a. If a high recovery is observed but the compound was not detected in the associated 

samples, report the data without reanalysis, as the potential high bias does not affect 
the sample results. 
 

b. If a high recovery is observed and samples contain that compound at levels above 
the reporting limit, those samples must be reanalyzed.  
 

c. If a high RPD is observed but the recoveries are within acceptance limits and that 
compound was not detected in any of the samples, report the data without re-
analysis, as the lack of good precision data does not affect ND samples.  
 

d. If a high RPD is observed and that compound was detected in the samples at levels 
above the reporting limits, those samples must be reanalyzed.  
 

e. If low surrogate recovery is observed, the samples logged in for that product (TVH or 
BTXE) must be reanalyzed. 

 
2.4) If a sample must be reanalyzed and the holding time has expired, the client’s Project 

Manager should log the sample in as an alias and have the samples reanalyzed as the 
new sample number so that both results may be reported. If the sample is still within 
holding time, re-extract and reanalyze the sample under the original sample number.  

 
3.) Evaluate the results of the Method Blank. If contamination is detected in the method blank, initiate 

a Corrective Action Record and determine whether the samples must be reanalyzed using the 
following criteria: 

 
a. Any samples that are not being analyzed for the contamination analyte may be reported. 

 
b. If BTXE contamination peaks are not confirmed on the second column, the samples may be 

reported. 
 

c. If the contamination is above ½ the reporting limit (1/2RL), the samples may be reported 
with narration of the contamination.  
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d. If the contamination is greater than the reporting limit but that analyte is ND in the 
associated samples, the samples may be reported. 

 
e. If the contamination is greater than the reporting limit and was detected in the samples, but 

was present in the samples at levels greater than 10x (20x for QSM4) that in the method 
blank, the samples may be reported with narration of the contamination. 

 
f. If the contamination is greater than ½ the reporting limit (1/2RL) and was detected in the 

samples at levels between the reporting limit and 10x (20x for QSM4) the level in the 
method blank, the samples must be reanalyzed. 

 
Determine the source of the contamination and perform any necessary corrective action before 
reanalyzing any samples. Document any required instrument maintenance in the maintenance 
benchbook. 

 
4.) Check the surrogate recovery (1-Bromo-4-fluorobenzene) for all samples, method blanks and 

spikes. If a recovery is outside QC limits, determine whether reanalysis is required using the 
following criteria: 

 
a. If a high recovery is observed but the target analytes were ND in the sample, note the failure 

on the Data Review Checklist and report the data without reanalysis. 
 

b. If a high recovery is observed but the chromatogram displays obvious coelution of sample 
hydrocarbons with the surrogate, note this on the user report and the Data Review Checklist 
and report the data without reanalysis.  

 
c. If the failing surrogate recovery is not due to coelution, verify that the LIMS S#, amount and 

concentration of surrogate added to the sample is correct. If these are correct, the sample 
must be reanalyzed. Check for correct operation of the GC or Purge-and-Trap before 
starting the new sequence. 

 
If a sample must be reanalyzed and the holding time has expired, have the client’s Project Manager 
log the sample in as an alias and reanalyze the sample as the new sample number. If the sample is 
still within holding time, reanalyze the sample under the original sample number.  
 
If upon reanalysis, the surrogate recovery is again outside limits, note the matrix effect as 
“confirmed matrix interference” on the user report and the Data Review Checklist, otherwise report 
the data with passing surrogate recovery. 
 
Method Modification: Method 8021 requires that 2 or more surrogates be analyzed that cover the 
range of approximately 60 analytes specified in the method.  Method 8015 only requires the use of 
one surrogate that does not co-elute with the GRO. Since we only analyze for 5 compounds by 
method 8021, specifically benzene, toluene, ethyl benzene, xylenes and MTBE, we use only one 
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surrogate (BFB) that adequately covers the range for those compounds and does not co-elute with 
the GRO. 

 
5.) Evaluate the sample results. If the response for any analyte exceeds the response of the most 

concentrated standard, dilute the sample and reanalyze.  
 

Second column confirmation is required for any MBTXE compounds tentatively identified on the 
primary column (quantitation channel). A hit on the quantitation column is considered a false-
positive and reported as ‘ND’ if: 

 
a. the peak falls outside the Rt-window on the confirmation channel,  

 
b. the result on the quantitation column is >2x the reporting limit and less than the reporting 

limit on the confirmation column, or  
 

c. the result on the quantitation column is <2x the reporting limit and less than the MDL on the 
confirmation column.  

 
Note:  J-flagged MBTXE hits on primary column will be confirmed by J-flag to MDL on confirm 
column. 
 
If the analyte is detected on both columns with an RPD of <40% between the two results, report the 
higher of the concentrations. 
 
 Note: Client-submitted Quality Assurance Project Plans may specify the lower of the two results 
 be reported.  For these jobs, make sure to narrate this requirement on the “Data Review 
 Checklist.” 
 
If the hit is confirmed but the concentration on the confirmation column differs from the quantitation 
column by more than 40%, LIMS will apply a ‘C’-flag to the reported result.  In this case, evaluate 
the chromatograms for any co-eluting contaminants that may be causing the high RPD 
  
 a.  If a co-elution is evident on one chromatogram, report the result from the other column and  
 narrate the co-elution and the fact that the lower result was reported on the “Data  
 Review Checklist”. 
 
 b.  If no co-elution is evident, report the higher of the two results. 
 
Report sample concentrations for MBTXE in micrograms per liter (ug/L) or per kilogram (ug/Kg). 
Report concentrations of Gasoline in micrograms per liter (ug/L) or in milligrams per kilogram 
(mg/Kg). 
 
Carryover may happen whenever a sample contains over-range compounds. When this happens, 
the high-level compounds are not completely cleaned out of the system between samples and low 
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levels of the same compound may be detected in subsequent samples but not actually be present 
in those samples. If a sample contains the same low-level compound(s) that was present in the 
preceding sample at a concentration greater than the calibration range, reanalyze the sample to 
verify that the presence of the low-level hits is not due to instrument carryover.  

 
Caution:  Be aware that a single run may not be sufficient to clean out the instrument after a very 
high-level sample; several runs may be required and if subsequent samples (beyond the 
immediately following sample) contain the same target compound at decreasing levels, these 
samples should also be reanalyzed. Experience with an instrument will dictate to the analyst what 
levels are not conducive to carryover.  
 
Dilutions should be made so that the highest target compound falls within the upper-half of the 
calibration curve. See Appendix_3 for preparing soil sample (methanol) dilutions and water sample 
dilutions. 
 
If a single target compound(s) is within 10x the calibration range of the instrument, prepare a 
dilution that will bring the over-range compound into the upper half of the calibration range. Report 
the majority of the target compounds from the first analysis and the over-range compounds from the 
in-range dilution.  
 
If a target compound(s) are greater than 10x the calibration range, prepare a dilution that will bring 
the highest concentration compound into the upper half of the calibration range. Report all results 
from the in-range dilution.  
 
If the sample is being analyzed for BTXE only and the chromatogram includes a large but narrow 
non-target peak, analyze the sample at a dilution that will bring the non-target peak to no more than 
5 times the height of the surrogate peaks. On the Data Review Checklist, narrate raised reporting 
limits as due to non-target matrix interferences. 
 
If the sample chromatogram includes a very wide non-target peak, be aware that this peak may 
obscure target compounds or shift retention times of later-eluting compounds and dilute 
accordingly; discuss the problem with the Department Manager or QA Director. On the Data Review 
Checklist, narrate raised reporting limits as due to non-target matrix interferences. 
 
If a sample is analyzed at multiple dilutions, compare the sample results across the various dilutions 
to verify that the dilutions were prepared correctly. Do the results make sense or is there a 
discrepancy between the runs? If there seems to be a discrepancy, reanalyze the sample to confirm 
the results. 
 

6.) Evaluate the sample chromatograms. Determine whether manual integration is necessary by 
examining the sample chromatogram. If manual integration is necessary there are a number of 
different baseline events to choose from. If no baseline events are chosen, EZChrom draws a 
baseline based solely on peak separation criteria. In many instances it will be necessary to use a 
baseline event (ie: late-eluting hydrocarbon “hump” or rising baseline). See Appendix_9 for a partial 
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listing of the flags that EZChrom places on sample chromatograms for commonly used baseline 
events. 

 
If the need for manual integration is not intuitive and/or obvious, use the comment field in the LIMS 
Review-App to add one of the several canned comments to explain the integration. The SOP on 
manual integration in the QA directory on LIMS contains guidance.  
 
Warning: Manually integrating solely to pass QC criteria (ie: calibration, surrogate) is unethical 

and grounds for immediate termination. 
 

Determine the correct Qualifier Flag. Compare the sample chromatogram with the CCV's for the 
requested fuel hydrocarbon patterns. If the chromatogram resembles the standard (to resemble the 
chromatogram should have the same basic shape as the standard, but doesn’t have to exactly 
match the standard), don’t apply any qualifier flag. The lightest compounds may migrate away from 
the source or be volatilized while the characteristic xylenes and trimethylbenzenes are still present 
(fuel may be ‘weathered’).  

 
If the chromatogram does not resemble the standard, flag the data with a “Y” 
 
If the chromatogram contains only a single peak (or several peaks, but no hydrocarbon ‘hump’), flag 
the sample data with only a "YZ"-flag.  
 
If the chromatogram contains a fuel pattern but the quantitation is being significantly biased by a 
single peak (or peaks), flag the sample data “Z”.  
 
In summary: 

  
Y Does not resemble the requested standard. 
 
Z Resembles the requested standard, but also includes a single peak that significantly 

biases the quantitation. 
 

YZ Quantitation based primarily on a single peak or peaks. 
 
7.) Evaluate the results of the MS/MSD. If the recoveries or RPD are outside QC limits, determine 

whether reanalysis is required using the following criteria: 
 
a. If the concentration of a target analyte is greater than 4x the spiking level, the MS/MSD 

results are considered  “Not Meaningful” and LIMS will place an “NM”-flag on the report. 
LIMS will also place a flag on MSS concentration if it exceeds the spiking level, as required 
by the USACE (2003 audit). Note this outlier on the Data Review Checklist and report the 
data without reanalysis. 
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b. If the recoveries fail but the RPD is within acceptance limits, a matrix effect is generally 
suspected. Note the failure on the Data Review Checklist and report the data without 
reanalysis. 

 
c. If the RPD is outside control limits and an isolated problem cannot be identified and 

documented, the QC samples and MS/MSD should be reanalyzed 
 
8.) Foreword the data in LIMS to the Group Leader, Department Manager, or QC Chemist for second-

party review. Any changes made by the second-party reviewer must be individually initialed and 
dated by the reviewer. The second party reviewer must initial and date each user report, make any 
additional comments on the data, and initial and date the completed checklist. 

 
REPORTING AND REPORT ASSEMBLY 
Paperless reporting procedure 

1. Review the sequence and select the job. Go to your sequence in LIMS. I the top right, use 
the review pull down menu and select the job you would like to report 

2. Login if necessary 
3. Go through each sample and check that any/all requested analytes chosen (“U”ed) and 

each run reporting an analyte is signed. 
4. Then go through each QC run and check two things 

a. First check that the “general version” of that QC run has been signed. This means 
that the target raw data has been reviewed for the QC sample. 

b. Then check that the QC passes the client specific limits. 
c. If both conditions are met, click “Sign” to sign off on the specific QC results. If the 

general version for a given QC run has not been signed, go into the sequence in the 
review app and review the Target raw data for that QC. 

5. Once the specific versions (and general versions) of the QC have been reviewed, select the 
pull down menu that says “All” and select “pkg” 

6. Click reports, then choose which form 1’s to print. Click the “Refresh” button at the top of the 
report manager until the report lines change colors  

7. Click Done. The form 1’s will now appear on the right in the review app. 
8. Make any comments necessary for the job. 
9. Click sign to sign off on the job. 
10. If the job is level 3 or Level 4, then the peer reviewer will be responsible for generating and 

signing off on the level 3 or 4 part of the job. 
 
WASTE DISPOSAL 
Methanol extracts are included in the ‘Flammables’ waste stream, after expiration of the sample holding 
time. Standards are also included in the flammables waste stream. VOA vials containing excess 
sample volume should be returned to the VOA storage refrigerator for eventual disposal, by sample 
control, in the ‘Aqueous’ waste stream. 
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POLLUTION PREVENTION  
Prepare only sufficient standard and reagent volume that can be used within the expiration date, to 
reduce the volume of waste generated by the laboratory and to reduce production costs. 
 
REVISION HISTORY  
This is revision 21of this SOP. Rev 20 was changed as follows: 

• Section on CCV and section on evaluating sample results 
• Appendix 3 
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APPENDIX_1: QUANTITATION & CALCULATIONS 
 
 
Quantitation for Gasoline is done using an external standard calculation method. The concentration 
of Gasoline is calculated by comparing the total area of the peaks in the sample chromatogram that fall 
between Retention Times corresponding to various Alkane “Carbon Markers” to the average response 
factor for that carbon range from the initial calibration curve and adjusting the result for the dilution.  

 
In general, quantitation of Gasoline is based on the sum of the integrated area of all the peaks just 
before the Benzene retention time and ending at the retention time of trimethyl-benzene, excluding the 
surrogate compound areas. 
 

C&T standard carbon range for gasoline: C7 – C12 
Arizona carbon range for gasoline:  C6 – C10 

 
The carbon ranges for some fuels include the surrogates (TFT, BFB), which must be subtracted out in 
order to quantitate these fuels accurately. LIMS subtracts the area of the surrogate peaks from the total 
hydrocarbon area before calculating the Total Volatile Hydrocarbon concentration. 
   
Quantitation for MBTEX is done by the data system using an external standard calculation method. 
The concentration of an analyte is calculated by comparing its peak area in the sample chromatogram 
to the response factor from the initial calibration curve and adjusting for the dilution/concentration 
factor. 
 
Moisture Corrected Results 
If a client requests results reported on a ‘Dry Weight’ basis, the concentration is divided by the ‘solids’, 
where the solids is (100-%moisture)/100. 
 

Dry Weight Concentration (ug/Kg) =  “As Received” Conc. / ((100 - %moisture)/100) 
 
 
SAMPLE CONCENTRATION   
 
Using the average response factor based on an external standard method of calibration, determine 
the analyte concentration of an unknown solution based on the response of an instrument to a known 
concentration of the same analyte. 
 
      [Ax * A * Vt * D] 
 Concentration (ug/L or ug/Kg)  =    ------------------------------ 
      [avRf * Vi * S] 
 
 Where: Ax = Area response for the analyte in the sample  
   A   = Amount (mass) of calibration standard injected in ng 
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   AvRf  = Average response factor from the initial calibration curve 
   Vi = Volume of extract injected in uL 
   D = Dilution Factor, if no Dilution D =1, dimensionless 
   Vt = Volume of Total Extract in uL. For P/T extraction Vt =1 
   S =  Volume (mL) or Weight (g) of Sample purged 
 
Using Linear Regression, calculate the following parameters from the initial calibration: slope (s) and 
intercept (I). The slope and intercept define a relationship between the concentration and instrument 
response of the form: 

 y = s x + I  
 

Where: y = predicted instrument response  
 s = response slope  
 x = concentration of standard  
 I = intercept 

 
Rearrangement of the above equation yields the concentration corresponding to an “on-column” 
instrumental measurement: 
 

 x = (y - I) / s  
 

Where: x = calculated on-column concentration for a sample  
 y = actual instrument response for a sample  
 s and I are calculated slope and intercept from calibration.  

 
Final sample concentration is then corrected for any sample prep dilution factors: 
 

 Sample Conc. (mg/L) = x * pdf 
 

Where: x = calculated on-column concentration for a sample  
 Pdf = prep dilution factor 

 
 
CALIBRATION   
 
Response Factor is the area of each peak divided by the concentration of that peak: 

Response Factor =  RF  =  Area of standard / Concentration of standard 
 Average RF = [ ∑ (RF1…RFn) ] / n , where n = number of ICAL points used 
 
Relative Standard Deviation (%RSD):  
For initial calibrations, the %RSD is the quotient of the Standard Deviation of the calibration factors 
divided by the mean of the calibration factors, multiplied by 100. 
 
           %RSD  =   ( Standard Deviation / Mean) x 100 
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Where the Standard Deviation (Sample Standard Deviation) is the square root of the quotient of the 
average-squared difference between the individual measurements and the mean of the measurements 
divided by the number of measurements minus one, 

        n  
Standard Deviation = SQRT (  ∑ ((Rfi – avg Rf)2/ (n-1))   ) 

         i=1 
 
Correlation Coefficient (or Coefficient of Determination, for non-linear curves): 
For each compound, the correlation coefficient for the initial calibration curve is calculated by: 
 

  n  n 
Correlation coefficient        =  ∑ ( Yobs - Ymean )2 - ((n-1)/(n-p)) * ∑ ( Yobs – Yi )2  
 i =1 i =1   
  n 

  ∑ (Yobs - Ymean )2 

  i = 1 
Where: Yobs  =  observed response (area or absorbance) for each ICAL std  
 Ymean =  mean observed response from the ICAL standards 
 Yi  =  calculated (or predicted) response for each ICAL std conc. 
 n = total number of ICAL points 

 p = number of adjustable parameters in equation (linear= 1, quadratic= 2) 
 
Percent Difference (or Percent Drift), %D: 
For calibration verification standards, the %D is the difference between the true concentration of the 
standard and the calculated concentration of the standard, divided by the true concentration, multiplied 
by 100: 
 

%D (Percent Difference)   =  ((Cws - Cf) / Cws) * 100 
      
 Where: Cws  =  true concentration of the spiking standard 
  Cf  =  final measured concentration in the spiked sample 
 
 
BATCH QC & STANDARDS   
 
Percent Recovery (%R):  
The recovery is the measured concentration divided by the true concentration of the spike. 
 
 %Recovery  =  (Cf – Cs) / (Cws * Vws) *100 
 
 Where: Cf  =  final measured concentration in the spiked sample 
  Cs  =  measured concentration in the un-spiked aliquot of sample  
  Cws  =  concentration of the spiking standard 
  Vws  =  volume used, of the spiking standard 
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Relative Percent Difference (RPD):  
The RPD is the absolute value of the difference in concentrations divided by the average of the 
concentrations. 
 
 %RPD  =  |(Cs -  Cdup )| /  ((Cs + Cdup)/2)  * 100 
 
 Where: Cs  =  measured sample concentration 
  Cdup  =  measured concentration in the duplicate 
 
For soil MS/MSD’s where the sample weights are not weight-targeted, the expected concentrations will 
vary with sample weight (because the same volume of spike standard is being added to different 
weights of sample) and must be accounted for when calculating RPD. This is accomplished by: 
 

“Scaled” MSD conc = ((MSSc + MSsp) / (MSSc + MSDsp)) * MSDc 
 
 Where: MSSc = determined concentration in the unspiked aliquot of sample 

MSsp = the amount spiked into the MS 
   MSDsp = the amount spiked into the MSD 
   MSDc = determined concentration in the MSD 
 
 Then:  %RPD = (MS – ‘Scaled’ MSD) / ((MS + ‘scaled’ MSD)/2) *100 
 
Make a Working Standard from a Source (Stock) Standard: 
Determine the volume of source standard needed to make a given volume of working standard: 
 

Vss (mL)  =  Vws * Cws / Css  
 

Where: Vss   =  Volume of Source Standard (mL) needed to make Working Standard 
Vws  =   Final Volume (mL) of Working Standard  
Cws  =   Final Concentration (ug/L) of the Working Standard 
Css  =   Concentration (ug/mL) of the Source Standard 
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APPENDIX_2: STANDARDS & REAGENTS 
  
STANDARDS DOCUMENTATION   
The standards listed below are those in use at the time this procedure was written. Alternate supplies 
may be used so long as they are of equivalent quality and all other calibration, quality control, and 
traceability requirements are met. 
 
Source Standards 

Source standards are those purchased from a chemical manufacturer or vendor. For source 
standards, the LIMS S-name is unique to both the composition (compound list) of the standard and 
to the vendor of that standard. A new S-name must be assigned whenever the composition is 
changed or when the standard is obtained from a different vendor; the information must then be 
entered in the “Standard Definitions” table before the new standard is assigned an S#. If you need 
more details, log into the LIMS browser; follow the ‘LAB MENU’ link and click on the “New 
Standards System (March 2005)” link for details on the system. 

 
Certificates of Analysis should be obtained from the vendor of each source standard; each standard 
should be traceable to NIST. Source standards usually have an expiration date set by the 
manufacturer. If no expiration date is listed, the expiration date is 1 year from date received, or 
sooner if comparison with check standards indicates a problem. Also, opened, ampulated standards 
should be discarded within 1 year after opening. 
 
Enter the lot#, date received, and expiration date of each source standard into LIMS immediately 
upon receipt, using the Standards Menu “Standard Inventory”.  
 
Label the Certificate of Analysis with the LIMS S#, date received and expiration date (if not already 
listed on vial) then file the certificates in the 3-ring binder. Label each vial with the contents, LIMS 
S#, and expiration date. 
 

Working Standards 
Working standards are those prepared at C&T, which should be prepared in Class-A volumetric 
flasks. For working standards, the LIMS S-name is not unique to the source standard vendor but is 
unique to the compound list and concentrations contained in the working standard; if the 
concentration or compounds in the working standard changes, a new S-name, compound list and 
concentrations must be entered in the “Standard Definitions” table before the standard is logged in 
and assigned an S#. It is very important to enter this information correctly, as LIMS uses this 
information to calculate spike and surrogate recoveries. 

 
In the Standards Benchbook, enter the prep date, LIMS S#, concentration and volume of each 
source standard used, the LIMS S-name, final volume and concentration of the working standard, 
expiration date, and prep chemist’s initials.  
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In LIMS, enter the prep chemist’s initials, prep date, and S# of all source standards used to make 
the working standard; LIMS will then assign a standard number (S#). If you need more details, log 
into the LIMS browser; follow the ‘LAB MENU’ link and click on the “New Standards System (March 
2005)” link for details on the system. 
 
Expired standards may be used for trouble-shooting or method development so long as each 
standard vial is clearly marked “expired” and stored in a well-marked tray containing only expired 
standards. 
 
See the sections below for the shelf-life of specific working standards. Working standards expire 
within the listed number of days after preparation from the source standards unless any of the 
source standards expire before that date. If any of the source standards expire before that date, 
change the expiration date of the working standard to match the earliest expiration date of the 
source or intermediate standards being used to make the working standard. The expiration date of 
the working standard must not exceed the expiration date of any of the source standards from which 
it was made.  

 
Reagents 

For any reagents that are not used directly from the bottle but are prepared by a chemist, the 
preparation of all reagents, including dilutions into Millipore DI water, must be documented in the 
reagent prep benchbook. Each reagent must be assigned a unique ID, based on the manufacturer 
and the date prepared. 

 
STANDARDS PREPARATION            
Apparatus & Materials:  
 Reagents: Methanol: Purge & Trap Grade. 
   Water: Organic-free generated by a Milli-Q Deionization system.  
           Syringes:       1, 10, 25, 50, and 100 microliter gas-tight. 
   5mL and 10mL volumetric flasks. 
 Preparation & Storage:  
           1.  All standards should be prepared in a contaminant-free environment.  

2. Fresh working standards are prepared every 3 months or sooner depending on usage. The 
expiration date of the working standard must not exceed the expiration date of the source 
standard used to prepare the working standard. 

3. New stock solutions are prepared every six months or sooner if calibration curves indicate 
degradation.  

4. Stock solutions are prepared in methanol with the compositions found below. 
5. Working standards are prepared in methanol with the compositions found below.  
6. Methanol is flammable and should be stored away from heat, sparks, and open flames. Use 

only in areas with adequate ventilation.  Keep container closed when not in use. Assign 
reagent a 1 year shelf-life from date of opening. 

7. All standards are stored in the freezer at < -10 °C. 
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SURROGATES   
 
Source Standards: 
  
 BFB, (1-Bromo-4-fluorobenzene), 99% LIMS S-Name:  BFB 
 Aldrich Catalog# B6720-1 
 density 1.593 g/mL (Aldrich) 
  
  
  
 BFB Surrogate Intermediate Standard @ 45,000 mg/L  LIMS S-Name:  BFBSTOCK 
 

1.) Add about 50mL of Purge-&-Trap grade Methanol in a 100mL Class-A volumetric flask. 
2.) Using an analytical balance, weigh 2.25g (+ 0.02g) of BFB surrogate into the volumetric 

flask. 
3.) Record the exact weight and LIMS S# of each neat surrogate in the standards prep 

benchbook.  
4.) Bring to volume with methanol. 
5.) Invert 3 times to mix then transfer to 40mL VOA vials 
6.) Record the volume and LIMS S# of the need surrogate standards in the standards prep 

log and in LIMS. LIMS will then assign an S# for this new standard. 
7.) Label the VOA vials with the standard name, concentration, S#, and expiration date. 
8.) Store in the freezer at < -10°C for up to 180 days. 

 
 BFB Daily Working Standard @ 900 mg/L  LIMS S-Name:  BFB 900 
 

1.) Verify that the 45,000 mg/L Surrogate Intermediate Standard has not expired. 
2.) Add about 100mL of Purge-&-Trap grade Methanol in a 200mL Class-A volumetric flask. 
3.) Add 4.0 mL of the 45,000 mg/L Surrogate Intermediate to the volumetric flask. 
4.) Bring to volume with methanol. 
5.) Record the volume and LIMS S# of the 45K stock in the standards prep log and in LIMS. 

LIMS will then assign an S# for this new standard.  
6.) Label the VOA vials with the standard name, concentration, S#, and expiration date. 
7.) Store in the freezer at < -10°C for up to 90 days. 
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GASOLINE   
Source Standards:  
 Unleaded Gasoline Composite Standard,  
 50,000 ug/mL in Methanol,  
 Restek Cat# 30205-520.  
 LIMS S-Name:  GAS XHC 
   

Note:  Due to the differences in composition between various manufacturers, C&T uses a 
second lot from the same manufacturer as the ICV. 

 
Gasoline Intermediate Standards:  

In 2.0 mL Class-A volumetric flasks, make serial dilutions of the 50,000 μg/mL source standard 
as shown below, bringing to volume with Purge-&-Trap grade methanol. Store at < -10° for up to 
120 days 

 
Target Conc. 

(ng) 
Add Vol (μL) 

Stock 
Using Std 

Conc. (μg/mL) 
Final Conc. 

(μg/mL) 
LIMS 

S-Name 
 

50,000 400 50,000 10,000 GAS 10000 
10,000 400 10,000 2,000 GAS 2000 
2,500 500 2,000 500 GAS 500 
250 200 500 50 GAS 50 

 
Gasoline Initial Calibration Standards 

Prepare the initial calibration curve by adding the following volumes of the indicated 
intermediate standards to 5mL Millipore deionized water in a VOA vial. Store at < -10° for up to 
120 days 
 

Target Conc. 
(ng) 

Add Vol (μL) 
Intermediate 

Using Std 
Conc. 

(μg/mL) 

Final Conc. 
(μg/L) 

LIMS S-Name 
(Cal Level) 

50,000 5.0 10,000 10,000 GAS_5 
25,000 2.5 10,000 5,000 GAS_4 
10,000 5.0 2,000 2,000 GAS_3 
2,500 5.0 500 500 GAS_2 
250 5.0 50 50 GAS_1 
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Gasoline Initial Calibration Verification (ICV) Standard: 
Prepare a CCV intermediate standard in the same manner as GAS_3 above, using a second lot 
of the stock standard. Add the appropriate volume of this intermediate to 5mL Millipore DI water. 
Analyze after the calibration standards, prior to analyzing any samples. Store at < -10° for up to 
120 days 
 

Target Conc. 
(ng) 

Add Vol (μL) 
Intermediate 

Using Std 
Conc. 

(μg/mL) 

Final Conc. 
(μg/L) 

LIMS S-Name 
(Cal Level) 

10,000 5.0 2,000 2,000 ICV 
 
Gasoline Continuing Calibration Verification (CCV) Standards: 

Prepare a CCV intermediate standard in the same manner as GAS_3 above, using standards 
prepared from either the primary or secondary lots. Add the appropriate volume of this 
intermediate to 5mL Millipore DI water. Analyze alternating concentrations throughout each 
analytical sequence. Store at < -10° for up to 120 days 

 
Target Conc. 

(ng) 
Add Vol (μL) 
Intermediate 

Using Std 
Conc. 

(μg/mL) 

Final Conc. (μg/L) Sequence Name 
(CCV Level) 

15000 7.5 2,000 3000 CCV-H 
10000 5 2,000 2000 CCV-M 
5000 2.5 2,000 1000 CCV-L 

 
 
MBTXE   
Source Standards: 
 MTBE (Methyl tert-Butyl Ether),  
 1,000 ug/mL in Methanol, Protocol Cat#  S-2455  LIMS S-Name:  MTBE1000 
  
 Benzene, Toluene, Ethylbenzene, and o,m,p,-Xylenes,  
 2,000 ug/mL each in Methanol, Protocol Cat# BTXE-100H  LIMS S-Name: BTXE2000 
 
Second Source (ICV) Standards: 
 MTBE (Methyl tert-Butyl Ether),  
 2,000 ug/mL in Methanol, Restek Cat#  30402-520  LIMS S-Name:  MTBE 
  
 Benzene, Toluene, Ethylbenzene, and o,m,p,-Xylenes,  
 2,000 ug/mL each in Methanol, Restek Cat# 30213-520  LIMS S-Name: BTXE 
 
MBTXE Intermediate Standards: 

In a 2.0 mL Class-A volumetric flasks, dilute equal volumes of the two (MTBE and BTXE) 
standards as shown below, bring to volume with Purge-&-Trap grade methanol. Store at < -10° 
for up to 120 days 
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Target Conc. 

(ng) 
Add Vol (μL) 

Stock 
Using Std 

Conc (μg/mL) 
Final Conc. 

(μg/mL) 
LIMS 

S-Name 
 

2,500 1,000 1,000 500 MTBE500 
500 100 2,000 100 BTXE ICAL5 
100 20 2,000 20 BTXE ICAL3 
12.5 50 100 2.5 BTXE ICAL2 
2.5 10 100 0.5 BTXE ICAL1 

 
 
MBTXE Initial Calibration Standards: 
Prepare the initial calibration curve by adding the following volumes of the indicated intermediaries into 
a partially filled class A 50.0 mL volumetric flask of Millipore DI water. Bring up to volume with Millipore 
DI water, cap with stopper and invert 3 times to mix. Aliquot 5mL of each level into a 40mL VOA vial 
and cap. Run the standards in SOIL mode. Store at < -10° for up to 120 days  
   

Target Conc. 
(ng) 

Add Vol (μL) 
Intermediate 

Using Std 
Conc. (μg/mL) 

Final Conc. 
(μg/L) 

LIMS S-Name 
(Cal Level) 

 
5,000 100.0 500 1,000 MTBE_7 
2,000 200.0 100 400 MBTXE_7 
1,000 100.0 100 200 MBTXE_6 
500 50.0 100 100 MBTXE_5 
100 400.0 2.5 20 MBTXE_4 
25 100.0 2.5 2.5 MBTXE_3 
10 40.0 2.5 2.0 MBTXE_2 
2.5 50.0 0.5 0.5 BTXE_1 

 
BTXE CCV: 
Prepare a CCV intermediate standard in the same manner as BTXE ICAL3 above. Add the appropriate 
volume of this intermediate to 5mL Millipore DI water. Analyze alternating concentrations during each 
analytical sequence. Store at < -10° for up to 120 days 
 

Target Conc. 
(ng) 

Add Vol (μL) 
Intermediate 

Using Std 
Conc. (μg/mL) 

Final Conc. (μg/L) 
 
 

100 5.0 20 20 
150 7.5 20 30 
200 10.0 20 40 
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JP-4 (Military Light Jet Fuel)   
 
Source Standards: 
 JP-4, 
 50,000 µg/mL in methanol 
 Restek Catalog# 30472 LIMS S-Name: JP-4 XHC 
 
Intermediate and calibration standards are prepared at the same levels as gasoline. Use the same 
naming scheme as for gasoline but substitute “JP4” for “GAS”.  
 
JP-4 Intermediate Standards:  

In 2.0 mL Class-A volumetric flasks, make serial dilutions of the 50,000 μg/mL stock standard 
as shown below, bringing to volume with Purge-&-Trap grade methanol. Store at < -10° for up to 
120 days 
 

Target Conc. 
(ng) 

Add Vol (μL) 
Stock 

Using Std 
Conc. (μg/mL) 

Final Conc. 
(μg/mL) 

LIMS 
S-Name 

 
50,000 400 50,000 10,000 JP4 10000 
10,000 400 10,000 2,000 JP4 2000 
2,500 500 2,000 500 JP4 500 
250 200 500 50 JP4 50 

 
JP-4 Initial Calibration Standards 

Prepare the initial calibration curve by adding the following volumes of the indicated 
intermediate standards to 5mL Millipore deionized water in a VOA vial. Store at < -10° for up to 
120 days 
 

Target Conc. 
(ng) 

Add Vol (μL) 
Intermediate 

Using Std 
Conc. (μg/mL) 

Final Conc. 
(μg/L) 

LIMS S-Name 
(Cal Level) 

 
50,000 5.0 10,000 10,000 JP4_5 
25,000 2.5 10,000 5,000 JP4_4 
10,000 5.0 2,000 2,000 JP4_3 
2,500 5.0 500 500 JP4_2 
250 5.0 50 50 JP4_1 
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AVGAS (Aviation Fuel)   
 
Source Standards: 
 AVGAS,  
 50,000 µg/mL in methanol 
 Restek Catalog# 30207 LIMS S-Name: AV GAS XHC 
 
AVGAS Intermediate Standards:  

In 2.0 mL Class-A volumetric flasks, make serial dilutions of the 50,000 μg/mL source standard 
as shown below, bringing to volume with Purge-&-Trap grade methanol. Store at < -10° for up to 
120 days 

 
Target Conc. 

(ng) 
Add Vol (μL) 

Stock 
Using Std 

Conc. (μg/mL) 
Final Conc. 

(μg/mL) 
LIMS 

S-Name 
 

50,000 400 50,000 10,000 AVGAS 10000 
10,000 400 10,000 2,000 AVGAS 2000 
2,500 500 2,000 500 AVGAS 500 
250 200 500 50 AVGAS 50 

 
AVGAS Initial Calibration Standards 

Prepare the initial calibration curve by adding the following volumes of the indicated 
intermediate standards to 5mL Millipore deionized water in a VOA vial. Store at < -10° for up to 
120 days 

 
Target Conc. 

(ng) 
Add Vol (μL) 
Intermediate 

Using Std 
Conc. (μg/mL) 

Final Conc. 
(μg/L) 

LIMS S-Name 
(Cal Level) 

 
15,000 7.5 2,000 3,000 AVGAS_6 
10,000 5.0 2,000 2,000 AVGAS_5 
5,000 10.0 500 1,000 AVGAS_4 
2,500 5.0 500 500 AVGAS_3 
1,000 2.0 500 200 AVGAS_2 
250 5.0 50 50 AVGAS_1 
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OTHER FUELS   
Because the following fuels are similar in composition and response to gasoline, a single-point 
calibration standard is used for pattern recognition, so long as a gasoline calibration has established 
the linearity of the detector over the carbon-range. 
 
Mineral Spirits 
20,000 µg/mL in methanol 
Accustandard Catalog # HS-002S-40X LIMS S-Name:  MINERAL SP 
 
Stoddard Solvent 
20,000 µg/mL in methanol 
Accustandard Catalog # HS-005S-40X LIMS S-Name:  STODDARD 
 
RETENTION TIME STANDARDS (Alkane Markers)    
C&T’s standard gasoline carbon range is C7-C12, so the retention times are from the Heptane (C7) 
peak to the Dodecane (C12) peak. For Alaska, Arizona, and Washington, the gasoline carbon range is 
C6-C10, so the retention times are from the Hexane peak (C6) to the Decane peak (C10). 
 
Retention Time Mix, C5-C13,  
2000 µg/mL in methanol 
Accustandard Cat#  WA-VPH-RT  LIMS S-Name:  C5-C13 
 
Retention Time Marker, Heptane (C7) 
2000 µg/mL in methanol 
Accustandard Cat#  DRH-002S-M-2-10X  LIMS S-Name: Heptane 
 
Daily CMARKER (100µg/mL):   LIMS S-Name:  CMARK5-13 
Add 2.5 μL of each of the above standards to 5mL Millipore de-ionized water in a VOA vial. 
 
REAGENTS   
 
Methanol:  Purge & Trap Grade Methanol should be used in preparation of all standards and 

methanol dilutions of high-level samples. Store at room temperature in a Flammables 
cabinet for up to one year from opening. 

 
DI Water:  Only Organic-free water, generated by a Milli-Q Deionization system, should be used to 

prepare standards and samples. 
 
Helium: (Carrier Gas & Makeup Gas) purity 99.99% or better.  
 
Hydrogen: UHP (Ultra High Purity), 99.99% or better 
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APPENDIX_3:  DILUTIONS & METHANOL EXTRACTIONS 
 
 
Methanol extractions are made in a scintillation vial by weighing out 5g (+ 0.5g) of soil into 5.0mL of 
Purge-&-Trap grade methanol. If the sample is absorbent and a 1:1 extraction will not give a methanol 
layer, add methanol in 5mL increments until there is enough methanol to cover the sample and give an 
extract layer. Record the weight of the sample and volume of MeOH used in the MeOH prep log. If the 
ratio of MeOH to sample is not 1:1, a PDF must be calculated (see below). Vortex for 2 minutes then 
centrifuge or allow it to settle. Transfer the extract to a 1.8mL amber vial and store in the freezer at < -
10°C.   Add a maximum of 200uL to 5mL methanol onto the instrument.  Adding more methanol may 
damage the trap. 
 
When typing the sequence into EZChrom, the amount of Methanol added to 5mL water should be 
noted on the sample ID line.  For example, a 50x dilution would read: 
 
<sampleID>,<batch#>, 100/5000 
 
Note: In some cases, C&T sends the client a vial with 5mL of methanol to have sample loaded into it by 
the client in the field. The weight of the vial plus methanol is printed on a label on the vial. Weigh the full 
vial and subtract the weight on the sample label to calculate the weight of the soil in the vial.  Record 
this in MeOH the prep log. For these client prepared methanol extracts, a prep dilution factor must be 
calculated. 
 
 
The prep dilution factor will be calculated by Ezchrom from the “Sample Amount” and “Multiplier” fields 
in the sequence table.  LIMS will assume that a value of 5 in these fields will yield a 1x dilution, any 
other number entered will yield a PDF using the formula  PDF = 5 / Sample Amt.   In order to have 
LIMS calculate the correct PDF for a methanol extraction that has a prep dilution factor , use the 
following formula to determine the value that should be entered in the “Sample Amount” and “Multiplier” 
fields: Sample Amt. = 5 * [Sample Weight(g) / Vol. MeOH(mL)]. 
 
For example, a sample that was extracted with 10mL methanol added to 5g of sample and then loaded 
onto the instrument with 100uL of methanol added to 5mLs water would be entered into the EZChrom 
sequence table as: 
 
Sample ID = <sampleID>,<batch#>, 100/5000 
Sample = 2.5 
Multiplier = 2.5 
 
LIMS will calculate this as a PDF of 2 * IDF of 50 for a total DF of 100. 
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Background on calculating the PDF: 
The PDF cannot be physically entered into EZChrom, it is the result of a calculation using the Sample 
Amt. which is entered into EZChrom. PDF = 5 / Sample Amt. This calculation is done because LIMS 
assumes the sample weight of any sample to be 5g. This constant weight must be compensated for 
with a PDF. In order to give LIMS an accurate PDF, the sample amt. must be entered as such:  
Sample Amt. = 5 * [Sample Weight(g) / Vol. MeOH(mL)] 
Example- A 1:1 extract is made, 5g sample, 5mL MeOH: 
Sample amt. = 5*(5/5) = 5           PDF = 5/sample amt. = 5/5 = 1  
Entering a sample amt. of 5 will give LIMS a PDF of 1 (not diluted). 
Example- A 2:1 extract is made, 5g sample, 10mL MeOH: 
Sample Amt. = 5*(5/10) = 2.5  PDF = 5/sample amt. = 5/2.5 = 2  
Entering a sample amt. of 2.5 will give LIMS a PDF of 2 (a 2x dilution). 
Example- A client prepped encore weighing 6g:  
Sample amt. = 5*(6/5) = 6  
For client prepped extracts the sample amt. is equal to the weight of the sample (like undiluted soils). 
 
IDF (Instrument Dilution Factor): 
Use the chart below to determine how much of the methanol extract to add to 5mL of Millipore  
deionized water to make the required dilution. This is the IDF. To record the IDF into EZChrom enter, 
as the last entry in sample ID, the amount of extract over the amount of water.  
Example- An IDF of 25 would be entered as: 
Sample#,Batch#,200/5000 
This tells LIMS that the analyst diluted 200uL of extract to a final volume 5000uL. (5000/200 = 25) 
 
The product of the IDF and the PDF will give the sample’s overall DF (Dilution Factor). The data 
reviewer will review the prep logs and EZChrom documents to verify the sample DF. 
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Dilutions of water samples are prepared by measuring an aliquot of sample into a labeled VOA vial, 
adding enough Millipore Deionized water to bring the total volume to 5mL and analyzing it as any other 
water sample. Write the volume of sample used in the sequence log. 
 
If there is a 2nd, unopened VOA vial, use the sample from that vial to make the dilution. If more than one 
dilution or rerun must be performed for a sample, use the VOA with the least amount of headspace. Do 
not assume that you may use a 3rd or 4th VOA without discussion with the GC-MS Volatiles group, or 
the client’s Project Manager, as most clients only submit 2 VOA’s for TVH/BTXE and 2 VOA’s for the 
GC-MS analyses. 
 
 
SAMPLE DILUTIONS (diluted to 5.0mL with Millipore DI water) 

Dilution Factor Sample Volume Add Vol (mL) DI  
1.42 3.5 mL 1.5  

2 2.5 mL 2.5  
2.5 2.0 mL 3.0  
5 1.0 mL 4.0  

10 500 μL  4.5  
20 250 μL 4.7  
25 200 μL 4.8  
50 100 μL  4.9  

100 50 μL 5.0  
200 25 μL 5.0  
250 20 μL 5.0  
500 10 μL 5.0  

1,000 5 μL 5.0  
2,000 2.5 μL 5.0  
2,500 2.0 μL 5.0  
5,000 1.0 μL 5.0  

 
When making dilutions be sure to mix thoroughly by inverting the capped dilution vessel at least 3 
times. 
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APPENDIX_4: HANDLING PROBLEMATIC SAMPLES 
 
Sample Vial Anomalies:  Sample vial anomalies occur when vials given the same designation by the 
client contain different concentrations of target compounds. The scenario is: An analyst analyzes a 
VOA vial, notices that a lower dilution is needed, makes the appropriate dilution on an unopened vial, 
and finds that the results are higher and dissimilar to the initial run. First check the VOA vial labels and 
make sure that the vials were labeled correctly and that the sample ID matches the client ID. If there 
are no obvious signs of contamination or carryover, dilute and reanalyze the vial that yielded the higher 
results even if that vial contains headspace. Results will hopefully be consistent. Remember to note on 
the report the vial anomalies that you found, and also note that these anomalies are not from obvious 
contamination or carryover. Note that these anomalies are apparently the result of sampling problems 
in the field. 
 
Foaming Samples:  If a sample is suspected to foam when purged, bubble an aliquot of the sample in 
a VOA vial with a pipette bulb and determine the highest aliquot amount that is safe for analysis. 
Performing this little test prior to analysis reduces the danger of a sample foaming over into the system. 
Note on the report the aliquot amounts tested and the highest aliquot used and determined to be safe 
upon analysis. 
 
Waste and Oil Samples:  All samples designated as wastes by the client (matrix = miscellaneous in 
LIMS), must be analyzed by weight only. All oil samples are analyzed by weight only. 
 
Multiphasic Samples:  Inform the client’s Project Manager about the multiphasic nature of the 
sample(s) received. After contacting the client, the PM will relay to the analyst which phase(s) must be 
analyzed. Each phase analyzed in a sample is reported as a unique sample. Note all findings about the 
sample on the report and on the case narrative. 
 
Charcoal or “Carbon” Samples:  If “Charcoal” or “Carbon” is included in the client ID, description, or 
would be a fair description of the sample matrix, extract the sample in methanol at a 1:2 dilution, since 
charcoal would absorb most of the methanol used for extraction if a 1:1 dilution were done. Purge and 
analyze an aliquot  (up to 25x dilution maximum) of the methanol extract and report any targets found. 
Indicate on the report and case narrative that the sample is charcoal. Purging this type of sample 
directly, without extracting it first, will result in poor surrogate recoveries, as organic compounds are 
adsorbed by charcoal. 
 
Wipe Samples:  If wipe samples are submitted, the entire wipe must be analyzed, because the 
contaminants are not likely to be evenly distributed across the wipe. Wipe samples are reported in units 
of “µg/sample”, where the reporting limit is equivalent to the total number of micrograms in the lowest 
ICAL point. The samples should be analyzed in soil mode, with an IDF of ‘1’ (since we are analyzing 
‘one’ sample) and a ‘pdf’ of 5 (because the factor of 5 is included in the calculations, based on a 5mL 
purge). 
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APPENDIX_5: INSTRUMENT CONDITIONS 
 
 GC-04 GC-05 GC-07 GC-19 
PURGE & TRAP CONDITIONS Encon Encon Archon Encon 
Purge Sample Temp (°C) 40 40 40 40 

 Pre-heat Time (min) 1 1 1 0 
 Purge Time (min) 10 10 10 10 
 Dry Purge Time (min) 2 2 2 4 

      
Desorb Pre-heat Temp (°C) 170 170 40 170 

 Desorb Temp (°C) 180 180 180 180 
 Desorb Time (min) 2 2 4 4 

      
Trap Bake Temp (°C) 180 180 240 180 

 Time (min) 10 10 10 10 
      

Xfer Line Temp (°C) 110 130 110 110 
 
GC OVEN CONDITIONS GC-04 GC-05 GC-07 GC-19 
Initial Temp (°C) 40 40 35 35 
 Time (min) 4 4 4 4 
      
Ramp-1 Rate-1 (°C /min) 5 4.5 5 5 
 Final Temp-1 (°C) 125 130 150 120 
 Final Time-1 (min) 1 2 0 4 
      
Ramp-2 Rate-2 (°C /min) 50 60 70 70 
 Final Temp-2 (°C) 220 225 220 220 
 Final Time-2 (min) 1 1 1 2 

 
INJECTORS / DETECTORS GC-04 GC-05 GC-07 GC-19 
Injector Temp (°C) 250 225 220 225 
FID Temp (°C) 250 225 220 225 
PID-quant Temp (°C) 250 225 220 225 
PID-confirm Temp (°C) 250 225 220 225 

 
Note: These parameters may be changed at the analyst's discretion in order to optimize instrument 

performance. Changes are documented in the instrument maintenance log and posted on the 
oven door. 
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APPENDIX_6: RETENTION TIME WINDOWS 
 
 
Retention Time Windows: For the TVH analysis, there are two types of retention time windows: the 
window for the fuel range defined by the carbon markers, and the window for each carbon-marker 
compound. “Retention Time Windows” are necessary for the carbon-markers because the compounds 
may not elute at exactly the same time during each and every injection, due to slight variations in 
temperature, flow rate, or injection composition (compound concentrations or non-fuel analytes), etc. 
The RT-window is the length of time (width, in minutes, on the chromatogram) during which any peak 
eluting within the window is presumed to be the analyte of interest.  
 
“72-hour RTW Study” is a term often used by auditors to describe statistical analysis of the retention 
times of standards injected over a 72 hour sequence; theoretically, the RT windows determined by this 
study can be used for routine analysis. If the RT windows are based on a 72-hour study, the RT 
windows are defined as plus or minus three times the standard deviation of the absolute retention times 
for each compound in the calibration standard mix as measured over the course of 72 hours. The study 
must include files collected over 72-hours without column maintenance. Studies that C&T has 
conducted in the past often result in windows that are too narrow for routine use. In the event that a 
standard deviation is 0.00, or < 0.03 minutes, use the 0.03-minute window (see 8000B). 
 
For MBTXE, verify the retention time windows by observing whether the analytes in the MBTEX 
standard mix and the surrogates were correctly identified by the data system.  If the analytes are not 
correctly identified, inspect the GC system to verify that a system or standard problem does not exist.  If 
no problems are readily apparent then update the retention times from the opening standard, of a 
sequence.  Use these retention times to process the entire sequence. 
 
 
Establishing Absolute retention time windows for each analyte:  
The “absolute” retention time of any compound is the expected time of the compound and is the center 
of the RT window, which is where the top of the carbon marker should occur. Use the retention time for 
each Carbon Marker injected during that 12 hour shift to evaluate retention time stability. If any of the 
standards fall outside their daily or preset fixed retention time windows, the system is out of control. 
Determine the cause of the problem and correct it, then rerun any samples bracketed by the failing 
standard. 
 
Method Modification Note: EPA 8000B, Section 7.6.5 suggests updating the absolute retention times 
each time a new sequence is started. Because the retention times for these compounds are relatively 
stable, C&T has found it necessary to update the retention times only when performing the initial 
calibration or when drift is observed. 
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APPENDIX_7: INSTRUMENT MAINTENANCE 
 
 
Any maintenance performed on the instrument must be documented in the Maintenance 
Benchbook. Each entry should include: 
 

• reason the maintenance was necessary (‘CCV failing’, etc.), 
• the date and analyst initials 
• maintenance steps performed (‘cleaned detector’), and 
• resolution (‘ICAL passed’, etc.) of the maintenance. 

 
If maintenance is performed by an outside contractor, the contractor should provide 
documentation of what steps were taken and any parts replaced. This certificate or receipt 
should be kept on file in the 3-ring binder labeled ‘Vendor Maintenance Receipts’. 
  
 
Clean the PID Lamp: The window on a PID detector needs periodic cleaning. This routine cleaning 
should be done whenever response for the MBTEX compounds begins to drop, or before running a 
complete ICAL: 
 
1.) Turn off the PID power supply, the detector temperature and, if you are doing the confirmation 

channel PID, the external PID electrometer. 
2.) Once the PID is cool, depress the small metal tabs on either side of the PID tower to release the 

PID housing. 
3.) Remove the top half of the PID housing and carefully lift out the PID lamp. 

Note: The PID should never be touched with the naked hand. Oils from the hand will form a “hot 
spot” on the lamp and its life-time will be remarkably reduced. 

4.) Remove the metal circular spring from around the PID. 
5.) Determine if the PID is dirty by looking at the window. If there is a circular film pattern, the PID is 

dirty and needs to be cleaned. If there is no film the PID is clean and can be used as is. 
6.) To clean the lamp, add a drop of HNU light source cleaning compound (Catalog # PA101534-A1), 

to the PID window. Using a Chemwipe, scour in a circular motion until the film is removed. 
7.) Once the film is removed, rinse the PID with hot (~80° C) tap water. Follow with a cool DI rinse and 

a methanol rinse then let the PID dry completely.  
8.) Clean the o-ring by removing it from the PID and wiping with a methanol-dampened Kimwipe. Let 

dry completely. 
9.) Once the lamp and the o-ring are completely dry, replace the o-ring then place the metal spring 

back around the PID, the PID back in its tower and the housing over the PID. Press hard on the 
housing until the metal tabs snap into place.  

10.) Turn on the power supply, temperatures, and electrometer. 
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Hexane-rinse the PID:  If nothing else works, the base of the PID may also need to be cleaned: 
 
1.) Turn off the PID power supply and, if you are doing the confirmation channel PID, the external PID 

electrometer. 
2.) Set the detector temperature to 80°C. 
3.) Once the PID lamp has cooled, depress the small metal tabs on either side of the PID tower to 

release the PID housing. 
4.) Remove the top half of the PID housing and carefully lift out the PID lamp. 

Note: The PID should never be touched with the naked hand. Oils from the hand will form a “hot 
spot” on the lamp and its life-time will be remarkably reduced. 

5.) Remove the o-ring and metal circular spring from around the PID. 
6.) Using a disposable pipette, drip hexane into the center orifice of the PID base until the cavity is full. 
7.) Raise the detector temperature to 100°C and use a Kimwipe to blot all discolored solvent and 

particles from the detector. 
8.) Add more Hexane and repeat until the Kimwipe does not become discolored. 
9.) Allow all of the Hexane to completely evaporate then reassemble the detector by replacing the o-

ring then placing the metal spring back around the PID, the PID back in its tower and the housing 
over the PID. Press hard on the housing until the metal tabs snap into place.  

10.) Turn on the power supply, temperatures, and electrometer. 
 
 
Changing the column:   
The column should be changed whenever an initial calibration will not meet requirements and the 
Purge-and-Trap has been ruled out, or the peaks demonstrate tailing or asymmetric peak shape. 
 
1.) Turn off the oven, injector port, and detector port temperatures 
2.) Allow all parts to cool to room temperature. 
3.) Remove the old column from the injection and detector ports and cap the column with a septum. 
4.) Put the injector port nut and a graphite ferrule on one end of the new column, then clip about 3 or 4 

centimeters off the end of the column. Hold the column at a slight downward angle when cutting the 
column, so that any small chips will not fall back into the column. 

5.) Place a mark (with white-out or a felt-tip marker) or septa between 10-12mm from the end of the 
column. 

6.) Insert the column into the injection port so that the lower end of the injection port nut lines up with 
the mark. Tighten the nut to finger-tight, then wrench-tighten until snug, making sure the mark still 
lines up with the end of the nut. 

7.) Clip about 3 or 4 centimeters off of the detector the end of the column.  
8.) Use the GC keypad to turn the injector (if applicable) and detector temperatures back on by 

pressing the “INJ A” button then the “ON” button. 
9.) Set the oven temperature to 220°C and bake out the column, without installing it in the detector.  
10.)  Setting the Oven to 20°C will leave the fan on, thus cooling the oven faster.  Once the oven 

reaches room temperature, turn the oven off before opening the door.  After cooling the oven back 
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to room temperature, put a new detector nut and vespel/graphite ferrule on the detector end of the 
column. 

11.) Insert the column into the detector as far as it will go, then pull it back about 2 millimeters (so that 
tightening the nut will not crush the end of the column). 

12.) Tighten the nut to finger-tight, then wrench-tighten only to snug. Note: Tightening it too far will 
crush the column. 

13.) Use the GC keypad to turn the detector temperatures back on by pressing the “DET A” button, 
then the “ON” button, then repeating for detector B. 

14.) Check for leaks.  
15.) Bake out over-night to remove any remaining moisture from the detector.  
 
Document in the maintenance log what the symptoms were that prompted you to change the column, 
when you changed it, and whether or not the new column eliminated the symptoms. 
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APPENDIX_8: AUTOSAMPLER PREP AND START UP  
 
Prepping up the Autosampler: 

1. By default, the GC, concentrator, and auto-sampler are left on.  The power buttons for the 
concentrator and auto-sampler are located at the rear of the machine.  The GC power button 
can be found on the bottom backside of the right panel on the instrument. 

2. Once turned on, each machine performs a self-test.  If everything checks out ok, the machines 
will go into standby mode.  GC 04/05/19 auto-samplers display “EST Model 8100 Autosampler”.  
GC 07 will display “Archon Autosampler” due to being an older model. The following instructions 
apply to all autosamplers unless noted. 

3. Verify that the “Blank Water Reservoir and Standard Helium” toggle switch (located on the back 
right panel inside the autosampler) is in the ON position. 

4. Before getting started, make sure there is ample surrogate.  The standard vessels are located 
at the back left of the autosampler.  There will be two vessels.  By default we use the leftmost, 
which is referred to below as “Standard 1”.  If the vessel is more than half empty, add more 
surrogate.   
a. In order to reach the vessel, the mechanical arm will need to be repositioned.  On the 

keypad, press the blue “SYSTEM” button to enter the System menu.  Press the number “2↓” 
on the keypad twice.  <Maintenance> should now be highlighted.  Press enter.  This is the 
System Maintenance menu.  <Standards Control> should be highlighted, press enter.  

b. The first option displayed should be <Front Park!>.  Press enter.  This will reposition the 
mechanical arm to the front left of the autosampler, allowing you access to the standards 
vessels.  NOTE: These arms operated using helium.  It is important to keep the gas on while 
parking the arms.   

c. Once the arm is parked, turn off the “Blank Water Reservoir and Standard Helium” toggle 
switch.  If there is any residual pressure in the lines it is possible for the vessel to pop down 
when being unscrewed.  Therefore, unscrew the vessel by turning the black disk clockwise 
with the left hand, holding the vessel in the right hand.  Remove vessel by pulling it straight 
down.  Be careful not to chip the edges of the vessel.   

d. Using a borosilicate glass pipette, add surrogate standard until the glass bulb is filled.  Do 
not overfill.  Replace vessel and tighten disk counterclockwise.  Turn the gas toggle switch 
“ON”.  The menu will have <Prime Std Loop 1> highlighted. Hit enter.  The autosampler will 
now prime the surrogate loops with standard.  Repeat this priming 1-2 more times.   

e. Using the down arrow key, select <Rear Park!> from the menu.  The arm will down 
reposition itself in its starting position.  Press the blue “SYSTEM” button 3 times to exit 
completely.   

f. Make sure there is enough water in the water reservoir bottle.  It should be refilled if it has 2 
inches or less at the bottom.  Skip Step 5 if bottle is full. 

5. If the bottle needs to be filled, toggle the “Blank Water Reservoir and Standard Helium” switch 
OFF.  Press the silver button-shaped release valve at the top of the water bottle to release any 
built up helium pressure.  There should be a short hissing sound.  Unscrew bottle top and fill 
with Organic-free Millipore water from the filtration system at the back left of the room.  Replace 
bottle top and hand-tighten.  Turn “Blank Water Reservoir and Standard Helium” back ON. 
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6. Check the Helium and Hydrogen gas tanks.  If they need to be changed, now is a good time to 
do it.  Changing the gas tanks while the instrument is already running can possibly cause a 
disruption in flow. 

 
Starting up the Autosampler: 

1. Before starting, there should be a current sequence set up in EZChrom.  Refer to Appendix_9 
Using EZChrom for instructions.  IMPORTANT NOTE: The autosampler/concentrator/GC run 
independently from EZChrom, therefore if EZC is not set up to acquire data, runs will be lost. 

2. Check the concentrator.  For GC 04/05/19 the display in standby should read “Encon Ready   
Method #XX” where XX is the current method being run.  For GC 07, the concentrator will read 
“Purge-Ready Waiting for Start”. 

3. On the autosampler keypad, press the blue “METHOD” button to enter the Method Screen.  
Current Method # will be displayed.  Hit enter twice to pull up “Edit Method” screen. 

4. All samples are run in SOIL mode.  Press enter once when <Sample type SOIL> is highlighted.  
Now <First Vial> should now be highlighted. 

5. Using the numbers on the keypad, enter in the starting vial location of your first vial.  (Example: 
01) Press enter. 

6. <Last Vial> should now be highlighted.  Enter in the last vial location. (Example: 26)  Press 
enter.  The autosampler is now set to run vials 1 to 26 consecutively. 

7. There is no need to edit any other parameters in this method.  Press the blue “METHOD” key 3 
times to exit out to standby mode.   

8. Press the green “AUTO” key.  This takes you to the “Autosampler Start” menu.  <Start Autorun> 
will be highlighted.  Press enter to initiate running of sequence. 

9. If the machine has started running and you want to change the last vial being run, for example 
from (1 to 26) to (1 to 30), repeat steps 3-7.  Do not repeat step 8. 

10. If the machine has started running and you want to stop after the current vial being run, 
(Example:  machine ran vials 1-3, and is currently running vial 4, repeat steps 3-7 but change 
<Last Vial> to 04 and the sequence will end after the autosampler finishes that vial.  Do not 
repeat step 8. 

11. To stop the autosampler during its run at anytime, press the red “PAUSE” button twice.  The 
autosampler will then stop what it is doing and reboot itself.  This is only recommended if the 
samples have not yet started to purge and changes need to be made, or the autosampler is 
erroring out. 

 
Autocalibrating the Autosampler Mechanical Arm: 

• Refer to section 6.4 System Calibration of the EST Model 8100 Purge and Trap Autosampler 
System Operation Manual for step-by-step instructions. 
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APPENDIX_9: USING EZCHROM 
 
Setting up a Sequence on EZChrom: 

Open EZChrom Elite.   

1.1 Click TVH LAB.   

1.2 Right click on the GC that will run and select either OPEN (online) or OPEN OFFLINE.  

1.3 In USER NAME and PASSWORD, type the appropriate information.   

1.4 In PROJECT, find the GC you are for which you are opening the session.   

1.5 Click LOGIN.   

Note: You can write a sequence in either an online or offline session, but you can only run the sequence in an 
online session. 

Open the latest sequence. 

2.1  Go to FILE > SEQUENCE > OPEN.  

2.2 Choose the latest sequence filename (###.seq). 

2.3 Click OPEN.   

This sequence will be used as the template to set up the next sequence. 

Create a copy of that sequence. 

3.1 Go to FILE > SEQUENCE > SAVE AS.   

3.2 In “File Name”, type in the current Julian date. 

3.3 Click SAVE. 

Change the filenames to use the current Julian date.   

4.4 Right click on the first box in the FILENAME column. 

4.5 Select FILL DOWN.   

4.6 In the DATA FILE box, type the Julian date, underscore, and the code for LINE NUMBER (eg 
167_<###>).   

4.7 Click OK. 

Clear the SAMPLE ID and DESCRIPTION columns.   

For the SAMPLE AMT and MULTIPLIER 1, enter “1” for Soils and “5” for Waters and FILL DOWN.   

In the sequence spreadsheet, make sure that that current method is being used.   

7.1 To change the method, select the first box in the METHOD column and click the green diamond button.   

7.2 Select the current method (tvhbtxe###.met) and click OPEN.   
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7.3 Right click on the first box in the METHOD column and select FILL DOWN. 

 

In the SAMPLE ID column, enter what will run in the sequence in the following format: 

Type Format Example 

CCV ccv, description, standard #, # uL/5000 ccv,mbtxe,s1234,10/5000 

LCS, BS, 
BSD, MS, 
MSD 

lcs, QC #, Batch #, standard #, # uL/5000 ms,qc123456,123456,s1234,5/5000 

Sample Sample #, Batch #, analysis 123456-001,123456,btxe+tvh 

Sample 
Dilution 

Sample #, Batch #, dilution, analysis 123456-001,123456,10x,tvh only 

 

In the SAMPLE AMT and MULTIPLIER 1 columns, enter the weight of the soils.  For waters, this number will be 
“5”.  The SAMPLE AMT and MULTIPLIER columns should have identical numbers. 

In the DESCRIPTION column, enter the core ID letter for soils or the Vial ID letter and pH for waters.   

Save the sequence by going to FILE > SEQUENCE > SAVE. 

 

Running a Sequence on EZChrom: 

Open an online session on EZChrom for GC you want to run.    

Open the sequence you want to run. 

2.1 Go to FILE > SEQUENCE > OPEN.  

2.2 Choose the sequence filename (###.seq). 

2.3 Click OPEN. 

Start the sequence. 

3.1 Going to CONTROL > SEQUENCE RUN.   

3.2 In the RANGE box, type the range of the sequence you want to run.   

3.3 Click START (or SUBMIT if the GC is already running and acquiring data).   

You will need to start the autosampler manually because EZChrom does not control that feature. 

 

Processing Data on EZChrom: 

1. Open EZChrom an OFFLINE session for the GC from which you will process data.   
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Note: You can process data in an online session, however, it is best to have only one online session open for 
each GC at a time to ensure that only one user is running a sequence on that GC.   

2. Open the sequence you want to run. 

2.1 Go to FILE > SEQUENCE > OPEN.   

2.2 Choose the sequence filename (###.seq). 

2.3 Click OPEN. 

3. EZChrom sessions usually opens with a default “untitled” method, so you will need to select the correct 
method.  

3.1 Open the current method by going to FILE > METHOD > OPEN.   

3.2 Choose the method filename (tvhbtxe###.met). 

3.3 Click OPEN. 

4. Open the data file by right clicking on the row of the run in the sequence.  Choose OPEN DATA.  The 
chromatograms for the three channels should appear.   

Channel A FID 

Channel B Quant PID 

Channel C Confirm PID 

 

5. Check the integrations for the relevant chromatograms.  For TVH jobs, you will need to check the Channel_A 
FID results.  For MBTXE jobs, you will need to check the Channel_B and _C PID results. 

6. If you need to do any integrations, the following are the common integration events: 

Valley to Valley  Draws the baseline to the minimum point between the 
peaks. 

Horizontal Baseline Draws the baseline horizontally determined by the 
beginning point in the range. 

Lowest Point Horizontal 
Baseline 

Draws a horizontal baseline determined by the lowest 
point in the range. 

Manual Baseline Draws a straight baseline from one point to another. 

Split Peak Draws a vertical line from the point to the baseline.  It 
is commonly used to determine the end and 
beginning of a peak. 
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Valley to Valley  Draws the baseline to the minimum point between the 
peaks. 

Reset Baseline Draws the baseline up to a point on the 
chromatogram.  It is commonly used to bring the 
baseline up due to a negative peak. 

 

After performing an event, a box will pop up and ask you to ANALYZE NOW.   

Important!  Before clicking ANALYZE NOW, make sure that you are inserting the event into the MANUAL 
Integration Fixes table. Inserting an event into the Integration Events table will add the event to 
the Method. 

 

If you want to remove an integration event: 

6.1 Open the Manual Integrations Fixes table by going to DATA > MANUAL INTEGRATIONS FIXES.   

6.2 Select the integration you want to remove and press DELETE on your keyboard.  

6.3 You will then need to analyze the data by going to ANALYSIS > ANALYZE. 
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To change what channel the table displays, select the channel from the drop down list on the main toolbar, as 
shown below: 

 

7. After you have finished any integration, you need to send the data to LIMS by printing the Method Custom 
Reports for the data to the ezchrom_capture printer. 

7.1 Go to SEQUENCE > PROCESS.   

7.2 Type the range of data you want to process in RANGE and make sure the box for PRINT METHOD 
REPORTS is checked. 

Note:  Make sure that the printer configured to your EZChrom session is set to ezchrom_capture.  You can 
check the printer by going to FILE > PRINT SETUP. 

After EZChrom is finished processing the data, review the data in LIMS. 
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APPENDIX_ 10: INITIAL CALIBRATION 
 Requirements & Procedure 
 
REQUIREMENTS 
An initial calibration must be performed when the continuing calibration standards do not meet 
acceptance criteria, or when maintenance has been performed that affects analytical conditions (ie: 
new column installed, detector cleaned, etc.). In general, a new calibration curve must be made 
whenever instrument conditions have been altered, or whenever the continuing calibration verification 
no longer passes acceptance criteria.  
 
The instrument analytical range must be established by running a minimum of 5 calibration standards, 
containing the target compound, at levels that bracket the quantitation range (see Appendix_2 for 
standards information); the lowest standard must be at or below the reporting limit and the highest 
standard determines the upper end of the quantitation range. The standards must be analyzed in order 
of increasing concentration. The response must be linear with correlation coefficients r= 0.995 and 
r2=0.99 
 
Points may be dropped if the following criteria are met: 
 
 Using average response, the RSD must be < 20%. 

 
 The highest concentration standard may be omitted so as long as there are at least five points 

remaining and the remaining highest point defines the top of the calibration range. Any extracts 
which exceed this response must be diluted and reanalyzed; LIMS will apply an ‘>LR’ flag to any 
results above the highest ICAL standard.  
 

 The lowest concentration standard may be omitted from curve if, and only if, the resulting lowest 
standard is at or below the reporting limit for samples and there are at least five points remaining.  
 

 Mid-point standards, or individual compounds in a mid-point standard, may not be omitted simply to 
improve the RSD or linear correlation coefficient. They may, however, be reanalyzed if a poor 
injection is suspected. The reanalysis must occur immediately after the standards, so long as no 
sample extracts were analyzed since the last standard or blank and all compounds are calibrated 
using the second run. Under no circumstances may a point in the middle of the curve be rejected in 
order to pass calibration criteria. 

 
The curve must be verified by analyzing an Initial Calibration Verification (ICV) standard, which is a 
standard obtained from a different manufacturer than those used to prepare the ICAL standards. If a 
standard cannot be obtained from a second vendor, or the fuel composition is particular to a specific 
vendor, an ICV may be prepared from a different lot. The ICV must meet CCV %D criteria (< 20%). 
A carbon-marker standard (n-Alkane standard) must be analyzed along with the initial calibration in 
order to set retention times. Note: The State of Arizona requires that the carbon markers be run after 
the fuel standards. 



SOP Volume: VOC Curtis & Tompkins, Ltd. 
Section:  7.1  
Page: 55 of  63 
Revision:  21    Number:  1 of 1 
Effective:  June 6, 2012  
Filename: F:\qc\sop\voc\TVH_BTXE_rv21.doc 
 

This document contains confidential information that may not be disseminated to entities other than C&T staff, clients, and regulators. 

 
An instrument blank should be analyzed prior to the initial calibration standards, to demonstrate that the 
system is free of contaminants and is not contributing to the response of the low-level standards. An 
instrument blank should also be analyzed after the high-level standard to demonstrate that the standard 
is not carrying over. 
 
See Appendix_1 for calculations of response factor, RSD, and correlation coefficient.  
 
Obtain area sums for each fuel mixture over the retention time range during which at least 85% of the 
material elutes. Curtis & Tompkins default carbon range is: 
 

Gasoline: C7 to C12  
 
Method Modification:  SW-846 Method 8015D lists the carbon-range for Gasoline as C6-C10, however 
C&T has historically reported gasoline as C7-C12 & continues to do so for data consistency. Also, 
client project plans may require different carbon ranges; for those clients, the project plan requirements 
supersede this SOP. 
 
Clients may request the analysis of fuels other than gasoline, and may provide a standard of the fuel. It 
is acceptable in these cases to utilize a single point calibration for the alternate fuel, so long as 
acceptable gasoline CCV’s bracket the samples. In these cases a CCV for the client-supplied fuel will 
be analyzed after every 10 samples and compared to the initial single point calibration. The CCV must 
be within 15% deviation from the original single-point calibration standard. The concentration of these 
fuel standards is dependent upon its response, but generally made up at 2000 µg/L (10,000ng). Refer 
to Appendix 2 for directions on the preparation of standards. 
 
PROCEDURE 

1. Prepare the calibration standards using the table in Appendix_2.  
 
2. Prepare an Initial Calibration Verification (ICV) standard from source standards obtained from a 

different manufacturer than the ICAL standards.  
 

Note:  Because fuel composition varies greatly between standard vendors, an ICV is normally 
analyzed only for gasoline & BTXE calibrations. 

 
3. Perform any required maintenance then load an instrument blank, to demonstrate that the low-

level standard was not influenced by instrument contamination. 
 
4. Load the initial calibration standards in ascending order of concentration (lowest to highest).  
 
5. Follow the high point of the calibration with an instrument blank, to demonstrate that analytes at 

the high-level concentrations will not carryover into real-world samples. 
 

6. Load the ICV after the instrument blank that follows the highest level calibration standard. The 
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ICV, prepared from standards obtained from a second manufacturer, must be analyzed to verify 
that the standards used to create the initial calibration curve were prepared correctly. 

 
7. For fuel (gasoline) calibrations, follow the instrument blank with the carbon-marker (alkane) 

standard to establish retention times. 
 

Note:  Arizona method 8015AZ_rv.1 requires that the alkane markers be run after the ICAL 
standards. If no Arizona samples are to be run on a given instrument, the alkane marker 
standard may be analyzed prior to the ICAL. 

 
8. Write the sequence as described in Appendix_11 below, identifying the type of sample as initial 

calibration standards, the LIMS identification of the standards, and the applicable dilution 
factors. The “stype” and S-number must be correctly entered into the sequence in a specific 
order for LIMS to be able to interpret the information and should be written into the sequence as 
described below.  
 

9. Use the same EZchrom method as used for samples. 
 
Acceptance Criteria & Data Review 
After the standards have run, integrate the fuel standards then print the runs to “EZChrom_ capture” 
printer. Verify that the curve passes acceptance criteria. Any corrections must be done through 
EZchrom, and then resent to LIMS and a new ICAL# created. Any data processed with the draft 
ICAL would then need to be reprocessed against the corrected, new ICAL#. 
 
10. See Appendix_11 for processing the initial calibration through EZchrom and LIMS.   
 
11. Verify that each compound was detected, identified, and integrated correctly in each of the 

standards.  
 

Unsubstantiated alteration of peak integration solely to pass calibration criteria is illegal and is 
grounds for immediate termination.  

 
12. Verify that the %RSD is < 20% and that the upper levels are not saturated (evidenced by 

decreased response) 
 
13. If the curve fails the %RSD criterion or the high concentration standards appear to be saturating 

the detector (decreasing response factors in comparison to the lower level calibration 
standards), review the results against the following criteria: 

 
 The low point may only be rejected only if there is a remaining low point at or below 

the reporting limit. 
 

 The high point may be rejected if the high level is saturated and there are at least 5 
points remaining for each compound in the ICAL.  
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 If a single point in the curve is causing the failure, the standard may be reanalyzed, 

so long as it immediately follows the original curve and all compounds are calibrated 
using the second run.  

 
 Under no circumstances may a point in the middle of the curve be rejected in order 

to pass calibration criteria for a particular compound. 
 

14. Generate the LIMS ICAL summary and verify that the data match the EZChrom report. 
 

15. Examine the LIMS ICAL summary. The %D for recalculated concentrations should be within 
20% of the true concentration of the standard. 

 
16. Using the newly calibrated method, process the Initial Calibration Verification (ICV) standard, to 

verify that the calibration standards were prepared correctly and to highlight any discrepancies 
between the primary- and second-source standards. See Continuing Calibration Verification 
Section for the procedure to generate this form. 

 
The ICV should meet the CCV criteria of < 15%D.  
 
If the first ICV does not meet the acceptance criteria, another ICV standard may be analyzed; 
“x” out the first ICV and process the data from the second ICV. Be aware that if the second 
ICV is processed, that data must be used. 
 
Note:  The method 8015D requirement for the ICV & CCV %D is < 20%; however CA-DHS 
has not yet recognized 8015D, so C&T must continue to meet the 8015B for any client that 
does not list 8015D in a project-specific Quality Assurance Project Plan (QAPP).    
 

17. Review & sign each data file. Complete the “GC & HPLC ICAL Review Checklist” and notify the 
Department Manager or QC Chemist that the calibration is ready for review; the ICAL cannot be 
used to process final forms through LIMS until it has been reviewed and approved in LIMS.  

 
Note: For composite fuel standards, an ICV may not be available from a different manufacturer. If this is 
the case, an ICV may consist of a different lot number obtained from the same manufacturer as the 
initial calibration standards.  
 
Linear regression may be used, in place of the average response and RSD, to evaluate the five-point 
curve and determine the correlation coefficient, as detailed in Appendix_1. If the correlation coefficient 
(r) > 0.99, the five-point curve is acceptable. (For Arizona, r must be > 0.995.) 
 
Note:  MTBE is a poor performer and the ICAL may not always meet acceptance criteria even when all 
other compounds pass.  If the ICAL for MTBE does not pass 20%, but is within 30%D, then a single 
point may be used for some  projects.  Check with the PM to confirm this is acceptable.  Single point 
MTBE is never acceptable for DOD projects and should not be done when the most recent ICAL 
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has an RSD >30%. 
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APPENDIX_11: PROCESSING INITIAL CALIBRATIONS  

Through EZChrom & LIMS 
 
The initial calibration curve should be run in order of increasing concentration (low to high) using the 
standards described in Appendix_2. A minimum of 5 points is required for calibration with the lowest 
point at or below the reporting limit and the highest point defining the top of the quantitation range. Any 
sample concentrations greater than the highest ICAL point used will be greater than linear range and 
will be flagged ">LR" and will need to be rerun at a dilution. 
 
High points of an ICAL can be discarded if they demonstrate peak clipping or decreased instrument 
response (low RF values or high %RSD) as long as there are still 5 points in the ICAL.  Midpoints and 
the low point cannot be discarded. For additional requirements & discussion, see  
 
Setting Up a Sequence for Initial Calibrations on EZChrom: 
 
1. Follow Steps 1-5 of “Setting up a Sequence on EZChrom” in Appendix_9. 
 
2. For the SAMPLE AMT and MULTIPLIER 1, enter “1”. 

3. Open the current method by going to FILE > METHOD > OPEN.  Choose the method filename 
(tvhbtxe###.met) and click OPEN. 

4. Create a copy of that method by going to FILE > METHOD > SAVE AS.  Type in File name tvhmbtxe### using 
the current Julian date and click SAVE. 

5. In the sequence spreadsheet, make sure the new method is entered.  To change the method, select the first 
box in the METHOD column and click the green diamond button.  Select the new method (tvhbtxe###.met) 
and click OPEN.  Right click on the first box in the METHOD column and select FILL DOWN. 

Note: Always make sure the new method is created and entered into the sequence BEFORE processing an 
ICAL or updating retention times.  This ensures that you do not change and overwrite the old method. 

6. In the SAMPLE ID column, enter ICAL points in the following formats: 

Type Format Example 

ICAL ical, description, standard #, # uL/5000 ical,tvh_1,s1234,10/5000 

ICV icv, description, standard #, # uL/5000 icv,mbtxe,s1234,5/5000 

Carbon Marker cmarker, standard #, # uL/5000, standard #, # 
uL/5000 

cmarker,s1234,1/5000,s5678,1/5000 

 

7. Save the sequence by going to FILE > SEQUENCE > SAVE. 

8. Run the ICAL, following the steps on “Running a Sequence on EZChrom” in Appendix_9. 
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Updating the Retention Times for Single Peaks: 

1. Make sure that you have created and entered a new method into the sequence before updating the retention 
times.  Also make sure the new method is currently open in your EZChrom session.   

2. Open the data file you will use to update the retention times.   

Note: Retention times are usually updated from a middle point of an ICAL or the opening CCV in a sequence.   

3. Add the Retention Time Annotation to the chromatograms by right clicking on any of the chromatograms and 
selecting ANNOTATIONS.  Under AVAILABLE ANNOTATIONS, select RETENTION TIME and click the green 
right arrow.  Click APPLY TO ALL so that all 3 chromatograms will display the retention times. 

4. Open the peaks and groups table by going to METHOD > PEAKS / GROUPS.  Using the retention times from 
the chromatograms, update the retention times under the column RET. TIME. To change what channel the 
table displays, select the channel from the drop down list on the main toolbar.  

5. After you have changed all the needed retention times on each relevant channel, save the method by going to 
FILE > METHOD > SAVE. 

 

Updating the Retention Times for Groups: 

1. Make sure that you have created and entered a new method into the sequence before updating the retention 
times.  Also make sure the new method is currently open in your EZChrom session.   

2. Open the data file you will use to update the retention times.   

Note: Groups are used to define the carbon ranges for the FID results.  The retention times for the group 
ranges are determined from the carbon marker run. 

3. Add the Retention Time Annotation to the chromatograms by right clicking on the FID chromatogram and 
selecting ANNOTATIONS.  Under AVAILABLE ANNOTATIONS, select RETENTION TIME and click the green 
right arrow.  Click APPLY. 

4. Open the peaks and groups table by going to METHOD > PEAKS / GROUPS.  Open the table for the FID 
channel by choosing “A” on the drop down list on the main toolbar.  Click the tab for GROUPS.   

5. Click the box under GROUP DEF and click the blue triangle button at the right of the box. The GROUP 
RANGE DEFINITION table should appear.  Under REGION START and REGION STOP, enter the start and 
stop retention times corresponding to the carbon markers.  Do not use the apex of the carbon marker peak. 
The window must be drawn from the left margin of the first eluting marker RT window to the right margin of the 
latest eluting marker RT window.  Given a 0.2 minute window for the carbon marker compounds, subtract 0.1 
minute from the apex of the first carbon marker and add 0.1 minute to the apex of the last carbon marker to 
define the range.    Click OK. Repeat this step for the other groups in the list.  

6. After you have changed all the needed retention times on each for each group, save the method by going to 
FILE > METHOD > SAVE. 

 

Processing a Multi-Point ICAL in EZChrom: 
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1. Make sure that you have created and entered a new method into the sequence before processing an ICAL.  
Also make sure the new method is currently open in your EZChrom session.   

2. Check the integrations of the relevant data files for the ICAL and work up the data using the integration events 
outlined in Appendix 9.  Make sure all the analytes are correctly identified for every calibration level on every 
relevant channel.  

3. Once the chromatograms are properly integrated for every level, you will need to process the data.  In the 
sequence spreadsheet, change the run type by selecting the row for the run and clicking the blue triangle 
button under the RUN TYPE column.  The Sample Run Type(s) window should open.  Check CLEAR 
CALIBRATION AT LEVEL and click OK.  Change all the runs of the ICAL levels to this run type. 

4. Under the LEVEL column, enter the appropriate calibration level.   

Note: To find the calibration level, open the peaks and groups table by going to METHOD > PEAKS / 
GROUPS.  There is a column for each level with the spike amount entered for the relevant analytes.   

5. Process the ICAL by going to SEQUENCE > PROCESS.  Type the run numbers for the ICAL runs in RANGE 
and make sure the box for PRINT METHOD REPORTS is checked. 

Warning: Processing the ICAL will overwrite the old calibration in the method.  Make sure that the new method 
is entered into the sequence before processing.   

6. After EZChrom has finished processing the data, check if the ICAL passes the %RSD for each analyte that 
was calibrated by going to METHOD > REVIEW CALIBRATION.  Click the name of the analyte to see the 
%RSD for the individual analytes.   

Note: To switch channels, use the drop down list on the main toolbar.  To switch between peaks and groups, 
right click on the analyte list box and select VIEW MODE.  Choose either PEAKS or GROUPS. 

7. Save the newly calibrated method by going to FILE > METHOD > SAVE. 

8. If there is an ICV, open that data file and make any needed integrations.  Process the ICV with the new 
method of the ICAL.   

9. After you have processed all the runs and printed them to ezchrom_capture, you will need to review the data 
in LIMS. 

 

Processing an ICAL on LIMS: 

1. Open a web browser and go the main TVH/BTXE page.  Under Recent Sequences, choose the GC and then 
choose the sequence you want to process. 

2. Check the boxes for each of your ICAL points.  Click CREATE CALIBRATION button. 

3. The Calibration Editor will open.  Unselect the analytes that are not being calibrated.  Type a name for the 
calibration.  Click SAVE + PUT INTO USE.  Return to the sequence. 

4. At the top of the sequence, the created calibration(s) should be listed.  Click REVIEW to open the REVIEW 
APP for the calibration.   

5. Sign and review each of the runs.  Guidelines to use REVIEW APP are in Appendix_9. 
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APPENDIX_12: PROCESSING & REVIEWING DATA IN LIMS 
 
 
Processing a Sequence in LIMS 

1. Open a web browser and go the main TVH/BTXE page.   

2. Under Recent Sequences, choose the GC and then choose the sequence you want to process. 

Note: The data needs to be processed on EZChrom and printed to ezchrom_capture before you can process it 
on LIMS.  See Appendix 9 for an overview on processing data on EZChrom. 

3. LIMS should automatically process a data file once it is printed to ezchrom_capture. If you need to reprocess a 
run, check the box for the run and click PROCESS.  

4. Check the sequence for any errors. LIMS takes the run information directly from what is typed in the in the 
EZChrom sequence. Typing errors can affect how the data is processed by LIMS.  

If you need to make any changes to the sequence, click FIX.  Make any needed changes and click UPDATE.  

5. Once everything is correctly processed in the sequence, review the sequence on REVIEW_APP.  

 

Reviewing a Sequence in REVIEW APP 

1. Open REVIEW APP for the sequence by choosing the sequence (e.g. GC19 / 05/08/07) under the 
Review pull down list on the top right corner of the sequence page. 

2. Two windows should open.  One window shows the main Review App page.  One window shows the 
documents (e.g. EZChrom reports, scanned documents, Form 1s, etc).   

IMPORTANT! Make sure you are logged in with your own user initials. The current user's initials are 
displayed on the bottom left corner of the review app window. To logout, click the user initials and Review App 
will ask you to login. 

3. The sequence is listed on the left frame of the Review App page.  Clicking on an item on that list will display 
the LIMS report and any associated documents.  

4. Go through the list by choosing analytes for reporting and adding comments. 

Note: Each analyte can only be chosen once for a sample or QC.   
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 To choose analytes for reporting, check the box under the U column for use for each relevant analyte.   
Checking the box at the left of the U will choose all the analytes for the run.   

 If the run needs a rerun, click the RR button.  To undo the RR flag, click the REPORT button. 

 If the run is needed to confirm the results of another run, check the box for NEED FOR CONF.  

 To add a general comment, click the (+) button while the pull down list to the left is set at COMMENT.   

A comment box will appear with your initials.   

Type your comment in the blank box.  

If you want to associate the comment with a certain analyte in the run, you can choose that analyte on 
the pull down list at the right of the comment box.   

If you want to delete the comment, click the (-) button.   

If you need to edit a comment you made at an earlier time click the (E) button.   

The other choices under the comment pull down list will add a specific commonly used comment. 

5. Sign the data by clicking the SIGN button at the bottom right. 
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Automated Liquid-Liquid Extraction (EPA 3520) of Aqueous Samples for 
EPA 8270 – Semivolatile Organic Compounds 

 
SCOPE  
This document details extraction and concentration of base, neutral, and acid (BNA) semivolatile 
organic compounds (SVOC) from aqueous samples, for subsequent analysis by GC/MS method 
EPA 8270, using continuous liquid-liquid method EPA 3520. 
 
This procedure is also used for the extraction of the LIMS products ‘8100’ (polynuclear aromatic 
hydrocarbons), ‘8060’ (phthalates), and ‘8040’ (phenols), which are subsets of the EPA 8270 
compound list, and TCLP leachates. This procedure should not be used for the 8270-SIM product, 
as those spikes and surrogates are added at a lower level. 
  
REFERENCES 
Extraction Methods: 
EPA 3500B, Organic Extraction and Sample Preparation, SW-846, Update 3, Dec.1996 
EPA 3500C, Organic Extraction & Sample Preparation, SW-846, Feb 2007 
EPA 3520C, Continuous Liquid-Liquid Extraction, SW-846, Update 3, Dec.1996 
EPA 3535, Solid-Phase Extraction, SW-846 Update 3, Dec 1996 
EPA 3535A, Solid-Phase Extraction, SW-846, Feb 2007 
 
Cleanup Methods: 
EPA 3630C, Silica Gel Cleanup, SW-846 Update 3, Dec. 1996 
EPA 3640A, Gel-Permeation Cleanup, SW-846, Update 3, Dec.1996 
 
Analysis Method: 
EPA 8270C, Semivolatile Organic Compounds by GC/MS, SW-846, Update 3, Dec.1996 
EPA 8270D, SVOCs by Gas Chromatography/Mass Spectrometry, SW846 Update 4, Feb 2007 
 
Related QA SOPs and Guidance Documents: 
QA SOP 1.6, Pipet and Auto-Dispensor Calibration Verification 
QA SOP 1.9, Calibrating Volumetric Glassware 
QA SOP 4.1, Establishing Control Limits 
QA SOP 4.4, Determining Method Detection Limits 
QA SOP 8.4, State Program Requirements 
QA SOP 8.5, Federal Program Requirements 
NELAC Chapter 5, Quality Systems, June 2003 
DoD Quality Systems Manual, Version 4.1, April 2009 
XLAB SOP 1.3, Spill Control & Cleanup 
 
SAMPLE PRESERVATION & HOLDING TIMES 
Preservation:  No chemical preservative. Store at < 4ºC. 
Holding Times: 7 days from sample collection until extraction  
   40 days from extraction until analysis  
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SAFETY 
Assume that all samples contain hazardous and/ or potentially toxic chemicals and should be 
handled with care. Safety glasses, gloves, and a lab coat should be worn whenever handling 
samples, standards, or reagents. 
 
QC REQUIREMENTS 
A Method Blank (MB), Blank Spike (BS), and Blank Spike Duplicate (BSD) are extracted with every 
batch of twenty or fewer samples. If a client requests that a Matrix Spike (MS) and Matrix Spike 
Duplicate (MSD) be performed on one of their samples, and submits sufficient sample volume, 
these should be extracted along with a Laboratory Control Sample (LCS) in place of the BS and 
BSD. Surrogate compounds are added to each sample, method blank, and spike prior to extraction.  
 
Reagents & spikes must be approved before use. A method detection limit (MDL) study will be 
conducted annually, by extracting a minimum of seven aliquots of a low-level laboratory control 
sample. Surrogate and spike QC limits are updated semi-annually based on statistical analysis of 
the previous year’s data. 
 
BATCH QC DEFINITIONS 
A.) Method Blank (MB):  

A method blank is extracted and analyzed with every batch, to demonstrate that the extraction 
and analysis procedures are free of contamination and have not contributed to any reported 
sample results. If any target compounds are detected in the method blank, the entire batch may 
need to be re-extracted. 

 
B.) Blank Spike (BS) / Blank Spike Duplicate (BSD) – or Laboratory Control Sample (LCS):  

Since there is usually insufficient sample volume to extract a Matrix Spike and Matrix Spike 
Duplicate, a pair of blank spikes are extracted and analyzed with every batch. This 
demonstrates that the extraction and analysis procedures are accurate and precise in the 
absence of matrix interferences. If the recovery or RPD of any of the spike compounds is 
outside the acceptance limits, the entire batch should be re-extracted. 
 
If a client requests matrix spikes on their sample, and supplies sufficient sample volume, a 
single Blank Spike (designated as an LCS in LIMS) should be extracted along with the matrix 
spike and matrix spike duplicate.  
 

C.) Matrix Spike (MS) / Matrix Spike Duplicate (MSD):  
If sufficient sample volume was submitted, extract and analyze an MS/MSD, to demonstrate the 
effectiveness of the procedure in real world samples, which may be subject to matrix 
interferences. If the recovery or RPD of any spike compound is outside acceptance limits, the 
sample and spikes may need to be re-extracted. 
 

D.) Surrogates: 
Surrogates are compounds that are added to every sample prior to extraction in order to monitor 
the accuracy of the extraction and analysis. These are compounds that are not normally found 
in environmental samples, but are chemically related to the compounds of interest and so 
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behave in a similar fashion. Surrogate recovery failure indicates a problem with the process; any 
sample that demonstrates recovery failure must be re-extracted. 

 
INTERFERENCES 

 If samples contain a significant amount of sediment, the water should be decanted and the 
sediment left in the bottle, as sediment will clog the extractor. 

 If the samples are not acidified sufficiently prior to extraction, some of the hydrocarbons may 
be left in the water fraction and not transferred to the solvent fraction. 

 If the extracts are allowed to go dry during concentration, the lightest analytes may be lost or 
thermally labile analytes may be degraded, introducing a low bias. 

 If the extract stops refluxing during concentration and no volume change is observed over 
about 10 minutes, the extract should be removed from the water bath and brought up to a 
higher final volume. Once the extract volume has been reduced as far as it will go, additional 
heating will only lead to loss of light weight analytes or degradation of thermally labile 
analytes. 

 If the extract smells strongly of vinegar (or other organic acids), note it on the prep log and 
inform the analyst, as these compounds degrade the stationary phase of the GC columns. 

 Storing the extracts at < -10°C helps reduce solvent loss due to evaporation and minimizes 
the resulting high biases on sample results and surrogate recoveries. This also reduces loss 
of some of the more volatile target analytes such as the Dichlorobenzenes. 

 
AUTOMATED LIQUID-LIQUID EXTRACTOR SET UP 
1.) Rinse through the top of the condensers then around the entire area of the ground glass joint 

using Dichloromethane.  
 
NOTE: Do not allow solvent to contact the Tygon tubing or contamination of the extract will 

result. Rinse the joint with solvent again if this happens.   
 

2.) Select enough boiling flasks for the entire batch. Examine each for cracks and chips, discarding 
any broken flasks. 

 
3.) Rinse each boiling flask with dichloromethane, discarding the solvent into the waste solvent jar. 

Turn the boiling flask upside down and place on wooden rack under the fume hood to drain. 
 
4.) After all flasks are rinsed and drained, set flasks on bench-top under fume hood and add 2 or 3 

solvent rinsed boiling chips to each flask. 
 
5.) Add dichloromethane to each flask until the solvent level is between “Pyrex” and “500mL” 

(approximately 300mL).  
 
6.) Rinse the liquid-liquid extractor bodies with dichloromethane, discarding the solvent into the 

waste solvent jar.  
 
7.) Add approximately 150mL of dichloromethane to each extractor body then place in the liquid-

liquid rack. 
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8.) Attach each flask to an extractor body, setting the apparatus at an angle of about 15° away from 
you by adjusting the placement of the heating mantle. 

 
9.) Label each boiling flask with the sample ID and analysis. The samples should be put up in order 

of increasing sample#, beginning with the batch QC. 
 

NOTE: If 8270-2 was requested, label each flask with an ‘A’ and a ‘B’ to indicate that both 
fractions are required. 

 
SAMPLE PREPARATION 
If the job sheet requests LIMS product ‘8270-2’, it indicates that a two-pH/ two-day extraction is to 
be performed, as opposed to the single-day/ single-pH extraction performed for the LIMS product 
‘8270-1’. If ‘8270-2’ is requested, check the boxes in the benchbook for both basic and acidic 
fractions. This is done to eliminate any question as to whether an extraction is complete and will 
prevent samples from being disposed of prematurely.  
 
The LIMS products ‘625’, ‘8100’ (polynuclear aromatic hydrocarbons), ‘8060’ (phthalates), and 
‘8040’ (phenols) are subsets of the EPA 8270 compound list and may be extracted by either 
method.  
 
1.) Record the sample number and letter for each sample in the benchbook, so that each sample 

container can be tracked.  
 
2.) Mark the liquid level on the side of the sample bottle with a marking pen then homogenize each 

sample by inverting the sample container several times. If no headspace is present in the 
container, pour a small amount of the sample into the extractor body before homogenizing the 
sample.  

 
Note: If the bottle contains an excessive amount of sediment, decant the sample into a 
Dichloromethane-rinsed 1L beaker. Mark the water level on the side of the beaker with a marker 
then treat the beaker as the sample container in the following steps. Note the excessive amount 
of sediment in the benchbook. 

 
3.) Using a borosilicate glass disposable pipette, measure the pH of each sample by placing one 

drop of sample onto wide range pH paper and record the pH in the appropriate benchbook.  
 

NOTE:  Never dip the pH strip directly into the sample as it could contaminate the sample. 
 
4.) For the Method Blank, Blank Spike, and Blank Spike Duplicate (or Method Blank and Laboratory 

Control Sample), add 1 L of deionized water to each of the QC Liquid/Liquid extractor bodies.  
 
5.) To the BS and BSD (or LCS, MS, and MSD), add 1.0 mL of the MSSVOASPIKE Spike Solution 

to the deionized water in the QC Liquid/Liquid extractor bodies or to the MS/MSD sample 
bottles. Document the LIMS ID of the spike and the volume added in the benchbook. See 
Appendix_2 for instructions on preparing the Matrix Spiking Solution. 
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NOTE:  TCLP Leachates require a different spiking solution and volume than water samples, 
see Appendix_2. 

 
6.) To every sample, including each batch QC sample, add 0.4 mL of the 8270-SURR Surrogate 

Solution to the deionized water in the QC Liquid/Liquid extractor bodies and directly to the 
sample bottles. Document the LIMS ID of the surrogate and the volume added in the 
benchbook. See Appendix_2 for instructions on preparing Surrogate Solution. 

 
NOTE:  TCLP Leachates require a different surrogate solution and volume than water samples, 

see Appendix_2. 
 
7.) Pour the sample into the extractor body. Rinse the sample container with about 10 mL of 

Dichloromethane and add this solvent to the extractor body.  
 
8.) Measure the sample volumes by filling each sample bottle to the mark with water. Pour the 

water into a Class-1 graduated cylinder, then read the volume and record it, to the nearest 10 
mL, in the appropriate lab notebook. 

 
9.) Adjust the pH of the sample to < 2 by carefully adding concentrated sulfuric acid (H2SO4). Stir 

the sample with a disposable pipette before re-measuring the pH. Record the sulfuric acid 
manufacturer and lot# in the benchbook. Note: If 8270-2 was requested, cross out the ‘A’ on the 
extractor body at this time, to indicate that the sample has been acidified. 

 
10.) If any sample volume is less than 900 mL, add sufficient Nanopure-DI water to that extractor 

body to make the sample volume 1000 mL.  
 
11.) Adjust the angle of each extractor body until the dichloromethane in the bottom fills the 

transfer arm and just begins to spill into the boiling flask. Note: It may be necessary to add a 
small volume of Nanopure-DI water if slight adjustments of the angle do not correctly fill the 
transfer arm. 

 
EXTRACTION PROCEDURE 
1.) Attach the condensers to the extractor bodies. 

 
2.) Verify that the recirculator temperature is set < 16°C but above 10°C. If the temperature is set 

too low, the recirculator will freeze. If set too high, solvent will escape out the top of the 
condensor and the boiling flask will go dry. 
 

3.) Verify that the recirculator pressure is between 15 - 30 psi. 
 

4.) While the pump is on, open the top hatch of the recirculator. Open the white cap to the water 
reservoir and make sure the reservoir is full. If not, add DEIONIZED water only. 
 

5.) Turn on the heating mantles. The controllers should be set to 2.5 on the dial.  
After 15 to 20 minutes, check to see that the system is cycling properly and that the condensers 
are cold to the touch. The extractor is operating properly when 3-4 drops per second are 
dropping into the sample from the bottom of the condenser. 
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6.) Check the solvent level in the round bottom flask; it should not drop below the top edge of 

heating mantle. Adjust the solvent level in the flask by adjusting the tilt of the apparatus from the 
vertical by changing the placement of the heating mantles. To increase the amount of solvent in 
the flask, carefully tilt the apparatus more to the vertical.   
 

7.) Extract the samples for 18-24 hours.  Document the start and stop times in the appropriate 
laboratory notebook. 

 
8.) Turn off the heating mantles and allow the system to cool to room temperature.  
 
9.) If the job sheet requests ‘8270-2’ continue with Step 10, otherwise skip to Step 11. 
 
10.) For 8270-2 analyses (Water and TCLP Leachates): 
 

a.) Adjust the pH of the sample to > 11 by carefully adding about 5mL of 50% sodium 
hydroxide (NaOH). Stir the sample with a disposable pipette before re-measuring the 
pH. Add additional NaOH if needed to bring the pH to > 11.Cross out the ‘B’ on the 
extractor body, to indicate that the pH has been switched. Record the unique reagent ID 
in the benchbook. 

 
b.) Add 1 or 2 fresh, solvent-rinsed boiling chips. 

 
c.) Repeat Extraction Steps 1-8, then continue as with Step 11. 

 
11.) Remove the condensors, then the round bottom flasks.  . 
 
If the extracts can not be concentrated immediately, the flask mouth must be covered with 
aluminum foil and the extracts stored in the Delfield refrigerator until they can be filtered and 
concentrated. 
  
FILTER FUNNELS & K-D CONCENTRATOR ASSEMBLY 
1.) Using solvent-rinsed, baked glass wool, place a glass wool plug in the bottom of each funnel. 

 
2.) Rinse the walls of the funnel and the wool with dichloromethane, collecting the rinsate in a 

waste jar.  

3.) Add approximately 40g of baked granular or powder sodium sulfate to each funnel(powder is 
preferred for soil). 
 

4.) Place the funnels in the bottom rack and rinse the funnel with dichloromethane, again collecting 
the rinsate in the waste jar. 
 

5.) Rinse each K-D concentrator with three aliquots of dichloromethane, discarding the rinsate into 
a waste-solvent jar, and then hang the K-D upside-down in the top rack to drain. 
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6.) Rinse each receiver with three aliquots of dichloromethane, discarding the rinsate into a waste-
solvent jar. Immediately connect each receiver to a K-D. 
 

7.) After receivers have been added to each K-D, use plastic clips to secure the two pieces 
together. 
 

8.) Label each K-D and receiver with the sample ID and analysis, then replace in the top rack right-
side up. 
 

9.) After all concentrators have been assembled and labeled, add a solvent-rinsed boiling chip to 
each. 

 
10.) Discard the waste dichloromethane in the jars into the waste solvent jug. 
 
11.) Reverse the filters and concentrators so that the filters are on the top rack and the 

concentrators are on the bottom rack. 
 
12.) If the water baths have not been turned on yet, make sure each is filled with DI water and turn 

the dial to setting 7. Allow baths to heat while you filter the extracts. 
 
FILTRATION  
1.) Place the flasks in order in front of the appropriate K-D concentrator. Check that the receiver is 

securely attached to the K-D concentrator. 
 

NOTE: If water is noticed in the round bottom flask dry the extract by adding about 15 g (about 
½ scintillation vial) of solvent rinsed, kiln-baked granular anhydrous sodium sulfate to the boiling 
flask. Agitate the flask; if the sodium sulfate clumps up, add more sodium sulfate until there is 
free flowing granular sodium sulfate in the flask. 

 
2.) Pour the extract through the funnel into the K-D concentrator. 

 
3.) Rinse each boiling flask with three 10 mL aliquots of dichloromethane, adding these rinsates to 

the appropriate funnel. 
 

4.) After the third rinse, turn the boiling flask so the label faces the left (at 9 o’clock) to indicate that 
rinsing has been completed. 

 
5.) Allow the funnel to drain completely, then use dichloromethane to rinse around the top of the 

funnel (~25mL), washing any remaining extract through the funnel into the concentrator and 
allow to drain completely. 

 
6.) Remove the funnel from the rack and dump the sodium sulfate into the drying tray under the 

hood.  
 
7.) While the filters are draining, rinse each three-ball Snyder column 3 times with dichloromethane, 

then allow to drain by placing at edge of hood, with tip pointing outward to indicate that it has 
been rinsed.  
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8.) After the funnels have finished draining, remove the funnels from the rack and dump the sodium 

sulfate into the drying tray under the hood.  
9.) Verify that the dial setting is ‘7’ so that the temperature of the water bath is hot (70-80°C) but 

not boiling.  
 
CONCENTRATION PROCEDURE 
1.) Add water to any bath that is not completely full. 
 
2.) Verify that the dial setting is at ‘7’ so that the temperature of the water bath is hot (70-80°C) 

but not boiling. 
 
3.) Verify that each K-D concentrator contains 1 to 2 clean boiling chips.  Attach a rinsed 3 ball 

Snyder column to each K-D concentrator.  
4.) Place each K-D apparatus on a hot - not boiling - water bath (70-80°C) so that the receiver is 

immersed in the hot water to just below the joint of the receiver and K-D. If the receiver is not 
immersed far enough, the extract will take longer to concentrate. If the receiver is immersed 
past the joint, any water leaking into the joint will contaminate the extract. 

 
Warning:  Do not use a boiling water bath as some of the compounds are relatively volatile 
and may be lost if overheated or allowed to go to dryness. Low surrogate and spike recoveries 
may result. 

 
5.) The solvent should immediately begin boiling. If it does not, the concentrator should 

immediately be removed from the water bath and additional boiling chips should be added to 
the receiver. At the proper rate of distillation, the balls of the column will actively chatter, but 
the chambers will not flood. 

 
6.) When the extract volume in the receiver is about mid-level of the receiver, remove the K-D 

concentrator from the water bath and let it drain and cool for at least 10 min.  
 

NOTE:  If the extract stops refluxing and the water bath temperature is correct, do not increase 
the temperature or attempt to continue the concentration. The extract may contain high 
concentrations of heavier compounds and further heating will only lead to loss of the surrogates. 
Remove the K-D concentrator from the water bath and allow it to cool. Document your 
observations in the extraction benchbook. 

 
Further concentration is then required. The extract is concentrated using either the micro Snyder 
column technique or the nitrogen blow-down technique. NOTE:  Micro-Snyder columns are 
preferred over using the nitrogen blow-down technique. Nitrogen is best applied as a means to 
make small adjustments to the final volume.   
 
A.)  Micro Snyder column technique 

1.) Remove the Snyder column, then remove the plastic clip and dry the joint with a 
ChemWipe. 
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2.) Carefully loosen the joint between the K-D and the receiver, and check that each 
receivers labeled sample ID and analysis remains.  

 
3.) Remove the K-D and set it aside.  

 
4.) Add 2-3 more boiling chips to the receiver, then attach a rinsed 3 ball micro-Snyder 

column and a plastic clip. 
 

Place in a hot - not boiling - water bath (70-80°C) so that the receiver is partially 
immersed in the hot water and concentrate to an approximate volume of 0.5 mL. Do 
not use a boiling water bath as some of the compounds are relatively volatile and may 
be lost if overheated or allowed to go to dryness. Low surrogate and spike recoveries 
may result. 
 
Warning:  The extract must never be allowed to go dry.  

 
5.) Remove apparatus from the water bath, place the receiver in the metal rack in numeric 

order, and again check that each receiver is labeled with sample ID and analysis 
remains. Allow samples to cool for a minimum of 10 minutes. 

 
6.) Select enough screw-cap vials for the entire batch. Label them with the LIMS-printed 

labels listing the sample number and batch number, then place them in a red vial rack 
in numeric order. 

 
7.) Select enough clean, calibrated receivers for the entire batch and rinse them each 3 

times with Dichloromethane. 
 

NOTE: The steps below should be performed one sample at a time. 
 

8.) Remove the plastic clip and dry the joint with a ChemWipe. 
 

9.) Carefully loosen the joint and remove the micro-Snyder column.  
 

10.) Quantitatively transfer each extract to a clean calibrated receiver. 
 

11.) Rinse the original receiver and boiling chips with a small aliquot of Dichloromethane by 
vortexing the original receiver and using a disposable glass pipette to transfer the 
solvent to the second receiver.  

 
12.) Continue in this manner until you bring the extract to a final volume of 1.0 mL with 

Dichloromethane rinses. 
 

NOTE:  The MS and MSD should be concentrated to the same final volume as the 
unspiked aliquot of the QC sample (MSS). 

 
13.) Transfer each extract to the screw-cap vial labeled with that sample number using a 

clean disposable pipette and cap the vial snugly. 
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14.) Continue steps 16 through 22 until each extract has been transferred to it’s labeled 

screw cap vial. 
 

15.) Complete any remaining benchbook entries and LIMS prep entries. Make sure all times, 
reagent manufacturers and lot numbers, working and source standard LIMS ID 
numbers, as well as responsible chemists' initials have been legibly recorded in the 
benchbook entry and on the batch QC checklist.  

 
16.) Have the entry peer reviewed and document the review on the appropriate checklist. 

After review, copy the entire page of the benchbook then scan the checklist, job sheets 
and benchbook page into LIMS. “Kill" the batch in LIMS by updating the status of the 
batch to "DONE". 

 
17.) Give the extracts directly to the 8270 analysts; they will store the extracts in a freezer at 

-10 to -20°C  
 
B.)  Nitrogen blowdown technique:  

1.) Remove the plastic clip and dry the joint with a ChemWipe. 
 
2.) Carefully loosen the joint between the K-D and the receiver, then add a few drops of 

Dichloromethane through the top of the K-D to remove any extract that may have been 
caught at the joint. 

 
3.) Remove the K-D and set it aside. 

 
4.) Place the concentrator tube in a warm water bath (35ºC) and evaporate to just under 1 

mL, using a gentle stream of dry nitrogen. During evaporation, the solvent level in the 
tube should be kept below the water level. 

 
5.) Rinse the internal wall of the tube with solvent several times during this operation. The 

extract must never be allowed to completely dry.  
 

6.) Quantitatively transfer the extract to a second Dichloromethane-rinsed, calibrated 
receiver. Rinse the original receiver and boiling chips with 3 very small aliquots of 
Dichloromethane, using a disposable glass pipette to transfer the solvent to the 
second receiver.  

 
7.) Bring to a final volume of 1.0 mL with Dichloromethane then use the vortex mixer to 

homogenize the extract.  
 

Note:  The MS and MSD should be concentrated to the same final volume as the 
unspiked aliquot of the QC sample (MSS). 

 
8.) Place the receiver in the metal rack in numeric order. 
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9.) Transfer the extract to a screw-top ‘ABC’ vial using a disposable, borosilicate glass 
pipette and cap the vial snugly. 

 
10.) Complete any remaining benchbook entries, LIMS prep entries, and prep review 

checklist. “Kill’ the batch and pass the signed benchbook and checklist to another 
extraction chemist for peer review. 

 
11.) Give the extracts directly to the 8270 analysts; they will place the extracts in a freezer 

at < -10°C for storage. 
 
CLEANUP  
Very dark or oily extracts may require GPC cleanup. Discuss this option with the Group Leader or 
Project Manager prior to beginning the cleanup procedure, as the client may not be willing to pay 
the additional cost. Concentrate the extract to 10mL, then GPC. See GPC SOP for procedure. If a 
cleanup procedure is performed on any sample in an extraction batch, the batch QC samples 
must undergo the same cleanup procedure.  
 
WASTE DISPOSAL 
After the extraction steps are completed, the spent sample and any waste solvent must be properly 
disposed. 
1.) Pour the dichloromethane in the extractor body into a separatory funnel to separate waste 

solvent from waste water. Make sure to pour out all of the dichloromethane, as excess 
dichloromethane in the waste water disposal drum is unacceptable and will result in 
increased waste disposal costs and liability.  

2.) Neutralize the extracted sample with sodium bicarbonate, then discard the sample by 
pouring into the plastic drum of dichloromethane-contaminated aqueous waste.  

3.) Extracts should be stored for a minimum of 40 days then transferred to the mixed-solvent 
waste drums. 

 
POLLUTION PREVENTION 
Prepare only sufficient standard and reagent volume that can be used within the expiration date, to 
reduce the volume of waste generated by the laboratory and to reduce production cost. 
 
DOCUMENTATION  

A.) Benchbooks:   Every extraction must be completely documented in the appropriate 
benchbook. Any changes must be made with a single line through the incorrect entry and 
initialed and dated by the chemist making the change. The benchbook entries must include 
the following: 
  Sample number, accompanied by the unique container identifier (A-> Z) 
  Initial sample volume 
  Final sample volume 
  LIMS S# and volume used for all surrogate and spike standards 
  Manufacturer and lot# for all solvents, reagents, and filters  
  Observations concerning unusual sample appearance, odor, behavior 

Errors during extraction (spilled, possibly double spiked, etc.) 
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B.) LIMS:   All extraction volumes and S# must be entered into the prep entry database. It is 
very important that the entries are accurate and complete, as LIMS uses these to calculate 
sample concentrations and spike results. 

C.) Peer Review:  The prep review checklist, benchbook entries and LIMS prep entry must be 
reviewed by another extraction chemist, an analyst, or Group Leader. The checklist and 
benchbook must be signed by the extraction chemist and the peer-reviewer. After 
completing the review, the peer-reviewer should scan the checklist, job sheets, and 
benchbook page into LIMS, attach the checklist to the LIMS job sheets, and file it in the 
‘Done’ box. 

 
REVISION HISTORY This is revision 18, revision 17 was changed as follows: 

• Minor language changes were made to improve clarity 
• References were updated 
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APPENDIX_1: 8270 WATER 
 EXTRACTION SUMMARY 
 
 
8270-1, 8270-2, 8100, 8060, 8040   see next page for TCLP  
Note: Samples to be analyzed for the LIMS product codes 8100, 8040, and 8060 can be extracted 
by either the '8270-1' or ‘8270-2’ procedure. 
 
Sample Volume: 1 Liter 
 
Extraction Solvent: Dichloromethane 
 
Extraction pH: for LIMS product = '8270-1'  (also for 8100, 8040, 8060, 8100) 
 One extraction only at a pH <2 
 
 for LIMS product = '8270-2':  
 Initial pH < 2  
 Secondary pH > 11 
  
Concentration Temperature: 70 - 80 °C 
 
Final Solvent:  Dichloromethane 
 
Final Volume:   1.0 mL 
 
 
Extract Cleanup:  GPC (optional - see GPC SOP for details) 
  GPC Initial Volume:  10. mL   
  GPC Final Volume:  0.5 mL 
 
Surrogate: 8270-SURR Add:  0.4 mL 
 B/N/A Surrogate mix @ 100 µg/mL  
 
Spike:  MSSVOASPIKE Add:  1.0 mL 
 Most targets @ 30/80/120 µg/mL  
 
  
 
Internal Standard: will be added by the 8270 analyst  
 SVOC I.S. @ 4,000 µg/mL Add: 5.0 µL 
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8270 TCLP 

EXTRACTION SUMMARY 
 
TCLP Leachates            
 
Leachate Volume: 1 L 
 
Extraction Solvent: Dichloromethane 
 
Final Solvent:  Dichloromethane 
 
Extraction pH: for LIMS product = '8270-2':  
 Initial pH < 2  
 Secondary pH > 11 
 
Concentration Temperature: 70 - 80 °C 
 
Final Volume: 10 mL per 1,000 mL of leachate  <-  important   
 
Surrogate:  8270-2 TCLP SUR Add:  0.70 mL 
 Surrogate mix @ 600 µg/mL  
 
Spike: TCLP ACID MIX (2,000 µg/mL) Add:  0.40 mL 
 TCLP B/N MIX (2,000 µg/mL) Add:  0.40 mL 
 
 
Internal Standard: Will be added by the 8270 analyst: Add: 10. µL 
 SVOC I.S. @ 4,000 µg/mL 
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APPENDIX_2: STANDARDS & REAGENTS 
 
Alternate supplies may be used so long as the resulting mix will contain all of the target compounds, 
are of equivalent quality and are NIST traceable. 
 
SOURCE STANDARDS   
Source standards are those purchased from a chemical manufacturer or vendor. For source 
standards, the LIMS name (or “S-name”) is unique to both the composition (compound list) of the 
standard and to the vendor of that standard. A new name must be assigned whenever the 
composition is changed or when the standard is obtained from a different vendor; the information 
must then be entered in the “Standard Definitions” table before the new standard is assigned an S#.  
 
Certificates of Analysis should be obtained from the vendor of each source standard; each standard 
should be traceable to NIST. Source standards usually have an expiration date set by the 
manufacturer. If no expiration date is listed, the expiration date is one year from date received. 
 
Enter the lot#, date received, and expiration date of each source standard into LIMS immediately 
upon receipt, using the Standards Menu “Standard Inventory”.  
 
Label the Certificate of Analysis with the LIMS S#, date received, and expiration date (if not already 
listed on vial) then keep the certificates on file; scan the certificates into LIMS under the S#. Label 
each vial with the contents, LIMS S#, and expiration date. Store in the freezer at -10 to -20°C. 
 

Analytes Concentration 
(ug/mL) 

Supplier & Catalog# LIMS S-Name 

Surrogate Sources    
B/N Surrogates 5,000 Restek 31086 HI_BNSURR 
Acid Surrogates 10,000 Restek 31087 HI_ACSURR 

    
Matrix Spike Sources    

Custom Mix 1  30 ug/mL Supelco Custom CUSTOM8270ICV1A 
Custom Mix 2 80 ug/mL Supelco Custom CSTM8270ICV2 
Benzoic Acid 120 ug/mL Supelco Cat# 47508-U 47508-U 

    
    
TCLP Matrix Spike Sources    

TCLP B/N Mix 2,000 Restek 31028 TCLP B/N MIX 
TCLP Acid Mix 2,000 Restek 31027 TCLP ACID MIX 
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Internal Standard:  The 8270 analyst will add 10.0 µL of SV Internal Standard Mix to each 1 mL of 
extract just prior to analysis. This standard is ordered from Restek (Catalog # 31006); the 
concentration of each compound is 4,000 µg/mL, in dichloromethane. 
 
WORKING STANDARDS   
Working standards are those prepared at C&T. For working standards, the LIMS S-name is not 
unique to the source standard vendor but is unique to the compound list and concentrations 
contained in the working standard; if the concentration or compounds in the working standard 
changes, a new S-name, compound list and concentrations must be entered in the “Standard 
Definitions” table before the standard is logged in and assigned an S#. It is very important to enter 
this information correctly, as LIMS uses this information to calculate spike and surrogate recoveries. 
 
Working standards expire 180 days after preparation from the source standards unless any of the 
source standards expire before the 180 days. If any of the source standards expire before the 180 
days, change the expiration date of the working standard to match the earliest expiration date of the 
stock standards. The expiration date of the working standard must not exceed the expiration 
date of any of the source standards from which it was made.  
 
In the Standards Benchbook, enter the prep date, LIMS S#, concentration, and volume of each 
source standard used, the LIMS S-name, final volume and concentration of the working standard, 
expiration date, and prep chemist’s initials.  
 
In LIMS, enter the prep chemist’s initials, prep date, and S# of all source standards used to make 
the working standard; LIMS will then assign a standard number (S#).  
 
Scan a copy of the prep log into LIMS under the S#, so the standard is fully traceable through the 
paperless system. 
 
Label the standards vials with the LIMS S# and the expiration date. Store all working standards in 
the freezer at -10 to -20°C. 
 
Procedure: 

1.) Prepare all working standards in a water-soluble solvent (MeOH or MeOH:Dicloramathane 
mix) using Class-A volumetric flasks, and the volumes and standards listed below. 

2.) Bring the source standards to room temperature before using them to make the working 
standards.  

3.) Place each standard’s ampule in the sonic bath rack and sonicate for about 5 minutes; this 
step is important to make sure all of the compounds are in solution!  

4.) Use the vortex mixer to homogenize each source standards then examine the vials to verify 
that the standards are completely in solution and that there is no visible precipitate. 

5.) Prepare the working standards using the solvent and standard volumes listed in the table 
below. 

6.) Cap and invert the flask at least 3 times to mix, allowing sufficient time for complete mixing 
with each inversion. 
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7.) Have the new standard analyzed and approved PRIOR TO USE! Keep the results of these 
checks on file. 

 
Working Standard  
& Conc. (μg/mL) 

Final Volume 
(mL) 

Using  
Source Std 

Add Vol (mL)  
Source Std 

LIMS  
S-Name 

500 HI_BNSURR 10.0 8270-SURR 8270 Surrogates @  
100 ug/mL  HI_ACSURR 5.0  

     
100 CUSTOM8270ICV1A 3.0 MSSVOASPIKE 8270 Matrix Spike Mix 

40ug/L B/N, 80ug/L Acids  CSTM8270ICV2 8.0  
  47508-U 6.0  
     
     

100 8270ANILINE 2.5 ANILINES Aniline (Supplementary) Mix  
@ 50 ug/mL  ANILINE 1.0  

     
 
 

Working Standard  
& Conc. (μg/mL) 

Final Volume 
(mL) 

Using  
Source Std 

Add Vol (mL)  
Source Std 

LIMS  
S-Name 

100 HI_BNSURR 12.0 8270-2 TCLP SUR TCLP Surrogate Mix 
@ 600 ug/mL   HI_ACSURR 6.0  

     
TCLP Matrix Spikes Use the TCLP Matrix Spike Source Standards undiluted 

     
 
8270 Notes:  Surrogate and Spike standards are at slightly less than one-half of the concentration 
specified in SW-846, due to the limited linear range of current instrumentation and lower reporting 
limits currently required by C&T clients. 
 
REAGENTS    
The preparation of all reagents, including dilutions into Millipore DI water, must be documented in 
the reagent prep benchbook. Each prepared reagent must be assigned a unique ID, based on the 
manufacturer and the date prepared. Each reagent received from an outside vendor should be 
labeled with the receipt date and expiration date. 
 
Dichloromethane (MeCl2), EM Science, Omni-Solv grade, VWR Cat# TXDX0837-39CUT 
Store at room temperature for up to 1 year. 
 
Sodium Hydroxide (NaOH), 50%, JT Baker, Catalog # 3727-03 
Store at room temperature for up to 1 year. 
 
Sodium Sulfate, Granular Anhydrous, EM Science 99.0%,  
VWR Cat# EM-SX0760-20  
Store at room temperature for up to 1 year. Kiln-bake at 400°C for 4 hours, then cool in desiccator. 
Rinse with dichloromethane prior to use. 



SOP Volume: Organic Extractions Curtis & Tompkins, Ltd. 
Section:  2.2.7 
Page:  20  of  21 
Revision:  18  Number:  1 of  1 
Effective:  November 15, 2010
Filename: F:\qc\sop\xlab\8270_3520_rv18.doc 
 

This SOP contains information that may only be disseminated to C&T staff, clients, and regulators. 

 

 
Sulfuric Acid (H2SO4), Concentrated, 90.5-92.7% by volume,  
JT Baker, VWR catalog # JT9691-3 
Store in a Corrosives cabinet for up to 2 years. 
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APPENDIX_3: CALCULATIONS 
 
 
Make a Working Standard from a Source (Stock) Standard: 
Determine the volume of source standard needed to make a given volume of working standard: 
 

Vss (mL)  =  Vws * Cws / Css 
 

Where: Vss   =  Volume of Source Standard (mL) needed to make Working Standard 
 Vws  =   Final Volume (mL) of Working Standard  
 Cws  =   Final Concentration (ug/mL) of the Working Standard 
 Css  =   Concentration (ug/mL) of the Source Standard 

 
Note: If the volume to be added is less than 1ųL, make an intermediate dilution by diluting the 
source standard 1:10 (1mL + 9 mL), then use 10 times as much of this intermediate. For example, if 
you need to add 0.3 ųL of the source standard, dilute 1.0mL of the source standard into 9mL of the 
solvent, then use 3.0 ųLof this dilution to make your final working standard. 
 
 
Spiking Batch QC for Waters 
Use the following to determine the volume to be used for spiking MDL’s or if a client requests that 
batch QC be spiked at a different level: 
 

Vws (mL)  =  Cf / (Cws * pdf  * 1000) 
  

Where: Vws  =   Volume (mL) of Working Standard to use for spike 
 Cf     =   Final Concentration in sample (ug/L) 
 Cws  =  Concentration (ug/mL) of the Working Standard 
 Pdf   =   Final Volume of Extract (mL) / Initial Volume of Sample (mL) 

 
 
Spiking Batch QC for Soil 
Use the following to determine the volume to be used for spiking MDL’s or if a client requests that batch 
QC be spiked at a different level: 
 

Vws (mL)  =  Cf / (Cws * pdf  * 1000) 
  

Where: Vws  =   Volume (mL) of Working Standard to use for spike 
 Cf     =   Final Concentration in sample (ug/Kg) 
 Cws  =  Concentration (ug/mL) of the Working Standard 
 pdf   =   Final Volume of Extract (mL) / Initial Mass of Sample (g) 
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Polynuclear Aromatic Hydrocarbons (PAH) and 1,4-Dioxane by 

EPA 8270-SIM 
 

SCOPE 
This analysis is only to be performed by analysts who are familiar with, and fully qualified to 
perform, the normal 8270 analysis of methylene chloride extracts of soil and water samples, as 
this document is only a summary of the critical volumes and steps. 
 
Methylene chloride extracts are analyzed by a Selected Ion Monitoring (SIM) procedure based 
on EPA 8270. Using SIM, the detector collects information for only those ions expected in the 
target analytes and does not do a full scan. Library searches cannot be performed on the 
resulting data and background contaminants, particularly heavy hydrocarbons, can readily 
contribute false positives and/or a high bias; see the “Discussion” section below for futher 
details. 
 
The standard PAH reporting limits for this procedure are 0.1 ug/L for water samples and 5 ug/Kg 
for soil samples; see Appendix_1 for compound list. The standard 1,4-Dioxane reporting limit is 
1 ug/L for water samples and 50 ug/Kg for soil samples.  
 

REFERENCES 
Extraction Methods: 
EPA 3500B, Organic Extraction and Sample Preparation, SW-846, Update 3, Dec.1996 
EPA 3520C, Continuous Liquid-Liquid Extraction, SW-846, Update 3, Dec.1996 
EPA 3550B, Sonication Extraction, SW-846 Update 3, Dec. 1996 
 
Optional Cleanup Method: 
EPA 3640A, Gel-Permeation Cleanup, SW-846, Update 3, Dec.1996 
 
Analysis Method: 
EPA 8270C, Semivolatile Organics by GC/MS, SW-846, Update 3, Dec.1996 
EPA 8270D, Semivolatile Organics by GC/MS, SW-846, Revision 4, February 2007 
 
Volume 1, TNI Standard, EL-V1-2009, September 2009 
DoD Quality Systems Manual, Rev 4.2 October 2010 
 

PRESERVATION & HOLDING TIMES 
Water:  Preservation:  No chemical preservative. Store at < 4ºC. 

Holding Times: 7 days from sample collection until extraction. 
    40 days from extraction until analysis. 
 
Soil: Preservation:  Store at 4°C. 

Holding Time: 14 days from sample collection until extraction. 
    40 days from extraction until analysis. 
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DISCUSSION 
A common misconception is that 8270-SIM is a method guaranteed to achieve positive 
compound identification with much lower reporting limits for the PAH’s than either normal 8270 
or the HPLC method 8310. For relatively clean samples this is often true, however the data user 
should be aware that there are significant matrix interferences that may contribute to both higher 
reporting limits and false positive results. 
 
In GC-MS methods, the detector bombards the compounds with electrons as the compounds 
exit the GC column. This splits the target compounds into ions that have mass:charge 
abundances in characteristic ratios. If there are enough other types of molecules, various 
versions of alkanes (not just straight chain) for example, other ions may also be produced. 
 
For the GC/MS  “Scan Mode”, which is used for a normal 8270 analysis, the detector scans 
linearly across every ion mass in the range (35 – 450 m/z). This mode allows compounds to be 
identified by pattern recognition and quantified by the abundance of the characteristic ions. 
 
For the GC/MS “SIM mode”, which is the acronym for “Selected Ion Monitoring”, the detector 
scans only for a limited number of ions, thus spending more time at each mass allowing the 
detector to pick up ions occurring at lower abundances (concentrations); more time equals a 
greater chance to gather a significant and quantifiable signal.  
 
The limitation of the SIM method is that, by looking only for specific ions, the pattern-recognition 
capabilities of the GC-MS are limited to determining that those ions characteristic of the target 
compounds are either present at quantifiable levels or are not present. If the ions are present, 
the target compound must be quantified and reported the hit; there is no information on other 
masses that would allow assessment of any contributions from background hydrocarbons or 
other non-target interferents.  
 

QC REQUIREMENTS & PROCEDURE 
The calibration, batch QC, and daily sequence requirements and acceptance criteria are 
essentially the same as for the full-scan 8270 analysis. A Performance Evaluation Mix (PEM) is 
not required because this analysis does not include thermally labile compounds. Note: For DoD 
project sample analyses it is required to analyze the PEM. If C&T does not receive a variance 
from the DoD client, the PEM will be analyzed for project sample analyses. These requirements 
are outlined below: 
 

Initial Calibration: 
DFTPP tune standard precedes curve & meets SW-846 8270 m/z ratio requirements 
Curve consists of at least 5 points bracketing the quantitation range. 
If using quadratic regression/ equation must use at least 6 points. 
Each compound must meet the minimum relative response factor in Appendix 8 
%RSD < 30% for all compounds before using a curve 
Average response factor must be < 15% or linear/ quadratic regression must be used. 
Linear or Quadratic regression Coefficient of Determination (COD or r2) must be > 0.99  
 
Initial Calibration Verification (ICV): 
ICV, obtained from a second manufacturer, follows ICAL and precedes samples. 
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ICV must meet CCV acceptance criteria. 
 
Continuing Calibration Verification (CCV): 
DFTPP tune standard run at beginning of each 12-hour tune-shift & SW-846 8270 m/z ratio 
requirements 
CCV run at beginning of each 12-hour tune shift, following a DFTPP tune standard. 
CCV levels varied within calibration range, not just at mid-point (NELAC requirement) 
Minimum relative response factor (Appendix 8) must be met.  Two exceptions are allowed, 
but all compounds must at least have a RF of  0.01. 
%D < 20% for all compounds of concern. 
No more than 20% of the full compound list may fail %D, all compounds must meet 
minimum response.   
Retention times of the internal standards must be within 0.5min of the RTs seen in the 
midpoint of the initial calibration.   
Internal standard response must be 50% to 200% of that seen in the midpoint of the initial 
calibration. 
Sufficient resolution between isomeric pairs must be demonstrated to report the isomers 
individually.  Sufficient resolution between two peaks is achieved if the height of the valley 
between the two peaks is less than 50% of the average of the two peak heights.   
 
Internal Standards (same as full 8270): 
Added to every standard, sample, and batch QC sample: 
 
 1,4-Dichlorobenzene-d4  Naphthalene-d8  
 Acenaphthene-d10 Phenanthrene-d10  
 Chrysene-d12  Perylene-d12. 
 
Retention time of the internal standards must be + 0.5 minutes from the CCV.  
Area of each internal standard must fall between 50-200% of the CCV.  
 
Batch QC: 
Method blank, laboratory control sample (LCS), matrix spike (MS) and matrix spike duplicate 
(MSD) is extracted and analyzed with each batch. If insufficient sample volume was 
submitted to extract an MS/MSD, a blank spike (BS) and blank spike duplicate (BSD) is 
extracted in place of the LCS/MS/MSD. 
 
Method blank must be “ND” at the reporting limit and the LCS or BS/BSD must meet 
acceptance criteria. If either of these criteria is not met, corrective action must be taken. 
Control limits generated semi-annually, based on control charts of the previous year’s data. 
See the associated SOP Table “8270-SIM QC Limits” for current in-house limits. 
 
Qualitative Analysis: 
See Appendix_6 for the ions monitored for each compound and the associated internal 
standards. Target analyte retention time and ion-ratio criteria are the same as for full 8270. 
 
All surrogates must pass control chart limits unless obvious matrix interference is present.  If 
interference is visible in the chromatogram surrogate failure can be reported without further 
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analysis.  If matrix is not clearly biasing the surrogate recovery corrective action must be 
taken. 
 
For samples with high level hits a clean instrument blank, or equivalent, must be analyzed to 
insure against carryover before subsequent runs in the sequence can be reported.  If an 
instrument blank is not run, but the next sample is ND to the MDL for the saturating 
compound(s) it may serve as an "instrument blank" and the following samples in the 
sequence can be reported.   

 

POLLUTION PREVENTION 
The split vent and septum purge lines are directed through a carbon trap in order to reduce 
solvent emissions into the laboratory. 
 

WASTE DISPOSAL 
Sample extracts should be kept in the freezer at < -10°C for at least 40 days after extraction. 
The extracts, and any expired standards, should then be transferred to the lab’s “Chlorinated 
Solvents” waste stream for proper disposal. 
 

CALCULATIONS 
Sample quantitation and batch QC results are calculated in the same manner as for the full-
scan 8270 analysis. 
 

REVISION HISTORY  
This is revision 4 of this SOP. Revision 3 was modified as follows: 
• Reference section the following was added: Volume 1, TNI Standard, EL-V1-2009, September 

2009 and DoD Quality Systems Manual, Rev 4.2 October 2010 
• Note: For DoD project sample analyses, it is required to analyze the PEM. If C&T does not 

receive a variance from the DoD client, the PEM will be analyzed for project sample 
analyses. 
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APPENDIX_1: 8270-SIM TARGET COMPOUNDS 
With Standard C&T Reporting Limits 

 
Polynuclear Aromatic Hydrocarbons (PAH) 

EPA 8270-SIM 
     
CAS # Compound Water RL 

μg/L 
 Soil RL

μg/Kg
83-32-9 Acenaphthene 0.1  5
208-96-8 Acenaphthylene 0.1  5
120-12-7 Anthracene 0.1  5
56-55-3 Benzo(a)anthracene 0.1  5
50-32-8 Benzo(a)pyrene 0.1  5
205-99-2 Benzo(b)fluoranthene 0.1  5
207-08-9 Benzo(k)fluoranthene 0.1  5
191-24-2 Benzo(g,h,i)perylene 0.1  5
218-01-9 Chrysene 0.1  5
53-70-3 Dibenz(a,h)anthracene 0.1  5
206-44-0 Fluoranthene 0.1  5
86-73-7 Fluorene 0.1  5
193-39-5 Indeno(1,2,3-cd)pyrene 0.1  5
91-20-3 Naphthalene 0.1  5
85-01-8 Phenanthrene 0.1  5
129-00-0 Pyrene 0.1  5
    
Additional Compounds (may be added to the compound list): 
90-12-0 1-Methylnaphthalene 0.1  5
91-57-6 2-Methylnaphthalene 0.1  5
     
Surrogates: 
321-60-8 2-Fluorobiphenyl    
4165-60-0 Nitrobenzene-d5    
1718-51-0 Terphenyl-d14    

 
 

1,4-Dioxane by EPA 8270-SIM 
     

CAS # Compound Water RL 
μg/L 

 Soil RL
μg/Kg

    
123-91-1 1,4-Dioxane 1  50
     
Surrogates: 
321-60-8 2-Fluorobiphenyl    
4165-60-0 Nitrobenzene-d5    
1718-51-0 Terphenyl-d14    
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APPENDIX_2: SOURCE & WORKING STANDARDS 
 
SOURCE STANDARDS           
Source standards are those purchased from a chemical manufacturer or vendor. For source 
standards, the LIMS S-name is unique to both the composition (compound list) of the standard 
and to the vendor of that standard. A new S-name must be assigned whenever the composition 
is changed or when the standard is obtained from a different vendor; the information must then 
be entered in the “Standard Definitions” table before the new standard is assigned an S#. If you 
need more details, log into the LIMS browser; follow the ‘LAB MENU’ link and click on the “New 
Standards System (March 2005)” link for details on the system. 
 
Certificates of Analysis should be obtained from the vendor of each source standard; the 
certificates should be labeled with the LIMS ID and the date received and filed in the 3-ring 
binder. Source standards usually have an expiration date set by the manufacturer. If no 
expiration date is listed, the expiration date is one year from date received. Label each vial with 
the contents, LIMS S#, and expiration date.  
 
When standard ampules are opened and used, excess volume should be transferred to a 2mL 
screw-cap vial and retained for no more than six months. Store all standards in the standards 
freezer between -10 and -20°C; do not store standards in the same freezer as samples or 
extracts. 
 

Source Standards 
Analytes Concentration 

(ug/mL) 
Supplier & Catalog# LIMS SS Name 

PEM / DFTPP 1,000 Restek # 31615 31615 
Internal Standards Mix 4,000 Restek # 31006 SVOC IS 
PAH + Surrogates 200 Supelco # 20823206 CSTMSIMICV 
1,4-Dioxane  2,000 Supelco # 4-8367 4-8367 
    

 
Alternate Source Standards 

Analytes Concentration 
(ug/mL) 

Supplier & Catalog# LIMS SS Name 

PAH + Surrogates 200 Accustd # S-14764-R2 S-14764-R2
1,4-Dioxane 100 Accustd # APP-9-096 APP-9-096 
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WORKING STANDARDS PREPARATION   
Working standards are those prepared at C&T, which should be prepared in Class-A volumetric 
flasks. For working standards, the LIMS S-name is not unique to the source standard vendor but 
is unique to the compound list and concentrations contained in the working standard; if the 
concentration or compounds in the working standard changes, a new S-name, compound list 
and concentrations must be entered in the “Standard Definitions” table before the standard is 
logged in and assigned an S#. It is very important to enter this information correctly, as LIMS 
uses this information to calculate spike and surrogate recoveries. 
 
The benchbook entry should include: 

 prep date and initials of the analyst making the standard,  
 LIMS S#, concentration, and volume of each Source Standard used,  
 solvent name, volume, and lot#, and  
 final volume, concentration, and expiration date of the new Working Standard.  

 
Label the standards vials with the LIMS S# and the expiration date. 
 
Working standards expire 180 days after preparation from the source standards unless any of 
the source standards expire before the 180 days. If any of the source standards expire before 
the 180 days, change the expiration date of the working standard to match the earliest 
expiration date of the stock standards. The expiration date of the working standard must not 
exceed the expiration date of any of the source standards from which it was made. Aliquots 
are taken from the standard vial daily and this aliquot is used for only one day before being 
discarded. Store all working standards in a freezer between -10 and -20°C; do not store 
standards in a freezer containing samples or extracts.  
 
Expired standards may be used for trouble-shooting or method development so long as each 
standard vial is clearly marked “expired” and stored in a well-marked tray containing only 
expired standards.  
 

Standard & 
Conc. (μg/mL) 

Final Volume 
(mL) in MeCl2 

Using 
Source Std 

Add Vol (μL) 
Source Std 

LIMS 
S- Name 

PEM / DFTPP 50µg/mL 20. 31615 1,000 PEM/DFTPP 
  MeCl2 19,000  
     

Internal Std 100µg/mL 5.0 SVOC IS 125 IS100PPM 
  MeCl2 4,875  
     

PAH 20µg/mL  
+ 1,4-Dioxane 100µg/mL 
+ Surrogates 20µg/mL 

10. 4-8367 500 PAHSTOCK20/100
 CSTMSIMICV 1,000  
 MeCl2   

     
ICV: PAH  1 µg/mL 
+ 1,4-Dioxane 10 µg/mL 
+ Surrogates 1 µg/mL 

1.8 S-14764-R2 9.0 SIMICV-S10/1 
 APP-9-096 180.0  
 IS100PPM 18.0  

  MeCl2 1611  
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8270-SIM  
Initial Calibration Standards 

ICAL Standard & 
Conc. (µg/mL) 

Final Volume (mL) Using Std Add Vol (μL)  
Source Std 

LIMS  
S- Name 

ICAL 0.1 / 0.5 1.8 PAHSTOCK20/100 9.0 SIMICAL-S1 
  IS100PPM 18.0  
  MeCl2 1,791  
     

ICAL 0.2 / 1.0 1.8 PAHSTOCK20/100 18.0 SIMICAL-S2 
  IS100PPM 18.0  
  MeCl2 1,782  
     

ICAL 0.5 / 2.5 5.4 PAHSTOCK20/100 135. SIMICAL-S3 
  IS100PPM 54  
  MeCl2 5,265  
     

ICAL 1.0 / 5.0 5.4 PAHSTOCK20/100 270. SIMICAL-S4 
  IS100PPM 54.0  
  MeCl2 5,130  
     

ICAL 2.0 / 10. 5.4 PAHSTOCK20/100 540. SIMICAL-S5 
  IS100PPM 54.0  
  MeCl2 4,860  
     

ICAL 5.0 / 25. 1.8 PAHSTOCK20/100 450 SIMICAL-S6 
  IS100PPM 18.0  
  MeCl2 1,350  
     

ICAL 10 / 50 1.8 PAHSTOCK20/100 900 SIMICAL-S7 
  IS100PPM 18.0  
  MeCl2 900  
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APPENDIX_3: DILUTIONS 
 
Dilutions should be prepared so that the concentration of the highest target analyte falls in the 
upper half of the calibration curve. 
 
Let the extracts warm to room temperature then:  
 
If a 2x dilution is required, dilute a 100μL aliquot of extract with 100μL methylene chloride in an 
insert, add 2uL of internal standard solution, and seal the vial with a crimp cap. 
 
If the required dilution is >2x, dilute an aliquot of the extract to a total volume of 500uL in an 
autosampler vial, add 5µL internal standard solution and seal the vial with a crimp cap. See 
table below for appropriate volumes. 
 
Shake the dilution and invert 3 times to mix. 
 
 

Dilution 
Factor 

Extract Volume 
(μL) 

MeCl2 Volume 
(μL) 

   
2 100 100 
5 100 400 

10 50 450 
20 25 475 
50 10 490 

100 5 495 
200 2.5 497.5 
250 2 498 
500 1 499 

1,000 1 999 
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APPENDIX_4: INSTRUMENT CONDITIONS 
 
These parameters are based on the March 2008 parameters for BNA03 but should be similar 
across instruments. The parameters may change at the analyst's discretion to optimize 
instrument performance. Changes are documented in the instrument maintenance log. 
 
Column: Restek RXI-5silMS (30m x 250 µm x 0.5 µm) 
Injection Volume:  1 uL 
 
Temperature Program: 
 Injector Temperature:  270 ºC 
 Detector Temperature:  300 ºC 
 Oven Temperature Program: 
  Initial  40 ºC for 3.0 min 
  Ramp 1 23 ºC/min to 100 ºC 
  Ramp 2 16 ºC/min to 124 ºC 
  Ramp 3 19 ºC/min to 340 ºC 
  Final Time 2.77 min 

 
Injector Flow: 

Mode:    Pulsed Splitless 
  Pressure:   16.18 psi (on) 
  Pulse pressure:  30.0 psi 
  Pulse time:  0.70 min 
  Purge flow:  30.0 min 
  Purge time  0.69 min 
  Total flow:  34.6 min 
 
Column Flow: 
   

Mode:   constant flow 
  Initial Flow:  2.0 mL/min 
  Initial Time:  0 min 
  Initial Pressure:  16.19 psi 
 
Detector: 

Solvent Delay:  3.66 min 
MS Quad:  150 °C 
MS Source:  230 °C 
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APPENDIX_5: MONITORED-ION GROUPING 
 
The “Group Start Time” listed below is based on the June 2003 instrument parameters for BNA-
03 and may be slightly different for other instruments. All other parameters should be the same 
across instruments.  
 
SIM Group 1: 

Resolution: Low 
Group Start Time: 0 min 
Plot1 Ion: 88.00 
Ions/ Dwell (in group): Mass 88.00 
 msec 100  

SIM Group 2: 
Resolution: Low 
Group Start Time: 3.67 min 
Plot1 Ion: 57.10 
Ions/ Dwell (in group): Mass 57.1 58.1 88.0 
 msec 100 100 100 

SIM Group 3: 
Resolution: Low 
Group Start Time: 6.0 min 
Plot1 Ion: 115.0 
Ions/ Dwell (in group): Mass 115.0 151.9  
 msec 100 100 

SIM Group 4: 
Resolution: Low 
Group Start Time: 8.0 min 
Plot1 Ion: 54.1 
Ions/ Dwell (in group): Mass 54.1 68.1 82.1 127.0 128.0 127.0 136.0 
 msec 15 15 15 15 15 15 15 

SIM Group 5: 
Resolution: Low 
Group Start Time: 9.8 min 
Plot1 Ion: 142.0 
Ions/ Dwell (in group): Mass 141.0 142.0 171.0 172.1  
 msec 50 50 50 50  

SIM Group 6: 
Resolution: Low 
Group Start Time: 11.0 min 
Plot1 Ion: 152.0 
Ions/ Dwell (in group): Mass 151.0 152.0 153.0 154.0 160.1 162.1 164.1 
 msec 15 15 15 15 15 15 15 
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SIM Group 7: 

Resolution: Low 
Group Start Time: 12.0 min 
Plot1 Ion: 165.0 
Ions/ Dwell (in group): Mass 165.0 166.0 167.0 
 msec 50 50 50 

SIM Group 8: 
Resolution: Low 
Group Start Time: 13.0 min 
Plot1 Ion: 178.0 
Ions/ Dwell (in group): Mass 80.1 94.1 176.0 178.0 179.0 188.1  

 msec 15 15 15 15 15 15  
SIM Group 9: 

Resolution: Low 
Group Start Time: 14.5 min 
Plot1 Ion: 202.0 
Ions/ Dwell (in group): Mass 101.0 122.1 200.0 202.0 203.0 212.1 244.2 

 msec 15 15 15 15 15 15 15 
SIM Group 10: 

Resolution: Low 
Group Start Time: 16.4 min 
Plot1 Ion: 228.0 
Ions/ Dwell (in group): Mass 120.1 226.0 228.0 229.0 236.1 240.1 
 msec 15 15 15 15 15 15 

SIM Group 11: 
Resolution: Low 
Group Start Time: 17.8 min 
Plot1 Ion: 252.0 
Ions/ Dwell (in group): Mass 125.0 252.0 253.0 
 msec 50 50 50 

SIM Group 12: 
Resolution: Low 
Group Start Time: 18.43 min 
Plot1 Ion: 252.0 
Ions/ Dwell (in group): Mass 125.0 252.0 253.0 260.1 264.1 265.1  
 msec 15 15 15 15 15 15 
 

SIM Group 13: 
Resolution: Low 
Group Start Time: 19.3 min 
Plot1 Ion: 276.1 
Ions/ Dwell (in group): Mass 138.0 139.0 227.0 276.1 277.1 278.1 279.0 
 msec 15 15 15 15 15 15 15 
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APPENDIX _6:  MONITORED IONS & INTERNAL STANDARD ASSIGNMENT 
 
Internal Standard    Related Compounds 
 
1.) 1,4-Dichlorobenzene-d4   compounds 1-2 
3.) Naphthalene-d8    compounds 3-7 
8.) Acenaphthene-d10   compounds 8-12 
13.) Phenanthrene-d10   compounds 13-16 
17.) Chrysene-d12    compounds 17-21 
22.) Perylene-d12    compounds 22-28 
 
Compound CAS Number     Primary Ion       Secondary Ion(s) 
 
1.) * 1,4-Dichlorobenzene-d4  3855-82-1 152  150 115  
2.) 1,4-Dioxane  123-91-1   
 
3.) * Naphthalene-d8 1146-65-2 136 68  
4.) $ Nitrobenzene-d5 4165-60-0 82 128 54  
5.) Naphthalene 91-20-3 128     129 127  
6.) 2-Methylnaphthalene  91-57-6 142 141  
7.) 1-Methylnaphthalene  90-12-0 142 141 
 
8.) * Acenaphthene-d10 15067-26-2 164  162 160  
9.) $ 2-Fluorobiphenyl 321-60-8 172  171  
10.) Acenaphthylene 208-96-8 152 151 153  
11.) Acenaphthene  83-29-9 154 153 152 
12.) Fluorene 86-73-7 166 165 167  
 
13.) * Phenanthrene-d10 1517-22-2 188 94 80  
14.) Phenanthrene 85-01-8 178 179 176  
15.) Anthracene 120-12-7 178  179 176  
16.) Fluoranthene  206-44-0 202  101 203  
17.) Pyrene  129-00-0 202 200 203  
 
18.) * Chrysene-d12 1719-03-5 240 120 236  
19.) $ Terphenyl-d14 1718-51-0 244 122 212  
20.) Benzo(a)anthracene      56-55-3 228  229 226  
21.) Chrysene 218-01-9 228 226 229  
 
22.) * Perylene-d12 1520-96-3 264  260 265  
23.) Benzo(b)fluoranthene 205-99-2 252  253 125  
24.) Benzo(k)fluoranthene 207-08-9 252  253 125  
25.) Benzo(a)pyrene 50-32-8 252  253 125  
26.) Indeno(1,2,3-cd)pyrene  193-39-5 276  138 277  
27.) Dibenz(a,h)anthracene   53-70-3 278  139 279  
28.) Benzo(g,h,i)perylene    191-24-2 276  138 277 
 
* Internal standard compound 
$ Surrogate compound 
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APPENDIX _7:  DFTPP TUNING 
 

DFTPP Key Ions and Ion Abundance Criteria 
8270C Semivolatile Organics by GC/MS 

 
  

  
Mass Ion Abundance Criteria 

  

51 30.0% to 60.0 % of mass 198 

68 < 2.0% of mass 69 

69 (reference only) 

70 < 2.0% of mass 69 

127 < 40.0% to 60.0% of mass 198 

197 < 2.0% of mass 198 

198 Base peak, 100% relative abundance 

199 5.0% to 9.0% of mass 198 

275 10.0% to 30.0% of mass 198 

365 > 1.0% of mass 198 

441 Present but less that mass 443 

442 > 40.0% of mass 198 

443 17.0% to 23.0% of mass 442 

 
 
Tune acceptance is based on an average of three consecutive scans at the apex with 
background subtraction. If the DFTPP does not pass using these options, another DFTPP 
should be analyzed. If that also fails, instrument maintenance should be performed to correct 
the problem. No sample data associated with a failing tune standard may be reported. 
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APPENDIX_8: 

MINIMUM RESPONSE CRITERIA 
 

Compound  Minimum Response Factor
   
1,4-Dioxane  0.01 
Naphthalene  0.7 
1-Methylnaphthalene  0.4 
2-Methylnaphthalene  0.4 
Acenaphthylene  0.9 
Acenapthene  0.9 
Fluorene  0.9 
Phenanthrene  0.7 
Anthracene  0.7 
Fluoranthene  0.6 
Pyrene  0.6 
Benzo(a)anthracene  0.8 
Chrysene  0.7 
Benzo(b)fluoranthene  0.7 
Benzo(k)fluoranthene  0.7 
Benzo(a)pyrene  0.7 
Indeno (1,2,3,-cd)pyrene  0.5 
Dibenz(a,h)anthracene  0.4 
Benzo(g,h,i)perylene  0.5 
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ALKALINITY 

SMWW 18:2320B / EPA 310.1 
 
SCOPE:  
Alkalinity in water is measurement of its acid neutralizing capacity. The measured value may 
vary significantly with the endpoint pH employed.  Alkalinity is a measure of an aggregate 
property of water and can be interpreted in terms of specific substances only when the chemical 
composition of sample is known. Because the alkalinity of many waters is primarily a function of 
carbonate, bicarbonate, and hydroxide content, it is taken as an indication of the concentration 
of these constituents. The measured values also may include contributions from borates, 
phosphates, silicates, or other bases. Alkalinity in excess of alkaline earth metal concentrations 
is significant in determining the suitability of water for irrigation.  
 
This SOP covers the method for determining alkalinity in water samples by the titration method. 
The reporting limit for this procedure, using a 100mL sample aliquot, is 1.0 mg/L. 
 
Soil samples are not normally analyzed for Alkalinity, however if a client does request it, the 
sample is extracted with DI water and the resulting extract is analyzed following the water 
procedure (see Appendix_5). The reporting limit for soil is 2 mg/Kg. 
 
REFERENCES:  
Analytical Methods: 
SMWW 18:2320B, Standard Methods for the Analysis of Water and Wastewater, 18th Ed. 
EPA 310.1, Methods for Chemical Analysis of Water and Wastes, EPA 600/4-79-020 
ASTM D-513 and D-514, Annual Book of ASTM Standards, 1987, Volume 11.01 
 
Additional SOPs and guidance documents: 
NELAC Chapter 5, Quality Systems, June 2003 
DoD Quality Systems Manual, Version 4.1, April 2009 
DoE Quality Systems Manual, Version 2.2, Oct.2006 
C&T SOP QA 1.4, Balance Calibration Check & Maintenance 
C&T SOP QA 1.6, Pipette Calibration Check Procedures 
C&T SOP QA 4.1, Establishing Control Limits 
C&T SOP QA 4.4, Determining Method Detection Limits (MDL) 
 
SAMPLE PRESERVATION & HOLDING TIME: 
Preservation:  Store at 4 C. 
Holding Time:  14 days 
 
SAFETY: 
The sulfuric acid used in this procedure is a strong acid that will cause injury if allowed to 
contact human tissue. Use care when handling this reagent. Assume all samples contain 
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hazardous and/ or potentially toxic materials; gloves and safety glasses should be worn at all 
times while handling samples. 
 
QC REQUIREMENTS:  
A method blank (MB), laboratory control sample (LCS), matrix spike (MS), and matrix spike 
duplicate (MSD) must be analyzed for each batch of 20 samples or less. If the total alkalinity 
concentration in the method blank exceeds the reporting limit, the entire batch must be 
reanalyzed. If the recovery for the laboratory control sample is outside the acceptance limits, the 
entire batch must be reanalyzed. 
 

MB  < reporting limit 
LCS  90-110% recovery  
MS/MSD  80-120% recovery,  < 25% RPD 

 
Note:  The QC limits listed above are not specified in the method or based on control limits but 
are based on historical PT acceptance limits, because analysis is extremely technique 
dependent  
 
INTERFERENCES: 
Oil & grease, soaps, or suspended solids may coat the electrode and cause sluggish response. 
If these types of samples are analyzed, the electrode should be regularly cleaned and additional 
time allowed for the electrode to come to equilibrium. Dissolved CO2 may also contribute to the 
alkalinity, so avoid vigorous shaking or mixing of the sample, or unnecessarily leaving it open to 
the atmosphere. 
 
EQUIPMENT: 
pH Meter, VWR Symphony SB80PI wit Thermo 9107BNMD probe 
magnetic stirrer and Teflon stir bars 
graduated centrifuge tubes 
50mL Digital Buret-III from BRAND GMBH 
50mL beakers, plastic, disposable 
250mL beakers, plastic, disposable 
100mL graduated cylinder, Class-A 
50mL graduated cylinder, Class-A 
Desiccator  
Desiccant, 10-20 mesh, VWR Catalog # 22891-083, or similar 
 
Different equipment may be used at the analyst’s discretion so long as they meet the analytical 
and QA/QC requirements. 
 
Note:  Desiccant should not be used if it appears more pink than blue (indicating that it has 
become saturated with water). Regenerate the desiccant by placing a thin layer of it in a shallow 
pan in an oven at exactly 230°C for 1 ½ to 2 hours. The regenerated desiccant will be a softer 
blue than when received from the vendor. 
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PROCEDURE:    
 
1.) Check the unpreserved samples out of the coldroom and let them come to room 

temperature. 
 
Prepare the Batch QC: 
 
2.) Method Blank (MB): Prepare a method blank with every batch of 20 or fewer samples to 

demonstrate that the glassware and reagents are not contaminated and contributing a high 
bias to the reported results. 
 
Use a Class-A graduated cylinder to measure 100 mL of deionized water into a clean 
250mL beaker.  

 
3.) Laboratory Control Sample (LCS), 200mg/L Na2CO3: Prepare an LCS with every batch of 20 

or fewer samples to demonstrate that the laboratory can produce accurate results in the 
absence of matrix interferences. 

 
2.1) Use a Class-A graduated cylinder to measure 25 mL of deionized water into a clean 

50mL beaker.  
 
2.2) Use a graduated pipette to add 5.0mL of the 1,000ppm sodium carbonate to the 

deionized water. 
 
2.3) Swirl to mix. 
 
2.4) Enter “25.0” as the sample volume in the benchbook. 

 
4.) Matrix Spike (MS), 200mg/L Na2CO3: Prepare a matrix spike with every batch of 20 or fewer 

samples to demonstrate the accuracy (recovery) of the procedure on real-world samples, in 
the presence of potential matrix interferences.  

 
3.1) Choose a sample for batch QC so that matrix QC is rotated throughout the laboratory's 

clients and so that no one client's samples predominate over a period of time. 
 
3.2) Use a Class-A graduated cylinder to measure 25 mL of the sample into a clean 50mL 

beaker.  
 
3.3) Add 5.0mL of the 1,000 mg/L sodium carbonate to a 25mL aliquot of the selected 

sample.  
 

3.4) Swirl to mix thoroughly. 
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5.) Matrix Spike Duplicate (MSD), 200mg/L Na2CO3: Prepare a matrix spike duplicate with 
every batch of 20 or fewer samples to demonstrate both the accuracy (recovery) and 
precision (RPD or reproducibility) of the procedure on real-world samples, in the presence of 
potential matrix interferences. 

 
Repeat Step 3 above, using another aliquot of the selected sample. 

 
Analyze the Samples & Batch QC:  
 
6.) Calibrate the pH meter by analyzing three buffers at 4.00, 7.00 and 10.00 pH units.  The 

slope between the three buffers is determined by the instrument manufacturer and should 
be between 92 and 102.  Record the calibration slope and standard IDs in the benchbook. 

 
7.) DO NOT filter, dilute, or alter the water samples in any way! 
 
8.) Use a Class-A graduated cylinder to transfer 25mL of sample into a 50mL beaker then 

record the volume in the benchbook. 
 
9.) Add a magnetic stir bar, place on a stir plate, and begin stirring. 
 
10.) Rinse the pH probe with DI water into a waste beaker, then place the probe into the 

sample aliquot and allow the reading to stabilize. Record the pH in the benchbook. 
 
11.) If the pH is less than 4.5, the alkalinity concentration cannot be calculated. Report the total 

alkalinity as ND (Not Detected). If the pH is greater than 4.5, continue with Steps 6-9. 
 
12.) If the pH is below 8.3, place a line through the ‘volume to 8.3’ column, then continue at 

Step 8 below.  
 

The ‘Phenolphthalein Alkalinity’ used in the alkalinity relationship calculations is zero 
(P=0). Report the hydroxide and carbonate alkalinities as ND (Not Detected). Continue 
with Steps 8-9. 

 
13.) If the pH of the sample is greater than 8.3 titrate the sample down to pH 8.3 with 0.02N 

sulfuric acid, while stirring with a magnetic stirrer.  
 

Allow the pH meter reading to stabilize, then record volume (to 0.1mL) of acid used to get 
to pH 8.3; this is used to calculate the ‘phenolphthalein alkalinity (P)’ in the determination 
of the various types of alkalinity (see Appendix_1). 

 
14.) Continue titration to pH 4.5 with the 0.02N sulfuric acid and record total volume; this is 

used in the calculation of ‘total alkalinity (T)’. 
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15.) If the volume required to titrate the sample to pH 4.5 is < 2.0 mL, document the volume 
used then start over using 100mL.  

 
Important!  If there are <100mL remaining, do not discard the 25mL aliquot but go directly 
to the “Limited Volume” procedure described in Appendix_4. 

 
16.) If the volume required to titrate a 100mL sample volume to pH 4.5 is still < 2.0mL, 

document the volume used then follow the “Low Alkalinity” procedure as described in 
Appendix_3. 

 
Data Reduction & Evaluation: 
17.) Use the Excel spreadsheet F:\inorgan\wetstuff\alkalinity.xls to calculate the sample 

concentrations.  
 
18.) Save the spreadsheet in F:\inorgan\data\<month>\alkalinity<batch#>.xls. 
 
19.) Print the spreadsheet and review the results for typographical errors and to make sure the 

data makes sense. 
 
20.) Review the Method Blank (MB) results. If contamination is detected in the method blank, 

determine whether the samples must be reanalyzed using the following criteria: 
 

a.) If the contamination is below the reporting limit, the samples may be reported with 
narration of the contamination documented on the Data Review Checklist.  

 
b.) If the contamination is greater than the reporting limit but alkalinity was ND in the 

associated samples, the samples may be reported. 
 

c.) If the contamination is greater than the reporting limit and was detected in the 
samples, but was present in the samples at levels greater than 10x that in the 
method blank, the samples may be reported with narration of the contamination. 

 
d.) If the contamination is greater than the reporting limit and was detected in the 

samples at levels between the reporting limit and 10x the level in the method blank, 
the samples must be reanalyzed. 

 
21.) The Laboratory Control Sample (LCS) recovery should be between 90-110%. If it does 

not meet these acceptance limits, use the following criteria to determine the appropriate 
corrective action: 

 
a.) If a high recovery is observed but the sample was “ND”, initiate a Corrective Action 

Record (CAR) and report the data with narration, as the potential high bias does not 
affect the sample results. 
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b.) If a high recovery is observed and any reportable concentration was detected in the 
sample, initiate a Corrective Action Record (CAR) and reanalyze the sample within 
the holding time, as the high bias may have affected the sample results. 

 
c.) If a low recovery was observed, all samples in the batch must be reanalyzed, as a 

low bias may be affecting the sample results.  
 
22.) The Matrix Spike (MS) / Matrix Spike Duplicate recoveries should be within 80-120% 

with an RPD of <25% or the QC sample and spikes may need to be re-analyzed. Use the 
following to determine the appropriate action to take: 

 
a.) If the concentration in the unspiked aliquot is greater than or equal to four (4) times 

the spiking level, add a ‘NM’ flag to the ‘Flag’ column in the Final_Results_Database, 
as the spike results are considered “Not Meaningful”. Report the results without 
reanalysis. 

 
b.) If the MS and/or MSD recovery fails, but the RPD is within acceptance criteria, the 

data may be reported without reanalysis. The acceptable RPD confirms that the 
failing recovery is due to matrix interference. 

 
c.) If the RPD fails acceptance limits, reanalyze the sample and matrix to determine if 

the sample is not homogenous or if other matrix interferences were present, or if the 
failure was due to poor spiking technique. 

 
23.) Evaluate the sample results. Make sure that any 25mL aliquot of sample requiring 

<2.0mL of titrant was reanalyzed using 100mL and that any required “Low Alkalinity” steps 
were completed and documented. 

 
24.) Enter all reportable results into the LIMS Final_Results_Database then print the final 

reporting forms. Review these forms against the spreadsheet to make sure the data was 
entered correctly. 

 
25.) Assemble the data package as described below, complete the Data Review Checklist, and 

have the package peer reviewed. 
 
DOCUMENTATION 
 
A.) Benchbooks: Every analysis must be completely documented in the appropriate 

benchbook. Any changes must be made with a single line through the incorrect entry and 
initialed and dated by the chemist making the change. The benchbook entries must include 
the following: 
 

Sample number, accompanied by the unique container identifier (A-> Z) 
Sample Volume & initial pH 
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Titrant Volumes 
LIMS S#, concentration, and volume used for spike standards 
Observations concerning unusual sample appearance, odor, behavior 
Errors during analysis (spilled, possibly double spiked, etc.) 

 
B.) Peer Review:  All benchbook entries, spreadsheets, and LIMS final reporting forms must be 

reviewed by another analyst, Group Leader, or Department Manager.  
 
C.) Data Package:  Each completed data package should contain the following: 

Job Sheet 
Data Review Checklist - completed by the analyst and signed by the reviewer 
LIMS Final reporting forms 
LIMS batch sheet  
Excel spreadsheet 
Copy of Benchbook page 

 
WASTE DISPOSAL 
After analysis, the sample is simply discarded through the sink with an acid trap.  
 
POLLUTION PREVENTION 
Prepare only sufficient standard and reagent volume that can be used within the expiration date, 
to reduce the volume of waste generated by the laboratory and to reduce production costs. 
 
REVISION HISTORY This is rev 9. Rev 8 was modified as follows: 

• This revision history section was added 
• Read understood and Agreed was added to signature page 

This SOP was reviewed and reissued without changes on 10/27/10
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APPENDIX_1:   CALCULATIONS 
 
 
SAMPLE CONCENTRATIONS            
 
For Water Samples: 
 

Total Alkalinity (mg CaCO3/L)  =   A *  N   *  50,000  =  ( T ) in the Alkalinity Relationship  
            B      Calculations below. 
 
                        A = total volume (mL) sulfuric acid to pH 4.5 

N = Normality of sulfuric acid 
B = volume of sample  

 
See the Alkalinity Relationship section below for the carbonate, bicarbonate, and hydroxide 
alkalinity calculations. 

 
For Soil Samples: 
 

Alkalinity in Soil (mg CaCO3/Kg)     =    A * N   * 50,000 
      W (Vu/Vt)  

 
  A  =  Total volume (mL) sulfuric acid to pH 4.5 
   N  =  Normality of sulfuric acid 

W =  Weight (g) of sample extracted 
   Vu =  Volume (mL) of extract used (in Step 4) 
  Vt  =  Volume (mL) of water added to soil (in Step 2) 
 

See the Alkalinity Relationship section below for the carbonate, bicarbonate, and hydroxide 
alkalinity calculations. 

 
 
BATCH QC CALCULATIONS           
 
Recovery:  The recovery is the concentration of the spiked aliquot of sample minus the 
concentration in the unspiked aliquot of sample, divided by the concentration of spiked material.  
 
Recovery  =  [(Sspike – Unspiked) / (Spike Std Concentration * Spike Std Volume)] * 100 
 
Note:  Do not include the volume of spike added when entering the “Sample Volume” into the 
spreadsheet, because we are not measuring a concentration directly but are actually measuring 
the total amount then dividing by the volume of sample to find a concentration. 
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Relative Percent Difference (RPD): The RPD is the quotient of the first sample result less the 
second (duplicate) sample result divided by the mean of the results multiplied by 100. 
 

RPD  =  [(R1 -  R2) / ((R1 + R2)/2)]  *  100 
 
 
ALKALINITY RELATIONSHIPS           
The relationships between carbonate alkalinity, hydroxide alkalinity, and bicarbonate alkalinity 
may be calculated by the following scheme (from SMWW 2320 which makes the assumption 
that Bicarbonate and Hydroxide alkalinities are not compatible). 
 
1.) Calculate the Total Alkalinity (T) as shown above. 
2.) Calculate the Phenolphthalein Alkalinity (P) by using the sulfuric acid volume used to pH 8.3 

instead of 4.5. 
3.) Select the smaller value of P or (T-P), where P is phenolphthalein alkalinity and T is total 

alkalinity.  
4.) Two times the smaller value, from Step 3, is the Carbonate Alkalinity. 
5.) When the smaller value is P, the balance (T-2P) is Bicarbonate Alkalinity.  
6.) When the smaller value is (T-P), the balance (2P-T) is Hydroxide Alkalinity.  
7.) All results are expressed as CaCO3. 
 
If a client requests that the concentrations be reported as the actual anion (instead of a calcium 
carbonate, CaCO3), use the following calculations: 
 
1.) Calculate the concentration of each ion in terms of calcium carbonate as described above. 
2.) Hydroxide, [OH-]  = (hydroxide alkalinity as CaCO3 / 50.044) *  17.007 

= hydroxide alkalinity as CaCO3 * 0.3398 
3.) Bicarbonate, [HCO3

-] = (bicarbonate alkalinity as CaCO3 / 50.044) *  61.016  
= bicarbonate alkalinity as CaCO3 * 1.2192 

4.) Carbonate, [CO3
2-] = carbonate alkalinity as Ca CO3 *  0.59967 
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APPENDIX _ 2:  STANDARDS & REAGENTS 
 
The standards and reagents listed below are those in use at the time this procedure was 
written. Alternate supplies may be used so long as they are of equivalent quality and all other 
calibration, quality control, and traceability requirements are met. 
 
SOURCE STANDARDS   
Source standards are those purchased directly from a manufacturer or vendor and should be 
NIST-traceable. Log each source standard into LIMS upon receipt, through the Standards 
Menu. The LIMS S-name for a source standard is unique to the vendor that the source is 
obtained from; if a source standard is obtained from a different vendor, a new name must be 
assigned and the information entered in the LIMS Standards table before the standard is 
assigned an S#.  
 
Label each container with the LIMS S# and expiration date. Write the S# and the date received 
on the ‘Certificate of Analysis’ that accompanied the standard; if the supplier did not provide a 
certificate, print a copy from their website or call and request that a copy be faxed. The 
Certificate of Analysis must be kept on file in the appropriate binder.  
 
Source standards must be replaced after any manufacturer’s expiration date or ten years, or 
sooner if comparison with check standards indicates a problem. Store the source standards in a 
cabinet at room temperature until the manufacturer’s expiration date or until comparison to a 
different standard indicates a problem. 
 
Sodium Carbonate (Na2CO3), anhydrous, Aldrich Cat.# 22,353-0; 
Dry at 105°C for at least 2 hrs. Cool in a desiccator before use. 
Store the original bottle at room temperature for up to 10 years. 
 
 
WORKING STANDARDS   
Working standards are those prepared by C&T by diluting source or intermediate standards in a 
Class-A volumetric flask. Document the preparation in the standards benchbook; include the 
name and/or description of the standard being prepared, prep date, LIMS S# and concentration 
of the source standard(s) used, volume of source standard used, final volume, final 
concentration, expiration date, and prep chemist’s initials in the benchbook entry. 
 
Enter the prep information into LIMS; LIMS will then assign an S# (standard number). The LIMS 
name/definition of a working standard is unique to the composition and concentration of the 
working standard but is not necessarily unique to the vendor of the source standards. If the 
concentration of a working standard is changed or a new compound is added to the working 
standard mix, a new name must be assigned and the information entered in the LIMS standards 
table before the standard is assigned an S#.  
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1,000 mg/L Sodium Carbonate, (1.0mL = 1.0 mg); 
Weigh 1.0g dried sodium carbonate into a plastic weigh boat; record the weight to 0.0001g in 
the benchbook. Transfer to a 1L volumetric flask and dissolve into deionized water. Dilute to 
mark.  
 
 
REAGENTS   
The preparation of all reagents, including dilutions into DI water, must be documented in the 
reagent prep benchbook. The benchbook entry should include the manufacturer, lot number, 
and volumes used and final volume. Assign a unique ID, based on the manufacturer and the 
date prepared; record this ID in the reagents benchbook. Label the reagent bottle with the name 
of the contents (“1:1 H2SO4”), the date prepared (or opened), the C&T reagent ID, and your 
initials. 
 
A Certificate of Analysis should be obtained for each reagent; download one from the vendor’s 
website or call and request a copy. Write the date received on the certificate and file it in the 
appropriate 3-ring binder. 
 
0.02N Sulfuric Acid (H2SO4), Ricca Catalog # 8200-2.5 
Store at room temperature for up to 2 years. 
 
Alternately, the titrant can be made by serial dilution of concentrated sulfuric acid, as described 
below: 
 
Sulfuric Acid (H2SO4), concentrated, 90.5-92.7% by volume,  
JT Baker, VWR catalog # JT9691-3 
Store in a Corrosives cabinet for up to 2 years. 
 
0.1 N Sulfuric Acid (H2SO4):  
Using a 10mL graduated pipettes with 0.05mL increments, 
Dilute 2.8 mL of concentrated sulfuric acid to 1.0 L with deionized water. 
 
0.02 N Sulfuric Acid (H2SO4): this standardization should be rechecked monthly 
Make a 1:5 dilution of the 0.1N acid by decanting the 1L of acid into a 2.5gallon poly “carboy”, 
then adding 4L of deionized water. Cap the carboy and invert several times to mix thoroughly. 
Standardize against 3 aliquots of sodium carbonate and use the average calculated normality in 
the spreadsheet, to calculate sample concentrations. 
 

Standardize the 0.02 N Sulfuric Acid against Sodium Carbonate: 
1.) Using the analytical balance, weigh approximately 0.020g of the dried anhydrous 

sodium carbonate into each of three 250mL beakers. Record the exact weight used. 
 
2.) Add a stir bar and 75-100mL deionized water to dissolve the sodium carbonate. 
 



SOP Volume: Wet Chemistry Curtis & Tompkins, Ltd. 
Section:  3.1 
Page:  14  of  17 
Revision:   9 Number: 1 of  1 
Effective:   15 November 2010
Filename:  F:\qc\sop\wet\alkalinity_rv 9.doc 
 

This SOP contains proprietary information that may only be disseminated to C&T staff, clients & regulators. 

 

3.) Calibrate the pH meter (see the pH SOP for procedure). 
 
4.) Using the pH meter and the 0.02N sulfuric acid, titrate to approximately pH 4.8. 
 
5.) Lift out the pH probe & rinse into the beaker, using DI water. 
 
6.) Cover the beaker with a watch glass and gently boil for 3-5 minutes. 
 
7.) Cool to room temperature, then rinse the watch glass, with DI water, into the beaker. 
 
8.) Continue titrating with the sulfuric acid to pH 4.5 and record the total volume of acid 

used. 
 
9.) Calculate the final normality: 

 
Normality, N =   W  *  1000    

       V  *  52.994 
 

 Where:  W = g Na2CO3 weighed into the 250mL flask 
V = mL acid used 
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APPENDIX_3:  ‘LOW ALKALINITY’ PROCEDURE 
 
 
If the normal procedure resulted in a titration volume of <2.0mL or if site history indicates that 
the alkalinity will be less than 20mg/L, use the following procedure: 
 
1.) If the pH meter has not yet been calibrated, calibrate it as described in Step 1 above. 
 
2.) Use a graduated cylinder to transfer 100mL sample into a 250mL beaker. 
 
3.) Add a magnetic stir bar, place on a stir plate, and begin stirring. 
 
4.) Titrate the sample down to approximately pH 4.5 (range: 4.3-4.7) with 0.02N sulfuric acid, 

while stirring with a magnetic stirrer.  
 
5.) Record volume of titrant (to within 0.05mL) and exact pH. This is ‘B’ in the calculation below. 
 
6.) Continue titration to reduce pH exactly 0.30 units and record volume again. This is ‘C’ 

below. 
 

(2B-C) * N * 50,000 
Total Alkalinity, mg CaCO3/L  =  ------------------------- 

volume (mL) sample 
 

 
B = volume (mL) sulfuric acid to 1st pH 
C = volume (mL) sulfuric acid to reduce pH 0.30 units 
N = normality of acid 

 
 
The different types of alkalinity are generally not calculated for low concentrations, as there is a 
very small difference between the endpoint volumes.  
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APPENDIX_4: “LIMITED VOLUME” 
 WATER SAMPLES 
 
If the 25mL aliquot yielded a titrant volume of < 2.0mL, the analysis should be repeated with a 
100mL aliquot. If, however, there is <100mL of untreated sample left for further analysis, use 
the following steps to complete the analysis: 
 
9.1) Do not discard the 25mL aliquot. 
 
9.2) Document the titrant volume (to + 0.1mL) used for the 25mL aliquot. 
 
9.3) Measure the remaining, untreated sample volume. 
 
9.4) If the remaining volume is < 25mL, stop the analysis and calculate the concentration 

based on the volume used for the 25mL aliquot. Report only the Total Alkalinity, with a J-
flag (“estimated value”) and a reporting limit of 4 mg/L.  
 
Include narration, on the Data Review Checklist, to the effect that “the result should be 
considered an approximate value due to the limited sample volume available for analysis”. 

 
9.5) If the remaining volume is < 75mL, add the entire aliquot to the 25mL aliquot. Document 

the volume added with a “plus” sign (for example “+ 55.0” instead of just “55.0”). When 
writing up the results, the sample volume used for calculation will then be the original 
25mL plus the second aliquot volume. 

 
9.6) If the remaining volume is between 75 and 100mL, add 75mL to the 25mL aliquot for a 

total of 100mL. Document the volume added with a “plus” sign (for example “+ 75.0” 
instead of just “75.0”). When writing up the results, the sample volume used for calculation 
will then be the original 25mL plus the 75mL aliquot for a total of 100mL. 

 
9.7) Continue titrating the sample until it again reaches pH 4.5.  
 
9.8) Enter the sample results in the “LIMITED VOLUME” section of the Excel spreadsheet. 
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APPENDIX_5:  ANALYZE SOIL SAMPLES 
 
1.) Weigh 25g (+ 0.5g) sample into a tared 8oz glass jar and record the weight to 0.1g in the 

benchbook. 
 
2.) Select a sample for matrix QC and weigh about 75-80 grams into a large jar, then 

homogenize it thoroughly. From the homogenized sample, weigh 25g aliquots into each of 3 
jars labeled with the sample number, “MS”, and “MSD”. 

 
3.) Label 2 empty jars as the Method Blank and LCS, respectively. 
 
4.) To the LCS, MS, and MSD, add 5.0 mL of the 1,000 mg/L spiking standard. 
 
5.) Add 50mL deionized water to every jar then cap the jars. 
 
6.) Place on the mechanical shaker table (in the Organics Extraction Lab) for about 1 hour. 
 
7.) Decant 25mL into a graduated centrifuge tube and follow the procedure for analysis of water 

samples as outlined above. 
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Semi-Volatile Organic Compounds SVOC’s 
(Base/Neutrals & Acids by GC/MS) 

EPA 8270C, 8270D & EPA 625 
 
SCOPE 
This procedure describes the GC/MS identification and quantitation of basic, neutral, and acidic 
organic compounds that have been previously extracted from soil, water, and miscellaneous 
matrices. These compounds may be quantified down to 10-50 ug/L in liquid samples and 67-
1,700 ug/Kg in soil samples (see Appendix_10 for reporting limits of specific compounds). 
 
EPA 8270 was written by the EPA’s Office of Solid Waste with additional guidance for surface 
water and ground water, as opposed to EPA 625 was written by the EPA’s Office of Water 
specifically for wastewater. EPA 625 may also be requested for groundwater samples if the 
client is planning to discharge the water, with or without additional treatment, into a wastewater 
stream or into naturally occurring surface waters (bay or river). See Appendix_13 for EPA 625 
requirements. 
 
REFERENCES 
Analytical Methods: 
EPA 8000B, Determinative Chromatographic Separations, SW-846, Dec 1996 
EPA 8000C, Determinative Chromatographic Separations, SW-846, March 2003 
EPA 8270C, SVOCs by GC/MS, SW-846 Update 3, December 1996 
EPA 8270D, SVOCs by Gas Chromatography/Mass Spectrometry, SW846 Update 4, Feb 2007 
EPA 625, Base/Neutral and Acids, 40CFR136 Appendix A 
    
Extraction Methods: 
EPA 3500B, Organic Extraction & Sample Preparation, SW-846, Dec 1996 
EPA 3500C, Organic Extraction & Sample Preparation, SW-846, Feb 2007 
EPA 3510C, Separatory Funnel Liquid-Liquid Extraction, SW-846 Update 3, Dec 1996 
EPA 3520C, Continuous Liquid-Liquid Extraction, SW-846 Update 3, Dec 1996 
EPA 3535, Solid-Phase Extraction, SW-846 Update 3, Dec 1996 
EPA 3535A, Solid-Phase Extraction, SW-846, Feb 2007 
EPA 3540C, Soxhlet Extraction, SW-846 Update 3, Dec 1996  
EPA 3545, Pressurized Fluid Extraction, SW-846 Update 3, Dec 1996 
EPA 3550C, Ultrasonic Extraction, SW-846, rev 3 Feb 2007 
EPA 3580A, Waste Dilution, SW-846 Update 1, July 1992 
 
Other References: 
NELAC Standards, June 2003 
DoD Quality Systems Manual, Version 4.1, April 2009 
Volume 1, TNI Standard, EL-V1-2009, September 2009 
DoD Quality Systems Manual, Rev 4.2 October 2010 
C&T SOP QA 1.5, Calibrating & Maintaining Temperature Controls 
C&T SOP QA 4.1, Establishing Control Limits 
C&T SOP QA 4.4, Determining Method Detection Limits (MDL) 
C&T SOP QA 8.4, State Program Requirements 
C&T SOP QA 8.5, Federal Program Requirements 
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C&T SOP QA 9.6, Insuring Compliant Manual Integration 
Operator Manuals for HP5890, Agilent 6890, and Agilent 6892 GC’s 
Operator Manuals for HP5971, HP5972, HP5973, and Agilent 5975 MSD’s 
Manuals for "Chemstation" software and operating system 
 
PRESERVATION & HOLDING TIMES 
Water & Soil Samples: Chemically unpreserved. Store at 4°C (+ 2°C) 
 Water:  Extraction must begin within 7 days of collection. 
 Soil:  Extraction must begin within 14 days of collection. 
 
Extracts: Store methylene chloride extracts in a freezer at < -10o C. 
 Analyze within 40 days of extraction. 
Samples should be taken in amber glassware and stored protected from light 
 
SAFETY 
Assume all standards, samples, and extracts may contain hazardous and/ or potentially toxic 
chemicals. 
 
QC REQUIREMENTS 
The extraction lab will prepare a Method Blank (MB), Laboratory Control Sample (LCS), Matrix 
Spike and Matrix Spike Duplicate (MS/MSD) with each batch of twenty or fewer samples. If 
there is insufficient sample volume to prepare an MS/MSD, a Blank Spike (BS) and Blank Spike 
Duplicate (BSD) will be prepared in place of the LCS/ MS/ MSD.  Every extract will contain 
surrogate compounds, which are added prior to extraction to monitor the performance of the 
extraction.  The analyst must add an internal standard mix to each extract before analysis, to 
monitor the performance of the instrument.  See the associated SOP 8270C Laboratory Control 
Limits Table-1 for current in-house surrogate and spike recovery limits. 
 
A DFTPP tune standard must be analyzed and pass acceptance requirements at the beginning 
of each 12-hour tune-shift, before any other standards or extracts are analyzed.  A Continuing 
Calibration Verification (CCV) standard must be analyzed immediately after a passing tune 
standard and must pass acceptance criteria for all analytes applicable to the samples to be 
subsequently analyzed within the 12-hour tune-shift. See Appendix_6 for DFTPP acceptance 
criteria and Appendix_7 for CCV acceptance criteria. 
 
An initial calibration curve must be established for every analyte from a minimum of 5 points, 
using internal standard calibration.  The concentration of the lowest point must be at or below 
the reporting limit and that of the highest point determines the upper limit of quantitation.  A mid-
range Initial Calibration Verification (ICV) standard obtained from a second manufacturer must 
be analyzed immediately following the ICAL standards, before any samples are analyzed; the 
ICV must meet CCV acceptance limits. Sample results associated with a failing initial calibration 
cannot be reported.  See Appendix_8 for acceptance criteria. 
 
A method detection limit study consisting of at least 7 laboratory control samples with low 
analyte concentrations will be extracted and analyzed; see the QA SOP “Method Detection 
Limits” for details.  A Limit of Detection (LOD) or MDL check standard must be determined 
annually and is based on a laboratory control sample that is spiked 2 to 4 times the MDL, 
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extracted and analyzed on every instrument. See the QA SOP for Method Detection Limits for 
details. A limit of quantitation (LOQ) must be determined quarterly and is based on a laboratory 
control sample that is spiked 1 to 2 times the reporting limit. It is only analyzed once per 
method. See the QA SOP of Limit of Quantitation for details. In-house QC limits are updated 
every 6 months based on control-charts of data from the previous year; see the associated SOP 
“EPA 8270 Laboratory Control Limits, Table-1” for the current acceptance limits. 
 
PEM Note:  A Performance Evaluation Mix (PEM) standard must be analyzed with each 12-hour 
tune shift that contains samples from any project based on the Department of Defense (DoD) 
Quality Systems Manual (QSM) or samples submitted for EPA 625. 
 
Note:  Samples may be associated with a client-prepared Quality Assurance Project Plan 
(QAPP) that contains different requirements than those listed in this SOP.  For those samples, 
the QAPP requirements supersede those listed in this document. 
 
INTERFERENCES 
Some of the target compounds for this analysis are relatively volatile and may be lost if the 
extract is superheated or allowed to go dry during extraction. Bis(2-ethylhexyl)phthalate is a 
common laboratory contaminant that can easily be introduced during the extraction process if 
gloves or other plastics come into contact with the solvent. 
 
High levels of organic acids will destroy the column stationary-phase; organic acid peaks can be 
recognized by their characteristic ‘fronting’. If the phenols responses drop drastically after 
analysis of a sample with high concentrations of organic acids, the column will probably need to 
be replaced. 
 
Heavy oils and tars, which give extracts a deep coffee color, will cause active sites in the 
injection port and analytical column; poor internal standard recoveries (primarily perylene-d12 
but also chrysene-d12 to a lesser extent) will occur in viscous, oily extracts. High levels of other 
non-target analytes may mask the presence of the target compounds. See the ‘Dilutions’ section 
below for further discussion of these interferences and appropriate analytical procedures. 
 
From 8270D, the following compounds require special attention or treatment in this procedure: 
 
Benzidine may be subject to oxidative losses during solvent concentration 
and its chromatographic behavior is poor. 
 
Under the alkaline conditions of the extraction step from aqueous matrices, α-BHC, γ-BHC, 
Endosulfan I and II, and Endrin are subject to decomposition. Neutral extraction should be 
performed if these compounds are expected to be present and basic extraction is needed for 
Aniline, Pyridine, and Benzidine. 
 
Hexachlorocyclopentadiene is subject to thermal decomposition in the inlet of the gas 
chromatograph, chemical reaction in acetone solution, and photochemical decomposition. 
 
N-nitrosodimethylamine is difficult to separate from the solvent under the chromatographic 
conditions described here. 
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N-nitrosodiphenylamine decomposes in the gas chromatographic inlet and cannot be 
separated from diphenylamine. For this reason, it is acceptable to report the combined result for 
n-nitrosodiphenylamine and diphenylamine for either of these compounds as a combined 
concentration. 
 
1,2-Diphenylhydrazine is unstable even at room temperature and readily converts to 
azobenzene. Given the stability problems, it would be acceptable to calibrate for 1,2-
diphenylhydrazine using azobenzene. Under these poor compound separation circumstances 
the results for either of these compounds should be reported as a 
combined concentration. 
 
Pentachlorophenol, 2,4-dinitrophenol, 4-nitrophenol, benzoic acid, 4,6-dinitro-2-
methylphenol, 4-chloro-3-methylphenol, 2-nitroaniline, 3-nitroaniline, 4-nitroaniline, and 
benzyl alcohol are subject to erratic chromatographic behavior, especially if the GC system is 
contaminated with high boiling material. 
 
Pyridine may perform poorly at the GC injection port temperatures listed in this method. 
Lowering the injection port temperature may reduce the amount of degradation. However, the 
analyst must use caution in modifying the injection port temperature, as the performance of 
other analytes may be adversely affected. Therefore, if pyridine is to be determined in addition 
to other target analytes, it may be necessary to perform separate analyses. In addition, pyridine 
may be lost during the evaporative concentration of the sample extract. As a result, many of the 
extraction methods listed for this procedure may yield low recoveries unless great care is 
exercised during the concentration steps.  
 
Toluene diisocyanate rapidly hydrolyzes in water (half-life of less than 30 min). Therefore, 
recoveries of this compound from aqueous matrices should not be expected. In addition, in solid 
matrices, toluene diisocyanate often reacts with alcohols and amines to produce urethane and 
ureas and consequently cannot usually coexist in a solution containing these materials.  
 
EQUIPMENT (Refer to Appendix_4 for specific instrument configurations) 
Autosamplers: 
 HP 7673 ALS, HP 7683 ALS 
Gas Chromatographs: 

Models HP5890, HP6890, Agilent 6890 
Fused Silica Capillary Column 30m x 0.25mmID x 0.25 – 0.50μm df 

 Electronic Pressure Control 
Mass Spectrometers: 

Models HP5971, HP5972, HP5973, HP5975 
Software & Hardware: 

Dell Dimension XPS P90 DOS PC with Chemstation Software 
Windows 95 & NT servers with Chemstation Software 
Windows 95 & NT servers with Target software 
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DAILY MAINTENANCE 
The septum, injection liner, guard column, and blue seal should be changed after every 
sequence of sample extracts run and before the analysis of the DFTPP/PEM solution. If this 
daily maintenance is not performed, make a notation on the sequence summary in LIMS to that 
effect. The injection liner is a 4mm splitless liner packed with a small amount of silanized glass 
wool.  The analytical column will need to be trimmed (usually a minimum of 15cm) if oily or 
highly contaminated samples were analyzed in the previous tune-shift; additional trimming of the 
column may be necessary, depending on the results of the analysis of the DFTPP tuning mix 
standard and a Continuing Calibration Verification (CCV) standard. If the analytical column is 
trimmed, document it in the maintenance log. See Appendix_5 for additional maintenance 
procedures & details. 
 
DAILY INSTRUMENT SEQUENCE 
Each sequence must begin with a DFTPP Tuning standard followed by a Continuing Calibration 
Verification (CCV) standard. Once the tune, CCV, and PEM (if required) have passed 
acceptance criteria, sample extracts may be added to the instrument sequence. An example of 
a typical instrument sequence is presented below. All samples (and associated batch QC) must 
be injected within 12 hours of the associated DFTPP injection time.  Approximately 15-24 runs 
can be completed within the 12 hour period.  An example of a typical sequence is presented 
here. 
 

1. DFTPP/PEM 50 ng  
2. CCV Standard  
3. Method Blank  
4. LCS or BS/BSD (if applicable) 
5. MSS Sample  
6. Matrix spike (MS)  
7. Matrix spike duplicate (MSD)  
8. Samples   

 
Writing a Chemstation Sequence 
Various user reports are automatically produced after the run is complete. This automation is 
based on the type of sample being analyzed, the sample number, the LIMS identification of any 
associated calibration or spiking standards, the batch number, and any applicable dilution 
factors. This data must be correctly entered into the sequence in a specific order for LIMS to be 
able to interpret the information and should be written into the sequence as follows: 
 

TUN, S# 
CCV, S# 
MB, QC#, Batch#, IDF  
LCS, QC#, Batch#, IDF 
S, Samplenum, Batch# , IDF  
MS, QC#, Batch#, IDF 
MSD, QC#, Batch#, IDF 

 
Where: 
S# is the LIMS WS# of the standard used,  
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QC# is the LIMS ID of the batch QC sample (ie: QC169359) 
IDF is the instrument dilution factor for the sample, written as “1000x” or similar 
Samplenum is the LIMS sample number (ie: 160961-005) 

 
Additional comments regarding the extracts or standards can be added by placing two spaces 
followed by two forward slashes (“//”) and the comments that should appear on the user reports. 
LIMS recognizes shorthand for some of the most common comments such as: 
 

DV (dark and viscous) 
Viscous 
NT (high non-targets) 
Amber 
Dark 

 
Data File Naming Conventions 
Data file names are based on a maximum field length of 6 characters and so must use 
abbreviated codes for the instrument ID and date. The instrument ID, month, and day codes are 
outlined below. Data files are named as:   
IMD## where I = Instrument ID, M = Month, D = Day, ## = Run Number (01 through 99).  
 

Instrument Designator Instrument Designator 
Bna 1 no 
longer exists 

 BNA05 X 

BNA02 U BNA06 Y 
BNA03 V BNA07 Z 
BNA04 W BNA09 R 

   
 

Month Designator Month Designator Month Designator 
January A May E September I 

February B June F October J 
March C July G November K 

April D August H December L 
     

 
Day Designator Day Designator Day Designator 

1 1 11 B 21 L 
2 2 12 C 22 M 
3 3 13 D 23 N 
4 4 14 E 24 O 
5 5 15 F 25 P 
6 6 16 G 26 Q 
7 7 17 H 27 R 
8 8 18 I 28 S 
9 9 19 J 29 T 

10 A 20 K 30 U 
   31 V 
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For example, the datafile for the 2nd run on instrument BNA03 on October 28 would be named 
VJS02 (instrument V, October, 28th, run 02). 
 
 
1.) Tuning (See Appendix_6 for DFTPP Acceptance Criteria): 

The MS-detector must be tuned to meet specific performance criteria so that data produced 
by this instrument will be comparable to that produced by another. Analyze a 50 µg/mL 
Decafluorotriphenylphosphine (DFTPP) standard at the beginning of each 12-hour tune-
shift, and meet the acceptance criteria listed in Appendix_6, before any other standards or 
extracts are analyzed. Samples injected outside the 12-hour clock cannot be reported. 
 

1.1) Start the daily sequence (or 2nd 12-hour tune shift) by analyzing the DFTPP, prior 
to analysis of the calibration verification standards and samples. Use the method 
DFTPP##.m, where ## is the instrument number (ie: 02). 

  
1.2) See Appendix_2 for instructions on preparing the 50ng aliquot of DFTPP 

(Decafluoro triphenyl phosphine). 
 

1.3) After the DFTPP has run, use the software “autofind” process to generate a 
report comparing the mass spectrum to the performance criteria specified in EPA 8270C 
(see Appendix 6) using the average of the three scans (apex plus one on either side) 
and background subtraction. Alternately, you can specify a single scan, the average of 
two consecutive scans or the average of three consecutive scans. Background 
subtraction is required, and must be accomplished using a single scan acquired no more 
than 20 scans prior to the elution of DFTPP. The background subtraction should be 
designed only to eliminate column bleed or instrument background ions. Do not subtract 
part of the DFTPP peak.  If the DFTPP fails acceptance criteria, the failing range will be 
flagged with an asterisk.  If no asterisk appears on the report, the DFTPP meets tune 
criteria; continue by preparing and analyzing a CCV. 

 
1.4) If the DFTPP fails criteria (listed in Appendix_6), verify conditions and set-points, 

and reanalyze the DFTPP. If the second shot fails, tune the instrument, and/or 
schedule preventative maintenance including source cleaning. Major maintenance 
(excluding daily maintenance such as clipping the column, changing the liner, etc.) 
should be recorded in the instrument maintenance log. See Appendix_5 for 
trouble-shooting and preventative maintenance guidance. Sample results 
associated with the failing 12-hour tune-shift cannot be reported.  

 
2.) CCV (Continuing Calibration Verification) (See Appendix_7 for acceptance criteria): 

After the DFTPP passes tune criteria, analyze a CCV (Continuing Calibration Verification) 
standard to verify that the response of the instrument has not changed significantly and that 
the curve may still be used to quantitate sample results. This standard must be run at the 
beginning of each 12-hour tune-shift, immediately after the DFTPP, using a standard at one 
of the middle levels of the calibration curve; do not use either the highest or lowest point. 
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The standard concentration used for the CCV should be alternated over the course of 
several tune shifts.  
 

2.1) Decide what concentration CCV standard to analyze, keeping in mind that the 
concentrations must be alternated across the mid-levels of the calibration curve 
(NELAC 5.9.4.2.2b requirement).  

 
2.2) See Appendix_2 for instructions on preparing the CCV standard. 
 
2.3) Analyze this standard using the same data acquisition method as for the samples, 

typing “CCV,” before the working standard number. 
 

2.4) After the analysis is complete, examine the integration and spectra to ensure that 
the correct peaks were picked and integration is correct for each compound.  

 
2.5) Send the data to LIMS to generate and print a CCV summary, comparing the 

response factors from this standard to those of the ICAL curve. 
 

2.6) Examine the CCV summary against the following criteria to determine whether the 
CCV is acceptable: 

 
a.) Per method 8270D Evaluate the retentions times of the internal standards in 

the continuing calibration verification standard for any retention time shifts by 
more than 30 seconds from the internal standard in the midpoint of the most 
recent ICAL. If a retention time shifts by more than 30 seconds the 
chromatographic system will be inspected for malfunction and after 
corrections are made to the system, reanalysis of samples analyzed while the 
system was malfunctioning is required.  Routine maintenance, such as 
clipping the column, is not considered a chromatographic system 
malfunction.  When retention times shift for more than 30 seconds due to 
routine maintenance, it will be documented in the maintenance bench book 
and narrated in LIMs on the CCV page with the bench book number and 
page. 

 
b.) Per method 8270D evaluate the area of the internal standards against the 

midpoint of the most recent calibration. The area of each internal standard 
must fall between 50-200% of the ICV. 
 

c.) The retention times should increase with assigned ‘compound number’ (in the 
acquisition software). The compound spectra should be re-examined for any 
Rt’s that appear out of order.  

 
d.) All compounds must meet minimum relative response factor (RRF) of 0.05. 

(See appendix 14 for minimum relative response requirements for 8270D) 
 
e.) SPCC (System Performance Check Compounds) RRF must be > 0.05. 
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 n-Nitroso-di-n-propylamine  2,4-Dinitrophenol 
 Hexachlorocylclopentadiene  4-Nitrophenol   

Method 8270D specifies minimum RF’s for all compounds. The compounds and 
min RF values can be found in Apendix 14 

 
f.) CCC (Calibration Check Compounds) percent difference (or percent drift if 

the compound was calibrated using linear regression) from the initial 
calibration must be < 20%.  

 
 Acenaphthene 4-Chloro-3-methylphenol 
 Benzo(a)pyrene 2,4-Dichlorophenol 
 1,4-Dichlorobenzene 2-Nitrophenol 
 Fluoranthene Phenol 
 Hexachlorobutadiene Pentachlorophenol 
 N-Nitrosodiphenylamine 2,4,6-Trichlorophenol 
 Di-n-octyl phthalate     

 
 

g.) Non-CCC compounds must have %D < 30%, with the exception of poor 
performers (such as hexachlorocyclopentadiene, the nitroanilines, benzidine, 
etc.) that must have %D < 40%.  

 
Method Note:  EPA 625 does not discuss minimum response requirements or 
differentiate between various types of analytes; the %D for each compound must 
be < 20%. 
 
h.) Method 8270D requires that isomeric pairs have sufficient resolution between 

the peaks in order to report each compound individually.  The height of the 
valley between the two peaks must be less than 50% the average height of 
the two peaks.  If this resolution is not demonstrated in the CCV the two 
isomers must be integrated together and reported as one compound for all 
runs in the sequence. 

 
2.7) If any of the above criteria are not met, re-examine the integration to verify that 

each peak was correctly integrated. Manual integrations must be consistently 
applied to ICAL, CCV, batch QC, and sample integrations. If manual integrations 
are performed, resend the file to LIMS so that a corrected CCV summary can be 
generated. 

 
Unsubstantiated alteration of peak integration solely to pass calibration or 
QC criteria is illegal and is grounds for immediate termination.  

 
2.8) If the SPCC and CCC criteria are not met, another CCV standard should be 

analyzed. If the second analysis of the standard fails to meet the SPCC and CCC 
criteria, recalibration and/or other instrument maintenance is required.  
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If two CCV’s were analyzed, LIMS will use the most recent file. Do not “cherry pick” 
some compounds from the first CCV and others from the second CCV; if the 
second CCV is processed and used, all compounds must be taken from the 
second standard. 

 
2.9) If the SPCC and CCC criteria are met, but other compounds fail acceptance 

criteria, data may be reportable based on the following criteria: 
 

a.) If the failing compound is not a target analyte for the associated samples, 
sample results should be reported without reanalysis. 

 
b.) If RRF fails the minimum RRF requirement (RRF < 0.05) and is a required 

target compound for the associated samples, the samples must be 
reanalyzed. 

 
c.) If the compound fails the %D criterion due to a high response but was not 

detected above the reporting limit in the associated samples, the sample 
results may be reported without reanalysis, as the high bias does not affect 
the sample results. 

 
d.) If the compound fails the %D criterion due to a high response and was 

detected above the reporting limit in any of the associated samples, the 
samples must be reanalyzed.   

 
e.) If the compound fails the %D criterion due to a low response and was 

detected (even below the reporting limit), the sample must be reanalyzed. 
 
 
Method Note: 8270D does not differentiate between CCC and non-CCC 
compounds, all compounds of concern must have  < 20% D, and no more than 
20% of all calibrated compounds may fail in the CCV.    Individual compounds may 
fail low, but "in order to report non-detects, it must be demonstrated that there is 
adequate sensitivity to detect the failed compounds at the applicable quantitation 
limit". 

 
 
See Appendix_1 for calculation of %D and the relative response factor (RRF). 
 

3.) PEM (Performance Evaluation Mix) 
For any EPA 625 samples or 8270 samples associated with a client’s QAPP typically a DoD 
client that requires a PEM, analyze a 50 µg/mL PEM (Performance Evaluation Mix) standard 
containing Benzidine, 4,4’-DDT, and Pentachlorophenol. This standard is used to evaluate 
1.) injector port inertness by verifying that the DDT breakdown to DDE and DDD is within 
acceptance criteria and 2.) column performance by demonstrating that benzidine and 
pentachlorophenol do not exhibit pronounced tailing.  
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Note:  EPA 625 does not require inclusion of DDT in the PEM standard. 
 
Breakdown:  DDE and DDD (DDT breakdown products) should not be present, either 

individually or combined, at levels greater than 20%. If this criterion is not met, 
maintenance should be performed on the injection port. See Appendix_1 for the 
breakdown calculation. 

 
Tailing:  EPA 8270C requires a visual confirmation of acceptable peak shape however 

method EPA 625, 8270D, and DoD QSM require mathematical verification. For 
PEM’s associated with DoD samples, the tailing factor should be < 2 for 
pentachlorophenol and benzidine. If these criteria are not met, additional 
maintenance (column clipping) should be performed. See Appendix_1 for the 
tailing calculation. 

 
4.) Prepare the Sample and Batch QC Extracts for analysis 

4.1) Let the extracts warm to room temperature then aliquot 100uL of extract into an 
autosampler vial.  

 
 Note:  If the extract is black & oily or opaque, make a dilution that will result in an 

extract that is very dark amber in color. If black, oily, or viscous extracts are 
analyzed, a tarry residue will build up in the injection port, causing active sites and 
low recoveries for the Perylene-d12 internal standard. 

 
4.2) Add 1uL of the internal standard solution and seal the vial with a crimp cap. 
 
4.3) If a 2x dilution is required, dilute a 100 µL aliquot of extract with 100 µL methylene 

chloride, then spike with 2 µL of internal standard solution, and cap.  
 

4.4) If the required dilution is >3x, dilute an aliquot of the extract to a total volume of 
500uL, add 5uL internal standard solution, and cap. 

 
4.5) Place the samples on the autosampler tray beginning with the lightest colored 

extracts followed by more highly colored or viscous extracts.  
 
QUANTITATIVE ANALYSIS 
1.) Sample Quantitation 

Analyte quantitation is done using the internal standard technique. For semivolatile analysis 
by GC/MS, six internal standards are used. Quantitation is based on comparison of the area 
of the primary ion in the sample’s mass spectra to the initial calibration response factor for 
that compound. An Internal Standard (ISTD) technique is used to correct for slight 
autosampler injection variances and some types of matrix interferences. See Appendix_1 for 
example calculations. 

 
A user report will be automatically generated once the run is complete. Review any batch 
QC sample data first to verify that samples from that batch can be reported, then review the 
sample results to identify any samples that need to be rerun and/ or diluted.  
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All results are reported on a wet-weight (“as received”) basis unless otherwise requested by 
the client. If the client requests ‘dry-weight’ corrections, the ‘wet-weight’ results in the results 
database are corrected for moisture by LIMS when producing the final report forms. 

 
Clients may occasionally request ‘creosote’. For these jobs, analyze a Coal Tar standard 
and identify 5 primary PAH peaks. These five peaks must be present in the sample to report 
a detected quantity of creosote. Quantitation is then based on the concentration of 
phenanthrene as determined against the creosote standard. 

 
2.) Dilutions 

If the extract is black, oily & viscous, or opaque, make a dilution that will result in an extract 
that is very dark amber in color. If black, oily, or viscous extracts are analyzed, a tarry 
residue will build up in the injection port, causing active sites and low recoveries for the 
Perylene-d12 internal standard. 
 
If a single target compound(s) is within 10x the upper calibration limit of the instrument, 
prepare a dilution that will bring the over-range compound into the upper half of the 
calibration range. Report the majority of the target compounds from the first analysis and the 
over-range compounds from the in-range dilution. 
 
If the extracts are not dark & viscous, the dilutions should be made so that the highest target 
compound falls within the upper-half of the calibration curve. See Appendix_3 for preparing 
various dilutions. 
 
If the sample chromatogram exhibits a typical fuel “hump”, analyze the sample at a dilution 
that will bring the “hump” baseline to approximately half the height of the internal standard 
peaks. Do not try to analyze it at much higher levels, as the background hydrocarbons may 
obscure target compounds. On the Data Review Checklist, narrate raised reporting limits 
and, if low recovery for the Perylene-d12 was observed, internal standard recovery failure as 
due to obvious chromatographic interferences. 
 
If the sample chromatogram includes a large but narrow non-target peak, analyze the 
sample at a dilution that will bring the non-target peak to no more than 5 times the height of 
the internal standard peaks. On the Data Review Checklist, narrate raised reporting limits as 
due to non-target matrix interferences. 
 
If the sample chromatogram includes a very wide non-target peak, be aware that this peak 
may obscure target compounds or shift retention times of later-eluting compounds and dilute 
accordingly; discuss the problem with the Department Manager or QA Director. On the Data 
Review Checklist, narrate raised reporting limits as due to non-target matrix interferences. 
 
If a sample is analyzed at multiple dilutions, compare the sample results across the various 
dilutions to verify that the dilutions were prepared correctly. Do the results make sense or is 
there a discrepancy between the runs? If there seems to be a discrepancy, reanalyze the 
sample to confirm the results. 
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3.) Surrogates 
Surrogate compounds are chemically similar to the target analytes but are compounds not 
found in actual samples. These compounds are added, prior to extraction, to every sample, 
method blank, and spike to monitor the efficiency of the extraction for that sample. In-house 
Surrogate Acceptance Criteria are specified in the associated SOP ‘8270C Laboratory 
Control Limits, Table-1’. These limits are generated annually, using control charts.  
 
 Acid Surrogate Compounds: Base/ Neutral Surrogate Compounds: 
 2-Fluorophenol  Nitrobenzene-d5 
 Phenol-d6 2-Fluorobiphenyl 
 2,4,6-Tribromophenol Terphenyl-d14 
 
After each sample is analyzed, LIMS will automatically generate a user report with the 
surrogate criteria for that sample and flag any failing recoveries. If a surrogate recovery is 
outside QC limits, determine whether reanalysis is required using the following criteria: 

 
a.) If all of the surrogate recoveries fail acceptance limits, verify that the LIMS S#, 

amount, and concentration of surrogate added to the sample is correct. If these are 
correct, the sample must be reanalyzed. If the surrogates again fail, the samples 
must be re-extracted. 

  
b.) If a high recovery is observed but no target analytes were detected above the 

reporting limit in the sample, note the failure on the ‘Data Review Checklist’ and 
report the data without reanalysis, since the possible high bias will not affect sample 
results. 

 
c.) If a high recovery is observed and target analytes were detected, and there is no 

obvious chromatographic interference, the sample must be reanalyzed. If the same 
surrogate(s) fails criteria upon reanalysis a Corrective Action report must be initiated 
and the sample must be re-extracted. If the same surrogate fails criteria after re-
extraction it is deemed to be matrix effect. Include both sets of data in the package 
and note the situation in the case narrative. 

 
d.) If a low recovery was observed but the client requested only a subset (acid = 8040 or 

base/neutral = 8100) of analytes and the failing surrogate is not associated with that 
fraction, the data may be reported without reanalysis. 

 
e.) If a low recovery is observed for the first and/or second acid surrogates and the 

sample chromatogram indicates the presence of high levels of organic acids, the 
data may be reported without reanalysis or re-extraction, so long as the samples are 
not associated with a QAPP requiring re-extraction. Document the surrogate failure 
on the ‘Data Review Checklist’ and narrate the failure as due to matrix interferences 
(“organic acids”). 

 
f.) If a low recovery is observed for any surrogate and there is no obvious 

chromatographic interference, or documented historical site matrix interference, the 
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sample must be reanalyzed. If the same surrogate(s) fails criteria upon reanalysis a 
Corrective Action report must be initiated and the sample must be re-extracted. If the 
same surrogate fails criteria after re-extraction it is deemed to be matrix effect. 
Include both sets of data in the package and note the situation in the case narrative. 

 
If a sample must be re-extracted and the holding time has expired, the client’s Project 
Manager must log the sample into LIMS as an alias and have the sample re-extracted as 
the new sample number. If the sample is still within holding time, the sample should be re-
extracted under the original sample number.  
 
If upon re-extraction, the surrogate recovery is again outside limits, note the matrix effect as 
“confirmed matrix interference” on the User Report and the Data Review Checklist, 
otherwise report the data with passing surrogate recovery. 
 
Note: Project-specific quality assurance project plans (QAPPs) may require batch control 

based on different compounds and control limits, in which case the project 
requirements supersede this SOP for all samples related to that project.  

 
4.) Internal Standards 

Internal standard compounds are chemically similar to the target analytes but are 
compounds not found in actual samples. These compounds are added by the analyst to 
each sample, batch QC sample, and standard to correct for slight autosampler injection 
variances and some types of matrix interferences. Quantitation is based on comparison of 
the area of the primary ion in the sample’s mass spectra to the initial calibration response 
factor for that compound. See Appendix_1 for example calculations and Appendix_9 for 
target compound/ internal standard assignments. 
 
The following internal standards are added to all sample and QC extracts at 40ug/mL after 
extraction and prior to analysis:  

 
 1,4-Dichlorobenzene-d4  Naphthalene-d8  
 Acenaphthene-d10 Phenanthrene-d10  
 Chrysene-d12  Perylene-d12. 
 
Review the internal standards results against the following criteria: 

a.) The retention time of the internal standards must be + 0.5 minutes from the CCV.  
 
b.) The area of each internal standard must fall between 50-200% of the mid-point of the 

ICAL.  
 

If internal standard recoveries are out of compliance, use the following to determine the 
appropriate corrective action: 
 

c.) If the internal standard is failing in a calibration standard (ICAL, ICV, CCV), 
instrument maintenance must be performed to bring the instrument back into 
compliance. The standard and any extracts run after that standard must be rerun. 

 



SOP Volume:  SVOC Curtis & Tompkins, Ltd. 
Section:  8.1 
Page:  17 of  62 
Revision:  12 Number:  1 of 1 
Effective:  30 November 2011 
Filename: F:\qc\sop\svoc\bna_rv12.doc 
 

This SOP contains information that may not be disseminated to entities other than C&T staff, clients & regulators. 

d.) If, upon visual inspection of chromatograms, matrix interference is apparent (ie: 
background is 2 to 5 times higher than the nearest internal standard) and no target 
analytes were detected, the data may be reported without corrective action. Narrate 
the interference.  

 
e.) If obvious matrix interference is not present, the sample must be reanalyzed.  

 
f.) If, upon reanalysis, the same internal standard falls outside QC limits, report the 

better of the two runs and narrate the failure as due to confirmed matrix interference.  
 

Method Modification Note: Internal standard retention time criteria are based on the daily 
calibration (CCV), not the mid-point of the initial calibration as noted in 8270C. This 
approach follows the guidance listed in 8000B and previous versions of method 8270, as the 
column is trimmed daily and retention times routinely differ from those observed in the initial 
calibration. 

 
5.) Batch QC 

For every batch of 20 samples (or less) analyzed, a Method Blank (MB), a Laboratory 
Control Sample (LCS), a matrix spike (MS) and duplicate (MSD) are extracted and 
analyzed. If insufficient sample volume was submitted for matrix QC, a blank spike (BS) and 
blank spike duplicate (BSD) are extracted in place of the LCS/ MS/ MSD.   

 
Note: Project-specific quality assurance project plans (QAPP’s) may contain different 

requirements than those listed in this SOP. If so, the QAPP requirements supersede 
this SOP for all samples related to that project. 

 
5.1) Method Blank (MB): 
 A method blank is extracted with each batch of samples to verify that the extraction 

reagents and process are not contributing to the sample results. No compounds 
should be detected in the method blank, however if a compound(s) is detected, the 
following steps are used to determine the corrective action required: 

 
a.) If the compound(s) is a common lab contaminant (ie: bis(2-ethylhexyl)phthalate) 

and the result is less than the reporting limit, document the contamination on the 
batch sequence summary, the data package narrative, and the review checklist 
and report the data without reanalysis. 

 
b.) If the compound(s) is not a common lab contaminant and the concentration is 

between the reporting limit and 1/2 of the reporting limit, document the 
contamination on the batch sequence summary and the data review checklist 
and report the data without reanalysis. 

 
c.) If the sample result for that compound(s) is greater than ten (10) times the 

amount found in the method blank, document the contamination on the batch 
sequence summary and the data review checklist and report the data without 
reanalysis. 
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d.) If the sample result for that compound(s) is greater than the reporting limit but 

less than ten (10) times the amount found in the associated method blank, the 
samples must be re-extracted and reanalyzed.  

 
5.2) Laboratory Control Sample (LCS, or BS/BSD pair): 

Laboratory Control Samples are extracted with each batch of samples to demonstrate 
the performance of the extraction and analysis in the absence of matrix interferences. 
The spiked concentrations should fall in the low to mid-range of the calibration curve; if 
normal initial calibration ranges are changed, review the spiking levels against the new 
ranges to evaluate whether the spiking levels need to be changed as well. In-house 
Acceptance Criteria are specified in the associated SOP ‘8270C Laboratory Control 
Limits, Table-1’. These limits are generated annually, using control charts.  

 
After all of the samples in the batch have been run, the “reduced” LCS report can be 
generated to determine if the LCS passed acceptance criteria for all of the client-
specified limits associated with the batch; this report will compare the recoveries (and 
RPD for BS/BSDs) for each compound to the tightest limits applicable to the jobs in 
that batch. To run this report: 

 
1.) Open the LIMS Intranet page and go to the GC/MS BNA Instrument Page. 

 
2.) There are a number of buttons In the middle of the page. Enter the batch number 

in the field next to “View QC status for batch” then click the VIEW button. 
 

SW-846 Method 3500, Section 5.5.1 defines required spike compounds as the 
following: 

 
Phenol Pentachlorophenol Acenaphthene 
2-Chlorophenol 1,4-Dichlorobenzene 2,4-Dinitrotoluene 
4-Chloro-3-methylphenol N-Nitroso-di-n-propylamine Pyrene 
4-Nitrophenol 1,2,4-Trichlorobenzene 

 
Sporadic marginal failures are allowed for 5% (4 compounds) of the target compound 
list, except that the compounds listed in EPA 3500B Section 5.5.1 must pass 
acceptance criteria. The sporadic failures must be random failures; if the same analyte 
fails in 3 consecutive batches, start a Corrective Action Report then investigate and 
correct the source of the problem. 
 
If any of the 11 compounds listed above (EPA 3500 compounds) or more than 3 of the 
remaining compounds fail acceptance criteria, reanalyze the QC extracts. If the failure 
is confirmed upon reanalysis, initiate a Corrective Action Record and use the following 
criteria to determine the required corrective action: 
 

a.) If the samples are being analyzed for only a subset of the target compound list 
(8100, 8040, etc) and all of those compounds pass acceptance criteria, the data 
may be reported without further corrective action. 
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b.) If high recoveries are observed but no target analytes were detected in the 

associated samples, note the failure on the Data Review Checklist and report the 
data without re-extraction, as the potential high bias does not affect the sample 
results. 

 
c.) If high recoveries are observed and the samples contain target compounds at 

levels above the reporting limits, the samples must be re-extracted. 
 

d.) If high RPD’s are observed but the recoveries are within acceptance limits and 
no target analytes were detected in the associated samples, note the failure on 
the Data Review Checklist and report the data without re-extraction, as the lack 
of good precision data does not affect ND samples. 

 
e.) If high RPD’s are observed and the samples contain target compounds at levels 

above the reporting limits, the samples must be re-extracted. 
 

f.) If low recoveries are observed for any surrogate, the associated samples must 
be re-extracted. 
 

If a sample must be re-extracted and the holding time has expired, the client’s Project 
Manager should log the sample in as an alias and have the samples re-extracted as 
the new sample number. If the sample is still within holding time, re-extract and 
reanalyze the sample under the original sample number.  

 
5.3) Matrix Spike/ Matrix Spike Duplicate (MS/MSD): 

Matrix spikes are extracted with each batch of samples to demonstrate the accuracy 
(recovery) and precision (RPD) of the analysis in real-world samples. In-house 
Acceptance Criteria are specified in the associated SOP ‘8270C Laboratory Control 
Limits, Table-1’. These limits are generated annually, using control charts. The matrix 
spikes include all analytes of interest, but are typically monitored only for those 
compounds listed in method 3500B Section 5.5.1, unless otherwise specified by the 
client.  

 
Review the MS/MSD data. If either the recoveries or RPD fail criteria, determine 
whether or not the data can be reported based on the following: 

 
a.) If the concentration of a target compound in the sample is greater than the linear 

range and the sample needs to be rerun for just that compound, report the 
MS/MSD with a LIMS-flag of “>LR” on those recoveries without reanalysis. 
 

b.) If the concentration of a target compound in the sample is within linear range but 
the concentration in the matrix spikes is greater than the linear range, LIMS will 
apply a “>LR” flag to those recoveries. Report the data without reanalysis. 
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c.) If the concentration of a target compound is greater than 4x the spiking level, 
LIMS will apply a “NM” (for “Not Meaningful”) flag to those recoveries. Report the 
data without reanalysis. 
 

d.) If MS/MSD recoveries fail but the RPD (and LCS recovery) is within acceptance 
limits, matrix interference is usually suspected. Narrate the failure and report the 
data without reanalysis (except for USACE, or other Level 3 or Level 4 projects 
that always require reanalysis). 
 

e.) If the recoveries fail due to obvious chromatographic interference (ie: coelution of 
sample hydrocarbons or other analytes with the spike compounds), narrate the 
failure on the Data Review Checklist and report the data without reanalysis. 

 
f.) If the recoveries are within limits but the RPD fails, and an isolated problem 

cannot be identified and documented, reanalyze the sample and matrix spikes. 
 

QUALITATIVE ANALYSIS (Target Compound Identification) 
Identification of compounds is based on retention time and on comparison of the sample mass 
spectrum, after background correction, with characteristic ions in a reference spectrum.   
 
The reference spectrum for target compounds is generated from the initial calibration standards. 
The characteristic ions from the reference mass spectrum are defined as the three ions of 
greatest relative intensity, or any ions over 30% relative intensity if less than three such ions 
occur in the reference spectrum.   
 
The following criteria need to be met for positive identification of a compound: 
 
1) The retention time (RT) must be within 0.1 minute of that component in the most recent 

CCV. If co-elution of interfering components prohibits accurate assignment of sample RRT, 
the RRT should be assigned from extracted ion current profiles of ions unique to the 
compound of interest.  

 
Method Modification Note:  Method 8270C Section 7.6.1.2 specifies that the retention time 
be within 0.06 RRT, however this window is too narrow for routine use with highly 
contaminated samples. C&T has chosen to use a default of 0.1 minutes. 

 
2) The retention time of the associated internal standard must be within + 0.5 minutes of the 

internal standard retention times in the most recent CCV. 
 
3) The retention times of the characteristic ions of the compound should agree. 
 
4) All ions of greater than 10% intensity, relative to the quantitation ion, must be present in the 

sample spectrum. 
 
5) The relative intensities of the characteristic ions (for target analytes and tentatively identified 

compounds, “TICs”) agree within 20% of the same ions in the reference spectrum.  
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Example: For an ion with an abundance of 50% in the reference spectrum, the 
corresponding abundance must be between 30-70%.  

 
If a client requests “TICs” (Tentatively Identified Compounds), see Appendix_11 for 
instructions on processing and reviewing the data. 

 
6) Structural isomers may be reported as individual isomers so long as the height of the valley 

between the two peaks should be less than 25% of the sum of the two peak heights, 
otherwise they should be identified as isomeric pairs (8270C, Section 7.6.1.4).  In most 
samples, if benzo(b)fluoranthene is present, there will also be a peak for 
benzo(k)fluoranthene. If only a single peak is present and the retention time falls between 
the expected retention times for these two analytes, rerun the extract on a different 
instrument or do a post-extraction spike to confirm the identification. To do a post-extraction 
spike, take a 100uL aliquot of the sample extract and add a volume of a CCV standard that 
will essentially double the on-column concentration of the analyte. The benzo(b) or benzo(k) 
peak that is then significantly larger than the other should be the isomer reported as present 
in the sample. 

 
7) Method 8270D requires verification that hits in the samples are not due to carry-over from 

previous runs.  If a sample has a high concentration of a target compound, sufficient to 
saturate the detector, a clean instrument blank or sample must follow in order to report hits 
in any of the subsequent samples.  A sample may be used in place of an IB only if the 
saturating target is not present at the MDL level.  Narrate on the sequence which sample is 
being used as an IB for saturating compound(s) and reanalyze all samples that fall between 
the saturating run and the "blank" run. 
 
 

 
Method Modification Note:  Due to the daily maintenance requirements of this method, the 
retention times are based on the most recent CCV (8000B Section 7.6.5, and previous versions 
of method 8270), not on the mid-point of the initial calibration (8270C, Section 7.4.6). 
 
Check the integration of the quantitation ion as you examine the spectra. Peaks should be 
integrated from baseline to baseline unless the matrix causes interferences with the ion ratios, 
in which case only the part of the peak with the correct ions should be integrated. For 
problematic analytes, manual integrations must be consistently applied to ICAL, CCV, and 
sample integrations. LIMS will place an “m”-flag next to the result for any compound that has 
been manually integrated and will retain both the original and the reprocessed data. If the 
reason for the integration is not intuitive and obvious, add a comment to the data, describing the 
reason for the integration. 
 
WARNING: Manual integration performed solely to achieve calibration or other QC criteria is 

illegal and is grounds for immediate termination. 
 
 



SOP Volume:  SVOC Curtis & Tompkins, Ltd. 
Section:  8.1 
Page:  22 of  62 
Revision:  12 Number:  1 of 1 
Effective:  30 November 2011 
Filename: F:\qc\sop\svoc\bna_rv12.doc 
 

This SOP contains information that may not be disseminated to entities other than C&T staff, clients & regulators. 

DATA REVIEW 
 
All data must be reviewed by a second party (peer, QC Chemist, or Department Manager) prior 
to reporting. See Appendix_12 for instructions on paperless procedures and working up data in 
LIMS. After all of the chromatograms, user reports, and final forms have been reviewed, and the 
data file is electronically signed by the analyst in the LIMS “Review APP”, foreword the package 
to QC Reviewers via LIMS procedures outlined in Appendix 12. 
 
The peer reviewer must electronically initial the user report(s) and make any additional 
comments on the case narrative. 
 
POLLUTION PREVENTION 
The split vent and septum purge lines are directed through a carbon trap in order to reduce 
solvent emissions into the laboratory. 
 
WASTE DISPOSAL 
Sample extracts should be kept in the freezer at < -10°C for at least 40 days after extraction. 
The extracts, and any expired standards, should then be transferred to the lab’s “Chlorinated 
Solvents” waste stream for proper disposal. 
 
REVISION HISTORY 
This is rev 12. Rev 11 was thoroughly reviewed and changed as follows: 

• References were revised for appropriate revisions to methods and standards 
• The area of each internal standard must fall between 50-200% of the mid-point of the 

ICAL.  
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APPENDIX_1: CALCULATIONS 
 
SAMPLE QUANTITATION            
 
Moisture Corrected Results for soil samples: 
 

Dry Weight Concentration (ug/Kg) =  “As Received” Conc. / ((100 - %moisture)/100) 
 
Concentration using Relative Response Factor (by internal standard) 
 Cx = [ (Ax * Cis) / (Ais * RRFavg) ] * pdf * idf 
 
Where: Cx = Concentration of the compound 
 Ax = Area compound 
 Cis = Concentration of Internal Standard, in the sample 
 Ais = Area of Internal Standard, in the sample 
 RRFavg = Average Relative Response Factor, from the curve 
 pdf  =  Prep Dilution Factor (Vf/Vi or Vf/Wi) 
 idf  =  Instrument Dilution Factor  
 
Concentration using Linear Regression (by internal standard) 
 Cx = [ ((Ax / Ais) – b )/ m * Cis ] * pdf * idf 
 
Where: Cx = Concentration of the compound 
 Ax = Area of the compound 
 Ais = Area of the Internal Standard 
 Cis = Concentration of the Internal Standard 
 m = slope 
 b = intercept 
 pdf  =  Prep Dilution Factor (Vf/Vi or Vf/Wi) 
 idf  =  Instrument Dilution Factor  
 
Concentration via Quadratic Equation (by internal standard)  

Assuming use of normal quadratic equation ( y = ax2 + bx + c ) 
Where y = Ax / Ais = Area of compound divided by Area of Internal Standard 
 x = Cx / Cis = Concentration of compound / Concentration of IS 
 
Cx = [(√[b2 – (4*a*(c-(Ax/Ais)))] – b) /(2*a)]*Cis * pdf * idf 
 
Where: Ax = Area of the compound 

   Ais = Area of the Internal Standard 
   Cis = Concentration of the Internal Standard 
   a = second order (x2, quadratic) coefficient, from curve 
   b = linear (x, first order) coefficient, from curve 
   c = intercept, from curve 
   pdf  =  Prep Dilution Factor (Vf/Vi or Vf/Wi) 
   idf  =  Instrument Dilution Factor  
BATCH QC              
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Percent Recovery (%R) is the measured concentration divided by the true concentration of the spike. 
 
 %Recovery  =  (SP – SA) / (C * V) *100 
 

Where:  SP  =  measured concentration in the spiked sample 
SA  =  measured concentration in the un-spiked aliquot of sample (for 

LCS/BS/BSD, use zero) 
C  =  concentration of the spiking standard 
V  =  volume used, of the spiking standard 

 
Relative Percent Difference (RPD) is the RPD is the difference in concentrations divided by the average of the 
concentrations. 

 
%RPD  =  (SA -  DU )  /  ((SA + DU)/2)  * 100 

 
Where:  SA  =  the sample concentration 

DU  =  the duplicate concentration. 
 
 
CALIBRATION             
 
Average Response Equations 
Relative Response Factor (Rrf) = (AX * CIS) / (AIS * CX) 
 

Where: AX   =  Area of the characteristic ion for the compound being measured 
AIS  = Area of the characteristic ion for the specific internal standard 
CIS  =  Concentration of the specific internal standard 
CX   =  Concentration of the compound being measured 

 
% Relative Standard Deviation (RSD)  =  (SD / RRFavg) * 100 

  
Where: SD  =  Standard deviation of average RF's for a compound 

    =  √ {[ ∑ (RRFi – RRFavg )2 ] / (n-1) } 
   RRFi = Relative Response Factor for each level 
   RRFavg = Average Relative Response Factor from the curve 
   n = number of calibration points 
 
Linear Regression Equations 
 
 y = mx + b 
 
Where: y = response (Ax for external standard, or Ax/Ais for internal standard) 
     Where Ax = Area of compound  
    Ax / Ais = Area of compound divided by area of internal std  
 x = concentration (Cx for external standard, or Cx/Cis for internal standard) 
 m = slope 
 b = intercept 
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Slope (m) = [ (∑wxiyi * ∑w) – (∑wxi * ∑wyi) ] / [ (∑w * ∑wxi
2) – (∑wxi * ∑wxi) ] 

 
Intercept (b) = yavg – (m * xavg) 
 
Correlation Coefficient (or “Coefficient of Determination” for non-linear curves): 
 n n  n 

COD  =   ( ∑ (Yobs - Ym)2  -  ((n-1)/(n-p)) * ∑ (Yobs - Yi)2  )  / ∑ (Yobs - Ym)2   
 i=1 i=1 i=1 
 

Where: Yobs  = Observed response for each concentration from each initial 
calibration standard, where response = Ax * (Cis/Ais) 

Ym  =  Mean observed response from the initial calibration 
Yi  =  Calculated (or predicted) response at each concentration from 

the initial calibration  
n =  number of ICAL points  
p =  Number of adjustable parameters in the polynomial equation 

(linear = 1, quadratic = 2)  
 
Coefficient of Determination (r2) = r * r 
 
 
Calibration Verification (ICV & CCV) 
For compounds quantitated by Average RF, calculate the CCV %Difference as follows: 

       
%D (Percent Difference)   =  ((AvRF  -  RFC) / AvRF) * 100 

      
Where: AvRF  =  Average response factor from initial calibration  

RFC    =  Response factor from current daily calibration check standard 
 
For compounds quantitated by linear/ quadratic regression, calculate the %Drift as follows: 
 
 %Drift  =  (Expected Concentration – Observed Concentration )  *  100 

Expected Concentration 
 
 
PEM (Performance Evaluation Mix) 
 
%breakdown of DDT = ∑ (ADDE + ADDD) / ∑ (ADDE + ADDD + ADDT) 
 
Where: ADDE = Area of DDE primary ion (m/z 246) 
 ADDD = Area of DDD primary ion (m/z 235) 
 ADDT = Area of DDT primary ion (m/z 235) 
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Tailing Factor (from EPA 8270D): 
 

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

 
If, using the peak at left: 
Peak height = DE = 100mm 
10% peak height = BD = 10mm 
Peak Width at 10% peak height 
= AC = 23mm 
AB = 11mm,  BC = 12mm 
 
Tailing Factor = BC / AB = 12/11 
= 1.1 

 
Make a Working Standard from a Source (Stock) Standard: 
Determine the volume of source standard needed to make a given volume of working standard: 
 

Vss (mL)  =  Vws * Cws / Css 
 
Where:  Vss   =  Volume of Source Standard (mL) needed to make Working Standard 

Vws  =   Final Volume (mL) of Working Standard  
Cws  =   Final Concentration (ug/mL) of the Working Standard 
Css  =   Concentration (ug/mL) of the Source Standard 

 
Note: If the volume to be added is less than 1ųL, make an intermediate dilution by diluting the 
source standard 1:10 (1mL + 9 mL), then use 10 times as much of this intermediate. 
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APPENDIX_2: REAGENTS & STANDARDS 
 
The standards and reagents listed below are those in use at the time this procedure was 
written. Alternate supplies may be used so long as they are of equivalent quality and all other 
calibration, quality control, and traceability requirements are met. 
 
REAGENTS   
Store reagents at room temperature.  
Label each bottle with date opened/aliquotted and use or discard within one year. 
 
Dichloromethane: EM Science, Omni-Solv grade, VWR Cat# TXDX0837-39CUT 
Tuning Solution:   PFTBA (perfluorotributylamine), Agilent catalog # 8500-8130 
 
SOURCE STANDARDS   
Source standards are those purchased from a chemical manufacturer or vendor. For source 
standards, the LIMS S-name is unique to both the composition (compound list) of the standard 
and to the vendor of that standard. A new S-name must be assigned whenever the composition 
is changed or when the standard is obtained from a different vendor; the information must then 
be entered in the “Standard Definitions” table before the new standard is assigned an S#. If you 
need more details, log into the LIMS browser; follow the ‘LAB MENU’ link and click on the “New 
Standards System (March 2005)” link for details on the system. 
 
Certificates of Analysis should be obtained from the vendor of each source standard; the 
certificates should be labeled with the LIMS ID and the date received and filed in the 3-ring 
binder. Source standards should be stored protected from light in the freezer and typically have 
an expiration date set by the manufacturer. If no expiration date is listed, the expiration date is 
one year from date received. Label each vial with the contents, LIMS S#, and expiration date.  
 
When standard ampules are opened and used, excess volume should be transferred to a 2mL 
screw-cap vial and retained for no more than six months. All standards must be stored in the 
standards freezer (at < -10°C). Note:  Method 625 recommends storing the standards at 4°C, 
however the < -10°C is more conservative and results in less solvent loss. 
 

Primary Source Standards 
Analytes Concentration 

(ug/mL) 
Supplier & Catalog# LIMS SS Name 

DFTPP 25,000 Supelco # 4-2784-U DFTPP 
PEM 50 Supelco # 4-7387 MSPEMSTD 
Internal Standards Mix 4,000 Restek # 31006 SVOC IS 
    
8270 Standard 1000 Accustd Cstm S-15484-R1 S-15484-R1 
8270 Standard 1000 Accustd Cstm S-15484 S-15485 
Acidic Surrogates 10000 Restek #31087 HI_ACSURR 
Base/neutral Surrogate 5000 Restek #31086 HI_BNSURR 
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Secondary Source Standards 

Analytes Concentration 
(ug/mL) 

Supplier & Catalog# LIMS SS Name 

8270 Standard 1000 Supelco #20979786 CUSTOM8270ICA1A
8270 Standard 1000 Supelco #20823205 CSTM8270ICV2 
Benzoic Acid 2000 Supelco #47508-U 47508-U 
    
    
    
    
    
B/N Surrogate Mix 1,000 Supelco # 4-8935 S-B/NSURR 
Acid Surrogate Mix 2,000 Supelco # 4-8939 S-ACSURR 

 
ALTERNATE  

Source Standards 
Analytes Concentration 

(ug/mL) 
Supplier & Catalog# LIMS SS Name 

Base/ Neutral Mix 2,000 Protocol # BIG-BN-2000 BIGBN2000 
Acid Mix (Phenols) 2,000 Protocol # HICAL-ACIDS HICALACIDS 
Misc. Phenols 2,000 Protocol # CT-P317 CTP317 
Misc. Semivolatiles 2,000 Protocol # SV-x SVX 
Benzidine Mix  2,000 Protocol Cat # 605-x 605-X 
Acid Surrogates Mix 7,500 Restek # 31073 CLPACIDSUR 
B/N Surrogates Mix 5,000 Restek # 31072 CLPB/NSUR 
2,6-Dichlorophenol 5,000 Supelco # 4-0302 4-0302 
2,3,4,6Tetrachlorophenol 5,000 Supelco # 4-8264 4-8264 

 
 
WORKING STANDARDS PREPARATION   
Working standards are those prepared at C&T, which should be prepared in Class-A volumetric 
flasks. For working standards, the LIMS S-name is not unique to the source standard vendor but 
is unique to the compound list and concentrations contained in the working standard; if the 
concentration or compounds in the working standard changes, a new S-name, compound list 
and concentrations must be entered in the “Standard Definitions” table before the standard is 
logged in and assigned an S#. It is very important to enter this information correctly, as LIMS 
uses this information to calculate spike and surrogate recoveries. 
 
The benchbook entry should include: 

 prep date and initials of the analyst making the standard,  
 LIMS S#, concentration, and volume of each Source Standard used,  
 solvent name, volume, and lot#, and  
 final volume, concentration, and expiration date of the new Working Standard.  

 
Label the standards vials with the LIMS S# and the expiration date. 
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Working standards should be stored protected from light and expire 180 days after preparation 
from the source standards unless any of the source standards expire before the 180 days. If any 
of the source standards expire before the 180 days, change the expiration date of the working 
standard to match the earliest expiration date of the stock standards. The expiration date of the 
working standard must not exceed the expiration date of any of the source standards from 
which it was made. Aliquots are taken from the standard vial daily and this aliquot is used for 
only one day before being discarded. Store all working standards in a freezer at < -10°C; 
standards may not be stored in a freezer containing samples or extracts. Note:  Method 625 
recommends storing the standards at 4°C, however the < -10°C is more conservative and 
results in less solvent loss. 
 
Expired standards may be used for trouble-shooting or method development so long as each 
standard vial is clearly marked “expired” and stored in a well-marked tray containing only 
expired standards. 
 

WS Standard & 
Conc. (μg/mL) 

Using  
Source Std 

Add Vol (μL)  
Source Std 

LIMS  
WS Name 

DFTPP 50µg/L DFTPP 80 DFTPP 
 MeCl2 40mL  
    

PEM 50ug/mL MSPEMSTD 1,000 MSPEM 
 SVOCIS 10  

 
 
 

WS Standard & 
Conc. (μg/mL) 

Using  
Source Std 

Add Vol (μL)  
Source Std 

LIMS  
WS Name 

ICV 25/50/100 
µg/mL Custom8270ICV1A 125 

CUSTOM8270ICV1A 

 Custom8270ICV2 250 CSTM8270ICV2 
 47508-U 250 47508-U 
 H1_BNSURR 25 H1_BNSURR 
 H1_ACSURR 12.5 H1_ACSURR 
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Initial Calibration Standards 

WS Standard & 
Conc. (μg/mL) 

Using Std Add Vol (μL)  
Source Std 

LIMS  
WS Name 

ICAL, 2 µg/mL M-8270-WL 200 8270ICAL1 
 SVOC IS 20.0  
 MeCl2 1,800  

ICAL, 5 µg/mL 8270WL8x 40.0 8270ICAL8 
 SVOC IS 12.8  
 MeCl2 1,240  

ICAL, 10 µg/mL 8270WL6x 100 8270ICAL2 
 SVOC IS 12.0  
 MeCl2 1,100  

ICAL, 20 µg/mL M-8270-WL 3,040 8270ICAL3 
 SVOC IS 30.4  
 MeCl2 - -  

ICAL, 50 µg/mL 8270WL2.5x 3,140 8270ICAL4 
 SVOC IS 31.4  
 MeCl2 --  

ICAL, 80 µg/mL 8270WL4x 3,240 8270ICAL5 
 SVOC IS 32.4  
 MeCl2 --  

ICAL, 100 µg/mL 8270ICAL7 625 8270ICAL9 
 SVOC IS 3.75  
 MeCl2 375  

ICAL, 120 µg/mL 8270WL6x 3,200 8270ICAL6 
 SVOC IS 32.0  
 MeCl2 --  

ICAL, 160 µg/mL 8270WL8x 3,180 8270ICAL7 
 SVOC IS 31.8  
 MeCl2 --  
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APPENDIX_3: DILUTIONS 
 
 
Dilutions should be prepared so that the concentration of the target analyte falls in the middle of 
the calibration curve. 
 
Let the extracts warm to room temperature then:  
 
If a 2x dilution is required, dilute a 100μL aliquot of extract with 100 μL of methylene chloride in 
an insert, add 2 μL of internal standard solution, and seal the vial with a crimp cap. 
 
If the required dilution is >2x, dilute an aliquot of the extract to a total volume of 500μL in an 
autosampler vial, add 5μL internal standard solution and seal the vial with a crimp cap. See 
table below for appropriate volumes. 
 
Shake the dilution and invert 3 times to mix. 
 
 

Dilution 
Factor 

Final Volume 
(μL) 

Extract Volume 
(μL) 

MeCl2 Volume 
(μL) 

IS Volume 
(μL) 

     
2 200 100 100 2 
5 500 100 400 5 

10 500 50 450 5 
20 500 25 475 5 
50 500 10 490 5 

100 500 5 495 5 
200 500 2.5 497.5 5 
250 500 2 498 5 
500 500 1 499 5 

1,000 1,000 1 999 10 
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APPENDIX_4: INSTRUMENT CONDITIONS 
 
 
These parameters may change at the analyst's discretion to optimize instrument performance. 
Changes are documented in the instrument maintenance log. 
 
BNA02: File Designation:  Uxxxx 

GC Model: HP5890 Series II w/ EPC 
Autosampler: HP7673 
Detector: HP5971 

 
 Injector Temperature: 270 ºC 
 Detector Temperature: 300 ºC 
 Oven Temperature Program: 
  Initial Temp. 40 ºC for 3.0 min 
  Ramp 1 20 ºC/min to 90ºC 
  Ramp 2 12 ºC/min to 280ºC  
  Ramp 3 10 ºC/min to 340ºC 
  Final Time 3.67 min 
 
 Injection Volume: 1 uL 
 Split-less Time: 0.75 min 
 Carrier Gas:  Helium 
 EPC program:  Constant flow @ 1.0 mL/min. 
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BNA03: File Designation:  Vxxxx 

GC Model: HP6890 
Autosampler: HP7673 
Detector: HP5973 

 
 Injector Temperature:  270 ºC 
 Detector Temperature:  300 ºC 
 Oven Temperature Program: 
  Initial Temp. 40 ºC for 1.5 min 
  Ramp 1 20 ºC/min to 290ºC 
  Ramp 2 2 ºC/min to 303ºC 
  Ramp 3 7 ºC/min to 330ºC 
  Final Time 2.14 min 
 
 Injection Volume:  1 uL 
  
  Injector: 

Mode:      Pulsed Split-less 
  Pressure:     16.11 psi (on) 
  Pulse pressure:    30.0 psi 
  Pulse time:    0.70 min 
  Purge flow:    30.0 min 
  Purge time    0.70 min 
  Total flow:    34.5 min 
 
 Carrier Gas:  Helium 
  EPC program:    Constant flow @  2.0 mL/min.  
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BNA04: File Designation:  Wxxxx 

GC Model: HP5890 Series II w/ EPC 
Autosampler: HP7673 
Detector: HP5972 

 
 Injector Temperature:  270 ºC   
 Detector Temperature:  300 ºC 
 Oven Temperature Program: 
  Initial Temp. 40 ºC for 2.0 min 
  Ramp 1 20 ºC/min to 290ºC 
  Ramp 2 2 ºC/min to 303ºC 
  Ramp 3 7 ºC/min to 330ºC 
  Final Time 0 min 

 
 Injection Volume:  1 uL 
 Splitless time:  0.75 min 
 Carrier Gas:  Helium 
 EPC program:  Constant flow @ 1.0 mL/min. 
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BNA05: File Designation:  Xxxxx 

GC Model: Agilent 6890N 
Autosampler: Agilent 7683 
Detector: Agilent 5973N 

 
 Injector Temperature:  270 ºC   
 Detector Temperature:  300 ºC 
 Oven Temperature Program: 
  Initial Temp. 40 ºC for 1.5 min 
  Ramp 1 20 ºC/min to 290ºC 
  Ramp 2 2 ºC/min to 303ºC 
  Ramp 3 7 ºC/min to 330ºC 
  Final Time 1.64 min 

 
  Injector: 

Mode:      Pulsed Split-less 
  Pressure:     17.3 psi (on) 
  Pulse pressure:    30.0 psi 
  Pulse time:    0.70 min 
  Purge flow:    29.4 min 
  Purge time    0.70 min 
  Total flow:    34.1 min 
 
  Column flow: 
  Mode:     Constant Flow 
  Initial Flow:    2.0 mL/min 
  Initial time:    0 min 
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BNA06: File Designation:  Yxxxx 

GC Model: Agilent 6890N 
Autosampler: Agilent 7683 
Detector: Agilent 5973 

 
 Injector Temperature:  270 ºC   
 Detector Temperature:  300 ºC 
 Oven Temperature Program: 
  Initial Temp. 40 ºC for 1.5 min 
  Ramp 1 20 ºC/min to 290ºC 
  Ramp 2 2 ºC/min to 303ºC 
  Ramp 3 7 ºC/min to 330ºC 
  Final Time 1.64 min 

 
  Injector: 

Mode:      Pulsed Split-less 
  Pressure:     17.3 psi (on) 
  Pulse pressure:    30.0 psi 
  Pulse time:    0.70 min 
  Purge flow:    29.4 min 
  Purge time    0.70 min 
  Total flow:    34.1 min 
 
  Column flow: 
  Mode:     Constant Flow 
  Initial Flow:    2.0 mL/min 
  Initial time:    0 min 
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BNA07: File Designation:  Zxxxx 

GC Model: Agilent 6890N 
Autosampler: Agilent 7683 
Detector: Agilent 5975 

 
 Injector Temperature:  270 ºC 
 Detector Temperature:  300 ºC 
 Oven Temperature Program: 
  Initial Temp. 40 ºC for 1.5 min 
  Ramp 1 20 ºC/min to 290ºC 
  Ramp 2 2 ºC/min to 303ºC 
  Ramp 3 7 ºC/min to 330ºC 
  Final Time 2.14 min 
 
 Injection Volume:  1 uL 

 
  Injector: 

Mode:      Pulsed Splitless 
  Pressure:     16.11 psi (on) 
  Pulse pressure:    30.0 psi 
  Pulse time:    0.70 min 
  Purge flow:    30.0 min 
  Purge time    0.70 min 
  Total flow:    34.5 min 
 
  Column flow: 
  Mode:     Constant flow 
  Initial Flow:    2.0 mL/min 
  Initial time:    0 min 
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BNA09: File Designation:  Rxxxx 

GC Model: HP7890A 
Autosampler: HP7683B 
Detector: HP5975C 

 
 Injector Temperature:  270 ºC 
 Detector Temperature:  300 ºC 
 Oven Temperature Program: 
  Initial Temp. 40 ºC 
  Initial Time 1.5 min 
  Ramp 1 20 ºC/min to 290ºC 
  Ramp 2 2 ºC/min to 303ºC 
  Ramp 3 7 ºC/min to 321ºC 
  Final Time 0.929 min 

 
 Injection Volume:  1 uL 
 
  Injector: 

Mode:      Pulsed Splitless 
  Pressure:     16.11 psi (on) 
  Pulse pressure:    30.0 psi 
  Pulse time:    0.70 min 
  Purge flow:    30.0 min 
  Purge time    0.70 min 
  Total flow:    34.5 min 
 
  Column flow: 
  Mode:     Constant flow 
  Initial Flow:    2.0 mL/min 
  Initial time:    0 min 
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APPENDIX_5: TROUBLE-SHOOTING & PREVENTATIVE MAINTENANCE 
 
Instrument maintenance must be documented in the maintenance benchbook, with the 
exception of the daily preventative maintenance noted in the body of this SOP. If preventative or 
trouble-shooting maintenance is performed, document: 
 

1.) the reason the maintenance was necessary,  
2.) the action taken,  
3.) the resolution of the maintenance (“passed tune”, “PCP response back”, etc.), and 
4.) initials of the analyst performing the maintenance, and  
5.) date it was performed.   

 
File the laboratory copy of the contractor receipt in the three-ringed binder titled GC/MS-SVOC 
Instrument Maintenance Contractor Receipts.  
 
PREVENTATIVE MAINTENANCE           
 
Changing the column: 
The column should be changed whenever 1.) the first analyte can not be separated from the 
solvent peak, 2.) an initial calibration will not meet requirements, or 3.) poor response is 
observed for phenols, benzidine, benzoic acid, or hexachlorocyclopentadiene, or 4.) the 
resolution between aniline and phenol is lost. The source should be cleaned each time the 
column is changed in order to minimize down-time. 
 
1.) Use the Chemserver INSTRUMENT CONTROL vacuum control to vent the instrument. 

Then turn off the oven, injector port, and detector port temperatures, and shut off the MSD 
diffusion pump. Unplug the rough pump. 

2.) Allow all parts to cool to room temperature. 
3.) Use the GC keypad to set the inlet pressure to zero. 
4.) Remove the old column from the injection and detector ports and do injector port 

maintenance. Cap the column with a septum. 
5.) Put the injector port nut and a vespel/graphite (0.4mm ID, Restek Cat.#6717-20229) ferrule 

on one end of the new column, then clip about 3 or 4 centimeters off the end of the column. 
Hold the column at a slight downward angle when cutting the column, so that any small 
chips will not fall back into the column. 

6.) Place a mark (with white-out or a felt-tip marker) or septa between 10-12mm from the end of 
the column. 

7.) Insert the column into the injection port so that the lower end of the injection port nut lines up 
with the mark. Tighten the nut to finger-tight, then wrench-tighten until snug, making sure the 
mark still lines up with the end of the nut. 

8.) Clip about 3 or 4 centimeters off of the detector the end of the column.  
9.) Use the GC keypad to turn the carrier gas back by entering “Constant Flow” “ON”. 
10.) Use the GC keypad to set injector port temperature to 270°C. 
11.) Set the oven temperature to 340°C and bake out the column, without installing it in the 

detector, while you clean the source (at least 2-3 hours but often requires 4-6 hours). 
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12.) After cooling the oven back to room temperature, put a new source nut (Restek Catalog 
# 20643) and a vespel/graphite ferrule (Restek Cat.# 20420) on the detector port end of 
the column. Note: It’s very important to not use a pure graphite ferrule as the graphite is 
too soft and may crumble as the nut is tightened, releasing particles into the detector. 

13.) For the 5971 and 5972 detectors, Insert the column into the detector as far as it will go, 
then pull it back about ¼ inch (so that tightening the nut will not crush the end of the 
column). 
For the 5973 and 5975 detectors, leave only 2mm of the column extending from the 
transfer line. 

14.) Tighten the nut to finger-tight, then wrench-tighten to snug. 
15.) Turn on the rough pump and the MSD diffusion pump. 
16.) Use the INSTRUMENT CONTROL options to pump down the MSD. Check the status of 

the instrument; once the status is “OK” (usually ~200mtorr), do a spectrum scan to 
check for leaks.  

17.) Bake out over-night to remove any remaining moisture from the detector. The next 
morning, mass 28 should be less than 10%; if higher levels are observed, the injector or 
detector ends of the column may need to be re-installed.  

 
Document in the maintenance log what the symptoms were that prompted you to change the 
column, when you changed it, and whether or not the new column eliminated the symptoms. 
 
Cleaning the source: 
The source should be cleaned whenever 1.) the column is changed, 2.) tuning criteria can not 
be met, or 3.) no response is obtained from either filament. 
 
1.) Follow Steps 1 through 5 above to shut down the instrument. 
2.) For 5971 and 5972 detectors, remove the column from the detector port. Note: The 5973 

and 5975 detectors do not require this step. 
3.) USE LATEX or LINT-FREE COTTON GLOVES to handle all detector parts – this is VERY 

important as the oils from your fingers will contaminate the detector. 
4.) Disassemble the source as detailed in the instrument manual for that particular detector. 
5.) Use the green sand-paper to remove any discoloration from the source parts, including the 

lenses, repeller, etc. 
6.) After any discoloration has been removed, place the source parts in a methanol bath for 

about 20 minutes. Discard the used methanol into a flammable waste container. Repeat two 
more times with fresh methanol. 

7.) Reassemble the source and install it onto the GC as detailed in the instrument manual. 
8.) Follow Steps 16 through 22 above to reinstall the column and restart the instrument. 
 
Document in the maintenance log what the symptoms were that prompted you to clean the 
source, when you cleaned it, and whether or not the cleaning eliminated the symptoms. 
 
Trouble-shooting tip:  If you do a spectrum scan and the scan shows a large primary ion of 69 
with masses at 219 and 502, the tuning solution (PFTBA: perfluorotributylamine, Agilent catalog 
# 8500-8130) reservoir is open. 
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If the quadrupole rods need to be cleaned, call Full Spectrum. 
 
Changing the rough pump oil (should be done annually): 
1.) Follow Steps 1 through 5 above to shut down the instrument. 
2.) Disconnect the hose from the rough pump. 
3.) Drain the oil into the waste oil container and replace it with fresh vacuum pump oil (Scientific 

Instrument Supply, Catalog # INV45-1). 
4.) Reconnect the hose to the rough pump and turn on the rough pump. 
5.) Turn on the MSD diffusion pump, and download the detector port, injector port, and oven 

temperatures.  
6.) Use the INSTRUMENT CONTROL options to check the vacuum status. Once the status is 

“OK” (usually ~200mtorr), do a spectrum-scan to check for hydrocarbon background; if the 
background is very noisy, the detector may need to be baked out. 

7.) Document the maintenance in the benchbook. 
 
 
TROUBLE-SHOOTING            
 
Problem:  Can’t reach full vacuum 

Probably a leak. Scan for m/z from 0 to 50 amu and look for water (18), nitrogen (28), and 
oxygen (32).  If present, there’s probably a leak around column-to-source connection.  You 
can also use dust-cleaner to search for leaks by scanning for the primary ion of the main 
chemical in the dust-cleaner.  If the abundance of that ion increases as you spray sections 
of the MS, then there is a leak.  Check fitting and ferrule. If snug, ferrule is probably scored 
and should be replaced.  Also check cal-gas valve.   

 
Problem:  High Background Signal 

Do a spectrum scan to try to determine the source of the background signal. 
 m/z 28:  Nitrogen. Most likely source is a leak at the detector nut. 
 m/z 31:  Methanol. Were detector parts dried properly prior to installation? 
 m/z 44:  Carbon Dioxide. Most likely source is a leak at the detector nut. 
 m/z 69 plus 219 & 502:  PFTBA. The tuning solution reservoir was not closed after 

tuning. 
 m/z 207 or 281:  Siloxanes. Septum bleed or column bleed. 
 m/z 446:  Diffusion Pump Oil. Improper venting pulled oil into the detector. Call Agilent or 

Full Spectrum for assistance. 
 Series of mass peaks 14amu apart, with abundance decreasing with increasing mass:  

Fingerprint oils on the source or detector end of the column. 
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APPENDIX _6:  DFTPP TUNING 
 
 DFTPP Key Ions and Ion Abundance Criteria 
 Methods EPA 625 & EPA 8270C  
 Semivolatile Organics by GC/MS 
 

  
  

Mass Ion Abundance Criteria 
  

51 30.0% to 60.0 % of mass 198 

68 < 2.0% of mass 69 

69 (reference only) 

70 < 2.0% of mass 69 

127 40.0% to 60.0% of mass 198 

197 < 1.0% of mass 198 

198 Base peak, 100% relative abundance 

199 5.0% to 9.0% of mass 198 

275 10.0% to 30.0% of mass 198 

365 > 1.0% of mass 198 

441 Present but less that mass 443 

442 > 40.0% of mass 198 

443 17.0% to 23.0% of mass 442 

 
 
Tune acceptance is based on a single scan, average of two consecutive scans, average of 
three consecutive scans, or background subtraction. If the DFTPP does not pass using these 
options, another DFTPP should be analyzed. If that also fails, instrument maintenance should 
be performed to correct the problem. No sample data associated with a failing tune standard 
may be reported. 
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APPENDIX _7:  CALIBRATION VERIFICATION (ICV/CCV) 
 
An ICV (Initial Calibration Verification) standard is analyzed as part of the instrument calibration 
procedure described in Appendix_8 below. This standard must meet the same acceptance 
criteria required for the CCV (Continuing Calibration Verification) standard as described below. 
 
A CCV (Continuing Calibration Verification) standard is analyzed after the DFTPP has passed 
tune, to verify that the response of the instrument has not changed significantly and that the 
curve may still be used to quantitate sample results. This standard must be run at the beginning 
of each 12-hour tune-shift, immediately after the DFTPP, using a standard at one of the three 
middle levels of the calibration curve, not at either extreme (highest or lowest point) of the ICAL 
curve. The standard concentration used for the CCV should be alternated over the course of 
several tune shifts.  
 
Process the CCV through LIMS then examine the CCV summary against the following criteria to 
determine whether the CCV is acceptable: 

 
a.) All compounds must meet minimum relative response factor (RRF) of 0.05. See 

Appendix 14 for 8270D recommended minimum response factors. 
 

b.) SPCC (System Performance Check Compounds) RRF must be > 0.05. 
 

n-Nitroso-di-n-propylamine 2,4-Dinitrophenol 
Hexachlorocylclopentadiene 4-Nitrophenol   

 
c.) CCC (Calibration Check Compounds) percent difference (or percent drift if the 

compound was calibrated using linear regression) %D from the ICAL must be < 20% for 
all DoD clients, compliance to Method 8270D allows %D < 30%.   

 
Acenaphthene 4-Chloro-3-methylphenol 
Benzo(a)pyrene 2,4-Dichlorophenol 
1,4-Dichlorobenzene 2-Nitrophenol 
Fluoranthene Phenol 
Hexachlorobutadiene Pentachlorophenol 
N-Nitrosodiphenylamine 2,4,6-Trichlorophenol 
Di-n-octyl phthalate     

 
d.) Non-CCC compounds must have %D < 30%, with the exception of poor performers 

(such as hexachlorocyclopentadiene, the nitroanilines, benzidine, etc.) that must have 
%D < 40%.  

 
Method Note:  EPA 625 does not discuss minimum response requirements or differentiate 
between various types of analytes; the %D for each compound must be < 20%. 
 
If the SPCC and CCC criteria are met, but other compounds fail acceptance criteria, data may 
be reportable based on the following criteria: 
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a.) If the failing compound is not a target analyte for the associated samples, sample results 

should be reported without reanalysis. 
 

b.) If the compound fails the minimum RRF requirement (if RRF < 0.05) and is a required 
target compound for the associated samples, the samples must be reanalyzed. 

 
c.) If the compound fails the %D criterion due to a high response but was not detected 

above the reporting limit in the associated samples, the sample results may be reported 
without reanalysis, as the high bias does not affect the sample results. 

 
d.) If the compound fails the %D criterion due to a high response and was detected above 

the reporting limit in any of the associated samples, the samples must be reanalyzed.   
 

e.) If the compound fails the %D criterion due to a low response and was detected (even 
below the reporting limit), the sample must be reanalyzed. 

 
If any of the above criteria are not met, examine the integration to verify that each peak was 
correctly integrated. Manual integrations must be consistently applied to ICAL, CCVs, and 
sample integrations. If manual integrations are performed, the file should be resent to LIMS so 
that a new Form 7 can be generated. 
 
WARNING: Unsubstantiated alteration of peak integration solely to pass calibration or QC 

criteria is illegal and is grounds for immediate termination.  
 
If the SPCC and CCC criteria are not met, another CCV standard should be analyzed. If two 
CCV’s are analyzed, LIMS will use the most recent run. Do not “cherry pick” some compounds 
from the first CCV and others from the second CCV; if the second CCV is processed and used, 
all compounds must be taken from the second standard. If the second analysis of the standard 
also fails to meet the SPCC and CCC criteria, recalibration and/or other instrument maintenance 
is required.  See Appendix_8 for the Initial Calibration procedure and acceptance criteria. See 
Appendix_1 for calculations. 
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APPENDIX_8: INITIAL CALIBRATION  
 PROCEDURE & CRITERIA 
 
REQUIREMENTS: 
An initial calibration curve must be analyzed whenever the source has been cleaned or when a 
new column has been installed. In general, a new calibration curve must be made whenever 
instrument conditions have been altered, or whenever the continuing calibration verification no 
longer passes acceptance criteria.  
 
The instrument analytical range must be established by running a minimum of 5 calibration 
standards, containing all target compounds, at levels that bracket the quantitation range (see 
Appendix_2 for standard suppliers). The standards must be analyzed in order of increasing 
concentration. If a single standard in the curve is causing the calibration to fail, the standard 
may be reanalyzed, so long as it immediately follows the original curve (within the same 12 hour 
tune clock) and all compounds are calibrated using the second run. Under no circumstances 
may a point in the middle of the curve be rejected in order to pass calibration criteria for a 
particular compound. If a quadratic curve is used, a minimum of six points must be included in 
the curve. 
 
If low detection limits are required, a sixth point should be analyzed at or below the reporting 
limit. This low point may be rejected only for compounds that do not require low reporting limits. 
The high point may be rejected for certain compounds as long as there is still a minimum of 5 
points for average response or linear regression, or 6 points for quadratic regression, for each 
compound in the ICAL.  
 
The curve must be verified by analyzing an Initial Calibration Verification (ICV) standard 
comprised of standards obtained from a different manufacturer than those used to prepare the 
ICAL standards. An acceptable ICV must be analyzed before any sample extracts are analyzed. 
 
See Appendix_1 for calculation of response factors, RSD, and correlation coefficient. 
 
PROCEDURE: 
1.) Prepare the standards as described in Appendix_2. 
 
2.) Prepare an Initial Calibration Verification (ICV) standard from source standards obtained 

from a different manufacturer than the ICAL standards.  
 
3.) Analyze a DFTPP Tune Standard. This standard must pass acceptance criteria before the 

analysis can continue. 
 
4.) Load the calibration standards onto the autosampler tray in order of increasing 

concentration, adding instrument blanks before and after the ICAL standards. Load the ICV 
after the instrument blank that follows the calibration standards. 

 
Note:  An acceptable ICV must be analyzed before any samples are loaded. If the ICV does 
not pass acceptance criteria and samples were analyzed immediately following it, the entire 
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calibration must be reanalyzed, as there is no way of determining what affect the sample 
matrix would have on any subsequent ICV analysis. 

 
5.) Load the standards in order of increasing concentration. 
 
6.) Use the same acquisition and processing method as used for samples (ie: 6PTBNA#.m, 

where “#” is the number of the instrument) but first edit the method so that all compounds 
are using the average response factor for quantitation and “zero” the calibration. 

 
7.) Write the sequence as below, identifying the type of sample as initial calibration standards, 

the LIMS identification of the standards, and the applicable dilution factors. This data must 
be correctly entered into the sequence in a specific order for LIMS to be able to interpret the 
information and should be written into the sequence as follows: 

 
DFTPP, S#, 50ng 
IB  
ICAL, Sa#,    
ICAL, Sa#,   
ICAL, Sa#,   
ICAL, Sa#,    
ICAL, Sa#,    
ICAL, Sa#,    
ICAL, Sa#,    
IB      
ICV, Sa#,    
 
Where: 
Conc is the concentration of the standard (ie: 50ug/mL) 
S# is the LIMS S# of the standard used 

 
ICAL ACCEPTANCE CRITERIA & DATA REVIEW 
After the standards have run, examine the data to determine if the curve passes acceptance 
criteria. 
 
1.) Process any files that have not yet been processed, selecting the appropriate method file 

(ie: 6PTBNA#.m, where “#” is the number of the instrument), toggle each file as a calibration 
standard, and type the level of the standard in the space provided. 

Cal Level Concentration 

1 2/5/40 µg/mL  
2 5/10/50 µg/mL 
3 10/20/60 µg/mL 
4 16/32/80 µg/mL 
5 20/40/90 µg/mL 
6 25/50/100 µg/mL 
7 40/80/120 µg/mL 



SOP Volume:  SVOC Curtis & Tompkins, Ltd. 
Section:  8.1 
Page:  47 of  62 
Revision:  12 Number:  1 of 1 
Effective:  30 November 2011 
Filename: F:\qc\sop\svoc\bna_rv12.doc 
 

This SOP contains information that may not be disseminated to entities other than C&T staff, clients & regulators. 

8 50/100/130 µg/mL 
9 60/120/140 µg/mL 
10 80/160/160 µg/mL 

2.) Verify that each compound was detected, identified, and integrated correctly in each of the 
standards. Examine the retention times closely to make sure that the same peak was not 
identified as two analytes, particularly for isomers or other closely eluting compounds.  

 
The retention times should increase with assigned ‘compound number’ (in the acquisition 
software); do not ‘re-number’ the compounds, but recheck the spectra for any compound 
that appears to be out of order. If you must re-number, print out the spectra for the 
compounds that switched and have them reviewed, to confirm that the correct peak was 
identified. 

 
3.) Verify that the quantitation ions are integrated correctly. Peaks should be integrated from 

baseline to baseline unless the ion ratios are not correct, in which case only the part of the 
peak with the correct ions is integrated. Manual integrations of any kind must be 
substantiated and documented on the Initial Calibration Report. Manual integrations must be 
consistently applied to ICAL, CCV, and sample integrations. Unsubstantiated alteration of 
peak integration solely to pass calibration criteria is illegal and is grounds for immediate 
termination. LIMS will place an “m”-flag next to any compound that was manually integrated. 
If the reason for the integration is not intuitive and obvious, add a comment documenting the 
reason for the integration. The initial calibration curve generation and/or instrument 
maintenance must be repeated until specifications have been achieved.  

 
4.) Review the ICAL summary to determine whether or not the calibration curve complies with 

the following acceptance limits: 
 

a.) All compounds must meet minimum relative response factor (RRF) of 0.05 to report 
by 8270C, see Appendix_14 for minimum response criteria for 8270D.  

 
b.) System Performance Check Compounds (SPCC) RRF must be > 0.05: 

 
n-Nitroso-di-n-propylamine 2,4-Dinitrophenol 
Hexachlorocylclopentadiene 4-Nitrophenol   

 
c.) Calibration Check Compounds (CCC) %RSD must be < 30% for: 

 
Acenaphthene 4-Chloro-3-methylphenol 
Benzo(a)pyrene 2,4-Dichlorophenol 
1,4-Dichlorobenzene 2-Nitrophenol 
Fluoranthene Phenol 
Hexachlorobutadiene Pentachlorophenol 
N-Nitrosodiphenylamine 2,4,6-Trichlorophenol 
Di-n-octyl phthalate     
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If the RSD is > 30%, the calibration is not acceptable. If the RSD is > 15%, linear 
regression must be used for quantitation. Correlation coefficient r2 > 0.995 

 
d.) For non-CCC compounds %RSD must be < 30%, with the exception of poor 

performers (such as hexachlorocyclopentadiene, the nitroanilines, benzidine, etc.) 
that must have %RSD < 40%. DoD specs may be tighter. 

 
To use the average response factor for quantitation, the non-CCC compounds must 
have an initial calibration RSD <15%.   
 
If the %RSD is > 15%, a linear or quadratic regression must be used for this 
compound and the correlation coefficient (r2) must be 0.99 or better. Use a linear 
regression as a first option. If, upon visual inspection of the calibration curve, there is 
an obvious bias at the low end, use a quadratic curve so long as there are six or 
more points in the curve for that compound.  
 
Do not use weighting, force through zero, or (0,0) as a point in the curve to eliminate 
the low-end bias. For whichever fit is chosen, the correlation coefficient (r2) must 
meet the 0.99 criteria.  

 
e.) The %D for recalculated concentrations should be within 20% of the true 

concentration of the standard (8000C requirement) and MUST be within 30% of the 
true concentration. 

 
The 2 µg/mL standard is only required for the PAH’s, which have reporting limits of 67 µg/Kg 
in soil. The 10µg/mL low point may be rejected for those compounds that have reporting 
limits greater than 10µg/mL for water or greater than 330µg/Kg in soil. The high point may 
be rejected for compounds that tend to saturate at high levels so long as there are at least 5 
points remaining for each compound in the ICAL (or 6 points if using quadratic regression).  
 
If a single point in the curve is causing the failure, the standard may be reanalyzed, so long 
as it immediately follows the original curve, is still within the same 12-hour tune clock, and 
all compounds are calibrated using the second run.  
 
Under no circumstances may a point in the middle of the curve be rejected in order to pass 
calibration criteria for a particular compound.  

 
5.) Generate a summary report for the Initial Calibration Verification (ICV) standard, verify that 

the calibration standards were prepared correctly and to highlight any discrepancies 
between the primary- and second-source standards.  

 
Verify that the ICV response factors and %D’s meet CCV criteria. Compounds not meeting 
this requirement should not be reported from the calibration in question. (See Appendix_7 
for the acceptance criteria and instructions on generating the ICV/CCV summary form).  

 
An acceptable ICV must be analyzed before any samples are loaded. If the ICV does not 
pass acceptance criteria and samples were analyzed immediately following it, the entire 
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calibration must be reanalyzed, as there is no way of determining what affect the sample 
matrix would have on any subsequent ICV analysis. 
 
If two ICV’s (containing the same analytes) were analyzed, LIMS will use the most recent 
run. Do not “cherry pick” some compounds from the first ICV and others from the second 
ICV; if the second ICV is processed and used, all compounds must be taken from the 
second standard. 

 
6.) Sign off on the calibration and inform the QC Chemist, Group Leader, or Department 

Manager that the calibration is ready for review. The reviewer must approve the calibration 
in LIMS before it can be used to process any data.  

 
Note:  Any corrections to the ICAL must be done through Chemstation, then resent to 
LIMS and a new ICAL# created. Any data processed with the draft ICAL would then need 
to be reprocessed against the corrected, new ICAL#.  

 



SOP Volume:  SVOC Curtis & Tompkins, Ltd. 
Section:  8.1 
Page:  50 of  62 
Revision:  12 Number:  1 of 1 
Effective:  30 November 2011 
Filename: F:\qc\sop\svoc\bna_rv12.doc 
 

This SOP contains information that may not be disseminated to entities other than C&T staff, clients & regulators. 

 
APPENDIX_9: COMPOUND LIST 
 (Quant Ion & Internal Standard Assignments) 
 

 
Internal Standard    Related Compounds 
 
1.) 1,4-Dichlorobenzene-d4   compounds 1-18 
19.) Naphthalene-d8    compounds 19-35 
36.) Acenaphthene-d10   compounds 36-57 
58.) Phenanthrene-d10   compounds 58-69 
70.) Chrysene-d12    compounds 70-78 
79.) Perylene-d12    compounds 79-86 

 
Compound CAS Number     Primary Ion       Secondary Ion(s) 
 
1.) * 1,4-Dichlorobenzene-d4  3855-82-1 152  150 115  
2.) Pyridine a 110-86-1 79  52  
3.) N-Nitrosodimethylamine a 62-75-9 42 c 74 44  
4.) $ 2-Fluorophenol 367-12-4 112 64  
5.) $ Phenol-d6 13127-88-3 99 42 71  
6.) Phenol 108-95-2 94 65 66  
7.) Aniline a 62-53-3 93 c 66 65  
8.) bis(2-Chloroethyl)ether  111-44-4 93 c 63 95  
9.) 2-Chlorophenol 95-57-8 128 64 130 
10.) 1,3-Dichlorobenzene 541-73-1 146  148 111  
11.) 1,4-Dichlorobenzene 106-46-7 146 148 111  
12.) Benzyl alcohol a 100-51-6 108 79 77  
13.) 1,2-Dichlorobenzene 95-50-1 146  148 111  
14.) 2-Methylphenol a 95-48-7 107 108 77  
15.) bis(2-Chloroisopropyl)ether  108-60-1 45 77 121  
16.) 4-Methylphenol a 106-44-5 107 108 77  
17.) N-Nitroso-di-n-propylamine    621-64-7 70 d 42 101 
18.) Hexachloroethane 67-72-1 117  201 199  
 
19.) * Naphthalene-d8 1146-65-2 136 68  
20.) $ Nitrobenzene-d5 4165-60-0 82 128 54  
21.) Nitrobenzene 98-95-3 77 123 65  
22.) Isophorone 78-59-1 82   95 138  
23.) 2-Nitrophenol 88-75-5 139 65 109  
24.) 2,4-Dimethylphenol 105-67-9 107 c,d 122 121  
25.) bis(2-Chloroethoxy)methane   111-91-1 93 95 123 
26.) 2,4-Dichlorophenol 120-83-2 162    164 98  
27.) Benzoic acid a 65-85-0 105 c,d  122 77  
28.) 1,2,4-Trichlorobenzene   120-82-1 180 182 145  
29.) Naphthalene 91-20-3 128     129 127  
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Compound CAS Number     Primary Ion       Secondary Ion(s) 
 
30.) 4-Chloroaniline a 106-47-8 127 129 65 
31.) Hexachlorobutadiene 87-68-3 225 223 227  
32.) Resorcinol a 108-46-3 110 53 82 
33.) 4-Chloro-3-methylphenol 59-50-7 107 d 144 142  
34.) 2-Methylnaphthalene a 91-57-6 142 141  
35.) 1-Methylnaphthalene a,b 90-12-0 142 141 
 
36.) * Acenaphthene-d10 15067-26-2 164  162 160  
37.) Hexachlorocyclopentadiene a 77-47-4 237 235 272  
38.) 2,4,6-Trichlorophenol   88-06-2 196  198 200 
39.) 2,4,5-Trichlorophenol a  95-95-4 196  198 97  
40.) $ 2-Fluorobiphenyl 321-60-8 172  171  
41.) 2-Chloronaphthalene 91-58-7 162 127 164  
42.) 2-Nitroaniline a 88-74-4 65  92 138  
43.) Dimethylphthalate 131-11-3 163 194 164  
44.) Acenaphthylene 208-96-8 152 151 153  
45.) 2,6-Dinitrotoluene 606-20-2 165 63 89 
46.) 3-Nitroaniline a 99-09-2 138 108 92  
47.) Acenaphthene  83-29-9 154 153 152 
48.) 2,4-Dinitrophenol 51-28-5 184 63 154  
49.) 4-Nitrophenol 100-02-7 109 c,d 139 65  
50.) Dibenzofuran a 132-64-9 168 139  
51.) 2,4-Dinitrotoluene 121-14-2 165 63 89  
52.) 2,3,4,6-Tetrachlorophenol a 58-90-2 232 230 234 
53.) Diethylphthalate 84-66-2 149 177 150  
54.) 4-Chlorophenyl-phenyl ether   7005-72-3 204 206 141  
55.) Fluorene 86-73-7 166 165 167  
56.) 4-Nitroaniline a 100-01-6 138 65 108  
57.) $ 2,4,6-Tribromophenol   118-79-6 330 332 141  
 
58.) * Phenanthrene-d10 1517-22-2 188 94 80  
59.) 4,6-Dinitro-2-methylphenol   534-52-1 198 51 105 
60.) N-Nitrosodiphenylamine a  86-30-6 169 168 167  
61.) Azobenzene a,b 103-33-3 77 105 182  
62.) 4-Bromophenyl-phenyl ether 101-55-3 248 250 141  
63.) Hexachlorobenzene 118-74-1 284 142 249 
64.) Pentachlorophenol 87-86-5 266 264 268  
65.) Phenanthrene 85-01-8 178 179 176  
66.) Anthracene 120-12-7 178  179 176  
67.) Carbazole a,b 86-74-8 167 166 139  
68.) Di-n-butylphthalate  84-74-2 149 150 104  
69.) Fluoranthene  206-44-0 202  101 203  
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Compound CAS Number     Primary Ion       Secondary Ion(s) 
 
70.) * Chrysene-d12 1719-03-5 240 120 236  
71.) Benzidine a 92-87-5 184 92 185  
72.) Pyrene  129-00-0 202 200 203  
73.) $ Terphenyl-d14 1718-51-0 244 122 212  
74.) Butylbenzylphthalate    85-68-7 149  91 206  
75.) 3,3'-Dichlorobenzidine  91-94-1 252 254 126  
76.) Benzo(a)anthracene      56-55-3 228  229 226  
77.) bis(2-Ethylhexyl) phthalate   117-81-7 149 167 279      
78.) Chrysene 218-01-9 228 226 229  
 
79.) * Perylene-d12 1520-96-3 264  260 265  
80.) Di-n-octyl phthalate 117-84-0 149  167 43 
81.) Benzo(b)fluoranthene 205-99-2 252  253 125  
82.) Benzo(k)fluoranthene 207-08-9 252  253 125  
83.) Benzo(a)pyrene 50-32-8 252  253 125  
84.) Indeno(1,2,3-cd)pyrene  193-39-5 276  138 277  
85.) Dibenz(a,h)anthracene   53-70-3 278  139 279  
86.) Benzo(g,h,i)perylene    191-24-2 276  138 277 
 
* Internal standard compound 
$ Surrogate compound 
 
Method Modifications: 
a Compound is not an EPA 625 target analyte. 
b Compound is not an EPA 8270C target analyte. 
c Quantitation based on secondary ion with an abundance equivalent to or greater than that identified in 

method 8270. C&T’s primary ion differs from the primary ion listed in the method due to presence of 
nearby compounds with similar ions. 

d Quantitation based on secondary ion with an abundance equivalent to or greater than that identified in 
method 625. C&T’s primary ion differs from the primary ion listed in the method due to presence of 
nearby compounds with similar ions. 
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APPENDIX_10: C&T STANDARD REPORTING LIMITS* 
 
CAS # Target Compound Reporting Limits  CAS # Target Compound Reporting Limits
  (µg/L) (µg/Kg)    (µg/L) (µg/Kg) 

83-32-9 Acenaphthene 10 67  117-84-0 Di-n-octylphthalate 10 330 
208-96-8 Acenaphthylene 10 67  206-44-0 Fluoranthene 10 67 
120-12-7 Anthracene 10 67  86-73-7 Fluorene 10 67 
103-33-3 Azobenzene 10 330  118-74-1 Hexachlorobenzene 10 330 
56-55-3 Benzo(a)anthracene 10 67  87-68-3 Hexachlorobutadiene 10 330 
50-32-8 Benzo(a)pyrene 10 67  77-47-4 Hexachlorocyclopentadiene 20 670 
205-99-2 Benzo(b)fluoranthene 10 67  67-72-1 Hexachloroethane 10 330 
207-08-9 Benzo(k)fluoranthene 10 67  193-39-5 Indeno(1,2,3-cd)pyrene 10 67 
191-24-2 Benzo(g,h,i)perylene 10 67  78-59-1 Isophorone 10 330 
65-85-0 Benzoic acid 50 1,700  91-57-6 2-Methylnaphthalene 10 330 
100-51-6 Benzyl alcohol 10 330  95-48-7 2-Methylphenol 10 330 
111-91-1 bis(2-Chloroethoxy)methane 10 330  1319-77-3 4-Methylphenol 10 330 
111-44-4 bis(2-Chloroethyl)ether 10 330  88-74-4 2-Nitroaniline 20 670 
108-60-1 bis(2-Chloroisopropyl)ether 10 330  99-09-2 3-Nitroaniline 20 670 
117-81-7 bis(2-Ethylhexyl)phthalate 10 330  100-01-6 4-Nitroaniline 20 670 
101-55-3 4-Bromophenyl-phenylether 10 330  88-75-5 2-Nitrophenol 20 670 
85-68-7 Butylbenzylphthalate 10 330  100-02-7 4-Nitrophenol 20 670 
106-47-8 4-Chloroaniline 10 330  621-64-7 N-Nitroso-di-n-propylamine 10 330 
59-50-7 4-Chloro-3-methylphenol 10 330  62-75-9 N-Nitrosodimethylamine 10 330 
91-58-7 2-Chloronaphthalene 10 330  86-30-6 N-Nitrosodiphenylamine 10 330 
95-57-8 2-Chlorophenol 10 330  91-20-3 Naphthalene 10 67 
7005-72-3 4-Chlorophenyl-phenylether 10 330  98-95-3 Nitrobenzene 10 330 
218-01-9 Chrysene 10 67  87-86-5 Pentachlorophenol 20 670 
53-70-3 Dibenz(a,h)anthracene 10 67  85-01-8 Phenanthrene 10 67 
132-64-9 Dibenzofuran 10 330  108-95-2 Phenol 10 330 
95-50-1 1,2-Dichlorobenzene 10 330  129-00-0 Pyrene 10 67 
541-73-1 1,3-Dichlorobenzene 10 330  120-82-1 1,2,4-Trichlorobenzene 10 330 
106-46-7 1,4-Dichlorobenzene 10 330  95-95-4 2,4,5-Trichlorophenol 10 330 
91-94-1 3,3'-Dichlorobenzidine 20 670  88-06-2 2,4,6-Trichlorophenol 10 330 
120-83-2 2,4-Dichlorophenol 10 330  Additional Compounds (may be added to list): 
84-66-2 Diethylphthalate 10 330  62-53-3 Aniline 50 1,700 
105-67-9 2,4-Dimethylphenol 10 330  103-33-3 Azobenzene 10 330 
131-11-3 Dimethylphthalate 10 330  92-87-5 Benzidine 50 1670 
84-74-2 Di-n-butylphthalate 10 330  86-74-8 Carbazole 10 330 
534-52-1 4,6-Dinitro-2-methylphenol 20 670  90-12-0 1-Methylnaphthalene 10 330 
51-28-5 2,4-Dinitrophenol 20 670  110-86-1 Pyridine 100 1,700 
121-14-2 2,4-Dinitrotoluene 10 330  108-46-3 Resorcinol 20 670 
606-20-2 2,6-Dinitrotoluene 10 330  58-90-2 2,3,4,6-Tetrachlorophenol 50 1,700 
 
*The reporting limits listed above are based on the extraction of 1L of water or 30g of soil, with a 
final extract volume of 1.0mL.  
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APPENDIX_11: TENTATIVELY IDENTIFIED COMPOUNDS 

 (Library Searches) 
 
A “Library Search” can be used to identify and estimate the concentration of non-target analytes 
that may be present in the sample. The software will compare the spectra of the unknown peaks 
to those in the NIST (National Institute of Standards & Technology) database, which contains 
approximately 70,000 compounds. This comparison is done by matching the relative abundance 
of the unknown to that of the library compound using Probability Based Matching (PBM), and 
then producing a Tentatively Identified Compound (TIC) list. Clients may request library 
searches by referencing the “PBM” or “TIC” acronym. 
 
Library Searches are done and print automatically if the library search toggle is on. When 
reporting TICS, C&T reports up to 10 peaks.  If there are more than 10 peaks, report the 10 with 
the greatest area.  Any peak area for which the area is less than 10% of the corresponding 
ISTD will not be reported. Methods 625,and 8270C/D don’t specify how may TIC’s to report, 
client specifications may require reporting more than 10 TIC’s. 
 
Finding the Unknown Compounds: 
Chemstation will automatically search for unknowns and produce an unknown quantitation 
report.  However, any unknown peaks that fall within a target analyte retention time window will 
not be found by the automatic search.  Therefore, we must examine the Total Ion 
Chromatogram to check for missed unknowns. 
 
1)  In the Chemstation Browser, right-click on the data file and select Unknown Quantitation.  

This is the report that Chemstation created when it searched for unknown.  Print this report 
out for reference when searching for missed unknown. 

 
2) In the Chemstation Browser, select the correct method, then right-click on the data file and 

select Chemstation Review.   
 
3)  Using the Chemstation unknown quantitation report as a reference, carefully scrutinize the 

Total Ion Chromatogram for unknowns missed by Chemstation. 
 
4)  If a missed unknown peak is found, click on the apex of the peak and perform a Library 

search on it.  This will bring up a set of potential matches for that peak.  
 
5)  Then go to and Add Unknown.  The compound with the best quality match for the peak will 

now appear in the Name.  Click Ok to add the peak.  
 
6)  Continue through the Total Ion Chromatogram looking for more unknowns. 
 

a. If there appear to be few unknowns in the sample (<10), make sure to add unknowns 
that are greater than ~1/10 the area of the corresponding ISTD. 

b. If there appear to be many unknowns in the sample (>10), make sure that the top ten 
unknown peaks (by area) are identified as unknowns in Target. 

 



SOP Volume:  SVOC Curtis & Tompkins, Ltd. 
Section:  8.1 
Page:  55 of  62 
Revision:  12 Number:  1 of 1 
Effective:  30 November 2011 
Filename: F:\qc\sop\svoc\bna_rv12.doc 
 

This SOP contains information that may not be disseminated to entities other than C&T staff, clients & regulators. 

7)  When you are finished, exit Chemstation Review and Save the data file. 
 
8)  In the Chemstation Browser, Print a new target unknown quantitation report (right-click on 

the data file and select Unknown Quantitation, then print it).  
 
9)  In the Chemstation Browser, Open the target unknown search reports by right-clicking on 

the data file and select Unknown Graphics.  If there are less than 10 unknowns, print out 
each unknown search report.  If greater than 10 unknowns, then print out the unknown 
search report for just the top ten unknowns (by area). 

 
Identification of Non-Target Compounds (Library Searches): 
If less than 10 unknowns are found, work up all the unknown compounds.  If greater than 10 
unknowns are found, just work up the top ten unknowns (by area).  When computer searches 
are performed, visual verification of the computer match is required along with meeting the 
following guidelines: 
 
1) All ions of greater than 10% relative intensity in the library spectrum should be present in the 

sample. 
 
2) Relative intensities of the ions must agree to within plus or minus 20% between library 

spectrum and sample spectrum. 
 
3) Molecular ions in the library spectrum must be in the sample spectrum. 
 
4) Ions present in the sample spectrum but not in the library spectrum should be checked for 

co-elution of other compounds and considered for background subtraction. 
 
Note:  The detectors are set to begin scanning at m/z 35.  Therefore, masses less than 35 (in 
the reference spectra) should not be used to identify the unknowns. 
 
Verify that the system has not identified an unknown peak as a target compound, which it may 
do if the spectrum of the unknown is very similar to that of a target compound. If it did, review 
the pattern and %match for the second most-probable match and if that match is at all 
acceptable, report the second compound. 
 
Interferences: 
If there is a leak at the detector nut, Carbon Dioxide (ion m/z 44) and/or Argon (ion m/z 40) may 
be found in the library search. These masses should not be considered when evaluating the 
sample spectrum against the possible matches. 
 
Siloxanes are byproducts of column degradation and should not be reported as TIC’s. 
 
Review and report TICs found in the Method Blank associated with the sample(s) to ensure any 
byproducts of the extraction process are documented as such.  Any TICs identified in the 
Method blank are to be considered a product of the extraction process, and the same TIC found 
in the associated sample(s) should be narrated as a product of the extraction process, not 
native to the sample itself. 
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APPENDIX_12: WORK UP DATA  
 IN LIMS 
 
Data workup in LIMS is accomplished through the “Review Application”.  
 
A)  Sequence Workup 

1.) Go to your day’s Sequence in LIMS.  In the top right, use the "Review" pull down menu 
and select your Sequence (for example: MSVOA11 08/11/06). 

 
2.) Login if necessary.   

 
3.) Check the tune and if it passes, sign off on your tune run. 

 
4.) Check the CCV integrations. If any changes are needed: 

 
4.1) Make the changes in the original data file and save the file. 
4.2) Upload the corrected file to LIMS.  
4.3) Click the Refresh button or Click on the same sample row in the Review App. 

to see the corrected files.   
4.4) Narrate all manual integrations and their reason. 
4.5) Check and sign off on the CCV. 

 
5.) Go down the sample list, by first clicking on the row of the Blank run. 

 
6.) Check IS and Surrogate recoveries for any failures on the LIMS Report. 

 
7.) Check the Total Ion Chromatogram and the Report from the LIMS-captured report for 

any high non-target or interfering peaks, or any peaks missed due to excessively high 
concentration. 

 
8.) Go through each analyte: 

 
8.1) Check if the calculated value is a "hit".   
8.2) Check the integration to see if it is correct. If it is not, go back to the original 

data file and make the manual integration. Save your change and upload the 
file to LIMS. Hit the Refresh button in the Review App. and confirm and narrate 
the change is in LIMS. 

8.3) Compare the spectra to determine if the selected analyte is indeed the target 
analyte. 

8.4) Make any changes to the flags for that analyte (ie. false positive) 
 

9.) Add any necessary comments for the run.  Provide the dilution factor if a re-run is 
needed or other relevant comments. 

 
10.) Click Report to choose the analytes from that run. This will mark every analyte as 

usable (with a “u” flag), except for those that are >LR. 
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11.) If necessary, click ‘Re-Run’ to flag the run for re-analysis.  This will not remove your 

"u"-flags for the analytes that you wish to report. 
 

12.) Once your comments have been entered and your analytes are chosen, Click ‘Sign’ to 
sign off on the run. 

 
13.) Click on the next run or ‘Save + Next’ to go to the next run.  

 
14.) Once all samples for the sequence have been worked up, click on the Sequence in the 

top left corner of the Review App.   
 

15.) Confirm that the Sample Prep log was been properly scanned into LIMS.  If not, have 
the extraction lab re-scan the prep log.  

 
16.) Make any other necessary comments for the sequence.  This includes any tune 

adjustments made to the instrument prior to the 12-hr shift or errors that occurred 
during the sequence run. 

 
17.) Click Sign to sign off on the Sequence. 
 
18.) Let the QC Chemist know that your sequence is ready for review.   

 
B)  Job Workup 

1) Go to your daily Sequence in LIMS.  In the top right, use the "Review" pull down menu 
and select the job you would like to report. 

 
2) Login if necessary. 

 
3) Go through each sample and check that any requested analytes are chosen ("u"'ed) and 

each run reporting an analyte is signed.  If some of the samples run were worked up by 
another analyst, use this opportunity to peer review those runs.   

 
4) Then go through each QC run and check two things: 

 
4.1) First check that the "general version" of that QC run has been signed and 

second-signed. This means that the raw data has been reviewed for the QC 
sample.   

4.2) Second check that the QC passed the client-specific limits.   
 

5) If both conditions are met, click Sign to sign off on the specific QC results. If the general 
version for a given QC run has not been signed, go into the Sequence in the Review 
App and review the raw data for that QC. 

 
6) Once all specific versions (and general versions) of the QC have been reviewed, select 

the pull-down menu that says "all" and select "pkg". 
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7) Click ‘Reports’ then choose which Form 1's to print. Click the Refresh button at the top of 
the Report Manager until the report lines change colors.  Retrieve the Form 1’s from the 
printer. 

 
8) Next click ‘Done’. The Form 1's will now appear on the right in the Review App. 

 
9) Click on Checklist to review all criteria, ensure all appropriate comments are added to 

the narrative. 
 
10) Make any necessary comments for the Job in the Review App. 

 
11) Click Sign to sign off on the Job. 

 
12) If the Job is Level III or Level IV, then the Peer Reviewer will be responsible for 

Generating and Signing off on the Level III or Level IV part of the job. 
 
C)  Peer Review 

1) Open the job from Analyst review queue. 
 

2) Login if necessary.  Then you'll be in PKG mode. 
 

3) Go through each sample and review the raw data that was captured.   
 

 Check the Total Ion Chromatogram for any peaks missed due to excessive high 
concentrations or interferences. 

 Check the dilution factor for the sample.  
 Check that the analytes are flagged and “u”-ed properly. 
 Verify that any relevant comments have been added.  
 Sign the sample run. 

 
4) After all the samples are second-signed, go through the QC and check for two signoffs 

for the general versions.  Then review the user reports for the specific versions and sign 
off on them. 

 
5) Next check that all sequences, ICAL, Tunes, and CCVs reported in this job have two 

signoffs (aka "SR").   
 

6) Compare the paper Form 1's with the user reports in LIMS to check for errors. 
 

7) If the job is Level II, sign off on the job. 
 

8) If the job is Level III or IV, click on the Level III or Level IV row and generate a Level III or 
IV. You will then see a log that will indicate what else needs review before the Level III or 
IV is ready to report. Investigate, fix, and re-generate the Level III or IV. Again check the 
log. When the log only states at what time/date the Level III or Level IV was generated, 
sign off on the Level III or IV.  Then sign off on the job. 
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D)  ICAL (Initial Calibration) Workup 
1) After the ICAL has run, verify that the documents for the ICAL/ICV have been captured 

in LIMS. All samples that have a document captured will have a “D” to the right of the 
sample type in the LIMS sequence screen. 

 
2) Check the LIMS ICAL summary and the ICAL error report for any problems. This report 

will display calculation mismatch errors between Chemstation and LIMS, and bad linear 
or quadratic curves that quantitate the lower point below our in-house threshold. 

 
3) If there are problems displayed on the ICAL error report, investigate and correct the 

method in the data acquisition/processing software.  
 
4) Take some time to check any linear or quadratic curves using the “Edit” feature in LIMS. 

 You might be able to create a better curve fit, by dropping high points or change the 
curve type. The “Edit” feature is to be used as a tool to help determine the best curve fit 
for a given analyte. Therefore, you must apply any and all changes to the processing 
method. In addition, a new initial calibration must be created in LIMS. Check the report 
for the results of the changes made. 

 
5) Review the requantitation of all calibration points to ensure they are no more than +/-

30% of the actual concentration.  If the curve is biasing the quantitation of the compound 
the curve may need adjustment.   

 
6) Carefully inspect the high end of the calibration range, both chromatographically and 

qualitatively.  If there are signs of saturation towards the high end indicated by either a 
sharp decline in the requantitation of a compound, or a fronting/broadened peak, drop 
that point from the calibration.   Leaving saturated points in a calibration curve can 
introduce a low bias, especially in high concentration hits. 

 
7) Again check for any errors.  If there are, Repeat step 4 above until the ICAL error report 

is free of problems. 
 

8) Review any manual integration that was needed for the ICV. 
 

9) Sign off on all data files, sequence, and the initial calibration. 
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APPENDIX_13: EPA 625  
 
The following criteria and discussion apply to any samples submitted for the EPA 625 analysis: 
 
Tuning (DFTPP) & Performance Evaluation Mix (PEM): 
The tailing factors specified in 625 match those in 8270 and C&T criteria; see the PEM section 
in the main body of the SOP for additional discussion and criteria. The 50ng DFTPP acceptance 
criteria listed in EPA 625 are the same as the EPA 8270 criteria and can be found in 
Appendix_6.  
 
Method Modification:  EPA 625 does not require the inclusion of DDT in the PEM and so does 
not include breakdown criteria.  
 
Initial Calibration: 
Method 625 only requires 3 points and average response can be used so long as the RSD is 
<35%; a regression curve may be used if the RSD exceeds 35% or whenever desired. Although 
625 only requires 3 calibration points, the same general calibration criteria must be followed (ie: 
intermediate levels may not be dropped). Any calibrations to be used for both 8270 and 625 
must meet the SW-846 requirements described in Appendix_8 above. See the procedure 
described in Appendix_8 above for details. 
 
Calibration Verification (ICV/CCV): 
Method 625 does not discuss the use of an ICV (Initial Calibration Verification standard) to 
validate the initial calibration curve, however C&T’s NELAC accreditation requires it; the ICV 
must be analyzed and approved following the procedure described in Appendix_7 above.  
 
Method 625 also only requires that a CCV (Continuing Calibration Verification) standard be 
analyzed once daily, however C&T policy is to follow the SW-846 guidance and analyze the 
CCV at the beginning of each 12-hour tune-shift.  The %D for each analyte must be < 20%; if it 
does not, use the corrective action guidance described in Appendix_7 to determine the 
appropriate course of action. 
 
Batch QC: 
EPA 625 defines the LCS and MS recovery limits in Table 6 of the method, however C&T 
statistically generated limits are consistently tighter than those identified in this table; C&T uses 
the tighter, statistically generated limits. 
 
Instrument Conditions: 
Curtis & Tompkins uses current technology, namely capillary columns in place of the packed 
columns described in the method, so instrument conditions are somewhat different than those 
listed in the method. See Appendix_4 and instrument maintenance logs for instrument 
parameters. 
 
Quantitation: 
The ions used for quantitation are listed in Appendix_9, including identification of those whose 
quantitation is based on a secondary ion. 
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APPENDIX_14: 8270D Recommended Minimum Response factor Criteria for Initial and 
Continuing Calibration Verification Using method selected Ions 

 
Semivolatile Compounds   Minimum Response Factor (RF) 
 
Benzaldehyde    0.010 
Phenol     0.800 
Bis(2-chloroethyl)ether  0.700 
2-Chlorophenol    0.800 
2-Methylphenol    0.700 
2,2'-Oxybis-(1-chloropropane)  0.010 
Acetophenone    0.010 
4-Methylphenol    0.600 
N-Nitroso-di-n-propylamine   0.500 
Hexachloroethane    0.300 
Nitrobenzene     0.200 
Isophorone     0.400 
2-Nitrophenol     0.100 
2,4-Dimethylphenol    0.200 
Bis(2-chloroethoxy)methane   0.300 
2,4-Dichlorophenol    0.200 
Naphthalene     0.700 
4-Chloroaniline    0.010 
Hexachlorobutadiene    0.010 
Caprolactam     0.010 
4-Chloro-3-methylphenol   0.200 
2-Methylnaphthalene    0.400 
Hexachlorocyclopentadiene   0.050 
2,4,6-Trichlorophenol    0.200 
2,4,5-Trichlorophenol    0.200 
1,1'-Biphenyl     0.010 
2-Chloronaphthalene    0.800 
2-Nitroaniline     0.010 
Dimethyl phthalate    0.010 
2,6-Dinitrotoluene    0.200 
Acenaphthylene    0.900 
3-Nitroaniline     0.010 
Acenaphthene    0.900 
2,4-Dinitrophenol    0.010 
4-Nitrophenol     0.010 
Dibenzofuran     0.800 
2,4-Dinitrotoluene    0.200 
Diethyl phthalate    0.010 
1,2,4,5-Tetrachlorobenzene   0.010 
4-Chlorophenyl-phenyl ether   0.400 
Fluorene     0.900 
4-Nitroaniline     0.010 
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4,6-Dinitro-2-methylphenol   0.010 
4-Bromophenyl-phenyl ether   0.100 

APPENDIX_14: 8270D Recommended Minimum Response factor Criteria for Initial and 
Continuing Calibration Verification Using method selected Ions 

 
 
Semivolatile Compounds   Minimum Response Factor (RF) 
 
N-Nitrosodiphenylamine   0.010 
Hexachlorobenzene   0.100 
Atrazine     0.010 
Pentachlorophenol    0.050 
Phenanthrene    0.700 
Anthracene     0.700 
Carbazole     0.010 
Di-n-butyl phthalate    0.010 
Fluoranthene     0.600 
Pyrene     0.600 
Butyl benzyl phthalate   0.010 
3,3'-Dichlorobenzidine   0.010 
Benzo(a)anthracene    0.800 
Chrysene     0.700 
Bis-(2-ethylhexyl)phthalate   0.010 
Di-n-octyl phthalate    0.010 
Benzo(b)fluoranthene   0.700 
Benzo(k)fluoranthene   0.700 
Benzo(a)pyrene    0.700 
Indeno(1,2,3-cd)pyrene   0.500 
Dibenz(a,h)anthracene   0.400 
Benzo(g,h,i)perylene    0.500 
2,3,4,6-Tetrachlorophenol   0.010 
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 Free Product (NAPL) Mobility – Centrifugal Method Standard Operating Procedure 
 
1 Scope and Application 

1.1 The Free Product Mobility (FPM) method covers the procedure to determine whether 
Non-Aqueous Phase Liquid (NAPL) present in a soil (or rock) is mobile and if so, what is 
the residual saturation after mobile NAPL is removed from the soil.  ASTM Method D425 
is used to provide a starting point for the methodology and is chosen because it is 
relatively simple, has widespread usage, and applying 1000 times that of gravity for one 
hour is a conservative value for driving a sample to a residual saturation. 

1.2 This SOP is to be used by all personnel conducting this analysis at PTS Laboratories, 
Inc. Santa Fe Springs, CA facility. 

 
2 Summary of Method 

2.1 Free product (NAPL) mobility of soils is determined by inserting undisturbed (native-state) 
samples into centrifuge cups and then centrifuging for 1 hour at a force equal to 1000 
times that of gravity at a controlled temperature of 20 ± 1°C.  Fluids produced during 
centrifuging are collected and volumes measured.  Residual fluid saturations are 
determined by Dean-Stark extraction and sample properties determined at completion of 
the centrifuge run.  Initial saturations can be calculated by mass balance equations 

2.2 This method is run in accordance with ASTM D425; refer to the method for a detailed 
description. 

 
3 Deviations from Method 

3.1 The deviations  to ASTM D425 are listed below and reference the method section: 
1.1 Covers determination of residual saturation and NAPL mobility by centrifuge method. 

 1.2 This test uses undisturbed specimens of rock or soil. 
4.1 Residual saturation determination is conducted on a native-state (undisturbed) 
sample by centrifuging for 1 h at a force equal to 1000 times that of gravity at a controlled 
temperature of 20 ± 1°C.  Fluids produced are monitored for mobility evaluation and 
material balance calculations. 
5.2 When water and NAPL are present in a sample, the centrifuge moisture equivalent 
approximates conservative residual saturations for water and NAPL. 
6.1-6.3 IEC type 284 rotor and PTS proprietary C-0123 centrifuge cup/holder apparatus 
(centrifuge cups) are used for centrifuging samples. 
6.6-6.10 The samples are tested in undisturbed condition and Dean-Stark extraction 
method (API RP40) is used to determine residual saturations. 
7.1-7.2 The samples are tested in undisturbed condition.  A 1-1/2”dia. x 2” long sample is 
used.  
8.1 A native-state (undisturbed) sample is placed in the centrifuge cup for centrifuging. 
8.4 Immediately after centrifuging, the volume or mass of fluids produced is recorded and 
the sample is weighed and placed in the Dean-Stark extraction vessel.  Following Dean-
Stark extraction, bulk density and porosity are determined. 
9.1 The test may be performed on only one sample due to core or material availability 
constraints. 
10.1.2 Post-centrifuging residual saturations and pre-centrifuging initial saturations are 
reported as pore fluid saturations, percent pore volume. 

 
4 Definitions 

4.1 None. 
 
5 Interferences 

5.1 Produced NAPL is collected in the receiver; if the receiver breaks or cracks, production 
data may be erroneous or lost.  Always ensure receiver is properly installed into 
centrifuge apparatus and that there are no cracks in the glass. 
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5.2 Very fine particles, <200 mesh, may pass through the screen of the sample packaging 
and cause a decrease in sample weight post centrifuging. 

 
6 Safety 

6.1 WARNING: HIGH SPEED CENTRIFUGES AND ASSOCIATED EQUIPMENT ARE 
POTENTIALLY DANGEROUS.  THE APPARATUS DESCRIBED IN THIS SOP 
SHOULD ONLY BE OPERATED BY PERSONNEL TRAINED IN PROCEDURES 
THAT WILL ASSURE SAFETY TO THEMSELVES, TO BYSTANDERS AND TO 
THE EQUIPMENT. 

6.2 Refer to the section 29 of the PTS-SFS Control of Laboratory Operations ADMIN 
SOP (CONTROLOFLABOPS-ADMINSOP) for additional information. 

 
7 Equipment and Supplies 

7.1 Beckman Model J-6B Centrifuge 
7.1.1 284 rotor, IEC 

7.2 Nova-Strobe dbx Monarch or similar 
7.3 Stop watch:  Accusplit 725 Mx turbo or similar  
7.4 1 ml gastight syringes, Hamilton 81320 or similar 
7.5 Centrifuge cup/holder apparatus C-0123; PTS proprietary  

7.5.1 Centrifuge cup, sleeve, and cap (sample capacity: 2.5”x1.65”) 
7.5.2 Receiver (2 pieces: top and bottom) 
7.5.3 Stainless steel support sleeve (optional)  
7.5.4 Dispersion plate, 1.5” diam., PTS proprietary 
7.5.5 O-rings, C-0123  

7.6 Analytical balance (0.01 accuracy): Mettler XS 6002S Serial No. 1129180333 or similar  
7.7 Thimble, cellulose, 47mm x 123mm, Whatman Cat. No. 2810432 or similar; or 1.5” 

diameter stainless steel, PTS proprietary 
7.8 Drying Oven: Precision Scientific, Cat. #I250 Gravity or similar 
7.9 UV light for post test sample observations (optional) 

 
8 Reagents and Standards  

8.1 None. 
 

9 Sample Collection, Preservation, and Storage 
9.1 The maximum holding time for FPM samples is indefinite.  Native state samples should 

be analyzed as soon as possible. 
9.2 Samples are stored frozen or at cryogenic conditions.  Samples may also be stored in a 

sample refrigerator at 1º to 4º C depending upon project and sample requirements. 
9.3 Refer to the PTS-SFS Quality Manual Section 22 Sample Management and PTS 

Laboratories Cooler Sample Receiving SOP for additional information. 
9.4 Sample collection is performed by the client with samples delivered to the laboratory for 

analyses. Subsampling of right cylinders for effective porosity measurement is described 
in Sample Preparation (Plugs-ENV) SOP 

9.5 Refer to the section 29 of the PTS-SFS Control of Laboratory Operations ADMIN SOP 
(CONTROLOFLABOPS-ADMINSOP) for additional information. 

 
10 Quality Control 

10.1 The test plugs should be examined before packaging and testing to ensure that the 
samples are suitable for testing.  If a sample is of poor quality, a replacement should be 
cut if possible or the client notified. 

10.2 Due to the nature of the samples received from the client and the free product mobility 
test, standards are not available and duplicates cannot be analyzed.  Therefore the best 
way to assure the equipment is operating within control is to check the calibration of the 
equipment before use.  This involves checking the calibration of balances, pressure 
monitoring equipment, timers, and thermometers, etc. before use. 

10.3 Fluid volume measurements are made using Class A glassware. 
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10.4 Residual saturation fluid measurements quality control is covered through the Dean Stark 
Distillation Extraction Method SOP. 

10.5 Sample properties measurements quality control is covered through LCS and control 
charting per the Determination of Grain Volume and Pore Volume by Helium Porosimetry 
(Coretest Systems PHI-220) SOP. 

 
11 Initial Demonstration of Capability 

11.1 Each analyst must complete an initial demonstration of capability prior to reporting any 
data using this method. 

11.2 Initial demonstrations of capability will be performed using actual sample material.  
Analysts undergoing training will conduct the analyses under direct supervision of the 
trainer. 

11.3 Laboratory personnel qualified to train are the Laboratory Director, Technical Director, or 
senior analyst that have completed an Initial Demonstration of Capability. 

 
12 Limit of Detection 

12.1 The determination of a detection limit is not required for this method. 
12.2 See the Dean Stark Distillation Extraction Method SOP for detection limits of fluid 

saturations by Dean-Stark extraction method. 
 

13 Calibration and Standardization 
13.1 The best way to assure the equipment is operating within control is to check the 

calibration of the equipment before use.  This involves checking the calibration of 
balances, timers, etc. before use.  

13.2 Refer to the PTS-SFS Quality Manual Section 20 Equipment and the PTS-SFS Control of 
Laboratory Operations ADMIN SOP (CONTROLOFLABOPS-ADMINSOP) for additional 
information. 

 
14 Procedure 

14.1 Following cutting and packaging thaw the sample at ambient temperature until just before 
sample begins to soften. 
14.1.1 Check sample after 30 minutes, and every 10 minutes thereafter.  
14.1.2 Sample thawing should not exceed 1 hour. 

14.2 Assemble centrifuge cup/holder apparatus. 
14.3 Obtain an extraction thimble and place in a desiccator to cool. 
14.4 Record weight of sample and dry weight of receiver (2 pieces: top and bottom) 
14.5 Load the thawed sample into assembled centrifuge cup/holder apparatus for free product 

mobility evaluation, and balance the cups. 
14.6 Record date, time, and RPM. 
14.7 Load balanced centrifuge cups into the centrifuge.  
14.8 Control the centrifuge temperature at 20 +/- 1ºC, bring the centrifuge to the required 

speed (centrifugal force of 1000x gravity) and rotate sample for one hour. 
14.9 At completion of run, stop centrifuge.  Remove and disassemble centrifuge cup/holder 

apparatus. 
14.9.1 Record weight of sample. 
14.9.2 Record total wet weight of receiver (2 pieces: top and bottom). 
14.9.3 Record observations of sample: integrity (intact, deformed, or broken); fines 

produced; visible NAPL on the sample package, optional: Use UV light to 
observe the presence of sheen on water or on sample package. 

14.9.4 Record observations of water characteristics: clear or cloudy; type and strength 
of odor (none, faint, moderate, or strong), if NAPL is produced do not report odor.  

14.9.5 If NAPL is present, record volume (may be recorded as trace based on visual 
observation), color, clarity, and phase (DNAPL or LNAPL). 

14.10 Place sample in cooled thimble and record weight. 
14.11 Extract sample using Dean-Stark Extraction.  See Dean Stark Distillation Extraction 

Method SOP. 
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15 Data Analysis and Calculations 

15.1 Residual saturations (NAPL and water) calculations are covered Dean Stark Distillation 
Extraction Method SOP and Determination of Grain Volume and Pore Volume by Helium 
Porosimetry (Coretest Systems PHI-220) SOP. 

15.2 Sample properties (porosity, grain and bulk density) calculations are covered under 
Determination of Grain Volume and Pore Volume by Helium Porosimetry (Coretest 
Systems PHI-220) SOP. 

15.3 Initial NAPL saturation is calculated by adding the amount of NAPL produced during the 
centrifuge test to the residual oil volume and dividing the sum by the sample pore 
volume. 

15.4 Initial water saturation is calculated by adding centrifuge test produced water to the 
residual water volume and dividing the sum by the sample pore volume.  Centrifuge test 
produced water is calculated by subtracting sample native weight from the post centrifuge 
test sample weight 

15.5 Calculate from the equation for 1000 x Force of Gravity, N, in revolutions per minute, as 
follows: 

N = 
rm

RCF

0000111.0
 

  

    Where: N = revolutions per minute (RPM) 

     RCF = relative centrifugal force (1000) 

     r = radius of rotation to center of gravity of test sample, cm 

           m = mass of body taken as unity 

  
15.6 Calculate NAPL content by gravimetric difference from Dean-Stark distillation extraction 

method: 
 

Weight % Oil (Gravimetric) = (Initial Weight – Dry Weight – Weight of Water) x 100 

             Initial weight of Sample  

 

Swr = Volume of Water 

             Pore Volume  

 

Sor = (Weight of NAPL/Density of NAPL) 

                       Pore Volume 

 

Swi = Volume of Water + Volume of Water Produced by Centrifuging 

                               Pore Volume  

 

Soi = (Weight of NAPL/Density of NAPL) + Volume of NAPL Produced by Centrifuging 

                            Pore Volume  

 

Where:  

Weight of Water = Volume of Water x Density of Water   

Swr = Residual Water Saturation 

Sor = Residual NAPL Saturation 

Swi = Initial Water Saturation 

Soi = Initial NAPL Saturation 

 
16 Method Performance, Data Assessment, & Acceptance Criteria for QC Measures 

16.1 Due to the nature of the free product mobility test method performance is monitored 
through physical observation of the test as it is conducted.   

16.2 Sample properties data assessment and acceptance is covered under the PTS 
Laboratories Dean Stark Distillation Extraction Method SOP and Determination of Grain 
Volume and Pore Volume by Helium Porosimetry (Coretest Systems PHI-220) SOP. 
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16.3 Data assessment is best accomplished through review and comparison of sample 
properties with the properties of samples analyzed by different test methods.  This may 
included chemical analytical data or empirical data such as UV fluorescence, odor, or 
visual inspection of the native material. 

16.4 Data assessment is best accomplished through review and comparison of free product 
mobility sample properties with the properties of samples analyzed by different test 
methods taken from adjacent locations and/or similar lithologies.  A review of grain 
density versus lithology is one of the more useful tools in evaluating data quality.  
Crossplots are also very useful in detecting inaccurate properties data; the most useful 
crossplots are porosity versus bulk density and bulk density versus depth 

16.5 Refer to the section 29 of the PTS-SFS Control of Laboratory Operations ADMIN SOP 
(CONTROLOFLABOPS-ADMINSOP) for additional information. 

 
17 Corrective Actions for Out of Control Data 

17.1 Out of control data is identified through cross plotting the physical properties data. 
17.1.1 If out of control data is identified, the physical properties are remeasured 

according to the method SOP. 
17.1.2 If the re-run data is still out of control, immediately notify the Laboratory 

Supervisor and discontinue running samples. 
17.1.3 The Lab Supervisor will isolate and correct the source of the problem. 
17.1.4 If the Lab Supervisor in unable to correct the problem, he will call the QA 

Manager and Laboratory Director to discuss the data set and possible 
contingencies 

17.2 Refer to the section 29 of the PTS-SFS Control of Laboratory Operations ADMIN SOP 
(CONTROLOFLABOPS-ADMINSOP) for additional information. 

 
18 Contingencies for Handling Out of Control or Unacceptable Data 

18.1 In the event of Out of Control or Unacceptable Data the client will be notified and given 
two options:  
18.1.1 1) PTS Laboratories can report the data as-is with an explanation for the 

variance if known, or  
18.1.2 2) The remaining sample material can be sent to another laboratory for analysis.  

The client will also be given the option of having the samples analyzed by a PTS 
Laboratories alliance partner or a laboratory of their choice.  The Project 
Manager or Laboratory Supervisor will contact the client to determine how they 
want the samples and/or data handled 

18.2 If it is not possible to reanalyze the sample (e.g. insufficient sample quantity), report the 
data with appropriate qualification. 

18.3 Refer to the section 29 of the PTS-SFS Control of Laboratory Operations ADMIN SOP 
(CONTROLOFLABOPS-ADMINSOP) for additional information. 

 
19 Pollution Prevention 

19.1 Refer to the section 29 of the PTS-SFS Control of Laboratory Operations ADMIN SOP 
(CONTROLOFLABOPS-ADMINSOP) for additional information 

 
20 Waste Management 

20.1 Refer to the section 29 of the PTS-SFS Control of Laboratory Operations ADMIN SOP 
(CONTROLOFLABOPS-ADMINSOP) for additional information 

 
21 References 

21.1 NELAC Standards, 2003 Edition  
21.2 ASTM: Standard Test Method for Centrifuge Moisture Equivalent of Soils (D 425-88) 

(reapproved 1994). In Annual Book of ASTM Standards. American Society for Testing 
and Materials, Philadelphia, PA. 4 pgs. 

21.3 PTS Laboratories Sample Preparation (Plugs-ENV) SOP 
21.4 PTS Laboratories Cooler Sample Receiving SOP 
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21.5 PTS Laboratories Dean-Stark Distillation Extraction Method SOP  
21.6 PTS Laboratories Determination of Grain Volume and Pore Volume by Helium 

Porosimetry (Coretest Systems PHI-220) SOP. 
21.7 PTS Laboratories Sample Disposal SOP 
21.8 PTS - SFS Facility Health, Safety, and Environment Manual 
21.9 Refer to the section 29 of the PTS-SFS Control of Laboratory Operations ADMIN SOP 

(CONTROLOFLABOPS-ADMINSOP) for additional information 
 
22 Changes from Last Revision 

22.1 Section 9.4: Preparation of plug samples moved to sample Preparation Plugs (ENV) 
SOP. 

22.2 Section 15.4: Initial water saturation is calculated by adding centrifuge test produced 
water to the residual water volume and dividing the sum by the sample pore volume.   

 
23 Tables, Diagrams, Flow Charts, and Validation Data 

23.1 Data is reported in tabular format.   
 
24 Worksheets 

24.1 An example of a typical worksheet is located on the following page.  
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 METALS ANALYSIS BY ICP-MS 
 EPA 6020 
 
SCOPE 
This document describes the analysis of waters, soils, and hazardous waste for inorganic 
elements by ICP-MS methods EPA 6020A, EPA 6020 and EPA 200.8. Methods 6020 and 
6020A were written by the EPA’s Office of Solid Waste with additional guidance for surface 
water and ground water, as opposed to EPA 200.8 which was written by the EPA’s Office of 
Water specifically for wastewater. EPA 200.8 may also be requested for groundwater samples if 
the client is planning to discharge the water, with or without additional treatment, into a 
wastewater stream or into naturally occurring surface waters (bay or river). See Appendix_12 for 
a summary of EPA 200.8 requirements. 
 
In this analysis, analytes in solution are nebulized and transported to a plasma torch. The ions 
produced by inductively coupled plasma torch are then measured by mass spectrometry. 
Background subtraction is used to reduce interferences contributed by the plasma gas, 
reagents, and sample matrix. No digestion required for dissolved metals. Acid digestion prior to 
analysis is required for total metals in water, soil, and wastes.  
 
See Appendix_1 for reporting limits and Appendix_8 for a discussion of interferences. 
 
REFERENCES 
Analytical Methods: 
EPA 6020, Test Methods for Evaluating Solid Waste, SW-846 Update 0, 9/94 
EPA 6020A, Test Methods for Evaluating Solid Waste, SW-846 Update 4, Feb 2007 
EPA 200.8, Methods for Analysis of Water & Wastewater, EPA 600/4-79-020 
 
Sample Preparation Methods: 
EPA 200.8, Methods for Chemical Analysis of Water & Wastewater, EPA 600/4-79-020 
EPA 3050B, Acid Digestion of Solid Samples, SW-846 Update 3, Dec.1996 
EPA 3010A, Acid digestion of Aqueous Samples and extracts for total Metals for analysis by 
FLAA or ICP Spectroscopy, rev 1 July 1992  
 
Additional SOP’s and Guidance Documents: 
DoE Quality Systems Manual, Version 2.2, October 2006 
Volume 1, TNI Standard, EL-V1-2009, September 2009 
DoD Quality Systems Manual, Rev 4.2 October 2010 
 
C&T SOP QA 1.6, Pipet Calibration Check Procedures 
C&T SOP QA 4.1, Establishing Control Limits 
C&T SOP QA 4.4, Determining Method Detection Limits (MDL) 
C&T SOP QA 4.5, Instrument Detection Limits (IDL) for ICP & ICP-MS 
C&T SOP QA 8.4, State Program Requirements 
C&T SOP QA 8.5, DoD Program Requirements 
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PRESERVATION & HOLDING TIME 
Preservation:  HNO3 to pH < 2 
Holding Time:  6 months 
 
As of 4/11/07, 40CFR requires sample preservation to be performed within 15 minutes after 
collection of grab samples, composite samples, or aliquots taken from a composite taken 
automatically over time. For Dissolved Metals, the samples must be filtered and then preserved 
within 15 minutes of collection.  
 
If a client requests that the lab filter the samples, a note to this effect should be placed in the 
case narrative. If the sample pH is >2 upon verification, EPA 200.8 requires that the sample be 
acidified to pH<2 but the lab must then wait 24 hours before verifying that the acidification was 
effective by rechecking the pH; if the pH was again >2, the process must be repeated. 
 
SAFETY 
Allow digests to cool to room temperature prior to analysis. Sample digests contain 
concentrated acids and should be handled with caution. Assume all samples, reagents and 
standards contain hazardous and/ or toxic material and take necessary precautions.  
 
Caution:  The torch and interface are hot and should to cool for about 10 minutes before 

handling. 
 
QC REQUIREMENTS 
 
a.) Tune Check 

A tune check standard must be analyzed at the beginning of the sequence and every twelve 
hours to verify that the detector is properly registering the ion masses. See Appendix_6 for 
details. 

 
b.) Initial Calibration:  

An initial calibration (ICAL) curve consisting of a calibration blank and at least five standards 
must be established daily, prior to sample analysis. The lowest concentration standard must 
be at or below the reporting limit (see Appendix_1 for reporting limits) and the highest 
standard defines the top of the quantitation range. For samples analyzed by 6020, the 
correlation coefficient of this curve must be > 0.995 and for samples analyzed by 6020A, the 
correlation coefficient of this curve must be > 0.998; if the calibration coefficient criterion is 
not met, the instrument must be recalibrated. 

 
c.) Initial Calibration Verification (ICV) and Continuing Calibration Verification (CCV):  

An Initial Calibration Verification (ICV) standard obtained from a second supplier must be 
run at the beginning of each analytical run. A Continuing Calibration Verification (CCV) 
standard must then be analyzed after every 10 samples, including batch QC samples, and 
at the end of the sequence.  
 
The concentrations in the ICV and CCV must be within the calibration range and the %D 
must be < 10% (recoveries between 90-110%) or any samples being quantitated for the 
failing element must be reanalyzed. 
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For EPA 6020A analysis:  In addition to the midlevel ICV and CCV, a low level ICV should 
be run following initial calibration. The LLICV and LLCCV should be prepared at the limit of 
quantification (LOQ) for the calibration with a tolerance of ± 30% of its true value. Both the 
LLICV and LLCCV should be prepared from the same source as the calibration standards. If 
any element falls outside these limits, all samples affected by the failure must be 
reanalyzed. An element may be reported in the event of a high failing LLCCV only if the 
sample result is determined to be less than the specified RL An element may also be 
reported in the event of a failing LLCCV if the LOQ used for the sample result is greater than 
or equal to the level of a passing midlevel CCV or a passing LLCCV run at a higher 
concentration. 

 
Note:  For any Department of Defense (Navy, USACE, AFCEE) project that references the 
DoD Quality Systems Manual (QSM), the LLCCV must be within ± 20% of its true value. 

 
Note:  The USACE recommends that an ICAL standard, or a standard from the same 
manufacturer as the ICAL standards, be used for the CCVs, to more readily identify 
problems that are due to changing instrument conditions and are not due to differences 
between standards. 
 

d.) Initial Calibration Blank (ICB) / Continuing Calibration Blank (CCB): 
An initial calibration blank (ICB) verification must be run at the beginning of each analytical 
run, with the ICV. A continuing calibration blank (CCB) verification must be analyzed (with 
each bracketing CCV), after every 10 analytical samples, including batch QC samples, and 
at the end of the sequence. Target elements should not be detected in the CCB at any level 
above 3 times the Instrument Detection Limit (IDL). 
 
Note:  For any Department of Defense (Navy, USACE, AFCEE) project that references the 
DoD Quality Systems Manual (QSM), the ICB/CCB must be ND > LOD. 
 

e.) Interference Check Standard A (ICSA):  
An interference check standard (ICS-A) containing only common interferents standard 
should be analyzed at the beginning of each sequence, after the calibration standards and 
verifications, to demonstrate that high levels of interferents are not significantly biasing 
sample results, in either a positive or negative fashion. The determined concentration of the 
non-interferent should be no more than +RL in either direction. This standard should be 
repeated every twelve hours and at the end of the sequence. 
 
Note:  For any Department of Defense (Navy, USACE, AFCEE) project that references the 
DoD Quality Systems Manual (QSM), the measured concentrations of any elements that are 
not included in the ICS-A standard must be ND > LOD. 
 

f.) Interference Check Standard A-B (ICSAB):  
An interference check standard (ICS-AB) containing both common interferents and low-level 
target analytes standard should be analyzed at the beginning of each sequence, after the 
calibration standards and verifications, to demonstrate that the interference corrections are 
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effective and are correctly applied. This standard should be repeated every twelve hours 
and at the end of the sequence to demonstrate that instrument conditions have not 
significantly changed over the course of the sequence. 

 
The recovery of the spiked elements in this standard must be within 80-120% recovery; see 
Appendix_6 for additional discussion. 
 

g.) Batch QC:  
The following quality control (QC) samples must be prepared in the same manner as the 
analytical samples at a rate of once per twenty or less samples. For EPA 6020, and once 
per 10 samples or less for method 200.8. C&T in-house acceptance limits are updated semi-
annually; based on control charts of the previous year’s data. See the associated SOP ‘6020 
QC Limits, Table-1’ for the current 6020 limits. For EPA 200.8, the QC recovery limits are 
specified in the method and can be found in Appendix_12. 
 
Note:  Project-specific quality assurance plans may have different criteria. If so, those 
requirements supersede this SOP for all samples related to that project. 
 

Method Blank (BLANK): The purpose of the method blank is to ensure that the 
digestion and analysis process does not in any way contaminate the analytical samples. 
Deionized water is carried through the entire digestion process and analyzed. For EPA 
6020, the results for the preparation blank should be <1/2 RL and must be < RL for all 
target elements. If the sample result for that compound(s) is greater than ten (10) times 
the amount found in the method blank, document the contamination on the batch 
sequence summary and the data review checklist and report the data without reanalysis. 
If the sample result for that compound(s) is greater than the reporting limit but less than 
ten (10) times the amount found in the associated method blank, the samples must be 
re-digested and reanalyzed. see the ‘Quantitative Analysis’ section below for further 
details.  
 
EPA 200.8 Method Note:  Method 200.8 requires redigestion and reanalysis of any 
sample associated with a method blank containing laboratory contamination greater than 
2.2x the MDL for that element and <10x the concentration in the sample. If the sample is 
ND for the blank contaminant or is >10x the level found in the blank, the sample may be 
reported without corrective action.   

 
Blank Spike (BS) and Blank Spike Duplicate (BSD): The purpose of the blank spikes 
is to demonstrate that the sample preparation and analysis procedures are accurate 
(recovery) and precise (RPD) in the absence of matrix interferences. A known 
concentration of each element is added to deionized water and carried through the entire 
digestion and analysis process. For EPA 200.8, the recoveries must fall within the 
method-specified limits, which are listed in Appendix_12. For EPA 6020, the recoveries 
and RPD should fall within C&T in-house limits. If the acceptance limits are not met, the 
samples associated with it may need to be redigested and reanalyzed; see the 
‘Quantitative Analysis’ section below for further details. 
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Matrix Spike (MS) and Matrix Spike Duplicate (MSD):  The purpose of the matrix 
spikes is to demonstrate that the sample preparation and analysis procedures are 
accurate (recovery) and precise (RPD) in the possible presence of matrix interferences. 
A known concentration of each element is added to a real-world sample and carried 
through the entire digestion and analysis process. For EPA 200.8, the recoveries must 
fall within the method-specified limits, which are listed in Appendix_12. For EPA 6020, 
the recoveries and RPD should fall within C&T in-house limits. If the acceptance limits 
are not met, the samples associated with it may need to be redigested and reanalyzed; 
see the ‘Quantitative Analysis’ section below for further details. 
 
If the concentration of any element in the spiked sample is greater than four times the 
spiking level, the recovery is considered ‘Not Meaningful’ and LIMS will place an “NM” 
flag on the report. Note:  For USACE projects, if the concentration of a target compound 
is greater than the spiking level, LIMS will flag and footnote that concentration for the 
client’s attention. 
 

Note: For Arizona samples, the RPD criterion is < 20% for all matrices. 
 
Sample Duplicate (SDUP):  For leachates or other samples known to contain high 
levels of target analytes, a sample duplicate and sample spike may be analyzed in place 
of the MS/MSD. The selected sample is prepared and analyzed in duplicate to determine 
the precision of the sample preparation and analysis process in the presence of potential 
matrix interferences. If the RPD exceeds C&T RPD limits for a majority of the analytes of 
interest, the source of the error must be identified and narrated or the affected samples 
redigested. 
 

Note: For Arizona samples, the RPD criterion is < 20% for all matrices. 
 
Sample Spike (SSPIKE): A second aliquot of a sample is spiked with a known 
concentration of elements to determine the accuracy of the sample preparation and 
analytical process in the presence of potential matrix interferences. For EPA 200.8, the 
recoveries must fall within the method-specified limits, which are listed in Appendix_12. 
For EPA 6020, the recoveries and RPD should fall within C&T in-house limits. If the 
acceptance limits are not met, the samples associated with it may need to be redigested 
and reanalyzed; see the ‘Quantitative Analysis’ section below for further details. 
 
If the concentration of any element in the spiked sample is greater than four times the 
spiking level, the recovery is considered ‘Not Meaningful’ and LIMS will place an “NM” 
flag on the report. Note:  For USACE projects, if the concentration of a target compound 
is greater than the spiking level, LIMS will flag and footnote that concentration for the 
client’s attention. 
 

h.) Sample Interference Verifications:  
The following matrix interference verifications should be analyzed with each batch of 
samples or whenever the analyst suspects that sample viscosity, salt content, or other 
matrix interferences are likely.  
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Serial Dilutions:  Analysis of a 5x dilution should agree within + 10% (90-110% 
recovery) of the original determination if the concentration of the element in diluted 
aliquot is greater than the reporting limit. If not a chemical or physical interference should 
be suspected. 

 
Post Digest Spikes: An analyte spike added to a portion of a prepared sample digest, 
or its dilution, should be recovered to within 75-125% of the known value for samples 
analyzed by 6020 and 80 – 120% for samples analyzed by 6010A. The spike addition 
should produce a minimum level of 10 times and a maximum level of 100 times the 
instrumental detection limit. If the spike is not recovered within the specified limits a 
matrix effect should be suspected and the sample should be diluted (to dilute out the 
matrix interference); dilution results should agree with the original results within 90-
110%.  

 
i.) Method Modification:  C&T does not use the concept of Linear Dynamic Range, in which 

the upper limit of quantitation is established through extrapolation. Unlike ICP-AES methods 
(6010 and 200.7), the upper limit of the ICP-MS calibration range is highly dependent on 
the voltage of the electron multiplier in the detector, which may change any time 
maintenance is performed or the instrument tuned. For this reason, the upper end of the 
quantitation range must be established by a daily multi-point calibration curve. The highest 
calibration standard, which is at a much lower concentration than those used as the “high 
standard” in an extrapolation scenario, determines the top of the quantitation range for each 
mass/charge (m/z) ratio utilized, by determining the signal response from four different 
concentrations across the range. 

  
j.) Interference equations must be verified daily and updated whenever the mass axis and 

resolution are updated or after the detector is cleaned. The Agilent software includes auto-
correct programs for the elements listed in the methods. Fine tuning may be performed 
during the tuning sequence. 

 
k.) Instrument detection limits (IDL) must be determined quarterly by analyzing a reagent 

blank for seven consecutive injections on each of 3 non-consecutive days. The RSD is 
determined for each element on each day then the 3 RSD’s are averaged to determine the 
Instrument Detection Limit. The IDL must be less than the water MDL for that instrument. 

 
l.) Method detection limits (MDL) based on 7 replicates of a low-level laboratory control 

sample that are digested and analyzed annually. See the QA SOP for Establishing and 
Validating Method Detection Limits or Limits of Detection for details.  

 
J)   Limit of Detection (LOD), must be determined quarterly and is based on a laboratory 

control sample (MDL verification standard) that is spiked 2 to 4 times the MDL, digested 
and analyzed on every instrument.  See the QA SOP for Establishing and Validating 
Method Detection Limits or Limits of Detection for details. 
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k.)   Limit of Quantitation (LOQ) must be determined quarterly and is based on a laboratory 
control sample that is spiked 1 to 2 times the reporting limit. It is only analyzed once per 
method. See the QA SOP for Establishing and Verifying the Limit of Quantitation for details. 

 
 
EQUIPMENT (see Appendix_9 for instrument conditions): 
Agilent 7500 ICP-MS Integrated Sample Introduction System 
MET-06:  Agilent 7500ce ICP-MS with Octopole Reaction System 
MET-16:  Agilent 7500ce ICP-MS with Octopole Reaction System 
0.45um x 25 mm GD/X Disposable PTFE syringe filter, VWR, Whatman # 28138-164 
10 ml disposable syringe, BD syringe, VWR # BD309604 
 
DAILY MAINTENANCE 

• Replenish the rinse-water reservoir daily with acidified (1% HCl plus 1% HNO3) 
deionized water.  

• Verify that the Drain Vessel is empty. If it is not, empty the vessel and rinse it thoroughly 
with DI water. 

• Change the Sample and Internal Standard pump windings daily. Soak Tygon Sample 
and Internal Standard pump windings in acidified (5%HCl plus 5%HNO3) deionized 
water for at least 2 hours prior to use. 

• Change the drain pump winding every monthly, or whenever pump winding become 
flattened or damaged.  

 
DAILY INSTRUMENT SEQUENCE 
1.) Turn the plasma on. 
 
2.) Allow at least 30 minutes for the instrument to equilibrate.  
 
3.) Analyze the Tuning Solution. See Appendix_6 for discussion and acceptance criteria. 
 
4.) Using the 50 μg/L calibration standard (MET-06 & MET-16), run the Pulse/ Analog program 

to establish the concentration (intensity) at which the instrument should switch from Pulse to 
Analog mode. 
 
Note: The Agilent-7500 operates in two modes, pulse-mode for typical low-level samples 
and analog-mode for high-level samples. The instrument automatically switches between 
the two modes based on the voltages encountered during sample analysis; the mode used 
for quantitation may vary on an analyte-by-analyte basis. The raw instrument data will 
include a data qualifier flag indicating which mode was used for quantitation, A(nalog), 
P(ulse), or M(ixed). 

 
5.) Start the sequence by analyzing the 10 μg/L 6020 Tuning Check Standard. The instrument 

must meet the criteria listed in Appendix_6 before analysis can continue. 
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6.) If EPA 200.8 samples will be included in the sequence, analyze the 10 μg/L 200.8 Tuning 
Check Standard. The instrument must meet the criteria listed in Appendix_6 before samples 
can be analyzed by EPA 200.8. 

 
7.) Calibrate the ICP by running a calibration blank followed by at least five calibration 

standards, in increasing order of concentration, at levels that bracket the quantitation range; 
the lowest standard must be at or below the reporting limit and the highest standard 
determines the upper end of the quantitation range (see Appendix_5 for preparation of these 
standards).  

 
200.8 Method Modification:  Method 200.8 only requires a 3-point calibration however C&T 
standard practice is to run 5 or more points, to better establish the curve. 

 
8.) Send the ICAL data to LIMS. 
 
9.) Review the ICAL summary to determine if the sequence can be continued: 
 

 For samples analyzed by 6020, the correlation coefficient for each element must be > 
0.995. 
 

 For samples analyzed by 6020A, the correlation coefficient for each element must be > 
0.998 

 
 The highest concentration standard may be omitted so as long as there are at least 

three points remaining and the remaining highest point defines the top of the calibration 
range (any digests which exceed this concentration must be diluted and reanalyzed).  

 
 The lowest concentration standard may be omitted from curve if, and only if, the 

resulting lowest standard is at or below the reporting limit for samples and there are at 
least three points remaining.  

 
 Mid-point standards may not be omitted simply to improve the correlation coefficient. 

They may, however, be reanalyzed if poor aspiration is suspected. The reanalysis must 
occur immediately after the curve so long as no sample digests were analyzed since the 
last calibration standard and all elements are calibrated using the second run. Under no 
circumstances may a point in the middle of the curve be rejected in order to pass 
calibration criteria for a particular element. 

 
10.) Analyze an Initial Calibration Verification (ICV) standard, obtained from a second 

manufacturer, at a different concentration than the calibration standard. The result must be 
within +10% of the true value (90-110% recovery) or the instrument must be recalibrated. 

 
11.) For Method 6020A analysis: Analyze a low level ICV (LLICV) after running the initial 

calibration. The LLICV should be prepared at the limit of quantification (LOQ) for the 
calibration with a tolerance of ± 30% of its true value. The LLICV should be prepared from 
the same source as the calibration standards. If any element falls outside these limits, all 
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samples affected by the failure must be reanalyzed. An element may be reported in the 
event of a high failing LLICV only if the sample result is determined to be less than the 
specified RL An element may also be reported in the event of a failing LLICV if the LOQ 
used for the sample result is greater than or equal to the level of a passing midlevel CCV 
or a passing LLICV run at a higher concentration. 

 
Note:  For any Department of Defense (Navy, USACE, AFCEE) project that references the 
DoD Quality Systems Manual (QSM), the LLICV must be within ± 20% of its true value. 
 

12.) Analyze an Initial Calibration Blank (ICB) consisting of deionized water acidified with 1% 
HCl and 1% HNO3. All elements must be less than the reporting limit before the instrument 
is calibrated. 

 
13.) Analyze the ICS-A to demonstrate that high levels of interferents are not biasing low-level 

quantitation. The determined concentration of the non-interferent should be <RL in either 
direction (+/-), except for those elements that are considered by the manufacturer to be 
‘trace’ contaminants of the high level elements and are listed on the Certificate of Analysis.  
 
If this standard fails acceptance criteria, adjust either the mass resolution, or parameters in 
the Hydrogen or Helium modes. 

 
Note:  For any Department of Defense (Navy, USACE, AFCEE) project that references the 
DoD Quality Systems Manual (QSM), the measured concentrations of any elements that 
are not included in the ICS-A standard must be ND > LOD, except for those elements that 
are considered by the manufacturer to be ‘trace’ contaminants of the high level elements 
and are listed on the Certificate of Analysis.  
 
200.8 Method Modification:  EPA 200.8 does not discuss use of this type of standard, 
however C&T follows SW-846 guidance and includes them in every analytical sequence 
as discussed above. 

 
14.) Analyze the ICS-AB to demonstrate that quantitation in the presence of high-level 

interferents is acceptably accurate. The determined concentrations of the non-interferent 
elements in the ICS-AB must be within + 20% of the true values. If this standard does not 
meet the acceptance criteria, the analysis must be terminated, the method corrected for 
the interference, and the analysis restarted from the Tuning Check Standard. 

 
200.8 Method Modification:  EPA 200.8 does not discuss use of this type of standard 
however C&T follows SW-846 guidance and includes them in every analytical sequence 
as discussed above. 

 
15.) Now actual samples may be run. Collect the digests, job sheets, LIMS prep sheet, and 

copy of the benchbook page from the prep chemists. Sign the “Received by” line on the 
LIMS prep sheet to maintain internal chain-of-custody of the digests. 
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16.) Decant the digests into autosampler tubes labeled with the sample number and dilution 
factor. Depending on which instrument is being run, digestates may need to be diluted to 
compensate for salinity.  
 
Water samples are typically analyzed at a 1:10 dilution, and soil samples at a 1:50 dilution; 
the dilutions should be made with acidified (1% HCl plus 1% HNO3 ). 
 
Prepare dilutions as described in Appendix_2. Don’t use the auto-dilution feature on the 
instrument, as results obtained using this feature have shown poor agreement with 
additional dilutions or undiluted results obtained by optical ICP-AES.  

 
Note:  If any of the digests contain suspended particles, which could clog the injection 
tubing, filter the digests and the associated method blank and LCS or BS/BSD through 
acid-washed syringe filters prior to adding them to the sequence. 

 
17.) Nebulize each sample for 30 seconds or until a steady signal is observed, prior to 

collecting data, and then collect 3 integrations. The instrument will flush the system for 
approximately 90 seconds between samples and will go on to the next autosampler tube 
once the signal has stabilized.  

 
18.) Analyze a continuing calibration verification (CCV) standard and continuing calibration 

blank (CCB) after every ten samples and at the end of the sequence.  
 

The CCV result must be within +10% of the true value (90-110% recovery) or the 
instrument must be recalibrated and any samples analyzed after the last passing CCV 
must be reanalyzed. 
 
Target elements should not be detected in the CCB above 3x the IDL; any samples 
bracketed by a contaminated CCB and being analyzed for a detected element must be 
reanalyzed. 
 

19.) For EPA Method 6020A analysis: Analyze a low level CCV (LLCCV) following the ICV. 
The LLCCV should be prepared at the limit of quantification (LOQ) for the calibration with 
a tolerance of ± 30% of its true value. The LLCCV should be prepared from the same 
source as the calibration standards. If any element falls outside these limits, all samples 
affected by the failure must be reanalyzed. An element may be reported in the event of a 
high failing LLCCV only if the sample result is determined to be less than the specified RL 
An element may also be reported in the event of a failing LLCCV if the LOQ used for the 
sample result is greater than or equal to the level of a passing midlevel CCV or a passing 
LLCCV run at a higher concentration. 

 
Note:  For any Department of Defense (Navy, USACE, AFCEE) project that references the 
DoD Quality Systems Manual (QSM), the LLCCV must be within ± 20% of its true value. 
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20.) Analyze the Tune Check Standard, ICS-A, and ICS-AB at the beginning of every 12-hour 
shift. The standards must pass the acceptance criteria listed in Appendix_6 or any 
standards analyzed after the failing standard must be reanalyzed. 

 
21.) Analyze the ICS-A, and ICS-AB at the end of every 12-hour shift. The standards must 

pass the acceptance criteria listed in Appendix_6 or any samples analyzed after the last 
passing set of ICS standards must be reanalyzed. 

 
 
Analytical Sequence 
A typical analytical sequence looks like the following: 
 
 Tuning Solution 

200ppb Pulse/Analog Solution (or 50ppb for MET06) 
10ppb Tune Check Standard 

 Initial Calibration Blank 
 Initial Calibration Standards (0.25, 0.5, 1, 10, 100, 200 ug/L) 
 Initial Calibration Verification (ICV) 
 Initial Calibration Blank (ICB) 

Interference Check Standard A (ICSA) 
 Interference Check Standard A/B (ICSAB) 
 Method Blank (MB) 
 Blank Spike (BS) 
 Blank Spike Duplicate (BSD) 
 QC Sample (MSS) 
 Matrix Spike (MS) 

Matrix Spike Duplicate (MSD) 
 Serial Dilution (SER) 
 .. 3 more samples .. 
 Continuing Calibration Verification Standard (CCV) 
 Continuing Calibration Blank (CCB) 
 .. 10 samples .. 
 Continuing Calibration Verification Standard (CCV) 
 Continuing Calibration Blank (CCB) 
 .. 10 samples .. 
 Continuing Calibration Verification Standard (CCV) 
 Continuing Calibration Blank (CCB) 
 …more samples and CCV’s (until 12-hour tune clock runs out) 

Tune Check Standard 
 Continuing Calibration Verification Standard (CCV) 
 Continuing Calibration Blank (CCB) 

Interference Check Standard A (ICSA) 
 Interference Check Standard A/B (ICSAB)  
 .. 10 samples .. 
 Continuing Calibration Verification Standard (CCV) 
 Continuing Calibration Blank (CCB) 
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 … etc. 
Continuing Calibration Verification Standard (CCV) 

 Continuing Calibration Blank (CCB) 
Interference Check Standard A (ICSA) 

 Interference Check Standard A/B (ICSAB)  
 
The sequence must end with a CCV, CCB, ICS-A, and ICS-AB regardless of the number of 
samples that have been analyzed. 
 
After the sequence is complete, the Agilent software will automatically turn off the instrument. 
 
LIMs automatically analyzes 2 ICBs and CCBs and always chooses the second run, even when 
specific elements fail blank criteria, we continue running samples for passing elements.  
Corrective action is taken when the analyst judges it to be warranted. 
 
QUANTITATIVE ANALYSIS 
The Agilent ICP-MS automatically adds internal standard, which helps compensate for viscosity 
and transport interferences. The sample is then transported through the nebulizer and vaporized 
in the plasma. The spectrometer measures the mass-to-charge ratio (m/z) of the resulting ions. 
For all samples and standards, the instrument collects information for 3 integrations and reports 
the average intensity of these integrations, along with the %RSD between the integrations. The 
RSD between the integrations must be < 20% or the sample must be reanalyzed. If RSD for the 
reanalysis is again greater than 20%, report the analysis with the lowest RSD and narrate the 
problem on the Data Review Checklist; LIMS will apply a qualifier flag to reported result on the 
final form. 
 
Method Modification Note: Methods 6020, 6020A, and 200.8 do not specify a maximum RSD, 
so C&T has chosen 20% as the RSD limit to standardize ICP criteria.  
 
Quantitation is based on comparison of the intensity of the target element and internal standard 
to the initial calibration curve for that element, with adjustments for the sample preparation 
concentration factor and instrument dilution factor. See Appendix_11 for example calculations. 
Concentrations are expressed as micrograms per liter (µg/L) or milligrams per kilogram (mg/kg).  
 
All results are reported on a wet-weight (“as received”) basis unless otherwise requested by the 
client. If the client requests ‘dry-weight’ corrections, the ‘wet-weight’ results in the results 
database are corrected for moisture by LIMS when producing the final report forms. 
 
a.) Evaluate the Internal Standard Recoveries 

Internal standards are added to the samples and standards at the time of analysis by a 
second on-line channel of the peristaltic pump. See Appendix_4 for internal standard 
assignment and comments. 
 
The internal standard recoveries are determined by dividing the intensity observed in the 
sample by that observed in the first Initial Calibration Standard in the ICAL, which is a zero 
standard. The internal standard recoveries associated with all required/ reported elements 
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should be within the recovery limits listed below or the sample should be diluted and 
reanalyzed.  
 

6020 ISTD Recovery:  30-120% 
200.8 ISTD Recovery: 60-125% 

 
The CCV and CCB internal standard recoveries associated with all reported sample results 
must be within these limits or the instrument must be recalibrated and any samples analyzed 
after the last passing CCV reanalyzed. Note:  If an internal standard fails but is not assigned 
to any of the requested elements for that sample, the sample does not have to be 
reanalyzed. 
 

b.) Evaluate the CCV Results 
The concentration of the CCV must be within the calibration range, with %D < 10% 
(recoveries between 90-110%). If the %D for any element is outside this acceptance 
window, LIMS will use the following to determine if the associated results are reportable: 

 
 If the failing element is not a target analyte for the associated samples, sample results 

should be reported without reanalysis. 
 

 If the compound fails the %D criterion due to a high response but was not detected 
above the reporting limit in the associated samples, the sample results may be reported 
without reanalysis, as the high bias does not affect the sample results. 

 
 If the compound fails the %D criterion due to a high response and was detected above 

the reporting limit in any of the associated samples, the samples must be reanalyzed.   
 

 If the compound fails the %D criterion due to a low response, the sample must be 
reanalyzed as the low bias may result in false negatives or misquantitation. 

 
c.) Evaluate the CCB Results 

Target elements should not be detected in the calibration blank at any level greater than 3 
times the Instrument Detection Limit. If target elements are detected, use the following to 
determine if the associated results are reportable: 

 
 If the detected element is not a target analyte for the associated samples, sample results 

should be reported without reanalysis. 
 

 If the detected element was not detected above the reporting limit in the associated 
samples, the sample results may be reported without reanalysis, as the high bias does 
not affect the sample results. 

 
 If the detected element was also detected in any of the associated samples at levels 

above the reporting limit but the sample concentrations were greater than 20 times the 
concentration in the instrument blank, the samples may be reported. 
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 If the detected element was also detected in any of the associated samples at levels 
between the reporting limit and 20 times the reporting limit, the samples must be 
reanalyzed.  

 
d.) Evaluate the Batch QC Results 
 

 Prep Blank:  For 6020, the results for the preparation blank should be <1/2RL and must 
be <RL for all target elements. For 200.8, the results must be <2.2x the MDL. If 
reanalysis confirms the contamination, use the following steps to determine if the sample 
results may be reported: 

 
a. If the concentration of the contaminant is below the reporting limit but above 1/2 of 

the reporting limit, document the contamination on the batch sequence summary and 
the data review checklist and report the data without reanalysis. 

 
b. If the target element(s) found in the blank was not detected in the associated 

samples, the data may be reported and the problem narrated.  
 

c. If the target element(s) found the method blank was also detected in the associated 
samples, but the level in the samples is greater than 10x the level in the blank, 
document the contamination on the batch sequence summary and the data review 
checklist and report the data without reanalysis. 

 
d. If the target element(s) detected in the blank were also detected in the associated 

samples, but at levels less than 10x the level in the blank, and reanalysis confirms 
the problem, the samples containing the contaminant must be re-batched and 
reanalyzed. Initiate a Corrective Action Report (CAR) immediately so that re-
digestion can begin within the clients requested turn-around time, if necessary.  

 
 Blank Spike (BS) and Blank Spike Duplicate (BSD): For 6020, the recoveries and 

RPD should fall within C&T in-house limits; for 200.8, the recoveries must fall within the 
method-specified acceptance limits (listed in Appendix_12) and the RPD must be within 
C&T in-house limits. If these limits are not met, the samples associated with it may need 
to be redigested and reanalyzed. Use the following steps to determine if the sample 
results may be reported: 

 
a. If the samples are being analyzed for only a subset of the target element list (ie: lead 

only, LUFT 5, etc.) and those elements all pass acceptance criteria, the data may be 
reported without further corrective action. 

 
b. If a high recovery is observed but that element was not detected in the associated 

samples, note the failure on the Data Review Checklist and report the data without 
re-digestion, as the potential high bias does not affect the sample results. 

 
c. If a high recovery is observed and the samples contain that element at levels above 

the reporting limits, the samples containing that element must be re-digested. 
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d. If a high RPD is observed but the recoveries are within acceptance limits and the 
samples do not contain that element, note the failure on the Data Review Checklist 
and report the data without re-digestion, as the lack of good precision data does not 
affect ND samples. 

 
e. If a high RPD is observed and the samples contain that element at levels above the 

reporting limits, those samples containing that element must be re-extracted. 
 

 Matrix QC (SSPIKE/SDUP or MS/MSD):  For 6020, the recoveries and RPD should fall 
within C&T in-house limits; for 200.8, the recoveries must fall within the method-specified 
acceptance limits (listed in Appendix_12) and the RPD must be within C&T in-house 
limits.  If these limits are not met, the samples associated with it may need to be 
redigested and reanalyzed. Use the following steps to determine any necessary 
corrective action: 

 
a. If the concentration of a target element in the sample is greater than the linear range 

and the sample needs to be rerun for just that compound, report the MS/MSD with a 
LIMS-flag of “>LR” on those recoveries, without reanalysis. 

 
b. If the concentration of a target element in the sample is within linear range but the 

concentration in the matrix spikes is greater than the linear range, LIMS will apply a 
“>LR” flag to those recoveries. Report the data without reanalysis. 

 
c. If the concentration of a target element is greater than 4x the spiking level, LIMS will 

apply a “NM” (for “Not Meaningful”) flag to those recoveries. Report the data without 
reanalysis. 

 
Note:  If the concentration of a target compound is greater than the spiking level, 
LIMS will flag and footnote that concentration for the client’s attention. 

 
d. If recoveries fail but the RPD is within acceptance limits, matrix interference is 

usually suspected. Narrate the failure and report the data without reanalysis (except 
for USACE, or other Level 3 or Level 4 projects that always require reanalysis). 

 
e. If the recoveries are within limits but the RPD fails, and an isolated problem cannot 

be identified and documented, reanalyze the sample and matrix spikes. 
 
 Serial Dilutions:  Analysis of a 5x dilution should agree within + 10% (90-110% 

recovery) of the original determination if the concentration of the element in diluted 
aliquot is greater than the reporting limit. If not a chemical or physical interference, such 
as viscosity of the digestate, should be suspected. If for a given project, all elements 
repeatedly show an increased response in the Serial Dilution, when compared to the 
initial run, discuss the problem with the Department Manager and/or the Project 
Manager for that account, as the samples may require routine dilution to overcome 
viscosity effects. 
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 Post Digest Spikes: An analyte spike added to a portion of a prepared sample digest, 
or its dilution, should be recovered to within 75-125% of the known value for samples 
analyzed by 6020 and 80 – 120% for samples analyzed by 6020A. The spike addition 
should produce a minimum level of 10 times and a maximum level of 100 times the 
instrumental detection limit. If the recoveries of all elements shows a uniform bias in 
either direction, make and analyze a new spike to verify that it was prepared correctly. If 
the spike is not recovered within the specified limits a matrix effect should be suspected 
and the sample should be diluted (to dilute out the matrix interference); dilution results 
should agree with the original results within 90-110%.  

 
e.) Evaluate the Sample Results 

Review any batch QC sample data first to verify that samples from that batch can be 
reported, then review the sample results to identify any samples that need to be rerun and/ 
or diluted.  
 
Examine the sample results to verify that all requested elements are reported on the internal 
user report and that the results are within the linear range. If the concentration of any 
requested target element is greater than the highest calibration standard for that element, 
use volumetric pipettes to prepare a dilution of the digestate so that the highest target 
element is in the upper half of the calibration range. If a sample is analyzed at multiple 
dilutions, compare the sample results across the various dilutions to verify that the dilutions 
were prepared correctly. Do the results make sense or is there a discrepancy between the 
runs? If there seems to be a discrepancy, reanalyze the sample to confirm the results. 
 
Examine the sample results to verify that the RSD between exposures is less than 20%. Any 
sample result with a duplicate exposure RSD greater than 20% must be reanalyzed. If the 
RSD is still greater than 20%, report the exposure with the lower %RSD. Any sample with 
requested element concentrations above the linear range must be diluted and reanalyzed. 
 
Method Modification Note: Methods 6020, 6020A, and 200.8 do not specify a maximum 
RSD, so C&T has chosen 20% as the RSD limit to standardize ICP criteria. The USACE 
requires that the RSD be <10% for concentrations for samples with concentrations equal to 
or greater than ten times MDL and ≤ 20% for samples with concentrations less than ten 
times the MDL. 
 

f.) Assemble the Data Package 
After all samples and necessary dilutions have been analyzed, print the final report forms on 
“page 2” letter head paper. Review these forms to make sure that the correct results were 
reported and that there are no elements marked “N/A” (results “not available”).  
 
Verify that the prep sheets are complete and signed, that all necessary sample information 
is present (see section below for details), then complete and sign the “Data Review 
Checklist”. Submit the data package to the Department Manager or QC Chemist for second-
party review. Any changes made by the second-party reviewer must be individually initialed 
and dated by the reviewer. The second party reviewer must initial and date each user report, 
make any additional comments on the case narrative and initial and date the completed 
checklist. 
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DOCUMENTATION & PEER REVIEW 
The raw ICP-MS data must be labeled with the analysts name, the date analyzed, the 
instrument units, and the batch ID. The ICP-MS raw data, a copy of the sequence log, LIMS 
calibration summaries, and copies of the prep logs should be clipped together and filed in the 
department’s data files. A copy of the sequence log must be placed in the bound benchbook.  
 
a.) Sample Prep Documentation 

A copy of the digestion benchbook page for the sample digestion must be included with the 
reported data. The digestion benchbook entries should include: 

 
 C&T sample ID's and unique container identifier, 
 date of sample digestion, initial volume or weight of sample, and final digestate volume,  
 identity of QC samples (spikes, duplicates & LCS),  
 amount of spikes added and LIMS identification numbers of all spiking solutions,  
 a list of all reagents used (C&T ID or manufacturer and lot number),  
 indication of whether or not the digests were filtered after digestion,  
 any unusual occurrences observed during the digestion procedure  

 
b.) “Level 2” Data Package 

A complete data package for a “Level 2” report includes the following: 
 

 C&T Job sheet,  
 Final reports for samples and batch QC 
 "Inorganics Data Review" checklist,  
 Any associated Corrective Action Report.  
 Sample LIMS user reports,  
 Batch QC LIMS user reports,  
 Sequence log clipped to LIMS User Reports for the samples and batch QC from that 

sequence 
 LIMS prep log,  
 Digestion log,  

 
c.) “Level 3” Data Package 

A complete data package for a “Level 3” report includes all of the items listed below, in the 
following specific order: 
 
 C&T Job sheet,  
 Metals “reporting grid” - showing which element was reported from which run,  
 Final reports for samples and batch QC 
 "Inorganics Data Review" checklist,  
 Any associated Corrective Action Report.  
 Sample LIMS user reports,  
 Batch QC LIMS user reports,  
 Serial Dilution LIMS user report,  
 Post-Digestion Spike LIMS user report (if necessary),  
 Sequence Package, which contains the following, clipped together: 
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o Sequence summary 
o ICAL summary,  
o ICV, ICB, CCV, CCB, ICS-A and ICS-AB summaries, in sequential order 

 LIMS prep log & copy of digestion benchbook page 
 LIMS User Reports for the samples and batch QC 

 
 

d.) “Level 4” Data Package 
A complete data package for a “Level 4” report includes all of the items listed below, in the 
following specific order: 
 
 C&T Job sheet,  
 Metals “reporting grid” - showing which element was reported from which run,  
 Final reports for samples and batch QC 
 "Inorganics Data Review" checklist,  
 Any associated Corrective Action Report.  
 Sample LIMS user reports,  
 Batch QC LIMS user reports,  
 Serial Dilution LIMS user report,  
 Post-Digestion Spike LIMS user report (if necessary),  
 Sequence Package, which contains the following, clipped together: 

o Sequence summary 
o ICAL summary,  
o ICV, ICB, CCV, CCB, ICS-A and ICS-AB summaries, in sequential order 

 LIMS prep log & copy of digestion benchbook page 
 Sample Data package (includes the following, in the following specific order, clipped 

together): 
o Sequence log 
o Sample LIMS user reports 
o Serial Dilution LIMS user report 
o Batch OC LIMS user reports (Blank, BS/BSD, MS/MSD) 
o Raw QC and sample data, job specific,  in sequential order, excluding flushes 

and rinses 
 
POLLUTION PREVENTION 
Prepare only sufficient standard and reagent volume to use within the shelf-life of the standard 
to reduce the volume of waste generated by the laboratory. 
 
WASTE DISPOSAL 
All digests are kept for at least 6 months prior to disposal. After 6 months, the digests are 
included in the ‘Corrosives’ waste stream. Expired standards should also be discarded into the 
‘Corrosives’ waste stream. 
 

REVISION HISTORY 
This is rev 9. Rev 8 was changed as follows: 
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• Removed: LLICV and LLCCV run at end of analytical sequence.  
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APPENDIX_1: ELEMENTS & STANDARD REPORTING LIMITS 
 
 
ICP-MS Metals 
EPA 6020 
CAS #  Element Reporting Limit*  CAS #  Element Reporting Limit
   µg/L mg/Kg     µg/L mg/Kg
7429-90-5 Al Aluminum 50 10  7439-95-4 Mg Magnesium 50 10
7440-36-0 Sb Antimony 1 0.25  7439-96-5 Mn Manganese 1 0.25
7440-38-2 As Arsenic 1 0.25  7439-98-7 Mo Molybdenum 1 1.3
7440-39-3 Ba Barium 1 0.25  7440-02-0 Ni Nickel 1 0.5
7440-41-7 Be Beryllium 1 0.25  7440-09-7 K Potassium 50 25
7440-43-9 Cd Cadmium 1 0.25  7782-49-2 Se Selenium 1 0.25
7440-70-2 Ca Calcium 50 10  7440-22-4 Ag Silver 1 0.25
7440-47-3 Cr Chromium 1 0.50  7440-23-5 Na Sodium 50 25
7440-48-4 Co Cobalt 1 0.25  7440-28-0 Tl Thallium 1 0.25
7440-50-8 Cu Copper 1 0.25  7440-62-2 V Vanadium 1 0.25
7439-89-6 Fe Iron 50 10  7440-66-6 Zn Zinc 1 1.0
7439-92-1 Pb Lead 1 0.25       
 
Method Modification:  C&T includes the elements listed in 6020 (1994) plus the following 
elements that were added to the 6020A draft version (1998) that has not yet been promulgated:  
Ca, Fe, Mg, K, Se, Na, and V. 
 
Low Level ICP-MS Metals 
EPA 6020 (by special request) 
CAS #  Element Reporting Limit*  CAS #  Element Reporting Limit*
   µg/L mg/Kg     µg/L mg/Kg
7429-90-5 Al Aluminum 50 10  7439-95-4 Mg Magnesium 50 10
7440-36-0 Sb Antimony 0.25 0.25  7439-96-5 Mn Manganese 0.25 0.25
7440-38-2 As Arsenic 0.5 0.25  7439-98-7 Mo Molybdenum 0.5 1.3
7440-39-3 Ba Barium 0.25 0.25  7440-02-0 Ni Nickel 0.25 0.5
7440-41-7 Be Beryllium 0.25 0.25  7440-09-7 K Potassium 50 25
7440-43-9 Cd Cadmium 0.25 0.25  7782-49-2 Se Selenium 0.5 0.25
7440-70-2 Ca Calcium 50 10  7440-22-4 Ag Silver 0.25 0.25
7440-47-3 Cr Chromium 0.5 0.50  7440-23-5 Na Sodium 50 25
7440-48-4 Co Cobalt 0.25 0.25  7440-28-0 Tl Thallium 0.5 0.25
7440-50-8 Cu Copper 0.5 0.25  7440-62-2 V Vanadium 1 0.25
7439-89-6 Fe Iron 50 10  7440-66-6 Zn Zinc 1 1.0
7439-92-1 Pb Lead 0.25 0.25       
 
* These lower reporting limits may be analyzed upon special request and may only be used if 
the current MDL is <1/3 the requested RL and the lowest ICAL is at or below the requested RL. 
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APPENDIX_2: SAMPLE DILUTIONS 
 
If the sample concentration is greater than the highest point in the calibration curve, prepare a 
dilution at a level that will bring the absorbance into the middle of the calibration range. Examine 
the original sample data to determine what dilution factor will be required to bring the 
absorbance down to the middle of the calibration range.  
 
Using calibrated auto-pipettes, dilute the following volumes of sample digestate in a disposable 
centrifuge tube; adjust the acid concentration as needed so that the final acid concentration in 
the diluted aliquot is 1% HNO3 and 1% HCl. Cap and invert three times to mix, allowing 
sufficient time for complete mixing with each inversion. 
 
DILUTIONS  

Instrument 
Dilution Factor (IDF) Digestate Volume 

Add Volume (mL) 
Acidified DI Water Final Volume (mL) 

    
2 5.0 mL 5.0 10 
5 2.0 mL 8.0 10 

10 1.0 mL 9.0 10 
20 0.50 mL 9.5 10 
50 0.20 mL 9.8 10 

100 0.10 mL 9.9 10 
    

 
If a sample should need a dilution of more than 100x, prepare a 100x dilution first, then use that 
to make subsequent dilutions. 
 
SERIAL DILUTIONS  

Instrument 
Dilution Factor 

Using Primary 
Dilution 

Volume of Primary 
(100x) Dilution 

Add Volume (mL) 
Acidified DI Water 

Final Volume 
(mL) 

     
500 100x 2.0 mL 8.0 10 

1,000 100x 1.0 mL 9.0 10 
2,000 100x 0.5 mL 9.5 10 
5,000 100x 0.2 mL 9.8 10 

10,000 100x 0.1 mL 9.9 10 
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APPENDIX_3: QUANTITATION ISOTOPES  
 
Element Quantitation Isotope Secondary Isotopes 
Aluminum 27  
Antimony 121  
Arsenic 75 77 a, 83 a 
Barium 137 ** 135 
Beryllium 9  
Bismuth (IS) 209  
Cadmium 111 ** 106 a, 108 a, 114 
Calcium 44 43, 88 a 
Chlorine a  37 a, (77, 82) a 
Chromium 52 53, 54 
Cobalt 59  
Copper 65 63 ** 
Erbium (dilution std) e  166  
Germanium (IS) * 72  
Indium (IS) 115 113, 118 a 
Iron f 56 57, 54, 58 
Lead b 208, 207, 206 204 
Lithium (IS) 6  
Magnesium 24 25, 26 
Manganese 55  
Molybdenum 98 97, 96, 92, 94, (108), 99a 
Nickel 60 58, 62, 61, 64 
Potassium 39  
Scandium (IS) 45  
Selenium c f 78 80, 78, 76, 77, 74 
Silver 107 109 
Sodium 23  
Terbium (IS) 159  
Thallium 205  
Thorium d 232  
Tin 118  
Uranium d 238  
Vanadium c 51 238, 50 
Yttrium (IS) 89  
Zinc 66 64, 68, 67, 70 
 
Method Modifications:  
The internal standard Germanium (*) is not listed in either 6020 or 200.8 but is recommended by 
the instrument manufacturer to improve the recovery of the difficult-to-ionize elements (As, Cd, 
Se, Zn) in the presence of high concentrations of easily ionized elements such as Na and K.  
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A double-asterisk or underscore indicates the isotope suggested by the method by 200.8 (**) or 
6020 (_) that is not used by C&T for quantitation. 
 
a These masses are used for interference correction. 
 
b Lead is quantitated using the sum of m/z 206, 207, and 208 to compensate for any differences 

in the abundances of these isotopes between samples and standards. The Agilent software 
includes the calculation based on all three isotopes, but reports them as mass 208. 

 

c Target analyte listed in 6020A (Update 4, 1998 Draft) but not in 6020 (1994 version). 
 

d Target analyte listed in 200.8 but not in either version of 6020. 
 

e Erbium is the dilution standard, used by the data system to apply the correct instrument (auto-) 
dilution factor. 

 

f MET-06 & MET-16: Hydrogen is used in the octopole to eliminate ArAr (m/z 78) and ArO (m/z 
56) interference on masses 56 (Iron) and 78 (Selenium). 
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APPENDIX_4: INTERNAL STANDARD ASSIGNMENTS 
 
The isotope used for target element quantitation must be within 50 mass units of the associated 
internal standard (6020 Section 5.4). 
 

MET-06 & MET-16 (Agilent 7500ce) 
 
Lithium (6) Scandium (45) Germanium (72) Yttrium (89) 
Beryllium Aluminum Arsenic Molybdenum 
 Calcium Copper  
 Chromium Selenium  
 Cobalt Zinc  
 Iron   
 Magnesium   
 Manganese   
 Nickel   
 Potassium   
 Sodium   
 Vanadium   
    
Indium (115) Terbium (159) Bismuth (209)  
Antimony Barium Thallium  
Cadmium Lead   
Erbium (dilution std)    
Silver    
 
Notes:   
The lithium is enriched with 6Li to reduce interferences from native lithium in the samples. The 
other internal standards are elements that are not typically encountered in environmental 
samples.  
 
Method Modification: Curtis & Tompkins uses the internal standards recommended by the 
instrument manufacturer (Agilent). This mix meets the method criterion that the isotope used for 
sample quantitation is within 50 amu of the associated internal standard, but improves method 
performance by reducing matrix interferences. 
 
 

C&T ISTD List:  6Li, 45Sc, 72Ge, 115In, 159Tb, 209Bi 
6020 Recommends: 6Li, 45Sc, 89Y, 103Rh, 115In, 159Tb, 165Ho, 209Bi 
200.8 Recommends: 6Li, 45Sc, 89Y, 103Rh, 115In, 159Tb, 165Ho, 175Lu, 209Bi 
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APPENDIX_5: REAGENTS & STANDARDS 
 PREPARATION 
 
The standards and reagents listed below are those in use at the time this procedure was written. 
Alternate supplies may be used so long as they are of equivalent quality and all calibration, 
quality control, and traceability requirements are met. 
 
REAGENTS   
The preparation of all liquid or solid reagents, including dilutions into DI water, must be 
documented in the reagent prep benchbook. Each reagent is assigned a unique ID, based on 
the manufacturer and the date prepared. This ID is then recorded in the digestion benchbook 
each time the reagent is used. 
 
Label each reagent with the reagent ID, concentration, prep date, and expiration date. All 
reagents should be prepared and stored in freshly cleaned glassware. Expired, discolored, or 
contaminated reagents should be discarded and the bottle cleaned before reuse. 
 
Deionized water, ASTM Type II (ASTM D1193) 
Argon,  Purity:  99.99% 
Air, C&T house compressed air 
He, compressed, Purity: 99.9999%  
H2, compressed, Purity: 99.9999% 
 
Aqua Regia:  prepare daily 
Prepare immediately before use in a glass bottle by adding 3 volumes of concentrated HCl to 
one volume HNO3, typically preparing about 125mL aqua regia per batch ( 32mL HCl + 96mL 
HNO3 => 128mL total ). Aqua Regia must be prepared daily. 
 
Nitric Acid (HNO3), concentrated, InstraAnalyzed grade  
JT Baker catalog # 7697-37-2 
Store unopened bottles in the corrosives cabinet and open bottles under the fume hood for up to 
two years.  
 
Hydrochloric Acid (HCl), concentrated, InstraAnalyzed grade 
JT Baker catalog # 7647-01-0 
Store unopened bottles in the corrosives cabinet and open bottles under the fume hood for up to 
two years.  
 
 
STANDARDS    
All source standards must be NIST-traceable and be documented in LIMS upon receipt, through 
the Standards Menu. The LIMS S-name is unique to the vendor that the source is obtained 
from; if a source standard is obtained from a different vendor, a new S-name must be assigned 
and the information entered in the “Standard Entry” table before the standard can be assigned a 
unique S# (standard number). 
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The LIMS Standard Maintenance database includes the catalog#, lot#, expiration date, and 
concentration of the standards as they are received from the vendor. Write the S# and the date 
received on both the standard vial and on the ‘Certificate of Analysis’ that accompanied the 
standard. If the supplier did not provide a certificate, call and request that a copy be faxed to 
C&T. The Certificate of Analysis must be kept on file in the appropriate binder.  
 
Prepare working standards by diluting source standards to volume in a Class-A volumetric flask. 
Document the preparation in the standards benchbook. Enter the prep information into LIMS 
through the “Standard Maintenance” menu; LIMS will then assign a unique S# to that standard. 
Write the LIMS S# and expiration date in the benchbook along with the prep information. Label 
the standard vial with the contents, the LIMS S#, the expiration date of the standard, and the 
prep chemist’s initials. 
 
If the Certificate of Analysis or bottle label did not include an expiration date, assign an 
expiration date of one year from the date received. 
 
Store standards at room temperature, away from light, to prevent photo-induced precipitation of 
silver. Working standards expire after 90 days except ICS-AB, which must be made weekly 
(Method 6020 requires a short expiration time because silver falls out of solution). 
 
CALIBRATION BLANKS            
Prepare calibration blanks (ICB/ CCB) daily by adding 1.0 mL concentrated HNO3 and 1.0 mL 
HCl to DI water and diluting to 100 mL. 
 
INTERNAL STANDARD SOLUTION          
Source Standard (10ppm 6Li, 45Sc, 72Ge, 89Y, 115In, 159Tb, 209Bi) 
Agilent Catalog# 5183-4681 
 
1ppm Working Standard:  Make a 1:10 dilution of the Source Standard in 1%HCl and 1%HNO3 
 
TUNE SOLUTION             
The Tune Solutions are made from the following source standards containing individual 
elements at 1,000ug/mL: 
 
 Ce  Cerium, SepxCertiprep Catalog # PLCE2-2X  

Co  Cobalt, SepxCertiprep Catalog # PLCO1-2X 
 Li  Lithium, SpexCertiprep Catalog # PLLI1-2X 
 Tl  Thallium, SpexCertiprep Catalog # PLTL2-2X 
 Y  Yttrium, SpexCertiprep Catalog # PLY2-2X 
 
MET-06 & MET-16 (Agilent 7500ce):  10 ug/L Ce, Co, Li, Tl, Y – Final Concentration 

Make an acidified (1% HNO3 plus 1% HCl) 10,000 ug/L intermediate: 
1.) Add about 500mL deionized water to a 1L Class-1 volumetric flask. 
2.) Carefully measure 10mL of nitric acid into the volumetric flask then swirl to mix. 
3.) Measure 10mL of hydrochloric acid into the volumetric flask then swirl to mix. 
4.) Using a calibrated autopipette, add 10mL of each (Ce, Co, Li, Tl, Y) 1,000 ug/mL 

standard to the flask. 
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5.) Swirl to mix then fill to the mark with DI water. 
6.) Cap & invert 3 times to mix, allowing sufficient time for mixing with each inversion. 

From this intermediate, make an acidified 10 ug/L solution: 
7.) Add about 500mL deionized water to a second 1L Class-1 volumetric flask. 
8.) Carefully measure 10mL of nitric acid into this volumetric flask then swirl to mix. 
9.) Measure 10mL of hydrochloric acid into this volumetric flask then swirl to mix. 
10.) Using a calibrated autopipette, add 1.0 mL of the 10,000 ug/L intermediate to the 

flask 
11.) Swirl to mix then fill to the mark with DI water. 
12.) Cap & invert 3 times to mix, allowing sufficient time for mixing with each inversion. 
13.) Store at room temperature for up to 1 year. 

 
TUNING CHECK STANDARDS           
 
6020 Source Standard:  10,000 μg/L of Li, Co, In, Tl 
  LIMS S-Name: 6020TS 
  Inorganic Ventures Cat.# 6020TS 
 
6020 Working Standard:   10 μg/L of Li, Co, In, Tl 
  LIMS S-Name: ICPMS TUNE 

Dilute 0.05 mL of the 6020TS source standard into 50 mL 
of acidified (1% HNO3 plus 1% HCl) deionized water. This 
standard expires after 3 months. 

 
200.8 Source Standard:  10,000 μg/L of Li, Co, In, Tl 
  LIMS S-Name: 2008TS 
  Inorganic Ventures Cat.# 2008TS 
 
6020 Working Standard:   10 μg/L of Li, Co, In, Tl 
  LIMS S-Name: 200.8 TUNE 

Dilute 0.05 mL of the 200.8 source standard into 50 mL of 
acidified (1% HNO3 plus 1% HCl) deionized water. This 
standard expires after 3 months. 

 
CALIBRATION STANDARDS           
Source Standards:   
ICPMS ICS3A 1,000 ug/mL of Ca, Fe, Mg, K, Na, Al 
Spex Cat # ZCTB-6-500 10 ug/mL of Ag, As, Ba, Be, Cd, Co, Cr, Cu, Mn, Ni, Pb, Se, V, Zn 
 5 ug/mL of Tl 
 
ICPMS ICS3B: 100 ug/mL of Sn, B, Ti 
(Spex Cat # ZCTB-7-500) 10 ug/mL of Sb, Mo 
 
Working Standards:  Dilute the following volumes of the source standard (ICS) or the indicated 
working standard into 50mL acidified (1% HCl plus 1% HNO3) deionized water to make 
standards at the listed levels. These calibration standards expire after 30 days. 
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Element 

ICPMS 
CS1 

(ug/L) 

ICPMS 
CS2 * 
(ug/L) 

ICPMS 
CS3 

(ug/L) 

ICPMS 
CS4 

(ug/L) 

ICPMS 
CS5 

(ug/L) 

ICPMS 
CS6 

(ug/L) 

ICPMS 
CS7 

(ug/L) 
Volume (mL) of Source 0.050 

CS5 
0.125  
CS5 

0.25 
CS5 

0.50 
CS5 

5.0 
CS5 

0.50 
ICS3A&B 

1.0 
ICS3A&B

         
Sb Antimony 0.10 0.25 0.50 1.0 10. 100 200 
As Arsenic 0.10 0.25 0.50 1.0 10. 100 200 
Ba Barium 0.10 0.25 0.50 1.0 10. 100 200 
Be Beryllium 0.10 0.25 0.50 1.0 10. 100 200 
Cd Cadmium 0.10 0.25 0.50 1.0 10. 100 200 
Cr Chromium 0.10 0.25 0.50 1.0 10. 100 200 
Co Cobalt 0.10 0.25 0.50 1.0 10. 100 200 
Cu Copper 0.10 0.25 0.50 1.0 10. 100 200 
Pb Lead 0.10 0.25 0.50 1.0 10. 100 200 
Mo Molybdenum 0.10 0.25 0.50 1.0 10. 100 200 
Ni Nickel 0.10 0.25 0.50 1.0 10. 100 200 
Se Selenium 0.10 0.25 0.50 1.0 10. 100 200 
Ag Silver 0.10 0.25 0.50 1.0 10. 100 200 
Tl Thallium 0.10 0.25 0.50 1.0 10. 100 200 
V Vanadium 0.10 0.25 0.50 1.0 10. 100 200 
Zn Zinc 0.10 0.25 0.50 1.0 10. 100 200 

         
Al Aluminum 1.0 2.5 5.0 10. 1,000 10,000 20,000 
Ca Calcium 1.0 2.5 5.0 10. 1,000 10,000 20,000 
Fe Iron 1.0 2.5 5.0 10. 1,000 10,000 20,000 
Mg Magnesium 1.0 2.5 5.0 10. 1,000 10,000 20,000 
Mn Manganese 0.1 0.25 0.5 1.0 100 100 200 
K Potassium 1.0 25. 50. 100 1,000 10,000 20,000 

Na Sodium 1.0 25. 50. 100 1,000 10,000 20,000 
 
* ICPMS CS2 was the low point for an earlier model of ICP-MS and is not typically used for 

MET-06 and MET-16. 
 
ICV / CCV              
Source Standards: 
ICVMS4A 1,000 ug/mL of Al, Ca, Fe, K, Mg, Na 
Inorganic Ventures 10 ug/mL of Ag, As, Ba, Be, Cd, Co, Cr, Cu, Mn, Ni, Pb, Se, V, Zn 
Catalog# Z-MEB222149 5 ug/mL of Tl 
 
ICVMS2A 100 ug/mL of B, Sn, Ti 
Inorganic Ventures 10 ug/mL of Mo, Sb 
Catalog# Z-MEB222148 
 



SOP Volume: Trace Metals  Curtis & Tompkins, Ltd.  
Section: 4.6   
Page: 31 of 52 
Revision:   9 Number:  1 of  1 
Effective:   9 MAR 2012 
Filename:  F:\qc\sop\metals\icpms_rv9.doc 
 

This SOP contains information that may only be disseminated to C&T staff, clients, and regulators. 
 

Working Standards:  Combine 0.5mL of each source standard then bring to 50mL with 
acidified (1% HCl plus 1% HNO3) deionized water to make the ICV/CCV standard. The 
calibration standards expire after 30 days. 

 
 LIMS Name: 6020ICV1 6020CCV1 
  (ug/L) (ug/L) 
    

Ag Silver 100 100 
Al Aluminum 100 100 
As Arsenic 100 100 
Ba Barium 100 100 
Be Beryllium 100 100 
Ca Calcium 10,000 10,000 
Cd Cadmium 100 100 
Co Cobalt 100 100 
Cr Chromium 100 100 
Cu Copper 100 100 
Fe Iron 10,000 10,000 
K Potassium 10,000 10,000 

Mn Manganese 100 100 
Mg Magnesium 10,000 10,000 
Mo Molybdenum 10,000 10,000 
Na Sodium 100 100 
Ni Nickel 100 100 
Pb Lead 100 100 
Sb Antimony 100 100 
Se Selenium 100 100 
Tl Thallium 50 50 
V Vanadium 100 100 
Zn Zinc 100 100 

    
 
Note:  Although the ICV and CCV are identical in composition, they are prepared and assigned 
separately because LIMS applies different rules to the instrument sequence. 
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ICS-A and ICS-AB             
 
Stock Standards:  
Inorganic Ventures, Catalog# 6020ICS-9A, contains interferent elements 
Inorganic Ventures, Catalog# 6020ICS-9B, contains other elements 
 
Working Standards: Prepare monthly by diluting the source standards or more frequently if low 
silver recoveries are observed. 
 
ICS-AB (LIMS Name:  ICPMSICSAB): 
Using a 50mL volumetric flash, dilute 1.0mL HCl, 1.0 mL HNO3 and 5.0 mL of the 6020ICS-9A 
source standard in deionized water. 
 
ICS-AB (LIMS Name:  ICPMSICSAB): 
Using a 50mL volumetric flask, dilute 1.0mL HCl, 1.0 mL HNO3 and 5.0 mL of the 6020ICS-9A 
source standard and 0.05 mL of the 6020ICS-9B source standard in deionized water. 
 

Element  ICPMSICSA ICPMSICSAB
 (mg/L) (mg/L)

   
Aluminum Al 100 100

Calcium Ca 300 300
Carbon C 200 200

Chloride Cl 2,121.5 2,121.5
Iron Fe 250 250

Magnesium Mg 100 100
Molybdenum Mo 2.0 2.0
Phosphorous P 100 100

Potassium K 100 100
Sodium Na 250 200

Sulfur S 100 100
Titanium Ti 2.0 2.0

 
Arsenic As 0 0.10

Cadmium Cd 0 0.10
Chromium Cr 0 0.20

Cobalt Co 0 0.20
Copper Cu 0 0.20

Manganese Mn 0 0.20
Nickel Ni 0 0.20

Selenium Se 0 0.10
Silver Ag 0 0.05

Vanadium V 0 0.20
Zinc Zn 0 0.10
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APPENDIX_6: TUNING & CALIBRATION CRITERIA 
 
 
TUNING               
The mass spectrometer must be “tuned” at the beginning of each sequence to verify the 
sensitivity, resolution, and mass alignment of the detector.  
 
For MET-06 & MET-16, the Tuning Solution contains 100 ug/L Cerium (Ce), Cobalt (Co), 
Lithium (Li), Thallium (Tl) and Yttrium (Y). The following guidelines should be met before any 
analyses are performed: 
 

 6020 & 200.8 Mass Calibration + 0.1 amu   
   

6020:  Resolution at 10% peak height < 0.75 amu   
200.8:  Resolution at 5% peak height < 0.75 amu   

   
Oxide Ratio (Cerium Oxide: Cerium) < 1%   

   
Double-Charge Ions (m/z 140:70 ratio) < 3%   

   
  MET-06 & MET-16 

Sensitivity Li (m/z 7)  > 10,000 counts 
Co (m/z59)  > 20,000 counts 
Y (m/z 89)  > 20,000 counts 
Tl (m/z 205)  > 20,000 counts 
   

Hydrogen-Mode Sensitivity Co (m/z 59)  > 5,000 counts 
Se (m/z 78)  < 10 counts 
Fe (m/z 56) Confirm Fe presence
FeH:Fe (ratio m/z 57 to m/z 56) ~ 3% 
   

Helium-Mode Sensitivity Co (m/z 59)  > 5,000 counts 
ArCl or false As (m/z 75) < 10 counts 
ClO or false V (m/z 51) < 100 counts 
Ratio (m/z 51 to m/z 59) < 1% 

 
EPA 200.8 Method Modification: The tuning solution described in EPA 200.8 includes only 
Magnesium (m/z 24, 25 & 26) and Lead (m/z 206, 207 & 208). C&T uses the tuning solution 
described in 6020, because it includes lighter elements (Li6) and additional mid-range elements. 
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6020 Tune Check Standard (ICPMS TUNE) contains 10 ug/L of Li (m/z 7), Co (m/z 59), In (m/z 
115), and Tl (m/z 205). This standard must be analyzed at the beginning of the analytical 
sequence (and at the beginning of each 12-hour shift) to demonstrate that the detector 
hardware is correctly calibrated; no samples or calibration standards may be analyzed until the 
tune has passed acceptance criteria.  
 
 Frequency:  Beginning of 12-hour shift and every 12 hours 

Precision:  < 5% RSD over 4 exposures 
Resolution:  < 0.9 amu @ 10% Peak Height 
Mass Calibration: + 0.1 amu 

 
200.8 Tune Check (200.8 TUNE) contains 10 ug/L of Be, Co, In, Mg, Pb. This standard must be 
analyzed at the beginning of the analytical sequence in which samples submitted for EPA 200.8 
are run (and at the beginning of each 12-hour shift) to demonstrate that the detector hardware is 
correctly calibrated; no samples or calibration standards may be analyzed until the tune has 
passed acceptance criteria. 
 

Frequency:  Beginning of 12-hour shift and every 12 hours 
Precision:  < 5% RSD over 5 exposures 
Resolution:  < 0.1 amu @ 5% Peak Height 
Mass Calibration: + 0.1 amu 

 
6020 & 200.8 Method Modification: The EPA methods only require a tune check standard at the 
beginning of each sequence however C&T analyzes a tune check standard at the beginning of 
each 12-hour “tune shift” to standardize Mass Spectrometry criteria across the lab. 
 
 
INTIAL CALIBRATION            
An initial calibration curve, consisting of a minimum of a blank and five standards, is analyzed at 
the beginning of each sequence, after the instrument has passed the tune check criteria and 
before any samples are analyzed. The standards must be analyzed in order from lowest 
concentration (ICPMS CS1 or CS2) to highest concentration (ICPMS CS7); the lowest standard 
must be at or below the reporting limit for each element and the highest standard sets the top of 
the quantitation range. If one standard was obviously a bad injection, that standard may be 
reanalyzed immediately following the original curve.  
 

Correlation coefficient: > 0.995  
 
Note:  The correlation coefficient criterion is an in-house limit, since none of the methods specify 
any criteria. 
 
 
CALIBRATION VERIFICATION (ICV/ CCV)         
The initial calibration verification (ICV) standard is obtained from a second manufacturer (or a 
second lot# obtained from the same manufacturer as the calibration standard) and is used to 
demonstrate that the calibration standard was made up correctly and that the instrument 
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calibration. The recoveries for all requested elements must be within the acceptance limits 
before any samples are analyzed. 
 

ICV Frequency: Beginning of each sequence. 
Recovery Limits: 90-110%.  

 
The continuing calibration verification (CCV) standards are analyzed to demonstrate that the 
instrument calibration is still valid. The concentration of the CCV standards must be varied 
within the calibration range, excluding the highest and lowest levels (NELAC Ch.5.9.5.2.2.b 
requirement). The recoveries for the requested elements must be within the acceptance limits or 
the instrument must be recalibrated and any samples analyzed since the last passing CCV 
reanalyzed.  
 

CCV Frequency: After every 10 samples and end of sequence. 
Recovery Limits: 90-110%.  

 
 
CALIBRATION BLANKS (ICB/CCB)          
An initial calibration blank (ICB) verification must be run at the beginning of each analytical run, 
with the ICV. A continuing calibration blank (CCB) verification must be analyzed (with each 
bracketing CCV), after every 10 analytical samples, including batch QC samples, and at the end 
of the sequence. Target elements should not be detected in the CCB at any level above 3 times 
the Instrument Detection Limit (IDL). 

 
Note:  For any Department of Defense (Navy, USACE, AFCEE) project that references the 
DoD Quality Systems Manual (QSM), the ICB/CCB must be ND > 2x MDL. 

 
 
INTERFERENCE CHECK STANDARDS (ICS)         
Interference Check Standards contain known concentrations of interfering elements and are 
used to demonstrate the magnitude of the interferences and that the inter-element correction 
factors correctly compensate for these interferences. These standards are analyzed at the 
beginning, every 12 hours, and end of every sequence. The recoveries for the requested 
elements must be within the acceptance limits or the instrument must be recalibrated and any 
samples analyzed since the last passing CCV reanalyzed.  
 
Chloride is included in the ICS to evaluate software corrections for chloride-related 
interferences. Iron is used to verify that the resolution of the spectrometer is adequate for 
quantitation of manganese. Molybdenum evaluates oxide effects on cadmium isotopes.  
 
ICS-A contains only the elements that typically cause interferences when present at relatively 
high concentrations. The affected elements (which are not included in this standard) should not 
be observed at levels above the reporting limit. 
 

Note:  For any Department of Defense (Navy, USACE, AFCEE) project that references the 
DoD Quality Systems Manual (QSM), the measured concentrations of any elements that are 
not included in the ICS-A standard must be ND > 2x MDL. 
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The AFCEE (Air Force) Model QAPP, Version 3.0, specifies that the elements that are not 
added to the ICS-A solution must not be detected at levels above the reporting limits, however 
according to Agilent and SPEX, low levels of some elements (notably chromium) will be present 
in the ICS-A due to impurities that cannot be removed from the vendors’ cation sources. C&T 
controls only those elements to which Inter-element correction factors are applied. 
 
ICS-AB contains the ICS-A elements at relatively high levels and all other target elements at 
lower levels (typical of those seen in environmental samples). None of the EPA ICP-MS 
methods (200.8, 6020, or 6020A) specify control limits for this standard, so C&T has chosen to 
standardize the ICP methods by using the EPA 6010 limits. 
 

Recovery Limits: 80-120% 
 
Method Modification: C&T requires that the ICSAB be re-analyzed (and pass acceptance 
criteria) at the end of each analytical sequence and pass the acceptance criteria listed above; if 
the standard fails, any samples analyzed for the failing element after the last passing ICS-AB 
must be reanalyzed. The limits listed above are those typically required in DoD project plans 
and have been adopted by C&T because method 200.8 does not require these interference 
check standards and EPA methods 6020 and 6020A do not specify recovery limits for this 
standard and the instrument manufacturer (Agilent) recommends it “for informational purposes 
only”.  
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APPENDIX_7: USING CHEMSTATION  
 FOR INSTRUMENT CONTROL 
 
Instrument Control Diagram 
Diagram displays a schematic of the instrument, allowing you to check the gauges, meters, and 
ON/OFF switches. Instrument control is accessed through this diagram. 
 
Instrument >> Instrument Control 
 
Meter Control Diagram 
Diagram displays additional details for specific components (vacuum, water, gases, plasma Rf, 
housing, S/C) associated with instrument control.  
 
Instrument >> Instrument Control 
Meters >> Meter Control 
 
Tune Panel 
Tune Panel displays detailed information regarding system parameters.  
 
Instrument >> Tune… 
 
‘Standby’ Mode to ‘Analysis’ Mode 
The instrument will go to ‘Standby’ mode, after maintenance, when the vacuum has pumped 
down and is ready. Then turn on the instrument by: 
 
Select  Instrument >> Instrument Control.  
  Plasma >>  Plasma On 
  YES 
 
‘Standby’ Mode to ‘Shutdown’ Mode  
To do any maintenance in the vacuum chamber, the plasma must be turned off and the vacuum 
shut down. 
 
Select  Instrument >> Instrument Control.  
  Plasma >>  Plasma Off 

YES 
  Vacuum >> Vacuum Off 
 
‘Shutdown’ Mode to ‘Standby’ Mode 
Open ICPMS TOP program, 
Select:  Instrument  >> Instrument Control 
  Vacuum  >> Vacuum On 
  YES 
 
Allow between 15 minutes to 2 hours to pump the vacuum down to 5x10-4 kPa. 
Once the instrument has reached the ‘Standby’ Mode: 
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Verify that the instrument exhaust rate is correct ( 5 m3/min ). 
Verify that the water chiller is turned on. 
Verify that the Argon pressure is correct ( 700 + 20 kPa ). 
 
 
Turn Off the Instrument  
To do any major maintenance (on the cones, extraction lenses, source, etc.), the plasma must 
be turned off and the vacuum shut down. 
 
Put the instrument into ‘Standby’ Mode as described above. 
Turn off the power switch on the front panel. 
Turn off the rotary pump power switches on instrument. 
Turn off the main power breaker on the back of the instrument. 
Turn off the rotary pump power switch on the actual pump. 
 
 
MET-06 & MET-16 (Agilent 7500ce) GENERAL STARTUP & ANALYTICAL PROCEDURE   
 
Restart the MET-06, or MET-16, Instrument from Overnight Stand-by Mode 

1.) Replace the tubing around the peristaltic pumps. 
2.) Refill the DI rinse-water bottle with acidified (1% HCl plus 1% HNO3) DI water. 
3.) Turn on the computer then click the ICPMS TOP icon. 
4.) Open the Instrument Control Diagram. 
5.) Verify that the instrument is in ‘Standby’ mode. 
6.) Click YES when asked to verify the tubing connection; this will turn on the plasma and 

warm up the instrument. The warm-up will take approximately 5 minutes and the 
instrument icons will turn green as each system reaches ‘ready’. 

 
Tune the MET-06, or MET-16, Instrument: 

7.) Open Tune Panel. 
8.) Select: nogas.u from the dropdown menu. 
9.) Select:   ALS >>  Go To >>  ‘2’(Tune Solution). 
10.) Select: Tune >> Sensitivity, then START. 
11.) Verify that the RSD and Counts results are in the correct range.  
               Note:  RSD’s should be <5%, not to exceed 10%.  
12.) Verify that the height of the Li6+ peak is less than ½ the Li7+ peak; once it reaches 

approximately ½, preventative maintenance (cleaning the cones) should be scheduled. 
13.) Click STOP. 
 
14.) Select: File >> Save Tune Values…(save to nogas.u) 
15.) Select: H2.u from the dropdown menu 
16.) Select: Tune >> Sensitivity, then START.. 
17.) Verify that the RSD and Counts results are in the correct range 
18.) Click STOP 
 
19.) Select: File >> Save Tune Values…(save to H2.u) 



SOP Volume: Trace Metals  Curtis & Tompkins, Ltd.  
Section: 4.6   
Page: 39 of 52 
Revision:   9 Number:  1 of  1 
Effective:   9 MAR 2012 
Filename:  F:\qc\sop\metals\icpms_rv9.doc 
 

This SOP contains information that may only be disseminated to C&T staff, clients, and regulators. 
 

20.) Select: He.u from the dropdown menu 
21.) Select: Tune >> Sensitivity, then START 
22.) Verify that the RSD and Counts results are in the correct range 
23.) Click STOP 
 
24.) Select: File >> Save Tune Values…(save to He.u) 
25.) Select: nogas.u from the dropdown menu 
26.) Select:  Tune >> Oxide Ion, then START. 
27.) Verify that the oxide ratio is < 1.0%. 
28.) Click STOP. 
 
29.) Select:  Tune >> Doubly Charged Ion, then START. 
30.) Verify that the ratio is < 3%. 
31.) Click STOP. 
 
32.) Select:  Tune >> Resolution/ Axis button, then START. 
33.) Verify that the ‘Axis’ reading is within + 0.1 amu from the true value for each element. 
34.) Verify that the peak width (W-10%) is between 0.7 - 0.8 (must be < 0.9). 
35.) Click STOP. 
 
36.) Select:  File >> Generate Multi-mode Report. 
37.) Verify that all of the listed parameters are within acceptance limits. 

 
Analyze the Pulse/ Analog Standard on MET-06 or MET-16: 

38.) Select:  ALS >> Go To >> rinse 
39.) Select:  ALS >> Go To >> ‘5’(50ppb P/A Factor solution)  
40.) Select: Tune >> P/A Factor 
41.) Click ‘Load Masses from aqu. Method’ 
42.) Click RUN 
43.) After P/A Factor is RUN, Chemstation asks, ‘”Would you like to adopt new P/A 

Factors? (Refer to the report displayed on notepad.)”  
44.) Observe intensities. Click ‘Yes’                                                                                            

Note:If nessessary, adjust tuning parameters and reanalyze P/A Factor solution to 
aquire ,at a minimum, all of the internal standards 

45.) Select: File >> Print, then close the screen. 
46.) Select: File >> Copy Tune Parameters… 
47.) Select: Export to button. 
48.) Click Browse…, Select H2.u 
49.) Check the Detector Parameters and P/A Factors box 
50.) Click Copy 
51.) Click Browse…, Select He.u  
52.) Check the Detector Parameters and P/A Factors box 
53.) Click Copy 
54.) Click Close 
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APPENDIX_8: INTERFERENCES 
 
 
Polyatomic Interferences occur when an isotope of an interferent occurs at the same mass as 
the primary mass of an element of interest. Corrections can be calculated, based on the 
observed ratio of isotopes in a standard. See Section 3.2 of SW-846 method 6020 for further 
details and example equations. 
  
Specific interferences which have been identified in the referenced methods include  ArCl+ with 
the 75As signal and MoO+ with the Cd isotopes. 
 
MET-06 & MET-16:  For the Agilent 7500ce, most isobaric molecular interferences are reduced 
by the octopole reaction system running in Hydrogen Mode or Helium Mode. 
 
Memory Interferences, also called ‘carry-over’, may occur when a low-level sample is analyzed 
immediately after a high-level sample. These interferences are minimized by rinsing the system 
between all samples and standards. 
 
Physical Interferences are typically those occurring during the digestion, nebulization, and 
transport. Common physical interferences include: 
 

1. - Loss of volatile elements (antimony) during the digestion process if the digestate is 
superheated or allowed to go dry during heating.  

2. - Precipitation of certain elements (silver) during the digestion process if present in 
relatively high levels. 

3. - Zinc contamination due to dusty surroundings. 
4. - Chromium contamination in purchased ICS-A standards (a problem for all ICS suppliers 

– per Agilent Technologies). 
5. - Differences in sample viscosity and surface tension due to high levels of dissolved 

solids. Serial dilutions may be used to identify this type of interference, which may clog 
the nebulizer and tubing. 

 
This method includes the use of internal standards, which minimize the effects of these 
interferences on sample results by closely matching the physical properties of the associated 
internal standard to those of the target elements. 
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APPENDIX_9: INSTRUMENT CONDITIONS 
 
 
MET-06 & MET-16 (Agilent 7500ce)   
 
Argon   Purity (%):   99.99 
   Pressure (kPa):  700 + 20  (Concentric Nebulizer) 

Flow Rate (L/min):  1.2 
   
Helium:  Purity (%):   99.9999 
 
Hydrogen:  Purity (%):   99.9999 
 
Water Cooler  Temperature (°C):  Set Point:  20°C   
 (acceptable between 15°C to 25°C) 
   Pressure:   40 psi 
 Flow Rate: WC/IF:  1.1 to 2.0 
  RF/TP:  1.1 to 3.0 
 
MSD Vacuum  Pressure (kPa):  5 x 10-4  
 
Exhaust Flow  Rate (m3/min):   5 
 
Quantitation Channels (Octopole Reaction System): 
 Hydrogen Mode (LIMS Channel H):  Fe, Se 
 Helium Mode (LIMS Channel E):   As, Cr, Co, Cu, Mn, Ni, Na, V, Zn 
 Vacuum only (LIMS Channel A):   Al, Sb, Ba, Be, Cd, Ca, Pb, Mg, Mo, K, Ag, Tl 
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APPENDIX_10: MAINTENANCE & TROUBLE-SHOOTING  
 
ROUTINE MAINTENANCE   
Any maintenance performed on the instrument must be documented in the instrument 
maintenance logbook. Whenever preventative or trouble-shooting maintenance is performed, 
document: 
 

1.) the reason the maintenance was necessary,  
2.) the action taken, and  
3.) the resolution of the maintenance (“passed CRI”, “RSD’s OK”, etc.). 

 
Each benchbook entry must be initialed and dated by the analyst performing the maintenance. If 
an outside service contractor performs the maintenance, the identity of the contractor’s 
company and a summary of the maintenance performed should be documented in the 
benchbook. 
 
Detailed instrument maintenance instructions are described in Chapter 4 of the Agilent 7500 
Hardware Manual. Maintenance and part numbers for the Integrated Sample Introduction 
System (ISIS) are described in the ISIS Manual. 
 
Peristaltic Pump Tubing should be replaced whenever the tubing becomes yellow, discolored, 
or cracked; typically the sample tube and ISTD tubing should be changed daily and the rinse 
vessel tube (drain tube) every month. High RSD’s in the tuning mode typically demonstrate that 
peristaltic sample and ISTD pump windings need to be replaced. The type of tubing can be 
identified by the color-coded tabs fixed to the piece. Turn off the peristaltic pump, then replace 
the tubing. Order replacement tubing from CPI and keep at least one spare set on-hand. 
 
Sample Tube  Tygon (Orange-Orange, 0.89mm ID) CPI Cat # 4062-535 
ISTD Tube  Tygon (Orange-Red, 0.19mm ID) CPI Cat # 4062-5008 
Drain Tube  PharMed (Yellow-Blue, 1.52mm ID) CPI Cat # 4062-01916 
 
ISIS Pump Tube Tygon(White-White, 0.60ml/min) CPI Cat # 4062-440 
 
Soak Tygon tubing in acidified (5% HCl plus 5% HNO3) deionized water for at least 2 hours.   
Verify that any contamination has been rinsed from the tubing by running an instrument blank. 
 
The nebulizer, spray chamber, and torch may also need to be cleaned or replaced when 
elements begin routinely failing the RSD or CCV requirements. Allow the torch and interface to 
cool for at least 10 minutes before handling. Always wear gloves when handling the nebulizer 
and associated parts; if the surface becomes contaminated with oils, the signal will become 
unstable.  
 
The cones may need to be cleaned or replaced when elements begin routinely failing the RSD 
or CCV requirements, or any of the following are observed: low response, distorted peak shape, 
or interface vacuum pressure >5 x 102 kPa. The sampling cone typically requires more frequent 
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maintenance than the skimmer cone, due to its proximity to the torch. See pages 4-59 to 4-66 of 
the Hardware Manual for complete details. 
 
Caution: Do not touch the skimmer cone orifice or allow it to come into contact with other 
instrument parts, as even slight pressure can damage the orifice. If the orifice of either cone 
becomes damaged or distorted, the cone must be replaced. 
 

Nickel Skimmer Cone  Agilent Cat# G1820-65050 
Nickel Sampling Cone Agilent Cat# G1820-65238 

 
The extraction lens and Einzel lens assembly may need to be cleaned when the instrument 
cannot be tuned or the ion signal is unstable. Always wear clean powder-free latex or cotton 
gloves when handling any vacuum chamber parts.  

 
Polishing Paper  Agilent Cat# G1833-65404 

 
For MET-06 & MET-16 (Agilent 7500ce): 
Only the Einzel lens assembly is inside the vacuum chamber.  Reduce the maintenance time by 
first cleaning the Einzel lens assembly with specified Agilent polishing paper, reinstalling it (see 
pages 4-146 to 4-147 of the Hardware Manual) and beginning the vacuum pump-down, then 
cleaning the extraction-omega lens assembly in the same fashion. For the Agilent 7500ce, see 
pages 4-87 to 4-94 of the Hardware Manual for detailed instructions 
 
Clean the o-ring with methanol and check for damage whenever re-installing the lenses; any 
dust or nicks in the o-ring will cause a vacuum leak when the instrument is pumped down.  
 
The Octopole Reaction System in MET-06 (Agilent 7500ce) may need to be cleaned when the 
counts in the normal mode (nogas.u) do not recover instantaneously when switched from the 
hydrogen mode (h2.u) to the normal mode.  
 

1.) Remove the octopole from the instrument (see Hardware Manual pp. 4-97 to 4-99). 
2.) Sonicate entire octopole assembly (NOT INCLUDING the cell upper case, cell lower 

case, or cell assembly screws) in deionized water for 5 minutes.  
3.) Change deionized water and repeat sonication two more times.  
4.) Dry the octopole with nitrogen gas. 
5.) Remove the Plate Bias Lens (see Hardware Manual pp. 4-102 to 4-103).   
6.) Clean the plate bias lens with specified Agilent polishing paper and deionized water.   
7.) Dry with nitrogen gas. 
8.) Reinstall octopole reaction system. 

 
The electron multiplier (EM) normally operates in pulse mode but automatically switches to 
analog mode when analyzing high concentration samples. The EM should be changed when 
adjusting increasing the EM voltage to meet sensitivity requirements results in an Analog 
voltage of ~3300 or a Pulse voltage of ~1800. See pages 4-85 to 4-88 of the Hardware Manual 
for detailed instructions. 
 
 MET-06 Electron Multiplier  Agilent Cat# G1833-65420 or -65575 
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The vacuum pump oil should be changed every 6 months or if the pressure gauge reads 10 
microns Hg or above. It typically takes 1-2 days after the oil change to pump the vacuum back 
down and remove all traces of oil from the system. See pages 4-95 to 4-97 of the Hardware 
Manual for detailed instructions. 
 
 Rotary Pump Oil  Agilent Cat# 6040-0834 
 
The water filter for the re-circulator should be changed about every 6 months, or whenever the 
warning lights go on. 
 
 Water filter   Agilent Cat# G1820-65018 
 
Lubricate the autosampler tracks approximately every six months by wiping the tracks with a 
Kim-Wipe saturated with 1-in-3 or clear oil. 
 
 
TROUBLE-SHOOTING   
 
For trouble-shooting purposes, the ICPMS can be separated into three distinct sections:  
1.) The sample introduction system, from the autosampler sipper through the tubing and 

connections to the nebulizer and spray chamber and ending with the torch. 
2.) The second consists of the cones back through the lenses.  
3.) The third begins at the quadrupole (or octopole) and ends with the detector. 

 
To begin trouble shooting, run a sequence of 5 sets of a high standard followed by a blank, 
while monitoring counts for two IS and two analytes. The counts for IS and high standard should 
not vary more than 5% between runs, and the IS should not drift more than 30% between the 
blank and high standard. If the IS counts are stable but the analyte counts drift or if the IS 
counts drift and the analyte counts are stable this indicates that there is problem in section one. 
Begin replacing and/or adjusting components in section one until this behavior discontinues.  
 
If both counts for the IS and analyte are drifting through the run this indicates a problem in 
section two. Clean or replace components of section two until this behavior ceases. 
 
To trouble shoot section three monitor drift of two plasma gases, such as mass 80 and 76 while 
aspirating no sample. A drift in counts of these readings indicate a problem with the Electron 
Multiplier or Mass Analyzer. 
 
Problem:  High RSD’s in the tuning mode. 
Solution: Peristaltic sample and ISTD pump windings need to be replaced. 
 
Problem: Instrument cannot be tuned or the ion signal is unstable. 
Solution: The extraction lens and Einzel lens assembly may need to be cleaned 
 



SOP Volume: Trace Metals  Curtis & Tompkins, Ltd.  
Section: 4.6   
Page: 45 of 52 
Revision:   9 Number:  1 of  1 
Effective:   9 MAR 2012 
Filename:  F:\qc\sop\metals\icpms_rv9.doc 
 

This SOP contains information that may only be disseminated to C&T staff, clients, and regulators. 
 

Problem:   Internal standard recoveries are stable for 1-2 hours after starting up instrument 
but then begin slowly rising and do not drop back to the baseline after repeated 
rinsing. 

 
Solution: The plastic lens spacers in the source may have developed a charge. To check 

this possibility, go to the Tune screen voltages. Read the Tune Solution then 
change the voltages to zero. Let the instrument run for a few minutes to clear any 
temporary charge, then go back to the normal settings. Check the Tune Solution 
voltages - if the voltages change significantly, the spacers should be replaced. 
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APPENDIX_11: CALCULATIONS 
 
 
The Agilent software automatically performs internal standard correction on the analyte 
intensities. These corrected intensities are then used to determine the calibration curve and 
analyte concentrations. 
 
Instructions for printing Uncorrected Intensities: 

1.) Open Offline Data Analysis program.  
2.) From the ‘Tools’ drop down menu, select ‘Configure Do List…’,  select ‘FullQ-

Summary-Printer’, Add to the Do List. 
3.) From the ‘Tools’ drop down menu, select ‘Do List’. 
4.) Select ‘FullQ-Summary-Printer’. 
5.) Select file to be printed, ‘Add file’, then process file. 
6.) Selected file will print to the associated printer. 

 
The corrected intensities are calculated by dividing the area count of the target ion by 
the ratio of the counts in the internal standard divided by the concentration of the internal 
standard in the first level of the calibration curve. These equations, as described in the 
Agilent Operator Manual, are: 

 
  y = yσ / ( yi / xi ) (y = yσ if xi = 0) 
 

Where:  xi  =  concentration of the internal standard in the first level of the calibration 
curve 

 yi  =  count of the internal standard 
 yσ =  count of the target ion 

 
Moisture Corrected Results 
Dry Weight Concentration (ug/Kg) =  “As Received” Conc. / ((100 - %moisture)/100) 
 
Using Linear Regression: 
The corrected intensities are then used to calculate the following parameters from the initial 
calibration: slope (s) and intercept (I). The slope and intercept define a relationship between the 
concentration and instrument response of the form: 

 
 y = s x + I  

 
Where: y = predicted instrument response  
 s = response slope  
 x = concentration of standard  
 I = intercept 
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Rearrangement of the above equation yields the concentration corresponding to an “on-column” 
instrumental measurement: 
 

 x = (y - I) / s  
 

Where: x = calculated on-column concentration for a sample  
 y = actual instrument response for a sample  
 s and I are calculated slope and intercept from calibration.  

 
Final sample concentration is then corrected for any sample prep dilution factors: 
 

 Sample Conc (mg/L) = x * pdf * idf 
 

Where: x = calculated on-column concentration for a sample  
 pdf = prep dilution factor 

   idf = instrument dilution factor 
 
 
BATCH QC CALCULATIONS           
 
Percent Recovery (%R):  
The recovery is the measured concentration divided by the true concentration of the spike. 
 
 %Recovery  =  (Cf – Cs) / (Cws * Vws/ S) *100 
 

Where: Cf  =  final measured concentration in the spiked sample 
Cs  =  measured concentration in the un-spiked aliquot of sample  
Cws  =  concentration of the spiking standard 
Vws  =  volume used, of the spiking standard 
S = Sample weight or volume 
 

Relative Percent Difference (RPD):  
The RPD is the absolute value of the difference in concentrations divided by the average of the 
concentrations. 
 

%RPD  =  |(Cs -  Cdup )| /  ((Cs + Cdup)/2)  * 100 
 
Where: Cs  =  measured sample concentration 
Cdup  =  measured concentration in the duplicate 

 
For soil MS/MSD’s where the sample weights are not weight-targeted, the expected 
concentrations will vary with sample weight (because the same volume of spike standard is 
being added to different weights of sample) and must be accounted for when calculating RPD: 
 
%RPD  =  |( (Wms/Wmsd)*Cms -  Cmsd )| /  (( (Wms/Wmsd) * Cms + Cmsd)/2)  * 100 
 



SOP Volume: Trace Metals  Curtis & Tompkins, Ltd.  
Section: 4.6   
Page: 48 of 52 
Revision:   9 Number:  1 of  1 
Effective:   9 MAR 2012 
Filename:  F:\qc\sop\metals\icpms_rv9.doc 
 

This SOP contains information that may only be disseminated to C&T staff, clients, and regulators. 
 

INITIAL CALIBRATION            
 
Correlation Coefficient: 
For each compound, the correlation coefficient for the initial calibration curve is calculated by: 
 

 n n 
Correlation coefficient        =  ∑ ( Yobs - Ymean )2 - ((n-1)/(n-p)) * ∑ ( Yobs – Yi )2  
 i =1 i =1   
  n 
  ∑ ( Yobs - Ymean)2 
  i = 1 

 
Where: Yobs  =  observed intensity for each ICAL std conc. 
 Ymean =  mean observed intensity from the ICAL standards 
 Yi  =  calculated (or predicted) intensity for each ICAL std conc. 
 n = total number of ICAL points 
 p = number of adjustable parameters in equation (linear= 1, quadratic= 2) 

 
First Order Coefficient (Slope) - For Linear Regression ICAL 
 

Slope        =  n * ∑ ( Cx * Ax ) - (∑ Cx) * (∑ Ax)  
       

  n * ∑ ( Cx2 ) - (∑ Cx)2 
 
Where: n = total number of ICAL points 
 Ax   = Area or Intensity of the compound being measured 

Cx   = Concentration of the compound being measured 
 

 
CALIBRATION VERIFICATION           
      
%  Difference (%D)  =  AVG RF - RFc  * 100         
         AVG RF      
 

Where: AVG RF   = Average response factor from initial calibration  
RFc     = Response factor from current verification check standard 

 
 
%Drift (%D) =     (C1-Cc)   * 100 

        C1 
 

Where: C1 = Calibration Check Compound standard concentration 
Cc = Measured concentration of CCC 
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STANDARDS PREPARATION           
To determine the volume of source standard needed to make a given volume of working 
standard: 
 

Vss (mL)  =  Vws * Cws / Css 
 

Where:  Vss   =  Vol (mL) of Source Standard needed to make Working Standard 
Vws  =   Final Volume (mL) of Working Standard  
Cws  =   Final Concentration (ug/mL) of the Working Standard 
Css  =   Concentration (ug/mL) of the Source Standard 
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APPENDIX_12: EPA 200.8 
 
The following criteria and discussion apply to any samples submitted for the EPA 200.8 
analysis: 
 
TUNING: 
Method Modification: The Tuning Solution described in EPA 200.8 includes only Magnesium 
(m/z 24, 25 & 26) and Lead (m/z 206, 207 & 208). C&T uses the tuning solution described in 
6020, because it includes lighter elements (Li6) and additional mid-range elements. 
  
C&T’s Tuning Solution contains 100 ug/L Cerium (Ce), Cobalt (Co), Lithium (Li), Thallium (Tl) 
and Yttrium (Y). The following guidelines should be met before any analyses are performed: 
 
 

 6020 & 200.8 Mass Calibration + 0.1 amu   
   

6020:  Resolution at 10% peak height < 0.75 amu   
200.8:  Resolution at 5% peak height < 0.75 amu   

   
Oxide Ratio (Cerium Oxide: Cerium) < 1%   

   
Double-Charge Ions (m/z 140:70 ratio) < 3%   

   
  MET-06 & MET-16 

Sensitivity Li (m/z 7)  > 10,000 counts 
Co (m/z59)  > 20,000 counts 
Y (m/z 89)  > 20,000 counts 
Tl (m/z 205)  > 20,000 counts 
   

Hydrogen-Mode Sensitivity Co (m/z 59)  > 5,000 counts 
Se (m/z 78)  < 10 counts 
Fe (m/z 56) Confirm Fe presence
FeH:Fe (ratio m/z 57 to m/z 56) ~ 3% 
   

Helium-Mode Sensitivity Co (m/z 59)  > 5,000 counts 
ArCl or false As (m/z 75) < 10 counts 
ClO or false V (m/z 51) < 100 counts 
Ratio (m/z 51 to m/z 59) < 1% 

 
 
200.8 Tune Check (200.8 TUNE) standard is different than that used for 6020, containing 
10μg/L of Be, Co, In, Mg and Pb. This standard must be analyzed at the beginning of the 
analytical sequence in which samples submitted for EPA 200.8 are run (and at the beginning of 
each 12-hour shift) to demonstrate that the detector hardware is correctly calibrated; no 
samples or calibration standards may be analyzed until the tune has passed acceptance 
criteria. 
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Frequency:  Beginning of 12-hour shift and every 12 hours 
Precision:  < 5% RSD over 5 exposures 
Resolution:  < 1 amu @ 5% Peak Height 
Mass Calibration: + 0.1 amu 

 
6020 & 200.8 Method Modification: The EPA methods only require a tune check standard at the 
beginning of each sequence however C&T analyzes a tune check standard at the beginning of 
each 12-hour “tune shift” to standardize Mass Spectrometry criteria across the lab. 
 
INTERNAL STANDARDS 
EPA 200.8 requires a minimum of 3 internal standards and recommends the use of five; C&T 
uses the five discussed in the method (6Li, 45Sc, 89Y, 115In, 159Tb, 209Bi) plus 72Ge, as 
recommended by the instrument manufacturer. 
 
For 200.8, the Internal Standard recovery limits are 60-125%, or reanalysis and/or dilution for 
matrix interferences is required. 
 
INITIAL CALIBRATION: 
Method 200.8 only requires a 3-point calibration and does not specify a correlation coefficient (r) 
criteria but C&T uses the standard criterion of >0.995. The same general calibration criteria 
must be followed (ie: intermediate levels may not be dropped, the low point must be at or below 
the reporting limit, etc.). Additional details regarding the procedure and requirements are 
described in the main body of this SOP and in Appendix_6 above.  
 
CALIBRATION VERIFICATION (ICV/CCV): 
Method 200.8 calibration verification requirements match those in EPA 6020; see Appendix_6 
for details. 
 
INTERFERENCE CHECK STANDARDS (ICS-A and ICS-AB): 
EPA 200.8 does not mention either of these standards; C&T standard practice is to include 
these standards in the analytical sequence, following SW-846 guidance as described in 
Appendix_6 above. 
 
SAMPLE ANALYSIS: 
EPA 200.8 requires that the samples be aspirated for at least 30 seconds prior to collection of 
data to allow the response to stabilize; C&T aspirates the samples for approximately 30 
seconds or longer when necessary, as described in the main body of this document. 
 
EPA 200.8 requires a minimum of 3 integrations for each mass, reporting the average of the 
three; this matches C&T standard practice as described in the main body of this SOP. The 
method does not discuss a limit on the RSD between these integrations; C&T has established 
an internal requirement of 20%RSD between the integrations. If the RSD is >20, the sample 
must be rerun and/or diluted to reduce matrix interferences. 
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EPA 200.8 requires that the instrument be flushed for 1 minute between samples; MET-06 and 
MET-16 automatically flush the system for approximately 90 seconds between samples and will 
go on to the next autosampler tube once the signal has stabilized. 
 
BATCH QC: 

 Method Blank:  EPA 200.8 requires redigestion and reanalysis of any sample associated 
with a method blank containing laboratory contamination greater than 2.2x the MDL for 
that element and <10x the concentration in the sample. If the sample is ND for the blank 
contaminant or is >10x the level found in the blank, the sample may be reported without 
corrective action. 

 
 BS/BSD:  EPA 200.8 specifies LCS (or LFB, “Lab Fortified Blank”) recovery limits of 85-

115% but does not discuss the use of a duplicate. C&T digests and analyzes a pair of 
blank spikes with every batch to better monitor both the accuracy and precision of the 
process; RPD limits are based on statistically generated control limits. 

 
 MS/MSD:  EPA 200.8 specifies recovery limits of 70-130% but does not discuss the use 

of a duplicate. C&T digests and analyzes a pair of matrix spikes with every batch to 
better monitor both the accuracy and precision of the process on real-world samples; 
RPD limits are based on statistically generated control limits. 

 
 Serial Dilution recovery limits are 90-110%, matching the SW-846 requirement. 
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Automated Liquid-Liquid Extraction of Water Samples for  
POLYCHLORINATED BIPHENYLS (PCBs) 

 
SCOPE 
This document describes the extraction of Polychlorinated Biphenyls (PCBs) from water samples by 
continuous liquid-liquid extraction (EPA 3520) for later analysis by GC-ECD method EPA 8082. See 
APPENDIX_1 for a summary of this extraction procedure. 
 
Using a 1 liter initial volume and 25mL final extract volume, the reporting limits for this procedure 
are 0.5 to 1.0 µg/L. 
 
REFERENCES 
Extraction Methods: 
EPA 3500B, Organic Extraction and Sample Preparation, SW-846, Update 3, Dec.1996 
EPA 3500C, Organic Extraction and Sample Preparation, SW-846, Feb.2007 
EPA 3520C, Continuous Liquid-Liquid Extraction, SW-846, Update 3, Dec.1996 
Client Services SOP 2.4, Compositing Liquid Samples 
 
Cleanup Method: 
EPA 3665A, Sulfuric Acid Cleanup, SW-846 Update 3, Dec. 1996 
 
Analysis Method: 
EPA 8082, PCB's by GC/ECD, SW-846 Update 3, Dec.1996 
EPA 8082A, Polychlorinated Biphenyls (PCB’s), rev 3 Feb 2007 
EPA 608, Organochlorine Pesticides & PCBs, 40CFR136 Appendix A 
 
Related QA SOPs and Guidance Documents: 
QA SOP 1.4, Balance Calibration Procedures 
QA SOP 1.6, Pipet and Auto-Dispensor Calibration Verification 
QA SOP 1.9, Calibrating Volumetric Glassware 
QA SOP 4.1, Establishing Control Limits 
QA SOP 4.4, Determining Method Detection Limits (MDL) 
QA SOP 8.4, State Program Requirements 
QA SOP 8.5, Federal Program Requirements 
NELAC Chapter 5, Quality Systems, June 2003 
DoD Quality Systems Manual, Version 4.1, April 2009 
XLAB SOP 1.3, Spill Control & Cleanup 
 
 
SAMPLE PRESERVATION & HOLDING TIME 
Preservation:  Store at 4°C 
Holding Time:  7 days from sample collection until extraction  
   40 days from extraction until analysis  
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SAFETY 
The finals steps of this procedure involve the use of sulfuric acid, a very corrosive substance that 
will cause injury if allowed to contact skin or eyes. Take particular care to always wear lab gloves 
and safety glasses whenever handling strong acids. 
 
This procedure also includes the use of flammable (hexane) and carcinogenic (dichloromethane) 
solvents. Assume that all samples contain hazardous and/ or potentially toxic chemicals and should 
be handled with care. Safety glasses, gloves, and a lab coat should be worn whenever handling 
samples, standards, or reagents. 
 
QC REQUIREMENTS 
A Method Blank (MB), Blank Spike (BS), and Blank Spike Duplicate (BSD) are extracted with every 
batch of twenty or fewer samples. If a client requests that a Matrix Spike (MS) and Matrix Spike 
Duplicate be performed on one of their samples, and submits sufficient sample volume, these 
should be extracted along with a Laboratory Control Sample (LCS) in place of the BS and BSD.  
 
A surrogate compound is added to each sample, method blank, and spike prior to extraction in 
order to monitor the extraction process. If the surrogate recovery for any sample fails recovery 
limits, that sample may have to be re-extracted. If the surrogate recovery for the method blank, 
blank spike, blank spike duplicate, or laboratory control sample fails recovery limits, the entire batch 
must be re-extracted. 
 
Reagents & spikes must be approved before use. A method detection limit (MDL) study will be 
conducted annually, by extracting a minimum of seven aliquots of a low-level laboratory control 
sample. Surrogate and spike QC limits are updated semiannually based on statistical analysis of 
the previous year’s data. 
 
BATCH QC DEFINITIONS 
A.) Method Blank (MB):  

A method blank is extracted and analyzed with every batch, to demonstrate that the extraction 
and analysis procedures are free of contamination and have not contributed to any reported 
sample results. If any target compounds are detected in the method blank, the entire batch must 
be re-extracted. 

 
B.) Blank Spike (BS) / Blank Spike Duplicate (BSD) – or Laboratory Control Sample (LCS):  

Since there is usually insufficient sample volume to extract a Matrix Spike and Matrix Spike 
Duplicate, a pair of blank spikes are extracted and analyzed with every batch. This 
demonstrates that the extraction and analysis procedures are accurate and precise in the 
absence of matrix interferences. If the recovery or RPD of any of the spike compounds is 
outside the acceptance limits, the entire batch must be re-extracted. 
 
If a client requests matrix spikes on their sample, and supplies sufficient sample volume, a 
single Blank Spike (designated as an LCS in LIMS) should be extracted along with the matrix 
spike and matrix spike duplicate.  
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C.) Matrix Spike (MS) / Matrix Spike Duplicate (MSD):  

If sufficient sample volume was submitted, extract and analyze an MS/MSD, to demonstrate the 
effectiveness of the procedure in real world samples, which may be subject to matrix 
interferences. If the recovery or RPD of any spike compound is outside acceptance limits, the 
batch may need to be re-extracted. 
 

D.) Surrogate: 
A surrogate is a compound that is added to every sample prior to extraction in order to monitor 
the accuracy of the extraction and analysis. These are compounds that are not normally found 
in environmental samples but are chemically related to the compounds of interest, and so 
behave in a similar fashion. Surrogate recovery failure indicates a problem with the process; any 
sample that demonstrates recovery failure must be re-extracted. 

 
AUTOMATED LIQUID-LIQUID SET UP 
1.) Rinse through the top of the condensers then around the entire area of the ground glass joint 

using Dichloromethane.  
 
NOTE: Do not allow solvent to contact the Tygon tubing or contamination of the extract will 

result. Rinse the joint with solvent again if this happens.   
 

2.) Select enough boiling flasks for the entire batch. Examine each for cracks and chips, discarding 
any broken flasks. 

 
3.) Rinse each boiling flask with Dichloromethane, discarding the solvent into the waste solvent jar. 

Turn the boiling flask upside down and place on white wooden rack to drain. 
 
4.) After all flasks are rinsed and drained, set flasks on bench-top under fume hood and add 2 or 3 

solvent rinsed boiling chips to each flask. 
 
5.) Add dichloromethane to each flask until the solvent level is between “Pyrex” and “500mL” 

(approximately 300mL).  
 
6.) Rinse the liquid-liquid extractor bodies with dichloromethane, discarding the solvent into the 

waste solvent jar.  
 
7.) Add approximately 150mL of dichloromethane to each extractor body then place in the liquid-

liquid rack. 
 
8.) Attach each flask to an extractor body, setting the apparatus at an angle of about 15° away from 

you by adjusting the placement of the heating mantle. 
 
9.) Label each boiling flask with the sample ID and analysis. The samples should be put up in order 

of increasing sample#, beginning with the batch QC. 
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SAMPLE PREPARATION 
1.) Record the sample number and letter for each sample in the benchbook, so that each sample 

container can be tracked.  
 
2.) Mark the liquid level on the side of the sample bottle with a marking pen then homogenize each 

sample by inverting the sample container several times. If no headspace is present in the 
container, pour a small amount of the sample into the extractor body before homogenizing the 
sample.  

 
NOTE: If the bottle contains an excessive amount of sediment, decant the sample into a 
Dichloromethane-rinsed 1L beaker. Mark the water level on the side of the beaker with a marker 
then treat the beaker as the sample container in the following steps. Note the excessive amount 
of sediment in the benchbook. 

 
3.) Using a borosilicate glass disposable pipette, measure the pH of each sample by placing one 

drop of sample onto narrow-range pH paper and record the pH in the appropriate benchbook.  
 

NOTE:  Never dip the pH strip directly into the sample as it could contaminate the sample. 
 
4.) For the Method Blank, Blank Spike, and Blank Spike Duplicate (or Method Blank and Laboratory 

Control Sample), add 1 L of deionized water to each of the QC Liquid/Liquid extractor bodies.  
 
5.) For the BS and BSD (or LCS, MS, and MSD), add 1.0mL 16/60 SPIKE Spike Solution to the 

deionized water in the QC Liquid/Liquid extractor bodies or to the MS/MSD sample bottles. 
Document the LIMS ID of the spike and the volume added in the benchbook.  See Appendix_2 
for instructions on preparing the Matrix Spiking Solution. 

 
6.) To every sample, including the batch QC samples, add 1.0mL of the PCB/PESTSURR 

Surrogate Solution to the deionized water in the QC Liquid/Liquid extractor bodies and directly 
to the sample bottles. Document the LIMS ID of the surrogate and the volume added in the 
benchbook.  See Appendix_2 for instructions on preparing the Surrogate Solution. 

 
7.) Pour each sample and batch QC sample into the extractor body labeled with that sample 

number. Rinse the sample bottle with about 10 mL of Dichloromethane and add this solvent to 
the extractor body.  

 
8.) Measure the sample volumes by filling each sample bottle to the mark with water. Pour the 

water into a Class-1 graduated cylinder, then read the volume to the nearest 10 mL and record 
it in the appropriate lab notebook. 

 
9.) If necessary, adjust the pH of the sample to between 5-9 by carefully adding either 10N 

sodium hydroxide (NaOH) or concentrated sulfuric acid (H2SO4). Stir the sample with a 
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disposable pipette before re-measuring the pH. Record, in the benchbook, the manufacturer 
and lot# of the reagent used. 

 
10.) If any sample volume is less than 900 mL, add sufficient Nanopure water to that extractor 

body to make the sample volume 1,000 mL.  
 
11.) Adjust the angle of each extractor body until the dichloromethane in the bottom fills the 

transfer arm and just begins to spill into the boiling flask. Note: It may be necessary to add a 
small volume of Nanopure water if slight adjustments of the angle do not correctly fill the 
transfer arm. 

 
EXTRACTION 
1.) Attach the condensers to the extractor bodies. 

 
2.) Verify that the recirculator temperature is set < 15°C but above 10°C. If the temperature is set 

too low, the recirculator will freeze. If set too high, solvent will escape out the top of the 
condensor and the boiling flask will go dry. 
 

3.) Verify that the recirculator pressure is between 15 - 30 psi. 
 

4.) While the pump is on, open the top hatch of the recirculator. Open the white cap to the water 
reservoir and make sure the reservoir is full. If not, fill with DEIONIZED water only. 
 

5.) Turn on the heating mantles. The controllers should be set to 2.5 on the dial.  
After 15 to 20 minutes, check to see that the system is cycling properly and that the condensers 
are cold to the touch. The extractor is operating properly when 3-4 drops per second are 
dropping into the sample from the bottom of the condenser. 
 

6.) Check the solvent level in the round bottom flask; it should not drop below the top edge of 
heating mantle. Adjust the solvent level in the flask by adjusting the tilt of the apparatus from the 
vertical by changing the placement of the heating mantles. To increase the amount of solvent in 
the flask, carefully tilt the apparatus more to the vertical.   

 
7.) Extract the samples for 18-24 hours.  Document the start and stop times in the appropriate 

laboratory notebook. 
 
8.) Turn off the heating mantles and allow the system to cool to room temperature. 
 
9.) Remove the condensors, then the round bottom flasks.   
 
FILTER FUNNELS & K-D CONCENTRATOR ASSEMBLY 
1.) Using solvent-rinsed, baked glass wool, place a glass wool plug in the bottom of each funnel. 
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2.) Rinse the walls of the funnel and the wool with dichloromethane, collecting the rinsate in a 
waste jar.  

3.) Add approximately 40g of baked granular or powder sodium sulfate to each funnel(powder is 
preferred for soil). 
 

4.) Place the funnels in the bottom rack and rinse the funnel with dichloromethane, again collecting 
the rinsate in the waste jar. 
 

5.) Rinse each K-D concentrator with three aliquots of dichloromethane, discarding the rinsate into 
a waste-solvent jar, and then hang the K-D upside-down in the top rack to drain. 
 

6.) Rinse each receiver with three aliquots of dichloromethane, discarding the rinsate into a waste-
solvent jar. Immediately connect each receiver to a K-D. 
 

7.) After receivers have been added to each K-D, use plastic clips to secure the two pieces 
together. 
 

8.) Label each K-D and receiver with the sample ID and analysis, then replace in the top rack right-
side up. 
 

9.) After all concentrators have been assembled and labeled, add a solvent-rinsed boiling chip to 
each. 

 
10.) Discard the waste dichloromethane in the jars into the waste solvent jug. 
 
11.) Reverse the filters and concentrators so that the filters are on the top rack and the 

concentrators are on the bottom rack. 
 
12.) If the water baths have not been turned on yet, make sure each is filled with DI water and turn 

the dial to setting 10. Allow baths to heat while you filter the extracts. 
 

FILTRATION 
1.) Place the flasks in order in front of the appropriate K-D apparatus. Verify that the receivers are 

securely attached to the K-D concentrators. 
 
NOTE: If water is noticed in the round bottom flask dry the extract by adding about 15 g (about 
½ scintillation vial) of solvent rinsed granular anhydrous sodium sulfate to the boiling flask. 
Agitate the flask; if the sodium sulfate clumps up, add more sodium sulfate until there is free 
flowing granular sodium sulfate in the flask. 
 

2.) Pour the extract through the funnel into the K-D concentrator. 
 

3.) Rinse each boiling flask with three 10 mL aliquots of Dichloromethane, adding these rinsates to 
the appropriate funnel. 
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4.) After the third rinse, turn the boiling flask so the label faces the left (at 9 o’clock) to indicate that 

rinsing has been completed. 
 

5.) Allow the funnel to drain completely then use dichloromethane to rinse around the top of the 
funnel (~25mL), washing any remaining extract through the funnel into the concentrator and 
allow to drain completely. 

 
6.) While the filters are draining, rinse each Snyder column 3 times with dichloromethane, then 

allow to drain by placing at edge of hood, with tip pointing outward to indicate that it has been 
rinsed.  

 
7.) After the funnels have completely drained, remove the funnels from the rack and dump the 

sodium sulfate into the drying tray under the hood.  
 
CONCENTRATION 
1.) Add water to any hot water bath that is not completely full. 
 
2.) Verify that the dial setting is at ‘10’ and that the water bath is boiling. 
 
3.) Verify that each K-D concentrator contains 1-2 boiling chips. Attach a rinsed 3 ball Snyder 

column to each K-D concentrator. 
 
4.) Place each K-D apparatus on a boiling water bath so that the receiver is immersed in the hot 

water to just below the joint of the receiver and K-D. If the receiver is not immersed far enough, 
the extract will take longer to concentrate. If the receiver is immersed past the joint, any water 
leaking into the joint will contaminate the extract. 

 
5.) The solvent should immediately begin boiling. If it does not, the concentrator should immediately 

be removed from the water bath and additional boiling chips should be added to the receiver. At 
the proper rate of distillation, the balls of the column will actively chatter, but the chambers will 
not flood. 

 
6.) Concentrate the extract to approximately 15 mL then exchange solvents. 
 

Note:  Reducing the volume to only 25 mL or so prior to solvent exchange may result in 
incomplete elimination of the acetone and cause instrument problems. 

 
SOLVENT EXCHANGE 
Because the Electron Capture Detector used in the PCBs analysis is sensitive to chlorine (and 
therefore Dichloromethane), the Dichloromethane must be exchanged for hexane. 
 

1.) After the extract volume has been reduced to 15-20mL, but while the extract is still boiling, 
add 15 - 20 mL of Hexane through the top of the Snyder column. 
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2.) Concentrate to about 25 mL and again add 15 - 20 mL Hexane. 
 
3.) Concentrate to between 5 - 10 mL. 
 
4.) When the extract volume in the receiver is about 5 mL, remove the K-D apparatus from the 

water bath and let it drain. This should result in a final volume of 6 to 8 mL. 
 

NOTE:  The MS and MSD should be concentrated to the same final volume as the Matrix 
Spike Sample. 

 
5.) Let the extract cool to room temperature. 
 
6.) Select enough pre-cleaned 40mL VOA vials for the entire batch and label them (both vial 

and cap) with the sample number. Line them up in numerical order. 
 
7.) Remove the Snyder column, remove the plastic clip and dry the joint with a ChemWipe. 

 
8.) Carefully loosen the K-D/ receiver joint, remove the K-D concentrator and place the receiver 

in the metal rack in numeric order. 
 

9.) Adjust the volume to 25 mL with Hexane. 
 

10.) Record the final volume of extract in the benchbook.  
 

11.) Bring the metal rack over to the vortex mixer and, beginning with the batch QC, use the 
vortex mixer to homogenize the extracts.  

 
12.) Immediately transfer each extract to the 40mL VOA vial labeled (both cap and vial) with 

that sample ID, verifying that the sample numbers match before each transfer.  
 
CLEAN UP PROCEDURE  

1.) Add 10 mL of concentrated Sulfuric Acid and agitate for 60 seconds with a Vortex mixer.  
 
2.) Separate the phases by centrifugation for 2 minutes or by allowing the solution to stand a 

minimum of 10 minutes. If the top (solvent) phase is not clear, pipette it into a clean 40mL 
VOA vial labeled with that sample number and repeat the acid cleanup.  

 
3.) Select enough pre-cleaned scintillation vials for the entire batch. Label them (cap and vial) 

with the sample numbers, batch number, and “PCB”. 
 

4.) Pipette approximately 5 mL of the hexane layer (top layer) of each acid-cleaned extract into 
the scintillation vial labeled with that sample number, verifying that the sample numbers 
match before each transfer. 
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5.) Cap the scintillation vials, making sure that the sample number on the cap matches that on 

the vial. Place the scintillation vials in order in a box labeled with batch number, “PCB”, and 
date.  

 
6.) Place the box in the Delfield refrigerator # 9 - making sure that the temperature of the 

refrigerator has been verified and recorded for that day. Storing the extracts at 4°C will help 
reduce solvent loss due to evaporation, which would lead to high biases on sample results 
and surrogate recoveries. 

 
7.) Cap the 40mL VOA vials, containing the remaining extract and sulfuric acid, and place them 

in a separate box labeled with the batch number, “PCB”, and date. Store these for 40 days, 
as a backup to the fraction in the scintillation vials. 

 
8.) Complete the laboratory notebook entry. Make sure all times, reagent manufacturers and lot 

numbers, working and source standard LIMS ID numbers, as well as responsible chemists' 
initials have been legibly recorded in the benchbook entry and on the batch QC checklist. 

 
9.) Have the entry peer reviewed and documented on the appropriate checklist. After review, 

copy the entire page of the benchbook then scan the checklist, job sheets and benchbook 
page into LIMS. “Kill" the batch in LIMS by updating the status of the batch to "DONE". 

 
TROUBLE-SHOOTING 
If, upon the addition of sulfuric acid, the extracts turn a dark, brick-red and exhibit a much more 
exothermic reaction than normal (ie: the extract explodes out of the scintillation vial), the samples 
should be re-extracted as this is effect has been observed when acetonitrile was inadvertently used 
in place of hexane. 
 
DOCUMENTATION 

A.) Benchbooks: 
Every extraction must be completely documented in the appropriate benchbook. Any 
changes must be made with a single line through the incorrect entry and initialed and 
dated by the chemist making the change. The benchbook entries must include the 
following: 
 
  Sample number, accompanied by the unique container identifier (A-> Z) 
  Initial sample weight 
  Final sample volume 
  LIMS S# and volume used for all surrogate and spike standards 
  Manufacturer and lot# for all solvents, reagents, and filters  
  Observations concerning unusual sample appearance, odor, behavior 

Errors during extraction (spilled, possibly 2x spiked, etc.) 
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B.) LIMS: 
All extraction weights, volumes, and S# must be entered into the prep entry database. It is 
very important that the entries are accurate and complete, as LIMS uses these to calculate 
sample concentrations and spike results. 

 
C.) Peer Review: 

The benchbook entries and LIMS prep entry must be reviewed by another extraction 
chemist, an analyst, or Group Leader; the reviewer must sign and date the benchbook. 

 
WASTE DISPOSAL 
After the extraction steps are completed, the spent sample and any waste solvent must be properly 
disposed. 

 
1.) Pour the Dichloromethane fraction of the liquid remaining in the extractor body into a separatory 

funnel and allow it to settle. Drain the Dichloromethane (bottom layer) and discard in the 
Dichloromethane waste container. Make sure to pour out all of the dichloromethane, as excess 
dichloromethane in the waste water disposal drum is unacceptable and will result in increased 
waste disposal costs and liability. 

 
2.) Pour the aqueous layer into the 5-gallon white plastic buckets then neutralize the aqueous layer 

with sodium bicarbonate. Discard by pouring into the plastic drum of dichloromethane-
contaminated aqueous waste.   

 
3.) Excess extract volume (including the hexane/ sulfuric acid filled vials) should be stored for a 

minimum of 40 days then transferred to the PCB waste stream, as this waste is defined as 
incinerable corrosive waste. 

 
 
POLLUTION PREVENTION 
Prepare only sufficient standard and reagent volume that can be used within the expiration date, to 
reduce the volume of waste generated by the laboratory and to reduce production cost. 
 
REVISION HISTORY 
This is revision 11, revision 10 was changed as follows: 

• Revised Appendix 1 and 2 
• Signature page was consolidated 
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APPENDIX_1: PCB WATER 
 EXTRACTION SUMMARY 
 
 
 Sample Volume: 1000 mL 
  
 Extraction Solvent: Dichloromethane 
  
 Extraction pH: 5-9 
  
 Final Solvent: Hexane 
  
 Water Bath Temp: Boiling 
  
 Final Volume: 25 mL 
 
 Sample Cleanup: Sulfuric Acid  (required) 
  
 
 
 Surrogate Solution: PCBPESTSURR Add:  1.0 mL  
   TCMX & DCB @ 1 mg/L   
 
 PCB Spike Solution: 16/60 SPIKE @ 5 ug/mL  Add:  1.0 mL  
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APPENDIX_2: STANDARDS & REAGENTS 
 
WORKING STANDARDS   
The LIMS name/definition of a working standard is unique to the composition and concentration of 
the standard but not necessarily unique to the vendor of the source standards. If the concentration 
of a working standard is changed or a new compound is added to the working standard mix, a new 
name must be assigned and the information entered in the LIMS standards table before the 
standard is assigned an S#. 
 
Document the preparation of all working standards in the standards prep bench book and in the 
LIMS Standards database; LIMS will assign an S#. Include the name and/or description of the 
standard being prepared, prep date, LIMS S# and concentration of the source standard(s) used, 
volume of source standard used, final volume, final concentration, expiration date, and prep 
chemist’s initials in the benchbook entry. Label the standard bottle with the contents, the LIMS S#, 
the expiration date of the standard, and the prep chemist’s initials. 
 
Working standards expire 180 days after preparation from the stock standard. Note: The expiration 
date of the working standard must not exceed the expiration date of any of the stock standards from 
which it was made. If any of the stock standards expire before the 180 days, change the expiration 
date of the working standard to match the earliest expiration date of the stock standards. 
 
Bring the source standards to room temperature before using them to make the working standards. 
Place the ampules in the sonic bath rack and sonicate for about 5 minutes; this step is important to 
make sure all of the compounds are in solution! Use the vortex mixer to homogenize each source 
standards then examine the vials to verify that the standards are completely in solution and that 
there is no visible precipitate. All working standards should be prepared in a water-soluble solvent 
(acetone or MeOH) so that the spikes and surrogates will be completely miscible in the sample prior 
to extraction. Use Class-A volumetric flasks and the volumes and standards listed below. Store in 
the freezer of Refrigerator # 5, at -10 to -20°C, in the Extraction Lab. 
 
Surrogate Working Solution: LIMS Name:  PCBPESTSURR 
Prepare the surrogate solution containing TCMX and DCB by making a 1:1000 dilution in 1:1 
MeOH:DCM. 
1.) Rinse a 1000 mL Class-A volumetric flask with DCM. 
2.) Partially fill the flask with 1:1 MeOH:DCM. 
3.) Add 1.0 mL of the 1000 ug/mL TCMX/ DCB stock solution. 
4.) Sonicate the flask for 20 minutes 
5.) Bring to the mark with 1:1 MeOH:DCM and invert several times to mix the standard. 
6.) Transfer the solution to four 250mL bottles labeled with the LIMS WS# and expiration date. 
7.) Cap with a teflon-lined cap. 
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PCB Spiking Solution:      LIMS Name:  16/60 SPIKE 
1.) Rinse a 200mL volumetric flask with DCM. 
2.) Partially fill the flask with 1:1 MeOH:DCM. 
3.) Add 1.0 mL of the AR_16/60 source standard. 
4.) Bring to the mark with 1:1 MeOH:DCM then cap and invert several times to thoroughly mix the 

standard. 
5.) Transfer the solution to eight 40mL VOA vials labeled with the LIMS S# and the expiration date. 
6.) Cap with a teflon-lined cap. 
 
 
SOURCE STANDARDS   
All source standards should be NIST-traceable. Each source standards must be documented in 
LIMS upon receipt, through the Standards Menu. The LIMS S-name for a source standard is unique 
to the vendor that the source is obtained from; if a source standard is obtained from a different 
vendor, a new name must be assigned and the information entered in the LIMS Standards table 
before the standard is assigned an S#.  
 
Label each container with the LIMS S# and expiration date. Write the S# and the date received on 
the ‘Certificate of Analysis’ that accompanied the standard; if the supplier did not provide a 
certificate, call and request that a copy be faxed. The Certificate of Analysis must be kept on file in 
the appropriate binder.  
 
Store the source standards in the freezer section of Refrigerator # 5, at -10 to -20°C. Stock 
standards must be replaced after any manufacturers’ expiration date or two years, or sooner if 
comparison with check standards indicates a problem.  
 
Surrogate Source Standard: LIMS Name:  PCBPESTSOURCE 
 (tetrachloro-m-xylene) and DCB (Decachlorobiphenyl) in Hexane @ 1000 ug/mL  
Accustandard Catalog# CLP-032-H-5X 
 
PCB Spike Source Standards:          LIMS Name:  AR_16/60 
Aroclor 1016 & 1260 in MeOH @ 1,000 ug/mL 
Restek Catalog# 32029 
 
 
REAGENTS   
The preparation of all reagents, including dilutions into Millipore DI water, must be documented in 
the reagent prep benchbook. Each prepared reagent must be assigned a unique ID, based on the 
manufacturer and the date prepared. Each reagent received from an outside vendor should be 
labeled with the receipt date and expiration date. 
 
Dichloromethane, EM Science, Omni-Solv grade, VWR Cat# TXDX0837-39CUT 
Store at room temperature for up to 1 year  
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Hexane, Burdick & Jackson, GC Pesticide grade, VWR Catalog# BJ 216-4 
Store at room temperature in a Flammables cabinet for up to 1 year  
 
Sodium Sulfate, Granular Anhydrous, EM Science 99.0%,  
VWR Cat# EM-SX0760-20  
Store at room temperature for up to 1 year  
Kiln-bake at 400°C for 4 hours then cool in desiccator  
Rinse with dichloromethane prior to use. 
 
Sodium Hydroxide (NaOH), 50%, JT Baker, Catalog # 3727-03 
Store at room temperature for up to one year. 
 
Sulfuric Acid, Concentrated, 90.5-92.7% by volume,  
JT Baker, VWR catalog # JT9691-3 
Store in a Corrosives cabinet for up to 5 years 
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APPENDIX_3: CALCULATIONS 
 
 
Make a Working Standard from a Source (Stock) Standard: 
Determine the volume of source standard needed to make a given volume of working standard: 
 

Vss (mL)  =  Vws * Cws / Css 
 

Where: Vss   =  Volume of Source Std (mL) needed to make Working Std 
Vws  =   Final Volume (mL) of Working Standard  
Cws  =   Final Concentration (ug/mL) of the Working Standard 
Css  =   Concentration (ug/mL) of the Source Standard 

 
Note: If the volume to be added is less than 1ųL, make an intermediate dilution by diluting the 
source standard 1:10 (1mL + 9 mL), then use 10 times as much of this intermediate. For example, if 
you need to add 0.3 ųL of the source standard, dilute 1.0mL of the source standard into 9mL of the 
solvent, then use 3.0 ųL of this dilution to make your final working standard. 
 
Spiking Batch QC for Waters 
Use the following to determine the volume to be used for spiking MDL’s or if a client requests that 
batch QC be spiked at a different level: 
 

Vws (mL)  =  Cf / (Cws * pdf  * 1000) 
  

Where: Vws  =   Volume (mL) of Working Standard to use for spike 
Cf     =   Final Concentration in sample (ug/L) 
Cws  =  Concentration (ug/mL) of the Working Standard 
Pdf   =   Final Volume of Extract (mL) / Initial Volume of Sample (mL) 

 
Spiking Batch QC for Soil 
Use the following to determine the volume to be used for spiking MDL’s or if a client requests that batch 
QC be spiked at a different level: 
 

Vws (mL)  =  Cf / (Cws * pdf  * 1000) 
  

Where: Vws  =   Volume (mL) of Working Standard to use for spike 
Cf     =   Final Concentration in sample (ug/Kg) 
Cws  =  Concentration (ug/mL) of the Working Standard 
Pdf   =   Final Volume of Extract (mL) / Initial Mass of Sample (g) 
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POLYCHLORINATED BIPHENYLS (PCB's) 
SCOPE 
This document describes the analysis and quantitation of PCB's that have been extracted from 
liquid samples, solid matrices, and wipes or other miscellaneous matrices. The analysis is 
performed by first injecting the hexane extract into a capillary column GC to separate the 
components into discreet compounds. An Electron Capture Detector detects those components 
that are halogenated compounds and the analyst uses pattern recognition to identify the Aroclor 
mixtures. Analysis for the quantitation of the discreet PCB congeners is described in a separate 
procedure. 
 
Sample concentrations are reported in micrograms per liter (µg/L) for water samples or 
micrograms per kilogram (µg/Kg) for solid samples. See Appendix_8 for the compound list and 
reporting limits. 
 
EPA 8082 was written by the EPA’s Office of Solid Waste with additional guidance for surface 
water and ground water, as opposed to EPA 608 which was written by the EPA’s Office of 
Water specifically for wastewater. EPA 608 may also be requested for groundwater samples if 
the client is planning to discharge the water, with or without additional treatment, into a 
wastewater stream or into naturally occurring surface waters (bay or river). See Appendix_13 for 
EPA 608 requirements. 
 
REFERENCES 
Analytical Methods: 
EPA 8082, Polychlorinated Biphenyls (PCB’s), rev 0, 1996 
EPA 8082A, Polychlorinated Biphenyls (PCB’s), rev 3 Feb 2007 
EPA 8000B, Determinative Chromatographic Separations, SW-846, Dec 1996 
EPA 8000C, Determinative Chromatographic Separations, SW-846, March 2003 
EPA 608, Organochlorine Pesticides & PCBs, 40CGR136 Appendix A 
 
Extraction & Cleanup Methods: 
EPA 3500B, Organic Extraction and Sample Preparation, SW-846, Update 3, Dec.1996 
EPA 3500C, Organic Extraction & Sample Preparation, SW-846, Feb 2007 
EPA 3510C, Separatory Funnel Liquid-Liquid Extraction, SW-846 Update 3, Dec 1996 
EPA 3520C, Continuous Liquid-Liquid Extraction, SW-846 Update 3, Dec 1996 
EPA 3540C, Soxhlet Extraction, SW-846 Update 3, Dec 1996  
EPA 3545, Pressurized Fluid Extraction (PFE), SW-846 Update 3, Dec 1996 
EPA 3550C, Ultrasonic Extraction, SW-846 Update 3, February 2007 
EPA 3660B, Sulfur Cleanup, SW-846 Update 3, Dec 1996 
EPA 3665, Sulfuric Acid Cleanup, SW-846 Update 3, Dec 1996 
EPA 3580A, Waste Dilution, SW-846 Update 3, Dec 1996 
EPA 608, Organochlorine Pesticides & PCBs, 40CGR136 Appendix A 
 
Related References: 
SVOC SOP 3.1.1, 8082 QC Acceptance Limits, Table-1 
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SVOC SOP 3.0, Electron Capture Detectors 
QA SOP 1.4, Balance Calibration Check & Maintenance 
QA SOP 1.5, Calibrating & Maintaining Temperature Controls 
QA SOP 1.6, Pipet Calibration Check Procedures 
QA SOP 4.1, Establishing Control Limits 
QA SOP 4.4, Determining Method Detection Limits 
QA SOP 8.4, State Program Requirements 
QA SOP 8.5, Federal Program Requirements 
QA SOP 9.6, Insuring Compliant Manual Integration  
NELAC Chapter 5, Quality Systems, June 2003 
DoD Quality Systems Manual, Version 4.1 April 2009 
 
PRESERVATION & HOLDING TIME  
Preservation:  No chemical preservation.  

Store samples at 4o C. 
Store hexane extracts at 4o C. 
 

Holding time:  H2O:  7 days from collection to extraction*. 
   Soil:  14 days from collection to extraction. 

Extract: 40 days after extraction. 
 

EPA 608 Method Note:  EPA 608 requires that if the extraction is not begun within 72 hours of 
sample collection, the sample pH be adjusted to 5.0 – 9.0 SU with NaOH or H2SO4 to extend 
the holding time to 7 days. 

 
SAFETY 
Assume that all samples contain hazardous and/ or potentially toxic chemicals and should be 
handled with care. Safety glasses, gloves, and a lab coat should be worn whenever handling 
samples, extracts, reagents, or standards. 
 
QC REQUIREMENTS 
A method blank (MB), laboratory control sample (LCS), matrix spike (MS) and matrix spike 
duplicate (MSD) are extracted and analyzed with every batch of twenty or fewer samples. If 
insufficient sample was submitted to perform matrix spikes, a blank spike (BS) and blank spike 
duplicate (BSD) will be extracted and analyzed in place of the LCS/ MS/ MSD. Two surrogate 
compounds (TCMX & DCB) are added to each sample, method blank and spike to monitor the 
performance of the extraction and analysis, and to each standard to verify that the extract was 
injected correctly. 
 
An initial calibration curve is generated, using a minimum of five points, for Aroclor 1016 and 
1260. Quadradic curve fits require 6 points. A single point for all other Aroclors is analyzed for 
pattern recognition. If using Average Response, the RSD for the ICAL curve must be < 20%; if 
using linear regression, the curve must meet a correlation coefficient r > 0.995 (r2 > 0.990). A 
mid-level initial calibration verification (ICV) standard obtained from a second supplier is 
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analyzed immediately following the calibration curve; the ICV must meet the CCV acceptance 
criteria of %D < 15%, although for some customers compliance to 8000C allows %D = 20%. 
 
If one of the other Aroclors is identified, the calibration verification standard immediately 
preceding the sample can be used to used to establish the calibration factor for that Aroclor, so 
long as the 1016/1260 ICAL has demonstrated the linearity of the detector (as per 8082 Section 
5.6.2). 
 
A continuing calibration verification (CCV) of Aroclor 1016/1260 standard is analyzed at the 
beginning of each sequence, after each group of 10 samples, and at the end of the sequence. 
The concentration of the CCV standard should be alternated within the calibration range, 
excluding the highest and lowest points (NELAP Ch.5.9.4.2.2b requirement). The CCV %D must 
be < 15% or instrument maintenance should be performed and any samples analyzed since the 
last passing CCV must be re-analyzed. If other Aroclors are detected, the extracts should be 
rerun bracketted by those Aroclors. Guidance in SW8000C allows %D= 20%. 
  
The QC Acceptance limits for PCB’s are generated semi-annually, through control charts of the 
previous two years batch QC data. See the associated SOP 8082 QC Acceptance Limits, 
Table-1 for C&T QC limits. A method detection limit (MDL) study is performed annually by 
preparing and analyzing a minimum of seven replicates of a low-spiking-level laboratory control 
sample; see the QA SOP Method Detection Limits for details. A Limit of Detection (LOD) or 
MDL check standard must be determined quarterly and is based on a laboratory control sample 
that is spiked 2 to 4 times the MDL, extracted and analyzed on every instrument. See the QA 
SOP for Method Detection Limits for details. A limit of quantitation (LOQ) must be determined 
quarterly and is based on a laboratory control sample that is spiked 1 to 2 times the reporting 
limit. It is only analyzed once per method. See the QA SOP of Limit of Quantitation for details. 
 
Note:  For samples associated with site-specific project plans developed by the client, the 
requirements of those plans supersede the requirements listed in this document. 
 
EPA 608 Method Notes:  Method EPA 608 includes somewhat different requirements and 
acceptance limits; see Appendix_13 for discussion of these requirements.  
 
 
EQUIPMENT (see Appendix_4 for instrument specifications & conditions) 
Hewlett-Packard Gas Chromatographs: 

GC: Hewlett-Packard Model 5890  
Detector: Hewlett-Packard Model 19233 or G1223A, Electron Capture Detector 
Autosampler: Hewlett-Packard Model 7673A or 767B) 

 
Varian Gas Chromatographs: 

GC: Varian Model CP-8400 
Detector: Varian 02-001972-00, Electron Capture Detectors:  
Autosampler: Varian Model CP-8400 
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Columns: The following columns are typically used because they demonstrate superior 

separation of the PCB congeners. Others are available and may be used for the Aroclors 
analysis, so long as the pertinent information is documented in the maintenance log. 

 
Front (Channel A):  Restek Rtx-CLP Pesticides, 30m x 0.32-mm I.D., 0.5 µm df  
Back (Channel B):  Restek Rtx-5, 30m x 0.32-mm I.D., 0.5 µm df  

 
EZChrom data acquisition and processing software 
 
ROUTINE MAINTENANCE 
Generally, the septum, injection liner, and blue seal should be changed every couple of days, 
before analysis of an opening Continuing Calibration Verification (CCV). The injection liner is a 
4mm splitless Siltek single goose-neck liner. The column may need to be trimmed (usually a 
minimum of 15cm) if oily or highly contaminated samples were analyzed in the previous 
sequence; additional trimming of the column may be necessary, depending on the results of the 
analysis of the CCV standard. See Appendix_5 for additional maintenance procedures & details. 
 
DAILY SEQUENCE 
Each sequence should begin with an instrument blank followed by a Continuing Calibration 
Verification (CCV) standard. Once CCV has passed acceptance criteria (see Appendix_10 for 
criteria), sample extracts may be added to the instrument sequence. Additional instrument 
blanks and CCV’s must be analyzed after every ten samples, including batch QC samples, and 
at the end of the sequence. The concentration of the CCV ‘s must be varied within the 
calibration range, excluding the highest or lowest points. Instrument blanks may be included 
after each CCV bracket to demonstrate that instrument contamination is not contributing to the 
reported results. 
 
All solutions are analyzed on both columns in the following sequence:  
 

Hexane Blank  
CCV – Ar1016/1260 
Hexane Blank (optional) 
10 Samples 
CCV – Ar1016/1260 
Hexane Blank (optional) 
Up to 10 Samples 
CCV – Ar1016/1260 
Hexane Blank (optional) 
Up to 10 Samples 

  CCV 
 
The sequence must end with CCV regardless of the number of samples analyzed.  
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Although the current SW-846 methods allow up to twenty runs between CCV’s, C&T typically 
runs CCV’s after every ten samples to meet the additional SW-846 requirement that no more 
than 12 hours should elapse between CCV’s and to reduce the number of reanalyses caused by 
failing CCV’s. Additional samples may be analyzed between CCV’s so long as the 12-hour 
window is met. 
 
Note:  If the instrument will be running unattended or overnight, it is a good idea to load two 
CCV standards for each bracket, to reduce the number of samples that have to be reanalyzed 
due to an injection error.  
 
EPA 608 Method Note:  EPA 608 only requires that a CCV be analyzed once daily, however 
C&T standard practice is to follow SW-846 guidelines as described above. 
 
File Naming Conventions 
Various user reports are automatically produced after the run is complete. This automation is 
based on the type of sample being analyzed, the sample number, the LIMS identification of any 
associated calibration or spiking standards, the batch number, and any applicable dilution 
factors. This data must be correctly entered into the sequence in a specific order for LIMS to be 
able to interpret the information and should be written into the sequence as follows: 
Date files are named using the Julian date, followed by a dash, and then the run number (e.g. 
123-002). These files are written to the G:\ezchrom\Projects\GCxx\Data subdirectory, where xx 
is the GC number. 
 
Examples of EZChrom method (processing) file names include (where ### is the Julian date): 
 Aroclor 1016 / Aroclor 1260: pcb-run-###.met 
 Aroclor 1221 / Aroclor 1254: pcb-ar2154-###.met 
 Aroclor 1248:   pcb-ar1248-###.met 
      
Examples of other types of file names and paths include: 

Data files:  G:\ezchrom\Projects\GC16\Data\219-015 
Sequence files: G:\ezchrom\Projects\GC16\Sequence\219.seq 
Report format: G:\ezchrom\Projects\GC16\Template\Ar1254-REPORT-04-13-07.rep 

 
See Appendix_11: Using EZChrom for additional instructions for writing the sequence into the 
software. 
 
 
1.) CCV (Continuing Calibration Verification) (See Appendix_10 for CCV Acceptance Criteria): 

Begin each sequence with an Aroclor 1016/ Aroclor 1260 CCV (“AR1660” Continuing 
Calibration Verification) standard to verify that the response of the instrument has not 
changed significantly and that the curve may still be used to quantitate sample results. Use 
a standard at one of the mid-levels of the calibration curve; do not use either the highest or 
lowest point. If batch QC spikes are included in the sequence, bracket the spike extracts 
with CCV’s of the Aroclor used to spike the batch QC (this compound will rotate throughout 
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the compound list over the course of two years). It is also a good idea to run Aroclor 1254 
with samples from a new site, since this compound is also fairly common. 
 
EPA 608 Method Note:  EPA 608 only requires analysis of a daily CCV, however C&T 
standard practice is to follow SW-846 guidance and analyze a CCV at the beginning of the 
sequence, every 12 hours, and at the end of the analytical sequence. 
 

1.1) Decide what CCV standards to analyze, based on the spiking compound used in 
the batches to be analyzed and keeping in mind that the concentrations must be 
alternated across the mid-levels of the calibration curve (NELAC 5.9.4.2.2b 
requirement).  

 
Note:  The USACE recommends that the ICAL standards be used as CCV’s, in 
order more readily determine which problems are due to changing instrument 
conditions and are not due to differences between standards. 

 
1.2) Load CCV standards after every ten samples and at the end of the sequence, 

excluding batch QC, instrument blanks and other standards in the count. 
Remember to add any other Aroclor CCVs bracketing extracts that are known to 
contain non-1016/1260 Aroclors or in which these other Aroclors have been 
identified. 
 
LIMs identifies samples that are associated with the DoD QSM 4.1 requirements, 
other DoD requirements or commercial clients.  It identifies all project specific 
criteria that are reviewed by the analyst before sample analysis. 

 
For sequences containing samples that are not associated with requirements from 
DoD QSM 4.1, if the instrument is running unattended or overnight, it is a good 
idea to load two CCV standards for each bracket, to reduce the number of samples 
that have to be reanalyzed due to an injection error. Type in the sequence with an 
“x” stype for the second CCV so that only the first CCV will automatically process.  
 
For sequences where both DoD QSM 4.1 samples and non-DoD QSM 4.1 samples 
are analyzed, both sets of CCVs will be run and integrated and both CCVs must 
pass the DoD QSM 4.1 criteria. If the entire sequence contains DoD QSM 4.1 
samples only, then only one CCV will be analyzed.  

 
1.3) Analyze the standards using the same data acquisition method as for the samples, 

typing “CCV,” before the working standard number, so that LIMS will automatically 
generate and print a CCV summary, which compares the calculated concentrations 
from this run to the known concentrations of the standard. 

 
1.4) Examine the CCV summary against the criteria listed in Appendix_10 to determine 

whether the CCV is acceptable. 
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1.5) If the acceptance criteria are not met, examine the integration to verify that the 

peaks were correctly integrated. Manual integrations must be consistently applied 
to standards and samples. If manual integrations or baseline corrections are 
performed, resend the file to LIMS and generate a new CCV summary.  

 
Unsubstantiated alteration of peak integration solely to pass calibration or QC criteria 
is illegal and is grounds for immediate termination.  

 
1.6) If the acceptance criteria are not met, analyze another CCV standard. If the second 

analysis of the standard fails to meet the criteria, recalibrate and/or perform other 
instrument maintenance.  

 
1.7) If the CCV’s fail acceptance criteria, data may be reportable based on the following 

criteria: 
 

a.) If the failing compound is not a target analyte for the associated samples, 
sample results should be reported without reanalysis. 

 
b.) If the compound fails the %D criterion due to a high response but was not 

detected above the reporting limit in the associated samples, the sample 
results may be reported without reanalysis, as the high bias does not affect 
the sample results. 

 
c.) If the compound fails the %D criterion due to a high response and was 

detected above the reporting limit in any of the associated samples, the 
samples must be reanalyzed.   

 
d.) If the compound fails the %D criterion due to a low response and was 

detected (even below the reporting limit), the sample must be reanalyzed. 
 
Load additional CCV’s after every ten samples and at the end of the sequence. The 
standard concentration used for the CCV should be alternated over the course of the 
sequence. See Appendix_1 for calculation of %D. 

 
 
2.) Prepare the Sample and Batch QC Extracts for analysis 

2.1) Remove the extracts from the extraction lab refrigerator and let the extracts warm 
to room temperature then aliquot approximately 1mL of extract into an autosampler 
vial.  

 
 Note:  If the extract is dark & oily or opaque, do another acid cleanup on the 

extract. If the extract is still highly colored, make a dilution that will result in an 
extract that is light yellow in color. If dark, oily, or viscous extracts are analyzed, a 
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tarry residue will build up in the injection port, causing active sites and failing 
CCV’s. 

 
2.2) If dilutions are required, see Appendix_3 for instructions on preparing the dilutions. 
  
2.3) Place the samples on the autosampler tray beginning with the lightest colored 

extracts followed by more highly colored or viscous extracts.  
 
QUALITATIVE ANALYSIS 
Each Aroclor is a mixture of many individual polychlorinated biphenyls (for example:  
3,3’,4,4’-tetrachlorobiphenyl is a single component “congener” of an Aroclor mixture). Aroclor 
identification is based on pattern recognition, through comparison of the sample pattern to those 
of the Aroclors used as calibration standards. Trace overlays on EZChrom are very useful in 
determining which, if any, Aroclors are present because it can be used to overlay the sample 
chromatogram with the standards chromatograms.  
 
Note:  Although second-column confirmation is not required by EPA 8082, as the identity is 
based on pattern recognition and not on an individual peak, most of C&T’s Department of 
Defense (Army Corp, Navy, AFCEE) clients do require it. C&T standard practice is to work up 
data from both columns and report the higher of the two results, unless specifically directed 
otherwise by a client’s project plan. 
 
3.) Multi-component Pattern Recognition 

Aroclors are not discrete chemicals but are comprised of many related Polychlorinated 
Biphenyl (PCB) compounds. For environmental samples, these analytes are identified by 
comparison of the sample chromatograms to those of the standards. The composition and 
relative ratios of the target peaks in the sample chromatogram should resemble the 
standard but do not have to exactly match that of the standard, since the composition of 
these analytes is not completely defined, may vary between manufacturers and from batch 
to batch, and may have changed as the sample is “weathered” in the environment.  
 
Except for Aroclor 1016 and Aroclor 1260, the components of different Aroclors often 
overlap, thus requiring separate calibration standards for these multi-component analytes. If 
the peaks do not overlap the standards may be combined, as in Ar1016/1260 and 
Ar1221/1254. For each of the Aroclors, five characteristic peaks are chosen as 
representative of each analyte; these peaks should be the largest peaks present that do not 
coelute with other target analytes. To positively identify the analyte in the sample, the 
chromatogram must contain at least 3 of the characteristic peaks (if present at low levels) 
with increasing resemblance to the standard as the concentration increases.  
 
Non-target chlorinated compounds such as DDT and Endrin are typically removed prior to 
analysis by the sulfuric acid cleanup, however Technical Chlordane is not degraded by the 
acid and may appear in the latter ½ of the run; the two peaks with the highest response are 
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typically a-Chlordane and g-Chlordane. Toxaphene may also be present and elute in the 
latter ½ of the run.  
 
Use EZChrom’s “trace overlay” feature to compare the sample pattern to each of the Aroclor 
patterns. If an Aroclor other than Ar1016 or Ar1260 is present and CCV’s for that Aroclor do 
not bracket the sample extract, the extract must be reanalyzed with that Aroclor. See 
Appendix_7 for example chromatograms. 
 

4.) Peak Identification 
Identification of the discrete components of the Aroclors is based on comparison of the peak 
retention times in the sample to the retention times of the peaks in the mid-level initial 
calibration standard or, for single-point calibrations, the retention times of the standard used 
for initial calibration. For the standards, each peak must fall within its retention time window 
and be automatically identified on both columns by the data system. 

 
5.) Integration 

Check the integration of the peaks as you examine the chromatogram. Peaks should be 
integrated from baseline to baseline unless there are obvious matrix interferences such as 
coelution. For problematic analytes, manual integrations must be consistently applied to 
ICAL, CCV, and sample integrations. 

 
Determine whether manual integration is necessary by examining the sample 
chromatogram. For samples in which no matrix interferences are present, the sample peaks 
should be integrated in the same fashion as the calibration standards. For samples in which 
interferences raise the baseline, integration of the target compounds should be done on a 
valley-to-valley basis, unless a nearby negative peak would contribute a positive bias to the 
reported result; if a negative peak is present, use a baseline event to extend the baseline 
horizontally across the dip. If manual integration is necessary there are a number of different 
baseline events to choose from. See Appendix_11 for a listing of EZChrom integration 
events. 

 
Warning:  Unsubstantiated alteration of peak integrations solely to pass QC criteria (ie: 

calibration, surrogate) is illegal and is grounds for immediate termination of 
employment. 

 
QUANTITATIVE ANALYSIS 
Because the components of the various Aroclors overlap and multiple Aroclors may be present 
in the samples, the entire area of the standard can not be used for quantitation as is done for 
TPH-diesel (EPA 8015) samples. Instead, five characteristic peaks are identified in each 
Aroclor; these peaks are used both to assist in pattern recognition and in sample quantitation. A 
maximum of two of the five peaks may be discarded if it is evident that matrix interferences or 
“weathering” are distorting the quantitation of the peaks relative to the others.  
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Analyte quantitation is done using the external standard technique. Quantitation is based on 
comparison of the area of the target peak to the initial calibration curve for that peak, with 
adjustments for the sample preparation concentration factor and instrument dilution factor. The 
concentrations of the selected peaks within each target compound are then averaged to obtain 
the reported concentration. See Appendix_1 for example calculations. Concentrations are 
expressed as micrograms per liter or kilogram (µg/L, µg/kg). 
 
All results are reported on a wet-weight (“as received”) basis unless otherwise requested by the 
client. If the client requests ‘dry-weight’ corrections, the ‘wet-weight’ results in the results 
database are corrected for moisture by LIMS when producing the final report forms. 
 
6.) Evaluate the Sample Results 

A user report for Ar1016/1260 will be automatically generated once the run is complete. 
Review any batch QC sample data first to verify that samples from that batch can be 
reported, then review the sample results to identify any samples that need to be rerun and/ 
or diluted.  
 
6.1) Verify that the target compounds are correctly integrated and bracketed by the 

applicable Aroclor standards. 
 
6.2) If an Aroclor other than Ar1016 or Ar1260 is present and appropriate CCV’s bracket 

the extract, process the data with the appropriate EZChrom method for that Aroclor; 
see Appendix_11 for EZChrom instructions. 

 
6.3) If EZChrom identifies Aroclor peaks but the pattern does not resemble that standard, 

check the “FP” (false positive) box in the LIMS user page then click “Update LIMS” to 
save the change. 

 
6.4) If the concentration of any of the 5 Aroclor peaks in the sample exceeds that of the 

highest concentration standard used in the ICAL curve for that compound (or of the 
highest Ar1016/Ar1260 calibration standard), LIMS will flag that over-range peak. 
Dilute the extract and reanalyze. See the “Dilutions” section below for further details. 

 
6.5) If the Aroclor identified in the sample (see the ‘Qualitative Analysis’ section above) 

was different than the bracketing CCV standards, the extract must be reanalyzed 
with bracketing CCV’s of the identified Aroclor. Quantitation is then calculated by 
averaging the concentrations of three to five characteristic peaks within the PCB 
pattern. 

 
6.6) Neither EPA 608 or EPA 8082 require second-column confirmation for PCBs, 

however some clients may. If second-column confirmation was required by the client, 
determine if a result should be reported by reviewing the data from both columns. To 
be reported, the analyte must be detected on both channels. A tentatively identified 
hit is considered a false-positive and reported as ‘ND’ if: 
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a. a peak is present on one column but not on the other,  
 
b. the peak on the confirmation column falls outside the Rt-window,  

 
c. the result on the quantitation column is >2x the reporting limit but less than the 

reporting limit on the confirmation column, or  
 

d. the result on the quantitation column is <2x the reporting limit but less than ½ 
the reporting limit on the confirmation column. 

 
Note:  J-flagged hits on primary column will be confirmed by J-flag to MDL on confirm 
column. 

 
If an analyte is detected on both columns with an RPD of < 40% between the two 
results, report the higher of the two concentrations. 
 
If the RPD > 40% between the two columns, evaluate the chromatograms for any co-
eluting contaminants that may be causing the high RPD.  

 
e. If coelution is evident on one chromatogram, report the result from the other 

column or clean up the extract; narrate the coelution, and the fact that the lower 
result was reported, on the “Data Review Checklist”.  

 
f. If no coelution is evident, report the higher of the two results. 

 
g. LIMS will apply a ‘C’-flag to the reported result. 

 
Report the higher of the two columns’ results, unless specifically directed to do 
otherwise by a client’s project plan. Note: If reporting the lower result, note this and the 
project name on the Data Review Checklist. 

 
7.) Interferences & Dilutions 

The ECD detector is a highly selective detector for halogenated compounds, which means 
that although the ECD can detect very low levels of chlorinated compounds in sample 
extracts, there may also be matrix effects upon the system that are not apparent in the 
sample chromatogram. Most hydrocarbon and many pesticide interferences are removed 
during the extraction procedure, when the extracts are treated with sulfuric acid, however 
the sulfuric acid does not reduce interferences from technical chlordane. The presence of 
elemental sulfur will result in broad peaks that interfere with the detection of early-eluting 
peaks. Sulfur contamination is often found in sediment samples and can be removed by 
treating the extract with copper powder, as described in EPA 3660. See Appendix_7 for 
example sulfur and chlordane chromatograms. 
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If the extract is dark, oily & viscous, or opaque even after cleanup, repeat the cleanup or 
make a dilution that will result in an extract that is a very light yellow in color. If black, oily, or 
viscous extracts are analyzed, a tarry residue will build up in the injection port, causing 
active sites and CCV failure. See Appendix_3 for preparing various dilutions. 
 
If obvious chromatographic interferences are causing the quantitated result for one or two of 
the characteristic five peaks to be mis-quantitated, drop that/those peak(s) from the selected 
peaks so that the reported result is not artificially biased. Keep in mind that there must be a 
minimum of three peaks used for quantitation of each Aroclor. 
 
If a sample is analyzed at multiple dilutions, compare the sample results across the various 
dilutions to verify that the dilutions were prepared correctly. Do the results make sense or is 
there a discrepancy between the runs? If there seems to be a discrepancy, reanalyze the 
sample to confirm the results. 

 
8.) Surrogates 

Surrogate compounds are chemically similar to the target analytes and are added, prior to 
extraction, to every sample, method blank, and spike to monitor the efficiency of the 
extraction for that sample. In-house Surrogate Acceptance Criteria are specified in the 
associated SOP ‘8082 Laboratory Control Limits, Table-1’. These limits are generated semi-
annually, using control charts. 
 
After each sample is analyzed, LIMS will automatically generate a user report with the 
surrogate criteria for that sample and flag any failing recoveries. Evaluate the surrogate 
recoveries for all samples, method blanks, and spikes. If the the extract was diluted by a 
factor of 10 or more, the surrogate is considered diluted out and LIMS will place a “DO” flag 
on the user report and final forms. 
 
If a surrogate recovery is outside QC limits, verify that the prep information (LIMS WS#, 
amount, and concentration of surrogate added, sample weight/ volume, extract volume, and 
instrument dilution factors) is correct. If any of these are incorrect, fix the entry and 
reprocess the data. If the prep entry was correct, determine whether reanalysis is required 
using the following criteria: 

 
a. If a high recovery is observed but no target analytes were detected above the 

reporting limit in the sample, note the failure on the ‘Data Review Checklist’ and 
report the data without reanalysis, since the possible high bias will not affect sample 
results. 

 
b. If a high recovery is observed, and target analytes were detected, and there is no 

obvious chromatographic interference, the sample must be reanalyzed. If the same 
surrogate(s) fails criteria upon reanalysis a Corrective Action report must be initiated 
and the sample must be re-extracted. If the same surrogate fails criteria after re-
extraction it is deemed to be matrix effect. Check the “required for confirmation” box 
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in the LIMS “Review App” for the second batch so it will be included if a Level 4 
report is required (or requested at a later date) and note the situation in the case 
narrative. 

 
c. If a low recovery is observed for any surrogate and there is no obvious 

chromatographic interference, or documented historical site matrix interference, the 
sample must be reanalyzed. If the same surrogate(s) fails criteria upon reanalysis a 
Corrective Action report must be initiated and the sample must be re-extracted. 
Check the “required for confirmation” box in the LIMS “Review App” for the second 
batch so it will be included if a Level 4 report is required (or requested at a later date) 
and note the situation in the case narrative. 

 
If a sample must be re-extracted and the holding time has expired, the client’s Project 
Manager must log the sample into LIMS as an alias and have the sample re-extracted as 
the new sample number. If the sample is still within holding time, the sample should be re-
extracted under the original sample number.  
 
If upon re-extraction, the surrogate recovery is again outside limits, note the matrix effect as 
“confirmed matrix interference” on the User Report and the Data Review Checklist, 
otherwise report the data with passing surrogate recovery. 
 
Note: Project-specific quality assurance project plans (QAPPs) may require batch control 
based on different compounds and control limits, in which case the project requirements 
supersede this SOP for all samples related to that project. 

 
EPA 608 Method Note: Method 608 does not discuss use of surrogate compounds, however 
C&T standard practice is to follow SW-846 guidance and use surrogates as a means of 
verifying the efficiency of the extraction and analysis. 

 
9.) BATCH QC RESULTS 

For every batch of 20 samples (or less) analyzed, a Method Blank (MB), a Laboratory 
Control Sample (LCS), a matrix spike (MS) and duplicate (MSD) are extracted and 
analyzed. If insufficient sample volume was submitted for matrix QC, a blank spike (BS) and 
blank spike duplicate (BSD) are extracted in place of the LCS/ MS/ MSD.   

 
EPA 608 Method Note:  Method 608 requires an LCS for every 10 samples, so any batch 
with more than 10 water samples must include a BS and BSD. Matrix spikes are also 
required on 10% of samples submitted for 608 analysis; if the client does not supply 
sufficient sample volume for the matrix spike, note this on the case narrative. 

 
Note: Project-specific quality assurance project plans (QAPP’s) may contain different 

requirements than those listed in this SOP. If so, the QAPP requirements supersede 
this SOP for all samples related to that project. 
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9.1) Method blank (MB): 
A method blank is extracted with each batch of samples to verify that the extraction 
reagents and process are not contributing to the sample results. No compounds 
should be detected in the method blank, however if a compound(s) is detected, the 
following steps are used to determine the corrective action required: 

 
a. If the concentration of the contaminant is below the reporting limit but above 1/2 of 

the reporting limit, document the contamination on the batch sequence summary 
and the data review checklist and report the data without reanalysis. 

 
b. If the target compound(s) found in the method blank was not detected in the 

associated samples, the data may be reported and the problem narrated.  
 

c. If the target compound(s) found in the method blank was also detected in the 
associated samples, but the level in the samples is greater than 20x the level in the 
method blank, document the contamination on the batch sequence summary and 
the data review checklist and report the data without reanalysis. 

 
d. If the target compounds detected in the method blank were also detected in the 

associated samples, but at levels less than 20x the level in the method blank, and 
reanalysis confirms the problem, the samples containing the contaminant must be 
re-extracted and reanalyzed. Initiate a Corrective Action Report (CAR) immediately 
so that re-extraction can begin within the extraction holding time, if necessary.  

 
Note:  For any Department of Defense (Navy, USACE, AFCEE) project that 
references the DoD Quality Systems Manual (QSM), if the sample result for that 
compound(s) is greater than ten (10) times the amount found in the method blank, 
document the contamination on the batch sequence summary and the data review 
checklist and report the data without reanalysis. If the sample result for that 
compound(s) is greater than the reporting limit but less than ten (10) times the 
amount found in the associated method blank, the samples must be re-extracted 
and reanalyzed.  

 
9.2) Laboratory Control Sample (LCS) or Blank Spike/ Blank Spike Duplicate (BS/BSD): 

Laboratory Control Samples are extracted with each batch of samples to demonstrate 
the performance of the extraction and analysis in the absence of matrix interferences. 
In-house Acceptance Criteria are specified in the associated SOP ‘8082 Laboratory 
Control Limits, Table-1’. These limits are generated semi-annually, using control 
charts.  
 
EPA 608 Method Note:  Method 608 requires an LCS for every 10 samples, so any 
batch with more than 10 samples must include a BS and BSD. EPA 608 defines the 
batch QC acceptance limits in Table 3 of the method; see Appendix_13 for these 
limits. 
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After the QC samples for the batch have run, check the batch QC status to verify that 
the QC has passed acceptance criteria for all of the client-specified limits associated 
with the batch; this report will compare the recoveries (and RPD for BS/BSDs) for each 
compound to the tightest limits applicable to the jobs in that batch. To run this report: 

 
1.) Open the LIMS web browser and go to the Pesticide/PCB Instrument Page. 

 
2.) Type the Batch number in the “View QC status for batch” box and click VIEW. 

 
3.) Review the recoveries, and RPD if applicable, to determine if the data can be 

reported. If either recovery or the RPD fail acceptance criteria, reanalyze the QC 
extracts. If the failure is confirmed upon reanalysis, initiate a Corrective Action 
Record and use the following criteria to determine the required corrective action: 

 
a. If a high recovery is observed but no PCBs were detected in the associated 

samples, note the failure on the Data Review Checklist and report the data 
without re-extraction, as the potential high bias does not affect the sample 
results. 

 
b. If a high recovery is observed and the samples contain PCBs at levels above 

the reporting limits, the samples must be re-extracted. 
 

c. If a high RPD is observed but the recoveries are within acceptance limits and 
PCBs were not detected in the samples at levels above the reporting limits, 
note the failure on the Data Review Checklist and report the data without re-
extraction, as the lack of good precision data does not affect ND samples. 

 
d. If a high RPD is observed and PCB’s were detected in the samples at levels 

above the reporting limits, all samples containing PCB’s must be re-extracted. 
 

e. If low recoveries are observed, the associated samples must be re-extracted. 
 

If a sample must be re-extracted and the holding time has expired, the client’s Project 
Manager should log the sample in as an alias and have the samples re-extracted as 
the new sample number. If the sample is still within holding time, re-extract and 
reanalyze the sample under the original sample number.  

 
9.3) Matrix Spike/ Matrix Spike Duplicate (MS/MSD): 

Matrix spikes are extracted with each batch of samples to demonstrate the accuracy 
(recovery) and precision (RPD) of the analysis in real-world samples. In-house 
Acceptance Criteria are specified in the associated SOP ‘8082 Laboratory Control 
Limits, Table-1’. These limits are generated semi-annually, using control charts.  
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EPA 608 Method Note:  Method 608 requires a matrix spike on 10% of the samples 
received, however most C&T client submit insufficient sample volume for matrix spikes 
to be performed. If this is the case, add an “insufficient sample volume submitted” to 
the case narrative. EPA 608 also defines the batch QC acceptance limits in Table 3 of 
the method; see Appendix_13 for these limits. 

 
a. If the concentration of a target analyte is greater than 4x the spiking level, LIMS will 

apply a “NM” (for “Not Meaningful”) flag to those recoveries. Report the data 
without reanalysis. 

 
Note:  If the concentration of a target analyte is greater than the spiking level, LIMS 
will flag and footnote that concentration for the client’s attention. 

 
b. If the concentration of a target analyte in the sample is greater than the linear 

range, but is not greater than 4x the spiking level, dilute the sample, MS, and MSD 
and reanalyze the extracts. 

 
c. If the concentration of a target analyte in the sample is within linear range but the 

concentration in the matrix spikes is just greater than the linear range, dilute the 
sample, MS, and MSD and reanalyze the extracts. 

 
d. If recoveries fail but the RPD is within acceptance limits, matrix interference is 

usually suspected. Narrate the failure and report the data without reanalysis 
(except for USACE, or other Level 3 or Level 4 projects that always require 
reanalysis). 

 
e. If the recoveries fail due to obvious chromatographic interference (ie: coelution of 

other analytes with the spike compounds), narrate the failure on the Data Review 
Checklist and report the data without reanalysis. 

 
f. If the recoveries are within limits but the RPD fails, and an isolated problem cannot 

be identified and documented, reanalyze the sample and matrix spikes. 
 
After the batch QC samples have been reviewed and deemed acceptable, assemble the 
Batch QC folder and complete a Batch Review Checklist. Submit this package to the 
Department Manager or a QC Chemist for review and approval. 

 
DOCUMENTATION & PEER REVIEW 
Review the job sheet to make sure that any special client needs are addressed (for example, 
CCI needs to be on one instrument). Make sure the correct clean-up version of samples and QC 
has run and are ready to report. Finally, search for any CARs associated with job. 
 
Once you know what you need to report, use the C&T search tool and type in the Job#, Product 
(“pcb”), and Matrix. This will bring up sample data in LIMS. In the top right corner, use the 
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"Review" pull down menu and select the job you would like to report. If you are unsure how to 
use the LIMS “Review App”, see Appendix_12 for detailed instructions. 
 
Log in if necessary.  
 

Important! You must be logged in with your own initials to process and review sample data! 
If another analyst has been using the computer, make sure to login under your name. 

 
Review the LIMS generated user reports, the data reduction quantitation reports, and the 
chromatograms to ensure that the correct qualifier flags, dilution factors and results are 
reported. The user report must be initialed and dated by the analyst reviewing and approving 
the data for that sample.  
 
Complete and sign the "Data Package Review and Narrative" checklist. The completed data 
package consists of this checklist, C&T Job sheet, and LIMS “Form 1’s” (sample and batch QC 
results) and any associated Corrective Action Reports.  
 
Submit the data package to the Group Leader, Department Manager, or QC Chemist for 
second-party review. Any changes made by the second-party reviewer must be individually 
initialed and dated by the reviewer. The second party reviewer must initial and date each user 
report, make any additional comments on the case narrative and initial and date the completed 
checklist. 
 
POLLUTION PREVENTION 
Direct the split vent and septum purge lines through a carbon trap in order to reduce solvent 
emissions into the laboratory. Prepare only sufficient standard volume to use within the shelf-life 
of the standard to reduce the volume of waste generated by the laboratory. 
 
WASTE DISPOSAL 
All sample extracts should be stored at 4°C (+ 2°C) in the Delfield refrigerator in the extraction 
lab. The extracts should be retained for a minimum of 40 days after extraction. After 40 days 
they should be included in the ‘PCB’ waste stream. 
 
REVISION HISTORY 
This is revisions 9. Rev 8 was changed as follows: 

• The definition of a batch was changed to reflect 20 samples excluding QC samples. 
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APPENDIX_1: CALCULATIONS 
 
SAMPLE CONCENTRATION   
Quantitation is done by the data system using an external standard calculation method. The 
concentration of an analyte is calculated, by the data system, by comparing its peak area in the 
sample chromatogram against the initial calibration curve. This concentration is then adjusted 
for the dilution/concentration factor to obtain the final concentration of the analyte in the sample.  
 
Note: If a client requests results reported on a ‘Dry Weight’ basis, the concentration is divided 
by the ‘solids’, where the solids is (100-%moisture)/100. 
 
Dry Weight Concentration (ug/Kg) =  “As Received” Conc. / ((100 - %moisture)/100) 
 
Concentration using Average Calibration Factor (by external standard) 
 Cx = [ ∑ (Ax / CFavg) / P ] * pdf * idf 
 
Where: Ax = Area of peak 
 CFavg = Average Calibration Factor for that peak, from the curve 
 pdf  =  Prep Dilution Factor (Vf/Vi or Vf/Wi) 
 idf  =  Instrument Dilution Factor  
 P = number of peaks used 
 
Concentration using Linear Regression (by external standard) 
 Cx = [ ∑((Ax – b) / m ) / P ] * pdf * idf 
 
Where: Ax = Area of peak 
 b = intercept, for that peak from the curve 
 m = slope, for that peak from the curve 
 P = number of peaks used 
 pdf  =  Prep Dilution Factor (Vf/Vi or Vf/Wi) 
 idf  =  Instrument Dilution Factor  
 
 
CALIBRATION EQUATIONS   
 
Calibration Factor is the ratio of the detector response (area) to the amount (mass or 
concentration) in the calibration standard. 
 
 CF = Ax / Cx 
 
Where:   Ax = Area of the compound 
 Cx = Concentration of the compound 
 
Average CF or RRF = CFavg or RRFavg = ∑(RFi) / n 
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Where: RFi = Response or Calibration factor for each level 
 n = number of calibration points 
 
Relative Standard Deviation (%RSD) 
RSD is usually expressed in % and is a measure of the “goodness of fit” of a curve that uses the 
average response factor. 
 
 RSD =  (SD / RFavg ) * 100 
 
Where: SD = Standard Deviation 
 RFavg = Average Calibration Factor or Relative Response Factor 
 
Standard Deviation = SD = √ {[ ∑ (RFi – RFavg )2 ] / (n-1) } 
 
Where: RFi = Response or Calibration factor for each level 
 RFavg = Average Calibration Factor or Relative Response Factor 
 n = number of calibration points 
 
Linear Regression Equations 
 y = mx + b 
 
Where: y = response (area of peak 
 x = concentration 
 m = slope 
 b = intercept 
 
Slope (m) = [ (∑wxiyi * ∑w) – (∑wxi * ∑wyi) ] / [ (∑w * ∑wxi

2) – (∑wxi * ∑wxi) ] 
 
Intercept (b) = yavg – (m * xavg) 
 
Correlation Coefficient (r)  
 
 r =   [ (∑w * ∑wxiyi) – (∑wxi * ∑wyi) ]   
  √ {[ (∑w * ∑wxi

2) – (∑wx * ∑wxi)] * [ (∑w * ∑wyi
2) – (∑wyi * ∑wyi) ]} 

 
Coefficient of Determination (r2) = r * r 
 
Where: xi = individual values for the independent variable (concentration) 
 yi = individual values for the dependent variable (response, area) 
 w = weighting factor (for no weighting w = 1) 
 xavg = average of the x-values 
 yavg = average of the x-values 
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Percent Difference (or Percent Drift), %D: 
For calibration verification standards, the %D is the difference between the true concentration of 
the standard and the calculated concentration of the standard, divided by the true concentration, 
multiplied by 100: 
 

%D (Percent Difference)   =  ((Cws - Cf) / Cws) * 100 
      
 Where: Cws  =  true concentration of the spiking standard 
  Cf  =  final measured concentration in the spiked sample 
 
BATCH QC   
 
Percent Recovery (%R):  
The recovery is the measured concentration divided by the true concentration of the spike. 
 
 %Recovery  =  (Cf – Cs) / (Cws * Vws) *100 
 
 Where: Cf  =  final measured concentration in the spiked sample 
  Cs  =  measured concentration in the un-spiked aliquot of sample  
  Cws  =  concentration of the spiking standard 
  Vws  =  volume used, of the spiking standard 
 
Relative Percent Difference (RPD):  
The RPD is the absolute value of the difference in concentrations divided by the average of the 
concentrations. 
 
 %RPD  =  |(Cs -  Cdup )| /  ((Cs + Cdup)/2)  * 100 
 
 Where: Cs  =  measured sample concentration 
  Cdup  =  measured concentration in the duplicate 
 
Make a Working Standard from a Source (Stock) Standard: 
Determine the volume of source standard needed to make a given volume of working standard: 
 

Vss (mL)  =  Vws * Cws / Css 
 
Where:  Vss   =  Volume of Source Standard (mL) needed to make Working Standard 

Vws  =   Final Volume (mL) of Working Standard  
Cws  =   Final Concentration (ug/mL) of the Working Standard 
Css  =   Concentration (ug/mL) of the Source Standard 
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APPENDIX_2: SOURCE & WORKING STANDARDS 
 
 
STANDARDS DOCUMENTATION    
 
Source Standards 
Source standards are those purchased directly from a chemical manufacturer or vendor. The 
LIMS S-name is unique to the manufacturer of the source standard; if a source standard is 
obtained from a different manufacturer, a new S-name must be assigned and the information 
entered in the “Standard Definitions” table before the standard can be assigned an S#. 
 
Source standards usually have an expiration date set by the manufacturer. If no expiration date 
is listed, the expiration date is one year from date received. Certificates of Analysis should be 
obtained from the vendor of each source standard; the certificates should be labeled with the 
LIMS ID and the date received and filed in the 3-ring binder. 
 
Enter all source standards into LIMS immediately upon receipt, using the Standards Menu 
“Standard Inventory”, listing the date received, lot number, and expiration date. Write the LIMS 
S# on the vials and the certificate of analysis. 
 
The standards listed below were those in use at the time this document was written, however 
standards may be purchased from different vendors so long as they are traceable through LIMS 
and the Standards Prep Logs. 
 
Working Standards 
Working standards are those prepared by C&T. For working standards, the LIMS S-name is not 
necessarily unique to the source standard used to create the working standard but is unique to 
the compound list and concentrations contained in the working standard; if the concentration or 
compounds in the working standard changes, a new S-name, compound list and concentrations 
must be entered in the “Standard Definitions” table before the standard can be logged in and 
assigned an S#. It is very important to enter this information correctly, as LIMS uses this 
information to calculate spike and surrogate recoveries. 
 
Working standards expire 180 days after preparation from the source standards unless any of 
the source standards expire before the 180 days. If any of the source standards expire before 
the 180 days, change the expiration date of the working standard to match the earliest 
expiration date of the stock standards. The expiration date of the working standard must not 
exceed the expiration date of any of the source standards from which it was made.  
 
In the Standards Benchbook, enter the prep date, LIMS S#, concentration, and volume of each 
source standard used, solvent name and lot#, the LIMS S-name and concentration of the 
working standard, expiration date, and prep chemist’s initials.  
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In LIMS, use the “Standards Inventory” screen to enter the prep chemist’s initials, prep date, 
and S# of the source or intermediate standards used to make the working standard; LIMS will 
then assign a standard number (S#).  
 
SOURCE STANDARDS   
Label each vial with the contents, LIMS S#, and expiration date. Store standards at 4°C (+ 2°C) 
in Refrigerator #21 in the pesticides lab; standards may not be stored in a refrigerator containing 
samples or extracts. 
 

Primary Source Standards 
Analytes Concentration  

(ug/mL) 
Supplier & Catalog# 

5pk           10pk  …. 
LIMS S-Name 

Surrogates (TXCM/DCB) 200 Ultra Scientific ISM-320 PSS 
Primer (TCL Pesticides) 2,000 Supelco 4-8913M  
    
Aroclor 1016/1260 Mix 1,000 Restek 32039 AR_16/60 
Aroclor 1221 1,000 Restek 32007 AR21_R 
Aroclor 1232 1,000 Restek 32008 AR32_R 
Aroclor 1242 1,000 Restek 32009 AR42_R 
Aroclor 1248 1,000 Restek 32010 AR48_R 
Aroclor 1254 1,000 Restek 32011 AR54_R 
Aroclor 1262 1,000 Restek 32409 AR62_R 
Aroclor 1268 1,000 Restek 32410 Ar68_R 

 
Second Source (ICV) Standards 

Analytes Concentration, in 
Hexane (ug/mL) 

Supplier & Catalog# 
 

LIMS S-Name 

Aroclor 1016/1260 Mix 100 Ultra Scientific PPM-8082-1 1660_U 
Aroclor 1221 100 Ultra Scientific PPM-292-1 1221_U 
Aroclor 1232 100 Ultra Scientific PPM-301-1 1232_U 
Aroclor 1242 100 Ultra Scientific PPM-312-1 1242_U 
Aroclor 1248 100 Ultra Scientific PPM-342-1 1248_U 
Aroclor 1254 100 Ultra Scientific PPM-352-1 1254_U 
Aroclor 1262 100 Ultra Scientific PPM-371-1 1262_U 
Aroclor 1268 100 Ultra Scientific PPM-381-1 1268_U 
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WORKING STANDARDS PREPARATION   
Because the solvent may dissipate over time, these solutions must be discarded after six 
months or sooner if there is a discrepancy when compared with other standards. Verify that the 
LIMS expiration date of the working standard does not exceed that of any of the source or 
intermediate standards used to make it. If any of the source standards expire before the 180 
days, change the expiration date of the working standard to match the earliest expiration date of 
the stock standards. The expiration date of the working standard must not exceed the expiration 
date of any of the source standards from which it was made.  
 
Prepare the working standards in hexane, by diluting source standards to volume in a Class-A 
volumetric flask. Label the standards vials with the name & concentration (or calibration level) of 
the standard, LIMS S# and the expiration date. Store standards at 4°C (+ 2°C) in the extraction 
lab refrigerator; do not store in a refrigerator containing samples or extracts. 
 
Make up a 10,000 ug/L intermediate standard then dilute this standard in hexane to make the 
calibration standards.  
 

Level Add Vol. 
(mL) Std 

Using Std 
Name 

Using 
Std Conc (ug/L)

Final Vol. 
(mL) in 
Hexane 

Final Conc (ug/L) of 
Aroclors / Surrogates 

LIMS 
S-Name 

ICAL 
Intermediate 

1.00 
1.00 

AR_16/60 
PSS 

1,000,000 
200,000 

100 10,000 / 2,000 RES16/60_S 

       
ICAL 1 0.100 RES16/60_S 10,000 / 2,000 100 10 / 2 PCB10_2 
ICAL 2 0.250 RES16/60_S 10,000 / 2,000 100 25 / 5 PCB25_5 
ICAL 3 1.00 RES16/60_S 10,000 / 2,000 100 100 / 20 PCB100_20 
ICAL 4 2.50 RES16/60_S 10,000 / 2,000 100 250 / 50 PCB250_50 
ICAL 5 5.00 RES16/60_S 10,000 / 2,000 100 500 / 100 PCB500_100 
ICAL 6 7.50 RES16/60_S 10,000 / 2,000 100 750 / 150 PCB750_150 
ICAL 7 10.0 RES16/60_S 10,000 / 2,000 100 1,000 / 200 PCB1K_200 

       
ICV 

Intermediate 
1.00 
1.00 

1660_U 
PSS 

1,000,000 /  
200,000 

100 10,000 / 2,000 PCBULTRA_S 

       
ICV 2.50 PCBULTRA_S 10,000 / 2,000 100 250 / 50 ULTRA_1660 

 
Initial calibration curves for the remaining analytes are diluted in the same pattern as shown 
above and named in reference to the Aroclor (ie: Ar1232 would be 32_750, 32_500, etc). 
Aroclor 1232, Aroclor 1242, and Aroclor 1248 are analyzed as discrete standards. Aroclor 1221 
and 1254 source standards may also be combined into a single standard (2154_750, 
2154_500, etc). 
 
The initial calibration verification (ICV) standard is prepared using a source standard obtained 
from a different manufacturer from the initial calibration curve standards. Continuing calibration 
verification (CCV) standards are prepared from either the same manufacturer as the initial 
calibration curve or from a different manufacturer. 
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EPA 608 Method Modification: EPA 608 calls for the “stock standards” to be prepared in 
isooctane; C&T uses hexane because sample extracts end up in hexane and use of the same 
solvent improves matrix-matching between standards and samples.  
 
Note:  The USACE recommends that CCV’s be either the same standards as the initial 
calibration standards or at least be prepared from standards obtained from the primary vendor, 
to more easily differentiate between instrument problems and variability of the standards. 
 
Continuing Calibration Verification Standards (250ug/L Aroclor with 20ug/L TCMX/DCB): 
Each CCV standard is made by adding 2.50 mL of the primary source intermediate (containing 
10000 ug/L of Aroclor and 2000 ug/L of TCMX/DCB) to make a final volume of 100 mL in 
hexane.    The final concentration of the CCV standard is 250 ug/L of the Aroclor with 50 ug/L 
TCMX/DCB.  The primary source intermediates are named RES##_S and the CCV standards 
are named RES_##, where ## is the aroclor number. 
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APPENDIX_3: PESTICIDE & PCB DILUTIONS 
 
Let the extracts warm to room temperature then prepare the dilution in either an autosampler 
vial or an insert. See table below for appropriate volumes. Shake the dilution and invert 3 times 
to mix. 
 

Dilution 
Factor 

Made In Extract Volume 
(μL) 

Hexane Volume 
(μL) 

    
2x Insert 100 100 
 GC vial 500 500 

3x Insert 50 100 
 GC vial 250 500 

4x Insert 50 150 
 GC vial 250 750 

5x Insert 40 160 
 GC vial 200 800 

10x Insert 20 180 
 GC vial 100 900 

20x Insert 10 190 
 GC vial 50 950 

50x GC vial 20 980 
100x GC vial 10 990 

    
 
 
SERIAL DILUTIONS 
If you need to make a >100x dilution, first make the 100x dilution listed above, then make 
further dilutions, in hexane, using that as an intermediate. 
 

Dilution 
Factor 

Using 
Primary Dil’n 

Made In Extract Volume 
(μL) 

Hexane Volume 
(μL) 

     
200 100x GC vial 100 100 
500 100x GC vial 40 160 

1,000 100x GC vial 20 180 
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APPENDIX_4: INSTRUMENT CONDITIONS 
 
The settings listed below were those in use at the time this document was written. Parameters 
may be changed at the analyst’s discretion in order to optimize instrument performance. 
Changes are documented in the instrument’s maintenance log. 
 
 
GC-06 / GC-16  GC Model: HP 5890 
  Columns: Restek RTx-CLPesticides / Restek RTx-5 
  Column insertion distances: 
  Injector side: 5 mm from end of ferrule 
  Detector side: 70 mm from the bottom of the nut 
Carrier gas:  Hydrogen   
Make up gas:  5% Methane in Argon (P5) at 50 mL/min  
 
Oven  

Oven on: Yes Ramp
Rate 

(mL/min) 
Final 

Temp(°C) Hold (min) 
Equilibration Time (min): 0.2 Initial - - 140 0 

Maximum Temperature (°C): 325 1 7 270 0 
 2 25 325 3 

 
Zone Temperatures (°C)  Front Injector  

Inj A: 205  Sample Washes 3
Inj B: 205  Sample Pumps 2

Det A: 300  Viscosity Delay 1
Det B: 300  Solvent A washes 3

  Solvent B washes 3
Constant Flow (mL/min): 2.5   

 
Valves Inlet Purge Valves 

Valve 3: On Init State On time (min) Off time (min) 
Valve 4: On A 0.2 0 

 B 0 0 
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GC-22 GC Model: Varian CP-3800 w/ CP-8400 Autosampler 
 Columns: Front (Channel A): Restek RTx-CLPesticides 
  Back (Channel B): Restek RTx-5 
 Column insertion: Injector side: 3.7 cm from the bottom of the nut  
  Detector side: 10.5 cm from bottom of the nut 
 Gases: Carrier Gas:  Helium, Makeup Gas:  Nitrogen 
 
Front Injector  Middle Injector   

Temperature (°C): 210  Temperature (°C): 210
Split: Time (min) State Ratio  Split: Time (min) State Ratio 

 Initial Off 0  Initial Off 0 
 0.5 On 100  1.2 On 100 
 2.0 On 50  2.7 On 50 
 2.5 On 5  25 On 5 

Constant Flow Rate (mL/min): 2.2  Constant Flow Rate (mL/min): 2.2
Pressure Pulse Enable: On  Pressure Pulse Enable: On

Pressure Pulse Pressure (psi): 30  Pressure Pulse Pressure (psi): 30
Pressure Pulse Duration (min): 0.25  Pressure Pulse Duration (min): 0.95

   
CP-8400 Autosampler  Detector Settings: 

Injector Position: 1 & 2  Front:                 Temperature (°C): 325
Use Injector Delay (min): 0.7  Range: 1

Sample Penetration Depth %:  90  Range Auto-zero: No
Solvent Penetration Depth %: 90  Electronics: On

Number of Fill Strokes: 3  Time Constant: Fast
Fill Volume for Fill Strokes (µL):  5  Cell Current: N2 High

Sample Flushes: 0  Contact Potential: 300
Pre-Inject Flushes: 3   

Post-Inject Flushes: 1  Back:                 Temperature (°C): 325
Clean Solvent Source Vial: 1  Range: 1

  Range Auto-zero: No
Oven     Electronics: On
Stabilization Time (min): 0.2  Time Constant: Fast
 Rate Hold  Cell Current: N2 High

Step Temp(°C) (mL/min) (min)  Contact Potential: 300
Initial 140 - - 0   

1 280 7.5 0   
2 310 25 4   
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APPENDIX_5: MAINTENANCE & TROUBLE-SHOOTING 
 
Any maintenance performed on the instrument must be documented in the Maintenance 
logbook. This notation must include the reason the maintenance was necessary (‘CCV failing’, 
etc.), the date, analyst initials, maintenance steps performed, and resolution (‘ICAL passed’, 
etc.) of the maintenance. 
 
“SAFETY SHUT-DOWN”: 
A “safety shut-down” will occur when the EPC (electronic pressure control) can not reach the 
pressure set-points due to problems with the gas supply. The problem may be due to a cored 
septum, a faulty valve, someone disconnecting a tank incorrectly, a loose injection port screw, a 
broken or plugged column, or an empty tank. Investigate and correct the problem before 
restarting the sequence. 
 
The GC will begin beeping up to 2 minutes before the “safety shut-down” happens. If the 
problem is immediately corrected, the shut-down may be averted. If this happens, watch the 
sequence to ensure that it does continue correctly. 
 
To restart GC-06 after a safety shut-down, turn off the GC, wait about 15 seconds, then turn the 
GC back on. 
 
TROUBLE-SHOOTING            
 
Symptom: Dirty instrument blank 
 
Possible causes: 

· Semivolatile or nonvolatile sample residues in injector. Remove injector liner and 
stainless steel seal and swab out injection port with a Q-Tip soaked in Hexane. 
Change septum, injector liner and gold seal. Reanalyze instrument blank. 

 
· Semivolatile or nonvolatile sample residues in column. Remove guard column from 

injector and cut off about 1 loop. Reinstall. Reanalyze instrument blank. If instrument 
blank is still dirty, rinse column and reanalyze instrument blank. See RESTEK 
literature for column rinsing instructions. 

 



SOP Volume: SVOC Curtis & Tompkins, Ltd 
Section:  3.2 
Page: 31 of  61 
Revision:   9 Number:  1 of  1 
Effective:   1 November 2010
Filename: F:\qc\sop\svoc\pcb_rv9.doc 
 

This SOP contains information that may not be disseminated to entities other than C&T staff, clients, and regulators. 

 

 
PREVENTATIVE MAINTENANCE          
 
1.) Septa should be replaced after no more than 100 injections. 
 
2.) Injector liners should be replaced whenever a CCV is out of limits or you cannot get a clean 

instrument blank. 
 
3.) Check the tightness of the capillary column detector adapter nut weekly. Replace the ferrule 

in the adapter when you can no longer tighten the fitting and the adapter is still loose. 
 
4.) Check tightness of capillary column ferrule nuts in detector and inlet fittings; they should be 

snug - do not over-tighten. 
 
5.) Autosampler syringes should be removed from the autosampler and cleaned weekly. Clean 

by drawing and expelling a 1:1 vol:vol Hexane/Acetone mixture. After 3 rinses, withdraw the 
plunger and wipe it with a Kimwipe. Repeat; continue until no more residue is being wiped 
from the plunger. 

 
6.) Detectors may need thermal cleaning (bake out) after running many "dirty" samples. They 

should be baked out about every three months whether they need it or not. Warning - baking 
out a detector may change its response! 

 
To thermally clean an EC detector: 

A.) Remove the column from the detector and cap the detector. 
 

B.) Set DET A TEMP and DET B TEMP to 375°C 
 

C.) Monitor the progress of the cleaning by observing the detector signals (SIG 1 
or SIG 2). Typically the signal will rise as the detector temperature goes to 
350°C. If the detector is dirty the signal will peak and decrease to a constant 
level. If the detector is not too dirty the signal may just rise until the detector 
temperature equlibrates and then stay constant. Thermal cleaning is 
complete when the detector signal has been constant for about 15 minutes. 

 
D.) Reset DET A TEMP and DET B TEMP to 325°C 
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APPENDIX_6: RETENTION TIMES & ELUTION ORDER 
 
Retention Time Windows:  “Retention Time Windows” are necessary because compounds may 
not elute at exactly the same time during each and every injection, due to slight variations in 
temperature, flow rate, or injection composition (sample viscosity, compound concentrations), 
etc. The RT-window is the length of time (width, in minutes, on the chromatogram) during which 
any peak eluting within the window is presumed to be the analyte of interest. “72-hour RTW 
Study” is a term often used by auditors to describe statistical analysis of the retention times of 
standards injected over a 72 hour sequence; theoretically, the RT windows determined by this 
study can be used for routine analysis, however the studies that C&T has conducted in the past 
result in windows that are too narrow for routine use. C&T therefore uses the default retention 
time windows of + 0.03 minutes as specified in EPA 8000B.  
 
If a 72-hour RT study is required by a client or auditor, the RT windows are defined as plus or 
minus three times the standard deviation of the absolute retention times for each compound in 
the calibration standard mix as measured over the course of 72 hours. (Note: This procedure 
has historically (and consistently) produced RT-windows too tight for routine use.) In the event 
that a standard deviation is 0.00, then use the 0.03-minute window (see 8000B). However the 
experience of the analyst should weigh heavily in the interpretation of the chromatograms.  

 
For multi-component standards, i.e. PCB's, the analyst should use the retention time windows 
but also rely on pattern recognition. 
 
Absolute Retention Times:  The “absolute” retention time of any compound is the expected time 
of the compound is the center of the RT window. Use the retention time for each analyte from 
the mid-level initial calibration standard as the “absolute” retention time. Examine the daily CCV 
retention times and verify that the peak maximum falls at the center of each retention window. If 
any of the compounds fall outside their daily or approach the limit of the window, update the 
retention times based on the first CCV of that sequence. Save the method file with the new date 
and process the entire sequence with the new RT’s. 
 
Method Modification Note: EPA 8000B, Section 7.6.5 suggests updating the absolute retention 
times each time a new sequence is started. Because the retention times for these compounds 
are relatively stable, C&T has only found it necessary to update the retention times when 
performing the initial calibration or when an RT-shift is observed in the CCV.s. 
 
Elution Order:  The order in which compounds elute is based on chemical composition of the 
stationary phase of the column and on the instrument conditions (flow rates, temperature 
programming, column length). Given a specific set of instrument conditions (flow rates, 
temperature program) the order in which compounds elute from a column should remain 
constant but may differ between different types of columns. 
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APPENDIX_7: INTERFERENCES & MULTICOMPONENT CHROMATOGRAMS 
 
Matrix interferences may cause inaccuracies in the determined element concentrations. These 
interferences may interfere with the integration of the data or with the actual instrumental 
analysis of the samples.  
 
Sulfur 
The presence of elemental sulfur is generally indicated by the presence of several large peaks 
that may obscure the target analytes or otherwise interfere with the detection and integration of 
the target analytes; see the following pages for example chromatograms. This is a common 
interference for most soil and wastewater samples but is not as prevalent in groundwater 
samples. If sulfur is present, it should be removed using copper powder and the extracts should 
then be reanalyzed. 
 
Multicomponent Pesticides & PCB’s 
PCB’s, technical chlordane, and toxaphene are all multi-component (ie: consist of more than a 
single compound) analytes that will be observable on the sample chromatograms and may 
interfere with quantitation of discreet PCB congeners or pesticides; see the following pages for 
example chromatograms. If these multi-components are present, it may not be possible to 
reliably report a single, undiluted run; see the Department Manager or QC Chemist for 
guidance. 
 
Organic Acids 
Organic acids do not appear on the sample chromatograms but are indicated by the 
disappearance of DDT, Methoxychlor, and their breakdown products from pesticide CCV’s. 
These interferences are common to wastewater treatment facilities and municipal landfills. Any 
sample extracts suspected, or known through site history, to contain organic acids should be 
run at a 100x or more dilution. If these extracts are analyzed at a less dilute level, the acids will 
destroy the column’s stationary phase and the entire column will then need to be replaced. 
 
Hydrocarbons 
Hydrocarbons present in dark or oily extracts will cause active sites in the injection port, leading 
to breakdown problems. See the “Dilutions” section in the main body of this SOP for further 
discussion. 
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Sulfur Chromatogram 

 



SOP Volume: SVOC Curtis & Tompkins, Ltd 
Section:  3.2 
Page: 35 of  61 
Revision:   9 Number:  1 of  1 
Effective:   1 November 2010
Filename: F:\qc\sop\svoc\pcb_rv9.doc 
 

This SOP contains information that may not be disseminated to entities other than C&T staff, clients, and regulators. 

 

 
Technical Chlordane Chromatogram Toxaphene Chromatogram 
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AROCLOR 1016 + AROCLOR 1260 

 
 
AROCLOR 1221 

 
 
AROCLOR 1232 
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AROCLOR 1242 

 
 
AROCLOR 1248 

 
 
AROCLOR 1254 
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APPENDIX_8: TARGET COMPOUNDS & REPORTING LIMITS 
 
 
Compound   CAS#    Reporting Limits 
       (ug/L)  (ug/Kg) (ug/wipe) 
 
Aroclor 1016   12674-11-2  0.5  12  2.5 
Aroclor 1221   11104-28-2  1  24  5.0 
Aroclor 1232   11141-16-5  0.5  12  2.5 
Aroclor 1242   53469-21-9  0.5  12  2.5 
Aroclor 1248   12672-29-6  0.5  12  2.5 
Aroclor 1254   11097-69-1  0.5  12  2.5 
Aroclor 1260   11096-82-5  0.5  12  2.5 
 
Reporting Limits may vary, depending on the volume submitted for analysis, preparation method 
used, and %moisture (if reported on a dry-weight basis). The reporting limits listed above are 
based on the following prep volumes & weights: 
 
Water Samples: Initial Volume = 1,000 mL Final Extract Volume = 25 mL 
3550 Soil Samples: Initial Weight = 30 g Final Extract Volume = 25 mL 
3545 Soil Samples: Initial Weight = 15g  Final Extract Volume = 10 mL 
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APPENDIX_9: INITIAL CALIBRATION 

Procedure & Acceptance Criteria 
 

REQUIREMENTS 
An initial calibration curve must be analyzed whenever instrument conditions (temperature 
programs, flow rates, etc.) have been changed, the detector has been cleaned, or when a new 
column has been installed. In general, a new calibration curve must be made whenever 
instrument conditions have been altered, or whenever the continuing calibration verification no 
longer passes acceptance criteria.  
 
The instrument analytical range must be established by running a minimum of 5 calibration 
standards, containing Aroclor 1016 and Aroclor 1260, at levels that bracket the quantitation 
range (see Appendix_2 for standard suppliers); the lowest standard must be at or below the 
reporting limit and the highest standard determines the upper end of the quantitation range. The 
standards must be analyzed in order of increasing concentration. Points may be dropped so 
long as the following criteria are met: 
 

 The highest concentration standard may be omitted so as long as there are at least five 
points remaining and the remaining highest point defines the top of the calibration range 
(any extracts which exceed this response must be diluted and reanalyzed).  

 
 If the high point of a single congener in the Aroclor needs to be dropped, the high point 

should be dropped for each of the other peaks as well to consistently define the top of 
the linear range for the entire Aroclor. 

 
 The lowest concentration standard may be omitted from curve if, and only if, the 

resulting lowest standard is at or below the reporting limit for samples and there are at 
least five points remaining. For surrogates, the lowest concentration standard must be 
<10x of the level used to spike the samples and QC. 

 
 Mid-point standards may not be omitted simply to improve the RSD or linear correlation 

coefficient. They may, however, be reanalyzed if a poor injection is suspected. The 
reanalysis must occur immediately after the curve so long as no sample extracts were 
analyzed since the last calibration standard and all compounds are calibrated using the 
second run. Under no circumstances may a point in the middle of the curve be rejected 
in order to pass calibration criteria for a particular compound. 

 
The curve must be verified by analyzing an Initial Calibration Verification (ICV) standard 
comprised of standards obtained from a different manufacturer than those used to prepare the 
ICAL standards. See Appendix_1 for calculation of response factors, RSD, and correlation 
coefficient. 
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Initial Calibration Levels (pg) 

Compound Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7
Aroclor 1016 10 25 100 250 500 750 1,000
Aroclor 1260 10 25 100 250 500 750 1,000
   
Decachlorobiphenyl (DCB) 2 5 20 50 100 150 200
Tetra-chloro-m-Xylene (TCMX) 2 5 20 50 100 150 200
 
 
Note:  EPA 8082 Section 5.6.1 specifically allows the use of an Ar1016/1260 mix to establish 
the linearity of the detector and a single-point initial calibration to establish the response factor 
for the remaining Aroclors, however EPA 608 and many Department of Defense (USACE, Navy, 
AFCEE) projects require a multi-point calibration if the pattern is detected in any of their 
samples. Check the project notes to verify the requirement for samples associated with any 
DoD project. 
 

PROCEDURE 
For each of the Aroclors, select three to five representative peaks as the basis of quantitation 
and assign a unique identification (i.e.‘PCB1260 #1’, ‘PCB1260 #2’, etc.) to each peak. LIMS 
will calculate the calibration factor for each of these peaks in each of the calibration standards.  
 
If the retention times have changed significantly, analyze the 5-point Ar1016/1260 along with a 
single-point for each of the other Aroclors, for pattern recognition. If samples are being analyzed 
by EPA 8082 and one of the other Aroclors is identified in the extracts, the calibration 
verification standard immediately preceding the sample can be used to used to establish the 
calibration factor for that Aroclor, so long as the 1016/1260 ICAL has demonstrated the linearity 
of the detector (as per 8082 Section 5.6.2). 
 
EPA 608 Method Note:  If samples are being analyzed for EPA 608, a multi-point calibration 
must be run for any of the other analytes if they are detected in the sample. 
 
Run the Initial Calibration Standards: 
1.) Prepare the standards as described in Appendix_2. 
 
2.) Prepare an Initial Calibration Verification (ICV) standard from source standards obtained 

from a different manufacturer than the ICAL standards.  
 
3.) Perform any needed instrument maintenance and run a “primer” at about 2,000 ug/L 

followed by a hexane instrument blank. If any target compound is detected above the 
reporting limit, run another instrument blank. 

 
4.) Load the calibration standards onto the autosampler tray in order of increasing 

concentration.  
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5.) Add instrument blanks before and after the ICAL standards to demonstrate that the low-level 

standard was not influenced by instrument contamination and that analytes at the high-level 
concentrations will not carryover into real-world samples.  

 
6.) If the retention times of the analytes in the new calibration curve are expected to be 

significantly different than the previous calibration curve, due to instrument maintenance 
such as column maintenance or changed flow or temperature parameters, also include a 
single calibration standard of each of the other Aroclors in the sequence. 

 
7.) Load the ICV after the instrument blank that follows the calibration standards. The ICV, 

prepared from standards obtained from a second manufacturer, must be analyzed to verify 
that the standards used to create the initial calibration curve were prepared correctly. 

 
 
8.) In the sequence spreadsheet, make sure the new method is entered. To change the 

method, select the first box in the METHOD column and click the green diamond button. 
Slect the new method and click OPEN. Right click on the first box in the METHOD column 
and select FILL DOWN. 

 
Note:  Always make sure the new method is created and entered into the sequence 
BEFORE processing an ICAL or updating retention times. This ensures that you do not 
change and overwrite the old method. 
 

9.) In the SAMPLE ID column, enter ICAL points below, identifying the type of sample as initial 
calibration standards, the LIMS identification of the standards, and the applicable dilution 
factors. The “stype” and S# must be correctly entered into the sequence in a specific order 
for LIMS to be able to interpret the information. 

 
primer 
hexane  
ICAL, S#, PCB10_2 
ICAL, S#, PCB25_5 
ICAL, S#, PCB100_20 
ICAL, S#, PCB250_50 
ICAL, S#, PCB500_100 
ICAL, S#, PCB750_150 
ICAL, S#, PCB1000_200 
hexane 
ICV, S#, ULTRA_1660 
 
Where: 
S# is the LIMS S# of the standard used 
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10.) Save the sequence by going to FILE > SEQUENCE > SAVE. 
 
11.) Run the ICAL, following the steps on “Running a Sequence in EZChrom” as described in 

Appendix_11. 
 
Process a Multi-Point ICAL in EZChrom: 
12.) Make sure that you have created and entered a new method into the sequence before 

processing an ICAL. Also make sure the new method is currently opin in your EZChrom 
session. 

 
13.) Check the integrations of the Initial Calibration data files and work up the data using the 

integration events outlined in Appendix_11. Make sure all of the analytes are correctly 
identified for every calibration level on both channels. If you need to change the retention 
times, see “Updating the Retention Times” in Appendix_11. 

 
Peaks should be integrated from baseline to baseline. Manual integrations of any kind 
must be substantiated and documented on the Initial Calibration Report. Manual 
integrations must be consistently applied to all ICAL, CCV, and sample integrations. 
Unsubstantiated alteration of peak integration solely to pass calibration criteria is illegal and 
is grounds for immediate termination. If the reason for the integration is not intuitive and 
obvious, the analyst must document the reason on the data.  

 
14.) Once the chromatograms are properly integrated, process the data. In the sequence 

spreadsheet, change the run type by selecting the row for the run and clicking the blue 
triangular button under the RUN TYPE column. The Sample Run Type(s) window should 
open. Check CLEAR CALIBRATION AT LEVEL and click OK. Change all of the ICAL runs 
to this run type. 

 
15.) In the LEVEL column, enter the appropriate calibration level. 

 
Note:  To find the calibration level, open the “Peaks & Groups” table by going to METHOD 
> PEAKS/GROUPS. There is a column for each level with the spike amount entered for 
the relevant analytes. 
 

16.) Process the ICAL by going to SEQUENCE > PROCESS. Type the run numbers for the 
ICAL runs in RANGE and make sure the box for PRINT METHOD REPORTS is checked. 

 
Caution:  Processing the ICAL will overwrite the old calibration in the method. Make sure 
that the new method is entered into the sequence before processing! 

 
 
DATA REVIEW & APPROVAL 
Review the calibration in EZChrom before processing it in LIMS. 
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17.) Go to METHOD > REVIEW CALIBRATION to verify that the calibration is linear and that 
the upper levels are not saturated. Click the name of the analyte to see the %RSD for that 
compound. To switch channels, use the drop down list on the main toolbar. 

 
18.) Verify that the calibration is useable by reviewing the results against the following criteria: 
 

18.1) The Relative Standard Deviation (RSD) of the Response Factors for both columns 
should be less than or equal to 20%.  

 
EPA 608 Method Note:  For EPA 608, the RSD must be <10% 

 
18.2) If the RSD fails for any compound, compute the “grand mean” of the RSDs for all 

target compounds; if this mean RSD is less than or equal to 20% then the average 
response calibrations may be validated (see EPA 8000B Section 7.5.1.2 for 
details).  

 
Note:  For Department of Defense (Army Corp, Navy, AFCEE) projects, no 
individual compound’s RSD may be > 30% (DoD QSM, Box 33 and Table B-2). 

 
EPA 608 Method Note:  For EPA 608, the RSD must be <10% and the method 
does not allow use of this “Grand Mean” concept; each analyte must meet the 
10%RSD criteria. 

 
18.3) If the average response factors fail to meet the 20% RSD or mean RSD criteria, 

employ a linear regression or quadratic model. If linear regression is used, a 
minimum of five points is required with a correlation coefficient r > 0.995 If a 
quadratic fit is used, a minimum of six points is required with a coefficient of 
determination r2 > 0.990.  

 
18.4) For each compound: 

 
 The low point may only be rejected for those compounds that have reporting 
limits greater than that level. 

 
 The high point may be rejected for compounds that tend to saturate at high levels 
so long as there are at least 5 points remaining for each compound in the ICAL.  

 
 If a single point in the curve is causing the failure, the standard may be 
reanalyzed, so long as it immediately follows the original curve and all 
compounds are calibrated using the second run. Under no circumstances may a 
point in the middle of the curve be rejected in order to pass calibration criteria for 
a particular compound. 

 



SOP Volume: SVOC Curtis & Tompkins, Ltd 
Section:  3.2 
Page: 44 of  61 
Revision:   9 Number:  1 of  1 
Effective:   1 November 2010
Filename: F:\qc\sop\svoc\pcb_rv9.doc 
 

This SOP contains information that may not be disseminated to entities other than C&T staff, clients, and regulators. 

 

 The %D for recalculated concentrations should be within 20% of the true 
concentration of the standard (8000C requirement). 

 
19.) Save the newly calibrated method by going to FILE > METHOD > SAVE. 
 
20.) Open the Initial Calibration Verification (ICV) data file and verify that all compounds are 

integrated correctly. Process the ICV with the newly calibrated method. 
 

The ICV verifies that the calibration standards were prepared correctly and highlights any 
discrepancies between the primary- and second-source standards. 
 
The ICV should meet the CCV criteria of < 15%D. If the %D for any analyte is outside this 
limit, calculate the mean %D for all compounds. If this is less than 15% then the CCV is 
considered acceptable. 

 
Note:  For Department of Defense (Army Corp, Navy, AFCEE) projects, no individual 

compound’s %D may be > 20% (DoD QSM, Box 33 and Table B-2). 
 
If the first ICV does not meet the acceptance criteria, another ICV standard may be 
analyzed; “x” out the first ICV and process the data from the second ICV. Do not “cherry 
pick” some compounds from the first ICV and others from the second ICV; if the second 
ICV is processed and used, all compounds must be taken from the second standard. 

 
Processing an ICAL in LIMS: 
After you’ve verified that the calibration passes all acceptance criteria, process the ICAL in 
LIMS. 
 
21.) Open a web browser and go to the main Pesticides/PCB page. 
 
22.) Under “Recent Sequences”, choose the GC and then choose the sequence you want to 

process. 
 
23.) Check the boxes next to each of your ICAL data files. Click the CREATE CALIBRATION 

button at the bottom of the screen. 
 
24.) When the Calibration Editor opens, unselect any analytes that are not being calibrated (ex: 

Toxaphene and Technical Chlordane).  
 
25.) Type a name for the calibration (ex: gc21pest_051, where 051 was the sequence on 

gc21).  
 
26.) Click SAVE + PUT INTO USE and return to the sequence. 
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27.) At the top of the sequence, the newly created calibration should be listed. Click REVIEW 
to open the Review App for the calibration. 

 
28.) Sign and review each of the runs. See Appendix_12 for guidelines on using the LIMS 

Review App. 
 
Packaging the ICAL for Review: 
29.) Print the LIMS ICAL summary. Click the calibration name at the top of the sequence. Go to 

the bottom of the on-screen ICAL summary and click the PRINT button. 
30.) Print the EZChrom Calibration Report by going to METHOD > REVIEW CALIBRATON.  
 
31.) Right click in the box at the top left with the list of analytes and select PRINT ALL 

PEAKS/GROUPS to print a Calibration Report for each analyte.  
 
32.) Switch to the other EZChrom channel and print the Calibration Report for that channel. 
 
33.) Verify that the LIMS and EZChrom calibration factors match. 
 

Note:  Any corrections to the ICAL must be done through EZChrom and then printed to 
ezchrom_capture to send the new data to LIMS. A new ICAL must then be created in 
LIMS. Any data processed with the incorrect ICAL would then need to be reprocessed 
against the corrected ICAL. 

 
34.) Complete “GC & HPLC ICAL Review Checklist” and attach the EZChrom and LIMS 

calibration summaries. Turn the data in to the Group Leader, Department Manager or QC 
Chemist for review; the ICAL cannot be used to process final forms through LIMS until it 
has been reviewed and approved in LIMS.  
 
Note:  The initial calibration must be reviewed and 2nd-party approved in LIMS before final 
sample Form 1’s can be printed; any forms printed before the ICAL is marked ‘reviewed’ 
will be flagged as draft results.  
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APPENDIX _10:  CONTINUING CALIBRATION VERIFICATION (CCV) 
 
REQUIREMENTS 
Continuing Calibration Verification (CCV) standards are analyzed to verify that the response of 
the instrument has not changed significantly and that the curve may still be used to quantitate 
sample results. A CCV must be run at the beginning of each sequence before any samples are 
analyzed, after every 10 samples (or within 12 hours, whichever comes first), and at the end of 
the analytical sequence. The concentration of the CCV must be varied within the calibration 
range but should not be analyzed at either extreme (highest or lowest point) of the ICAL curve.  
 
LIMs identifies samples that are associated with the DoD QSM 4.1 requirements, other DoD 
requirements or commercial clients.  It identifies all project specific criteria that are reviewed by 
the analyst before sample analysis. 

 
For sequences containing samples that are not associated with requirements from DoD QSM 
4.1, if the first CCV does not meet the acceptance criteria, another CCV standard should be 
analyzed. If two CCV’s were analyzed, examine the first one against the acceptance criteria; if it 
fails, “x” out the first CCV, change the second to stype “CCV” and process the data from the 
second CCV. Do not “cherry pick” some compounds from the first CCV and others from the 
second CCV; if the second CCV is processed and used, all compounds must be taken from the 
second standard. 
 
If the second analysis of the standard also fails to meet these criteria and the analyst suspects 
that the CCV standard has degraded, a different CCV standard may be analyzed once. If this 
standard passes, discard the standard that has been degraded. If the different CCV standard 
also fails, instrument maintenance required and recalibration may be required if major 
instrument maintenance is performed.  
 
For sequences where both DoD QSM 4.1 samples and non-DoD QSM 4.1 samples are 
analyzed, both sets of CCVs will be run and integrated and both CCVs must pass the DoD QSM 
4.1 criteria. If the entire sequence contains DoD QSM 4.1 samples only, then only one CCV will 
be analyzed.  
 
 
See Appendix_9 for the Initial Calibration procedure and acceptance criteria. See Appendix_1 
for calculation of %D and the calibration factor (CF). 
 
ACCEPTANCE CRITERIA 
Process the CCV through LIMS then examine the summary form against the following criteria to 
determine whether the CCV is acceptable: 
 
1.) All compounds must fall within its retention time window and be automatically identified on 

both columns by the data system.  
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2.) All compound responses should be within 15% of the initial calibration (%D < 15%).  
 
3.) If the %D for an individual compound fails acceptance criteria, data may be reportable 

based on the following criteria: 
 
a.) If the failing compound is not a target analyte for the associated samples, sample results 

should be reported without reanalysis. 
 

b.) If the compound fails the %D criterion due to a high response but was not detected above 
the reporting limit in the associated samples, the sample results may be reported without 
reanalysis, as the high bias does not affect the sample results. 

 
c.) If the compound fails the %D criterion due to a high response and was detected above the 

reporting limit in any of the associated samples, the samples should be reanalyzed.   
 
d.) If the compound fails the %D criterion due to a low response and was detected (even below 

the reporting limit), the sample should be reanalyzed. 
 
If any of the above criteria are not met, examine the integration to verify that each peak was 
correctly integrated. Manual integrations must be consistently applied to ICAL, CCV, and 
sample integrations. If manual integrations are performed, the file should be resent to LIMS so 
that a new CCV summary form can be generated. 
 
WARNING: Unsubstantiated alteration of peak integration solely to pass calibration or QC 

criteria is illegal and is grounds for immediate termination.  
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APPENDIX_11: USING EZCHROM 
 
Setting up a Sequence on EZChrom: 

1. Open EZChrom Elite.   

1.1 Click PCB/PEST LAB.   

1.2 Right click on the GC that will run and select either OPEN (online) or OPEN OFFLINE.  

1.3 In USER NAME and PASSWORD, type the appropriate information.   

1.4 In PROJECT, find the GC you are for which you are opening the session.   

1.5 Click LOGIN.   

Note: You can write a sequence in either an online or offline session, but you can only run the 
sequence in an online session. 

2. Open the latest sequence. 

2.1  Go to FILE > SEQUENCE > OPEN.  

2.2 Choose the latest sequence filename (###.seq). 

2.3 Click OPEN.   

This sequence will be used as the template to set up the next sequence. 

3. Create a copy of that sequence. 

3.1 Go to FILE > SEQUENCE > SAVE AS.   

3.2 In “File Name”, type in the current Julian date. 

3.3 Click SAVE. 

4. Change the filenames to use the current Julian date.   

4.1 Right click on the first box in the FILENAME column. 

4.2 Select FILL DOWN.   

4.3 In the DATA FILE box, type the Julian date, underscore, and the code for LINE NUMBER (eg 
167_<###>).   

4.4 Click OK. 

5. Re-number the vials under the VIAL column by right-clicking the first box and selecting FILL DOWN. 

5.1 Check INCREMENT VIALS, enter the vial placement of the starting vial, and increment by 1. 

6. In the VOLUME column, enter the appropriate injection volume in µL (see Appendix_4 for the injection 
volume) and FILL DOWN. 
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Note:  The CombiPal Autosamplers are not controlled by EZChrom so the sequences run with these 
autosamplers do not use the VIAL and VOLUME columns. These parameters must be entered in the 
method on the autosampler itself. 
 

7. In the sequence spreadsheet, make sure that that current method is being used.   

7.1 To change the method, select the first box in the METHOD column and click the green diamond 
button.   

7.2 Select the appropriate method (e.g. pest-run-###.met) and click OPEN.   

7.3 Right click on the first box in the METHOD column and select FILL DOWN. 

8. In the SAMPLE ID column, enter what will run in the sequence in the format seen in the following 
example of a sequence table: 

Run Type Level Vial Volume 
(µL) Sample ID Method Filename 

Unknown 0 1 0.5 Primer pcb-run-<###> <###>-001 
Unknown 0 2 0.5 Hex pcb-run-<###> <###>-002 
Unknown 0 3 0.5 CCV,S<#>,pcb250_50 pcb-run-<###> <###>-003 
Unknown 0 4 0.5 CCV,<S#>,ar2154 pcb-run-<###> <###>-004 
Unknown 0 5 0.5 Hex pcb-run-<###> <###>-005 
Unknown 0 6 0.5 MB,QC<###>,<batch#> pcb-run-<###> <###>-006 
Unknown 0 7 0.5 LCS,QC<###>,<batch#> pcb-run-<###> <###>-007 
Unknown 0 8 0.5 <sample#>,<batch#> pcb-run-<###> <###>-008 
Unknown 0 9 0.5 MS,QC<###>,<batch#> pcb-run-<###> <###>-009 
Unknown 0 9 0.5 MSD,QC<###>,<batch#> pcb-run-<###> <###>-010 

 

“Run Type” and “Level” should be “Unknown” and “0” respectively, unless an initial calibration curve is 
being run; see Appendix_9 for instructions on processing calibrations using EZChrom. 

 The “Vial” and “Volume” columns are not used for sequences run on a CombiPal Autosampler. 

20. Save the sequence by going to the menu and clicking FILE > SEQUENCE > SAVE. 

 
Running a Sequence on EZChrom: 

1. Open an online session on EZChrom for GC you want to run.    

2. Open the sequence you want to run. 

2.1 Go to FILE > SEQUENCE > OPEN.  

2.2 Choose the sequence filename (###.seq). 

2.3 Click OPEN. 
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3. Start the sequence. 

3.1 Going to CONTROL > SEQUENCE RUN.   

3.2 In the RANGE box, type the range of the sequence you want to run.   

3.3 Click START (or SUBMIT if the GC is already running and acquiring data).   

4. You will need to start the CombiPal Autosampler (GC-21 & GC-25) manually because EZChrom does 
not control that feature. 

 
Setting up the Sequence on the CombiPal Autosampler: 

1. The main screen on the CombiPal controller should list the Job Queue. There should already be a job 
listed from the previous run. Turn the silver knob to outline the job. Press the silver button to select the 
job for editing. 

2. Change the position of the first and last vials to be run. Turn the knob to outline FIRST and press the 
silver button to select. Turn the knob until the number reaches the first vial number you want to run. 
Repeat the process with LAST to set the last vial you want to run. 

3. Press F4 to select HOME and return to the Job Queue menu. 

4. Press F4 to select START to start the autosampler; there may be a slight delay. 

Note:  Remember to start the Sequence Run on EZChrom before starting the autosampler, otherwise the 
autosampler may inject and start the GC run before EZChrom is ready to acquire the data. 

 
Processing Data on EZChrom: 

1. Open EZChrom an OFFLINE session for the GC from which you will process data.   

Note: You can process data in an online session, however, it is best to have only one online session 
open for each GC at a time to ensure that only one user is running a sequence on that GC.   

2. Open the sequence you want to run. 

2.1 Go to FILE > SEQUENCE > OPEN.   

2.2 Choose the sequence filename (###.seq). 

2.3 Click OPEN. 

3. EZChrom sessions usually opens with a default “untitled” method, so you will need to select the correct 
method.  

3.1 Open the current method by going to FILE > METHOD > OPEN.   

3.2 Choose the method filename (pset-run-###.met). 

3.3 Click OPEN. 

4. Open the data file by right clicking on the row of the run in the sequence.  Choose OPEN DATA.  The 
chromatograms for the two channels should appear.   
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5. Check the integrations for each target analyte. 

6. If you need to do any integrations, the following are the common integration events: 

Valley to Valley  Draws the baseline to the minimum point between 
the peaks. 

Horizontal Baseline Draws the baseline horizontally determined by the 
beginning point in the range. 

Lowest Point Horizontal 
Baseline 

Draws a horizontal baseline determined by the lowest 
point in the range. 

Manual Baseline Draws a straight baseline from one point to another. 

Split Peak Draws a vertical line from the point to the baseline.  It 
is commonly used to determine the end and beginning 
of a peak. 

Reset Baseline Draws the baseline up to a point on the 
chromatogram.  It is commonly used to bring the 
baseline up due to a negative peak. 

 

After performing an event, a box will pop up and ask you to ANALYZE NOW.   

Important!  Before clicking ANALYZE NOW, make sure that you are inserting the event into the 
MANUAL Integration Fixes table. Inserting an event into the Integration Events table will 
add the event to the Method. 

 

If you want to remove an integration event: 

6.1 Open the Manual Integrations Fixes table by going to DATA > MANUAL INTEGRATIONS 
FIXES.   
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6.2 Select the integration you want to remove and press DELETE on your keyboard.  

6.3 You will then need to analyze the data by going to ANALYSIS > ANALYZE. 

To change what channel the table displays, select the channel from the drop down list on the main 
toolbar, as shown below: 

 

7. Repeat Steps 4 through 6 for the other data files. After you have finished any integration, you need to 
send the data to LIMS by printing the Method Custom Reports for the data to the ezchrom_capture 
printer. 

7.1 Go to SEQUENCE > PROCESS.   

7.2 Type the range of data you want to process in RANGE and make sure the box for PRINT 
METHOD REPORTS is checked. 

Note:  Make sure that the printer configured to your EZChrom session is set to ezchrom_capture.  
You can check the printer by going to FILE > PRINT SETUP. 

 
8. Some runs will need to be reprocessed with a different method (e.g. toxaphene###.met and/or 

chlordane###.met). To do this, change the method in the sequence table for those runs and save the 
sequence. Repeat Steps 3-7, now processing with the new method. 

9. After EZChrom is finished processing the data, review the data in LIMS. 

 
Making Compare-Plots (“Trace Overlays”) in EZChrom: 
If there is Toxaphene or Technical Chlordane in the samples, create a compare-plot to show the 
similarities of the sample pattern to that of a standard for that analyte. 
 

1. Open the sample’s data file in EZChrom. 
 
2. Right click on the chromatogram from the channel you choose to use for the compare-plot and 

select PROPERTIES. 
 

3. In the TRACE SETUP tab under Trace 1 Details (Current Data), change SCALE TO: to USER 
DEFINED. Change the values from Y MIN and Y MAX to leave enough space to add the CCV 
chromatogram(s). 
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4. At the top of the Data Graph Properties window, select the box under DATA SOURCE at row # 2. 

Click the right arrow and select OPEN DATA. Type the filename of the CCV data you will use for the 
compare-plot and click OPEN. 

 
5. In the new trace’s details, click the button to the right of TRACE to change the channel of the new 

trace to match the sample’s chromatogram. Change the Y OFFSET to move the baseline of the new 
trace so that it does not overlap with the other chromatogram(s). You can also change the Y SCALE 
to size the chromatogram to better match the size of the sample’s hit. 

 
Note:  Choose CCV data from the same sequence and use the same channel for each of the 
chromatograms, so the retention times match. 

 
6. To change the color and line-width of the chromatogram, go to the APPEARANCE tab in the Data 

Graph Properties window. Under ITEM, choose the chromatogram. With SUBITEM at TRACE, 
change the SIZE and COLOR. 

 
7. Repeat Steps 3 through 6 for additional chromatograms. 

 
Note: You can click APPLY while you are changing values in the Data Graph Properties Window to 
see a preview of your changes. 

 
8. Once you are finished adding traces and changing their appearance, click OK. 
 
9. Send the chromatogram to LIMS by printing the compare-plot to ezchrom_capture. Change the print 

layout to Landscape by going to FILE > PRINT SETUP. Change the Orientation to LANDSCAPE 
then click OK. Right click the chromatogram and select UTILITIES > PRINT. 

 
10. You can use the same added traces for other sample data chromatograms. When you open another 

data file in the same EZChrom session, the added traces should remain. You will just need to edit 
the chromatogram and select CLEAR OVERLAYS. 

 
Note:  Remember to change the PRINT SETUP orientation back to PORTRAIT, otherwise the 
method reports will print in landscape mode. 

 
Updating the Retention Times: 
1. Create and enter a new method into the sequence before updating the retention times, then make 

sure the new method is currently open in your EZChrom session. 
 

2. Open the data file you will use to update the retention times. 
 

Note: Retention times should be updated based on the middle calibration point. 
 

3. Add the Retention Time Annotation to the chromatograms by right-clicking on any of the 
chromatograms and selecting ANNOTATIONS. Under AVAILABLE ANNOTATIONS, select 
RETENTION TIME and click the green right-arrow. Click APPLY TO ALL so that both chromatograms 
will display the retention times. 
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4. Open the peaks and groups table by going to METHOD > PEAKS/GROUPS. Using the retention 
times from the chromatograms, update the retention times under the column RET TIME. To change 
which channel is displayed, select the channel from the drop-down list on the main toolbar. 

 
After you have changed the retention times on each channel, save the method by going to FILE > 
METHOD > SAVE. 
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APPENDIX_12: PROCESSING & REVIEWING DATA IN LIMS 
 
Work up a sequence in LIMS. 
1. Process sequence in EZChrom, making sure EZChrom print setup is set to 

\\LIMS\ezchrom_capture. 
 
2. Open a web browser and go to the main Pesticides/PCB page. 
 
3. Under “Recent Sequences”, choose the GC and then choose the sequence you want to 

process. 
 

Note:  The data must be processed through EZChrom and printed to ezchrom_capture 
before you can process it through LIMS. See Appendix_11 for instructions on processing 
data through EZChrom. 

 
4. Check the sequence for any errors. LIMS takes the run information directly from the 

EZChrom sequence so any data entry error in the EZChrom sequence will affect the data 
processed by LIMS. 

 
If you need to make any changes to the sequence, click FIX at the lower right-hand corner 
of the LIMS sequence. Make the changes and click Update. 
 
To regenerate a LIMS user report for a specific run, check the box for the run and click 
PROCESS. 

 
5. Once the sequence information is correct, use the ‘Review App’ to review the data, as 

described below. 
 
6. In the top right, use the "Review" pull down menu and select your Sequence (for example: 

GC19A/ 05/08/07). 

 
7. Two windows should open. The window on the left shows the main Review App frame 

(sequence, batch, ICAL) and the other shows the supporting documents (ie: EZChrom raw 
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data reports, scanned prep logs). Clicking on an item in the left-hand frame will bring up the 
supporting documents for that item. 

 
Important! You must be logged in with your own initials to process and review sample data! 
If another analyst has been using the computer, make sure to login under your name. 

 
8. Check each run to ensure it is within the acceptable criteria, adding any necessary 

comments, and signing the data.  
 

8.1 Scroll down the left screen and make sure the EZChrom TEH raw data and 
surrogate raw data reports match LIMS, and check for the proper 
chromatograms.  

 
8.2 To add a general comment, click the (+) button while the pull down list to the left 

is set at COMMENT. 

 
A comment box will appear with your initials. 

 
 

Type your comment into the blank box. 
 
If you want to associate the comment with a certain analyte in the run, you can 
choose that analyte on the pull down list to the right of the comment box. 
 
If you want to delete the comment, click the (-) button. 
 
If you need to edit a comment you made at an earlier time, click the (E) button. 
 
Other choices under the Comment pull down list will add commonly used 
comments. 
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8.3 Mark data for re-analysis by clicking the ‘RR’ button. Any re-runs that are not 
because of linear range will require a brief comment as to why the data needs re-
analysis. To undo an RR-flag, click the REPORT button. 

 
8.4 For over linear range or over diluted samples, use the RR button with the rerun 

dropdown tab selected and type in the dilution factor needed.  Finally, use the RX 
button for any re-extracts. 

 
8.5 If the run is needed to confirm the results of another run, check the box ‘NEED 

FOR CONF’. 
 

8.6 Note that each analyte can only be ‘chosen’ once for a sample or QC. To choose 
analytes for reporting, check the box under the ‘U’ (“used”) column; checking the 
box at the left of the ‘U’ header will choose all analytes for that run. 

 
8.7 To change the reporting channel, check the channel for the analyte that needs to 

be changed or switch the whole list by clicking the CHANNEL pull-down list and 
choosing ‘ALL A’ or ‘ALL B’. Click REFRESH to apply the changes. 

 
9. Sign the data by clicking the SIGN button at the bottom right. Repeat the process with the 

other runs in your sequence. 
 
Assemble a Batch in LIMS 
Batch QC packages can be put together after the extraction lab has scanned in all the sample 
prep paper work, and all the QC samples (including the MSS and any necessary re-runs) have 
run and their brackets have been closed off with CCVs. 
 
1. Use the C&T LIMS search function and type in batch number. This will find all data 

associated with the batch. Use the review apps pull-down menu and select batch number 
(ie: batch 121060). 

 
2. Log in if necessary.  
 

Important! You must be logged in with your own initials to process and review sample data! 
If another analyst has been using the computer, make sure to login under your name. 

 
3. In Review Application mode on left screen, the runs for the QC will appear along with 

associated ICALs, CCVs, and sequences. The associated CCVs should already be signed. 
If any are not signed, review and sign them.  

 
4. Click the batch number at top of screen. Scanned documents should appear on right screen. 

Scroll down and check for any Corrective Action Records (CAR’s) associated with the batch 
or with samples in the batch. Review and update the CAR. 
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5. Make sure that all extraction lab paperwork has been scanned correctly. 
 
6. Review the sample prep log to make sure volumes, spike, and surrogate amounts are 

entered correctly in LIMS (data on left screen). Also look for any comments in the comment 
section, such as “2x surrogate” or “sediment”. 

 
7. Click on each QC data file and verify that all QC requirements (clean MB, analyte recovery, 

surrogate recovery, RPD) are met and that any necessary comments explaining recoveries 
that are outside of QC limits are present.  

 
8. Check that the LIMS raw data numbers match the EZChrom data. 
 
9. Sign each QC file, signifying that the data has been reviewed and is reportable or has been 

narrated if it is not being reported.  
 
10. Verify that the run of the MSS that you are reporting is the same as the one that is linked to 

the MS/MSD. If the MSS was re-run for any reason, the run that we are reporting may not be 
linked correctly. If necessary, change the MSS run that is linked to the MS/MSD using the 
“MSS” link from the sequence where the MS/MSD ran. It must be changed for both the MS 
and the MSD individually. Be sure to make comments about any MS/MSD recovery or RPD 
failure.  

 
11. Add any necessary comments to the batch as a whole using the comment tool at the bottom 

of the screen. For example, this would be where you could explain that the MS/MSD were 
not run if the MSS was run at a dilution >5x.  

 
12. Finally, click the “Sign” button when the batch QC pack is complete and ready for review.  
 
13. Notify a QC reviewer that it is ready (by instant message, telephone, or in person). 
 
 
Assemble a Job in LIMS  
1. Review the job sheet. Check to make sure the correct cleaned-up extract of samples and 

QC has run and are ready to report. Make sure that any client-specific needs are addressed 
(for example, CCI needs to be on one instrument). Finally, search for any CARs associated 
with job and make any comments needed to complete the CAR. 

 
2. Once you know what you need to report, begin by using the C&T search tool and type in job 

#, product (gcsv), and matrix (ie: 194505 gcsv soil).  This will bring up sample data in LIMS. 
In the top right, use the "Review" pull down menu and select the job you would like to report. 

 
3. Login if necessary. 
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Important! You must be logged in with your own initials to process and review sample data! 
If another analyst has been using the computer, make sure to login under your name. 

 
4. Go to the ‘ALL” mode. 
 

 
 
5. Make sure all of the samples in the job have run and the data is reportable. Sign and review 

all of the samples in the job and their associated batch QC. Make sure that the analytes you 
want to report have been ‘chosen’. 

 
6. Switch to PKG mode. Click the job number at the top left. 
 
7. Click REPORTS. Check all the relevant samples and QC, then click PRINT to print all of the 

Form 1’s on 2nd -page letterhead paper. Click DONE. 
 
8. You may need to click REFRESH to see the Form-1 information on the Review App. 
 
9. Check the Form-1 for any errors, missing analytes, and draft-flags. 
 
10. Click the Job at the top of the list. Check the comments for any issues that you need to 

address, like missing signatures and documents. 
 
11. Sign the job. Click CHECKLIST > PRINT to print the review checklist. 
 
12. Complete and sign the checklist. Turn in the checklist and Form-1’s to the QC Chemist, 

Group Leader, or Department Manager for review. 
 
13. Remember to log out by clicking on your initials. 
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APPENDIX_13: EPA 608 
 
The following criteria and discussion apply to any samples submitted for the EPA 608 analysis: 
 
Initial Calibration: 
Method 625 does not allow the use of single-point calibrations for Ar1221 through Ar1254. It 
only requires 3 points but requires that the RSD be <10% if average response is used; a 
regression curve may be used if the RSD exceeds 10% or whenever desired. Although 608 only 
requires 3 calibration points, the same general calibration criteria must be followed (ie: 
intermediate levels may not be dropped and the low point must be at or below the reporting 
limit). Any calibrations to be used for both 8081 and 608 must meet the 608 RSD requirement or 
use linear regression. Additional details regarding the procedure and SW-846 requirements are 
described in Appendix_9 above.  
 
Calibration Verification (ICV/CCV): 
Method 608 also only requires that a CCV (Continuing Calibration Verification) standard be 
analyzed once daily, however C&T policy is to follow the SW-846 guidance and analyze the 
CCV at the beginning of each sequence, every 12 hours, and at the end of the sequence. The 
%D for each analyte must be < 15% and EPA 608 does not allow use of the “Grand Mean”; if 
the CCV does not meet this criterion, use the corrective action guidance described in 
Appendix_10 to determine the appropriate course of action. 
 
Surrogates: 
Method 608 does not discuss use of surrogate compounds, however C&T standard practice is 
to follow SW-846 guidance and use surrogates as a means of verifying the efficiency of the 
extraction and analysis. See Section 8 in the main body of this document for further guidance. 
 
Batch QC Requirements: 
Method 608 requires an LCS for every 10 samples, so any batch with more than 10 samples 
must include a BS and BSD. It also requires a matrix spike on 10% of samples submitted for the 
608 analysis; if insufficient sample volume was submitted for matrix spikes, add a comment to 
this effect in the case narrative. EPA 608 defines the batch QC acceptance limits in Table 3 of 
the method; see the table below for these limits. 
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QC Recovery Limits 

Target Compound 
Recovery 

Limits (%) * 
Aroclor 1016 50 – 114 
Aroclor 1221 15 – 178 
Aroclor 1232 10 – 215 
Aroclor 1242 39 – 150 
Aroclor 1248 38 – 158 
Aroclor 1254 29 – 131 
Aroclor 1260 8 – 127 
  
Surrogates  
Decachlorobiphenyl  (DCB)  
Tetrachloro-m-xylene  (TCMX)  
  

 
* Method Note:  EPA 608 only discusses LCS and MS recoveries; it specifies the same limits for 
the two types of spike but does not discuss duplicates or surrogates and so does not define 
%RPD or surrogate recovery limits. These additional limits, along with recovery limits for the 
surrogates are determined by control charts. 
 
Instrument Conditions: 
Curtis & Tompkins uses current technology, namely capillary columns in place of the packed 
columns described in the method, so instrument conditions are somewhat different than those 
listed in the method. See Appendix_4 and instrument maintenance logs for instrument 
parameters. 
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Automated Liquid-Liquid Extraction (EPA 3520) of Water Samples for 
TOTAL EXTRACTABLE HYDROCARBONS (TEH) 

 
SCOPE: 
This document describes the extraction of fuel hydrocarbons from aqueous samples using 
Continuous Liquid-Liquid Extraction. This method is applicable to the extraction of kerosene, jet 
fuel (commercial and JP- formulations) diesel, and oil range fuels only.  
 
The reporting limits for this procedure range from 50 ug/L for jet and diesel, to 250 ug/L for 
motor oil. 
 
REFERENCES: 
Prep Methods: 
EPA 3500B, Organic Extraction and Sample Preparation, SW-846, Update 3, Dec.1996 
EPA 3500C, Organic Extraction and Sample Preparation, SW-846, Feb 2007 
EPA 3520C, Continuous Liquid-Liquid Extraction, SW-846, Update 3, Dec.1996 
EPA 3630C, Silica Gel Cleanup, SW-846 Update 3, Dec.1996 
Client Services SOP 2.4, Compositing Liquid Samples  
California DHS, Leaking Underground Fuel Tank (LUFT) Manual, October 1989.  
Tri-Regional Board Recommendations, 2 June 1988 - Revised 9/11/89  
 
Cleanup Methods: 
EPA 3630C, Silica Gel Cleanup, SW-846 Update 3, Dec 1996 
 
Analytical Methods: 
EPA 8000B, Determinative Chromatographic Separations, USEPA SW846 Update 3, 1996 
EPA 8000C, Determinative Chromatographic Separations, USEPA SW846 Update 4, 2003 
EPA 8015B, Non-Halogenated Organics using GC/FID, SW-846, Dec 1996 
EPA 8015C, Non-Halogenated Organics using GC/FID, SW-846, Nov 200 
EPA 8015D, Non-Halogenated Organics using GC/FID, SW-846, June 2003 
California Leaking Underground Fuel Tank Field Manual (LUFT Manual), October 1989 
Tri-Regional Recommendations, Revised 10 August 1990 
8015AZ, “C6-C32 Hydrocarbons in Soil”, Arizona Dept of Envir Quality, Rev.1, 9/25/98 
 
Related C&T Procedures & Other Guidance Documents: 
SVOC 5.1.1, ‘TEH QC Acceptance Limits, Table-1’ 
C&T SOP QA 1.4, Balance Calibration Check & Maintenance 
C&T SOP QA 1.5, Calibrating & Maintaining Temperature Controls 
C&T SOP QA 1.6, Pipet Calibration Check Procedures 
C&T SOP QA 4.1, Establishing Control Limits 
C&T SOP QA 4.4, Determining Method Detection Limits (MDL) 
C&T SOP QA 8.4.1, State Program Requirements 
C&T SOP QA 8.5.1, DoD Program Requirements 
C&T SOP QA 8.6.1, DoE Program Requirements 
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C&T SOP QA 9.6, Insuring Compliant Manual Integration 
NELAC Chapter 5, Quality Systems, June 2003 
DOD Quality Systems Manual 4.1 April 2009 
 
SAMPLE PRESERVATION & HOLDING TIME: 
Preservation:  Store at 4°C. 
Holding Time:  California: 14 days from sample collection until extraction  
     40 days from extraction until analysis  
   Arizona: 7 days from sample collection until extraction  
     40 days from extraction until analysis  
 
Note:  Samples from certain Department of Defense or out-of-state projects may follow the 
general SW-846 guideline of 7 days for the extraction of organic compounds from water. For 
these samples, the client-specified holding time takes precedence over this SOP. 
 
SAFETY: 
Assume that all samples contain hazardous and/ or potentially toxic chemicals and should be 
handled with care. Safety glasses, gloves, and a lab coat should be worn whenever handling 
samples, standards, or reagents. 
 
QC REQUIREMENTS: 
A Method Blank (MB), Blank Spike (BS), and Blank Spike Duplicate (BSD) are extracted with 
every batch of twenty or fewer samples. If a client requests that a Matrix Spike (MS) and Matrix 
Spike Duplicate be performed on one of their samples, and supplies sufficient sample volume, 
these should be extracted along with a Laboratory Control Sample (LCS) in place of the BS and 
BSD. 
 
A surrogate compound is added to each sample, method blank, and spike prior to extraction to 
monitor the extraction process. If the surrogate recovery for any sample fails recovery limits, 
that sample may need to be re-extracted. If the surrogate recovery for the method blank, blank 
spike, blank spike duplicate, or laboratory control sample fails recovery limits, the entire batch 
must be re-extracted. 
 
Reagents & spikes must be approved before use. A method detection limit (MDL) study will be 
conducted annually, by extracting a minimum of seven aliquots of a low-level laboratory control 
sample. Surrogate and spike QC limits are updated semi-annually, based on statistical analysis 
of the previous year’s data. 
 
BATCH QC DEFINITIONS: 
A.) Method Blank (MB):  

A method blank is extracted and analyzed with every batch, to demonstrate that the 
extraction and analysis procedures are free of contamination and have not contributed to 
any reported sample results. If any target compounds are detected in the method blank, the 
entire batch must be re-extracted. 
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B.) Blank Spike (BS) / Blank Spike Duplicate (BSD) – or Laboratory Control Sample (LCS):  

Since there is usually insufficient sample volume to extract a Matrix Spike and Matrix Spike 
Duplicate, a pair of blank spikes are extracted and analyzed with every batch. This 
demonstrates that the extraction and analysis procedures are accurate and precise in the 
absence of matrix interferences. If the recovery or RPD of any of the spike compounds is 
outside the acceptance limits, the entire batch must be re-extracted. 
 
If a client requests matrix spikes on their sample, a single blank spike (identified in LIMS as 
a Laboratory Control Sample) should be extracted along with the matrix spike and matrix 
spike duplicate.  

 
C.) Matrix Spike (MS) / Matrix Spike Duplicate (MSD):  

If sufficient sample volume was submitted, extract and analyze an MS/MSD, to demonstrate 
the effectiveness of the procedure in real world samples, which may be subject to matrix 
interferences. If the recovery or RPD of any spike compound is outside acceptance limits, 
the batch may need to be re-extracted. 
 

D.) Surrogate: 
A surrogate is a compound that is added to every sample prior to extraction to monitor the 
accuracy of the extraction and analysis. Surrogates are compounds that are not normally 
found in environmental samples but are chemically related to the compounds of interest, 
and so behave in a similar fashion. Surrogate recovery failure indicates a problem with the 
process; any sample that demonstrates recovery failure must be re-extracted. 

 
INTERFERENCES: 

 If solvent is rinsed over lab gloves or otherwise comes into contact with plastic, a single 
large contaminant peak (bis-2-ethylhexylphthalate) will typically appear just after the 
surrogate.  

 If samples contain a significant amount of sediment, the water should be decanted and 
the sediment left in the bottle, as sediment will clog the extractor. 

 If the samples are not acidified sufficiently prior to extraction, some of the hydrocarbons 
may be left in the water fraction and not transferred to the solvent fraction. 

 If the extracts are allowed to go dry during concentration, the lightest hydrocarbons will 
be lost and a low bias will be introduced. 

 If the extract stops refluxing during concentration and no volume change is observed 
over about 10 minutes, the extract should be removed from the water bath and brought 
up to a higher final volume. Once the extract volume has been reduced as far as it will 
go, additional heating will only lead to loss of light weight hydrocarbons. 

 Storing the extracts at 4°C helps reduce solvent loss due to evaporation and minimizes 
the resulting high biases on sample results and surrogate recoveries. 
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AUTOMATED LIQUID-LIQUID EXTRACTOR SET UP: 
1.) Rinse through the top of the condensers then around the entire area of the ground glass 

joint using Dichloromethane.  
 
NOTE: Do not allow solvent to contact the Tygon tubing or contamination of the extract 

will result. Rinse the joint with solvent again if this happens.   
 

2.) Select enough boiling flasks for the entire batch. Examine each for cracks and chips, 
discarding any broken flasks. 

 
3.) Rinse each boiling flask with dichloromethane, discarding the solvent into the waste solvent 

jar. Turn the boiling flask upside down and place on white wooden rack under the fume hood 
to drain. 

 
4.) After all flasks are rinsed and drained, set flasks on bench-top under fume hood and add 2 

or 3 solvent rinsed boiling chips to each flask. 
 
5.) Add dichloromethane to each flask until the solvent level is between “Pyrex” and “500mL” 

(approximately 300mL).  
 
6.) Rinse the liquid-liquid extractor bodies with dichloromethane, discarding the solvent into the 

waste solvent jar.  
 
7.) Add approximately 150mL of dichloromethane to each extractor body then place in the 

liquid-liquid rack.  
 
8.) Attach each flask to an extractor body, setting the apparatus at an angle of about 15° away 

from you by adjusting the placement of the heating mantle, so that the dichloromethane fills 
the transfer arm and just begins to spill into the boiling flask.  

 
9.) Label each boiling flask with the sample ID and analysis. The samples should be put up in 

order of increasing sample#, beginning with the batch QC. 
 
SAMPLE PREPARATION: 
1.) For the Method Blank, Blank Spike, and Blank Spike Duplicate (or Method Blank and 

Laboratory Control Sample), add 1 L of Millipore deionized water to separate 
Dichloromethane-rinsed, 1L Class-A graduated cylinders.  

 
2.) For the samples, homogenize the sample by inverting the sample container several times. If 

no headspace is present in the container, pour a small amount of the sample into a clean 
solvent-rinsed 600mL beaker before homogenizing the sample.  
 

3.) Measure 500mL of each homogenized sample into a clean solvent-rinsed 600mL beaker.  
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Note-1:  In the event that less than 500 mL of sample is available for extraction, mark the 
liquid level on the side of the beaker with a marking pen, add Milli-Q reagent water to the 
500 mL mark. Measure the sample volume by filling the beaker to the pen mark with water. 
Pour the water into a graduated cylinder; read the volume to the nearest 10 mL and record it 
in the TEH extraction benchbook.   

 
Note-2:  Some clients (usually DoD contractors) may submit samples in 500mL ambers or 
request that the full liter is used for extraction. For these samples, follow the procedure in 
Note-1 above. 

 
4.) Using a borosilicate glass disposable pipette, measure the pH of each sample by placing 

one drop of sample onto wide range pH paper and record the pH in the appropriate 
benchbook. Never dip the pH strip directly into the sample as it could contaminate the 
sample. 
 

5.) Add 500 µL of the TEH Matrix Spiking solution directly to the water in the graduated 
cylinders labeled Blank Spike and Blank Spike Duplicate (or LCS/ MS/ MSD). Record the 
volume and the S# of the spiking standard solution in the benchbook.  

 
Note: If using full liters instead of 500mL, double the spike volume added.  

 
Note: If a client requests an MS/MSD on their sample (and provided sufficient sample 
volume), extract a single blank spike, labeling it “LCS”, to indicate to LIMS that there is not a 
duplicate, along with the MS/MSD. 

 
6.) Add 500 µL of the TEH Surrogate solution to each sample and QC sample. Record the 

volume and S# in the benchbook.  
 

Note: If using full liters instead of 500mL, double the surrogate volume added. 
 

7.) Pour each sample and batch QC sample into the appropriate extractor body. 
 

8.) Rinse each beaker with 500mL Millipore water and add the rinsate to the appropriate 
extractor body.  

 
Note:  If the full volume of the sample bottle was used, rinse the bottle with a small aliquot of 
Dichloromethane and add the rinsate to the extractor body. 

 
9.) Rinse each beaker with about 10 mL of Dichloromethane and add the rinsate to its extractor 

body. 
 

10.) Record the sample volume as 500 mL (or to the closest 10mL if using entire submitted 
volume).  
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11.) Adjust the pH of each sample to <2 by carefully adding approximately 2 mL of 
concentrated Sulfuric Acid, then stir with a disposable glass pipette. Recheck the pH and 
repeat the acid addition if necessary.  

 
12.) Adjust the angle of each extractor body until the dichloromethane in the bottom fills the 

transfer arm and just begins to spill into the boiling flask. Note: It may be necessary to add 
a small volume of Millipore water if slight adjustments of the angle do not correctly fill the 
transfer arm. 

 
13.) Follow the Extract the Samples procedure below. 
 
EXTRACTION: 
1.) Verify that the recirculator temperature is set < 15°C but above 10°C. If the temperature is 

set too low, the recirculator will freeze. If set too high, solvent will escape out the top of the 
condensor and the boiling flask will go dry. 
 

2.) Verify that the recirculator pressure is between 15 - 30 psi. 
 

3.) While the pump is on, open the top hatch of the recirculator. Open the white cap to the water 
reservoir and make sure the reservoir is full. If not, fill with TAP water only. Important: Don’t 
use DI water in these recirculators. 
 

4.) Turn on the heating mantles. The controllers should be set to 2.5 on the dial or to the 
marked line. After 15 to 20 minutes, check to see that the system is cycling properly and that 
the condensers are cold to the touch. The extractor is operating properly when 3-4 drops per 
second are dropping into the sample from the bottom of the condenser. 
 

5.) Check the solvent level in the round bottom flask; it should not drop below the top edge of 
heating mantle. Adjust the solvent level in the flask by adjusting the tilt of the apparatus from 
the vertical by changing the placement of the heating mantles. To increase the amount of 
solvent in the flask, carefully tilt the apparatus more to the vertical.   
 

6.) Extract sample for 18-24 hours.  Document both the start and stop times for the extraction in 
the laboratory benchbook. 
 

7.) Turn off the heating mantles and allow the system to cool to room temperature. 
 
8.) Remove the condensors, then the round bottom flasks.   
 
FILTER FUNNELS & K-D CONCENTRATOR ASSEMBLY: 
1.) Using solvent-rinsed, baked glass wool, place a glass wool plug in the bottom of each rinsed 

funnel. 
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2.) Place the funnels in the bottom rack and rinse the walls of the funnel and the wool with 
dichloromethane, collecting the rinsate in a waste jar.  

 
3.) Add approximately 40g of baked powdered sodium sulfate to each funnel. 

 
4.) Rinse the funnel with dichloromethane, again collecting the rinsate in the waste jar. 

 
5.) Rinse each K-D concentrator with dichloromethane, discarding the rinsate into a waste-

solvent jar, and then hang the K-D upside-down in the top rack to drain. 
 

6.) Rinse each receiver with dichloromethane, discarding the rinsate into a waste-solvent jar. 
Immediately connect each receiver to a K-D. 
 

7.) After receivers have been added to each K-D, use plastic clips to secure the two pieces 
together. 
 

8.) Label each K-D and receiver with the sample ID and analysis, then replace in the top rack 
right-side up. 
 

9.) After all concentrators have been assembled and labeled, add a solvent-rinsed boiling chip 
to each. 

 
10.) Discard the waste dichloromethane in the jars into the waste solvent jug. 
 
11.) Reverse the funnels and concentrators so that the funnels are on the top rack and the 

concentrators are on the bottom rack. 
 
12.) If the water baths have not been turned on yet, make sure each is filled with DI water and 

turn the dial to the highest setting. Allow baths to heat while you filter the extracts. 
 

FILTRATION: 
1.) Dry each extract by adding about 15 g (about ½ scintillation vial) of solvent rinsed granular 

anhydrous sodium sulfate to the boiling flask. Agitate the flask; if the sodium sulfate clumps 
up, add more sodium sulfate until there is free flowing granular sodium sulfate in the flask. 
 

2.) Place the flasks in order in front of the appropriate K-D apparatus. Check that the receivers 
are securely attached to the K-D concentrators. 
 

3.) Pour the extract through the funnel into the K-D concentrator. 
 

4.) Rinse each boiling flask with three 10 mL aliquots of dichloromethane, adding these rinsates 
to the appropriate funnel. 
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5.) After the third rinse, turn the boiling flask so the label faces the left (at 9 o’clock) to indicate 
that rinsing has been completed. 
 

6.) Allow the funnel to drain completely, then use dichloromethane to rinse around the top of the 
funnel (~25mL), washing any remaining extract through the funnel into the concentrator and 
allow to drain completely. 

 
7.) Remove the funnel from the rack and dump the sodium sulfate into the drying tray under the 

hood.  
 
8.) While the filters are draining, rinse each three-ball Snyder column at least 3 times with 

dichloromethane, then allow to drain by placing at edge of hood, with tip pointing outward to 
indicate that it has been rinsed.  

 
9.) Add water to any hot water bath that is not completely full. 

 
CONCENTRATION: 
1.) Attach a Snyder column to each concentrator containing extract. 

 
2.) Wet the Snyder columns by adding a few drops of dichloromethane to the top of each 

column.  
 

3.) Place each K-D apparatus on a boiling water bath so that the receiver is immersed in the hot 
water to just below the joint of the receiver and K-D. If the receiver is not immersed far 
enough, the extract will take longer to concentrate. If the receiver is immersed past the joint, 
any water leaking into the joint will contaminate the extract. 
 

4.) Agitate the K-D apparatus intermittently to avoid superheating the solvent until boiling 
steadily. At the proper rate of distillation, the balls of the columns will actively chatter, but the 
chambers will not flood. 
 

5.) When the extract volume in the receiver is approximately 1/2 mL, remove the K-D apparatus 
from the water bath, spin to allow solvent to rinse sides of concentrator, and then let it drain 
and cool for at least 10 min. This should result in a final volume of 2 to 3 mL.  Note: Do not 
allow the extract to go to dryness as some of the extractable hydrocarbon fuels include 
relatively volatile fractions that may be lost. 
 

6.) After the extracts have cooled to room temperature, remove the Snyder columns and rinse 
the lower joints of the flasks and Snyder columns into the receivers with a few drops of 
dichloromethane. 
 

7.) Remove the plastic clips then dry the joints with a ChemWipe. 
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8.) Loosen the receiver then add a few drops of dichloromethane, through the top of the KD, to 
remove any extract that may have been caught in the joint.  

 
9.) Remove the receiver from the K-D and place the receivers in order in the metal rack. 
 
10.) If necessary, reduce the final volume to 2.5 mL with a gentle stream of nitrogen.  

 
11.) Bring to 2.5 mL with dichloromethane.  Note: If using full liters instead of 500mL as the 

initial sample volume, bring final volume to 5.0mL. 
 
12.) Record the final volume of extract in the benchbook. 
 
13.) Bring the metal rack over to the vortex mixer and, beginning with the batch QC, use the 

vortex mixer to homogenize the extracts. Immediately transfer each extract to a 
scintillation vial that has been labeled (both cap and vial) with the sample ID, batch 
number, and analysis.   

 
14.) Place the scintillation vials in order in a box labeled with batch number, analysis and date. 
 
15.) Place the box in the Delfield refrigerator # 9. Storing the extracts at 4°C will help reduce 

solvent loss due to evaporation, which would lead to high biases on sample results and 
surrogate recoveries. 

 
16.) Complete any remaining benchbook entries, LIMS entries, and a prep review checklist, 

then ‘Kill’ the batch and pass the benchbook and checklist to another extraction chemist 
for peer review. 

 
CLEAN UP: 
If the client has requested a silica gel cleanup, see the Organic Extractions SOP Section 5.11 
“Silica Gel Cleanup of TEH extracts”. Silica gel is used to remove biogenic interferences such 
as vegetable oils, organic acids, sugars, and other metabolites. 
 
WASTE DISPOSAL: 
After the extraction steps are completed, the spent sample and any waste solvent must be 
properly disposed. 

 
1.) Pour the Dichloromethane fraction of the liquid remaining in the extractor body into a 

separatory funnel and allow to it settle. Drain the Dichloromethane (bottom layer) and 
discard in the Dichloromethane waste container. Make sure to pour out all of the 
dichloromethane, as excess dichloromethane in the waste water disposal drum is 
unacceptable and will result in increased waste disposal costs and liability. 
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2.) Pour the aqueous layer into the 5-gallon plastic buckets then neutralize the aqueous layer 
with sodium bicarbonate. Discard by pouring into the plastic drum of dichloromethane-
contaminated aqueous waste.   

 
3.) Excess extract volume should be stored for a minimum of 40 days, then transferred to the 

mixed-solvent waste drums in the waste facility. 
 
POLLUTION PREVENTION: 
Prepare only sufficient standard and reagent volume that can be used within the expiration date, 
to reduce the volume of waste generated by the laboratory and to reduce production cost. 
 
DOCUMENTATION: 
A.) Benchbooks: Every extraction must be completely documented in the appropriate 

benchbook. Any changes must be made with a single line through the incorrect entry and 
initialed and dated by the chemist making the change. The benchbook entries must 
include the following: 

 
  Sample number, accompanied by the unique container identifier (A-> Z) 
  Initial sample volume 
  Final sample volume 
  LIMS S# and volume used for all surrogate and spike standards 
  Manufacturer and lot# for all solvents, reagents, and filters  
  Observations concerning unusual sample appearance, odor, behavior 

Errors during extraction (spilled, possibly double spiked, etc.) 
 
B.) LIMS:  All sample volumes, standard volumes and S# must be entered into the prep entry 

database. It is very important that the entries are accurate and complete, as LIMS uses 
these to calculate sample concentrations and spike results. 

 
C.) Peer Review:  The benchbook entries and LIMS entries must be reviewed and signed by 

another extraction chemist, an analyst, or Group Leader. The peer-reviewer should 
complete the prep review checklist, make a photocopy of the benchbook page, and scan 
the checklist, job sheets, and benchbook page into LIMS and then place them in the 
‘Done’ box. 

 
 
REVISION HISTORY 
This is revision 13, revision 12 was changed as follows: 

• This revision history section was added 
• Language regarding adjusting pH to achieve consistency in the adjustment of pH 

procedure from (</= 2 to less than 2). This was a response to A2LA audit finding 11b 
October 2009 

• The word agreed was added to the signature page per CA ELAP audit finding October 5, 
2009.
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APPENDIX_1: TEH WATER 
 EXTRACTION SUMMARY 
 
 
Sample Volume: 500 mL 
 
Extraction Solvent: Dichloromethane 
 
Extraction pH: < 2 
 
Extraction Time: 18-24 hours 
 
Concentration Temperature: Boiling 
 
Final Solvent: Dichloromethane 
 
Final Volume: 2.5 mL 

 
Extract Cleanup: Silica Gel (Optional) 

 Silica Gel Initial Volume: 1.0 mL 
 Silica Gel Final Volume: 1.0 mL  

 
Surrogate: TEHOTPHEXSURR  Add:  0.5 mL 
 Hexacosane @ 250 mg/L 
 o-Terphenyl@250 ug/mL 
 
Spike: DSL#2_SP  Add:  0.5 mL 
 Diesel @ 2,500 mg/L  
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APPENDIX_2: REAGENTS & STANDARDS 
 
The standards and reagents listed below are those in use at the time this procedure was 
written. Alternate supplies may be used so long as the resulting mix will contain all of the target 
compounds, are of equivalent quality and meet all other calibration, quality control, and 
traceability requirements.  
 
SOURCE STANDARDS    
Source standards are those purchased from a chemical manufacturer or vendor. For source 
standards, the LIMS S-name is unique to both the composition (compound list) of the standard 
and to the vendor of that standard. A new S-name must be assigned whenever the composition 
is changed or when the standard is obtained from a different vendor; the information must then 
be entered in the “Standard Definitions” table before the new standard is assigned an S#.  
 
Certificates of Analysis should be obtained from the vendor of each source standard; each 
standard should be traceable to NIST. Source standards usually have an expiration date set by 
the manufacturer. If no expiration date is listed, the expiration date is one year from date 
received. 
 
Enter the lot#, date received, and expiration date of each source standard into LIMS 
immediately upon receipt, using the Standards Menu “Standard Inventory”.  
 
Label the Certificate of Analysis with the LIMS S#, date received and expiration date (if not 
already listed on vial) then file the certificates the 3-ring binder. Label each vial with the 
contents, LIMS S#, and expiration date. Store at -10 to -20°C in the freezer section of 
Refrigerator # 5. 
 

Analytes Concentration  Supplier & Catalog# LIMS S- Name 
    
Hexacosane (C26), Surrogate 99 % Aldrich 630-01-3 HEXACO 

o-Terphenyl 10,000 ug/mL Restek 31097 RESO_TERPHENYL 
Diesel # 2, Spike Source Std 50,000 ug/mL Restek 31259 DIESEL XHC 
    

 
 
 
WORKING STANDARDS    
Working standards are those prepared at C&T. For working standards, the LIMS S-name is not 
unique to the source standard vendor but is unique to the compound list and concentrations 
contained in the working standard; if the concentration or compounds in the working standard 
changes, a new S-name, compound list and concentrations must be entered in the “Standard 
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Definitions” table before the standard is logged in and assigned an S#. It it very important to 
enter this information correctly, as LIMS uses this information to calculate spike and surrogate 
recoveries. 
 
Working standards expire 180 days after preparation from the source standards unless any of 
the source standards expire before the 180 days. If any of the source standards expire before 
the 180 days, change the expiration date of the working standard to match the earliest 
expiration date of the stock standards. The expiration date of the working standard must not 
exceed the expiration date of any of the source standards from which it was made.  
 
In the Standards Benchbook, enter the prep date, LIMS S#, concentration, and volume of each 
source standard used, the LIMS S-name, final volume and concentration of the working 
standard, expiration date, and prep chemist’s initials.  
 
In LIMS, enter the prep chemist’s initials, prep date, and S# of all source standards used to 
make the working standard; LIMS will then assign a working standard number (S#).  
 
Label the standards vials with the LIMS S# and the expiration date. Store all working standards 
in the freezer section of Refrigerator # 5 at -10 to -20°C. 
 
Procedure: 

1.) Prepare all working standards in a water-soluble solvent (1:2 Acetone:Dichloromethane, 
MeOH, or Acetone) using Class-A volumetric flasks, and the volumes and standards 
listed below. 

2.) Bring the source standards to room temperature before using them to make the working 
standards.  

3.) Use the vortex mixer to homogenize each source standards then examine the vials to 
verify that the standards are completely in solution and that there is no visible 
precipitate. 

 
All volumes given below may be adjusted proportionally to yield more or less of the solution 
required.  All spiking standards should be analyzed to verify their concentration PRIOR TO 
USE.  The data from these screens should be stored in the appropriate binder. 
 
HEXACOSANE (Surrogate Solution) at 250 mg/L LIMS Name:  TEHOTPHEXSURR 
OTP (Surrogate Solution) at 250 ug/mL 
Hexacosane (C26) and OTP are used as the surrogate standard which is added to every 
sample and batch QC sample prior to extraction. To prepare the surrogate solution:  
 
1.) Prepare 1:2 (Vol:Vol) Methanol/Dichloromethane to be used as the solvent. Using two 1L 

beakers, decant about 400mL of Dichloromethane and 200 mL of Methanol into each 
beaker. 
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2.) Use an analytical balance to weigh 250 milligrams (0.250 g) of Hexacosane onto a weighing 
paper. Break up large lumps prior to weighing it out) to facilitate dissolution of the 
Hexacosane, then transfer the Hexacosane to a CH2Cl2-rinsed 1000 mL Class-A volumetric 
flask. Record the weight in the benchbook. 

 
3.) Weigh the weighing paper to check for residue and, if any is present, record the weight in 

the benchbook. 
 
4.) Use a glass Pasteur pipette to rinse the inside of the ground glass joint and the walls of the 

neck of the flask using 1:2 (Vol:Vol) Methanol/Dichloromethane. 
 
5.) Add about 800 mL of the solvent mix, then loosely cover with foil (primarily to prevent 

contamination). 
 

6.) Add 25.0 mL of RESO_TERPHENYL to the flask. 
 
7.) Place in the ultrasonic bath and sonicate for 15 minutes or until all of the Hexacosane has 

dissolved.   
 
8.) Allow the solution to cool to room temperature. 
 
9.) Bring the solution to the mark and invert several times to mix. 
 
10.) Document the preparation in LIMS. LIMS will then assign a LIMS standard (S-) number. 

Label 5 x 250mL amber bottles, with this number and append a letter (A-E, respectively) on 
each bottle. 

 
11.) Transfer the surrogate solution to the labeled 250 mL amber bottles and store in the 

freezer section of Refrigerator # 5 in the Extraction lab. 
 
NOTE:  Before each use, the standard must be warmed up to room temperature and mixed on a 
Vortex mixer until all the Hexacosane has re-dissolved. 
 
DIESEL (Spiking Solution) at 2,500 mg/L LIMS Name:  DSL#2_SP 
Diesel is used for spiking the batch QC samples (LCS/MS/MSD or BS/BSD). To prepare the 
spiking solution: 
 
1.) Partially fill a CH2Cl2-rinsed Class-A 100 mL volumetric flask with 1:2 (Vol:Vol) 

Methanol/Dichloromethane. 
 
2.) Add 5.0 mL of the 50,000 µg/mL Diesel # 2 standard to the flask. 
 
3.) Bring to the mark with 1:2 (Vol:Vol) Methanol/Dichloromethane. 
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4.) Agitate and invert several times to mix. 
 
5.) Document the preparation in LIMS. LIMS will then assign a LIMS standard (S-) number. 

Label 6 x 40mL amber VOA vials, with this number and append a letter (A-F, respectively) 
on each bottle. 

 
6.) Transfer the spike solution to the labeled 3, 40 mL amber VOA vials and store in the freezer 

section of the refrigerator in the extraction lab. 
 
NOTE:  Before each use, the standard must be warmed up to room temperature and mixed on a 
Vortex mixer to ensure that the diesel/ solvent mix is thoroughly homogenized. 
 
 
REAGENTS    
The preparation of all reagents, including dilutions into Millipore DI water, must be documented 
in the reagent prep benchbook. Each prepared reagent must be assigned a unique ID, based 
on the manufacturer and the date prepared. Each reagent received from an outside vendor 
should be labeled with the receipt date and expiration date. 
 
Acetone, EM Science, Omni-Solv grade, VWR Catalog# TXEMAX01 161 CUT 
Store in a Flammables cabinet for no more than 3 months; after 3 months, aldol condensation 
products will start forming and interfering with the analysis. 
 
Dichloromethane (MeCl2), EM Science, Omni-Solv grade, VWR Cat# TXDX0837-39CUT 
Store at room temperature for up to 1 year. 
 
Sodium Sulfate, Granular Anhydrous, EM Science 99.0%,  
VWR Cat# EM-SX0760-20  
Store at room temperature for up to 1 year. Kiln-bake at 400°C for 4 hours, then cool in 
desiccator. Rinse with dichloromethane prior to use. 
 

Note: Desiccant should be changed if it appears more pink than blue (indicating that it has 
become saturated with water). Regenerate the desiccant by placing a thin layer of it in a 
shallow pan in an oven at exactly 230°C for 1 ½ to 2 hours. The regenerated desiccant will 
be a softer blue than when received from the vendor. 

 
Sulfuric Acid (H2SO4), Concentrated, 90.5-92.7% by volume,  
JT Baker, VWR catalog # JT9691-3 
Store in a Corrosives cabinet for up to 2 years. 
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APPENDIX_3: CALCULATIONS 
 
 
Make a Working Standard from a Source (Stock) Standard: 
Determine the volume of source standard needed to make a given volume of working standard: 
 

Vss (mL)  =  Vws * Cws / Css 
 

Where: Vss   =  Volume of Source Standard (mL) needed to make Working Standard 
 Vws  =   Final Volume (mL) of Working Standard  
 Cws  =   Final Concentration (ug/mL) of the Working Standard 
 Css  =   Concentration (ug/mL) of the Source Standard 

 
Note: If the volume to be added is less than 1ųL, make an intermediate dilution by diluting the 
source standard 1:10 (1mL + 9 mL), then use 10 times as much of this intermediate. For 
example, if you need to add 0.3 ųL of the source standard, dilute 1.0mL of the source standard 
into 9mL of the solvent, then use 3.0 ųLof this dilution to make your final working standard. 
 
 
Spiking Batch QC for Waters 
Use the following to determine the volume to be used for spiking MDL’s or if a client requests 
that batch QC be spiked at a different level: 
 

Vws (mL)  =  Cf / (Cws * pdf  * 1000) 
  

Where: Vws  =   Volume (mL) of Working Standard to use for spike 
 Cf     =   Final Concentration in sample (ug/L) 
 Cws  =  Concentration (ug/mL) of the Working Standard 
 Pdf   =   Final Volume of Extract (mL) / Initial Volume of Sample (mL) 

 
 
Spiking Batch QC for Soil 
Use the following to determine the volume to be used for spiking MDL’s or if a client requests that 
batch QC be spiked at a different level: 
 

Vws (mL)  =  Cf / (Cws * pdf  * 1000) 
  

Where: Vws  =   Volume (mL) of Working Standard to use for spike 
 Cf     =   Final Concentration in sample (ug/Kg) 
 Cws  =  Concentration (ug/mL) of the Working Standard 
 pdf   =   Final Volume of Extract (mL) / Initial Mass of Sample (g) 
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VOLATILE ORGANIC COMPOUNDS by GC/MS 
In Solid Waste, Surface Water & Ground Water by EPA 8260B 

And in Wastewater by EPA 624 
SCOPE 
This document describes the procedure for purging volatile organic compounds (VOC) from 
liquid and solid matrices, separating them by gas-chromatography, and quantifying them by 
mass-spectrometry. This procedure may be used to quantitate halogenated VOC’s (previously 
listed in EPA 8010), aromatic VOC’s (previously listed in EPA 8020), ketones, gasoline 
oxygenates, and other compounds which are insoluble or only slightly soluble in water.  
 
EPA 8260 was written by the EPA’s Office of Solid Waste with additional guidance for surface 
water and ground water, as opposed to EPA 624 which was written by the EPA’s Office of 
Water specifically for wastewater. EPA 624 may also be requested for groundwater samples if 
the client is planning to discharge the water, with or without additional treatment, into a 
wastewater stream or into naturally occurring surface waters (bay or river). See Appendix_16 for 
EPA 624 requirements. 
 
For the common target compounds, reporting limits range from 0.5 ppb to 20 ppb. See 
Appendix_10 for compound list and specific reporting limits.  
 
REFERENCES 
Analysis Methods: 
EPA 8000B, Determinative Chromatographic Separations, USEPA SW846 Update 3, 1996 
EPA 8000C, Determinative Chromatographic Separations, USEPA SW846 Update 4, 2003 
EPA 8260B, Volatile Organic Compounds by GC/MS, USEPA SW846 Update 3, 1996 
EPA 8260C, Volatile Organic Compounds by GC/MS, rev 3, August 2006 
EPA 624, Purgeable Organics, 40CFR136 Appendix A 
40CFR MUR (4/11/07), Federal Register, Part III, March 12, 2007 
 
Sample Prep Methods: 
EPA 5000, Sample Preparation for VOCs, SW-846 Update 3, December 1996 
EPA 5030B, Purge & Trap for Aqueous Samples, SW-846 Update 3, December 1996 
EPA 5030C, Purge & Trap for Aqueous Samples, rev 3 May 2003 
EPA 5035, P&T and Extraction for VOC’s from Soil and Wastes, SW-846, Update 3, Dec 1996 
EPA 5035A, P&T and Extraction for VOC’s from Soil and Wastes, 2003 
EPA 624, Purgeable Organics, 40CFR136 Appendix A 
 
 
Additional SOP’s and Guidance Documents: 
QA SOP 1.4, Balance Calibration Check & Maintenance 
QA SOP 1.5, Calibrating & Maintaining Temperature Controls 
QA SOP 1.6, Pipet Calibration Check Procedures 
QA SOP 4.1, Establishing Control Limits 
QA SOP 4.4, Determining Method Detection Limits (MDL) 
QA SOP 8.4, State Program Requirements 
QA SOP 8.5, Federal Program Requirements 
QA SOP 9.6, Insuring Compliant Manual Integration 
CS SOP 2.3, Subsampling & Compositing (ASTM D6323-98, Lab Subsampling of Media 

Related to Waste Management Activities, Reapproved 2003) 
NELAC Chapter 5, Quality Systems, June 2003 
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DoD Quality Systems Manual, Version 4.1, April 2009 
DoE Quality Systems Manual, Version 2.2, October 2006 
Operator Manuals for “Target” software and operating system 
Operator Manuals for EST and Tekmar Purge & Trap systems 
Operator Manuals for HP5890, HP6980 & Agilent 6890 GC’s 
Operator Manuals for HP5972, HP6890 & Agilent 5975 MSD’s 
Operator Manuals for Agilent Chemstation Software 
Volume 1, TNI Standard, EL-V1-2009, September 2009 
DoD Quality Systems Manual, Rev 4.2 October 2010 
 
 
PRESERVATION & HOLDING TIMES 
Water Samples:  

Preservation: HCl to pH < 2.  
Holding Time: Store at 4°C. Analyze within 14 days. 

 
If a client submits unpreserved VOAs for the full 8260 list, Gasoline Oxygenates, or 
8020MS list, the samples must be analyzed within 7-days. If the unpreserved samples 
are to be analyzed only for halogenated volatiles (8010MS list), the samples must be 
analyzed within 14-days. 

 
If 2-Chloroethylvinylether is included in the client’s compound list, the client should have 
submitted unpreserved VOA vials. If these samples are submitted only for the 
Halogenated VOC list (LIMS product ‘8010MS’) the holding time is still 14 days. If the 
samples require the full 8260 list, the holding time is reduced to 7 days. 

 
Free chlorine should be neutralized at the time of sampling by addition of 0.008% 
sodium thiosulfate (Na2S2O3). Because the VOA vials are not opened until after analysis, 
when the sample pH is verified, C&T does not check for residual chlorine; any residual 
chlorine would likely have dissipated into the headspace after analysis. 

  
Soil Samples:   

in brass sleeves: Store at 4°C 
 Analyze within 14 days of sampling date. 

 
in Encore devices: Store at 4°C & analyze within 48-hours, or 

Preserve with sodium bisulfate within 2 days & analyze within 14 
days, or preserve with methanol within 2 days& analyze within 14 
days, or Freeze* & analyze within 7 days.  Frozen encores may 
be preserved within 7 days to extend the hold to 14 days. 
 
If sampled into a pre-weighed, documented, 40mL VOA vial with 
5mL DI water, frozen within 48-hrs, analyze within 14 days 

 
* Method Modification:  Region 9 has approved the use of freezing 
to extend the holding time for unpreserved samples to 7 days, 
however the client must approve this variance on a case-by-case 
basis. A copy of the USEPA Region IX Interim Policy 
Memorandum (June 23, 1999) is on file in the QA files. 
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Methanol Extracts: Store at 40C.  Analyze within 14 days of sampling date. 
 
Reagents: Label MeOH bottle with date opened and either use or discard 

within one year. 
 
QC REQUIREMENTS 
A Method Blank (MB) must be analyzed for each batch of 20 or fewer samples, with additional 
blanks run for each twelve-hour shift if a batch is run over more than one tune shift. For 
aqueous samples, the method blank is organic-free Ultrafiltered deionized water. For low-level 
soil samples, the method blank used is 5mL Ultrafiltered deionized water. For medium-level soil 
and waste samples extracted into methanol, the method blank is Ultrafiltered DI water and the 
prep blank is the same methanol lot used in the extraction. For TCLP leachates, the method 
blank is Ultrafiltered DI water and the prep blank is the TCLP extraction fluid used to extract the 
samples. For methanol and TCLP extracts, the prep blank must be analyzed once and a 
method blank must be analyzed in each 12-hour tune-shift in which the extracts are analyzed. 
 
A Laboratory Control Sample (LCS) must be analyzed with every batch of twenty or fewer 
samples of a given matrix. Following DoD guidance, sporadic marginal failures are allowed for 
5% (3 compounds) of the standard 8260 target compound list, except that C&T requires those 
compounds listed in EPA 5000 Section 5.5.1 to pass acceptance criteria. If any of the EPA 5000 
compounds or more than 3 of the remaining compounds fails acceptance criteria, initiate a 
corrective action record. 
 
A matrix spike (MS) and matrix spike duplicate (MSD) should be analyzed with every batch of 
twenty or fewer samples of a given matrix type. If insufficient sample volume was submitted for 
an MS and MSD, a blank spike (BS) and blank spike duplicate (BSD) may be analyzed in place 
of the LCS/MS/MSD.  
 
Surrogates and Internal Standards are added to every sample, blank, spike, and calibration 
standard. See associated SOP EPA 8260 Laboratory Control Limits, Table-1 for in-house spike 
and surrogate QC limits which are updated every 6 months, based on control-charts of the 
previous years data.  
 
An initial calibration curve consisting of a minimum of 5-points must be established for each 
compound; an Initial Calibration Verification (ICV) standard must be analyzed immediately after 
calibration standards to verify the curve. Sample results associated with a failing initial 
calibration cannot be reported. See Appendix_9 for details. 
 
A BFB tune standard and Continuing Calibration Verification (CCV) must be analyzed at the 
beginning of each 12-hour shift to verify that the initial calibration curve is still valid. Sample 
results associated with a failing BFB cannot be reported. See Appendix_8 for determining the 
usability of data associated with failing CCV criteria. 
 
A method detection limit study consisting of at least 7 laboratory control samples with low 
analyte concentrations will be extracted and analyzed; see the QA SOP “Method Detection 
Limits” for details.  A Limit of Detection (LOD) must be determined quarterly and is based on a 
laboratory control sample that is spiked 2 to 4 times the MDL, extracted and analyzed on every 
instrument. See the QA SOP for Method Detection Limits for details. A limit of quantitation 
(LOQ) must be determined quarterly and is based on a laboratory control sample that is spiked 
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1 to 2 times the reporting limit. It is only analyzed once per method. See the QA SOP of Limit of 
Quantitation for details. 
 
 
NOTE:  DoD QSM 4.1 projects and other Quality Assurance Project Plans (QAPPs) submitted 
by C&T clients may include different acceptance criteria for calibrations and batch QC such as 
ICAL, ICV, CCV, LCS, method blanks, MS/MSD, and surrogate recoveries etc. For samples 
associated with those projects, the requirements detailed in the QSM 4.1 or QAPP supersede 
this SOP. LIMs will transmit all client specific criteria to the analyst prior to sample analysis and 
evaluate sample results to these criteria.  
 
SAFETY 
Assume that all samples, standards, and extracts contain toxic and/ or potentially hazardous 
chemicals. Lab gloves and safety glasses should be worn whenever handling samples, 
standards, or extracts. 
 
EQUIPMENT (Refer to Appendix_6 for specific instrument configurations) 
Autosamplers: 

Tekmar AquaTek70 Autosampler / Velocity XPT Concentrator  
Tekmar AquaTek70 Autosampler / 3100 Concentrator 
Tekmar SolaTek72 Autosampler / 3100 Concentrator 
EST Archon 8100 Autosampler / Encon Concentrator 

Gas Chromatographs: 
HP Model 5890 
Agilent Model 6890 
Electronic Pressure Control 

Columns: 
Restek Fused Silica Capillary Column, 60m x 0.32mm x 1.5 μm, Rtx–Volatiles 
Restek Fused Silica Capillary Column, 60m x 0.25mm x 1.4 μm, Rtx–624 
J&W Fused Silica Capillary Column, 60m x 0.25mm x 1.4 μm, DB–624 
Agilent Fused Silica Capillary Column, 20m x 0.18mm x 1 μm, DB-VRX 
Other columns may be used at the analyst’s discretion. 

Mass Spectrometers: 
HP Models 5970 and 5972 
Agilent Model 5973 
Agilent Model 5975 

Software & Hardware: 
Agilent Chemstation Software 
Windows NT server with Target software 

 
DAILY INSTRUMENT SEQUENCE 
Each sequence must begin with a BFB Tuning standard followed by a Continuing Calibration 
Verification (CCV) standard. Once the tune and CCV have passed acceptance criteria, samples 
may be added to the instrument sequence. An example of a typical instrument sequence is 
presented below. All samples (and associated batch QC) must be injected within 12 hours of the 
associated BFB injection time. Approximately 18-20 runs can be completed within the 12 hour 
period. An example of a typical sequence is presented below: 
 

BFB (begins the 12 hour clock) 
CCV standard 
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LCS (one per batch of twenty samples per matrix) 
Method Blank 
Samples ….. 
MS (one per batch of twenty samples per matrix) 
MSD (one per batch of twenty samples per matrix) 
  
BFB (re-starts the 12 hour clock) 
CCV standard 
Method Blank 
Samples ….. 

  
All standards and samples loaded on the instrument should be recorded digitally through the 
data acquisition software and on an instrument run log as a reference. For methanol extracts, 
the extraction information should be recorded in the methanol extraction log notebook. 
 
Aqueous samples, leachates, and dilutions of methanol extracts may be analyzed in water 
mode. TCLPs and Methanol Extracts can be run in Soil mode. If low reporting limits are required 
for methylene chloride, then water mode must be used since the vial is not opened in the lab 
and less contamination is introduced than in soil mode.  
Water-mode calibrations and samples are not heated during the purge cycle. Soil-mode 
calibrations and samples are heated at 40°C during the purge cycle.  
 
Data File Naming Conventions 
Because the original data acquisition software had file names with a maximum field length of 6 
characters, C&T file names use abbreviated codes for the instrument ID and date. The 
instrument ID, month, and day codes are outlined below. Data files are named as:   
 
IMD## where I = Instrument ID, M = Month, D = Day, ## = Run Number (01 through 99).  
 

Instrument Designator  Instrument Designator 
MSVOA02 B  MSVOA09 I 
MSVOA04 D  MSVOA10 J 
MSVOA05 E  MSVOA11 K 
MSVOA06 F  MSVOA12 L 
MSVOA07 G  MSVOA13 M 
MSVOA08 H MSVOA14 N 

 
Month Designator  Month Designator 
January A  July G 
February B  August H 
March C  September I 
April D  October J 
May E  November K 
June F  December L 

 
Day Designator Day Designator Day Designator 

1 1 11 B 21 L 
2 2 12 C 22 M 
3 3 13 D 23 N 
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4 4 14 E 24 O 
5 5 15 F 25 P 
6 6 16 G 26 Q 
7 7 17 H 27 R 
8 8 18 I 28 S 
9 9 19 J 29 T 

10 A 20 K 30 U 
   31 V 

 
Example: The 2nd run on instrument MSVOA04 on September 28 would be named DIS02 
(instrument D, September, 28th, run 02). 
 
Writing a Chemstation Sequence 
Various user reports are automatically produced after the run is complete. This automation is 
based on the type of sample being analyzed, the sample number, the LIMS identification of any 
associated calibration or spiking standards, the batch number, and any applicable dilution 
factors. This data must be correctly entered into the sequence in a specific order for LIMS to be 
able to interpret the information and should be written into the sequence as follows: 
 

BFB, S#, 50ng 
CCV, Sa#, Vs/Vfa, Sb#, Vs/Vfb, Conc 
LCS, QC#, Batch#, Vs/Vf, Sa#, IDFa, Sb#, IDFb 
IB, NP 
MB, QC#, Batch#, Vs/Vf 
S, Samplenum, Batch#, Vs/Vf 
MS, QC#, Batch#, Vs/Vf, Sa#, IDFa, Sb#, IDFb,  
MSD, QC#, Batch#, Vs/Vf, Sa#, IDFa, Sb#, IDFb,  

Where: 
Conc is the concentration of the standard (ie: 50ppb) 
IDF is the dilution factor for the standard, written as “1000x” or similar, as an alternate to Vs/Vf 
NP means “No Print” the compound spectra 
Samplenum is the LIMS sample number (ie: 160961-005) 
Vs is the volume/ weight (in mL or g) of standard or sample used,  
Vf is the final volume of the standard or sample, 
(ie: Vs/Vf = 0.02/100 for 20µL to 100mL of a standard, or Vs/Vf = 1/1 for an undiluted sample),  
S# is the LIMS S# of the standard used,  
 
If the MS and MSD use the same working standards and volumes as the LCS, the information 
may be written as: MS, QC#, Batch#, Vs/Vf, =LCS 
Similarly, the CCV for the 2nd tune-shift can be written as: CCV, =CCV 
 
1.) Tuning: (See Appendix_8 for BFB acceptance criteria) 

The MS-detector must be tuned to meet specific performance criteria so that data produced 
by this instrument will be comparable to that produced by another. All samples (including 
QC) and calibration standards must be injected within 12 hours of the injection time of the 
associated, acceptable BFB tune standard. Samples or QC desorbed outside the 12-hour 
clock cannot be reported. Once a BFB tune standard (conc. 25-50 ng/ul) is injected into the 
system, any previous 12-hour shift is no longer valid and the injected BFB tune standard 
must meet its specific performance criteria before samples can be run. 
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1.1) Start the daily 12-hour tune shift sequence (or 2nd 12-hour tune shift) by analyzing 
the BFB, prior to analysis of the calibration verification standards and samples. 
Use the method BFBS<#>8.m, where # is the instrument number. 

  
1.2) See Appendix_2 for instructions on preparing the 50ng aliquot of BFB (4–

Bromofluorobenzene). 
 
1.3) After the BFB has run, the software will automatically generate a report comparing 

the BFB mass spectrum to the performance criteria specified in EPA 8260B (see 
Appendix_8), using the average of three scans centered at the apex, with 
background subtraction. Because method 8260B also allows a single scan at the 
apex (or one scan to the left or right of the apex) or the average of two consecutive 
scans (including one at the apex), the analyst may manually process the tune 
using one of these six scenarios if the average of the three scans does not meet 
criteria. The tune report will indicate which scans were used. If the BFB fails 
acceptance criteria, the failing range will be flagged with an asterisk. If no asterisk 
appears on the report, the BFB meets tune criteria; continue by preparing and 
analyzing a CCV. 

 
1.4) If the BFB fails criteria (listed in Appendix_8), inspect the data to determine if the 

tune standard should be re-analyzed, the instrument re-tuned, or whether 
maintenance (e.g., source cleaning) may be necessary. A tune standard may be 
reanalyzed once but if the 2nd tune standard also fails, the instrument should be re-
tuned or additional instrument maintenance performed - do not simply reanalyze 
the standard until one passes. Sample results associated with the failing 12-hour 
BFB tune-shift cannot be reported. 

 
2.) Continuing Calibration Verification (CCV) Standard: (See Appendix_8 for CCV criteria) 

After a BFB run passes tune criteria, analyze a Continuing Calibration Verification (CCV) 
standard to verify that the response of the instrument has not changed and that the initial 
calibration curve may still be used to quantitate sample results. This calibration standard 
must be analyzed at the beginning of each 12-hour shift, after the BFB tune standard but 
prior to any samples or batch QC.  
 

2.1) Decide what concentration CCV standard to analyze, keeping in mind that the 
concentrations must be alternated across the mid-levels of the calibration curve 
(NELAC requirement).  

 
2.2) See Appendix_2 for instructions on preparing the CCV standard. 
 
2.3) Analyze this standard using the same data acquisition method as for the samples, 

typing “CCV,” before the working standard number, so that LIMS will automatically 
generate a Form 7 (Continuing Calibration Verification summary), which compares 
the response factors from this standard to those of the initial calibration curve. 

 
2.4) Examine the CCV results against the following criteria: 
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a.) The retention times should increase with assigned ‘compound number’ (in the 
acquisition software). The compound spectra should be re-examined for any 
Rt’s that appear out of order.  

 
b.) All compounds must meet minimum relative response factor (RRF) of 0.05.  
 

Note: Method 8260C specifies minimum RRF for many target compounds. 
For compounds with high RL’s, the minimum RRF is 0.05 divided by that 
compounds RL. Thus for a compound with a reporting limit of 10ug/L 
(example: tert-Butyl alcohol), the minimum RRF is 0.005.  

 
c.) System Performance Check Compounds (SPCC’s) RRF must be: 

 
RRF > 0.3 for: Chlorobenzene  1,1,2,2-Tetrachloroethane  
 
RRF > 0.1 for: Chloromethane  1,1-Dichloroethane 
 Bromoform 

 
d.) Calibration Check Compounds (CCC’s) percent difference (or percent drift if 

the compound was calibrated using linear regression) from the initial 
calibration must be < 20%.  

 
%D < 20 for: Vinyl Chloride  1,1-DCE  
 Chloroform  1,2-Dichloropropane  
 Toluene  Ethylbenzene 

 
e.) Non-CCC compounds must have %D < 20% for compliance to DoD QSM and 

8260C. Compliance for 8260B is in section 2.7. 
 

f.) EPA 624 Method Note:  EPA 624 does not discuss minimum response 
requirements or differentiate between various types of analytes. The recoveries 
must meet those listed in Table 5 of the method, however the criteria listed in a.) 
through e.) above are tighter than those listed in the method and should be used 
for routine analysis. 

 
2.5) Examine the integration in the data analysis software for every analyte to verify that 

each peak was correctly integrated. Manual integrations must be consistently 
applied to ICAL, CCV’s, and sample integrations.  

 
Unsubstantiated alteration of peak integration solely to pass calibration or QC criteria 
is illegal and is grounds for immediate termination.  

 
2.6) If the SPCC and CCC criteria are not met, another CCV standard should be 

analyzed, unless reporting a single analyte or small set of analytes.  In these 
cases, those target analytes must each pass SPCC and CCC criteria.  If the 
second analysis of the standard fails to meet all SPCC and CCC criteria, 
recalibration and/or other instrument maintenance is required.  
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Note: If 2 CCVs were aliquoted from the same 100mL volumetric prep, the second 
run of this prep counts as the second analysis and a change must be made to the 
standard or the instrument before running another CCV. 

 
If two CCV’s were analyzed, “x” out the first CCV, set the second to stype “CCV” 
and process the data from the second CCV. Do not “cherry pick” some compounds 
from the first CCV and others from the second CCV; if the second CCV is 
processed and used, all compounds must be taken from the second standard. 

 
2.7) If the SPCC and CCC criteria are met, but other compounds fail acceptance 

criteria, data may be reportable based on the following criteria: 
 

a.) If the failing compound is not a target analyte for the associated samples, 
sample results should be reported without reanalysis. No narration is required 
because the compound is not required for those samples. 

b.) If the compound fails the minimum RRF (0.05) requirement and is a required 
target compound for the associated samples, the samples must be 
reanalyzed. 

c.) If the compound fails the %D criterion due to a high response but was not 
detected above the reporting limit in the associated samples, the sample 
results may be reported without reanalysis, as the high bias does not affect 
the sample results. 

d.) If the compound fails the %D criterion due to a high response and was 
detected above the reporting limit in any of the associated samples, the 
samples must be reanalyzed.   

e.) If the compound fails the %D criterion due to a low response but met the 
minimum response requirement (0.05 RRF), was low by no more than 50%, 
and was not detected in the sample at any level, the sample results may be 
reported without reanalysis unless the job is for a DOD level III client in which 
case the samples must be reanalyzed.   

f.) If the compound fails the %D criterion due to a low response and was 
detected (even below the reporting limit), the sample must be reanalyzed. 

 
See Appendix_1 for calculation of %D and the relative response factor (RRF). 

 
3.) Laboratory Control Sample (LCS): 

A Laboratory Control Sample (LCS) containing all target compounds is analyzed 
immediately before the method blank. The LCS must be analyzed for every batch of twenty 
or fewer samples of similar matrix, to demonstrate the accuracy of the analysis in the 
absence of matrix interferences. The LCS should be spiked between the low and middle 
level of the instrument’s calibration. 
 

3.1) Soil Mode:  Spike 5mL reagent water in a labeled VOA vial with 1 μL each of SU-
ICV250, S-ICVGAS250, and ICVGASOX, and surrogates including TFT. 

 
If running the LCS as the CCV, the spike level must be varied.  Use a 5uL syringe 
and spike according to the table below. 
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                            SOIL  MODE   
Standard Conc. 

(μg/Kg) 
Add Vol (μL) 
SU-ICV250 

Add Vol (μL) 
SU-ICVGASOX 

Add Vol (μL)  
SU-ICVGAS250 

Add Vol (μL)  
VOANTICV 

Final Volume 
(mL) 

25 0.5 0.5 0.5 0.5 5 
50 1.0 1.0 1.0 1.0 5 

 
Note:  An alternative way to prepare the CCV or LCS to be run in soil mode is to 
first prepare the standards following the table below for water mode, then pour 
them into a clean-rinsed 5mL gas-tight class-A volumetric syringe.  Transfer 5mL 
from the syringe into the empty labeled VOA vial. 

 
Water Mode:  To make a 25 μg/L LCS, spike a 100mL volumetric filled with reagent 
water with 10 μL each of SU-ICV-250, S-ICVGAS250, and ICVGASOX. Invert 
three times and pour into two VOA vials, leaving no headspace. If more than two 
vials are needed, a larger volumetric may be used with the appropriate amount of 
spike added.  If running the LCS as the CCV, use the table below to determine 
spike amounts. 
 
 

                            WATER  MODE   
Standard Conc. 

(μg/Kg) 
Add Vol (μL) 
SU-ICV250 

Add Vol (μL) 
SU-

ICVGASOX  

Add Vol (μL)  
SU-ICVGAS250 

Add Vol (μL)  
VOANTICV Final Volume 

(mL) 

20 8 8 8 8 5 
21.25 8.5 8.5 8.5 8.5 5 
22.5 9 9 9 9 5 

23.75 9.5 9.5 9.5 9.5 5 
25 10 10 10 10 5 
30 12 12 12 12 5 
 
TCLP Leachates:  Leachates may be run in either soil or water mode. Use the 
volumes above but substitute the TCLP blank fluid for the DI water. 
 
Note:  EPA 8260B Section 5.13.2, specifies the spiking standards must be from a 
different source than the ICAL standards. 

 
3.2) Analyze the LCS using the same data acquisition method as for the samples, 

typing “LCS,” before the QC-number. 
 

3.3) Review the LCS run and results before loading the rest of the sequence; the LCS 
must pass the following acceptance criteria for associated samples to be reported.  

 
SW-846 Method 5000, Section 5.5.1 defines required spike compounds as the 
following: 
 
 1,1-Dichloroethene Trichloroethene Chlorobenzene 
 Benzene Toluene 
 
Sporadic marginal failures are allowed for 5% (3 compounds) of the target 8260 
and GASOX compounds, except that the compounds listed in EPA 5000 Section 
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5.5.1 must pass acceptance criteria. If any of the 5 compounds listed above (EPA 
5000 compounds) or more than 3 of the remaining compounds fail acceptance 
criteria, corrective action must be taken. Also, any failures must be sporadic (ie: 
random); if the same analyte fails repeatedly, the source of the error must be 
located and corrected.   

 
Note: Because the sample preparation and analysis steps are the same for both standards 

and samples, the LCS may be reported as the CCV. For these runs, enter the LIMS 
stype as “CCV/LCS” in the sequence so LIMS can automatically generate both 
reports. 

 
After the batch QC has finished running, determine if the LCS passed acceptance criteria for 
all of the client-specified limits associated with each job in the batch: 
 

1.) Go to the GC/MS VOA Page within the LIMS Intranet 
 
2.) Enter the batch number, job number with its product and matrix in the correct fields 

 
3.) Click on “View” QC status for batch and check the results. 

 
Note: Project specific quality assurance plans may require batch control based on different 

compounds and control limits, in which case the project requirements supersede this 
SOP for all samples related to that project.  

 
Blank Spike (BS)/ Blank Spike Duplicate (BSD):  
If there is insufficient sample volume to prepare a matrix spike and matrix spike duplicate 
(typical for water samples), the LCS should be prepared and analyzed in duplicate. Name 
these aliquots “BS” and “BSD” respectively (instead of “LCS”), so that LIMS will look for the 
duplicate and calculate the RPD’s between the two, as well as the recoveries for each. 
 
Sporadic marginal failures are allowed for 5% (3 compounds) of the target 8260 and 
GASOX compounds, except that the compounds listed in EPA 5000 Section 5.5.1 must 
pass acceptance criteria.  
 
Corrective Action for LCS/BS/BSD Failures 
If any of the 5 required compounds (EPA 5000 compounds) or more than 3 of the remaining 
compounds fail acceptance criteria, corrective action must be taken. These criteria should 
be applied discretely to each of the 3 sets of data, where the sets are the BS recoveries, the 
BSD recoveries, and the BS/BSD RPD. Use the following guidelines to determine the 
appropriate course of action: 
 

a.) If the samples are being analyzed for a subset or abbreviated target compound 
list and all of those compounds pass acceptance criteria, the data may be 
reported without further corrective action. 

 
b.) If high recoveries are observed but no target analytes were detected in the 

associated samples, note the failure on the Data Review Checklist and report the 
data without re-analysis, as the potential high bias does not affect the sample 
results. 
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c.) If high recoveries are observed and the samples contain target compounds at 
levels above the reporting limits, the samples must be re-analyzed. 

 
d.) If high RPD’s are observed but the recoveries are within acceptance limits and 

no target analytes were detected in the associated samples, note the failure on 
the Data Review Checklist and report the data without re-analysis, the lack of 
acceptable precision data does not affect ND samples. 

 
e.) If high RPD’s are observed and the samples contain target compounds at levels 

above the reporting limits, the samples must be re-analyzed. 
 

f.) If low recoveries are observed for any surrogate and or spike the associated 
samples must be re-analyzed. 
 

If a sample must be re-analyzed and the holding time has expired, the client’s Project 
Manager should log the sample in as an “alias” and have the sample re-analyzed as the 
new sample number. If the sample is still within holding time, reanalyze the sample under 
the original sample number. 

 
4.) Method Blank (MB): 

A method blank (MB) must be analyzed for each batch of 20 or fewer samples and for 12-
hour analytical shift, after the CCV and prior to any sample analysis. This serves as a check 
on system and atmospheric contamination in the laboratory at the time of sample analysis.  

 
4.1) Water Mode:  Fill a 40mL VOA vial with Ultrafiltered DI water. 
  

Soil Mode:  Add 5mL of Ultrafiltered DI water to a 40mL VOA vial. 
 

4.2) Analyze the blank using the same data acquisition method as for the samples, 
typing “MB,” before the QC-number. 

 
4.3) Review the data from the first method blank before loading the rest of the 

sequence. In general, no compounds should be detected in the method blank. 
However, if a compound(s) is detected, the following steps are used to determine 
the corrective action required: 

 
a.) If the compound(s) is a common lab contaminant (e.g acetone or DCM) and 

the result is less than the reporting limit, document the contamination on the 
batch sequence summary, and report the data without reanalysis. 

 
b.) If the compound(s) is not a common lab contaminant and the concentration is 

less than 1/2 of the reporting limit, document the contamination on the batch 
sequence summary and report the data without reanalysis. If the compound 
is present at less than the RL and more than ½ the RL and the client is DoD, 
you may be required to reanalyze the sample.  

 
c.) If the sample result for that compound(s) is greater than twenty (20) times the 

amount found in the method blank, document the contamination on the batch 
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sequence summary and the data review checklist and report the data without 
reanalysis. 

 
d.) If the sample result for that compound(s) is greater than the reporting limit but 

less than twenty (20) times the amount found in the associated method blank, 
the samples must be re-batched and reanalyzed.  

 
Note:  For any Department of Defense (Navy, USACE, AFCEE) project that 
references the DoD Quality Systems Manual (QSM), if the sample result for that 
compound(s) is greater than ten (10) times the amount found in the method blank, 
document the contamination on the batch sequence summary and the data review 
checklist and report the data without reanalysis. If the sample result for that 
compound(s) is greater than the reporting limit but less than ten (10) times the 
amount found in the associated method blank, the samples must be re-extracted 
and reanalyzed.  

 
Note: Project-specific quality assurance project plans (QAPPs) requirements may be 

more stringent. If so, those QA Plans supersede this SOP for all samples related to 
that project. 

Instrument blanks (IB’s) should be analyzed periodically throughout the analysis. IB’s run 
after any standard or sample suspected to contain target compounds much greater than the 
linear working range (~1 ppm) are a good idea.  Also, an IB should be run when the system 
has been idle for a few hours within a 12-hr shift before loading sample to ensure the 
system is ‘clean.’  The IB is used solely to 'clean' the system and is not reported. 
 
Methanol prep blanks: This prep blank only needs to be analyzed once so long as there is a 
DI water blank analyzed in each 12-hour shift containing the MeOH extracts. These blanks 
consist of 10mL of methanol plus 10uL of TFT. A 200uL aliquot of this extract is added to 
each 5mL of DI water purged and is assigned a QC number, using the LIMS “stype” 
PREPBLK. If any target compounds are detected in the methanol blank and in the 
associated method blank, reanalyze the methanol blank. If any target compounds are 
detected in the methanol blank that are not detected in the associated method blank, follow 
the procedure under “Method Blank” section 4.3 above to determine if the data is reportable. 
The results of MeOH Blanks may have to be reported for some clients. 

 
TCLP Leachate prep blanks: Analyze in either soil or water mode as described above, run 
TCLP prepblanks as an additional Blank so we can report it to clients. Substitute the TCLP 
extraction fluid for the DI water, in each 12-hour shift containing the TCLP extracts. TCLP 
blanks should be run in the same sequence as TCLP samples. If any target compounds are 
detected in the TCLP blank, reanalyze the TCLP blank; if the presence of any target 
compounds is confirmed, follow section 4.3 above to determine if data are reportable.  

 
5.) Matrix Spike (MS) and Matrix Spike Duplicate (MSD):  

One sample in each analytical batch of twenty of similar matrix (or less) must be used for an 
MS/MSD. Matrix spikes are analyzed to demonstrate the accuracy (recovery) and precision 
(RPD) of the analysis in real-world samples. The matrix spiking solution contains all analytes 
of interest, but the MS and MSD are typically monitored only for those compounds listed in 
method 8260B Section 5.13, unless otherwise specified by the client.  
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5.1) Decide which client’s sample to spike on a rotating basis, so that no one client’s 
samples predominate over time. 

 
5.2) Soil samples in Soil Mode:  Weigh two additional aliquots, into VOA vials labeled 

“MS” and “MSD”. Dispense 5mL of DI water into each vial then add 1 μL each of 
SU-ICV250, S-ICVGAS250, and ICVGASOX to each vial.  

 
Water Mode:  To make 25 μg/L matrix spike, spike a 100mL volumetric filled with 
the sample selected for QC with 10 μL each of SU-ICV-250, S-ICVGAS250, and 
ICVGASOX. Invert three times and pour into two VOA vials, labeled with the QC 
numbers, leaving no headspace in the VOA.  
 
TCLP Leachates:  Leachate spikes may be run in either soil or water mode. Use 
the volumes above but substitute a TCLP leachate for the water sample. 

 
Note:  USACE recommends ICAL standards or a standard from the same 
manufacturer as the ICAL standards be used for spike standards.  However EPA 
8260B forbids this. Per 8260 Section 5.13.2, the spiking standards must be from a 
different source than the ICAL standards. 

 
5.3) Analyze the MS and MSD using the same data acquisition method as for the 

samples, typing “MS,” (or “MSD,” as appropriate) before the QC-number. 
 

5.4) Review the MS/MSD data. If either the recoveries or RPD fail criteria, determine 
whether or not the data can be reported based on the following: 

 
a.) If the concentration of a target compound in the sample is greater than the 

linear range and the sample needs to be rerun for just that compound, report 
the MS/MSD with a LIMS-flag of “>LR” on those recoveries without 
reanalysis. 

 
b.) If the concentration of a target compound in the sample is within linear range 

but the concentration in the matrix spikes is greater than the linear range, 
LIMS will apply a “>LR” flag to those recoveries. Report the data without 
reanalysis. 

 
c.) If the concentration of a target compound is greater than 4x the spiking level, 

LIMS will apply a “NM” (for “Not Meaningful”) flag to those recoveries. Report 
the data without reanalysis. 

 
d.) If recoveries fail but the RPD is within acceptance limits, matrix interference 

is usually suspected. Narrate the failure and report the data without 
reanalysis (except for USACE, or other Level 3 or Level 4 projects that 
always require reanalysis). 

 
e.) If the recoveries fail due to obvious chromatographic interference (ie: 

coelution of sample hydrocarbons or other analytes with the spike 
compounds), narrate the failure on the Data Review Checklist and report the 
data without reanalysis. 
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f.) If the recoveries or RPD fails, and an isolated problem cannot be identified 

and documented, reanalyze the sample and matrix spikes. 
 

Project specific quality assurance plans may include different requirements, in which 
case the project requirements supersede this SOP for all samples related to that project.  

 
6.) Sample Preparation: 

After checking out samples from the coldroom, allow them to come to room temperature 
prior to sample preparation or analysis. All flasks and syringes used during sample 
preparation should be rinsed at least three times with DI water between samples. If used to 
prepare samples with an intense odor or color, the flasks or syringes may require rinsing 
with methanol prior to the DI water rinses.   
 
All water samples should be screened by headspace-GC/FID prior to analysis (see the 
“VOC Screening” SOP for that procedure), unless site history is available for that specific 
sample. The screening chemist should have written the estimated dilution factor, and the 
name and concentration of the highest target compound, on the job sheet. If no screening 
data is available, or for samples from long-standing projects or samples that are suspected 
to be problematic, check to see if site history is available. 
 
The calibration of the dispensor used to add Nanopure water to the soil samples must be 
verified at least monthly and must be accurate to within 3% (4.85-5.15mL) 
If compositing water samples, the composite receiver flask should be immersed in an ice 
bath (8260C sec 11.5.7.1.1)  

 
a.) EPA 5030 Liquid Samples - in water mode: 
 

1a. For undiluted samples, load the sample VOA vial directly onto the autosampler, 
making sure the vial label is flat and fits smoothly in the autosampler rack.  Then 
program the autosampler to run in water mode.   

 
1b. For dilutions, inject a measured aliquot of the sample into a volumetric flask (at 

least a 50mL flask), bring to volume with reagent water, and invert three times. 
Pour into a labeled VOA vial, making sure there is no headspace. 

 
2. Load all samples and QC onto the autosampler and analyze in water mode.   

 
3. The autosampler will draw up 5 or 10mL of sample into the purge vessel and add 

internal standard/surrogate mix automatically. The volume of internal/ surrogate 
standard added is dependent on the type of autosampler; see Appendix_6 for 
specifics. 

 
4. When the sequence is completed, use narrow-range pH paper (0-2.5 SU) to 

check the pH. Document the pH on the sequence log. 
 
Note:  Never dip the pH strip directly into the sample as it could contaminate the 
sample.  Instead, place one drop of sample on the pH strip. 
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Note:  Always allow an extra VOA vial for re-analysis. If a client requested an 
MS/MSD but only submitted 3 VOA vials, initiate a Corrective Action so the 
Project Manager can educate the client and inform them that we have insufficient 
sample volume to perform their requested MS/MSD. 

 
b.) EPA 5030 Liquid Samples - in soil mode: 
 

1a. For undiluted samples, measure 5 mL of sample into a 5mL syringe and 
dispense into a labeled 40mL VOA vial. Check the pH using narrow-range pH 
paper (0-2.5 SU) and document it in the sequence log. 

 
1b. For dilutions, inject a measured aliquot of the sample into reagent water for a 

total volume of 5mL. Check the pH using narrow-range pH paper (0-2.5 SU) and 
document it in the sequence log. 

 
1c. Run MeOH and TCLP extracts in Soil mode. It is not necessary to check the pH 

of these samples  
 
Never dip the pH strip directly into the sample as it could contaminate the 
sample. 
 

 
2. Load sample onto the autosampler set up for soil mode. 

 
3. The autosampler will add the internal/surrogate standard mix and 5mL of water at 

the time of analysis. The volume of internal/ surrogate standard added is 
dependent on the type of autosampler; see Appendix_6 for specifics. 

 
4. The autosampler (in soil mode) heats the samples to 40°C during the purge 

cycle. 
 

c.) EPA 5030/5035 Solid Samples (low level) - in soil mode: 
For those clients that still submit soil samples in brass or steel sleeves, C&T uses 
the guidance from previous versions of EPA 5030, as follows: 
 
1. Verify that the balance has been calibrated for that day.  If not, perform 

calibration check and document it. 
 

2. Write the sample number and letter on the vial and in the sample prep log. 
 

3. Weigh 5.5g (+ 0.5g) of sample into soil vial and record the weight to one decimal 
place. Use less if it is suspected that a dilution is needed. if the dilution needed is 
> 10x, perform a methanol extraction as described below.  
 
Clean the spatula or scoop with DI water and a Kimwipe between samples to 
prevent cross-contamination.  If the sample has an oily matrix or odor, rinse the 
spatula or scoop with methanol, and then with DI water; alternately, use a 
disposable wooden spatula.  An oily matrix or strong odor should be extracted in 
methanol and screened at a higher dilution. 
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When weighing out samples for analysis, the analyst may notice sample 
heterogeneity exhibited by soils mixed with plant debris, rocks, and other 
materials. If samples have significant heterogeneity, describe the heterogeneity 
in the sample prep log and take the most visually representative aliquot possible 
from the sample. If the sample consists of large pebbles or rocks, discuss the 
problem with the client’s Project Manager, as the client may need to be 
informed. 
 
Dilutions of < 50x are made by using smaller aliquots of soil. Weigh out 2.5g for 
a 2x dilution or 1.0g for a 5x dilution. if a 2-decimal scale is used, a 10x dilution 
could be prepared by weighing 0.50g (+ 0.05g).  
 

4. Add 5 mL of reagent water to the VOA vial and place on the carousel.  
 
5. The autosampler will automatically add 5mL of reagent water and internal/ 

surrogate standard mix at the time of analysis. The volume of internal/ surrogate 
standard added is dependent on the type of autosampler; see Appendix_6 for 
specifics. 

 
6. Samples are heated at 40°C during the purge cycle. 

 
d.) EPA 5030/5035 Methanol Extracts of Soil Samples (medium/high level): 

For those clients that still submit soil samples in brass or steel sleeves, C&T uses 
the guidance from previous versions of EPA 5030 to analyze med/high-level soil 
samples, as follows: 
 
1. Verify that the balance has been calibrated for that day. If not, perform calibration 

and document it. 
 
2. Write the sample number and container letter on a scintillation vial and in the 

Methanol Extractions log. 
 
3. Weigh 10g (+ 1.0g) of sample into a scintillation vial and record the weight to one 

decimal place. 
 

Clean the spatula or scoop with DI water and a Kimwipe between samples to 
prevent cross-contamination.  If the sample has an oily matrix or odor, rinse the 
spatula or scoop with methanol, and then with DI water 

 
4. Add 10uL TFT1250, which acts as a surrogate for the extraction process, 

measuring potential errors or biases introduced during the extraction step. 
 

5. Using a Class-A graduated pipette or syringe, add 10mL Purge & Trap-grade 
Methanol and shake for 2 minutes. 

 
6. Let extract settle for about one hour or centrifuge for about 1 minute, until the 

layers are clearly separated.  
 

7. Transfer MeOH layer into a 4mL vial labeled with the sample number and letter.  
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8. Analyze within 14-days of sample collection. 

 
Soil mode:  Aliquot 100 μL (or less if a higher dilution is required) into 5mL of 
reagent water in a labeled VOA vial and place on carousel. Samples are heated 
at 40°C during the purge cycle. 
 
Water mode:  Inject an aliquot of the extract into a volumetric flask filled with 
reagent water and bring to volume with reagent water.  Invert 3 times and pour 
into a labeled VOA vial with no headspace. Be sure the methanol does not 
exceed 100 μL per 5mL of sample to be purged. 
 
CAUTION:  Aliquots of methanol extracts must not exceed 100 μL per 5mL 
purged or the trap may be damaged and response of the gas compounds, such 
as vinyl chloride, may be depressed. 
 
Note: The second source standards do not contain the TFT surrogate.  When 
running methanol extracts, you should run a first source CCV which contains the 
TFT surrogate or spike the TFT surrogate into the CCV/LCS. 
 

9. Store excess methanol extract volume in the refrigerator at 4°C.  
 
Because the autosampler automatically adds the normal 8260 surrogates to 
every sample just prior to the purge cycle, C&T uses α, α, α,-Trifluorotoluene 
(TFT) as the surrogate for the methanol extraction step. 

 
e.) EPA 5030 Waste Dilutions for Solvent or Oil Samples: 

 
1. Verify that the balance has been calibrated for that day. If not, perform calibration 

and document it. 
 
2. Write the sample number and container letter on a scintillation vial and in the 

Methanol Extractions log. 
  
3. Weigh 1g (+ 0.1g) of sample into a 10mL Class-A volumetric flask and record the 

weight to one decimal place.  
   
Clean the spatula or scoop with DI water and a Kimwipe between samples to 
prevent cross-contamination.  If the sample has an oily matrix or odor, rinse the 
spatula or scoop with methanol, and then with DI water. 
 

4. Add 10uL TFT1250, which acts as a surrogate for the extraction process, 
measuring potential errors or biases introduced during the extraction step. 

 
5. Bring to volume with Purge & Trap-grade Methanol and vortex for 2 minutes. 

 
If the sample is not miscible with the methanol, perform a methanol extraction as 
described in the previous section, using 1g of sample.  
 

6. Analyze within 14-days of sample collection. 
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Soil mode:  Aliquot 100 μL (or less if a higher dilution is required) into 5mL of 
reagent water in a labeled vial and place on carousel. Samples are heated at 
40°C during the purge cycle. 
 
Water mode:  Inject an aliquot of the extract into a volumetric flask filled with 
reagent water and bring to volume with reagent water. Invert 3 times and pour 
into labeled VOA vial with no headspace.  
CAUTION:  Aliquots of methanol extracts must not exceed 100 μL per 5mL 
purged or the trap may be damaged and response of the gas compounds, such 
as vinyl chloride, may be depressed. 
 

7. Store excess methanol extract volume in the refrigerator at 4°C.  
 
Because the autosampler automatically adds the normal 8260 surrogates to 
every sample just prior to the purge cycle, C&T uses α, α, α,-Trifluorotoluene 
(TFT) as the surrogate for the methanol extraction step. 
 
Note: The second source standards do not contain the TFT surrogate.  When 
running methanol extracts, do not run CCV/LCS or CCV/BS.  Run a first source 
CCV which contains the TFT surrogate. 

 
ENCORES - EPA 5035 Sample Preservation & Preparation: 
If EPA 5035 is requested as the preparation method for soil samples, three Encore 
devices should be submitted for each sample. The samples must be: 
 

a.) Analyzed within 48-hours of collection date/time as a normal soil sample, or 
b.) Chemically preserved within 48-hours with sodium bisulfate and analyzed within 

14-days of collection date, or 
c.) Chemically preserved with methanol within 48-hours of the collection date/time 

and analyzed within 14-days from collection, or 
d.) Frozen* (with the client’s prior permission within 48 hrs of sampling) and 

chemically preserved within 14 days from collection, or 
e.) Frozen* (with the client’s prior permission within 48 hrs of sampling) and 

analyzed within 14 days from collection, or  
f.) Sampled in a pre-weighed documented 40mL VOA vial containing 5mL water, 

frozen with 48-hours (with the client’s prior permission), and analyzed within 14 
days from collection*.  

 
* Method Modification:  Region 9 has approved the use of freezing to extend the holding 
time for unpreserved samples to 14 days, however the client must approve this variance 
on a case-by-case basis. A copy of the USEPA Region IX Interim Policy Memorandum 
(June 23, 1999) is on file in the QA files. 
 
Preservation:  If the client has given permission for the Encores to be frozen, the 
samples will be placed in the Encore freezer by the login personnel and should be 
checked out like a normal soil sample and analyzed following step a.) “EPA 5035 Low-
level unpreserved samples” below. 
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If the samples cannot be frozen, or analyzed within 48 hours of collection, preserve 2 
Encores with sodium bisulfate and 1 Encore with methanol, as follows: 
 
Sodium Bisulfate Preservation: 

1. Verify that the balance has been calibrated that day. If it has not, calibrate it 
before using for sample prep. 

 
2. Write the sample number and container letter on a pre-preserved VOA vial and in 

the sample prep log. 
 
3. Tare the pre-preserved VOA vial with a spin bar. 
 
4. Using an EnCore extrusion tool, dispense the entire contents of the EnCore 

device into the tared VOA vial. 
 
5. Record sample weight (to 2 decimals) in lab notebook. 
 
6. For the second Encore, repeat Steps 1 through 7. 
 
7. Store in the refrigerator at 4°C. 
 
8. Analyze within 14 days of sample collection. 

 
Methanol Preservation: 

1. For the third Encore, write the sample number and container letter on a 
scintillation vial.  

 
2. Using an EnCore extrusion tool, dispense the entire contents of the EnCore 

device into the tared scintillation vial. 
 
3. Record the sample weight, to two decimal places, in a lab notebook. 
 
4. Add 1uL TFT1250 for each 1mL of methanol added, which acts as a surrogate 

for the extraction process, measuring potential errors or biases introduced during 
the extraction step. 

 
5. Use a Class-A graduated pipette or syringe to add an equal volume (to weight of 

sample) of Purge & Trap-Grade Methanol to the scintillation vial. Record the 
manufacturer and lot number of the methanol in the soil prep benchbook. 

 
6. Shake or vortex the sample for 2 minutes. 
 
7. Place in centrifuge, or let settle for approximately one hour, until methanol and 

soil are thoroughly separated. 
 
8. Transfer the remaining methanol extract to a 4mL screw-cap vial and store the 

extract in the refrigerator at 4 oC. 
 
9. Analyze, if necessary, within 14 days of sample collection. 
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Method Modification: Methanol dilutions for Encores are done at 1:1 (volume: weight) 
instead of the method 1:2 so that there is not a reporting limit gap between the soil 
mode and the methanol dilution. Because the autosampler automatically adds the 
normal 8260 surrogates to every sample just prior to the purge cycle, C&T uses 
α,α,α-Trifluorotoluene (TFT) as the surrogate for the methanol extraction step. 
 
Note: If the client prepared the methanol extracts, then the samples may not be 
extracted at 1:1.  Calculate the prep dilution factor based on the weight and volume 
noted on the vial and enter this pdf when typing the sequence in Chemstation. 
 

a.) EPA 5035 Low-level unpreserved samples: 
1. Verify the balance has been calibrated for that day.  If not, perform calibration 

and document it. 
 

2. Write the sample number and container letter on a VOA vial and in the sample 
prep log. 

 
3. Using an EnCore extrusion tool, dispense the entire contents of the EnCore 

device into the tared, labeled VOA vial.   
 
4. Record sample weight (to two decimals) in soil prep benchbook. 
 
5. Add 5mL reagent water and a disposable stir bar to the VOA vial, and cap the 

vial. 
 
6. Analyze in soil mode within 48 hours of sample collection. 

 
Note:  Allow frozen samples to come to room temperature before analysis. 

 
b.) EPA 5035 Low-level Sodium bisulfate preserved samples: 

Analyze the preserved samples on the autosampler in soil mode, heating the sample 
at 40°C during the purge cycle.  

 
c.) EPA 5035 Methanol preserved (high-level) samples: 

1. Write the sample number and container letter on a VOA vial and in the run log. 
 
2. Soil mode:  Aliquot 100 μL (or less if a higher dilution is required) into 5mL of 

reagent water into a soil vial and place on carousel. Samples will be heated to 
40°C during the purge cycle.  

 
Water mode:  Inject an aliquot of the extract into a volumetric flask filled with 
reagent water and bring to volume with reagent water. Invert 3 times and pour 
into a labeled VOA vial, leaving no headspace. Be sure the methanol does not 
exceed 100μL/ 5mLs of sample to be purged. 

 
CAUTION:  Aliquots of methanol extracts must not exceed 100 μL per 5mL purged or 
the trap may be damaged and response of the gas compounds, such as vinyl 
chloride, may be depressed. 
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Note:  Because the autosampler automatically adds the normal 8260 surrogates to 
every sample just prior to the purge cycle, C&T uses α, α, α,-Trifluorotoluene (TFT) 
as the surrogate for the methanol extraction step. If the samples are client prepared 
methanol extracts, they will not contain the TFT surrogate. 
 

QUANTITATIVE ANALYSIS 
 
1.) Sample Quantitation: 

Quantitation is based on comparison of the area of the primary ion in the sample’s mass 
spectra to the initial calibration response factor for that compound. An Internal Standard 
(ISTD) technique is used to correct for purging efficiency and some types of matrix 
interferences. See Appendix_1 for example calculations. 
 
A user report will be automatically generated once the run is complete. Review any method 
blank or LCS data results that have not already been reviewed, then review the sequence 
sample results to identify any samples that need to be rerun and/ or diluted. Review the 
sample results in the order in which the samples were run to identify any potential carryover 
or other instrument problems that may affect the sample results. 
 

2.) Carryover:  
Carryover may happen whenever a sample contains high- or over-range compounds. When 
this happens, the high-level compounds are not completely cleaned out of the system 
between samples and low levels of the same compound may be detected in subsequent 
samples but not actually be present in those samples; this is particularly true of late-eluting 
compounds such as naphthalene. If a sample contains the same low-level compound(s) that 
was present in the preceding sample at a concentration greater than the calibration range, 
reanalyze the sample to verify that the presence of the low-level hits is not due to instrument 
carryover.  
 
In general, any compound may carryover after a 200ppb hit. Late eluters, particularly 1,2,4-
Trichlorobenzene, Hexachlorobutadiene, Naphthalene, and 1,2,3-Trichlorobenzene, may 
carryover at 1-2%. Therefore, any hit for one of these compounds following a 50ppb hit in 
the previous run may be suspect. Samples with suspected carryover must be reanalyzed. 
 
Caution:  Be aware that a single run may not be sufficient to clean out the instrument after a 
very high-level sample; several runs may be required and if subsequent samples (beyond 
the immediately following sample) contain the same target compound at decreasing levels, 
these samples should also be reanalyzed. Experience with an instrument will dictate to the 
analyst what levels are not conducive to carryover.  
 

3.) Dilutions: 
Dilutions should be made so that the highest target compound falls near the mid point of the 
ICAL calibration curve. See Appendix_4 for preparing soil sample (methanol) dilutions and 
Appendix_5 for preparing water sample dilutions. 
 
If a single target compound(s) is within 10x the calibration range of the instrument, prepare a 
dilution that will bring the over-range compound near the mid point of the calibration range. 
Report the majority of the target compounds from the first analysis and the over-range 
compounds from the in-range dilution.  
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If a target compound(s) are greater than 10x the calibration range, prepare a dilution that will 
bring the highest concentration compound into the upper half of the calibration range. 
Report all results from the in-range dilution.  
 
If the sample chromatogram exhibits a typical fuel “hump”, analyze the sample at a dilution 
that will bring the “hump” baseline to approximately one to two times the height of the 
internal standard peaks. Do not try to analyze it at much higher levels, as the background 
hydrocarbons may obscure target compounds. On the Data Review Checklist, narrate 
raised reporting limits, and possible failing BFB surrogate recovery, as due to hydrocarbon 
background interferences. 
 
If the sample chromatogram includes a large but narrow non-target peak, analyze the 
sample at a dilution that will bring the non-target peak to no more than 5 times the height of 
the internal standard peaks. On the Data Review Checklist, narrate raised reporting limits as 
due to non-target matrix interferences. 
 
If the sample chromatogram includes a very wide non-target peak, be aware that this peak 
may obscure target compounds or shift retention times of later-eluting compounds and dilute 
accordingly; discuss the problem with the Department Manager or QA Director. On the Data 
Review Checklist, narrate raised reporting limits as due to non-target matrix interferences. 
 
If a sample is analyzed at multiple dilutions, compare the sample results across the various 
dilutions to verify that the dilutions were prepared correctly. Do the results make sense or is 
there a discrepancy between the runs? If there seems to be a discrepancy, reanalyze the 
sample to confirm the results. 
 
If the sample was analyzed as a methanol extract and the TFT surrogate recovery is outside 
acceptance limits, while the normal 8260 surrogates are within limits, the problem most-
likely occurred during the MeOH extraction or dilution steps.  The sample should be re-
extracted and reanalyzed.  
 

4.) Surrogates: 
Surrogate compounds are chemically similar to the target analytes but are compounds not 
found in actual samples. These compounds are added to every sample, spike, and standard 
to monitor the efficiency of the analysis of that sample. In-house Surrogate Acceptance 
Criteria are specified in the associated SOP ‘8260B Laboratory Control Limits, Table-1’. 
These limits are generated semi-annually, using control charts. The autosampler will 
automatically add surrogate standard to every sample, standard, blank and spike for a final 
concentration of 50ppb. The volume of surrogate standard added is dependent on the 
autosampler; see Appendix_6 for specifics. 
 
Surrogate compounds: Dibromofluoromethane  
 1,2-Dichloroethane-d4  
 Toluene-d8 
 4-Bromofluorobenzene 
 α, α, α,-Trifluorotoluene (MeOH Extractions only) 
 
If a surrogate recovery is outside QC limits, determine whether reanalysis is required using 
the following criteria: 
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a.) If a high recovery is observed but no target analytes were detected above the reporting 
limit in the sample, note the failure on the Data Review Checklist and report the data 
without reanalysis. 

 
b.) If a high recovery is observed but the chromatogram and spectra display obvious 

coelution of sample hydrocarbons with the surrogate, note this on the user report and 
the Data Review Checklist and report the data without reanalysis (as hydrocarbons 
typically coelute with BFB). 

 
c.) If a high recovery is observed and neither case a. or b. above apply, verify that the LIMS 

S# (and therefore the amount and concentration) of surrogate added to the sample is 
correct. If these are correct, the sample must be reanalyzed. Check for correct operation 
of the GC or Purge-and-Trap before starting the new sequence.  

 
d.) If a low recovery was observed and analysis was needed to quantitate only a limited 

number of analytes that were >LR in a previous run, those analytes may be reported so 
long as they are not associated with the failing surrogate. 

 
e.) If a low recovery is observed on a “miscellaneous” matrix, the sample should be 

reanalyzed after being extracted into MeOH extraction or otherwise diluted to remove 
the matrix interference. 
  

f.) If the sample was analyzed as a methanol extract and the TFT surrogate recovery is 
outside acceptance limits, while the normal 8260 surrogates are within limits, the 
problem likely occurred during the MeOH extraction or dilution steps. If a high TFT 
recovery is observed, report the data without further corrective action. If a low TFT 
recovery is observed, the sample should be re-extracted and reanalyzed. 

 
g.) If low recoveries are observed and none of the above (d., e., f.) apply, the sample must 

be reanalyzed. 
 

If reanalysis is performed within the holding time and the surrogate recovery for the 
reanalysis is within acceptance limits, report only the reanalysis.  
 
If reanalysis is performed within the holding time and the surrogate recovery is again outside 
limits, report the run with the better surrogate recovery. Note the matrix effect as “confirmed 
matrix interference” on the User Report and the Data Review Checklist.  
 
If a sample must be reanalyzed and the holding time has expired, have the client’s Project 
Manager log the sample in as an alias and reanalyze the sample as the new sample number 
and report results for both runs. 
 
Note: Project specific quality assurance plans may require batch control based on different 

compounds and control limits, in which case the project requirements supersede this 
SOP for all samples related to that project.  

 
5.) Internal Standards: 

Internal standard compounds are chemically similar to the target analytes but are 
compounds not found in actual samples. These compounds are added to every sample, 
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spike, and standard and are used to adjust quantitation for slight differences in purging 
efficiency and some types of matrix interferences (see Appendix_1 for example calculations 
and Appendix_11 for target analyte/ ISTD assignment. The autosampler will automatically 
add internal standard to every sample, standard, blank and spike for a final concentration of 
50ppb. The volume of internal standard added is dependent on the autosampler; see 
Appendix_6 for specifics. 
 
Internal standards: Pentafluorobenzene  1,4-Dichlorobenzene-d4 
 1,4–Difluorobenzene  Chlorobenzene–d5  
 
Method Modification:  EPA 8260B recommends the use of Fluorobenzene as an internal 
standard, however C&T uses Pentafluorobenzene instead, as it elutes earlier than 
Fluorobenzene and better represents the early eluting compounds. 
 
Review the internal standards results against the following criteria: 

 
a.) The retention time of the internal standards must be within + 0.5 minutes of the internal 

standard retention times in the mid-point standard of the initial calibration.  
 
b.) The area of each internal standard must fall between 50-200% of the mid-point standard 

in the initial calibration.  
 
If internal standard recoveries are out of compliance, use the following to determine the 
appropriate corrective action: 
 
c.)  If, upon visual inspection of chromatograms, matrix interference is apparent (ie: 

background is 2 to 5 times higher than the nearest internal standard) and no target 
analytes were detected, the data may be reported without corrective action. Narrate the 
interference.  

 
d.) If obvious matrix interference is not present, the sample must be reanalyzed.  

 
e.) If, upon reanalysis, the same internal standard falls outside QC limits, report the better of 

the two runs and narrate the failure as due to confirmed matrix interference.  
 
For CCV’s, method blanks, and laboratory control samples, an internal standard area or 
retention time failure indicates a problem with the QC sample or standard preparation 
efficiency, or instrument performance and all samples associated with that QC sample must 
be reanalyzed.  
 

QUALITATIVE ANALYSIS 
Identification of compounds is based on retention time and on comparison of the sample mass 
spectrum, after background correction, with characteristic ions in a reference spectrum.   
 
The reference spectrum for target compounds is generated from the initial calibration standards. 
 The characteristic ions from the reference mass spectrum are defined as the three ions of 
greatest relative intensity, or any ions over 30% relative intensity if less than three such ions 
occur in the reference spectrum.   
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The following criteria need to be met for positive identification of a compound: 
 

1) The retention time of the sample component is within 0.05 minutes of the standard 
component.  

 
Method Modification Note:  Method 8260B (Section 7.6.1.2) calls for a relative retention 
time of +0.06 from the standard, however this results in windows that are too wide for 
use with highly contaminated samples. C&T uses the tighter criteria of within 0.05min. 

 
2) The retention time of the associated internal standard must be within + 0.5 minutes of 

the internal standard retention times in the mid-point standard of the initial calibration.  
 

3) The retention times of the characteristic ions should match. 
 

4) The relative intensities of the characteristic ions (for target analytes and tentatively 
identified compounds, “TICs”) agree within 30% of the same ions in the reference 
spectrum.  

 
Example: For an ion with an abundance of 50% in the reference spectrum, the 
corresponding abundance must be between 20 - 80%.  

 
5) Structural isomers may be reported as individual isomers so long as the height of the 

valley between the two peaks should be less than 25% of the sum of the two peak 
heights, otherwise they should be identified as isomeric pairs (8260B, Section 7.6.1.4). 

 
Samples may contain background interferences that obscure the target compounds, particularly 
when the sample contains high levels of hydrocarbons. If the sample was analyzed at a correct 
dilution, as defined in the “Dilutions” section above, but the spectral pattern of the target 
compound is not readily identifiable and distinct from the background noise, that compound 
should be reported as “Not Detected”. Analyst judgment should weigh heavily in the judgment 
as to readily identifiable; ask for a second opinion from a Senior Analyst, Department Group 
Leader or QC Chemist if you are unsure.  
 
Check the integration of the quantitation ion as you examine the spectra. Peaks are integrated 
from baseline to baseline unless the matrix causes interferences with the ion ratios, in which 
case only the part of the peak with the correct ions should be integrated. For problematic 
analytes, manual integrations must be consistently applied to ICAL, CCS, and sample 
integrations. Unsubstantiated alteration of peak integration solely to pass calibration or 
QC criteria is illegal and is grounds for immediate termination. The Target software will flag 
any manual integration with an “M” on the quant report next to the concentration for that 
compound.  
 
Verify that both the original and the reprocessed data are in the LIMS for the integrated sample. 
Document the reason for manual integration (via the comment field) on sample report in LIMS. 
DoD clients have specified that they want all manual integrations narrated in the comment field, 
no matter how obvious the reason appears. 
 
If a compound does not meet the criteria outlined above, check the false positive box on the 
sample report in LIMS.  After all retention times, spectra, internal standards, and surrogate 
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recoveries have been reviewed, the primary analyst should choose the reported analytes and 
electronically sign the sample report in LIMS. 
 
DATA REVIEW & REPORT ASSEMBLY 
All data must be reviewed by a second party (peer, QC Chemist, or Department Manager) prior 
to reporting. See Appendix_13 for instructions on working up data in Target and or Chemstation 
and LIMS.  
 
WASTE DISPOSAL 
After analysis, the VOA vials containing remaining sample volume should be returned to the 
VOA refrigerator, with the vial placed upside down in the VOA box to indicate that it was already 
used. Spent water samples should be transferred to the ‘Corrosive’ waste stream and solid 
samples to the ‘Solid’ waste stream. After the sample holding times have expired, leachates 
should be transferred to the ‘Aqueous’ waste stream, and methanol extracts to the ‘Flammable 
Solvents’ waste stream. Expired standards should be transferred to the ‘Flammable Solvents’ 
waste stream. 
 
POLLUTION PREVENTION 
Direct the split vent and septum purge lines through a carbon trap in order to reduce solvent 
emissions into the laboratory. Prepare only sufficient standard and reagent volume that can be 
used within the expiration date, to reduce the volume of waste generated by the laboratory and 
to reduce production cost. 
 
REVISION HISTORY 
This is Revision 11. Revision 10 has been changed as follows: 

• References updated 
• ICAL recipe 
• Appendix 2 updated 
• Appendix 6 updated for MS13 and MS14 
• Chemstation data acquisition software processes added 
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APPENDIX_1: CALCULATIONS 
 
SAMPLE QUANTITATION    
Soil samples are reported on a wet-weight basis unless dry-weight is requested by the client.   
    

% Dry Weight   =     g of dry sample  *  100 /  g of sample 
100 - % Dry Weight = % Moisture 

 
Significant figures: Concentrations less than 1.0 are reported to 1 significant figure, those 
greater than 1.0 are reported with 2 significant figures. 
 
Concentration via Average Response with Internal Standard (Aqueous Samples) 
Concentration (ug/L)   =   (Ax * Cis * D) / (Ais * Rrf * Vs)  
 
Where:  Ax  = Area response for the analyte in the sample  

Cis  = Amount (mass) of Internal standard added in ng 
D    = Dilution Factor, if no dilution D =1, dimensionless 
Ais  = Area response for the internal standard 
Rrf  = Relative Response Factor for the analyte as determined below 
Vs  =   Volume of Water extracted or purged, in mL 

 
Concentration via Average Response with Internal Standard (Non Aqueous Samples) 
Concentration (ug/Kg)  =   (Ax * Cis * D) / (Ais * Rrf * Ws)  
 
Where:  Ax  = Area response for the analyte in the sample  

Cis  = Amount (mass) of Internal standard added in ng 
D    = Dilution Factor if no Dilution D =1, dimensionless 
Ais  = Area response for the internal standard 
Rrf  = Relative Response Factor for the analyte as determined below 
Ws  = Mass of sample purged in grams 

 
Concentration via Linear Regression with Internal Standard  
Concentration (ug/L or ug/Kg)   =   (a0 + a1 * (Ax * Cis / Ais)) * PDF * IDF  
 
Where:  a0  =  Y-intercept of regression equation 
  a1  =  slope of regression equation 

Ax   = Area response for the analyte in the sample  
Cis  = Amount (mass) of Internal standard added in ng 
Ais = Area response for the internal standard 
IDF  =  Instrument Dilution Factor  
PDF  =  Prep Dilution Factor (Vf/Vi or Vf/Wi), for P&T D =1, dimensionless 

 
Concentration via Quadratic Equation with Internal Standard  
Concentration (ug/L or ug/Kg))  =  ( a0 + a1 * (Ax * Cis/Ais) + a2 * (Ax * Cis/Ais)2  ) * PDF * IDF  
 
Where: a0  =  Y-intercept of regression equation 
  a1  =  Slope of regression equation 

Ax   = Area response for the analyte in the sample  
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Cis  = Amount (mass) of Internal standard added in ng 
Ais = Area response for the internal standard 
a2  =  Quadratic coefficient 
IDF  =  Instrument Dilution Factor  
PDF  =  Prep Dilution Factor (Vf/Vi or Vf/Wi), for P&T D =1, dimensionless 

 
BATCH QC    
 
Percent Recovery (%R):  
The recovery is the measured concentration divided by the true concentration of the spike. 
 
 %Recovery  =  (Cf – Cs) / (Cws * Vws/ S) *100 
 

Where: Cf  =  final measured concentration in the spiked sample 
Cs  =  measured concentration in the un-spiked aliquot of sample  
Cws  =  concentration of the spiking standard 
Vws  =  volume used, of the spiking standard 
S = Sample weight or volume 

 
Relative Percent Difference (RPD):  
The RPD is the absolute value of the difference in concentrations divided by the average of the 
concentrations. 
 

%RPD  =  |(Cs -  Cdup )| /  ((Cs + Cdup)/2)  * 100 
 

Where: Cs  =  measured sample concentration 
Cdup  =  measured concentration in the duplicate 

 
For soil MS/MSD’s where the sample weights are not weight-targetted, the expected 
concentations will vary with sample weight (because the same volume of spike standard is 
being added to different weights of sample) and must be accounted for when calculating RPD: 
 

%RPD  =  |( (Wms/Wmsd)*Cms -  Cmsd )| /  (( (Wms/Wmsd) * Cms + Cmsd)/2)  * 100 
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CALIBRATION VERIFICATION           
  
%  Difference (%D)  =  (AvgRrf – Rrfc)/ AvgRF  * 100         
   

Where:  AvgRrf  =  Average response factor from initial calibration  
Rrfc  =  Response factor from current verification check standard 

 
%Drift (%D)  =  (C1-Cc) / C1   * 100 

 
Where:  C1 = Calibration Check Compound standard concentration 

Cc = Measured concentration of CCC 
 
INITIAL CALIBRATION            
 
Relative Response Factor (RRF)  =  Ax * Cis 
     Ais * Cx      

 
Where:  Ax   = Area of the characteristic ion for the compound being measured 

Ais  = Area of the characteristic ion for the specific internal standard 
Cis  = Concentration of the specific internal standard 
Cx   = Concentration of the compound being measured 

 
% Relative Standard Deviation (%RSD)  =    SD/X 
                                                                          

Where: X =  Mean of initial RRFs for a compound 
 SD =  Standard deviation of RRFs for a compound 

        n  
      = SQRT (  ∑ ((Rrfi – avg Rrf)2/(n-1))   ) 

                       i=1 
 
Linear Correlation Coefficient (or “Coefficient of Determination” for non-linear curves): 

 
 n    n 

Correlation coefficient  =  ∑ ( Yobs - Ymean )2 - ((n-1)/(n-p)) * ∑ ( Yobs – Yi )2  
 i =1   i =1   

  n 
  ∑ ( Yobs - Ymean)2 
  i = 1 

 
Where: Yobs  =  observed response (area or absorbance) for each ICAL std 
conc. 
 Ymean =  mean observed response from the ICAL standards 
 Yi  =  calculated (or predicted) response for each ICAL std conc. 
 n = total number of ICAL points 
 p = number of adjustable parameters in equation (linear= 1, quadratic= 2) 
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APPENDIX_2: STANDARDS & REAGENTS 
 
The gases are received in ampules that are cracked open on a daily basis. The non-gas 
standards are stored in multiple vials, each of which is used for approximately one week; the 
other ampules are stored at <-10°C until placed in use. The holding time for each ampule will be 
noted as one day for the gaseous standards and one week for the non-gaseous standards from 
the date the ampule is placed in use. 
 
The standards and reagents listed below are those in use at the time this procedure was 
written. Alternate supplies may be used so long as they are of equivalent quality and all other 
calibration, quality control, and traceability requirements are met. 
 
 
DAILY STANDARDS            
 
Soil Mode: 

BFB 1 µL PTASS50  direct injection  onto GC or 
 1 µL PTASS50  injected in 5mL DI water  

 
CCV prepared the same as Initial Calibration standard for appropriate level. 
 

 Note:  If running a CCV/LCS, you must use second source standards and 
remember to vary the concentration daily (NELAC requirement)  
 

LCS/BS/BSD 1 µL SU-ICV250  injected in 5 mL DI water 
 1 µL S-ICVGAS250 
 1 µL S-ICVGASOX 
 1uL VOANTICV 
 

MS/MSD 1 µL SU-ICV250  injected in 5 mL sample 
 1 µL S-ICVGAS250 
 1 µL S-ICVGASOX 
 1uL VOANTICV 
 
Water Mode: 

BFB 1 µL PTASS50  direct injection onto GC or  
 20µL PTASS50  injected into 100mL DI water and 

transferred to a 40mL VOA vial w/o 
headspace in water mode  

 1 µL PTASS50  injected in 5mL DI water and run in soil 
mode  
 
CCV prepared the same as Initial Calibration standard for appropriate level. 

 Note:  If running a CCV/LCS, you must use second source standards and 
remember to vary the concentration daily (NELAC requirement) 
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LCS/BS/BSD 10 µL SU-ICV250  injected into 100mL DI water and 
transferred 10 µL S-ICVGAS250  to 40mL VOA vials w/o 
headspace 

 10 µL ICVGASOX 
 10uL VOANTICV  
 
MS/MSD 10 µL SU-ICV250  injected into 100mL DI water and 
transferred 
 10 µL S-ICVGAS250  to 40mL VOA vials w/o headspace 
 10 µL ICVGASOX 
 10uL VOANTICV 

 
 
Note:  USACE recommends ICAL standards or a standard from the same manufacturer as the 

ICAL standards be used for spike standards.  However EPA 8260B forbids this.  Per 
8260 Section 5.13.2, the spiking standards must be from a different source than the 
ICAL standards. 

  
8260 + GASOX _ INITIAL CALIBRATION STANDARDS   
 
For standards with a final volume of 5mL (Soil Mode), prepare in a clean-rinsed gas-tight class-
A volumetric syringe. For the standards with a final volume of >5mL (Water Mode), prepare in a 
volumetric flask. For both water-mode and soil-mode, the volume of standard (or sample) 
purged is 5mL 

 
SOIL  MODE 

ICAL Standard 
Conc. (μg/Kg) 

Add Vol (μL) 
8260GOXTFT500 

Add Vol (μL)  
CR-GAS500 

Add Vol 
(μL)  

VOANT500 

Final 
Volume 

(mL) 

CAL 
LEVEL 

2.5 0.5 0.5 0.5 100 1 
5 1 1 1 100 2 

10 2 2 2 100 3 
20 4 4 4 100 4 
50 10 10 10 100 5 
60 12 12 12 100 6 
75 15 15 15 100 7 

100 20 20 20 100 8 
200 40 40 40 100 9 

 
 
 
 

WATER  MODE
ICAL 

Standard 
Conc. (μg/L) 

Add Vol (μL)  
8260GOXTFT500 

Add Vol (μL) 
CR-GAS500 

Add Vol (μL)  
2-

CLEVE1000 
 

Add Vol 
(μL)  

VOANT500
 

Final 
Volu
me 

(mL) 

CAL 
LEV
EL 

0.25 (0.5 gas) 0.5 1 0.5 0.5 1000 1 
0.5 (1.0 gas) 1 2 1 1 1000 2 



Volume: Volatile Organics Curtis & Tompkins, Ltd. 
Section: 2.4  
Page: 35 of 87 
Revision:   11 Number:  1 of 2 
Effective:  May 31, 2012 
Filename:  F:\qc\sop\voc\msvoa_rv11.doc 
 

This SOP contains information that may only be disseminated to C&T staff, clients, and regulators. 

2  2 2 1 2 500 3 
5 5 5 2.5 5 500 4 

10 2 2 1 2 100 5 
20 4 4 2 4 100 6 
50 10 10 5 10 100 7 
75 15 15 7.5 15 100 8 

100 20 20 10 20 100 9 
 
 
Alternatively, an initial calibration can be made using the normal ICAL standards and10x diluted 
working standards from the same manufactured source as the normal ICAL standards.  
Following the table below using the same preparation guidance mentioned above. 

 
SOIL  MODE (ALTERNATIVE) 

ICAL Standard 
Conc. (μg/Kg) 

Add Vol (μL) 
8260@10XB 

Add Vol (μL) 
CR-

GAS500@10X

Add Vol 
(μL) 

VOANT50 

Final 
Volume 

 
(mL) 

CAL LEVEL 

2.5 5 5 5 100 1 
5 10 10 10 100 2 

10 20 20 20 100 3 
     

ICAL Standard 
Conc. (μg/Kg) 

Add Vol (μL) 
8260GOXTFT  

Add Vol (μL) 
CR-GAS500  

Add Vol 
(μL) 

VOANT500  

Final 
Volume 

(mL) 

CAL LEVEL 

20 4 4 4 100 4 
50 10 10 10 100 5 
60 12 12 12 100 6 
75 15 15 15 100 7 

100 20 20 20 100 8 
 
 

WATER  MODE(ALTERNATIVE) 
ICAL Standard 
Conc. (μg/L) 

Add Vol (μL)  
8260@10XB 

Add Vol (μL) 
CR-GAS500@10X 

Add Vol 
(μL) 
 2-

CLEVE@
10X

Add Vol 
(μL) 

VOANT50 

Final 
Volume 

(mL) 

CAL 
LEVEL 

0.25(0.5 ppb 
gases) 

2.5 
5 2.5 

2.5 
500 

1 

0.5 (1ppb gases) 5 10 5 5 500 2 
2  4 4 2 4 100 3 
5 10 10 5 10 100 4 

10 20 20 10 20 100 5 
      

ICAL Standard Add Vol (μL)  Add Vol (μL) Add Vol Add Vol Final CAL 
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Conc. (μg/L) 8260GOXTFT CR-GAS500 (μL)  
2-CLEVE 

(μL) 
VOANT500 

Volume 
(mL) 

LEVEL 

20 4 4 2 4 100 6 
50 10 10 5 10 100 7 
75 15 15 7.5 15 100 8 

100 20 20 10 20 100 9 
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8260 _ ICV- SUPELCO   
 
Soil Mode: SU-ICV250B  1µL injected into 5mL DI water 
 S-ICVGAS250  1µL injected into 5mL DI water 
 ICVGASOX 1µL injected into 5mL DI water 
 
Water Mode: SU-ICV250B  10µL injected into 100mL DI water 
 S-ICVGAS250  10µL injected into 100mL DI water 
 ICVGASOX 10µL injected into 100mL DI water 
 
 
WORKING STANDARD PREPARATION         
“Working standards” are those standards that are prepared by C&T. Document the preparation 
of all working standards in the standards prep benchbook and in the LIMS through the 
“Standards Inventory” table; LIMS will then assign a standard number (S#). For working 
standards, the LIMS S-name is not necessarily unique to the source standard vendor used in 
making the working standard but is unique to the compound list and concentrations contained in 
the working standard. If the concentration or compounds in the working standard changes, a 
new S-name, compound list and concentrations must be entered in the “Standards Definitions” 
table before the standard can be logged in and assigned an S#. It is very important to enter this 
information correctly, as LIMS uses this information to calculate spike and surrogate recoveries. 
 Discuss with a Group Leader or Department Manager before defining a new standard in 
“Standards Definitions” table.   
 
The benchbook entry should include the prep date, source standard information (LIMS S#, 
concentration, and volume of standards used), solvent name, solvent volume, solvent lot#, final 
volume and concentration of Working Standard, expiration date of Working Standard, and prep 
chemist’s initials.  Once the benchbook entry is completed, scan the benchbook page into LIMS. 
 
Prepare working standards in purge-and-trap grade methanol using gas-tight Class-A syringes. 
Working standards expire either 60 days from the date prepared (30 days for the gases), or on 
the earliest expiration date of the source standards used to make the working standard, 
whichever comes first. The expiration date of a working standard cannot exceed the 
expiration date of the source standard(s) used to prepare it. If the expiration date assigned 
by LIMS to the working standard exceeds that of any of the source standards used to prepare it, 
advance the expiration date to the earliest expiration date of the source standards; update the 
LIMS entry and document the correct expiration date in the benchbook. Label the vials with the 
contents, LIMS S#, and expiration date. Store the standards in a freezer at < -10°C. 
 
EPA 624 Method Modification:  Method 624 instructs the analysts to prepare the gases and 2-
Chloro-ethylvinylether weekly and the others monthly, however C&T uses gas-tight ampules for 
standards storage & has demonstrated through the analysis of PT samples that this practice 
allows additional shelf-life without affecting the quantitation of real-world samples. 
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Working Standard  

& Conc. (μg/L) 
Final Vol 
(mL) in 
MeOH 

Using  
Source Std 

Add Vol (mL) 
Source Std 

LIMS  
S-Name 

BFB 50ppm 20.0 S-550 1.0 PTASS250 
  MeOH 19.0  
     

IS+Surrogate 500ppm 100 
CT-IS-SURR-

10 10 VOAISS500R 
  MeOH 90.0  
     

IS+Surrogate 250ppm 20 VOAISS500R 10 VOAISS250R 
  MeOH 10  
     

IS+Surrogate 125ppm 40 VOAISS500R 10 VOAISS250R 
  MeOH 30  
     

VOA Gas Mix 500ppm 
As 

received CR-GAS500 As Received CR-GAS500 
     

VOA Gas Mix 50ppm 1.5 CR-GAS500 0.15 CR-GAS@10x 
  MeOH 1.35  
     

VOA + Gasox Mix  
(w/o gases) 500ppm 4.0 TETRAMTHF 0.0025 8260GOXTFT 

  VOACAL-1 0.40  
  XQ-1507 1.0  
  R-VINYLAC 1.0  
  R-CAL2000 1.0  
  MeOH 0.5975  
     

VOA + Gasox Mix  
(w/o gases) 50ppm 1.5 8260GOXTFT .15 8260@10XB 

  MeOH 1.35  
     

VOA extra compounds 4 1CLHexane 1 VOANT500 
  RHEX5000 0.4  
  S-IODO2K 1  
  MeOH 1.6  
     

VOA extra compounds 1.5 VOANT500 0.15 VOANT50 
@10X  MeOH 1.35  

     
2-

Chloroethylvinylether 
As 

received 2-CLEVE As Received 2-CLEVE 
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Working Standard  
& Conc. (μg/L) 

Final Vol 
(mL) in 
MeOH 

Using  
Source Std 

Add Vol (mL) 
Source Std 

LIMS  
S-Name 

ICV (2nd Source) w/o 
gases 250ppm 8.0 4MTHFICV 0.0025 SU-ICV250B 

  AM-502-AR 1.0  
  AM-8260-ADD 1.0  
  MeOH 4.9975  
     

ICV (2nd source) extra 
compounds 4.0 S2190 1.0 VOANTICV 

  S869 1.0  
  MeOH 2.0  
     
     

ICV (2nd Source) Gas 
Mix 250ppm 8.0 ACCU-VOC 1.0 S-ICVGA250 

  MeOH 7.0  
     

Trifluorotoluene 
Surrogate (for MeOH 

extracts only) 1.6 TFT2000 1.0 TFT1250 
   MeOH 0.6  
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SOURCE STANDARDS    
“Source Standards” are those standards that are purchased from an outside vendor. All source 
standards must be logged into LIMS upon receipt, through the “Standards Inventory” table. For 
source standards, the LIMS S-name is unique to the manufacturer of the standard; if a source 
standard is obtained from a different manufacturer, a new S-name must be assigned and the 
information entered in the “Standards Definitions” table before the standard is assigned an S#. 
 
Obtain a Certificates of Analysis from the vendor of each source standard. Label the certificate 
with the LIMS S# and the date received and file the certificate in the 3-ring binder.  
 
Source standards usually have an expiration date set by the manufacturer. If no expiration date 
is listed, the expiration date is one year from date received. Label each vial with the contents, 
LIMS SS#, and expiration date. Store the standards in a freezer at < -10 °C. Do not store 
standards in a refrigerator or freezer containing samples. 
 
Internal Standard and Surrogate Source Standards: 
CT-ISSURR-10 Restek #563334 Internal standard/surrogate        5,000ppm  
TFT2000 Restek # 30048 TFT Surrogate                          2,000ppm   
 
Primary 8260 Source Standards: 
CR-GAS500 Restek # 30042 Custom Gas Mix 2,000ppm 
VOACAL-1 Restek # 30006 Ketones Mix 5,000ppm 
R-VINYLAC Restek # 30216 Vinyl Acetate  2,000ppm 
2-CLEVE SPEX-Certiprep # S-855 2-Chloroethylvinylether   2,000ppm 
R-CAL2000 Restek # 30431 VOA Mix 2,000ppm 
TM4THF Aldrich # 22,370-0-25g Tetramethyl-tetrahydrofuran 97% 
XQ-1507 SPEX-Certiprep # XQ-1507 Custom VOC Mix  2,000ppm 
1CLHEXANE Accustandard # M-8010R-1-04-10X    1-Chlorohexane                    
2,000ppm 
RHEX5000 Restek # 562970 Hexane                                       5,000ppm 
SIODO2K Accustandard # 5-06052 Iodomethane                               
2,000ppm  
 
Secondary 8260 Source Standards: 
S-FR113-2K Supelco # 4-7944 Freon 113   2,000ppm 
AM-502-AR Accustd # M-502A-R-10X VOC Mix  2,000ppm 
AM-8260-AD Accustd # M-8260-ADD-10X   Ketones+   2,000ppm 
4MTHFICV Aldrich # 22,370-0-5g Tetramethyl-tetrahydrofuran 97% 
ACCU-VOC Accustandard # M-502B-10X Purgeable gases   2,000ppm 
S-2190 SpexCertiprep  Extra compounds                        
1,000ppm 
 
Secondary GaxOx Source Standards: 
RGASOX2000 Restek # 30465 Gasoline Oxygenates Mix 2,000ppm 
CT-V421 SPEX-Certiprep # CT-V421 IPA/THF/Eth/Cyclohexanone 20/200 mg/mL 
 
Additional & Alternate Standards: 
1-CLHEX Aldrich # 23,846-5 1-Chlorohexane 99% 
S-2190 SPEX Certiprep # S-2190 Hexane 1,000ppm 
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MITCYANATE Aldrich # 45576 Methyl isothiocyanate (MITC) 250mg 
603-XM-MIX SPEXCertiprep # 603-XM Acrolein/Acrylonitrile                2,000ppm 
 



Volume: Volatile Organics Curtis & Tompkins, Ltd. 
Section: 2.4  
Page: 42 of 87 
Revision:   11 Number:  1 of 2 
Effective:  May 31, 2012 
Filename:  F:\qc\sop\voc\msvoa_rv11.doc 
 

This SOP contains information that may only be disseminated to C&T staff, clients, and regulators. 

 
REAGENTS    
Label all reagents with the date opened or aliquotted. Use or discard within 1 year, or sooner if 
problems are encountered. 
 
Methanol, Purge & Trap Grade 
Burdick & Jackson, VWR Catalog # BJ232-1 
Store in a flammables cabinet for up to 1 year. 
 
PFTBA, Perfluorotributylamine 
Agilent Catalog # 8500-8130 
Used for instrument auto-tune 
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APPENDIX_3: PROBLEMATIC SAMPLES 
 
Sample Vial Issues: 
It is important to check the sample vials prior to loading them on the autosampler to prevent 
autosampler errors and instrument downtime. Check the VOA vial label, making sure it is flat 
and smooth on the vial and that the label won’t interfere in the autosampler tray.  It may be 
necessary to label the vial with permanent pen and remove the printed labeling.  
 
Check the VOA vial septa to make sure it is a smooth and not bulging or deformed. This may 
cause an autosampler error or break a sampling probe. It may be necessary to choose a 
different sampled VOA vial or replace the cap of that VOA vial.  
 
Occasionally clients will send samples with high amounts of sediment. It is crucial that the level 
of sediment in the VOA vial is below the level at which the probe of the autosampler samples.  
Sampling sediment leads to clogged lines, active sites, and good amount of line replacement. If 
the vial has no headspace, try centrifuging the vial. If the amount of sediment is still too high or 
the vial contains headspace, combine two sampled VOA vials and document on the prep log. 
 
Compositing Samples: 
Clients frequently send VOA samples in with instructions to composite samples. Methods 
specify conditions for compositing samples for VOA analyses that minimizes the loss of 
constituent analytes. Please reference C&T SOP’s for procedures related to compositing VOA 
samples. 
 
Sample Vial Anomalies: 
Sample vial anomalies occur whenever vials given the same designation by the client contain 
different concentrations of target compounds. The scenario is: An analyst analyzes a VOA vial, 
notices that a lower dilution is needed, makes the appropriate dilution on an unopened vial, and 
finds that the results are significantly higher or lower than the initial run. If there are no obvious 
signs of contamination or carryover, dilute and reanalyze a third vial, if possible or the vial that 
yielded the higher results even if that vial contains headspace. Results will hopefully be 
consistent. If a third vial is analyzed, if the results match the high result, report the high result, if 
it matches the low result, report the low result. If we get inconsistent results, report the high 
result. On the LIMS sample report, add a comment describing the anomalies and the steps that 
you took to resolve the problem, noting that these anomalies were not from obvious 
contamination or carryover and that these anomalies are apparently the result of sampling 
problems in the field. 
 
Charcoal Samples: 
Purging Charcoal samples without extracting it first will result in poor internal standard and 
surrogate recoveries, so extract any charcoal or carbon sample in methanol at a 2x dilution (5g 
to 10mL); use a 2x dilution since charcoal would absorb most of the methanol used for 
extraction if a 1x dilution were done. Purge and analyze an aliquot (up to a maximum of 100µL) 
of the methanol extract and report any targets found.   Add a comment on the LIMS sample 
report describing the matrix of the sample as charcoal. 
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Foaming Samples: 
If a sample is suspected to foam when purged, bubble an aliquot of the sample in a VOA vial 
with a pipette bulb and visually check the viscosity of the bubbles produced by the sample.  If 
the bubbles don’t break up or fall down the sides of the VOA vial quickly, dilute the sample and 
bubble the diluted aliquot. Continue until the bubbles break up quickly and determine the lower 
dilution that is safe for analysis. Performing this little test prior to analysis reduces the danger of 
a sample foaming over into the system. Note on the report the aliquot amounts tested and the 
highest aliquot used and determined to be safe upon analysis. On the LIMS sample report, add 
the narration (via canned comment “foamer”) that the sample was diluted for foaming. 
 
Multiphasic Samples: 
Inform Client services about the multiphasic nature of the sample(s) received. After contacting 
the client, Client services will relay to the analyst which phase(s) must be analyzed. Each phase 
analyzed in a sample is reported as a unique sample.  Add a comment on the LIMS sample 
report describing the matrix of the sample. 
 
Waste and Oil Samples: 
All samples designated as wastes by the client (matrix = miscellaneous in LIMS), whether 
aqueous or not, must be analyzed by weight only. All oil samples are analyzed by weight only. 
 
Wipe Samples: 
If we analyze a wipe sample, the IDF must be 5, and the PDF in the method_parms list must 
also be 5. This is because, in MSVOA, we don't do formal prep data entry on the prep screen, 
and so   
the IDF for the run must include both the PDF and IDF. When we analyze a single wipe, the 
PDF is 5 mL/s, because we are putting 1 sample into an instrument that's  calibrated for nominal 
5 mL purge. 
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APPENDIX_4: METHANOL DILUTIONS FOR SOIL-MODE 
 
For soil samples requiring a 50x dilution or greater, make a methanol extraction as described in 
Sample Preparation (Section 6d): 

1.) Weigh out 10g (+ 1g) of soil into a scintillation vial. 
2.) Add 10uL TFT1250 
3.) Add 10.0mL of Purge-&-Trap grade methanol 
4.) Vortex for 2 minutes then centrifuge or allow it to settle.  
5.) Transfer the extract to a 4mL vial and store in the refrigerator at 4°C.  
6.) Analyze within 14 days of sample collection. 

Use the chart below to determine how much of the methanol extract to add to 5mL of Millipore 
deionized water to make the required dilution. Caution: Do not purge more than 200µL MeOH. 
 

Dilution 
Factor 

Extract Volume 
Add to 5mL DI H2O

 Dilution 
Factor 

Extract Volume 
Add to 5mL DI H2O 

50 100 μL  500 10 μL 
62.5 80 μL  625 8 μL 
71.4 70 μL  714 7 μL 
83.3 60 μL  833 6 μL 
100 50 μL  1,000 5 μL 
125 40 μL  2,000 2.5 μL 
167 30 μL  2,500 2 μL 
200 25 μL  5,000 1 μL 
250 20 μL    
300 15 μL    
400 12.5 μL    

 
If less than 1 μL is required for the necessary dilution, make a serial dilution as follows: 
 
SERIAL DILUTIONS of Methanol Extracts 

Dilution Factor Volume (μL) of Extract 
Added to 5mL 

Using MeOH Dilution 

10,000 x 50 100 x 
50,000 x 50 500 x 

100,000 x 50 1,000 x 
500,000 x 10 1,000 x 

1,000,000 x 5 1,000 x 
 
Note: Dilutions of < 25x are made by using smaller aliquots of soil. Weigh out 2.5g for a 2x 
dilution or 1.0g for a 5x dilution. A 10x dilution can be prepared by weighing 0.50g (+ 0.05g). 
  
After dilutions or soil samples have been aliquotted into labeled vials, check the new vial label 
against the job sheet to ensure the correct samples are loaded. After the sequence has run, 
check the sequence against the autosampler tray – if any errors are found, start a CAR and do 
a full investigation to verify which sample was actually run. Update the LIMS sequence and add 
this CAR# to the LIMS sequence as comment to document what was changed and why. 
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APPENDIX_5: WATER SAMPLE DILUTIONS 
 
For water samples requiring a dilution, use the following table to determine the amount of 
sample to be injected into a final volume of 50mL, using clean, rinsed Class-A gas tight syringes 
and volumetric flaks: 
 

Dilution 
Factor 

Sample Volume 
Using 50mL 
volumetric 

 Dilution 
Factor 

Sample Volume 
Using 50mL 
volumetric 

1.25 40 mL  71.4 700 μL 
1.42 35 mL  83.3 600 μL 

2 25 mL  100 500 μL 
2.5 20 mL  125 400 μL 

3.33 15 mL  142 350 μL 
4 12.5 mL  167 300 μL 
5 10 mL  200 250 μL 

6.25 8 mL  250 200 μL 
7.14 7 mL  333 150 μL 
8.33 6 mL  400 125 μL 
10 5 mL  500 100 μL 

12.5 4 mL  625 80 μL 
14.2 3.5 mL  714 70 μL 
16.7 3 mL  833 60 μL 
20 2.5 mL  1,000 50 μL 
25 2 mL  2,000 25 μL 

33.3 1.5 mL  2,500 20 μL 
40 1.25 mL  5,000 10 μL 
50 1 mL  10,000 5 μL 

62.5 800 μL  50,000 1 μL 
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APPENDIX_6: INSTRUMENT CONDITIONS   
 
Note: These are the current parameters at the printing of this SOP.  These parameters may 
change at the discretion of the analyst to optimize instrument performance. 
 
MSVOA-2 File Designation:  Bxxxx 

 
Solatek 72 / Tekmar 3100 Configuration (Soil 
Mode) 

 HP5890 / 5972MSD Configuration (Soil Mode) 

Trap Tekmar Purge K (Vocarb 3000) Column Restek Rtx-624 
Rinse Water Temp. 90 °C   60m x 0.25mm x 1.4 um 
Sample Cup Temp. 40 °C  Injector Temp 200 °C 
Sample Needle Temp. 60 °C  Aux. Temp 270 °C 
Transfer Line Temp. 125 °C  Oven Temp Ramp 50 °C, hold 1 minute 
Soil Valve Temp. 125 °C   6 °C /min to   95 °C 
Sample Sweep Time 0.50 minutes   15 °C/min to 120 °C 
Needle Rinse Volume 7mL   20 °C to 220 °C 
Needle Rinse Time 0.75 minutes   Hold 6 minutes 
Sample Preheat Time 0.00 minutes  Oven Equilib Time 0.5 minutes 
Preheat Stir Off  Constant Flow  On 
Preheat Stir Mode Spin  Flow Pressure 19.05psi 
Preheat Stir Speed 1  Split Ratio 25:1 
Purge Time 11.00 minutes  Split Flow  27.5mL/min 
Purge Stir On  Total Flow 32.0mL/min 
Purge Stir Mode Spin  Inlet Mode Split 
Purge Stir Speed 5     
Valve Oven Temp. 150 °C  MS Solvent Delay 4.00 minutes 
Transfer Line Temp. 150 °C  Low Mass Scan 35 
Sample Mount Temp. 40 °C   High Mass Scan 260 
MCS Temp. 40 °C  Threshold 150 
MCS Bake Temp 310 °C  Sample # 3 
Purge Ready Temp. 35 °C    
Purge Temp. 0 °C  Purge Gas Helium @ ~40-50mL/min 
Turbo Cool Temp. -20 °C  Carrier Gas Helium @ 1.1mL/min, 
GC Start Start of Desorb   controlled by EPC 
GC Cycle Time 0.00 minutes    
Dry Purge Time 2.00 minutes    
Desorb Preheat Temp. 235 °C    
Desorb Time 2.00 minutes    
Desorb Temp. 240 °C    
Bake Time 10.00 minutes    
Bake Temp. 260 °C    
Cryofocuser Off    
Standby Temp. 100 °C    
Focus Temp. -150 °C    
Inject Time 1.00 minutes    
Inject Temp. 180 °C    
Sample Heater On    
Sample Temp. 40 °C    
ISTD/Surr. Vol. Added 5 µL    
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MSVOA-4  File Designation:  Dxxxx 
 
EST 8100 / Encon Configuration (Soil Mode)  HP5890 / 5972MSD Configuration (Soil Mode) 
Trap K (Vocarb 3000)  Column Restek Rtx-624 
Sample Volume 5mL   60m x 0.25mm x 1.4 um 
Rinse Volume 10mL  Injector Temp 200 °C 
#Rinses 0  Detector Temp 280 °C 
Soil Preheat Stir Yes  Oven Temp Ramp 45 °C, hold 1 minute 
Stir Yes   4 °C /min to   55 °C 
Syringe Flush 0   8 °C/min to 120 °C 
Preheat Yes   18 °C to 220 °C 
Preheat Temp 40   Hold 7 minutes 
Preheat Time 1.5  Oven Equilib Time 0.2 minutes 
Purge Time 10 minutes  Constant Flow  On 
Desorb Time 2 minutes  Flow Pressure 16.5psi 
Soil Bake Time 6 minutes  Flow Temp 45 °C 
   Inlet Purge Valve On @ 0.0minutes 
Standby Flow Off    
Drain On  MS Solvent Delay 4.45 minutes 
Bakegas Bypass Off  Low Mass Scan 35 
Anti-Foam Cont.  High Mass Scan 300 
Total GC Time 0 minutes  Threshold 150 
Valve Oven 120 °C  Sample # 3 
Transfer Line 120 °C    
MORT Ready Temp 50 °C  Purge Gas Helium @ ~40-50mL/min 
MORT Bake Temp 260 °C  Carrier Gas Helium @ 1.5mL/min, 
Purge Ready Temp 35 °C   controlled by EPC 
Purge Time 11.0 minutes    
Dry Purge Time 2.0 minutes    
Desorb Preheat Temp. 240 °C    
Desorb Temp. 250 °C    
Desorb Time 2 minutes    
Bake Temp. 260 °C    
Bake Time 10 minutes    
ISTD/Surr. Vol. Added 1 µL    
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MSVOA-5  File Designation:  Exxxx 
 
EST 8100 / Encon Configuration  HP6890 / 5972MSD Configuration 
Trap K (Vocarb 3000)  Column Restek Rtx-624 
Sample Volume 5mL   60m x 0.25mm x 1.4 

um 
Dilution Factor No  Injector Temp 200 °C 
Rinse Volume 5mL  Detector Temp 270 °C 
#Rinses 1  Temp Ramp 45 °C, hold 1 minute 
Stir No   4 °C /min to   55 °C 
Syringe Flush 1   8 °C/min to 120 °C 
Desorb Time 2 minutes   18 °C to 220 °C 
    Hold 7 minutes 
Standby Flow On  Oven Equilib Time 0.2 minutes 
Drain Off  Constant Flow  On 
Bakegas Bypass Off  Flow Pressure 18.5psi 
Anti-Foam Cont  Split Ratio 9.155:1 
Total GC Time 0 minutes  Split Flow  10.0mL/min 
Valve Oven 130 °C  Total Flow 13.7mL/min 
Transfer Line 130 °C  Inlet Mode Split 
MORT Ready Temp 50 °C    
MORT Bake Temp 260 °C  MS Solvent Delay 4.20 
Purge Ready Temp 35 °C  Low Mass Scan 35 
Purge Time 11 minutes  High Mass Scan 300 
Dry Purge Time 2 minutes  Threshold 150 
Desorb Preheat Temp. 245 °C  Sample # 3 
Desorb Temp. 250 °C    
Desorb Time 2 minutes  Purge Gas Helium @ ~40-

50mL/min 
Bake Temp. 260 °C  Carrier Gas Helium @ 1.1mL/min, 
Bake Time 10 minutes   controlled by EPC 
ISTD/Surr. Vol. Added. 1 µL    
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MSVOA-6  File Designation:  Fxxxx 

 
Solatek 72 / Tekmar 3100 Configuration (Water 
Mode) 

HP5890 / 5972MSD Configuration (Water Mode) 

Trap Tekmar Purge K Column Restek Rtx-624 
 (Vocarb 3000)   60m x 0.25mm x 1.4 

um 
Rinse Water Temp. 90 °C  Injector Temp 200 °C 
Sample Cup Temp. 30 °C  Detector Temp 280 °C 
Sample Needle Temp. 40 °C  Oven Temp Ramp 40 °C, hold 3 minute 
Transfer Line Temp. 125 °C   4 °C /min to   55 °C 
Soil Valve Temp. 125 °C   8 °C/min to 120 °C 
Sample Sweep Time 0.50 minutes   18 °C to 220 °C 
Needle Rinse Volume 10mL   Hold 7 minutes 
Needle Sweep Time 0.50 minutes  Oven Equilib Time 0.2 minutes 
Bake Rinse Volume  7mL  Constant Flow  On 
Bake Sweep Time 0.50 minutes  Flow Pressure 17.6psi 
Bake Drain Time 0.30 minutes  Flow Temp 40 °C 
Number of Bake Rinses 1  Inlet Purge Valve On @ 0.0minutes 
Valve Oven Temp. 150 °C    
Transfer Line Temp. 150 °C  MS Solvent Delay 4.00 minutes 
Sample Mount Temp. 90 °C   Low Mass Scan 35 
MCS Temp. 40 °C  High Mass Scan 300 
MCS Bake Temp 310 °C  Threshold 150 
Purge Ready Temp. 35 °C  Sample # 3 
Purge Temp. 0 °C    
Turbo Cool Temp. -20 °C  Purge Gas Helium @ ~40-

50mL/min 
GC Start Start of Desorb  Carrier Gas Helium @ 1.5mL/min, 
GC Cycle Time 0.00 minutes   controlled by EPC 
Sample Heater Off    
Sample Temp. 40 °C    
Sample Preheat Time 0.00 minutes    
Purge Time 11.00 minutes    
Dry Purge Time 4.00 minutes    
Desorb Preheat Temp. 215 °C    
Desorb Time 2.00 minutes    
Desorb Temp. 220 °C    
Bake Time 10.00 minutes    
Bake Temp. 270 °C    
Cryofocuser Off    
Standby Temp. 100 °C    
Focus Temp. -150 °C    
Inject Time 1.00 minutes    
Inject Temp. 180 °C    
ISTD/Surr. Vol. Added  5 µL    
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MSVOA-7  File Designation:  Gxxxx 

 
EST 8100/ Encon Configuration  HP5890 / 5973MSD Configuration 
Trap K (Vocarb 3000)  Column Restek Rtx-624 
Sample Volume 5mL   60m x 0.25mm x 1.4 um 
Rinse Volume 5mL  Injector Temp 200 °C 
#Rinses 0  Detector Temp 270 °C 
Soil Preheat Stir Yes  Temp Ramp 45 °C, hold 1 minute 
Stir Yes   4 °C /min to   55 °C 
Syringe Flush 0   8 °C/min to 120 °C 
Preheat Yes   18 °C to 220 °C 
Preheat Temp 40   Hold 7 minutes 
Preheat Time 1.5    
Purge Time 10 minutes  Oven Equilib Time 0.2 minutes 
Desorb Time 2 minutes  Constant Flow  On 
Soil Bake Time 6 minutes  Flow Pressure 18.62psi 
   Split Ratio 33:1 
Standby Flow On  Split Flow  36.3mL/min 
Drain On  Total Flow 40.4mL/min 
Bakegas Bypass Off  Inlet Mode Split 
Anti-Foam Cont.    
Total GC Time 0 minutes  MS Solvent Delay 3.80 minutes 
Valve Oven 130 °C  Low Mass Scan 35 
Transfer Line 130 °C  High Mass Scan 260 
MORT Ready Temp 50 °C  Threshold 250 
MORT Bake Temp 260 °C  Sample # 3 
Purge Ready Temp 35 °C    
Purge Time 11.0 minutes  Purge Gas Helium @ ~40-50mL/min 
Dry Purge Time 2.0 minutes  Carrier Gas Helium @ 1.1mL/min, 
Desorb Preheat Temp. 255   controlled by EPC 
Desorb Temp. 260    
Desorb Time 1.0 minutes    
Bake Temp. 270    
Bake Time 10 minutes    
ISTD/Surr. Vol. Added. 1 µL    
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MSVOA-8  File Designation:  Hxxxx 

 
AquaTek70 / Tekmar 3100 Configuration  HP6890 / 5972MSD Configuration 
Trap Tekmar Purge K  Column Restek Rtx-624 
 (Vocarb 3000)   60m x 0.25mm x 1.4 um 
Line Temp 150 °C  Injector Temp 220 °C 
Valve Temp 150 °C  Aux. Temp 280 °C 
Mount Temp 90 °C  Oven Temp Ramp 45 °C, hold 1 minute 
MCS Line Temp 40 °C   4 °C /min to   55 °C 
Purge Ready Temp 35 °C   8 °C/min to 120 °C 
Purge Temp 0 °C   18 °C to 220 °C 
Sample Heater Off   Hold 8 minutes 
Purge Time 11 minutes  Oven Equilib Time 0.2 minutes 
Dry Purge Time 4 minutes  Constant Flow  On 
GC Start Option Start of Desorb  Flow Pressure 17.93psi 
Cryo Focuser Off  Split Ratio 10:1 
Desorb Preheat Temp 200 °C  Split Flow  11.0mL/min 
Desorb Time 2.0  Total Flow 14.8mL/min 
Desorb Temp 240 °C  Inlet Mode Split 
Bake Time 10 minutes    
Bake Temp 260 °C  MS Solvent Delay 4.30 
Bake Gas Bypass Off  Low Mass Scan 35 
MCS Bake Temp 300 °C  High Mass Scan 300 
Pressurize Time 0.2 minutes  Threshold 150 
Fill IS 0.04 minutes  Sample # 3 
Xfer IS  0.5 minutes    
Rinse Lines 0.25 minutes  Purge Gas Helium @ ~40-50mL/min 
Purge Lines 0.50 minutes  Carrier Gas Helium @ 1.1mL/min, 
Bake Rinse 0.75 minutes    
Bake Transfer 0.75 minutes    
Rinse Cycles 2    
Fill IS On    
AquaTek70 On    
ISTD/Surr. Vol. Added 2 µL    
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MSVOA-9 File Designation:  Ixxxx 
 
AquaTek70 / Tekmar 3100 Configuration  HP5890 / 5972MSD Configuration 
Trap Tekmar Purge K  Column Restek Rtx-624 
 (Vocarb 3000)   60m x 0.25mm x 1.4 um 
Line Temp 150 °C  Injector Temp 200 °C 
Valve Temp 150 °C  Detector Temp 280 °C 
Mount Temp 90 °C  Oven Temp Ramp 40 °C, hold 2 minute 
MCS Line Temp 40 °C   4 °C /min to   55 °C 
Purge Ready Temp 35 °C   8 °C/min to 120 °C 
Purge Temp 0 °C   25 °C to 220 °C 
Sample Heater Off   Hold 5 minutes 
Purge Time 10 minutes  Oven Equilib Time 0.5 minutes 
Dry Purge Time 4 minutes  Constant Flow  On 
GC Start Option Start of Desorb  Flow Pressure 16.9psi 
Cryo Focuser Off  Flow Temp 40 °C 
Desorb Preheat Temp 200 °C  Inlet Purge Valve On @ 0.0minutes 
Desorb Time 1.5    
Desorb Temp 250 °C  MS Solvent Delay 3.80 minutes 
Bake Time 10 minutes  Low Mass Scan 35 
Bake Temp 260 °C  High Mass Scan 300 
Bake Gas Bypass Off  Threshold 250 
MCS Bake Temp 300 °C  Sample # 3 
Pressurize Time 0.2 minutes    
Fill IS 0.04 minutes  Purge Gas Helium @ ~40-50mL/min 
Xfer IS  0.5 minutes  Carrier Gas Helium @ 1.5mL/min, 
Rinse Lines 0.25 minutes   controlled by EPC 
Purge Lines 0.50 minutes    
Bake Rinse 0.75 minutes    
Bake Transfer 0.50 minutes    
Rinse Cycles 2    
Fill IS On    
AquaTek70 On    
ISTD/Surr. Vol. Added 2 µL    
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MSVOA-10 File Designation:  Jxxxx 
 
AquaTek70 / Tekmar 3100 Configuration  HP5890 / 5972MSD Configuration 
Trap Tekmar Purge K  Column Restek Rtx-624 
 (Vocarb 3000)   60m x 0.25mm x 1.4 um 
Line Temp 150 °C  Injector Temp 250 °C 
Valve Temp 150 °C  Detector Temp 280 °C 
Mount Temp 90 °C  Oven Temp Ramp 45 °C, hold 1 minute 
MCS Line Temp 40 °C   4 °C /min to   55 °C 
Purge Ready Temp 35 °C   8 °C/min to 120 °C 
Purge Temp 0 °C   18 °C to 220 °C 
Sample Heater Off   Hold 7.5 minutes 
Purge Time 11 minutes  Oven Equilib Time 0.2 minutes 
Dry Purge Time 2 minutes  Constant Flow  On 
GC Start Option Start of Desorb  Flow Pressure 16.9psi 
Cryo Focuser Off  Flow Temp 40 °C 
Desorb Preheat Temp 240 °C  Inlet Purge Valve On @ 0.0minutes 
Desorb Time 1.5    
Desorb Temp 250 °C  MS Solvent Delay 4.35 minutes 
Bake Time 10.5 minutes  Low Mass Scan 35 
Bake Temp 270 °C  High Mass Scan 300 
Bake Gas Bypass Off  Threshold 250 
MCS Bake Temp 300 °C  Sample # 3 
Pressurize Time 0.2 minutes    
Fill IS 0.03 minutes  Purge Gas Helium@~40-50mL/min 
Xfer IS  0.5 minutes  Carrier Gas Helium@1.5mL/min, 
Rinse Lines 0.25 minutes   controlled by EPC 
Purge Lines 0.50 minutes    
Bake Rinse 0.75 minutes    
Bake Transfer 0.50 minutes    
Rinse Cycles 2    
Fill IS On    
AquaTek70 On    
ISTD/Surr. Vol. Added 2 µL    
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MSVOA-11 File Designation:  Kxxxx 
 
AquaTek70 / Velocity XPT Configuration  HP5890 / 5975MSD Configuration 
Trap Tekmar Velocity K  Column Restek Rtx-624 
 (Vocarb 3000)   60m x 0.25mm x 1.4 um 
Transfer Line Temp 150 °C  Injector Temp 200 °C 
Oven Valve Temp 150 °C  Aux. Temp 270 °C 
Sample Mount Temp 90 °C  Oven Temp Ramp 50 °C, hold 1 minute 
Purge Ready Temp 45 °C   6 °C /min to   95 °C 
DryFlow Standby Temp 150 °C   15 °C/min to 120 °C 
Standby Flow 10 mL/min.   20 °C to 220 °C 
Pressurize Time 0.25 minutes   Hold 6 minutes 
Fill I.S. Time 0.04 minutes  Oven Equilib Time 0.2 minutes 
Sample Transfer Time 0.25 minutes  Constant Flow  On 
Pre-Purge Time 0.00 minutes  Flow Pressure 19.05psi 
Pre-Purge Flow 40mL/min  Split Ratio 25:1 
Sample Heater Off  Split Flow  27.5mL/min 
Sample Preheat Time 0.00 minutes  Total Flow 32.0mL/min 
Preheat Temp. 35 °C  Inlet Mode Split 
Purge Time 11.00 minutes    
Purge Temp. 0 °C  MS Solvent Delay 4.00 minutes 
Purge Flow 40mL/min  Low Mass Scan 35 
Purge Rinse Time 0.25 minutes  High Mass Scan 260 
Purge Line Time 0.25 minutes  Threshold 150 
Dry Purge Time 0.50 minutes  Sample # 3 
Dry Purge Temp 40 °C    
Dry Purge FLow 200mL/min  Purge Gas Helium @ ~40-50mL/min 
GC Start Start of Desorb  Carrier Gas Helium @ 1.1mL/min, 
Desorb Preheat Temp. 245 °C   controlled by EPC 
Desorb Drain On    
Desorb Time 1.00 minutes    
Desorb Temp. 250    
Desorb Flow 200mL/min    
Bake Rinse On    
Number of Bake Rinses 3    
Bake Drain Time 0.50 minutes    
Bake Drain Flow 400mL/min    
Bake Time 9.00 minutes    
Bake Temp. 270 °C    
DryFlow Bake Temp. 270 °C    
Bake Flow 400mL/min    
Focus Temp -150 °C    
Inject Time 1.00 min.    
Inject Temp. 180 °C    
Standby Temp. 100 °C    
ISTD/Surrogate Vol. Added 2 µL    
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MSVOA-12 File Designation:  Lxxxx 
 
EST 8100 / Encon Configuration  HP6890 / 5975MSD Configuration 
Trap K (Vocarb 3000)  Column Restek Rtx-624 
Sample Volume 5mL   60m x 0.25mm x 1.4 um 
Rinse Volume 5mL  Injector Temp 250 °C 
#Rinses 0  Aux. Temp 270 °C 
Soil Preheat Stir Yes  Oven Temp Ramp 50 °C, hold 3 minute 
Stir Yes   12.5 °C /min to 100 °C 
Syringe Flush 0   15 °C/min to 220 °C 
Preheat Yes   Hold 8 minutes 
Preheat Temp 40  Oven Equilib Time 0.2 minutes 
Preheat Time 1.5  Constant Flow  On 
Purge Time 10 minutes  Flow Pressure 17.47psi 
Desorb Time 2 minutes  Split Ratio 30:1 
Soil Bake Time 6 minutes  Split Flow  30.0mL/min 
   Total Flow 33.8mL/min 
Standby Flow On  Inlet Mode Split 
Drain On    
Bakegas Bypass Off  MS Solvent Delay 4.00 minutes 
Anti-Foam Cont  Low Mass Scan 35 
Total GC Time 0.0  High Mass Scan 260 
Valve Oven 130 °C  Threshold 150 
Transfer Line 130 °C  Sample # 3 
MORT Ready Temp 50 °C    
MORT Bake Temp 260 °C  Purge Gas Helium @ ~40-50mL/min 
Purge Ready Temp 35 °C  Carrier Gas Helium @ 1.1mL/min  
Purge Time 11 minutes   controlled by EPC 
Dry Purge Time 2 minutes    
Desorb Preheat Temp. 255 °C    
Desorb Temp. 260 °C    
Desorb Time 1 minute    
Bake Temp. 270 °C    
Bake Time 10 minutes    
ISTD/Surr. Vol. Added 1 µL    
     
 



Volume: Volatile Organics Curtis & Tompkins, Ltd. 
Section: 2.4  
Page: 57 of 87 
Revision:   11 Number:  1 of 2 
Effective:  May 31, 2012 
Filename:  F:\qc\sop\voc\msvoa_rv11.doc 
 

This SOP contains information that may only be disseminated to C&T staff, clients, and regulators. 

 
 
MSVOA-13 File Designation:  Mxxxx 
 
AquaTek70 / Tekmar Stratum Configuration  HP6890 / 5975MSD Configuration 
Trap Tekmar Stratum K  Column Restek Rtx-624 
 (Vocarb 3000)   60m x 0.25mm x 1.4 um 
Transfer Line Temp 150 °C  Injector Temp 200 °C 
Valve Oven Temp 150 °C  Aux. Temp 270 °C 
Sample Mount Temp 60 °C  Oven Temp Ramp 50 °C, hold 1 minute 
Purge Ready Temp 45 °C   6 °C /min to   95 °C 
    15 °C/min to 120 °C 
Standby Flow 25 mL/min.   20 °C to 220 °C 
Pressurize Time 0.25 minutes   Hold 6 minutes 
Fill I.S. Time 0.04 minutes  Oven Equilib Time 0.2 minutes 
Sample Transfer Time 0.25 minutes  Constant Flow  On 
Pre-Purge Time 0.5 minutes  Flow Pressure 19.05psi 
Pre-Purge Flow 40mL/min  Split Ratio 25:1 
Sample Heater Off  Split Flow  27.5mL/min 
Sample Preheat Time 1.00 minutes  Total Flow 32.0mL/min 
Preheat Temp. 40 °C  Inlet Mode Split 
Purge Time 11.00 minutes    
Purge Temp. 0 °C  MS Solvent Delay 4.00 minutes 
Purge Flow 40mL/min  Low Mass Scan 35 
Rinse Loop Time 0.25 minutes  High Mass Scan 260 
Purge Loop Time 0.25 minutes  Threshold 150 
Dry Purge Time 2.00 minutes  Sample # 3 
Dry Purge Temp 20 °C    
Dry Purge FLow 100mL/min  Purge Gas Helium @ ~40-50mL/min 
GC Start Start of Desorb  Carrier Gas Helium @ 1.1mL/min, 
Desorb Preheat Temp. 245 °C   controlled by EPC 
Desorb Drain On    
Desorb Time 1.00 minutes    
Desorb Temp. 250    
Desorb Flow 300mL/min    
Bake Rinse On    
Number of Bake Rinses 3    
Bake Drain Time 0.50 minutes    
Bake Drain Flow 400mL/min    
Bake Time 6.00 minutes    
Bake Temp. 260 °C    
Condenser Bake Temp. 270 °C    
Bake Flow 400mL/min    
Focus Temp -150 °C    
Inject Time 1.00 min.    
Inject Temp. 180 °C    
Standby Temp. 100 °C    
ISTD/Surrogate Vol. Added 1 µL    
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MSVOA-14 File Designation:  Nxxxx 
 
 
AquaTek70 / Tekmar Stratum Configuration  HP6890 / 5975MSD Configuration 
Trap Tekmar Stratum K  Column Restek Rtx-624 
 (Vocarb 3000)   60m x 0.25mm x 1.4 um 
Transfer Line Temp 150 °C  Injector Temp 200 °C 
Valve Oven Temp 150 °C  Aux. Temp 270 °C 
Sample Mount Temp 60 °C  Oven Temp Ramp 50 °C, hold 1 minute 
Purge Ready Temp 45 °C   6 °C /min to   95 °C 
    15 °C/min to 120 °C 
Standby Flow 25 mL/min.   20 °C to 220 °C 
Pressurize Time 0.25 minutes   Hold 6 minutes 
Fill I.S. Time 0.04 minutes  Oven Equilib Time 0.2 minutes 
Sample Transfer Time 0.25 minutes  Constant Flow  On 
Pre-Purge Time 0.5 minutes  Flow Pressure 19.05psi 
Pre-Purge Flow 40mL/min  Split Ratio 25:1 
Sample Heater Off  Split Flow  27.5mL/min 
Sample Preheat Time 1.00 minutes  Total Flow 32.0mL/min 
Preheat Temp. 40 °C  Inlet Mode Split 
Purge Time 11.00 minutes    
Purge Temp. 0 °C  MS Solvent Delay 4.00 minutes 
Purge Flow 40mL/min  Low Mass Scan 35 
Rinse Loop Time 0.25 minutes  High Mass Scan 260 
Purge Loop Time 0.25 minutes  Threshold 150 
Dry Purge Time 1.00 minutes  Sample # 3 
Dry Purge Temp 20 °C    
Dry Purge FLow 100mL/min  Purge Gas Helium @ ~40-50mL/min 
GC Start Start of Desorb  Carrier Gas Helium @ 1.1mL/min, 
Desorb Preheat Temp. 245 °C   controlled by EPC 
Desorb Drain On    
Desorb Time 1.00 minutes    
Desorb Temp. 250    
Desorb Flow 300mL/min    
Bake Rinse On    
Number of Bake Rinses 3    
Bake Drain Time 0.50 minutes    
Bake Drain Flow 400mL/min    
Bake Time 6.00 minutes    
Bake Temp. 260 °C    
Condenser Bake Temp. 270 °C    
Bake Flow 300mL/min    
Focus Temp -150 °C    
Inject Time 1.00 min.    
Inject Temp. 180 °C    
Standby Temp. 100 °C    
ISTD/Surrogate Vol. Added 1 µL    
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APPENDIX_7: MAINTENANCE & TROUBLE-SHOOTING 
 
Instrument maintenance must be documented in the maintenance benchbook. If preventative or 
trouble-shooting maintenance is performed, document: 
 

1.) Date (mm/dd/yy) and initials of the analyst performing the maintenance  
2.) Reason the maintenance was necessary 
3.) Action taken (“changed column”, column description, etc.)  
4.) Resolution of the maintenance (“passed tune”, “2-Cleve response back”, etc.).  

 
If an outside contractor performed the maintenance, file the laboratory copy of the contractor 
receipt in the three-ringed binder titled GC/MS-VOC Instrument Maintenance Contractor 
Receipts. The three-ringed binder is separated by instrument. 
 
Problem:  High Background Signal 

Do a spectrum scan to try to determine the source of the background signal. 
 m/z 28:  Nitrogen. Most likely source is a leak at the detector nut. 
 m/z 31:  Methanol. Were detector parts dried properly prior to installation? 
 m/z 44:  Carbon Dioxide. Most likely source is a leak at the detector nut. 
 m/z 69 plus 219 & 502:  PFTBA. The tuning solution reservoir was not closed after 

tuning. 
 m/z 207 or 281:  Siloxanes. Septum bleed or column bleed. 
 m/z 446:  Diffusion Pump Oil. Improper venting pulled oil into the detector. Call Agilent or 

Full Spectrum for assistance. 
 Series of mass peaks 14amu apart, with abundance decreasing with increasing mass:  

Fingerprint oils on the source or detector end of the column. 
 
Problem:  Can’t reach full vacuum 

Probably a leak. Scan for m/z from 0 to 50 amu and look for water (18), nitrogen (28), and 
oxygen (32).  If present, there’s probably a leak around column-to-source connection.  You 
can also use dust-cleaner to search for leaks by scanning for the primary ion of the main 
chemical in the dust-cleaner.  If the abundance of that ion increases as you spray sections 
of the MS, then there is a leak.  Check fitting and ferrule. If snug, ferrule is probably scored 
and should be replaced.  Also check cal-gas valve.   

 
Check Purge Flow (Tekmar 3100) 

1.) Step the 3100 to Purge. 
2.) Attach the flow meter end to the 3100 vent. 
3.) Wait ~3minutes for purge flow to stabilize. 
4.) Record the flow rate. 

 
Backflush for Tekmar 3100 

1. Keep the instrument power on and turn the line heaters off. Set all temperatures to the 
off position and wait until the heated zones have cooled. 

2. Make sure the unit is in standby mode. 
3. Disconnect the purge vessel and trap. 
4. Flush Methanol into the area where the top of the trap attaches, using a 5mL luer-lock 

syringe and fittings.  This is the area where the purge vessel attaches to the purge and 
trap.  You should see Methanol coming out from the mount.  Repeat 3-5 times. 
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5. Clean the mount, using a kim-wipe.  Be careful not to scratch the mount.  If the mount 
cannot be cleaned, replace the mount. 

6. Clean the purge vessel with Methanol then D.I. water.  Do not use soap. 
7. Increase purge and trap temperatures to normal operating conditions and hold for two 

hours, without the trap or purge vessel installed. 
8. Disconnect the transfer line from the GC inlet. 
9. Install the purge vessel, all lines, and an old used trap. 
10. Desorb for at least 1 hour with the transfer line removed. 
11. Install the new trap, condition it, and run instrument blanks until a clean baseline is 

achieved. 
 
Changing the column:  

The column should be changed whenever: 1.) the first analyte can not be separated from 
the solvent peak, 2.) target compounds with similar primary ions can no longer be resolved 
from each other, 3.) an initial calibration will not meet requirements and the purge and trap 
has been ruled out.  Injection port maintenance and source cleaning should be done each 
time the column is changed in order to minimize down-time. 

 
1. Use the Chemstation INSTRUMENT CONTROL: Vacuum Control to vent the instrument. 

Then turn off the oven, injector port, and detector port temperatures, and shut off the 
MSD and the vacuum pump. 

2. Allow all parts to cool to room temperature. 
3. Use the GC keypad to set the inlet pressure or column flow to zero. 
4. Remove the old column from the injection and detector ports and cap the column with a 

septum. 
5. Confirm the column type and product I.D.  Then clip each end of the new column 

according to manufacturer’s specifications. 
6. Put the injector port nut and a graphite ferrule on one end of the new column, then clip 

about 3 or 4 centimeters off the end of the column. Hold the column at a slight downward 
angle when cutting the column, so that any small chips will not fall back into the column. 

7. Place a mark (with white-out or a felt-tip marker) or septa between 10-12mm from the 
end of the column or such that there is ~5mm of column between column end and the 
ferrule. 

8. Insert the column into the injection port so that the lower end of the injection port nut 
lines up with the mark. Tighten the nut to finger-tight, then wrench-tighten until snug, 
making sure the mark still lines up with the end of the nut. 

9. Clip about 3 or 4 centimeters off of the detector the end of the column.  
10. Use the GC keypad to turn the carrier gas back by entering “Constant Flow” “ON”. 
11. Use the GC keypad to set injector port temperature to 200°C. 
12. Set the oven temperature to 220°C and bake out the column, without installing it in the 

detector, while you clean the source (or at least 2-3 hours).   
13. After cooling the oven back to room temperature, put a new source nut and a 

vespel/graphite ferrule on the detector port end of the column.  Never use a pure 
graphite ferrule on the detector end of  the column as it may contaminate the source. 

14. Slowly and carefully, insert the column into the detector just past the end of the GC/MS 
interface, then pull it back about 2 millimeters (so that tightening the nut will not crush 
the end of the column). 

15. Tighten the nut to finger-tight, then wrench-tighten to snug. 
16. Turn on the rough pump and the MSD. 
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17. Use the INSTRUMENT CONTROL: Vacuum Control options to pump down the MSD. 
Check the status of the instrument; once the status is “OK” (usually ~70mtorr), turn on 
the proper detector temperature, and do a spectrum scan to check for leaks.  

18. Bake out over-night to remove any remaining moisture from the detector. The next 
morning, mass 28 should be less than 10% of mass 69 in the PFTBA; if higher levels 
are observed, the injector or detector ends of the column may need to be re-installed.  

 
Document in the maintenance log what the symptoms were that prompted you to change the 
column, when you changed it, and whether or not the new column eliminated the symptoms. 

 
Cleaning the source: 
The source should be cleaned whenever 1.) the column is changed, 2.) tuning criteria can not 
be met, or 3.) no response is obtained from either filament.  4.) an initial calibration will not meet 
requirements and the purge and trap has been ruled out. 
 
To clean source 

1. Vent MS, power down, and cool GC.  Check instructions for pump shutdown.   
2. Remove column and interface from MS 
3. Need to protect interface insertion surface.  Remove it from the analyzer and wrap in foil 

until analyzer needs to go back into MS. 
4. Remove source and take to clean area to work. 
5. Remove the control interface cables, electrical connections to the filament, the repeller, 

and focus lenses. 
6. Remove retaining screws that holds the filaments and the repeller to the source body. 

(On HP5972, source assembly can be removed up to entrance lens as a single piece. 
7. The pieces that need cleaning are:  repeller face, ion source inner body, both sides of 

the draw-out plate and its pinhole entrance, focus lens, and entrance lens contact 
surfaces.  (Ion source body shows burn next to where it contacts the filaments.  This 
needs to be removed and holes leading to source body need to be cleaned by reaming 
with a fine drill. 

8. Find out the best material to clean the source. 
9. Once clean. Use cotton gloves to inspect pieces. 
10. Assembly is reverse of disassembly. (Make sure ceramic collar between the source 

and the quadrupole does not bind.  It must turn freely.) 
11. When assembled, check continuity of the electrical.   
12. Re-insert analyzer into the MS body. 
13. Reconnect the interface and reinsert the column using the proper insertion length.   
14. Replace housing on the vacuum containment vessel and turn on rough pump. 
15. Set interface heater to operating temp., set up GC temps to startup.   
16. At 10-4torr, turn on other pump.  READ INSTRUCTIONS ON PUMP FIRST.  If you 

can’t achieve 10-4torr, push down on lid of containment vessel.   
17. Once full vacuum is reached, check for leaks by scanning below 50 amu. 
18. Rerun autotune and check height of the m/z 502 peak. 

 
Document in the maintenance log what the symptoms were that prompted you to clean the 
source, when you cleaned it, and whether or not the cleaning eliminated the symptoms. 
 
To clean quadrupole rods 

1. Vent the system and remove the source.   
2. Remove the ceramic collar between the source and the electrical connections.   
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3. Removed rod package (the rods are held in place by two ceramic collars.  DO NOT 
REMOVE THESE COLLARS) 

4. Immerse complete quadrupole unit in their ceramic collar in graduated cylinder and flood 
with solvent.   

5. Use care as to not chip rods.   
6. Wash with Hexane, then CH2Cl2, and finally with Acetone. 
7. Air Dry and then place in desiccator.   
8. Replace into MS. 
9. Evacuate the rods in the MS. 

 
Changing the rough pump oil: 

The oil in the “rough” vacuum pump should be changed every 6 months, or when it becomes 
brown & cloudy. 

 
1. Follow Steps 1 through 5 above to shut down the instrument. 
2. Allow the pump to cool then unplug the rough pump 
3. Disconnect the hose from the rough pump. 
4. Drain the oil into the waste oil container and replace it with fresh vacuum pump oil 

(Scientific Instrument Supply, Catalog # INV45-1). 
5. Reconnect the hose to the rough pump and turn on the rough pump. 
6. Turn on the MSD and download the detector port, injector port, and oven temperatures.  
7. Use the INSTRUMENT CONTROL options to check the vacuum status. Once the status 

is “OK” (usually ~200mtorr), do a spectrum scan to check for hydrocarbon background; if 
the background is very noisy, the detector may need to be baked out. 

8. Document the maintenance in the benchbook. 
 
Changing the Electron Multiplier: 

1. If noise increases, run the repeller to the max value. 
2. Look at electron multiplier voltage needed to achieve the benchmark value for the 502 

fragment.   
3. When EM voltage is above 3500V, replace the multiplier. 

 
System grounding  
Problems with gas peaks failing to stabilize? Have a good calibration but can’t hold a tune? It 
may be due to lack of grounding.  Try connecting the MS chassis and the controlling interface 
together with a grounding strap.  Use a common surge protector for all electrical and the 
computer system.   



Volume: Volatile Organics Curtis & Tompkins, Ltd. 
Section: 2.4  
Page: 63 of 87 
Revision:   11 Number:  1 of 2 
Effective:  May 31, 2012 
Filename:  F:\qc\sop\voc\msvoa_rv11.doc 
 

This SOP contains information that may only be disseminated to C&T staff, clients, and regulators. 

 
APPENDIX_8: BFB TUNE  
 & CALIBRATION VERIFICATION (ICV/CCV) CRITERIA 
 

Mass (m/z) BFB Ion Abundance Criteria 
 

 50 15 to 40% of mass 95 
 75 30 to 60% of mass 95 
 95 base peak, 100% relative abundance 
 96 5 to 9% of mass 95 
 173 less than 2% of mass 174 
 174 greater than 50% of mass 95 
 175 5 to 9% of mass 174 
 176 greater than 95% but less than 101% of mass 174 
 177 5 to 9% of mass 176 

 
Tune acceptance is based on a single scan, average of two consecutive scans, or average of 
three consecutive scans; background subtraction is required per the method. If the BFB does 
not pass using these options, another BFB should be analyzed. If that also fails, instrument 
maintenance should be performed to correct the problem. No sample data associated with a 
failing tune standard may be reported. 
 
Calibration Verification (ICV & CCV) Criteria: 
An ICV (Initial Calibration Verification) standard is analyzed as part of the instrument calibration 
procedure described in Appendix_9 below. This standard must meet the same acceptance 
criteria required for the CCV (Continuing Calibration Verification) standard as described below. 
 
A CCV (Continuing Calibration Verification) standard is analyzed at the beginning of each 12-
hour shift after the BFB has passed tune, to verify that the response of the instrument has not 
changed significantly and that the curve may still be used to quantitate sample results. Use a 
standard at one of the three middle levels of the calibration curve, not at either extreme (highest 
or lowest point) of the ICAL curve. The standard concentration used for the CCV should be 
alternated over the course of several tune shifts.  
 
1.) Examine the Form 7 against the following criteria to determine whether the CCV is 

acceptable: 
 

a.) The retention times should increase with assigned ‘compound number’ (in the 
acquisition software). The compound spectra should be re-examined for any Rt’s that 
appear out of order.  

 
b.) All compounds must meet minimum relative response factor (RRF) of 0.05.  

 
c.) System Performance Check Compounds (SPCC) RRF must be: 

RRF > 0.3: 1,1,2,2-Tetrachloroethane 
 Chlorobenzene 
RRF > 0.1: Chloromethane  
 1,1-Dichloroethane 
 Bromoform 
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d.) Calibration Check Compounds (CCC) %D must be < 20% from the initial calibration. 
%D < 20: Vinyl Chloride 

 1,1-DCE 
 Chloroform 
 1,2-Dichloropropane 
 Toluene 
 Ethylbenzene 

 
e.) Non-CCC compounds %D must be < 30%, except for poor performers (such as vinyl 

acetate, 2-chloroethyl-vinylether, etc.) which must be < 40%.  
 

624 Method Note:  EPA 624 does not discuss minimum response requirements or 
differentiate between various types of analytes. The recoveries must meet those listed in 
Table 5 of the method, however the criteria listed in a.) through e.) above are tighter than 
those listed in the method and should be used for routine analysis. 
 
Method 8260C Note: Method 8260C specifies minimum response factors for about 40 
different compounds in Table 4 of the method page 44-45. When performing this method in 
strict compliance with 8260C (DoD work) check minimum response factors for compounds. 
Find a copy of Method 8260C posted on the LIMS: Main Page\SOPs&Methods\Methods.  

 
2.) If any of the above criteria are not met, examine the integration to verify that each peak was 

correctly integrated. Manual integrations must be consistently applied to ICAL, CCV, and 
sample integrations. Unsubstantiated alteration of peak integration solely to pass calibration 
or QC criteria is illegal and is grounds for immediate termination.  If the SPCC and CCC 
criteria are not met, another CCV standard should be analyzed, unless reporting a single 
analyte or small set of analytes.  In these cases, those target analytes must each pass 
SPCC and CCC criteria.  If the second analysis of the standard also fails to meet the SPCC 
and CCC criteria, recalibration and/or other instrument maintenance is required. See 
Appendix_9 for the Initial Calibration procedure and acceptance criteria.  

 
3.) If two CCV’s were analyzed, “x” out the first CCV, set the second to stype “CCV” and 

process the data from the second CCV. Do not “cherry pick” some compounds from the first 
CCV and others from the second CCV; if the second CCV is processed and used, all 
compounds must be taken from the second standard. 

 
4.) If the SPCC and CCC criteria are met, but other compounds fail acceptance criteria, data 

may be reportable based on the following: 
 

a.) If the failing compound is not a target analyte for the associated samples, sample results 
should be reported without reanalysis. 

 
b.) If the compound fails the minimum RRF (0.05) requirement and is a required target 

compound for the sample, the sample must be reanalyzed. 
 

c.) If the compound fails the %D criterion due to a high response but was not detected 
above the reporting limit in the associated samples, the sample results may be reported 
without reanalysis, as the high bias does not affect the sample results. 
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d.) If the compound fails the %D criterion due to a high response and was detected above 
the reporting limit in any of the associated samples, the samples must be reanalyzed.   

 
e.) If the compound fails the %D criterion due to a low response and was detected (even 

below the reporting limit), the sample must be reanalyzed. 
 

f.) If the compound meets minimum RF, but fails the %D criterion due to a low response 
(but not more than 50% low) and was not detected (even below the reporting limit), the 
sample results may be reported without reanalysis. 

 



Volume: Volatile Organics Curtis & Tompkins, Ltd. 
Section: 2.4  
Page: 66 of 87 
Revision:   11 Number:  1 of 2 
Effective:  May 31, 2012 
Filename:  F:\qc\sop\voc\msvoa_rv11.doc 
 

This SOP contains information that may only be disseminated to C&T staff, clients, and regulators. 

 
APPENDIX_9: INITIAL CALIBRATION 
 PROCEDURE & CRITERIA 
 
Requirements:  
An initial calibration curve must be done whenever the source has been cleaned, when a new 
column has been installed, or when purge–and–trap maintenance has been performed that 
affects transporting and trapping analytes. In general, a new calibration curve must be made 
whenever instrument conditions have been altered, or whenever the continuing calibration 
verification no longer passes acceptance criteria.  
 
The instrument’s analytical range must be established by running an initial calibration curve with 
standards containing all the compounds of interest at a minimum of 5 levels, generally ranging 
from 0.5 ppb to 100 ppb in concentration. Because lower detection limits are often required for 
water samples, more levels are analyzed at or near the reporting limit for compounds requiring a 
reporting limit less than 5 ppb. If a quadratic curve is used, a minimum of six points must be 
included in the curve. 
 
Note:  The lowest point run in both soil and water calibration is at half RL for most of the 8260 
compounds.  This is for two reasons and will be explained using water calibration reporting 
levels.  The first reason is to establish a reporting limit for Vinyl Chloride at 0.5ppb, where the 
reporting limit for the other gases is 1.0ppb.  The second reason is provide a 0.5pbb reporting 
limit for m,p-xylene.  Since these isomers can not be separated and detected from each other 
on the GC/MS, a mix containing 0.5ppb of both m-xylene and p-xylene would yield 1.0ppb of 
m,p-xylene.  By running the lowest point at 0.25ppb for both m-xylene and p-xylene, a reporting 
limit of 0.5ppb for m,p-xylene can be established. 
 
The curve must be verified by analyzing an Initial Calibration Verification (ICV) standard 
comprised of standards obtained from a different manufacturer than those used to prepare the 
ICAL standards. 
 
See Appendix_1 for calculations of response factor, RSD, and correlation coefficient.  
 
ICAL Sequence: 
1.) Prepare the standards as described in Appendix_2. 
 
2.) Prepare an Initial Calibration Verification (ICV) standard from source standards obtained 

from a different manufacturer than the ICAL standards.  
 
3.) Analyze a BFB Tune Standard. This standard must pass acceptance criteria before the 

analysis can continue. 
 
4.) Analyze a Calibration initial blank (calib ib) 
 
5.) Load the calibration standards onto the autosampler tray in order of increasing 

concentration followed by the ICV and IB. 
 

Note:  An acceptable ICV must be analyzed before any samples are loaded. If the ICV does 
not pass acceptance criteria and samples were analyzed immediately following it, the entire 
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calibration must be reanalyzed, as there is no way of determining what affect the sample 
matrix would have on any subsequent ICV analysis. 

 
6.) Make sure you acquire the calibration as type: “calib”, with the correct level typed into the 

sequence. 
 
Chemstation/ Target Notes:  When entering a sequence in the Chemstation sample log 
table, click on the arrow under the “type” field near the bottom of the window. Highlight 
“calibration”. This will add more fields to the bottom of the sample log table window. In the 
“level” field, type in the calibration level. This must be identical to the calibration level 
entered in Target/Chemstation for each concentration. 

 
7.) Use the same Target/Chemstation Processing (data acquisition) method as used for 

samples (ie: I4M826.m) but first edit the method so that all compounds are using the 
average response factor for quantitation. 

 
Target Notes:  Edit the Target (processing) method by right clicking on the method name (ei: 
I5M826w.m) under the current day’s directory. Choose “edit method” from the options. At the 
top of the method editor window, under the “Global” heading, click on “calibration”. The 
curve type should be “average”. If it is not “average” click on the type and choose “average”. 
Click on “Update Curve Parameters” then “Save”; all compounds should then default to 
average response. You must update the curve parameters even if the curve type is 
“average” to ensure that all compounds are updated to average-Rf curves. Clear the 
calibration table by choosing “File” and “Zero Calib” .  Save the method.  Make sure the 
“save to source” box is checked. 
 
Chemstation Notes:  Edit the Chemstation method by Choosing “Method” and “Load 
Method” from the title bar in Chemstation.  Select the method file you wish to edit.  Under 
“Initial Calibration”, choose “Edit Compounds”.  Clicking on the “+” next to the internal 
standard name will show all target compounds associated with that internal standard. 
Highlight the first compound in the list and in the “Quantitation Options” setting of the 
Windw, make sure the drop down for “Curve Fit” is set to “Average of Response Factors”.  
Scroll down the list and do this for each compound.  Clear the calibration by choosing “Initial 
Calibration” and “Clear All Response Factors”.  Save the method. 
 

 
Exit and save the method back to the same name. 

 
8.) Write the sequence as below, identifying the type of sample as initial calibration standards, 

the LIMS identification of the standards, and the applicable dilution factors. This data must 
be correctly entered into the sequence in a specific order for LIMS to be able to interpret the 
information and should be written into the sequence as follows: 

 
BFB, S#, 50ng 
IB, CALIB IB  
ICAL, Sa#, Vs/Vfa, Sb#, Vs/Vfb, Conc1 
ICAL, Sa#, Vs/Vfa, Sb#, Vs/Vfb, Conc2 
ICAL, Sa#, Vs/Vfa, Sb#, Vs/Vfb, Conc3 
ICAL, Sa#, Vs/Vfa, Sb#, Vs/Vfb, Conc4 
ICAL, Sa#, Vs/Vfa, Sb#, Vs/Vfb, Conc5 
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ICAL, Sa#, Vs/Vfa, Sb#, Vs/Vfb, Conc6 
ICAL, Sa#, Vs/Vfa, Sb#, Vs/Vfb, Conc7 
ICV, Sa#, Vs/Vfa, Sb#, Vs/Vfb, Conc 

 
Where: 
Conc is the concentration of the standard (ie: 50ppb) 
NP means “No Print” the compound spectra 
Vs is the volume/ weight (in mL or g) of standard or sample used,  
Vf is the final volume of the standard,  
(ie: Vs/Vf = 0.02/100 for 20µL standard used, diluted to 100mL),  
S# is the LIMS S# of the standard used 

 
If the ICAL standard concentration is exactly some factor times the previous level, the 
sequence entry may be written as: 
 
 ICAL, =ICAL, #x, Conc 
 Where #x is the multiplication factor to the previous standard (ie: 2x). 
 

9.) Files should transfer, process, print, and send the data to LIMS automatically. If you do not 
want to complete automatic processing of the data, use the following: 
 

a.) To prevent printing the spectra type “NP” in the miscellaneous line. 
 
b.) To process files that have not yet been processed, select the appropriate method file 

(ie: I4M826.m), toggle each file as a calibration standard, and type the level of the 
standard in the space provided  

 
c.) To view the initial calibration summary form in Target, right click on the method in the 

target browser and select “edit method”, then under “view”, choose “initial 
calibration”.  In Chemstation, click on “Initial Calibration” and choose “Response 
Factors to Screen”.  Check the %RSD for each analyte and edit the method if 
needed.  Once all curves have been chosen for each compound, reprocess the ICAL 
and send the data files (and the target method if acquired using Target) to LIMS. 
LIMS will automatically print out a summary form.(See ICAL workup in Appendix_13 
for specifics) 
Note: When you save to the G: drive in Chemstation, the method is automatically 
saved to LIMS and does not need to be sent via any utility. 

 
ICAL Acceptance Criteria and Data Review: 
After the standards have run, work up the data and create the calibration curve.  (See ICAL 
Workup in Appendix_13 for specifics)  Once the ICAL is created in LIMS, determine if the curve 
passes acceptance criteria: 
 
10.) Every analyte peak in every calibration level must be examined for the following: 
 

a.) The retention times should increase with assigned ‘compound number’ (in the 
acquisition software). The compound spectra should be re-examined for any RT’s 
that appear out of order.  
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b.) Verify that every compound was detected and selected correctly in each of the 
standards. Make sure that the same peak was not identified as two analytes, 
particularly for isomers or other closely eluting compounds. 

 
Note:  Don’t re-number the analytes, as this allows the reviewers to quickly identify any RT 
problems. If you must (after adding a new compound, for example), print out the spectra for 
the compounds that were changed and have them reviewed to confirm that the correct peak 
was identified 
 

c.) Verify that the quantitation ions are integrated correctly.  
 

Peaks should be integrated from baseline to baseline unless the ion ratios are not correct, in 
which case only the part of the peak with the correct ions is integrated. Manual integrations 
of any kind must be substantiated and documented on the Initial Calibration Report. Manual 
integrations must be consistently applied to ICAL, CCS, and sample integrations. 
Unsubstantiated alteration of peak integration solely to pass calibration criteria is 
illegal and is grounds for immediate termination. The Target/Chemstation software will 
flag any manually integrated compounds with an “m” on the quant report next to the 
concentration for that compound; this flag must be initialed by the analyst. Copies of any 
manually integrated spectra must be included in the ICAL data package. In addition, the 
analyst must document the reason on the data. All manual integrations must be documented 
for DoD clients. The initial calibration curve generation and/or instrument maintenance must 
be repeated until specifications have been achieved.   For each manual integration 
performed, scan a copy of the extracted ion profile chromatogram into LIMS. 

 
11.) Review the Initial Calibration Summary to determine whether or not the calibration curve 

complies with the following acceptance limits: 
 
a.) All compounds must meet minimum relative response factor (RRF) of 0.05.  

 
b.) System Performance Check Compounds (SPCC) RRF must be: 

RRF > 0.3: 1,1,2,2-Tetrachloroethane 
 Chlorobenzene 
RRF > 0.1: Chloromethane  
 1,1-Dichloroethane 
 Bromoform 

 
Method 8260 C specifies minimum response factors for about 40 compounds in Table 4, 
page 44-45 
 
Calibration Check Compounds (CCC) %RSD must be < 30%: 

%RSD <30: Vinyl Chloride 
 1,1-DCE 
 Chloroform 
 1,2-Dichloropropane 
 Toluene 
 Ethylbenzene 
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If the RSD is > 30% for CCC compounds, the calibration is not acceptable. If the RSD is 
< 30% but > 15%, linear regression must be used for quantitation. 

 
c.) For non-CCC compounds, the %RSD must be < 30%, except poor performers (such as 

vinyl acetate, 2-chloroethyl-vinylether, etc.), which must be < 40%.  
 
d.) To use the average response factor for quantitation of any compound, the initial 

calibration RSD must be <15%.   
 

e.) If the %RSD is > 15%, a linear or quadratic regression must be used for this compound 
and the correlation coefficient (r2) must be 0.99 or better.  

 
Use a linear regression as a first option.  If, upon visual inspection of the calibration 
curve, there is an obvious bias at the low end, the analyst may use a quadratic curve so 
long as there are six or more points in the curve for that compound. Per the 8260B 
method, the analyst may not use weighting, force through zero, or use (0,0) as a point in 
the curve to eliminate the low-end bias. For whichever fit is chosen, the correlation 
coefficient (r2) must meet the 0.99 criteria. The option selected must be indicated on the 
ICAL summary.  If the %RSD is >30%, it’s a good idea to investigate the system to 
determine if further maintenance is needed. 

 
The low point may be rejected only for compounds that have reporting limits of 5 ppb or 
more. The high point may be rejected for certain compounds (such as Vinyl Chloride 
which tends to saturate at high levels) so long as there are at least 5 points remaining 
for each compound in the ICAL.  

 
If a single point in the curve is causing the failure, the standard may be reanalyzed, if:   

a.) it immediately follows the original calibration runs,  
b.) is still within the same 12-hour tune clock, and  
c.) all compounds are calibrated using the second run.  

 
Under no circumstances may a point in the middle of the curve be rejected in order to 
pass calibration criteria for a particular compound.  

 
624 Method Note: Method 624 does not discuss minimum response criteria or differentiate 
between types of compounds. It allows use of Average Response so long as the 
%RSD<35, but because most of C&T’s current work is by 8260, the calibration should 
pass the criteria listed in 10.a – 10.e above. 

 
12.)  Create an ICAL in LIMS and make sure that all manual integrations and linear or 

quadratic curves are scanned into LIMS.  Review the calibration for the above criteria. 
 
13.) Examine the LIMS ICAL summary. The %D for recalculated concentrations should be 

within 20% of the true concentration of the standard. 
 
For any project requiring compliance to DoD QSM v4.1, or method 8260C specifications, 
the re-quantitation limits are +/- 30% for the low point of the ICAL curve.  
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14.) Re-quantitate the run for the Initial Calibration Verification (ICV) standard with the newly 
created method and generate an ICV summary report. All compounds in the ICV should 
meet CCV criteria. Compounds not meeting this requirement should not be reported from 
the calibration in question.  
 

15.) An acceptable ICV must be analyzed before any samples are loaded. If the ICV does not 
pass acceptance criteria and samples were analyzed immediately following it, the entire 
calibration must be reanalyzed, as there is no way of determining what affect the sample 
matrix would have on any subsequent ICV analysis. 

 
If two ICV’s (containing the same analytes) were analyzed, “x” out the first ICV, set the 
second to stype “ICV” and process the data from the second ICV. Do not “cherry pick” 
some compounds from the first ICV and others from the second ICV; if the second ICV is 
processed and used, all compounds must be taken from the second standard. 

 
16.) Re-quantitate the run for the calibration blank.  Examine carefully to determine if any 

compound is detected in the blank at a level greater than the lowest point in the curve.  If 
this is the case, the curve should not be used. 

 
17.) Send the ICAL for review using the LIMS review application. 
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APPENDIX_10: C&T STANDARD REPORTING LIMITS 
 

8260 Target Compound List Low Level 
Water μg/L 

Soil 
μg/Kg 

Freon 12 (Dichlorofluoromethane) 1 10 
Chloromethane 1 10 
Vinyl Chloride 0.5 10 
Bromomethane 1 10 
Chloroethane 1 10 
Trichlorofluoromethane 1 5 
Acetone 10 20 
Freon 113 2 5 
1,1-Dichloroethene 0.5 5 
Methylene Chloride (Dichloromethane) 10 20 
Carbon Disulfide 0.5 5 
MTBE (Methyl tert-Butyl Ether) 0.5 5 
trans-1,2-Dichloroethene 0.5 5 
Vinyl Acetate 10 50 
1,1-Dichloroethane 0.5 5 
2-Butanone  (MEK) 10 10 
cis-1,2-Dichloroethene 0.5 5 
2,2-Dichloropropane 0.5 5 
Chloroform 0.5 5 
Bromochloromethane 0.5 5 
1,1,1-Trichloroethane 0.5 5 
1,1-Dichloropropene 0.5 5 
Carbon Tetrachloride 0.5 5 
1,2-Dichloroethane 0.5 5 
Benzene 0.5 5 
Trichloroethene 0.5 5 
1,2-Dichloropropane 0.5 5 
Bromodichloromethane 0.5 5 
Dibromomethane 0.5 5 
4-Methyl-2-pentanone  (MIBK) 10 10 
cis-1,3-Dichloropropene 0.5 5 
Toluene 0.5 5 
trans-1,3-Dichloropropene 0.5 5 
1,1,2-Trichloroethane 0.5 5 
2-Hexanone 10 10 
1,3-Dichloropropane 0.5 5 
Tetrachloroethene 0.5 5 
Dibromochloromethane 0.5 5 
1,2-Dibromoethane  (EDB) 0.5 5 
Chlorobenzene 0.5 5 
1,1,1,2-Tetrachloroethane 0.5 5 
Ethylbenzene 0.5 5 
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8260 Target Compound List Low Level 
Water μg/L 

Soil 
μg/Kg 

m,p-Xylenes 0.5 5 
o-Xylene 0.5 5 
Styrene 0.5 5 
Bromoform 1 5 
Isopropylbenzene 0.5 5 
1,1,2,2-Tetrachloroethane 0.5 5 
1,2,3-Trichloropropane 0.5 5 
Propylbenzene 0.5 5 
Bromobenzene 0.5 5 
1,3,5-Trimethylbenzene 0.5 5 
2-Chlorotoluene 0.5 5 
4-Chlorotoluene 0.5 5 
tert-Butylbenzene 0.5 5 
1,2,4-Trimethylbenzene 0.5 5 
Sec-Butylbenzene 0.5 5 
para-Isopropyl toluene 0.5 5 
1,3-Dichlorobenzene 0.5 5 
1,4-Dichlorobenzene 0.5 5 
n-butylbenzene 0.5 5 
1,2-Dichlorobenzene 0.5 5 
1,2-Dibromo-3-chloropropane 2 5 
1,2,4-Trichlorobenzene 0.5 5 
Hexachlorobutadiene 2 5 
Naphthalene 2 5 
1,2,3-Trichlorobenzene 0.5 5 
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GASOX Target Compound List Water  

μg/L 
Soil 

 μg/Kg 
1,2-Dibromoethane (EDB) 0.5 5 
1,2-Dichloroethane (1,2-DCA) 0.5 5 
Methyl Tert-Butyl Ether (MTBE) 0.5 5 
Tert-Butyl Alcohol  (TBA) 10 100 
Isopropyl Ether (DIPE) 0.5 5 
Ethyl tert-Butyl Ether  (ETBE) 0.5 5 
Methyl tert-Amyl Ether (TAME) 0.5 5 

 
The following compounds are not included in either the standard 8260 or GASOX compound list 
but can be calibrated upon request: 
 

Additional Compounds Water  
μg/L 

Soil 
μg/Kg 

2-Chloroethylvinylether (see Note below) 10 10 
Ethanol 2,000 2,000 
2-Propanol (IPA) 100 100 
Tetrahydrofuran (THF) 100 100 
Tetra-methyl THF 5 or 0.5 5 
Hexane 5 5 
1-Chlorohexane 5 5 
Cyclohexanone 100 100 
Methyl isothiocyanate (MITC)   

 
Note:   If 2-Chloroethylvinylether is requested, the sample should be submitted in an 

unpreserved amber VOA vial. 
 
When method development is performed to include an additional compound, the retention time 
of the target compound should be within 0.8-1.2 relative retention time of the associated internal 
standard (8260b sect. 7.3.2.2). 
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APPENDIX_11: QUANTITATION IONS & 
 INTERNAL STANDARD ASSIGNMENTS 
 
Internal Standard    Related Compounds 
27.) Pentafluorobenzene   compounds 1 - 29 
36.) 1,4-Difluorobenzene   compounds 30 - 45 
55.) Chlorobenzene-d5   compounds 46 - 62 
78.) 1,4-Dichlorobenzene-d4   compounds 63 - 86 
 
Method Modification:  EPA 8260B recommends the use of Fluorobenzene as an internal standard, 
however C&T uses Pentafluorobenzene instead, as it elutes earlier than Fluorobenzene and better 
represents the early eluting compounds. 
 
Compound  Primary Ion Secondary Ion(s) 
 
1.) Freon 12 (Dichlorodifluoromethane) a   85 87 
2.) Chloromethane  50 52 
3.) Vinyl Chloride  62 64 
4.) Bromomethane  94 96 
5.) Chloroethane  64 66 
6.) Trichlorofluoromethane a  101 c 151 153 
7.) Ethanol a  45 c 46 
8.) Freon 113 a, b   101  151 153 
9.) 1,1,-Dichloroethene  96 61 63 
10.) Acetone a  43 c 58 
11.) Isopropanol a ,b   45 43 
12.) Carbon Disulfide a  76 78 
13.) Methylene Chloride  84 86 49 
14.) tert-Butyl Alcohol (TBA) a  59 41 
15.) Methyl tert-Butyl Ether (MTBE) a    73 57 
16.) trans-1,2-Dichloroethene  96 61 98 
17.) Isopropyl Ether (DIPE) b   45  87 43 
18.) Vinyl Acetate a  43 86 
19.) 1,1-Dichloroethane   63 65 83 
20.) Ethyl tert-Butyl Ether (ETBE) a , b   59 87 57 
21.) 2,2-Dichloropropane a  77 97 
22.) 2-Butanone a  43 72 57 
23.) cis-1,2-Dichloroethene a  96 61 98 
24.) Bromochloromethane a  128  49 130 
25.) Tetrahydrofuran a , b   42 72 
26.) Chloroform  83 85 
27.) * Pentafluorobenzene  168  
28.) Dibromofluoromethane (s)  113 111 192 
29.) 1,1,1-Trichloroethane  97 99 61 
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Compound      Primary Ion       Secondary Ion(s) 
 
30.) Carbon Tetrachloride  117 119 
31.) 1,1-Dichloropropene a  75 110 77 
32.) 1,2-Dichloroethane-d4 (s)  65 67 
33.) Benzene   78  77 
34.) Methyl tert-Amyl Ether (TAME) a , b  73 87 55 
35.) 1,2-Dichloroethane   62  d 98 
36.) * 1,4-Difluorobenzene  114  
37.) Trichloroethene  95 d 97 132 
38.) Trifluorotoluene (s)  146 145 127 
39.) 1,2-Dichloropropane   63 d 112 
40.) Dibromomethane a  93 95 174 
41.) Bromodichloromethane  83 d 85 127 
42.) 2-Chloroethylvinylether  63 d 65 106 
43.) Tetramethyl THF a , b   43 70 113 
44.) cis-1,3-Dichloropropene   75 77 39 
45.) 4-Methyl-2-pentanone a  43 c 58 100 
  
46.) Toluene-d8 (s)  98  100 
47.) Toluene  92 91 
48.) trans-1.3-Dichloropropene  75 77 39 
49.) 1,1,2-Trichloroethane  85 c, d 83 97 
50.) Tetrachloroethene  166 c, d 164 131 
51.) 2-Hexanone a  43 58 100 
52.) 1.3-Dichloropropane a    76 78 
53.) Dibromochloromethane  129 d 127 
54.) 1,2-Dibromoethane (EDB) a  107 109 188 
55.) * Chlorobenzene-d5  117  
56.) Chlorobenzene  112 77 114 
57.) Ethylbenzene  91 d 106 
58.) 1,1,1,2-Tetrachloroethane a  131 133 119 
59.) m,p-Xylene a  106 91 
60.) o-Xylene a  106 91 
61.) Styrene a  104 78 
62.) Bromoform   173  175 254 
 
63.) Isopropylbenzene a  105 120 
64.) Cyclohexanone a , b   55  
65.) Bromofluorobenzene (s)  95 174 176 
66.) 1,1,2,2-Tetrachloroethane a  83 d 131 85 
67.) Propylbenzene a   91 120 
68.) Bromobenzene a   156 77 158 
69.) 1,2,3-Trichloropropane a   75 77  
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Compound      Primary Ion       Secondary Ion(s) 
 
70.) 2-Chlorotoluene a  91 126 
71.) 1,3,5-Trimethylbenzene a   105 120 
72.) 4-Chlorotoluene a  91 126 
73.) tert-Butylbenzene a   119 91 134 
74.) 1,2,4-Trimethylbenzene a   105 120 
75.) sec-Butylbenzene a   105 134 
76.) para-Isopropyltoluene a    119 134 91 
77.) 1,3-Dichlorobenzene   146 111 148 
78.) * 1,4-Dichlorobenzene-d4  152 
79.) 1,4-Dichlorobenzene  146 111 148 
80.) n-Butylbenzene a  91 92 134 
81.) 1,2-Dichlorobenzene  146 111 148 
82.) 1,2-Dibromo-3-Chloropropane a   75 155 157 
83.) 1,2,4-Trichlorobenzene a  180 182 145 
84.) Hexachlorobutadiene a  225 223 227 
85.) Naphthalene a  128 127 
86.) 1,2,3-Trichlorobenzene a   180 182 145 
 
* Internal standard compound 
$ Surrogate compound 
 
Method Modifications: 
a Compound is not an EPA 624 target analyte. 
b Compound is not an EPA 8260B target analyte. 
c Quantitation based on secondary ion with an abundance equivalent to or greater than that identified in 

method 8260. C&T’s primary ion differs from the primary ion listed in the method due to presence of 
nearby compounds with similar ions and/or abundance of secondary ions. 

d Quantitation based on secondary ion with an abundance equivalent to or greater than that identified in 
method 624. C&T’s primary ion differs from the primary ion listed in the method due to presence of 
nearby compounds with similar ions and/or abundance of secondary ions 

 
Method Development:  
When method development is performed to include an additional compound, the retention time of the 
target compound should be within 0.8-1.2 relative retention time of the associated internal standard 
(8260b sect. 7.3.2.2). 
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APPENDIX_12: TENTATIVELY IDENTIFIED COMPOUNDS (TICs) 
 (Library Searches) 
 
When reporting TICs, report up to 10 peaks for each sample. If there are more than 10 peaks, 
then report the 10 peaks with the greatest area. Do not report any peak with an area of less 
than ~1/10 the area of the corresponding ISTD. 
 
A)  Find the Unknown Compounds: 

Target automatically searches for unknowns and produce an unknown quantitation report, 
however, any unknown peaks that fall within a target analyte retention time window will not 
be found by Target's automatic search. Therefore, the Total Ion Chromatogram must be 
examined to check for missed unknowns. 

 
1) In the Target Browser, right-click on the data file of the sample and select Unknown 

Quantitation. This is the report that Target created when it searched for unknown. Print 
this report for reference when searching for missed unknown. 

 
2) In the Target Browser, select the correct method, then right-click on the data file of the 

sample and select Target Review.   
 

3) Using the Target unknown quantitation report as a reference, carefully scrutinize the 
Total Ion Chromatogram for unknowns missed by Target. 

 
4) If a missed unknown peak is found, click on the apex of the peak and perform a Library 

search. Go to Spectra then Search, to bring up a set of potential matches for that peak.   
 

5) Go to Edit and Add Unknown. The compound with the best quality match for the peak 
will now appear in the Name. Click Ok to add the peak. 

 
6) Continue through the Total Ion Chromatogram looking for more unknowns; 

 
If there appears to be few unknowns in the sample (<10), make sure to add unknowns 
that are greater than ~1/10 the area of the corresponding ISTD. 

 
If there appears to be many unknowns in the sample (>10), make sure that the top ten 
unknown peaks (by area) are identified as unknowns in Target. 

 
7) When you are finished, Exit Target Review and Save your data file. 

 
8) In the Target Browser, Print a new target unknown quantitation report (right-click on the 

data file and select Unknown Quantitation, then print it). 
 

9) In the Target Browser, Open the target unknown search reports by right-clicking on the 
data file of the sample and select Unknown Graphics. If there are less than 10 
unknowns, print out each unknown search report. If greater than 10 unknowns, then print 
out the unknown search report for just the top ten unknowns (by area). 
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B) Identify the Unknown Compounds: 
If less than 10 unknowns are found, work up all the unknown compounds. If greater than 10 
unknowns are found, just work up the top ten unknowns (by area). When computer searches 
are performed, visual verification of the computer match is required using the following 
guidelines: 
 
1) All ions of greater than 10% relative intensity in the library spectrum should be present in the 

sample. 
 
2) Relative intensities of the ions must agree to within plus or minus 20% between library 

spectrum and sample spectrum. 
 
3) Molecular ions in the library spectrum must be in the sample spectrum. 
 
4) Ions present in the sample spectrum but not in the library spectrum should be checked for 

co-elution of other compounds and considered for background subtraction. 
 
Note:  Our MS detectors are set to begin scanning at Ion (m/z) 35.  Therefore Ions less than 35 
should not be used in identifying the unknowns. 
 
Verify that the system has not identified an unknown peak as a target compound, which it may 
do if the spectrum of the unknown is very similar to that of a target compound. If it did, review 
the pattern and %match for the second most-probable match and if that match is at all 
acceptable, report the second compound. 
 
Interferences: 
Carbon dioxide (ion m/z 44) and argon (ion m/z 40) are often found in library searches due to 
miniscule leaks in the analytical system. These should not be reported as TIC’s. 
 
Siloxanes are byproducts of column degradation and should not be reported as TIC’s. 
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APPENDIX_13: WORK UP DATA  
 IN TARGET & LIMS 
 
Data workup is accomplished by using Target/Chemstation as the data analysis software and 
the LIMS Review Application as the data reporting software.  
 
A)  Sequence Workup 
 

1) Go to your day’s Sequence in LIMS.  In the top right, use the "Review" pull down menu 
and select your Sequence (for example: MSVOA11 08/11/06). 

 
2) Login if necessary.   

 
3) Check the tune and if it passes, sign off on your tune run. 

 
4) Check your CCV and any spiked QC in Target/Chemstation for any necessary manual 

integrations.  If manual integrations were needed: 
 

4.1) Make the changes and save in Target/Chemstation. 
4.2) Re-quant the file in Target/Chemstation and Upload to LIMS.  
4.3) Click the Refresh button or Click on the same sample row in the Review App. 

to see the corrected files.   
4.4) Check and sign off on your CCV and spiked QC. 

 
5) Go down the list, starting with the Method Blank, by first clicking on the row of the Blank 

run. 
 

6) Check IS and Surrogate recoveries for any failures on the LIMS Report. 
 

7) Check the Total Ion Chromatogram and the Report from the Target/Chemstation capture 
for any high non-target or interfering peaks, or any peaks missed by Target/Chemstation 
due to excessively high concentration. 

 
8) Go through each analyte: 

 
8.1) Check if the calculated value is above the reporting limit. 
8.2) Check the integration to see if it is correct. If it is not, go to Target/Chemstation 

and make the manual integration and save your change. Re-quant the file in 
Target/Chemstation and Upload to LIMS. Hit the Refresh button in the Review 
App. and confirm the change is in LIMS. 

8.3) Compare the spectra to determine if the selected analyte is indeed the target 
analyte. 

8.4) Make any changes to the flags for that analyte (ie. false positive) 
 

9) Add any necessary comments for the run.  If the pH>2 or there is headspace for that 
run, you must use the pull down comments to narrate this issue.  Also provide the 
dilution factor if a re-run is needed. 
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10) Click Report to choose the analytes from that run. This will mark every analyte as 
usable (with a “u” flag), except for those that are >LR. 

 
11) If necessary, click ‘Re-Run’ to flag the run for re-analysis.  This will not remove your 

"u"-flags for the analytes that you wish to report. 
 

12) Once your comments have been entered and your analytes are chosen, Click ‘Sign’ to 
sign off on the run. 

 
13) Click on the next run or ‘Save + Next’ to go to the next run.  

 
14) Once all samples for the sequence have been worked up, click on the Sequence in the 

top left corner of the Review App.   
 

15) Confirm that your Batch Prep sheet has been properly scanned into LIMS.  If not, re-
scan the Batch Prep sheet.  

 
16) Check the Sequence summary and IS summary for any errors. All pH>2 or headspace 

comments must be added to each relevant sample prior to submitting the sequence for 
review. 

 
17) Make sure all pH>2 or headspace comments are shown as flags on the sequence 

summary.  
 

18) Make any other necessary comments for the sequence.  This includes any tune 
adjustments made to the instrument prior to the 12-hr shift or errors that occurred 
during the sequence run. 

 
19) Click Sign to sign off on the Sequence. 
 
20) Let the QC Chemist know that your sequence is ready for review.   

 
B)  Job Workup 
 

1) Go to your daily Sequence in LIMS.  In the top right, use the "Review" pull down menu 
and select the job you would like to report. 

 
2) Login if necessary. 

 
3) Go through each sample and check that any requested analytes are chosen ("u"'ed) and 

each run reporting an analyte is signed.  If some of the samples run were worked up by 
another analyst, use this opportunity to peer review those runs.   

 
4) Then go through each QC run and check two things: 

 
4.1) First check that the "general version" of that QC run has been signed and 

second-signed. This means that the Target/Chemstation raw data has been 
reviewed for the QC sample.   

4.2) Second check that the QC passed the client-specific limits.   
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5) If both conditions are met, click Sign to sign off on the specific QC results. If the general 

version for a given QC run has not been signed, go into the Sequence in the Review 
App and review the Target/Chemstation raw data for that QC. 

 
6) Once all specific versions (and general versions) of the QC have been reviewed, select 

the pull-down menu that says "all" and select "pkg". 
 

7) Click ‘Reports’ then choose which Form 1's to print. Click the Refresh button at the top of 
the Report Manager until the report lines change colors.  Retrieve the Form 1’s from the 
printer. 

 
8) Next click ‘Done’. The Form 1's will now appear on the right in the Review App. 

 
9) Click on Checklist and review the checklist. 

 
10) Make any necessary comments for the Job in the Review App. 

 
11) Click Sign to sign off on the Job. 

 
12) If the Job is Level III or Level IV, then the Peer Reviewer or final reviewer will be 

responsible for Generating and Signing off on the Level III or Level IV part of the job. 
 
 
C)  Peer Review (optional for analysts, required by QC chemist) 
 

1) Check the QC review queue for jobs that have not been peer reviewed 
 

2) Open that job in the data review application 
 

3) Login if necessary.  Then you'll be in PKG mode. 
 

4) Go through each sample and review the Target/Chemstation raw data that was 
captured.   

 
 Check the Total Ion Chromatogram for any peaks missed by Target due to excessive 

high concentrations or interferes. 
 Check the dilution factor for the sample.  
 Check that the analytes are flagged and “u”-ed properly. 
 Verify that any relevant comments have been added.  
 Sign the sample run. 

 
5) After all the samples are second-signed, go through the QC and check for two signoffs 

for the general versions.  Then review the user reports for the specific versions and sign 
off on them. 

 
6) Next check that all sequences, ICAL, Tunes, and CCVs reported in this job have two 

signoffs (aka "SR").   
 

7) Compare the paper Form 1's with the user reports in LIMS to check for errors. 
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8) If the job is Level II, sign off on the job. 

 
9) If the job is Level III or IV, click on the Level III or Level IV row and generate a Level III or 

IV. You will then see a log that will indicate what else needs review before the Level III or 
IV is ready to report. Investigate, fix, and re-generate the Level III or IV. Again check the 
log. When the log only states at what time/date the Level III or Level IV was generated, 
sign off on the Level III or IV.  Then sign off on the job. 

 
 
D)  ICAL (Initial Calibration) Workup 
 

1) Before the ICAL has run, edit the Target/Chemstation method so that all compounds use 
average response quantitation. 

 
2) After the ICAL has run, verify that the documents for the ICAL/ICV have been captured 

in LIMS. All samples that have a document captured will have a D to the right of the 
sample type in the LIMS sequence screen. 

 
3) Next, check every analyte in every ICAL level, and make sure the correct peak has been 

identified by Target/Chemstation.  If any peaks are missing, update RTs in the method 
and reprocess the data until the system automatically finds the peaks. Resend the data 
files to LIMS before performing any manual integrations. 

 
4) Check every analyte in every ICAL level for proper integration.  Make any necessary 

manual integrations for the ICAL files using Target/Chemstation. 
 

5) Once all ICAL files are checked and manual integrations are made, Re-quant the ICAL 
files.  It will take a few minutes to requantitate all the files.  Do not use “Process” (Target) 
or “Calculate/Generate Report” (Chemstation) or the manual integrations will be 
removed from the ICAL files. 

 
6) Open your method in Target/Chemstation and make the necessary changes to the levels 

and cal types within ICAL criteria for each analyte. Check the RSD for each analyte. It 
may be necessary to drop the highest point of curve or use a quadratic or linear 
regression. Calibrations by average response or linear regression must have at least 5 
points, while quadratic regression must have at least 6 points.   

 
7) Upload the Target method to LIMS using the Upload to LIMS feature: 

 
7.1) Highlight any file in the directory that contains the Target method file and then 

choose “Custom Functions” then “C&T upload to LIMS” from the menu bar.  
7.2) The “Custom Functions” window will open. 
7.3) At the bottom of the window, where it says “Files of type:”, click on the arrow and 

change to “all files”.  
7.4) Click on the Target method file add it to the list of files to be sent to LIMS.  
7.5) Remove the non-method data file and click “OK”. 
 
Note: The Chemstation method need only be saved to the G: drive to update the method 
in LIMS. 
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8) For Target data, an ICAL will automatically be created in LIMS when the Target method 

is uploaded.  Create an ICAL in LIMS for a Chemstation method: 
8.1) In the sequence view, check the checkboxes next to each calibration file.   
8.2) Click on the word “Tasks” at the bottom of the sequence to reveal a set of 

options.   
8.3) Click “Create Calibration”.  A calibration will appear at the top of the 

sequence view. 
 
9) LIMS will automatically generate an ICAL report and ICAL error report and print to 

lpcwest.  Check these reports for any problems.  The reports will display calculation 
mismatch errors between Target/Chemstation and LIMS, and bad linear or quadratic 
curves that quantitate the lower point below our in-house threshold.   

 
10) If there are issues displayed on the ICAL error report, investigate and correct the 

Target/Chemstation method.  
 
11) Take some time to check any linear or quadratic curves using the “Edit” feature in LIMS. 

 You might be able to create a better curve fit, by dropping high points or change the 
curve type. The “Edit” feature is to be used as a tool to help determine the best curve fit 
for a given analyte. Therefore, you must apply any and all changes made to the LIMS 
method to the Target/Chemstation method. For Target ICALs, it is a good idea to delete 
the LIMS calibration and recreate it once the Target method is finalized.  This will help 
avoid calculation errors.  Check the report for the results of the changes made. 

 
12) Once the ICAL is finalized, reprocess the ICVs in Target/Chemstation and resend to 

LIMS.  Then reprocess in LIMS, checking the “search ICALs” option. 
 
 

Note: To send datafiles to LIMS from Chemsation, choose “Quantiate” from the top menu.  
Choose “Generate Report”.  Make sure the style is set to “detailed” and the printer box is 
checked. 
 

 
13) Process the Calib IB with the updated Target/Chemstation method, and Upload to 

LIMS.  Examine the report and make sure any analytes hits are below the low point of 
the calibration and not interfering with the initial calibration. 

 
14) Sign off on all data files, sequence, and the initial calibration.  Send for review. 
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APPENDIX_14        RESEARCHING HISTORICAL DATA  
 
Searching historical data can be helpful in determining what dilution to prepare a sample at.  
Many clients have long-term projects, often going back for years, that use similar client 
identification numbers for the samples at a given site. Since we’ve analyzed the samples in the 
past, we should have a database of results for that sample in our LIMS system. 
 
1) Start at the “C&T Main Page”. Next click on “Project Management” then “Sample Login”. 
 
2) To Login, you must enter you user initials and password.  This is a protected form in LIMS 

and requires permission to access it.  See the Group Leader or Department Manager to 
obtain the proper permissions. 

 
3) Once the “Sample Login” screen is loaded, go to “Query” then “Enter”. 
 
4) Look at the Job Sheet and examine: 

i. The Projectnum of the job 
ii. The Site of the Job 
iii. The Client ID of each sample in the job 

 
5) Use a combination of the three values above (Projectnum, Site, Client ID) for the search.  

Enter the values into the form, then go to “Query” then “Execute”. 
 
6) LIMS will display the first page of samples that match the search fields that were entered.  

Use the down arrow to scroll through the matches. Take note of the Lab ID’s when 
scrolling through the matches. Use these (at least 3 matches) Lab ID’s to search in LIMS 
for those older sample runs.   

 
Note:  If LIMS did not find a match, it will display the message: “FRM-40301: Query 
caused no records to be retrieved.  Re-Enter” 

 
It may be necessary to use a different combination of Projectnum, Site, and Client ID to 
yield any useful results. In addition, the percent sign “%” character can be used in any field 
search as a wildcard. For example, entering “SAN%” in the site field would yield matches 
for any word or phase that started with SAN. Some example results could be SAN 
FRANCISCO, SANTA MONICA, SANTIAGO, SANGER, SANTEE, etc. The “%” wildcard is 
very useful considering that client may spell the same site two different ways.   

 
7) Compare multiple results for each sample.  If the historical data appears to be consistent, 

write the dilution factor next to the Lab ID on the Job Sheet.  If there are inconsistent 
historical results for the sample, then the sample should be screened prior to analysis.   
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APPENDIX_15:  METHOD DETECTION LIMIT (MDL) STUDY  
 Flagging & Approval Rules 
 
After the MDL samples have been run and the data has been worked up, create an MDL in 
LIMS by checking the box, on the sequence log, next to the MDL runs you want to use, then 
click the “>” symbol next to “Tasks” at the bottom of the screen. Click the “Create MDL” box and 
then review the study against the following rules: 
 
Flag Definition Useability     
 
u marked for use Best case is when no other flags are 

present 
 
G MDL < 1/5 avg measured concentration Ok to use 
 
E MDL < 1/10 spiked concentration Ok if spiked at or below the reporting 

limit 
 
 
Any data flagged with the following should not be used: 
 
A MDL > reporting limit 
 
C MDL > 1/3 reporting limit 
 
F MDL > spiked concentration 
 
H MDL > avg measured concentration 
 
N ND in at least one run 
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APPENDIX_16: EPA 624: PURGEABLE ORGANICS in WASTEWATER 
 
The following criteria and discussion apply to any samples submitted for the EPA 624 analysis: 
 
Tuning (BFB): 
The 50ng BFB acceptance criteria listed in EPA 624 are the same as the EPA 8260 criteria and 
can be found in Appendix_8 above.  
 
Initial Calibration: 
Method 624 only requires 3 points and average response can be used so long as the RSD is 
<35%; a regression curve may be used if the RSD exceeds 35% or whenever desired. Although 
624 only requires 3 calibration points, the same general calibration criteria must be followed (ie: 
intermediate levels may not be dropped). Any calibrations to be used for both 8260 and 624 
must meet the SW-846 requirements described in Sections 10.a – 10.e of Appendix_9 above. 
 
Calibration Verification (ICV & CCV) 
Method 624 does not discuss the use of an ICV (Initial Calibration Verification standard) to 
validate the initial calibration curve, however C&T’s NELAC accreditation requires it; the ICV 
must be analyzed and approved following the procedure described in Appendix_8 above.  
 
Method 624 also only requires that a CCV (Continuing Calibration Verification) standard be 
analyzed once daily, however C&T policy is to follow the SW-846 guidance and analyze the 
CCV at the beginning of each 12-hour tune-shift.  
 
EPA 624 does not discuss minimum response requirements or differentiate between various 
types of analytes. The recoveries must meet those listed in Table 5 of the method, however the 
criteria listed in Section 1 of Appendix_8 above are tighter than those listed in the method and 
should be used for routine analysis.  
 
Batch QC: 
EPA 624 defines the LCS and MS recovery limits in Table 5 of the method, however C&T 
statistically generated limits are consistently and considerably tighter than those identified in this 
table; C&T will use the tighter, statistically generated limits. 
 
Instrument Conditions: 
Curtis & Tompkins uses current technology, namely capillary columns in place of the packed 
columns described in the method, so instrument conditions are somewhat different than those 
listed in the method. See Appendix_6 and instrument maintenance logs for instrument 
parameters. 
 
Quantitation: 
The ions used for quantitation are listed in Appendix_11, including identification of those whose 
quantitation is based on a secondary ion. 
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VOLATILE ORGANIC COMPOUNDS IN AIR by GC/MS 
Collected in Specially-Prepared Canisters by EPA TO-14A/TO-15 

 
SCOPE 
 This document describes procedures used to detect and measure a wide range of 
volatile organic compounds (VOC’s) in air samples collected in specially prepared 
canisters or tedlar bags. It is based on and incorporates requirements specified in EPA 
Compendium Methods TO-15 and TO-14A. This procedure describes VOC enrichment 
by concentrating up to one liter of a sample volume, with a virtually unlimited upper 
concentration range using dilutions from source level samples. 
This procedure typically applies to ambient concentrations of VOCs 1.0ug/m3 (ppb) and 
can go as low as 0.1 ug/m3 (ppb) in GC/MS SCAN mode and 0.025ug/m3 and above 
for the “SIM” mode.  
 
APPENDIX_8: C&T STANDARD REPORTING LIMITS lists compounds determined by this 
procedure with their corresponding laboratory method reporting limits (MRLs) and 
method detection limits (MDLs). Additional compounds may be analyzed according to 
this procedure as described in the referenced methods as long as the requirements of 
this document are adhered to.  If a compound is not listed in the TO-15 method, check 
with the client to insure regulators accept this method for the non-listed compounds.   
 
Approximately 20 samples may be analyzed in a 24-hour period.  For the common 
target compounds, reporting limits range from 0.5 ppb (ug/m3) to 2 ppb (ug/m3).  
 
REFERENCES 
Analysis Methods: 
Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air: 
Method TO-15, Second Edition, USEPA EPA/625/R-96/010b, Jan 1999 
Quality Assurance Handbook for Air Pollution Measurement Systems, Volume II, USEPA EPA-
600/R-94-038b, May 1994 
Technical Assistance Document for Sampling and Analysis of Toxic Organic Compounds in 
Ambient Air, USEPA EPA-600/4-83-027, June 1983 
Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air: 
Method TO-14A, Second Edition, USEPA EPA/625/R-96/010b, Jan 1999 
Statement-of-Work (SOW) for the Analysis of Air Toxics from Superfund Sites, USEPA, Office of 
Solid Waste, Washington, D.C., Draft Report, June 1990 
 
ASTM Method D1356, Definitions of Terms Relating to Atmospheric Sampling and Analysis 
ASTM Method E260, Recommended Practice for General Gas Chromatography Procedures. 
ASTM Method E355, Practice for Gas Chromatography Terms and Relationships 
ASTM Method D31357 Practice for Planning and Sampling of Ambient Atmospheres 
ASTM Method D5466, Standard Test Method of Determination of Volatile Organic Compounds 
in Atmospheres (Canister Sampling Methodology) 
 
Related C&T SOPs 
QA SOP 1.4, Balance Calibration Check & Maintenance 
QA SOP 1.5, Calibrating & Maintaining Temperature Controls 
QA SOP 1.6, Pipet Calibration Check Procedures 
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QA SOP 4.1, Establishing Control Limits 
QA SOP 4.4, Determining Method Detection Limits (MDL) 
VOC SOP 4.2 Cleaning and Certification of Summa Canisters 
VOC SOP 4.4 Flow Controllers and Critical Orifices 
QA SOP 9.6, Insuring Compliant Manual Integration 
 
Laboratory Standards & Equipment Manuals 
Clean Air Act Amendments of 1990,U.S. Congress, Washington, D.C., Nov 1990 
Volume 1, TNI Standard, EL-V1-2009, September 2009 
DoD Quality Systems Manual, Rev 4.2 October 2010 
NELAC Appendix D Section 5 Air Analyses, June 2003 
DoE Quality Systems Manual, Version 2.2, October 2006 
Operator Manuals for Varian MS Workstation software ver. 6.9 
Operator Manuals for Lotus Ultra Trace Toxics System Jan 2008 
Operator Manuals for Stream Selector Control Software for Varian Workstation, June 2003 
Operator Manuals for Varian CP-3800  Gas Chromatograph 
Operator Manuals for Varian 4000 Ion Trap Mass Spectrometer 
 
HOLDING TIMES 
Air Samples: 

-Summa Canisters Store at room temperature. Analyze within 30 days. 
-Tedlar Bags Store at room temperature. Analyze within 72 hours. 

Reagents: Label with date opened and either use or discard within one year. 
 
Summa Canisters are stored in a contaminant free location and capped tightly during 
shipment to prevent leakage and minimize any compromise of the sample. The 
pressure/vacuum is checked prior to shipment and upon receipt from the field. Any 
problems with the sample from the field are noted on the service request form and the 
Project Manager contacted.  
 
Canisters must be cleaned and certified to be free from target analytes before being 
shipped to customers or used for sample collection. See SOP for Cleaning and 
Certification of Summa Canisters for acceptance criteria. 
 
All canisters are segregated into 2 groups, Low and High levels based on the types of 
samples they’re intended for. Low Level canisters are employed in indoor and ambient 
air projects. High-level canisters are used for soil gas, SVE monitoring, or other higher 
detection level applications. Low-level canisters may be reassigned to high-level use if 
they encounter high concentrations of analytes. Typically, analyte levels above 
50,000ug/m3 detected in low-level canisters lead to reassignment. The reassignment 
decision is made by the Group Leader. Retirement requires a notation on the sample 
tag of the canister, and an entry in the LIMS canister tracking utility. The notation must 
contain the date, analyte(s), and threshold levels and the group leader executing the 
retirement decision. 
 
Gas Collection Bags: This procedure is applied to gas collection Tedlar® or Mylar® 
bags as well as canisters. This laboratory does not recommend clients use bags for 
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collecting ambient air samples. Tedlar bags have contaminants that are inherent to the 
manufacturing process, phenol and N,N-Dimethylacetamide. These compounds 
interfere in low ppbv determinations particularly when larger sample aliquots have to be 
concentrated to meet lower detection limits. These sample containers are subject to 72-
hour hold times due to loss of sample integrity. 
 
Sample Collection, Storage, Preservation and Hold times Canister samples are 
either grab or time integrated (SOP for Flow Controllers and Critical Orifices) utilizing 
the canister vacuum to draw the sample. Bags require the use of an upstream pump. 
There are no special preservation requirements for either canisters or bags. Bags 
should be stored in boxes labeled with the lab number or by hanging them from clips to 
prevent puncture or other deterioration. Canisters are stored on designated sample 
storage shelves until analyzed. 
 
Samples in bags must be analyzed within 72 hours from the confirmed time of sampling. 
Bag samples analyzed after hold must have results flagged and reported as determined 
beyond hold times.  
 
Canister samples received by the laboratory shall be analyzed within 30 days of 
sampling or sooner depending on project requirements.  
 
Note:  State of CA Department of Toxic Substances Control (DTSC), advises a 6-hour 
hold time for Bags and 14 days for canisters, EPA Region 9 specifies 30 days for 
canisters. This hold time is advisory and not considered regulation. C & T uses a 30 day 
hold time suggested by USEPA Method TO-15, based on in-house analytical studies on 
the degradation of our target analytes in a canister.  
 
(The following statement shall be added to each report where sample analyses do not 
meet the 72-hour hold time and the client project requires DTSC compliance. “The 
recommended 72-hour hold time for the analysis of TO-15 was exceeded per the CA 
DTSC Soil Gas Advisory document of March 2010.  
 
QC REQUIREMENTS 
A Method Blank (MB) must be analyzed for each twenty-four hour shift or each batch of 
20 or fewer samples.  If additional batches are run within a twenty-four hour shift, 
additional method blanks must be run for each additional batch.   The method blank is a 
certified clean, evacuated, humidified canister filled with zero air Nitrogen.  A Blank 
Spike and Blank Spike Duplicate (BS/BSD) must be analyzed for each twenty-four hour 
shift or each batch of 20 or fewer samples.  If additional batches are run within a twenty-
four hour shift, additional BS/BSD sets must be run for each additional batch.    
 
Internal Standards are added to every sample, blank, spike, and calibration standard. 
See associated SOP EPA TO-15 Laboratory Control Limits, Table-1 for in-house spike 
and surrogate QC limits which are updated every 6 months, based on control-charts of 
the previous years data.  
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An initial calibration curve consisting of a minimum of 5-points must be established for 
each compound; an Initial Calibration Verification (ICV) standard must be analyzed 
immediately after calibration standards to verify the curve. This standard should be from 
a different lot than the calibration standard or be from a different manufacturer than the 
calibration standard.  Sample results associated with a failing initial calibration cannot 
be reported. See APPENDIX_7 for details. 
 
A BFB tune standard and Continuing Calibration Verification (CCV) must be analyzed at 
the beginning of each 24-hour shift to verify that the initial calibration curve is still valid. 
Sample results associated with a failing BFB cannot be reported. See APPENDIX_7: 
INITIAL CALIBRATION PROCEDURE & CRITERIA for determining the usability of data 
associated with failing CCV criteria. 
 
A method detection limit study, consisting of at least 7 replicates of a low concentration 
blank spike, will be conducted annually. See the “Method Detection Limit” SOP for 
details. 
 
NOTE:  Clients may submit Quality Assurance Project Plans (QAPP’s) that specify 
different criteria than those outlined in this SOP. For samples associated with those 
projects, the requirements detailed in the QAPP supersede this SOP. 
 
SAFETY 
Assume that all samples, standards, and extracts contain toxic and/ or potentially 
hazardous chemicals. Lab gloves and safety glasses should be worn whenever 
handling samples, standards, or extracts; use hoods to minimize inhalation risks. Refer 
to the laboratory’s Safety Manual for handling chemicals, MSDS location, and the 
laboratory waste management plan for the safe disposal of chemicals and samples. 
 
Liquid nitrogen can cause tissue damage (frostbite) after several seconds contact. Open 
valves on dewars slowly so leaky fittings can be identified. Neoprene or leather gloves 
should be worn when turning valves and handling tubing and fittings that have been in 
contact with the cryogen. 
 
EQUIPMENT (Refer to APPENDIX_4: INSTRUMENT CONFIGURATION for specifics) 
 
Autosamplers: 

Lotus Consulting Ultra Trace Toxics System 
LN2 Cryotrap System 

Lotus Consulting System 
Gas Chromatographs: 

Varian CP-3800 
Columns: 

Varian CP-Select 624 60m x 0.25mm x 1.4 μm 
Restek Rtx-1 60m x 0.32mm x 1.0 μm  
Other columns may be used at the analyst’s discretion. 
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Mass Spectrometers: 
Varian Model 4000 Mass Spectrometer 

Software Data System: 
Varian MS Workstation ver. 6.9 
Windows XP Pro Service Pack 2 

Canister Pressurization Station 
 Lotus Consulting Pressure Station 
Canisters and Sampling Devices 
 See SOP for Flow Controllers and Critical Orifice and SOP for Cleaning and 

Certification of Summa Canisters 
  
 
DAILY INSTRUMENT SEQUENCE 
Each sequence must begin with a BFB Tuning standard followed by a Continuing 
Calibration Verification (CCV) standard. Once the tune and CCV have passed 
acceptance criteria, samples may be added to the instrument sequence. An example of 
a typical instrument sequence is presented below. All samples (and associated batch 
QC) must be injected within 24 hours of the associated BFB injection time. 
Approximately 20 samples can be completed within the 24-hour period. An example of a 
typical sequence is presented below: 

BFB (begins the 24 hour clock) 
CCV standard 
BS (one set per batch of twenty samples per matrix) 
BSD 
Method Blank 
Samples ….. 

All standards and samples loaded on the instrument should be recorded digitally 
through the data acquisition software on an instrument run log as a reference.  
 
Data File Naming Conventions 
For data file names, the first three characters of the data file name are the Julian day; 
the fourth character is an underscore.  As data files are created, MS workstation will 
append the name with an increasing integer (ie. January 13 would translate to 013_001, 
013_002, 013_003). 
 
1.) Tuning: (See APPENDIX_6: BFB TUNE VERIFICATION CRITERIA) 

The MS-detector must be tuned to meet specific performance criteria so that data 
produced by this instrument will be comparable to that produced by another. All 
samples (including QC) and calibration standards must be injected within 24 hours of 
the injection time of the associated, acceptable BFB tune standard. Samples or QC 
desorbed outside the 24-hour clock cannot be reported. Once a BFB tune standard 
is injected into the system, any previous 24-hour shift is no longer valid and the 
injected BFB tune standard must meet its specific performance criteria before 
samples can be run. 
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1.1) Start the daily 24-hour tune shift sequence by analyzing 50ng or less of  
BFB, prior to analysis of the calibration verification standards and samples.  

 
1.2) See Appendix_2 for instructions on preparing a canister of BFB (4–

Bromofluorobenzene). 
 
1.3) After the BFB has run, generate a report comparing the BFB mass 

spectrum to the performance criteria specified in either TO-14A or TO-15 
(see APPENDIX_6), using the average of three scans centered at the apex, 
with background subtraction.   If the BFB fails acceptance criteria, the failing 
range will be noted on the report. If BFB meets tune criteria; continue by 
preparing and analyzing a CCV. 

 
1.4) If the BFB fails criteria, inspect the data to determine if the tune standard 

should be re-analyzed, the instrument re-tuned, or whether maintenance 
(e.g., source cleaning) may be necessary. A tune standard may be 
reanalyzed once but if the 2nd tune standard also fails, the instrument should 
be re-tuned or additional instrument maintenance performed - do not simply 
reanalyze the standard until one passes. Sample results associated with the 
failing 24-hour BFB tune-shift cannot be reported. 

 
2.) Continuing Calibration Verification (CCV) Standard: 

After a BFB run passes tune criteria, analyze a Continuing Calibration Verification 
(CCV) standard to verify that the response of the instrument has not changed and 
that the initial calibration curve may still be used to quantitate sample results. This 
calibration standard must be analyzed at the beginning of each 24-hour shift, after 
the BFB tune standard but prior to any samples or batch QC.  
 

2.1) Decide what concentration CCV standard to analyze. 
 
Note:  NELAC requires that the concentrations must be alternated across the low to 
midlevels of the calibration curve.  

 
2.2) See Appendix_2 for instructions on preparing the CCV standard. 
 
2.3) Analyze this standard using the same data acquisition method as for the samples, 

typing “CCV,” before the working standard number, so that LIMS will generate a 
Form 7 (Continuing Calibration Verification summary), which compares the 
response factors from this standard to those of the initial calibration curve. 

 
2.4) Examine the CCV results against the following criteria: 

 
a.) The retention times should increase with assigned ‘compound number’ (in the 

acquisition software). The compound spectra should be re-examined for any 
RT’s that appear out of order.  
 

b.) Each compound must have %D < 30%. 
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2.5) Examine the integration in the data analysis software for every analyte to verify that 
each peak was correctly integrated. Manual integrations must be consistently 
applied to ICAL, CCV’s, and sample integrations.  

 
Unsubstantiated alteration of peak integration solely to pass calibration or 
QC criteria is illegal and is grounds for immediate termination.  
 

2.6) If the above criteria are not met, another CCV standard should be analyzed, unless 
reporting a single analyte or small set of analytes.  In these cases, those target 
analytes must each pass the criteria above.  If the second analysis of the standard 
also fails to meet the criteria, recalibration, re-preparation of the CCV standard, 
and/or other instrument maintenance is required.  If two CCV’s were analyzed, “x” 
out the first CCV, set the second to stype “CCV” and process the data from the 
second CCV. Do not “cherry pick” some compounds from the first CCV and others 
from the second CCV; if the second CCV is processed and used, all compounds 
must be taken from the second standard. 

 
2.7) If some of the compounds fail acceptance criteria, data may be reportable based 

on the following criteria: 
 

a.) If the failing compound is not a target analyte for the associated samples, 
sample results should be reported without reanalysis. No narration is required 
because the compound is not required for those samples. 

 
b.) If the compound fails the %D criterion due to a high response but was not 

detected above the reporting limit in the associated samples, the sample 
results may be reported without reanalysis, as the high bias does not affect 
the sample results. 

 
c.) If the compound fails the %D criterion due to a high response and was 

detected above the reporting limit in any of the associated samples, the 
samples must be reanalyzed.   

 
d.) If the compound fails the %D criterion due to a low response and was 

detected (even below the reporting limit), the sample must be reanalyzed. 
 

Quality Assurance Project Plans (QAPPs) submitted by C&T clients may include different 
acceptance limits; the client requirements supersede those listed above for the samples 
associated with those projects. See Appendix_1 for calculation of %D and the relative 
response factor (RRF). 

 
3.) Lab Control Sample (LCS) Blank Spike (BS)/ Blank Spike Duplicate (BSD): 

A Blank Spike and Blank Spike Duplicate containing all target compounds are analyzed 
immediately before the method blank. The BS/BSD must be analyzed for every batch of 
twenty or fewer samples of similar matrix, to demonstrate the accuracy of the analysis in the 
absence of matrix interferences. The BS/BSD set should be spiked between the low and 
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middle level of the instrument’s calibration and should be from a different lot or manufacturer 
than the initial calibration standard. 
 

Note: USACE recommends ICAL standards or a standard from the same 
manufacturer as the ICAL standards be used for spike standards.   

 
3.1) Analyze the BS/BSD using the same data acquisition method as for the samples, 

typing QC-number and Batch-number. 
 

3.2) Review the BS/BSD runs and results before loading the rest of the sequence; the 
BS/BSD must pass the in-house acceptance criteria for associated samples to be 
reported.  

 
After the batch QC has finished running, determine if the BS/BSD set passed acceptance 
criteria for all of the client-specified limits associated with each job in the batch: 

1.) Go to the GC/MS AIR Page within the LIMS Intranet 
 
2.) Enter the batch number, job number with its product in the correct fields 

 
3.) Click on “View” QC status for batch and check the results. 

 
 Note: In-house limits are set by the method as 70 -130.  Project specific quality 

assurance plans may require batch control based on different compounds and 
control limits, in which case the project requirements supersede this SOP for all 
samples related to that project.  

 
Corrective Action for BS/BSD Failures 

If corrective action needs to be taken, these criteria should be applied discretely to each of 
the 3 sets of data, where the sets are the BS recoveries, the BSD recoveries, and the 
BS/BSD RPD. Use the following guidelines to determine the appropriate course of action: 
 

a.) If the samples are being analyzed for only a subset of the target compound list 
and all of those compounds pass acceptance criteria, the data may be reported 
without further corrective action. 

 
b.) If high recoveries are observed but no target analytes were detected in the 

associated samples, note the failure on the Data Review Checklist and report the 
data without re-analysis, as the potential high bias does not affect the sample 
results. 

 
c.) If high recoveries are observed and the samples contain target compounds at 

levels above the reporting limits, the samples must be re-analyzed. 
 

d.) If high RPD’s are observed but the recoveries are within acceptance limits and 
no target analytes were detected in the associated samples, note the failure on 
the Data Review Checklist and report the data without re-analysis, as the lack of 
good precision data does not affect ND samples. 
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e.) If high RPD’s are observed and the samples contain target compounds at levels 
above the reporting limits, the samples must be re-analyzed. 

 
f.) If low recoveries are observed for any surrogate, the associated samples must 

be re-analyzed. 
 

If a sample must be re-analyzed and the holding time has expired, the client’s Project 
Manager should log the sample in as an “alias” and have the sample re-analyzed as the 
new sample number. If the sample is still within holding time, reanalyze the sample under 
the original sample number. 

 
4.) Method Blank (MB): 

A method blank (MB) must be analyzed for each batch of 20 or fewer samples and for 24-
hour analytical shift, after the CCV, BS or BSD, but prior to any sample analysis. This is a 
certified clean canister filled with humidified zero air nitrogen and carried through the same 
analytical procedure as field samples.  The method blank is filled from the same source as 
field samples and preferably at a similar time as field samples as filled.  This serves as a 
check on system and atmospheric contamination in the laboratory at the time of sample 
analysis.   

 
4.1) Analyze the humidified zero air blank using the same data acquisition method as 

for the samples, typing the QC-number and Batch-number. 
 

4.2) Review the data from the first method blank before loading the rest of the 
sequence: 

 
a.) The area response of each internal standard in the blank must be within +-

40% of the mean area response in the most recent calibration. 
 
b.) The retention time of each internal standard in the blank must be within +-

0.33minutes of the retention time of each internal standard in the most recent 
calibration. 

 
c.) The surrogate recovery must be within in-house acceptance criteria 

 
d.) The blank should not contain any target compound greater than the reporting 

limit for that compound. 
 

4.3) In general, no compounds should be detected in the method blank. However, if a 
compound(s) is detected, the following steps are used to determine the corrective 
action required: 

 
a.) If the compound(s) is a common lab contaminant and the result is less than 

the reporting limit, document the contamination on the batch sequence 
summary, and report the data without reanalysis. 

 
b.) If the compound(s) is not a common lab contaminant and the concentration is 

between the reporting limit and 1/2 of the reporting limit, document the 
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contamination on the batch sequence summary and report the data without 
reanalysis. 

 
c.) If the sample result for that compound(s) is greater than twenty (20) times the 

amount found in the method blank, document the contamination on the batch 
sequence summary and the data review checklist and report the data without 
reanalysis. 

 
d.) If the sample result for that compound(s) is greater than the reporting limit but 

less than twenty (20) times the amount found in the associated method blank, 
the samples must be re-batched and reanalyzed.  

 
Note: Project-specific quality assurance project plans (QAPPs) requirements may be 

more stringent. If so, those QA Plans supersede this SOP for all samples related to 
that project. 

 
Instrument blanks should be analyzed periodically throughout the analysis, generally after 
any standard or sample suspected to contain target compounds much greater than the 
linear working range (generally around 200 ppb).  The instrument blank is used solely to 
'clean' the system and is not reported. 

 
5.) Sample Preparation: 

Check out samples from the login storage room and if needed, allow to come to room 
temperature.  All samples should be screened by GC/FID prior to analysis, unless site 
history is available for that specific sample. The screening chemist will document the sample 
ID, the initial vacuum/pressure of the sample canister, as well as the final pressure that the 
canister was pressurized to, in the Air Sample Prep Log.  This provides an initial dilution 
factor for the canister.  If the sample needs an additional dilution, the screening chemist will 
document the dilution, in the Air Sample Prep Log.  For samples from long-standing projects 
or samples that are suspected to be problematic, check to see if site history is available (see 
Appendix 12: Researching Historical Data). 
 

1a. For samples not requiring a further dilution, load the sample canister directly onto 
an autosampler line, making sure the connection between the canister and the 
autosampler line is tight.  Then open the valve to the canister.  

 
1b. For samples requiring further dilution, dilute the sample canister into a certified 

clean, evacuated, humidified canister (See Cleaning and Certification of Summa 
Canisters SOP) using zero air nitrogen via the Lotus Dilution Station.  Use the 
table below for performing the dilution. 

Secondary Dilution  
Factor 

Initial Pressure of 
Sample Added (psia) 

Final Pressure of Diluted 
Canister (psia) 

10x 3.0 30.0 
20x 1.5 30.0 
40x 0.75 30.0 
50x 0.6 30.0 

100x 0.3 30.0 
200x 0.15 30.0 
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 Greater dilutions are performed by serial dilution in another certified clean, 
evacuated, humidified canister.  For example, for a 400x dilution, perform a 10x 
dilution into one certified clean, evacuated, humidified canister.  Then dilute that 
canister 40x into a second certified clean, evacuated, humidified canister.  
Document the secondary dilution factor on the sample canister tag. 

  
Note:  The autosampler automatically adds the required internal standards and 
surrogate just prior to the purge cycle. 
 

QUANTITATIVE ANALYSIS 
 
1.) Sample Quantitation: 

Quantitation is based on comparison of the area of the primary ion in the sample’s mass 
spectra to the initial calibration response factor for that compound. An Internal Standard 
(ISTD) technique is used to correct for purging efficiency and some types of matrix 
interferences. See Appendix_1 for example calculations. 
 
A user report will be automatically generated once the run is complete. Review any method 
blank or LCS data results that have not already been reviewed, then review the sequence 
sample results to identify any samples that need to be rerun and/ or diluted. Review the 
sample results in the order in which the samples were run to identify any potential carryover 
or other instrument problems that may affect the sample results. 
 

2.) Carryover:  
Carryover may happen whenever a sample contains high- or over-range compounds. When 
this happens, the high-level compounds are not completely cleaned out of the system 
between samples and low levels of the same compound may be detected in subsequent 
samples but not actually be present in those samples; this is particularly true of late-eluting 
compounds.  If a sample contains the same low-level compound(s) that was present in the 
preceding sample at a concentration greater than the calibration range, it may be necessary 
to reanalyze the sample to verify that the presence of the low-level hits is not due to 
instrument carryover.  
 
In general, late-eluters may carryover at 0.1-0.25%. Therefore, any hit for one of these 
compounds following a 200ppb hit in the previous run may be suspect. Samples with 
suspected carryover must be reanalyzed. 
 
Caution:  Be aware that a single run may not be sufficient to clean out the instrument after a 
very high-level sample; several runs may be required and if subsequent samples (beyond 
the immediately following sample) contain the same target compound at decreasing levels, 
these samples should also be reanalyzed. Experience with an instrument will dictate to the 
analyst what levels are not conducive to carryover.  
 

3.) Dilutions: 
Dilutions should be made so that the highest target compound falls within the upper-half of 
the calibration curve. See APPENDIX_3: INITIAL SAMPLE DILUTION for preparing sample 
dilutions. 
 
If a single target compound(s) is within 10x the calibration range of the instrument, prepare a 
dilution that will bring the over-range compound into the upper half of the calibration range. 
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Report the majority of the target compounds from the first analysis and the over-range 
compounds from the in-range dilution.  
 
If a target compound(s) are greater than 10x the calibration range, prepare a dilution that will 
bring the highest concentration compound into the upper half of the calibration range. 
Report all results from the in-range dilution.  
If the sample chromatogram exhibits a typical fuel “hump”, analyze the sample at a dilution 
that will bring the “hump” baseline to a height of approximately 5 MCounts(MegaCounts).  
Do not try to analyze it at much higher levels, as the background hydrocarbons may obscure 
target compounds.  Additionally, target analytes should be checked in MS Workstation to 
ensure all target analytes have an ion time greater than 10 microseconds.  An ion time 
greater than 10 microseconds indicates an overloading of the ion trap at that specific 
retention time. Do not try to analyze it at much higher levels, as the background 
hydrocarbons may obscure target compounds. Using the review app, narrate raised 
reporting limits, and possible failing BFB surrogate recovery, as due to hydrocarbon 
background interferences on the sample user report. 
 
If the sample chromatogram includes a large but narrow non-target peak, analyze the 
sample at a dilution that will bring the non-target peak to a height of approximately 20 
MCounts. Using the review app, narrate raised reporting limits, as due to non-target matrix 
interferences on the sample user report. 
 
If the sample chromatogram includes a very wide non-target peak, be aware that this peak 
may obscure target compounds or shift retention times of later-eluting compounds and dilute 
accordingly; discuss the problem with the Department Manager or QA Director. Using the 
review app, narrate raised reporting limits, as due to non-target matrix interferences on the 
sample user report. 
 
If a sample is analyzed at multiple dilutions, compare the sample results across the various 
dilutions to verify that the dilutions were prepared correctly and to check the effects of the 
matrix presence.  If there seems to be a discrepancy, reanalyze the sample to confirm the 
results. 
 
 

4.) Internal Standards: 
Internal standard compounds are chemically similar to the target analytes but are 
compounds not found in actual samples. These compounds are added to every sample, 
spike, and standard and are used to adjust quantitation for slight differences in purging 
efficiency and some types of matrix interferences (see Appendix_1 for example calculations 
and Appendix_9 for target analyte/ ISTD assignment. The autosampler will automatically 
add internal standard to every sample, standard, blank and spike for a final concentration of 
6.667ppbv.  
 
Internal standards:   Bromochloromethane/1,4-Difluorobenzene-d4/Chlorobenzene–d5  
 
Note: EPA TO-15 suggests a 10ppbv internal standard concentration for a 2ppbv-50ppbv 
calibration.  Since C&T uses lower-level calibration, the internal standards are at a lower 
concentration to better fit the initial calibration range 
 
Review the internal standards results against the following criteria: 
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a.) The retention time of the internal standards must be within + 0.33 minutes of the mean 

retention time for the standard over the initial calibration range. 
 
b.) The area of each internal standard must fall between + 40% of the mean area response 

of the internal standard in the initial calibration.  
 
If internal standard recoveries are out of compliance, use the following to determine the 
appropriate corrective action: 
 

c.)  If, upon visual inspection of chromatograms, matrix interference is apparent (ie: fuel “hump” 
baseline is greater then 5 MCounts) reanalyze the sample at a higher dilution 
 
d.) If obvious matrix interference is not present, reanalyze the sample at the same dilution. 

 
e.) If, upon reanalysis, the same internal standard falls outside QC limits, report the better of 

the two runs and narrate the failure as due to confirmed matrix interference.  
 
For CCV’s, method blanks, and laboratory control samples, an internal standard area or 
retention time failure indicates a problem with the QC sample or standard preparation 
efficiency, or instrument performance and all samples associated with that QC sample must 
be reanalyzed.  
 

5.) Surrogates: 
Method TO-15 does not require the use of surrogates.  However C&T uses 4- 
Bromofluorobenzene as a surrogate for the analysis. The autosampler will automatically add 
surrogate to every sample, standard, blank and spike. The surrogate recovery must be 
within in-house acceptance criteria. 
 
Quality Assurance Project Plans (QAPPs) submitted by C&T clients may include different 
acceptance limits; the client requirements supersede those listed above for the samples 
associated with those projects 
 

QUALITATIVE ANALYSIS 
Identification of compounds is based on retention time and on comparison of the sample mass 
spectrum, after background correction, with characteristic ions in a reference spectrum.   
 
The reference spectrum for target compounds is generated from the initial calibration standards. 
 The characteristic ions from the reference mass spectrum are defined as the three ions of 
greatest relative intensity, or any ions over 30% relative intensity if less than three such ions 
occur in the reference spectrum.   
 
The following criteria need to be met for positive identification of a compound: 
 

1) The retention time of the sample component is within 0.05 minutes of the standard 
component.  
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Method Modification Note:  Method TO-15 (Section 10.5.5.2) calls for a relative retention 
time of +0.06 from the standard, however this results in windows that are too wide for 
use with highly contaminated samples. C&T uses the tighter criteria of within 0.05min. 

 
2) The retention time of the associated internal standard must be within + 0.33 minutes of 

the mean retention time for the standard over the initial calibration range. 
 
3) The retention times of the characteristic ions should match. 

 
4) The relative intensities of the characteristic ions (for target analytes and tentatively 

identified compounds, “TICs”) agree within 30% of the same ions in the reference 
spectrum.  

 
Example: For an ion with an abundance of 50% in the reference spectrum, the 
corresponding abundance must be between 20 - 80%.  

 
5) Structural isomers may be reported as individual isomers so long as the height of the 

valley between the two peaks should be less than 25% of the sum of the two peak 
heights, otherwise they should be identified as isomeric pairs. 

 
Samples may contain background interferences that obscure the target compounds, particularly 
when the sample contains high levels of hydrocarbons. If the sample was analyzed at a correct 
dilution, as defined in the “Dilutions” section above, but the spectral pattern of the target 
compound is not readily identifiable and distinct from the background noise, that compound 
should be reported as “Not Detected”. Analyst judgment should weigh heavily in the judgment 
as to readily identifiable; ask for a second opinion from a Senior Analyst, Department Group 
Leader or QC Chemist if you are unsure.  
 
Check the integration of the quantitation ion as you examine the spectra. Peaks are integrated 
from baseline to baseline unless the matrix causes interferences with the ion ratios, in which 
case only the part of the peak with the correct ions should be integrated. For problematic 
analytes, manual integrations must be consistently applied to ICAL, CCS, and sample 
integrations. Peak integration performed solely for the purposes of passing QC criteria is 
an ethics violation and grounds for immediate termination. The MS Workstation software 
will flag any manual integration with a “U” on the scan report for that compound.  
 
Verify that both the original and the reprocessed data are in the LIMS for the integrated sample. 
If the reason for the manual integration is not intuitive and obvious from the chromatogram, 
document the reason (via the comment field) for the integration on sample report in LIMS. 
 
If a compound does not meet the criteria outlined above, check the false positive box on the 
sample report in LIMS.  After all retention times, spectra, internal standards, and surrogate 
recoveries have been reviewed, the primary analyst should choose the reported analytes and 
electronically sign the sample report in LIMS. 
 
DATA REVIEW & REPORT ASSEMBLY 
All data must be reviewed by a second party (peer, QC Chemist, or Department Manager) prior 
to reporting. See Appendix_11 for instructions on working up data in MS Workstation and LIMS. 
After all of the chromatograms, user reports, and final forms have been reviewed, and the raw 
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data signed by the analyst, assemble the data package by using the “pkg” option in the drop 
down menu for the job in the Review App.  
 
The peer reviewer must initial and date each user report and generate Level III, Level IV, or 
client-specific reports before turning it in to the front office.  After the package is assembled and 
peer reviewed, turn the package in to the Department Manager or QC chemist for final review.  
 
WASTE DISPOSAL 
After analysis, the canisters containing remaining sample volume should be returned to the 
canister storage room.  After the sample holding times have expired, the canisters can be 
cleaned.  Remove the contents of the canister by adding a carbon trap in-line to the valve to 
reduce volatile organics from being released to the atmosphere.  When empty, the canister is 
ready for the cleaning process. 
   
POLLUTION PREVENTION 
Direct the split vent and septum purge lines of the GC system through a carbon trap in order to 
reduce organic emissions into the laboratory. Prepare only sufficient standard and reagent 
volume that can be used within the expiration date, to reduce the volume of waste generated by 
the laboratory and to reduce production cost. 
 
 
REVISION HISTORY 
This is revision 3 of this SOP, Rev 2 was modified as follows; 

• Process regarding review and data reduction prior to paperless data processing were 
removed 

• Processes regarding data review and reduction using the Review application due to 
paperless data processing were added 
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APPENDIX_1: CALCULATIONS 
 
SAMPLE QUANTITATION    
 
Significant figures: Concentrations less than 1.0 are reported to 1 significant figure, those 
greater than 1.0 are reported with 2 significant figures. 
 
Concentration via Average Response with Internal Standard  
Concentration (ug/L)   =   (Ax * Cis * D) / (Ais * Rrf * Vs)  
 
Where:  Ax  = Area response for the analyte in the sample  

Cis  = Amount (mass) of Internal standard added in ng 
D    = Dilution Factor, if no dilution D =1, dimensionless 
Ais  = Area response for the internal standard 
Rrf  = Relative Response Factor for the analyte as determined below 
Vs  =   Volume of sample extracted or purged into system, in mL 

 
BATCH QC    
 
Percent Recovery (%R):  
The recovery is the measured concentration divided by the true concentration of the spike. 
 
 %Recovery  =  (Cf – Cs) / (Cws * Vws/ S) *100 
 

Where: Cf  =  final measured concentration in the spiked sample 
Cs  =  measured concentration in the un-spiked aliquot of sample  
Cws  =  concentration of the spiking standard 
Vws  =  volume used, of the spiking standard 
S = Sample volume 

 
Relative Percent Difference (RPD):  
The RPD is the absolute value of the difference in concentrations divided by the average of the 
concentrations. 
 

%RPD  =  |(Cs -  Cdup )| /  ((Cs + Cdup)/2)  * 100 
 

Where: Cs  =  measured sample concentration 
Cdup  =  measured concentration in the duplicate 
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CALIBRATION VERIFICATION           
  
%  Difference (%D)  =  (AvgRrf – Rrfc)/ AvgRF  * 100         
   

Where: AvgRrf  =  Average response factor from initial calibration  
Rrfc  =  Response factor from current verification check standard 

 
%Drift (%D)  =  (C1-Cc) / C1   * 100 

 
Where: C1 = Calibration Check Compound standard concentration 

Cc = Measured concentration of CCC 
 
INITIAL CALIBRATION            
 
Relative Response Factor (RRF)  =  Ax * Cis 
     Ais * Cx      

 
Where: Ax   = Area of the characteristic ion for the compound being measured 

Ais  = Area of the characteristic ion for the specific internal standard 
Cis  = Concentration of the specific internal standard 
Cx   = Concentration of the compound being measured 

 
% Relative Standard Deviation (%RSD)  =    SD/X 
                                                                          

Where: X =  Mean of initial RRFs for a compound 
 SD =  Standard deviation of RRFs for a compound 

        n  
      = SQRT (  ∑ ((Rrfi – avg Rrf)2/(n-1))   ) 

                       i=1 
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APPENDIX_2: STANDARDS & REAGENTS 
 
The toxic air standards are received in small gas tanks and typically have a holding time of 1 
year.   The holding time for any working standard prepared into a canister is 30 days.  The 
standards and reagents listed below are those in use at the time this procedure was written. 
Alternate supplies may be used so long as they are of equivalent quality and all other 
calibration, quality control, and traceability requirements are met. 
 
DAILY STANDARDS            
 

BFB Bromofluorobenzene is a surrogate automatically added by the 
instrument to each run at an amount less than 50ng on column.  Run a 
humidified, zero air, nitrogen-filled canister using the full (150mL) 
injection. 

CCV/BS/BSD Run a spiked canister a level in the low to mid range of the initial 
calibration.  NELAC requires that the CCV spiked be varied daily and that 
the standard used to prepare the BS/BSD be from a second lot or second 
manufacturer. 

MB Run a humidified, zero air, nitrogen-filled canister using the full (150mL) 
injection 

 
TO-14A/TO-15 INITIAL CALIBRATION    
 
All working standards used in the initial calibration are prepared in certified clean, evacuated, 
humidified canisters (See Cleaning and Certification of Summa Canisters SOP) using zero air 
nitrogen via the Lotus Dilution Station.  Varying amounts are injected from the working standard 
cans to form the calibration range.  A full volume injection is 150mL.   

 
 

Calibration Level  
Conc. (ppbv) 

Concentration of 
Working Standard 

Can Used 
(ppbv) 

Amount Injected from 
Working Standard Can 

(mL) 

 
Calibration Level 

 

0.083 1 12.5  
0.167 1 25 1 
0.333 1 50  

0.5 1 75 2 
1.0 1 150  

0.833 10 12.5  
1.67 10 25 3 
3.33 10 50  
5.0 10 75 4 

10.0 10 150 5 
8.33 100 12.5  

16.67 100 25  
33.33 100 50 6 

50 100 75 7 
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100 100 150 8 
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TO14A/TO-15 _ ICV   
 
ICV: Run a spiked canister a level in the low to mid range of the initial 

calibration.  NELAC requires that the standard used to prepare the ICV be 
from a second lot or second manufacturer. 

  
WORKING STANDARD PREPARATION         
“Working standards” are those standards that are prepared by C&T. Document the preparation 
of all working standards in the standards prep benchbook and in the LIMS through the 
“Standards Inventory” table; LIMS will then assign a standard number (S#). For working 
standards, the LIMS S-name is not necessarily unique to the source standard vendor used in 
making the working standard but is unique to the compound list and concentrations contained in 
the working standard. If the concentration or compounds in the working standard changes, a 
new S-name, compound list and concentrations must be entered in the “Standards Definitions” 
table before the standard can be logged in and assigned an S#. It is very important to enter this 
information correctly, as LIMS uses this information to calculate spike and surrogate recoveries. 
 Discuss with a Group Leader or Department Manager before defining a new standard in 
“Standards Definitions” table.   
 
The benchbook entry should include the prep date, source standard information (LIMS S#, 
concentration, and pressure of standards added), balance gas name, balance gas pressure 
added, final pressure and concentration of Working Standard, expiration date of Working 
Standard, and prep chemist’s initials.  Once the benchbook entry is completed, scan the 
benchbook page into LIMS. 
 
Prepare working standards in zero air nitrogen using the Lotus Dilution Station with a certified 
clean, evacuated, humidified canister (See Cleaning and Certification of Summa Canisters 
SOP).  Working standards expire either 30 days from the date prepared or on the earliest 
expiration date of the source standards used to make the working standard, whichever comes 
first. The expiration date of a working standard cannot exceed the expiration date of the 
source standard(s) used to prepare it. If the expiration date assigned by LIMS to the working 
standard exceeds that of any of the source standards used to prepare it, advance the expiration 
date to the earliest expiration date of the source standards; update the LIMS entry and 
document the correct expiration date in the benchbook. Label the vials with the contents, LIMS 
S#, and expiration date. Store the standards in a room temperature environment. 
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Working Standard  
& Conc. (ppbv) 

Final 
Pressure 
(psia) in 

N2 

 
Using  

Source Std 

Added 
Pressure 

(psia)  
Source Std 

 
LIMS  

S-Name 

TO-15 Primary Mix 
100ppbv 30.0 TO15_MIX65 3.0 TO15_MIX65_100 

TO-15 Primary Mix 
10ppbv 30.0 TO15_MIX65_100 3.0 TO15_MIX65_10 

TO-15 Primary Mix 
1ppbv 30.0 TO15_MIX65_10 3.0 TO15_MIX65_1 

TO-15 Primary Mix 
0.1ppbv 30.0 TO15_MIX65_1 3.0 TO15_MIX65_0.1 

TO-15 Secondary 
Mix 100ppbv 30.0 TO15_MIX652 3.0 TO15_MIX652_100

TO-15 Secondary 
Mix 10ppbv 30.0 TO15_MIX652_100 3.0 TO15_MIX652_10 

TO-15 Secondary 
Mix 1ppbv 30.0 TO15_MIX652_10 3.0 TO15_MIX652_1 

 
 
SOURCE STANDARDS    
“Source Standards” are those standards that are purchased from an outside vendor. All source 
standards must be logged into LIMS upon receipt, through the “Standards Inventory” table. For 
source standards, the LIMS S-name is unique to the manufacturer of the standard; if a source 
standard is obtained from a different manufacturer, a new S-name must be assigned and the 
information entered in the “Standards Definitions” table before the standard is assigned an S#. 
 
Obtain a Certificates of Analysis from the vendor of each source standard. Label the certificate 
with the LIMS S# and the date received and file the certificate in the 3-ring binder.  
 
Source standards usually have an expiration date set by the manufacturer. If no expiration date 
is listed, the expiration date is one year from date received. Label each container with the 
contents, LIMS SS#, and expiration date. Store the standards at room temperature. 
 
Internal Standard / BFB Tuning Source Standards: 
TO15_ISTD/BFB Restek # 34408 ISTD /4-BFB Mix   1ppm 
 
Primary Source Standards: 
TO15_MIX65 Restek # 34436 TO-15 (64 analytes) 1ppm 
Secondary Source Standards: 
TO15_MIX652        Restek # 34436(different lot)           TO-15 (64 analytes) 1ppm 
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REAGENTS    
Label all reagents with the date opened or aliquotted. Use or discard within 1 year, or 
sooner if problems are encountered. 
 
UHP Grade Helium (99.999%) 
Liquid Nitrogen- Cryogen –  
UHP Grade Nitrogen (99.999%) 
UHP/Zero Grade Air-House Air  
UHP Hydrogen (99.999%) 
ASTM Type II Water or equivalent 
Certified Calibration Mixtures, containing analytes of interest 
 
 
PFTBA, Perfluorotributylamine 
Varian Catalog # CP320250 
Used for instrument auto-tune 
 
NOTE: Compounds maybe added or deleted and concentration ranges may be changed as 
needed to address QAPP’s and SAP’s and any other contractual requirements.
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APPENDIX_3: INITIAL SAMPLE DILUTION 
 
Initial sample dilutions are required for canisters that arrive under vacuum or near atmospheric 
levels to provide pressure to the canister for sample analysis.  The screening chemist will 
initially document the initial vacuum/pressure of the sample canister and pressurize the can to 
~20psia, documenting the final pressure of the canister.  The initial sample dilution factor is 
determined as follows: 
 
Initial Sample Dilution Factor = (Patm + Pfinal) / (Patm + Pinitial)   
 
Where: Patm  = Ambient atmospheric pressure (14.7 at sea level)  

Pfinal     = Final pressure of sample canister (psia) 
Pinitial  = Initial pressure of sample canister (psia).  This number is often 

negative as canisters tend to arrive under slight vacuum.  
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APPENDIX_4: INSTRUMENT CONFIGURATION   
 
1) Lotus Consulting/Varian 3800 gas chromatograph, configured as a stand-alone Cryogenic 
Concentration System with: 
 

a) An automated sampler consisting of a multi-position Stream Selector Valve(SSV) 
and a Mass Flow Controller (MFC) with a Control/Digital Readout module.   
 
-The MFC is mounted downstream of the SSV, cryotrap, and cryofocuser to 
eliminate any contamination and to reduce dead volume in line from the sample 
trap. 
 
-The MFC is typically rated at 100cm3/min at 100% full scale. The flow rate is set 
as a percentage of full scale.  For example, a flowrate of 25 cm3/min corresponds 
to setting of 25% of full scale. 
 
-The Control/Digital Readout module is set on top of the system for easy viewing 
and access. 
 
-A rotometer is mounted on the side of the system, in line between the MFC and 
the vacuum source, to allow visual confirmation of flow. 
 
Note: See “Stream Selector Valve Control Software For Varian Star Workstation 
Operator’s Manual” for additional sampler settings and controls 
 

b) A Cryogenic Concentrator system, containing: 
 
-A 700uL 1/8-inch cryotrap, constructed of nickel tubing and packed with 60/80-
mesh silanized glass beads 
 
-A 90uL 1/16-inch cryofocuser constructed of 0.04 inch internal diameter nickel 
tubing, without packing. 
 
-Traps with following contents 0.123g Glass, 0.111g Carbopack C, 0.075g 
Carbopack B, 0.132g Carboxen 569  
 
Note: Trap material amounts may vary slightly between analytical traps. 
 

c) One Electronic Flow Controller for automatic control of the cryofocuser/column 
carrier Helium flow. 

 
d) Two manual, digital flow controllers, and two manual pressure regulators for 

setting Helium and Nitrogen purge/sweep flows.  Three analog pressure gauges 
for use in gas monitoring and diagnosing problems with the flow system. 
 
-The digital flow controllers are calibrated to deliver gas flows from zero to 100 
cm3/min, +-3%, with an inlet pressure of 80psi. 
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e) A canister sampling manifold for connecting canisters to the automated sampler, 
using appropriate tubing and fittings. 
 
-Examples of tubing size and material are 1/8-inch teflon tubing, 1/16-inch 
stainless steel tubing, 1/16-inch nickel tubing, or 1/16-inch glass lined stainless 
steel tubing. 
 
-Canisters are connected to the manifold; the manifold is connected to a low-
pressure regulator with a teflon-lined diaphragm, and then connected to the 
automated sampler’s Stream Selector Valve. 
 

      A continuous, self-regenerating, in-line NafionTM sample dryer 
  
f) Information and instruction on the proper operation of the Varian 3800 can be 

found in the associated Varian manuals. 
 
2) Varian 4000 Ion Trap Mass Spectrometer 
 

a) The Ion Trap mass spectrometer is capable of scanning from 35-300amu, 
utilizes 70 volts (nominal) electron energy in the electron impact ionization 
mode, and produces a mass spectrum which meets all the instrument 
performance acceptance criteria when 50ng or less of Bromofluorobenzene 
(BFB) is analyzed 

 
3) A Varian CP-Select 624 60m by 0.25m internal diameter, with 1.4 μm film thickness, fused 
silica capillary column. 
 
4) A Varian MS Workstation that includes an Intel compatible PC, an Ethernet network adapted 
and USB ports for communications with the GC and MS, respectively, Microsoft XP operating 
system, Varian Star Chromatography software, and appropriate manuals. 
 
5) Below is diagram of the UTTS and an example of a run method using 6mins of trapping time 
at a flow rate of 25cm3/min (volume of 150mL). 
 
Note: Injector temperature values in the method are temperature settings values not actual 
temperatures.  The injector temperature probes have been modified to allow of temperature.  
See the UTTS Operator’s Manual for conversion charts.    
. 
Note: These are the current parameters at the printing of this SOP.  These parameters may 
change at the discretion of the analyst to optimize instrument performance. 
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APPENDIX_5: MAINTENANCE & TROUBLE-SHOOTING 
 
Instrument maintenance must be documented in the maintenance benchbook. If preventative or 
trouble-shooting maintenance is performed, document: 

1.) Date (mm/dd/yy) and initials of the analyst performing the maintenance  
2.) Reason the maintenance was necessary 
3.) Action taken (“changed column”, column description, etc.)  
4.) Resolution of the maintenance (“passed tune”, “sharp peak shape”, etc.).  

If an outside contractor performed the maintenance, file the laboratory copy of the contractor 
receipt in the three-ringed binder titled GC/MS-VOC Instrument Maintenance Contractor 
Receipts. The three-ringed binder is separated by instrument. 
Problem:  High Background Signal 

Do a spectrum scan to try to determine the source of the background signal. 
 m/z 28:  Nitrogen. Most likely source is a leak at the detector nut. 
 m/z 31:  Methanol. Were detector parts dried properly prior to installation? 
 m/z 44:  Carbon Dioxide. Most likely source is a leak at the detector nut. 
 m/z 69 plus 219 & 502:  PFTBA. The tuning solution reservoir was not closed after 

tuning. 
 m/z 207 or 281:  Siloxanes. Septum bleed or column bleed. 
 m/z 446:  Diffusion Pump Oil. Improper venting pulled oil into the detector. Call Agilent or 

Full Spectrum for assistance. 
 Series of mass peaks 14amu apart, with abundance decreasing with increasing mass:  

Fingerprint oils on the source or detector end of the column. 
Problem:  Can’t reach full vacuum 

Probably a leak. Scan for m/z from 0 to 50 amu and look for water (18), nitrogen (28), and 
oxygen (32).  If present, there’s probably a leak around column-to-source connection.  You 
can also use dust-cleaner to search for leaks by scanning for the primary ion of the main 
chemical in the dust-cleaner.  If the abundance of that ion increases as you spray sections 
of the MS, then there is a leak.  Check fitting and ferrule. If snug, ferrule is probably scored 
and should be replaced.  Also check cal-gas valve.   

Changing the column:  
The column should be changed whenever: 1.) the first analyte cannot be separated from the 
solvent peak, 2.) target compounds with similar primary ions can no longer be resolved from 
each other, 3.) an initial calibration will not meet requirements and the purge and trap has 
been ruled out.  Injection port maintenance and source cleaning should be done each time 
the column is changed in order to minimize downtime.  Refer to the Varian 4000MS 
Hardware manual for MSD shutdown and column removal procedures. 

Cleaning the source: 
The source should be cleaned whenever 1.) the column is changed, 2.) tuning criteria can not 
be met, or 3.) no response is obtained from either filament.  4.) an initial calibration will not meet 
requirements and the purge and trap has been ruled out.  Refer to the Varian 4000MS 
Hardware manual for MSD removal and cleaning procedures. 
 
Changing the rough pump oil: 

The oil in the “rough” vacuum pump should be changed every 6 months, or when it becomes 
brown & cloudy.  Refer to the Varian 4000MS Hardware manual for rough pump 
maintenance procedures. 
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APPENDIX_6: BFB TUNE VERIFICATION CRITERIA 
 

Mass (m/z) TO-15 BFB Ion Abundance Criteria 
 

 50 8 to 40% of mass 95 
 75 30 to 66% of mass 95 
 95 base peak, 100% relative abundance 
 96 5 to 9% of mass 95 
 173 less than 2% of mass 174 
 174 50 to 120% of mass 95 
 175 4 to 9% of mass 174 
 176 93 to 101% of mass 174 
 177 5 to 9% of mass 176 

 
 

Mass (m/z) TO-14A BFB Ion Abundance Criteria 
 

 50 15 to 40% of mass 95 
 75 30 to 60% of mass 95 
 95 base peak, 100% relative abundance 
 96 5 to 9% of mass 95 
 173 less than 2% of mass 174 
 174 greater than 50% of mass 95 
 175 5 to 9% of mass 174 
 176 greater than 95% but less than 101% of mass 174 
 177 5 to 9% of mass 176 

 
 
Tune acceptance is based on the acquisition and average of three scans (the peak apex scan 
and the scans immediately preceding and following the apex).  Background subtraction is 
conducted using a single scan prior to the elution of BFB.  If the BFB does not pass, another 
BFB should be analyzed. If that also fails, instrument maintenance should be performed to 
correct the problem. No sample data associated with a failing tune standard may be reported. 
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APPENDIX_7: INITIAL CALIBRATION PROCEDURE & CRITERIA 
 
Requirements:  
An initial calibration curve must be analyzed whenever the source has been cleaned, when a 
new column has been installed, or when purge–and–trap maintenance has been performed that 
affects transporting and trapping analytes. In general, a new calibration curve must be made 
whenever instrument conditions have been altered, or whenever the continuing calibration 
verification no longer passes acceptance criteria.  
 
The instrument’s analytical range must be established by running an initial calibration curve with 
standards containing all the compounds of interest at a minimum of 5 levels, generally ranging 
from 0.5 ppb to 100 ppb in concentration.   
 
The curve must be verified by analyzing an Initial Calibration Verification (ICV) standard 
comprised of standards obtained from a different lot or from a different manufacturer than those 
used to prepare the ICAL standards. 
 
See Appendix_1 for calculations of response factor, RSD, and correlation coefficient.  
 
ICAL Sequence: 
1.) Prepare the standards as described in Appendix 2 
2.) Prepare an Initial Calibration Verification (ICV) standard from source standards obtained 

from a different lot or from a different manufacturer than the ICAL standards.  
 
3.) Analyze a BFB Tune Standard. This standard must pass acceptance criteria in Appendix 6 

before the analysis can continue. 
 
4.) Load the calibration standards onto the instrument in order of increasing concentration, 

adding a calibration blank before the ICAL standards. Load the ICV after the instrument 
blank that follows the calibration standards. 

 
Note:  An acceptable ICV must be analyzed before any samples are loaded. If the ICV does 
not pass acceptance criteria and samples were analyzed immediately following it, the entire 
calibration must be reanalyzed, as there is no way of determining what affect the sample 
matrix would have on any subsequent ICV analysis. 

 
5.) Write the sequence as below, identifying the type of sample as initial calibration standards, 

the LIMS identification of the standards, and the applicable dilution factors. This data must 
be correctly entered into the sequence in a specific order for LIMS to be able to interpret the 
information and should be written into the sequence as follows: 

TUN, BFB, S#,  
CALIB IB, NP  
ICAL, S#, IDF, Conc1 
ICAL, S#, IDF, Conc2 
ICAL, S#, IDF, Conc3 
ICAL, S#, IDF, Conc4 
ICAL, S#, IDF, Conc5 
ICAL, S#, IDF, Conc6 
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ICAL, S#, IDF, Conc7 
IB, NP 
ICV, S#, IDF, Conc 

 
Where: 
Conc is the concentration of the standard (ie: 10ppb) 
IDF is the dilution factor for the standard 
S# is the LIMS S# of the standard used 

 
6.) When complete, create a recalculation list, assigning the calibration runs to the appropriate 

calibration levels in the method.  Process the recalculation list.   
 
ICAL Acceptance Criteria and Data Review: 
After the standards have run, work up the data and create the calibration curve.  (See ICAL 
Workup in Appendix 11 d) for specifics) Once the ICAL is created in LIMS, determine if the 
curve passes acceptance criteria: 
 
7.) Every analyte peak in every calibration level must be examined for the following: 
 

a.) The retention times should increase with assigned ‘compound number’ (in the 
acquisition software). The compound spectra should be re-examined for any RT’s 
that appear out of order.  
 

b.) Verify that every compound was detected and selected correctly in each of the 
standards. Make sure that the same peak was not identified as two analytes, 
particularly for isomers or other closely eluting compounds. 

 
c.) Verify that the quantitation ions are integrated correctly.  

 
Peaks should be integrated from baseline to baseline unless the ion ratios are not correct, in 
which case only the part of the peak with the correct ions is integrated. Manual integrations 
of any kind must be substantiated and documented on the Initial Calibration Report. Manual 
integrations must be consistently applied to ICAL, CCS, and sample integrations. 
Unsubstantiated alteration of peak integration solely to pass calibration criteria is 
illegal and is grounds for immediate termination. Copies of any manually integrated 
spectra must be included in the ICAL data package. Narrate manual integrations using the 
drop down menu in the review app for the ICAL.  The initial calibration curve generation 
and/or instrument maintenance must be repeated until specifications have been achieved.  

 
8.) Review the Initial Calibration Summary to determine whether or not the calibration curve 

complies with the following acceptance limits: 
 
a.) The calculated %RSD for the RRF for each compound must be less than 30%, with at 

most two exceptions up to a limit of 40%.   
 
b.) The relative retention time of each sample compound at each calibration level is within 

0.05 minutes of the mean relative retention time for the compound 
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Method Modification Note:  Method TO-15 (Section 10.5.5.2) calls for a relative retention 
time of +0.06 from the standard, however this results in windows that are too wide for 
use with highly contaminated samples. C&T uses the tighter criteria of within 0.05min. 

 
c.) The area response at each calibration level must be within 40% of the mean area 

response over the calibration range for each internal standard 
 
d.) The retention time shift for each of the internal standards at each calibration level must 

be within 20s of the mean retention time over the initial calibration range for each 
internal standard. 

 
9.) Process the run for the Initial Calibration Verification (ICV) standard with the newly created 

calibration method and generate an ICV summary report.  Check if the ICV needs any 
manual integrations and narrate these integrations for the ICV run on the user report in the 
review app. All compounds in the ICV should meet CCV criteria. Compounds not meeting 
this requirement should not be reported from the calibration in question. 

 
10.) An acceptable ICV must be analyzed before any samples are loaded. If the ICV does not  

pass acceptance criteria and samples were analyzed immediately following it, the entire 
calibration must be reanalyzed, as there is no way of determining what affect the sample 
matrix would have on any subsequent ICV analysis. 
 
If two ICV’s (containing the same analytes) were analyzed, edit the calibration in LIMS, hit 
the “remove from use/edit” button, and unchoose the ICV run, under “seqnum” and 
process the data from the second ICV. Do not “cherry pick” some compounds from the first 
ICV and others from the second ICV; if the second ICV is processed and used, all 
compounds must be taken from the second standard. 

 
11.) Process the run for the calibration blank.  Examine carefully to determine if any compound 

is detected in the blank at a level greater than the lowest point in the curve.  If this is the 
case, the curve should not be used. 

 
12.) Review the initial calibration using the review app.  Initial and date each of the forms, 

Narrate manual integrations using the drop down menu in the review app for the ICAL, add 
any additional comments, and turn the data in to the Department Manager or QC Chemist 
for review; the ICAL cannot be used to process data through LIMS until it has been 
reviewed and approved in LIMS. 

 
 



Volume: Volatile Organics Curtis & Tompkins, Ltd. 
Section: 4.1  
Page: 39 of  49 
Revision:   3 Number:  1 of  1 
Effective:  31 May 2012 
Filename:  F:\qc\sop\voc\air\msair_rev3 
 

This SOP contains information that may only be disseminated to C&T staff, clients, and regulators. 

 
APPENDIX_8: C&T STANDARD REPORTING LIMITS 
 

Target Compound List Standard  
(ppbv) 

MDL (5/22/10) 
(ppbv) 

Propylene 0.5 0.14 
Freon 12 (Dichlorofluoromethane) 0.5 0.0065 
Chloromethane 0.5 0.15 
Freon 114 0.5 0.018 
Vinyl Chloride 0.5 0.016 
1,3-Butadiene 0.5 0.051 
Bromomethane 0.5 0.016 
Chloroethane 0.5 0.089 
Ethanol 2.0  0.35 
Acrolein 2.0 0.21 
Acetone 2.0 0.15 
Trichlorofluoromethane 0.5 0.013 
Isopropanol 2.0 0.072 
1,1-Dichloroethene 0.5 0.0073 
Carbon Disulfide 0.5 0.016 
Methylene Chloride (Dichloromethane) 0.5 0.012 
Freon 113 0.5 0.011 
trans-1,2-Dichloroethene 0.5 0.029 
1,1-Dichloroethane  0.5 0.020 
MTBE (Methyl tert-Butyl Ether) 0.5 0.019 
Vinyl Acetate 0.5 0.030 
2-Butanone  (MEK) 0.5 0.019 
cis-1,2-Dichloroethene 0.5 0.015 
Hexane 0.5 0.010 
Chloroform 0.5 0.012 
Ethyl Acetate 0.5 0.021 
Tetrahydrofuran 0.5 0.019 
1,2-Dichloroethane 0.5 0.017 
1,1,1-Trichloroethane 0.5 0.023 
Benzene 0.5 0.022 
Carbon Tetrachloride 0.5 0.013 
Cyclohexane 0.5 0.016 
1,2-Dichloropropane 0.5 0.038 
Trichloroethene 0.5 0.015 
Bromodichloromethane 0.5 0.015 
1,4-Dioxane 0.5 0.030 
Methyl Methacrylate 0.5 0.021 
Heptane 0.5 0.029 
cis-1,3-Dichloropropene  0.5 0.023 
4-Methyl-2-pentanone  (MIBK)  0.5 0.023 
trans-1,3-Dichloropropene  0.5 0.025 
1,1,2-Trichloroethane  0.5 0.0081 
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Target Compound List Standard  
(ppbv) 

MDL (5/22/10) 
(ppbv) 

 
Toluene  0.5 0.010 
2-Hexanone  0.5 0.031 
Dibromochloromethane  0.5 0.012 
1,2-Dibromoethane  (EDB)  0.5 0.010 
Tetrachloroethene  0.5 0.011 
Chlorobenzene  0.5 0.019 
Ethylbenzene  0.5 0.014 
m,p-Xylenes  0.5 0.017 
Bromoform  0.5 0.011 
o-Xylene  0.5 0.012 
Styrene  0.5 0.012 
1,1,2,2-Tetrachloroethane  0.5 0.020 
4-Ethyltoluene  0.5 0.0099 
1,3,5-Trimethylbenzene  0.5 0.011 
1,2,4-Trimethylbenzene  0.5 0.019 
1,3-Dichlorobenzene  0.5 0.012 
Benzyl Chloride  0.5 0.016 
1,4-Dichlorobenzene  0.5 0.014 
1,2-Dichlorobenzene  0.5 0.023 
1,2,4-Trichlorobenzene  0.5 0.069 
Hexachlorobutadiene  0.5 0.026 
Naphthalene 2.0  0.044 
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APPENDIX_9: QUANTITATION IONS & INTERNAL STANDARD ASSIGNMENTS 
 
Internal Standard    Related Compounds 
Bromochloromethane    compounds 1 - 26 
1,4-Difluorobenzene    compounds 27 - 41 
Chlorobenzene-d5    compounds 42 - 64 
 
Compound  Primary Ion Secondary Ion(s) 
 
1.) Propylene  41 39 42 
2.) Freon 12 (Dichlorodifluoromethane)   85 87 
3.) Chloromethane  50 49 52 
4.) Freon 114  85 87  
5.) Vinyl Chloride  62 64 
6.) 1,3-Butadiene  39 54 
7.) Bromomethane  94 96 
8.) Chloroethane  49 51 
9.) Ethanol   45  43 
10.) Acrolein  55  56 
11.) Acetone  43  58 
12.) Trichlorofluoromethane   101  103  
13.) Isopropanol    45 43 
14.) 1,1,-Dichloroethene  61 96 98 
15.) Methylene Chloride  49 51  
16.) Carbon Disulfide   76 78 
17.) Freon 113   101  103 151 
18.) trans-1,2-Dichloroethene  61 96 98 
19.) 1,1-Dichloroethane   63 65  
20.) Methyl tert-Butyl Ether (MTBE)   73 57 41 
21.) Vinyl Acetate   43 42 
22.) 2-Butanone   43 57 72 
23.) cis-1,2-Dichloroethene   61  96 98 
24.) Hexane  57 41  
25.) Ethyl Acetate  43  61 45 
26.) Chloroform  83  85 
27.) Tetrahydrofuran    42 41  71 
28.) 1,2-Dichloroethane   62   64 
29.) 1,1,1-Trichloroethane  97 99  
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Compound      Primary Ion       Secondary Ion(s) 
 
30.) Benzene   78  77 
31.) Carbon Tetrachloride  117 119 
32.) Cyclohexane  56 41 84 
33.) 1,2-Dichloropropane   63  62 
34.) Bromodichloromethane  83  85  
35.) 1,4-Dioxane  88 57 
36.) Trichloroethene  130  132 95 
37.) Methyl Methacrylate  41 39  
38.) Heptane  43 41 57 
39.) cis-1,3-Dichloropropene   75 39 110 
40.) 4-Methyl-2-pentanone   43  58   
41.) trans-1.3-Dichloropropene  75 77 110 
42.) 1,1,2-Trichloroethane  97  83  
43.) Toluene  91   92 
44.) 2-Hexanone   43 58  
45.) Dibromochloromethane  129  127 
46.) 1,2-Dibromoethane (EDB)   107 109  
47.) Tetrachloroethene  166  164 131 
48.) Chlorobenzene  112 114 77 
49.) Ethylbenzene  91  106 
50.) m,p-Xylene   91 106  
51.) Bromoform   173  175 171 
52.) Styrene   104 103 
53.) 1,1,2,2-Tetrachloroethane   83  85  
54.) o-Xylene  91 106 
55.) Bromofluorobenzene*  95 174 176 
56.) 4-Ethyltoluene  105 120 
57.) 1,3,5-Trimethylbenzene    105 120 
58.) 1,2,4-Trimethylbenzene    105 120 
59.) Benzyl Chloride  91 126 
60.) 1,3-Dichlorobenzene   146 148 
61.) 1,4-Dichlorobenzene  146 148 
62.) 1,2-Dichlorobenzene  146 148 
63.) 1,2,4-Trichlorobenzene   180 182 184 
64.) Hexachlorobutadiene   225 223 227 
65.) Naphthalene  128 127  
 
* Surrogate compound 
 
Note: C&T’s primary ion differs from the primary ion listed in the method due to the 
fragmentation differences of an ion trap mass spectrometer and/or presence of nearby 
compounds with similar ions and/or abundance of secondary ions.   
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APPENDIX_10: TENTATIVELY IDENTIFIED COMPOUNDS (TICs) (Library Searches) 
 
When reporting TICs, report up to 10 peaks for each sample. If there are more than 10 peaks, 
then report the 10 peaks with the greatest area. Do not report any peak with an area of less 
than ~1/10 the area of the corresponding ISTD. 
 
Identify the Unknown Compounds: 
If less than 10 unknowns are found, work up all the unknown compounds. If greater than 10 
unknowns are found, just work up the top ten unknowns (by area). When computer searches 
are performed, visual verification of the computer match is required using the following 
guidelines: 
 
1) All ions of greater than 10% relative intensity in the library spectrum should be present in the 

sample. 
 
2) Relative intensities of the ions must agree to within plus or minus 20% between library 

spectrum and sample spectrum. 
 
3) Molecular ions in the library spectrum must be in the sample spectrum. 
 
4) Ions present in the sample spectrum but not in the library spectrum should be checked for 

co-elution of other compounds and considered for background subtraction. 
 
Note:  Our MS detectors are set to begin scanning at Ion (m/z) 35.  Therefore Ions less than 35 
should not be used in identifying the unknowns. 
 
Verify that the system has not identified an unknown peak as a target compound, which it may 
do if the spectrum of the unknown is very similar to that of a target compound. If it did, review 
the pattern and %match for the second most-probable match and if that match is at all 
acceptable, report the second compound. 
 
Interferences: 
Carbon dioxide (ion m/z 44) and argon (ion m/z 40) are often found in library searches due to 
miniscule leaks in the analytical system. These should not be reported as TIC’s. 
 
Siloxanes (ion m/z 207 and 281) are byproducts of column degradation and should not be 
reported as TIC’s. 
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APPENDIX_11: WORK UP DATA IN TARGET & LIMS 
 
Data workup is accomplished by using Target as the data analysis software and the LIMS 
Review Application as the data reporting software.  
 
A)  Sequence Workup 
 

1) Go to your day’s Sequence in LIMS.  In the top right, use the "Review" pull down menu 
and select your Sequence (for example: MSVOA11 08/11/06). 

 
2) Login if necessary.   

 
3) Check the tune and if it passes, sign off on your tune run. 

 
4) Check your CCV and any spiked QC in the software for any necessary manual 

integrations.  If manual integrations were needed: 
 

4.1) Make the changes and save. 
4.2) Print the data report to LIMS.  
4.3) Click the Refresh button or Click on the same sample row in the Review App. 

to see the corrected files. 
4.4) Narrate any manual integrations  
4.5) Check and sign off on your CCV and spiked QC. 

 
5) Go down the list, starting with the Method Blank, by first clicking on the row of the Blank 

run.   
 

6) Check IS and Surrogate recoveries for any failures on the LIMS Report. 
 

7) Check the Reconstructed Ion Chromatogram and the Report from the capture for any 
high non-target or interfering peaks, or any peaks missed by the software due to 
excessively high concentration. 

 
8) Go through each analyte: 

 
8.1) Check if the calculated value is a "hit".   
8.2) Check the integration to see if it is correct. If it is not, go to the software and 

make the manual integration and save your change. Print the new data report 
to LIMS. Hit the Refresh button in the Review App. and confirm the change is in 
LIMS.  Narrate any manual integrations. 
 

8.3) Compare the spectra to determine if the selected analyte is indeed the target 
analyte. 

8.4) Make any changes to the flags for that analyte (ie. false positive) 
 

9) Add any necessary comments for the run.  Also provide the dilution factor if a re-run is 
needed. 

 
10) Click Report to choose the analytes from that run. This will mark every analyte as 
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usable (with a “u” flag), except for those that are >LR. 
 

11) If necessary, click ‘Re-Run’ to flag the run for re-analysis.  This will not remove your 
"u"-flags for the analytes that you wish to report. 

 
12) Once your comments have been entered and your analytes are chosen, Click ‘Sign’ to 

sign off on the run. 
 

13) Click on the next run or ‘Save + Next’ to go to the next run.  
 

14) Once all samples for the sequence have been worked up, click on the Sequence in the 
top left corner of the Review App.   

 
15) Confirm that your Batch Prep sheet has been properly scanned into LIMS.  If not, re-

scan the Batch Prep sheet.   
 

16) Check the Sequence summary and IS summary for any errors.  
 

17) Make any other necessary comments for the sequence.  This includes any tune 
adjustments made to the instrument prior to the 24-hr shift or errors that occurred 
during the sequence run. 

 
18) Check that all files have been uploaded to LIMS.  Choose “verified” from the drop 

down menu for the sequence.  Enter the first file and the last file in the spaces 
provided. 

 
 
19) Click Sign to sign off on the Sequence.  Next, click on the “send for review” button. 
 
20) Let the QC Chemist know that your sequence is ready for review.   

 
B)  Job Workup 
 

1) Go to your daily Sequence in LIMS.  In the top right, use the "Review" pull down menu 
and select the job you would like to report. 

 
2) Login if necessary. 

 
3) Go through each sample and check that any requested analytes are chosen ("u"'ed) and 

each run reporting an analyte is signed.  If some of the samples run were worked up by 
another analyst, use this opportunity to peer review those runs.   

 
4) Then go through each QC run and check two things: 

 
4.1) First check that the "general version" of that QC run has been signed and 

second-signed. This means that the Target raw data has been reviewed for the 
QC sample.   

4.2) Second check that the QC passed the client-specific limits.   
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5) If both conditions are met, click Sign to sign off on the specific QC results. If the general 
version for a given QC run has not been signed, go into the Sequence in the Review 
App and review the raw data for that QC.  Then proceed through the steps of the Review 
Sequence A) mentioned above. 

 
6) Once all specific versions (and general versions) of the QC have been reviewed, select 

the pull-down menu that says "all" and select "pkg". 
 

7) Click ‘Reports’ then choose which Form 1's to print. Click the Refresh button at the top of 
the Report Manager until the report lines change colors.  Retrieve the Form 1’s from the 
printer. 

 
8) Next click ‘Done’. The Form 1's will now appear on the right in the Review App. 

 
9) Make any necessary comments for the Job in the Review App. 

 
10) Click Sign to sign off on the Job, then click on the “send for review” button.   
 

 
11) If the Job is Level III or Level IV, then the Peer Reviewer will be responsible for 

Generating and Signing off on the Level III or Level IV part of the job. 
 
 
C)  Peer Review 
 

1) Check the analyst review queue. 
 

2) Search for the job in LIMS that needs peer review and then use the pull down menu to 
select the proper job/product/matrix. 

 
3) Login if necessary.  Then you'll be in PKG mode. 

 
4) Go through each sample and review the raw data that was captured.   

 
 Check the Reconstructed Ion Chromatogram for any peaks missed due to excessive 

high concentrations or interferences. 
 Check the dilution factor for the sample.  
 Check that the analytes are flagged and “u”-ed properly. 
 Verify that any relevant comments have been added.  
 Sign the sample run. 

 
5) After all the samples are second-signed, go through the QC and check for two signoffs 

for the general versions.  Then review the user reports for the specific versions and sign 
off on them. 

 
6) Next check that all sequences, ICAL, Tunes, and CCVs reported in this job have two 

signoffs (aka "SR").   
 

7) Compare the Form 1's with the user reports in LIMS to check for errors.   
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8) If the job is Level II, sign off on the job, and hit the “Send for Full Review” button 
 

9) If the job is Level III or IV, click on the Level III or Level IV row and generate a Level III or 
IV. You will then see a log that will indicate what else needs review before the Level III or 
IV is ready to report. Investigate, fix, and re-generate the Level III or IV. Again check the 
log. When the log only states at what time/date the Level III or Level IV was generated, 
sign off on the Level III or IV.  Then sign off on the job.  And hit the “Send for Full 
Review” button 

 
 
D)  ICAL (Initial Calibration) Workup 
 

1) After the ICAL has run, verify that the documents for the ICAL/ICV have been captured 
in LIMS. All samples that have a document captured will have a D to the right of the 
sample type in the LIMS sequence screen. 

 
2) Next, check every analyte in every ICAL level, and make any necessary manual 

integrations to the ICAL files. 
 

3) Once all ICAL files are checked and manual integrations are made, Re-quant the ICAL 
files.  This will take a few minutes to re-quantitate all the files.   

 
4) Open your method and make the necessary changes to the levels and cal types to figure 

out your ICAL. Check the RSD for each analyte. It may be necessary to drop the highest 
point of curve. Calibrations by average response must have at least 5 points. 

5) Create the calibration in LIMS.  Edit the ICAL in LIMS by dropping points for each 
analyte to match the ICAL in MS Workstation. 

 
6) Now that you're analysis method is set, select the updated analysis method then 

process the ICV files.  Check the ICV run for any necessary manual integrations.  Print 
the report to LIMS and review the report for any failures.  Narrate any manual 
integrations. 

 
 
7) Process the Calib IB with the updated analysis method, and print to LIMS.  Examine the 

report and make sure any analytes hits are below the low point of the calibration and not 
interfering with the initial calibration. 

 
8) Narrate any manual integrations made in the ICAL, and make any necessary comments. 

Sign off on all data files, sequence, and the initial calibration 
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APPENDIX_12        RESEARCHING HISTORICAL DATA  
 
Searching historical data can be helpful in determining what dilution to prepare a sample at.  
Many clients have long-term projects, often going back for years, that use similar client 
identification numbers for the samples at a given site. Since we’ve analyzed the samples in the 
past, we should have a database of results for that sample in our LIMS system. 
 
1) Go to the backlog page and click on the job number to bring up the job sheet page. 
 
2) On the bottom right corner of the job sheet page, click on “History” link. 
 
3) The History screen will not be shown with results based on Account Name, Project 

Number, and Sample ID.  Site Name is also an available field to search with. 
  
4) LIMS display a page of sample results that match the search fields that were entered.   
 
5) It may be necessary to use a different combination of Account Name, Project Number, and 

Sample ID to yield any useful results. In addition, the percent sign “%” character can be 
used in any field search as a wildcard. For example, entering “SAN%” in the site field 
would yield matches for any word or phase that started with SAN. Some example results 
could be SAN FRANCISCO, SANTA MONICA, SANTIAGO, SANGER, SANTEE, etc. The 
“%” wildcard is very useful considering that client may spell the same site two different 
ways.  The “%” wildcard is also useful for Sample ID’s that have a general consistent 
name but contain a different suffix corresponding to a date or quarter. 

 
6) Compare multiple results for each sample.  If the historical data appears to be consistent, 

write the dilution factor next to the Lab ID on the Job Sheet.  If there are inconsistent 
historical results for the sample, then the sample should be screened prior to analysis.   
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APPENDIX_13:  MDL Study Flagging & Approval Rules 
 
After the MDL samples have been run and the data has been worked up, create an MDL in 
LIMS by checking the box, on the sequence log, next to the MDL runs you want to use, then 
click the “>” symbol next to “Tasks” at the bottom of the screen. Click the “Create MDL” box and 
then review the study against the following rules: 
 
Flag Definition Usability     
 
u marked for use Best case is when no other flags are 

present 
 
G MDL < 1/5 avg measured concentration Ok to use 
 
E MDL < 1/10 spiked concentration Ok if spiked at or below the reporting 

limit 
 
 
Any data flagged with the following should not be used: 
 
A MDL > reporting limit 
 
C MDL > 1/3 reporting limit 
 
F MDL > spiked concentration 
 
H MDL > avg measured concentration 
 
N ND in at least one run 
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WASTE EXTRACTION TEST 

CCR Title 22, Article 5, Appendix 2 
SCOPE:  
This document details the preparation of solid samples (containing no appreciable filterable 
liquids) for the California Title 22 Waste Extraction Test (WET) to determine the Soluble 
Threshold Limit Concentration (STLC) of environmental contaminants in solid waste by 
simulating rainfall through a landfill and the resulting leaching of materials that could 
contaminate ground or surface water. Samples prepared in this manner may be analyzed for 
organic and metallic constituents by various determinative methods.  Samples prepared by this 
method may later be analyzed for these metals to STLC limits by mercury and ICP or ICP-MS: 
 
  Aluminum  Cobalt   Molybdenum 
  Antimony  Copper  Nickel 
  Arsenic  Iron   Silver 
  Barium   Lead   Selenium 
  Beryllium  Magnesium  Thallium 
  Cadmium  Manganese  Vanadium 
  Chromium  Mercury  Zinc 
 
Note: This procedure can not be performed on samples that are completely or in large part oil, 
as the oil will simply emulsify with the extraction fluid. 
 
Large particles of rock and or concrete may require sample crushing prior to performing this 
procedure.  
 
REFERENCES:  
California Code of Regulations, Title 22, Article 5, Appendix 2 
Volume 1, TNI Standard, EL-V1-2009, September 2009 
DoD Quality Systems Manual, Rev 4.2 October 2010 
 
 
Additional SOP’s and Guidance Documents: 
NELAC Chapter 5, Quality Systems, June 2003 
DoD QSM, Rev 4.1, April 2009 
DoE Quality Systems Manual, Version 2.2, Oct.2006 
C&T SOP QA 1.4, Balance Calibration Check & Maintenance 
C&T SOP QA 1.5, Calibrating & Maintaining Temperature Controls 
C&T SOP QA 1.6, Pipette Calibration Check Procedures 
CS SOP 2.3, Subsampling & Compositing  
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SAMPLE PRESERVATION & HOLDING TIME: 
Samples should be stored at 4°C (+ 2°C), unless they are only to be analyzed for ICP metals, in 
which case they do not need to be refrigerated. 
 
Holding times for the WET are equivalent to the soil prep holding times for the requested 
analyses: 
 
 Mercury: 28 days from sample collection. 
 ICP Metals: 6 months 
 Organics: 14 days 
 
SAFETY:  
Assume all samples contain toxic chemicals, always wear eye protection and gloves while 
handling samples. Treat samples with appropriate precautions to avoid risks of inhalation 
dermal absorption exposure. 
 
QC REQUIREMENTS:  
An extraction blank and sample duplicate shall be carried through the procedure for each batch 
of 20 samples or less. If contaminants are detected in the blank, the entire batch may have to 
be re-extracted and reanalyzed. 
 
EQUIPMENT: 
2L Extraction Bottles 
Rotary Apparatus 
Filtration Device 
0.45 μm x 47mm Cellulose-Ester membrane filter, PALL GN-6, VWR Cat# 28148-584 
 
PROCEDURE: 
1. Check the samples out of the coldroom and let them come to room temperature. 
 
2. “Batch” the samples in LIMS. 
 
3. Combine 147 g Sodium Citrate in 3,500 mL deionized water. 
 
4. Adjust pH to 5.0 + 0.1 with 4 N Sodium Hydroxide.   
 
5. Remove any natural debris (e.g., rocks, metal pieces, tree branches, etc.) and pass 

remaining sample through a # 10 sieve.  Note removal of such material in the extraction log.  
Grind the material or cut up the material that does not pass through the sieve and combine 
with first (sieve passable) portion. 
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Note: If samples are obviously finely divided material that would easily pass through the 
sieve, it is not necessary to sieve the sample but note in the benchbook that sample “passed 
visual inspection”. 

 
6. If drying was necessary to pass through the sieve, record the sample weight before and 

after drying in 95°C (+ 2 °C) oven.  Calculate % loss on drying.  
 

Note: Drying should NOT be performed on samples which require Mercury (Hg) analysis, as 
this element is relatively volatile and may be lost during the drying process. 

 
7. If the sample contains materials that cannot pass through the sieve (e.g., sludge, slurry, oil, 

tar, resin, etc.), remove debris but do not sieve. Note observations in the benchbook. 
 
8. Weigh 50g (+ 5g) of sample into a pre-cleaned 1-liter polyethylene bottle and record the 

weight to the nearest 1g.   
 
9. Add 10 mL of extraction solution for each gram of sample present.   
 
10. Generate an extraction blank using 500 mL extraction fluid. 
 
11. Bubble nitrogen through each sample for 15 minutes to remove and exclude any 

atmospheric oxygen. 
 
12. Extract the samples in a rotary apparatus for 48 hours.  
 
13. Record the date, time and temperature when the vessels are removed from the rotary 

apparatus. 
 
14. If the extracts are needed for organics, skip to Step 16. 
 
15. If the extracts are only needed for metals: 
 

15.1 Collect enough new polyethylene sample bottles for the entire batch and rinse them 
with 1:1 nitric acid. Label the bottles with the sample number and “WET”. 

 
15.2 Rinse the pressure filtration unit with 1:1 nitric acid. 
 
15.3 Place a clean 0.45µm membrane filter onto the base of the pressure-filtration device 

then add the cylinder. 
 
15.4 Make sure the bottom valve is closed then transfer the first extract to the filtration 

device. 
 

15.5 Cap the device. 
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15.6 Place the first polyethylene bottle, labeled with the correct sample number, under the 

outlet. 
 

15.7 Open the bottom outlet valve. 
 

15.8 Slowly open the compressed air valve to pressurize the filtration device. 
 

15.9 Collect about 200mL of filtered extract in the polyethylene bottle, then turn off the 
compressed air and close the bottom valve. 

 
If required, the samples may be pre-filtered with a medium porosity filter (such as a 
Whatman # 1 or TCLP glass fiber filter). 

 
15.10 Remove the polyethylene sample bottle. 
 
15.11 If the extracted solid is from a mixed solid/liquid sample recombine with "initial 

filtrate". 
 
15.12 Acidify the filtered extract to 5% v:v nitric acid (by adding 5mL of concentrated HNO3 

for every 100mL collected). 
 

15.13 Cap the polyethylene bottle and set it aside. 
 

15.14 Discard the excess sample and leachate volume into a waste container. 
 

15.15 Discard the used filter and wash the filtration device thoroughly with hot soapy water. 
Rinse it with deionized water followed by 1:1 nitric acid. 

 
15.16 Repeat Steps 15.1-15.14 for all of the remaining samples. 

 
16. If the extracts are needed for both organics and metals: 

 
16.1  Follow Step 15 but collect the filtrate in a clean wide-moth glass jar; don’t pre-rinse 

with nitric.  
 
16.2  If the extracted solid is from a mixed solid/liquid sample recombine with "initial filtrate". 
 
16.3 Divide the filtered aliquot into an amber glass bottle for each organics analysis and a 

nitric-rinsed polyethylene bottle for the metals analysis.  
 
16.4  Acidify the metals portion to 5% with concentrated nitric acid.  
 
16.5 Store the samples in the coldroom. 
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17. Label sample extracts for metals and organic analysis. 
 
18.  Store extracts in the coldroom. 
 
DOCUMENTATION 
All sample preparation steps must be documented in the WET Extraction benchbook. The 
benchbook entry should include: 
 

• LIMS batch number and Rotator # 
• Date, Time & Temperature when extraction vessels are placed on rotator 
• Date, Time and Temperature when the vessels are removed from the rotator 
• C&T sample ID's (including the letter assigned to each container) 
• Mass of sample used 
• Volume of extraction fluid added 
• Indication if the sample was sieved 
• pH of extraction fluid Indication that the was purged with Nitrogen for 15 minutes 
• List of all reagents used including manufacturer and lot number 
• Any unusual occurrences during digestion 

 
When the extraction is complete, scan the benchbook page into the LIMS using the workflow 
menu and sample numbers as applicable, you may wish to attach a copy of the extraction 
benchbook page to the job sheet(s) and give it to the metals analyst(s) who will be running the 
samples. 
 
WASTE DISPOSAL 
The unused sample volume should be returned to the coldroom for inclusion in the lab’s solid 
waste stream. After extraction, the expended solid sample should be transferred to the solid 
waste stream. Excess leachate volume is included in the laboratory’s aqueous waste stream. 
 
POLLUTION PREVENTION 
Prepare only enough leaching fluid to be used for the samples being extracted, to reduce the 
amount of hazardous waste generated by the laboratory. 
 
REVISION HISTORY This is revision 3, revision 2 was modified as follows: 

• References updated 
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APPENDIX_1: WASTE EXTRACTION TEST (WET) EXTRACTION SUMMARY 
 
If any of the following are outside the listed criteria, note it in the prep log and on the “Data 
Review Checklist”: 
 
  Sample Size:    50g + 5g 
 
  Buffer pH:    5.0 + 0.1 SU 
 
  Rotation:    48 + 2 hours 
 
  Temperature:   20 – 40 degrees C 
 
  Rotation Frequency:  30 + 2 rpm 
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APPENDIX_2: REAGENTS 
 
The following reagents and standards are those in use at the time this document was written. 
Supplies may be purchased from different vendors so long as the alternate is of equivalent 
quality. 
 
All reagents must be traceable to the manufacturer and lot#. Any reagents that are used without 
additional preparation may be documented in the analytical benchbook on a daily basis or in the 
reagent log upon receipt. Any reagents that require an additional preparation step before use, 
including dilutions into DI water must be documented in the reagent prep benchbook; assign a 
unique ID, based on the type of reagent, manufacturer’s lot#, and the date prepared. Each 
benchbook entry should include the date and analyst initials, the name of the reagent, and the 
manufacturer and lot#. 
 
Label each reagent bottle with the date received or prepared, the expiration date, and your 
initials. 
 
Nitric Acid (HNO3), concentrated, InstraAnalyzed grade  
JT Baker catalog # 7697-37-2 
Store unopened bottles in the corrosives cabinet for up to 5 years. 
Store open bottles under a fume hood for up to 2 years.  
 
Sodium Citrate, ACS Reagent Grade, 99% 
VWR Catalog # BDH0288-2.5Kg 
Store at room temperature for up to 5 years 
 
Sodium Hydroxide (NaOH), solid, 98% 
JT Baker, VWR Catalog # JT 3722-5 
Store at room temperature for up to five years 
 
4N Sodium Hydroxide,  
Purchase from VWR (Catalog # JT5669-2) or 
Dissolve 160g solid NaOH in 1L deionized water 
Store at room temperature for up to five years 
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                       10366 Roselle St. Suite C  •  San Diego, CA 92121  •  858-535-9979

 

__________________Analytical Testing Report__________________ 

 

Mitra Fattahipour                                                                                                                       8-22-13 
Insight Environmental 

501 Broadway, Suite 800 

San Diego, CA 92101 

mfattahipour@ieeci.com                                                                                                ECA #13381 

 

 
The analysis of the raw material (s) has been completed and the results are given below. The 

sample information is: 

________________________________________________________________________ 

Customer Identification:  1. 03-EVI-2100-SB 2. 03-EVI-2061-SB   

ECA Sample #:   1. 13381A  2. 13381B    

Date Received:   8-16-13 

Test Requested:   Soil Extraction/Centrifugation/ FTIR of  NAPL extract,  

Chromatotron Separation / Quantification and Identification of 

Components, Density and Viscosity of NAPL extract 

Results 
Sample Test Results 
03-EVI-2100-SB Density 0.89 g/mL 

 Percent of NAPL 

in Core Sample 
6.50% 

 FTIR 

Identification of 

Isolated NAPL 

Mixture of mostly hydrocarbons with a smaller 

amount of mixed aryl phosphates 

 Breakdown of 

Fractions of 

NAPL 

65.5%- Hydrocarbons C9 to C16 

26.5%- Mixed Aryl Phosphates 

8.0% Motor Oil Range Hydrocarbons 

03-EVI-2061-SB Density 0.99 g/mL  

 Percent of NAPL 

in Core Sample 
2.81% 

 
If there are any questions, please give me a call @ (858) 535-9979. We appreciate your business! 

 

Sincerely, 

 
Jim Polansky 

Scientist                                                                                            

                   Quality Control Officer 
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__________________Analytical Testing Report__________________ 

 

Mitra Fattahipour                                                                                                                       8-22-13 
Insight Environmental 

501 Broadway, Suite 800 

San Diego, CA 92101 

mfattahipour@ieeci.com                                                                                                ECA #13381 

 

 
The analysis of the raw material (s) has been completed and the results are given below. The 

sample information is: 

________________________________________________________________________ 

Customer Identification:  1. 03-EVI-2100-SB 2. 03-EVI-2061-SB   

ECA Sample #:   1. 13381A  2. 13381B    

Date Received:   8-16-13 

Test Requested:   Soil Extraction/Centrifugation/ FTIR of  NAPL extract,  

Chromatotron Separation / Quantification and Identification of 

Components, Density and Viscosity of NAPL extract 

 
If there are any questions, please give me a call @ (858) 535-9979. We appreciate your business! 

 

Sincerely, 

 
Jim Polansky 

Scientist                                                                                            

                   Quality Control Officer 
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Results 
Sample Test Results 
03-EVI-2100-SB Density 0.89 g/mL 

 Percent of NAPL 

in Core Sample 
6.50% 

 FTIR 

Identification of 

Isolated NAPL 

Mixture of mostly hydrocarbons with a smaller 

amount of mixed aryl phosphates 

 Breakdown of 

Fractions of 

NAPL 

65.5%- Hydrocarbons C9 to C16 

26.5%- Mixed Aryl Phosphates 

8.0% Motor Oil Range Hydrocarbons 

03-EVI-2061-SB Density 0.99 g/mL  

 Percent of NAPL 

in Core Sample 
2.81% 

 FTIR 

Identification of 

Isolated NAPL 

Mixture of hydrocarbons and mixed aryl 

phosphates 

 Breakdown of 

Fractions of 

NAPL 

39.6%- Hydrocarbons C9 to C16 

48.2%- Mixed Aryl Phosphates 

11.9% Motor Oil Range Hydrocarbons 
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__________________Analytical Testing Report__________________ 

 

Tamzen W. Macbeth                                                                                                             01-02-14 
CDM Smith 

50 West 14th Street, Suite 200 

Helena, MT 59601                                          ECA #13551 

macbethtw@cdmsmith.com 

 
The analysis of the unknown material (s) has been completed and the results are given below. The 

sample information is: 

________________________________________________________________________ 

Customer Identification:   03-EVI-2100-S13-NAPL/CYR03-ISTR-SB4R-13ft./ VS2 

Date Received:   12-05-13 

Test Requested:   GC-MS / Identification and quantification of Aryl Phosphates 

     

Conclusions: 

The GC-MS analysis of the primary components of the sample identified above indicated 

the sample is very likely a mixture of triaryl phosphate isomers. The mass spectra were 

reasonably similar to the tricresyl phosphate standard that was analyzed. The FTIR 

spectral match was mostly closely related to trixylenyl phosphate. We feel that there is a 

very good chance that the sample is a mixture of trixylenyl phosphate isomers. We were 

unable to find a standard trixylenyl phosphate to use as a standard to confirm our theory. 

There is no indication of halogen functional groups in any of the mass spectra of the 

samples. 

 

 

See results on next pages. 

 
If there are any questions, please give me a call @ (858) 535-9979. We appreciate your business! 

 

Sincerely, 

 
Jim Polansky 

Scientist                                                                                            

                   Quality Control Officer 
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Sample/Standard Preparation:  

 

The sample was dissolved in dichloromethane at a concentration of 1part sample to 50 parts 

dichloromethane by weight. A standard was prepared of tricresyl phosphate at 2540 ppm in 

dichloromethane. Each was injected in to an HP 5890- gas chromatograph equipped with an HP 5970 

MSD. The capillary column used was a 60 meter DB-1. The oven program was 40C for 8 minutes then 10C 

per minute to 280C, hold for 50 minutes. The standard tricresyl phosphate eluted at 43.428 minutes. The 

suspected “mixed aryl phosphates” in the sample eluted from 45.3 minutes to 47.3 minutes. The mass 

spectra of the standard tricresyl phosphate and the peaks at 45 to 47 minutes were compared.  

 

Results 
Sample Results 
03-EVI-2100-S13-NAPL/CYR03-ISTR-SB4R-

13ft./ VS2 
 

This sample mass spectrum is very similar to 

the mass spectrum for the tricresyl phosphate 

that was used as a standard. The presence of 

prominent m/z at 77, and 91 in both unknown 

spectra indicate the sample compounds likely 

contain aromatic functionality. There were four 

peaks identified in the sample and all of them 

had very similar mass spectra. Unfortunately, it 

was not possible to identify the actual structure 

of the compounds from the mass spectra due to 

the high temperature at which the compounds 

eluted and the background noise level in this 

region.  
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__________________Analytical Testing Report__________________ 

 

Mitra Fattahipour                                                                                                                     03-24-14 
Insight Environmental 

501 Broadway, Suite 800 

San Diego, CA 92101 

mfattahipour@ieeci.com                                                                                                ECA #14107 

 

 
The analysis of the raw material (s) has been completed and the results are given below. The 

sample information is: 

________________________________________________________________________ 

Customer Identification:  1. LNAPL/02132014 2. DNAPL/02132014   

3. Sep Tank/02132014 4. LNAPL/03032014 

5. DNAPL/03032014 6. Septank/03032014   

ECA Sample #:   1. 14087A  2. 14087B  3. 14087C 

    4. 14107A  5. 14107B  6. 14107C 

   

Date Received:   02-14-14, 3-04-14 

Test Requested:   ,  

Chromatotron separation / Quantification and identification of 

aryl phosphate fraction, FTIR of aryl phosphate extracts/ Density 

and Viscosity of samples as received/GC-MS of fractions 

 
If there are any questions, please give me a call @ (858) 535-9979. We appreciate your business! 

 

Sincerely, 

 
Jim Polansky 

Scientist                                                                                            

                   Quality Control Officer 

 

 

 

 

 

 

 

 

 

 



 

                       10366 Roselle St. Suite C  •  San Diego, CA 92121  •  858-535-9979

 

 

 

 

Results/02132014 samples 
 

Sample Test Result 
LNAPL/02132014 Separation, isolation, 

quantification, and 

identification of NAPL 

87.4% Lubricating Oil/Motor 

Oil Range Hydrocarbons/C14 

to C40+ 

11.17% Mixed Aryl 

Phosphates 

1.0% Glycols-Hexagol   

0.4% Water 

 Density @20°C 0.936 

 Viscosity @20°C 86cSt 

DNAPL/02132014 Separation, isolation, 

quantification, and 

identification of NAPL 

80.65% Water 

12.14% Lubricating Oil/Motor 

Oil Range Hydrocarbons/C14 

to C40+ 

7.21% Mixed Aryl Phosphates     

 Density @20°C 0.994 

 Viscosity @20°C 29 cSt 

Sep Tank/02132014 Separation, isolation, 

quantification, and 

identification of NAPL 

95.38% Water 

2.05% Mixed Aryl Phosphates   

1.42% Soil 

1.19% Lubricating Oil/Motor 

Oil Range Hydrocarbons/C14 

to C40+ 

 Density @20°C 0.999 

 Viscosity @20°C 2.56 cSt 
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Results/03032014 samples 
Sample Test Result 

LNAPL/03032014 Separation, isolation, 

quantification, and 

identification of NAPL 

50.40% Lubricating Oil/Motor 

Oil Range Hydrocarbons/C14 

to C40+ 

31.30% Volatile 

Hydrocarbons C4 to C12 

18.30% Mixed Aryl 

Phosphates   

< 1 % Water 

 Density @20°C 0.910 

 Viscosity @20°C 35.6cSt 

DNAPL/03032014 Separation, isolation, 

quantification, and 

identification of NAPL 

99.4% Water 

0.57% Mixed Aryl Phosphates     

0.03% Lubricating Oil/Motor 

Oil Range Hydrocarbons/C14 

to C40+     

 Density @20°C 1.002 

 Viscosity @20°C 3.83 cSt 

Sep Tank/03032014 Separation, isolation, 

quantification, and 

identification of NAPL 

99.4% Water 

0.51% Ethoxylated Surfactants 

0.05% Mixed Aryl Phosphates   

0.01% Lubricating Oil/Motor 

Oil Range Hydrocarbons/C14 

to C40+ 

 Density @20°C 0.970 

 Viscosity @20°C 3.29 cSt 
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LNAPL/FTIR Analysis 
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DNAPL /FTIR Analysis 
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Sep Tank /FTIR Analysis 
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__________________Analytical Testing Report__________________ 

 

Mitra Fattahipour                                                                                                                     04-03-14 
Insight Environmental 

501 Broadway, Suite 800 

San Diego, CA 92101 

mfattahipour@ieeci.com                                                                                                ECA #14141 

 

 
The analysis of the sample has been completed and the results are given on the next page. The 

sample information is: 

________________________________________________________________________ 

Customer Identification:  IR03MWO-3-03242014   

ECA Sample #:   14141a    

Date Received:   03-25-14 

Test Requested:    

Chromatotron separation / Quantification and identification of 

aryl phosphate fraction, FTIR of aryl phosphate extracts/ Density 

and Viscosity of samples as received/GC-MS of fractions 

 
If there are any questions, please give me a call @ (858) 535-9979. We appreciate your business! 

 

Sincerely, 

 
Jim Polansky 

Scientist                                                                                            

                   Quality Control Officer 

 

 

 

 

 

 

 

 

 

 

 

 



 

                       10366 Roselle St. Suite C  •  San Diego, CA 92121  •  858-535-9979

 

 

 

 

Results/03242014 samples 
 

Sample Test Result 
IR03MWO-3-03242014 Separation, isolation, 

quantification, and 

identification of NAPL 

70.92% Lubricating Oil/Motor 

Oil Range Hydrocarbons/C14 

to C40+ 

15.00% Salt of Organic Acid 

14.08% Polar Organic Mixture 

< 1.0% Water 

 Density @20°C 0.920 

 Viscosity @20°C 240 cSt 

 

Note: No triarylphosphates detected 

 

 

 

\ 
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__________________Analytical Testing Report__________________ 

 

Mitra Fattahipour                                                                                                                     05-26-14 
Insight Environmental 

501 Broadway, Suite 800 

San Diego, CA 92101 

mfattahipour@ieeci.com                                                                                                ECA #14183 

 

 
The analysis of the sample has been completed and the results are given on the next page. The 

sample information is: 

________________________________________________________________________ 

Customer Identification:  IR03MW375A-P/12-5-13   

ECA Sample #:   14183a    

Date Received:   04-24-14 

Test Requested:    

Chromatotron separation / Quantification and identification of 

aryl phosphate fraction, FTIR of aryl phosphate extracts/ Density 

and Viscosity of samples as received/GC-MS of fractions 

 
If there are any questions, please give me a call @ (858) 535-9979. We appreciate your business! 

 

Sincerely, 

 
Jim Polansky 

Scientist                                                                                            

                   Quality Control Officer 
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Results /IR03MW375A-P/12-5-13 

Sample Test Result 
IR03MW375A-P/12-5-13 Separation, isolation, 

quantification, and 

identification of NAPL 

36.01% Mixed Aryl 

Phosphates/trixylenyl 

phosphates 

25.81% Lubricating Oil/Motor 

Oil Range Hydrocarbons/C14 

to C40+ 

21.15% Polar Organic Mixture 

15.72% Water 

 Density @20°C 1.024 g/mL 

 Viscosity @20°C 180 cSt 
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__________________Analytical Testing Report__________________ 

 

Mitra Fattahipour                                                                                                                     06-01-14 
Insight Environmental 

501 Broadway, Suite 800 

San Diego, CA 92101 

mfattahipour@ieeci.com                                                                                                ECA #14266 

 

 
The analysis of the sample has been completed and the results are given on the next page. The 

sample information is: 

________________________________________________________________________ 

Customer Identification:  NAPL/ Tank-3-06122014   

ECA Sample #:   14266a    

Date Received:   06-13-14 

Test Requested:    

Chromatotron separation / Quantification and identification of 

aryl phosphate fraction, FTIR of aryl phosphate extracts/ Density 

and Viscosity of samples as received/GC-MS of fractions 

 
If there are any questions, please give me a call @ (858) 535-9979. We appreciate your business! 

 

Sincerely, 

 
Jim Polansky 

Scientist                                                                                            

                   Quality Control Officer 
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Results/06122014 sample 
 

Sample Test Result 
NAPL/ Tank-3-06122014 Separation, isolation, 

quantification, and 

identification of NAPL 

67.66% Lubricating Oil/Motor 

Oil Range Hydrocarbons/C14 

to C40+ 

11.34% Mixed Aryl 

Phosphates/Trixylinyl 

Phosphates 

21.00% Polar Organic Mixture 

< 0.1% Water 

 Density @20°C 0.880 

 Viscosity @20°C 14.5 cSt 
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APPENDIX C 

Input Data to MVS Model (On Enclosed CD) 



Input Data to MVS Model

Boring ID Easting Northing
Elevation 

(ft) Sample Date

Sample 
Depth 
Top (ft 
bgs)

Sample 
Depth 
Bottom 
(ft bgs)

TPH‐ 
OIL_GREASE

TPH‐DIESEL 
RANGE

TPH‐
GASOLINE

TPH‐MOTOR 
OIL Total TPH Source

062‐001 6020769.0533 2089676.5831 6 1997 6 7 NA 250 <1.2 860 1111 1997 Report
062‐001 6020769.0533 2089676.5831 6 1997 10 11 NA 160 <1.2 350 511 1997 Report
062‐001 6020769.0533 2089676.5831 6 1997 15 16 NA 4.3 <1.6 42 47 1997 Report
062‐001 6020769.0533 2089676.5831 6 1997 19 20 NA 5.1 <1.7 53 59 1997 Report
062‐0014 6020822.7829 2089524.9782 6 1997 5 6 NA 14 <1.2 52 67 1997 Report
062‐0014 6020822.7829 2089524.9782 6 1997 10 11 72 56 26 35 189 1997 Report
062‐0014 6020822.7829 2089524.9782 6 1997 15 16 NA 340 <1.5 590 931 1997 Report
062‐0014 6020822.7829 2089524.9782 6 1997 19 20 NA 110 <1.2 240 351 1997 Report
062‐0016 6020857.1568 2089479.4052 6 1997 4 5 NA 15000 <1.1 17000 32001 1997 Report
062‐0016 6020857.1568 2089479.4052 6 1997 9 10 14000 11000 350 8100 33450 1997 Report
062‐0016 6020857.1568 2089479.4052 6 1997 15 16 NA 4500 6.6 4000 8507 1997 Report
062‐0016 6020857.1568 2089479.4052 6 1997 19 20 NA 2.5 <1.2 <6 6 1997 Report
062‐0018  6020875.125 2089454.6656 6 1997 5 6 NA 23 <1.2 910 934 1997 Report
062‐0018  6020875.125 2089454.6656 6 1997 10 11 6600 39000 1400 25000 72000 1997 Report
062‐0018  6020875.125 2089454.6656 6 1997 15 16 NA 1100 77 720 1897 1997 Report
062‐0018  6020875.125 2089454.6656 6 1997 23 24 NA 10 <1.6 33 44 1997 Report
062‐0018 (1) 6020875.125 2089454.6656 6 1997 19 20 NA <1.2 <1.2 <6 4 1997 Report
062‐0018 (2) 6020875.125 2089454.6656 6 1997 19 20 NA 3.1 <1.2 <5.9 7 1997 Report
062‐002 6020751.692 2089654.6654 6 1997 7 8 NA 160 <1.3 920 1081 1997 Report
062‐002 6020751.692 2089654.6654 6 1997 10 11 NA 8700 <1.5 17000 25701 1997 Report
062‐002 6020751.692 2089654.6654 6 1997 15 16 NA 1.6 <1.2 8.8 11 1997 Report
062‐002 6020751.692 2089654.6654 6 1997 19 20 NA 4.6 <1.6 43 48 1997 Report
062‐0020 6020861.0009 2089398.6988 6 1997 4 5 NA 120 <1.1 1700 1821 1997 Report
062‐0020 6020861.0009 2089398.6988 6 1997 9 10 420 670 <1.2 2100 3191 1997 Report
062‐0022 6020875.9308 2089364.6712 6 1997 5 6 NA 74 <1.2 1100 1175 1997 Report
062‐0022 6020875.9308 2089364.6712 6 1997 9 10 NA 3200 25 2800 6025 1997 Report
062‐0022 6020875.9308 2089364.6712 6 1997 15 16 5800 3300000 300 3500000 6806100 1997 Report
062‐0022 6020875.9308 2089364.6712 6 1997 19 20 <50 4.3 <1.2 12 42 1997 Report
062‐0022 6020875.9308 2089364.6712 6 1997 23 24 58 120 <1.6 230 409 1997 Report
062‐0024 6020889.1246 2089333.4213 6 1997 4 5 NA 810 <1.2 1700 2511 1997 Report
062‐0024 6020889.1246 2089333.4213 6 1997 10 11 NA 4000 150 5400 9550 1997 Report
062‐0024 6020889.1246 2089333.4213 6 1997 19 20 2000 <2 <2 <9.8 2007 1997 Report
062‐0024 6020889.1246 2089333.4213 6 1997 23 24 780 57 <1.6 970 1808 1997 Report
062‐0024 (1) 6020889.1246 2089333.4213 6 1997 14 15 NA 2500 480 1900 4880 1997 Report
062‐0024 (2) 6020889.1246 2089333.4213 6 1997 14 15 2200 22000 570 16000 40770 1997 Report
062‐0026 6020921.7626 2089298.6989 6 1997 5 6 NA 100 <1.3 580 681 1997 Report
062‐0026 6020921.7626 2089298.6989 6 1997 10 11 NA 4400 6 2000 6406 1997 Report
062‐0026 6020921.7626 2089298.6989 6 1997 15 16 2200 8800 46 780000 791046 1997 Report
062‐0026 6020921.7626 2089298.6989 6 1997 19 20 3700 1100 370 1400 6570 1997 Report
062‐0026 6020921.7626 2089298.6989 6 1997 23 24 2600 2200 58 2900 7758 1997 Report
062‐0026 6020921.7626 2089298.6989 6 1997 27 28 NA 92 <1.6 230 323 1997 Report
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Input Data to MVS Model

Boring ID Easting Northing
Elevation 

(ft) Sample Date

Sample 
Depth 
Top (ft 
bgs)

Sample 
Depth 
Bottom 
(ft bgs)

TPH‐ 
OIL_GREASE

TPH‐DIESEL 
RANGE

TPH‐
GASOLINE

TPH‐MOTOR 
OIL Total TPH Source

062‐0028 6020950.9287 2089278.9069 6 1997 4 5 NA 9300 76 5700 15076 1997 Report
062‐0028 6020950.9287 2089278.9069 6 1997 10 11 NA 4200 240 5400 9840 1997 Report
062‐0028 6020950.9287 2089278.9069 6 1997 15 16 2200 6200 38 5100 13538 1997 Report
062‐0028 6020950.9287 2089278.9069 6 1997 23 24 2200 37 <1.1 38 2276 1997 Report
062‐003 6020775.5632 2089649.6737 6 1997 6 7 NA 130 <1.1 390 521 1997 Report
062‐003 6020775.5632 2089649.6737 6 1997 10 11 NA 230 <1.2 830 1061 1997 Report
062‐003 6020775.5632 2089649.6737 6 1997 15 16 NA <1.2 <1.2 <6.1 4 1997 Report
062‐003 6020775.5632 2089649.6737 6 1997 19 20 NA 5.6 <1.6 48 54 1997 Report
062‐0030 6020983.2197 2089260.8509 6 1997 4 5 NA 2100 77 4400 6577 1997 Report
062‐0030 6020983.2197 2089260.8509 6 1997 10 11 NA 2000 930 2900 5830 1997 Report
062‐0030 6020983.2197 2089260.8509 6 1997 15 16 4000 3600 210 2900 10710 1997 Report
062‐0030 6020983.2197 2089260.8509 6 1997 19 20 300 3 <1.2 <6 310 1997 Report
062‐0030 6020983.2197 2089260.8509 6 1997 23 24 250 5.5 <1.2 7 263 1997 Report
062‐0032 6021022.1082 2089254.2529 6 1997 4 5 NA 2.5 <1.2 10 13 1997 Report
062‐0032 6021022.1082 2089254.2529 6 1997 9 10 NA 9300 19 4400 13719 1997 Report
062‐0034 6021061.7778 2089246.0924 6 1997 4 5 NA 120 <1.2 360 481 1997 Report
062‐0034 6021061.7778 2089246.0924 6 1997 9 10 58000 230000 19 15000 303019 1997 Report
062‐0034 (1) 6021061.7778 2089246.0924 6 1997 14 15 NA 330 <1.1 480 811 1997 Report
062‐0034 (2) 6021061.7778 2089246.0924 6 1997 14 15 NA 1100 <1.2 1500 2601 1997 Report
062‐0036 6021102.5762 2089251.2998 6 1997 4 5 NA 5.2 <1.2 39 45 1997 Report
062‐0038 6021145.5446 2089255.205 6 1997 4 5 NA 55 <1.1 470 526 1997 Report
062‐0038 6021145.5446 2089255.205 6 1997 9 10 19000 13000 51 7000 39051 1997 Report
062‐0038 6021145.5446 2089255.205 6 1997 15 16 NA 86 <1.3 110 197 1997 Report
062‐0038 6021145.5446 2089255.205 6 1997 19 20 NA 5.4 <1.2 6.1 12 1997 Report
062‐0038 6021145.5446 2089255.205 6 1997 23 24 NA 180 <1.6 520 701 1997 Report
062‐004 6020752.1256 2089632.0963 6 1997 4 5 NA 97 <1.3 750 848 1997 Report
062‐004 6020752.1256 2089632.0963 6 1997 10 11 NA 460 <1.6 1300 1761 1997 Report
062‐004 6020752.1256 2089632.0963 6 1997 15 15.5 NA 2.8 <1.3 17 20 1997 Report
062‐004 6020752.1256 2089632.0963 6 1997 19 20 NA 6.3 <1.6 45 52 1997 Report
062‐0040 6021188.079 2089259.1103 6 1997 4 5 NA 590 <1.1 9900 10491 1997 Report
062‐0040 6021188.079 2089259.1103 6 1997 9 10 840 1000 240 820 2900 1997 Report
062‐0040 6021188.079 2089259.1103 6 1997 15 16 NA 5600 25 4700 10325 1997 Report
062‐0040 6021188.079 2089259.1103 6 1997 19 20 NA 450 <1.3 1200 1651 1997 Report
062‐0040 6021188.079 2089259.1103 6 1997 23 24 NA 8 <1.6 39 48 1997 Report
062‐0042 6021234.5198 2089271.2619 6 1997 4 5 NA 370 <1.1 3600 3971 1997 Report
062‐0042 6021234.5198 2089271.2619 6 1997 5 6 NA 190 <1.1 730 921 1997 Report
062‐0042 6021234.5198 2089271.2619 6 1997 10 11 240 580 56 1500 2376 1997 Report
062‐0042 6021234.5198 2089271.2619 6 1997 14 15 NA 530 <1.1 3400 3931 1997 Report
062‐0042 6021234.5198 2089271.2619 6 1997 15 16 NA 53 <1.2 1400 1454 1997 Report
062‐0042 6021234.5198 2089271.2619 6 1997 18 19 NA 4.6 <1.6 46 51 1997 Report
062‐0042 6021234.5198 2089271.2619 6 1997 19 20 NA 5.2 <1.7 57 63 1997 Report
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Input Data to MVS Model

Boring ID Easting Northing
Elevation 

(ft) Sample Date

Sample 
Depth 
Top (ft 
bgs)

Sample 
Depth 
Bottom 
(ft bgs)

TPH‐ 
OIL_GREASE

TPH‐DIESEL 
RANGE

TPH‐
GASOLINE

TPH‐MOTOR 
OIL Total TPH Source

062‐0044 6021274.4494 2089237.4073 6 1997 4.5 5.5 NA 46 <1.1 120 167 1997 Report
062‐0044 6021274.4494 2089237.4073 6 1997 9 10 NA 480 4.9 630 1115 1997 Report
062‐0044 6021274.4494 2089237.4073 6 1997 15 16 NA 130 <1.1 600 731 1997 Report
062‐0044 6021274.4494 2089237.4073 6 1997 23 24 NA 6.4 <1.6 32 39 1997 Report
062‐0046 6021240.1617 2089245.6545 6 1997 5 6 NA 360 <1.1 1000 1361 1997 Report
062‐0046 6021240.1617 2089245.6545 6 1997 10 11 NA 79 8.6 270 358 1997 Report
062‐0046 6021240.1617 2089245.6545 6 1997 15 16 NA 1200 13 7500 8713 1997 Report
062‐0046 6021240.1617 2089245.6545 6 1997 19 20 NA 5 <1.6 33 39 1997 Report
062‐0048 6021203.2703 2089286.0193 6 1997 5 6 NA 120 <1.1 390 511 1997 Report
062‐0048 6021203.2703 2089286.0193 6 1997 10 11 NA 2200 <1.2 2900 5101 1997 Report
062‐0049 6021275.3177 2089251.73 6 1997 5 6 NA 58 <1.1 140 199 1997 Report
062‐0049 6021275.3177 2089251.73 6 1997 10 11 NA 980 <1.2 1900 2881 1997 Report
062‐0049 6021275.3177 2089251.73 6 1997 15 16 NA 540 9 1300 1849 1997 Report
062‐0049 6021275.3177 2089251.73 6 1997 19 20 NA 41 1.4 290 332 1997 Report
062‐005 6020773.2625 2089629.1011 6 1997 5 6 NA 63 <1.4 340 404 1997 Report
062‐005 6020773.2625 2089629.1011 6 1997 10 11 NA 3.7 <1.2 10 14 1997 Report
062‐005 6020773.2625 2089629.1011 6 1997 14 15 NA 1.8 <1.2 9.7 12 1997 Report
062‐005 6020773.2625 2089629.1011 6 1997 18 19 NA 110 <1.4 510 621 1997 Report
062‐005 6020773.2625 2089629.1011 6 1997 19 20 NA 4.5 <1.7 41 46 1997 Report
062‐0050 6021313.0775 2089236.5385 6 1997 5 6 NA 120 <1.2 2700 2821 1997 Report
062‐0050 6021313.0775 2089236.5385 6 1997 9 10 NA 86 2.9 350 439 1997 Report
062‐0050 6021313.0775 2089236.5385 6 1997 15 16 NA 550 <1.2 3600 4151 1997 Report
062‐0050 6021313.0775 2089236.5385 6 1997 19 20 NA 60 30 390 480 1997 Report
062‐0051 6021316.1162 2089268.656 6 1997 5 6 NA 550 <1.1 1900 2451 1997 Report
062‐0051 6021316.1162 2089268.656 6 1997 9 10 NA 430 12 730 1172 1997 Report
062‐0051 6021316.1162 2089268.656 6 1997 15 16 NA 1100 9.9 6400 7510 1997 Report
062‐0051 6021316.1162 2089268.656 6 1997 23 24 NA 16 <1.5 68 85 1997 Report
062‐0052 6021366.8964 2089233.0651 6 1997 5 6 NA 57 <1.1 110 168 1997 Report
062‐0053 6021410.7331 2089248.6889 6 1997 5 6 NA 240 <1.2 450 691 1997 Report
062‐0053 6021410.7331 2089248.6889 6 1997 10 11 NA 350 <1.2 810 1161 1997 Report
062‐0053 6021410.7331 2089248.6889 6 1997 15 16 NA 40 <1.2 110 151 1997 Report
062‐0053 6021410.7331 2089248.6889 6 1997 20 21 NA 630 <1.2 2100 2731 1997 Report
062‐006 6020834.46 2089637.5632 6 1997 5 6 NA 4.5 <1.1 23 28 1997 Report
062‐006 6020834.46 2089637.5632 6 1997 10 11 NA 8.9 <1.2 24 34 1997 Report
062‐006 6020834.46 2089637.5632 6 1997 15 16 NA 10 <1.2 32 43 1997 Report
062‐006 6020834.46 2089637.5632 6 1997 19 20 NA <1.2 <1.2 <5.9 4 1997 Report
062‐007 6020763.4099 2089608.8325 6 1997 4 5 NA 5.3 <1.3 44 50 1997 Report
062‐007 6020763.4099 2089608.8325 6 1997 9 10 NA 260 <1.3 740 1001 1997 Report
062‐007 6020763.4099 2089608.8325 6 1997 14.5 15 NA <1.2 <1.2 <6.1 4 1997 Report
062‐007 6020763.4099 2089608.8325 6 1997 19.5 20 NA 73 <1.6 620 694 1997 Report
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062‐008 6020835.1107 2089613.909 6 1997 4 5 NA 46 <1.1 120 167 1997 Report
062‐008 6020835.1107 2089613.909 6 1997 5 6 NA 39 <1.1 65 105 1997 Report
062‐008 6020835.1107 2089613.909 6 1997 10 11 NA 32 <1.2 59 92 1997 Report
062‐008 6020835.1107 2089613.909 6 1997 11 12 NA 2300 <1.2 4300 6601 1997 Report
062‐008 6020835.1107 2089613.909 6 1997 14 15 NA 1.8 <1.2 <5.9 5 1997 Report
062‐008 6020835.1107 2089613.909 6 1997 15 16 NA 3.4 <1.2 10 14 1997 Report
062‐008 6020835.1107 2089613.909 6 1997 18 19 NA <1.2 <1.2 <6 4 1997 Report
062‐008 6020835.1107 2089613.909 6 1997 19 20 NA 2 <1.3 12 15 1997 Report
062‐010 6020794.3989 2089592.4258 6 1997 5 6 NA 58 <1.2 200 259 1997 Report
062‐010 6020794.3989 2089592.4258 6 1997 9 10 NA 170 <1.3 460 631 1997 Report
062‐010 6020794.3989 2089592.4258 6 1997 15 16 NA <1.3 <1.3 <6.3 4 1997 Report
062‐010 6020794.3989 2089592.4258 6 1997 22 23 NA 10 <1.1 32 43 1997 Report
062‐010 6020794.3989 2089592.4258 6 1997 23 24 NA 8.4 <1.6 38 47 1997 Report
062‐012 6020796.2212 2089558.5721 6 1997 4 5 NA 4.5 <1.1 13 18 1997 Report
062‐012 6020796.2212 2089558.5721 6 1997 5 6 NA 160 <1.2 240 401 1997 Report
062‐012 6020796.2212 2089558.5721 6 1997 10 11 <50 2.7 <1.3 11 39 1997 Report
062‐012 6020796.2212 2089558.5721 6 1997 15 16 NA 6.2 <1.2 23 30 1997 Report
062‐012 6020796.2212 2089558.5721 6 1997 19 20 NA <1.2 <1.2 <6 4 1997 Report
062‐012 6020796.2212 2089558.5721 6 1997 23 24 NA 15 <1.7 61 77 1997 Report
IR02B098 6020885.478 2089581.52 6.33 12/12/1991 13.75 13.75 44000 350 200 NA 44550 NIRIS_122314
IR02B098 6020885.478 2089581.52 6.33 12/12/1991 16.25 16.25 630 31 <5.9 NA 664 NIRIS_122314
IR02B098 6020885.478 2089581.52 6.33 12/13/1991 21.25 21.25 140 <16 <7.8 NA 152 NIRIS_122314
IR02B098D 6020888.978 2089578.01 6.33 12/12/1991 1.25 1.25 9700 320 18 NA 10038 NIRIS_122314
IR02B098D 6020888.978 2089578.01 6.33 12/12/1991 3.75 3.75 6800 200 <5.6 NA 7003 NIRIS_122314
IR02B098D 6020888.978 2089578.01 6.33 12/12/1991 6.25 6.25 4200 110 <6 NA 4313 NIRIS_122314
IR02B293 6020883.88 2089694.729 6.87 6/22/1992 1.75 1.75 9700 200 <5.3 NA 9903 NIRIS_122314
IR02B293 6020883.88 2089694.729 6.87 6/22/1992 3.75 3.75 290 19 <5.4 NA 312 NIRIS_122314
IR02B293 6020883.88 2089694.729 6.87 6/22/1992 6.25 6.25 61 <11 <5.3 NA 69 NIRIS_122314
IR02B293 6020883.88 2089694.729 6.87 6/22/1992 8.75 8.75 53 <11 <5.7 NA 61 NIRIS_122314
IR02B293 6020883.88 2089694.729 6.87 6/22/1992 11.25 11.25 800 75 NA NA 875 NIRIS_122314
IR02B293 6020883.88 2089694.729 6.87 6/22/1992 16.25 16.25 150 <12 <5.9 NA 159 NIRIS_122314
IR02B293 6020883.88 2089694.729 6.87 6/22/1992 21.25 21.25 82 <12 <6.1 NA 91 NIRIS_122314
IR02B293 6020883.88 2089694.729 6.87 6/22/1992 26.25 26.25 310 <16 <7.8 NA 322 NIRIS_122314
IR02MW146A 6020866.977 2089488.182 9.37 1/7/1992 1.25 1.25 3100 40 <5.5 NA 3143 NIRIS_122314
IR02MW146A 6020866.977 2089488.182 9.37 1/7/1992 2.75 2.75 3000 81 <5.6 NA 3084 NIRIS_122314
IR02MW146A 6020866.977 2089488.182 9.37 1/7/1992 8.75 8.75 3400 4700 370 NA 8470 NIRIS_122314
IR02MW146A 6020866.977 2089488.182 9.37 1/7/1992 11.25 11.25 11000 8900 300 NA 20200 NIRIS_122314
IR02MW146A 6020866.977 2089488.182 9.37 1/7/1992 15.75 15.75 350 42 <5.9 NA 395 NIRIS_122314
IR02MW146A 6020866.977 2089488.182 9.37 1/7/1992 26 26 120 <16 <8.1 NA 132 NIRIS_122314
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IR02MW173A 6021176.571 2089307.538 7.82 1/8/1992 1.25 1.25 4300 170 <6 NA 4473 NIRIS_122314
IR02MW173A 6021176.571 2089307.538 7.82 1/8/1992 2.75 2.75 4700 57 <5.4 NA 4760 NIRIS_122314
IR02MW173A 6021176.571 2089307.538 7.82 1/8/1992 6.25 6.25 420 20 <5.8 NA 443 NIRIS_122314
IR02MW173A 6021176.571 2089307.538 7.82 1/8/1992 8.75 8.75 24000 8600 1000 NA 33600 NIRIS_122314
IR02MW173A 6021176.571 2089307.538 7.82 1/8/1992 16.25 16.25 1500 650 41 NA 2191 NIRIS_122314
IR02MW173A 6021176.571 2089307.538 7.82 1/9/1992 21.25 21.25 390 <16 10 NA 408 NIRIS_122314
IR03B220 6021208.772 2089371.896 6.59 12/13/1991 1 1 34000 240 <5.5 NA 34243 NIRIS_122314
IR03B220 6021208.772 2089371.896 6.59 12/13/1991 6.25 6.25 7500 320 33 NA 7853 NIRIS_122314
IR03B220 6021208.772 2089371.896 6.59 12/13/1991 8.75 8.75 260 210 17 NA 487 NIRIS_122314
IR03B220 6021208.772 2089371.896 6.59 12/13/1991 11 11 820 220 9 NA 1049 NIRIS_122314
IR03B220 6021208.772 2089371.896 6.59 12/13/1991 15.25 15.25 4300 340 40 NA 4680 NIRIS_122314
IR03B220 6021208.772 2089371.896 6.59 12/13/1991 21.25 21.25 98 <17 <8.6 NA 111 NIRIS_122314
IR03B228A 6020951.774 2089349.012 7.5 4/3/1991 1 1 570 79 <5.2 NA 652 NIRIS_103014
IR03B228A 6020951.774 2089349.012 7.5 4/3/1991 3.5 3.5 <74 <15 <7.4 NA 48 NIRIS_103014
IR03B228A 6020951.774 2089349.012 7.5 4/3/1991 6 6 160 51 <8.2 NA 215 NIRIS_103014
IR03B228A 6020951.774 2089349.012 7.5 4/3/1991 8.5 8.5 1300 250 <6.4 NA 1553 NIRIS_103014
IR03B228A 6020951.774 2089349.012 7.5 4/3/1991 31 31 2100 1200 13 NA 3313 NIRIS_103014
IR03B337 6020784.48 2089618.742 5.59 6/5/1992 1.75 1.75 370 <10 2 NA 667 NIRIS_122314
IR03B337 6020784.48 2089618.742 5.59 6/5/1992 3.75 3.75 380 <11 0.97 NA 392 NIRIS_122314
IR03B337 6020784.48 2089618.742 5.59 6/5/1992 6.25 6.25 440 <120 <1.2 NA 561 NIRIS_122314
IR03B337 6020784.48 2089618.742 5.59 6/5/1992 9.75 9.75 130 <12 <1.2 NA 143 NIRIS_122314
IR03B337 6020784.48 2089618.742 5.59 6/5/1992 11.25 11.25 430 <12 <1.2 NA 525 NIRIS_122314
IR03B337 6020784.48 2089618.742 5.59 6/5/1992 16.25 16.25 95 <12 <1.2 NA 113 NIRIS_122314
IR03B337 6020784.48 2089618.742 5.59 6/5/1992 21.25 21.25 1800 <17 <1.7 NA 1818 NIRIS_122314
IR03B338 6021009.077 2089590.488 8.01 6/22/1992 1.75 1.75 1000 40 <5.3 NA 1043 NIRIS_122314
IR03B338 6021009.077 2089590.488 8.01 6/22/1992 3.25 3.25 220 <11 <5.6 NA 228 NIRIS_122314
IR03B338 6021009.077 2089590.488 8.01 6/22/1992 6.25 6.25 220 <11 <5.5 NA 228 NIRIS_122314
IR03B338 6021009.077 2089590.488 8.01 6/22/1992 11.25 11.25 720 230 NA NA 950 NIRIS_122314
IR03B338 6021009.077 2089590.488 8.01 6/22/1992 16.25 16.25 38 <11 NA NA 44 NIRIS_122314
IR03B338 6021009.077 2089590.488 8.01 6/22/1992 21.25 21.25 100 <10 NA NA 105 NIRIS_122314
IR03B338 6021009.077 2089590.488 8.01 6/22/1992 31.25 31.25 70 <10 NA NA 75 NIRIS_122314
IR03B338 6021009.077 2089590.488 8.01 6/22/1992 41.25 41.25 51 <11 NA NA 57 NIRIS_122314
IR03B338 6021009.077 2089590.488 8.01 6/22/1992 51.25 51.25 44 <11 NA NA 50 NIRIS_122314
IR03B338 6021009.077 2089590.488 8.01 6/22/1992 56.25 56.25 79 <14 <7 NA 90 NIRIS_122314
IR03B339 6021197.276 2089623.143 8.01 6/23/1992 1.25 1.25 3600 100 <5.9 NA 3703 NIRIS_122314
IR03B339 6021197.276 2089623.143 8.01 6/23/1992 2.75 2.75 85 <11 <5.3 NA 93 NIRIS_122314
IR03B339 6021197.276 2089623.143 8.01 6/23/1992 6.25 6.25 110 <10 <5.2 NA 118 NIRIS_122314
IR03B339 6021197.276 2089623.143 8.01 6/23/1992 8.75 8.75 80 <10 <5.2 NA 88 NIRIS_122314
IR03B339 6021197.276 2089623.143 8.01 6/23/1992 11.25 11.25 86 <11 <5.6 NA 94 NIRIS_122314
IR03B339 6021197.276 2089623.143 8.01 6/23/1992 21.25 21.25 71 <11 <5.6 NA 79 NIRIS_122314
IR03B339 6021197.276 2089623.143 8.01 6/23/1992 36.25 36.25 160 <11 <5.6 NA 168 NIRIS_122314
IR03B339 6021197.276 2089623.143 8.01 6/23/1992 51.25 51.25 100 <11 <5.7 NA 108 NIRIS_122314
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IR03B339 6021197.276 2089623.143 8.01 6/23/1992 61.25 61.25 65 <12 <6.1 NA 74 NIRIS_122314
IR03B340 6021241.373 2089473.804 8.35 6/23/1992 1.75 1.75 150 <11 <1.1 NA 287 NIRIS_122314
IR03B340 6021241.373 2089473.804 8.35 6/23/1992 3.25 3.25 180 <10 <1 NA 191 NIRIS_122314
IR03B340 6021241.373 2089473.804 8.35 6/23/1992 6.25 6.25 95 <10 <1 NA 106 NIRIS_122314
IR03B340 6021241.373 2089473.804 8.35 6/23/1992 8.75 8.75 190 <10 <1 NA 201 NIRIS_122314
IR03B340 6021241.373 2089473.804 8.35 6/23/1992 10.25 10.25 <5 <0.5 <0.5 NA 4 NIRIS_122314
IR03B340 6021241.373 2089473.804 8.35 6/23/1992 11.25 11.25 110 NA <1.1 NA 111 NIRIS_122314
IR03B340 6021241.373 2089473.804 8.35 6/23/1992 16.25 16.25 100 NA NA NA 100 NIRIS_122314
IR03B340 6021241.373 2089473.804 8.35 6/23/1992 21.25 21.25 66 <11 <1.1 NA 78 NIRIS_122314
IR03B340 6021241.373 2089473.804 8.35 6/23/1992 41.25 41.25 <55 <11 <1.1 NA 40 NIRIS_122314
IR03B340 6021241.373 2089473.804 8.35 6/23/1992 51.25 51.25 130 <17 <1.7 NA 149 NIRIS_122314
IR03B341 6021261.471 2089358.795 5.62 6/10/1992 1.25 1.25 750 <12 <1.2 NA 897 NIRIS_122314
IR03B341 6021261.471 2089358.795 5.62 6/10/1992 3.25 3.25 6900 <110 <1.1 NA 7156 NIRIS_122314
IR03B341 6021261.471 2089358.795 5.62 6/10/1992 6.25 6.25 730 <110 8.3 NA 1073 NIRIS_122314
IR03B341 6021261.471 2089358.795 5.62 6/10/1992 8.75 8.75 770 <12 1.9 NA 832 NIRIS_122314
IR03B341 6021261.471 2089358.795 5.62 6/10/1992 16.25 16.25 180 <16 <1.6 NA 197 NIRIS_122314
IR03B342 6020935.077 2089504.6 8.72 2/13/2003 1 2 580 170 <0.2 NA 750 NIRIS_122314
IR03B342 6020935.077 2089504.6 8.72 2/13/2003 2 3 380 110 <0.17 NA 490 NIRIS_122314
IR03B342 6020935.077 2089504.6 8.72 2/13/2003 9 10 74 71 550 NA 695 NIRIS_122314
IR03B342 6020935.077 2089504.6 8.72 2/13/2003 14 15 49 42 0.72 NA 92 NIRIS_122314
IR03B343 6020833.978 2089512.303 8.41 2/13/2003 1 2 270 190 <0.2 NA 460 NIRIS_122314
IR03B343 6020833.978 2089512.303 8.41 2/13/2003 2 3 25 3 <0.18 NA 28 NIRIS_122314
IR03B343 6020833.978 2089512.303 8.41 2/13/2003 9 10 980 1300 0.98 NA 2281 NIRIS_122314
IR03B343 6020833.978 2089512.303 8.41 2/13/2003 14 15 670 850 <0.24 NA 1520 NIRIS_122314
IR03B344 6020809.579 2089551.262 7.81 1/29/2003 1 2 4.3 <1.1 <0.18 NA 5 NIRIS_122314
IR03B344 6020809.579 2089551.262 7.81 1/29/2003 2 3 300 100 <0.19 NA 400 NIRIS_122314
IR03B344 6020809.579 2089551.262 7.81 1/29/2003 9 10 23 18 <0.22 NA 41 NIRIS_122314
IR03B344 6020809.579 2089551.262 7.81 1/29/2003 14 15 58 18 <0.25 NA 76 NIRIS_122314
IR03B348 6020786.179 2089591.612 7.7 1/29/2003 1 2 <5.7 <1.1 <0.2 NA 4 NIRIS_122314
IR03B348 6020786.179 2089591.612 7.7 1/29/2003 2 3 <5.3 1.5 <0.18 NA 4 NIRIS_122314
IR03B350 6020888.379 2089620.91 8 1/27/2003 1 2 6.3 1.4 <0.17 NA 8 NIRIS_122314
IR03B350 6020888.379 2089620.91 8 1/27/2003 2 10 280 100 <0.17 NA 380 NIRIS_122314
IR03B351 6020927.378 2089590.509 8.4 1/27/2003 1 2 <6.1 <1.2 <0.2 NA 4 NIRIS_122314
IR03B351 6020927.378 2089590.509 8.4 1/27/2003 2 10 1800 2600 1200 NA 5600 NIRIS_122314
IR03B352 6020982.377 2089558.709 7.3 1/27/2003 1 2 3.3 <1.1 <0.19 NA 4 NIRIS_122314
IR03B352 6020982.377 2089558.709 7.3 1/27/2003 2 10 500 610 540 NA 1650 NIRIS_122314
IR03B353 6021037.277 2089551.478 8.22 1/27/2003 1 2 17 9.8 <0.2 NA 27 NIRIS_122314
IR03B353 6021037.277 2089551.478 8.22 1/27/2003 2 10 420 250 0.76 NA 671 NIRIS_122314
IR03B354 6021083.075 2089514.907 8.8 1/28/2003 1 2 63 74 <0.19 NA 137 NIRIS_122314
IR03B354 6021083.075 2089514.907 8.8 1/28/2003 2 10 1100 560 0.69 NA 1661 NIRIS_122314
IR03B355 6021132.475 2089482.806 8.2 1/28/2003 1 2 130 35 <0.2 NA 165 NIRIS_122314
IR03B355 6021132.475 2089482.806 8.2 1/28/2003 2 10 230 75 0.29 NA 305 NIRIS_122314
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IR03B356 6021186.173 2089441.606 7.2 1/28/2003 1 2 110 36 <0.19 NA 146 NIRIS_122314
IR03B356 6021186.173 2089441.606 7.2 1/28/2003 2 3 2400 2000 <0.22 NA 4400 NIRIS_122314
IR03B363 6021203.07 2089259.758 7.5 2/11/2003 1 2 15 <1.9 <0.27 NA 16 NIRIS_122314
IR03B363 6021203.07 2089259.758 7.5 2/11/2003 2 3 180 37 <0.19 NA 217 NIRIS_122314
IR03B363 6021203.07 2089259.758 7.5 2/11/2003 9 10 3500 3900 56 NA 7456 NIRIS_122314
IR03B363 6021203.07 2089259.758 7.5 2/11/2003 14 15 1000 680 1.4 NA 1681 NIRIS_122314
IR03B367 6021236.371 2089305.467 7.35 2/11/2003 1 2 45 11 <0.19 NA 56 NIRIS_122314
IR03B367 6021236.371 2089305.467 7.35 2/11/2003 2 3 510 76 <0.22 NA 586 NIRIS_122314
IR03B367 6021236.371 2089305.467 7.35 2/11/2003 9 10 320 200 7.4 NA 527 NIRIS_122314
IR03B367 6021236.371 2089305.467 7.35 2/11/2003 14 15 860 440 54 NA 1354 NIRIS_122314
IR03B368 6021182.072 2089373.757 7.91 2/11/2003 1 2 190 99 <0.22 NA 289 NIRIS_122314
IR03B368 6021182.072 2089373.757 7.91 2/11/2003 2 3 250 150 <0.21 NA 400 NIRIS_122314
IR03B368 6021182.072 2089373.757 7.91 2/11/2003 9 10 380 550 550 NA 1480 NIRIS_122314
IR03B368 6021182.072 2089373.757 7.91 2/11/2003 14 15 150 170 34 NA 354 NIRIS_122314
IR03B369 6021096.774 2089454.658 8.59 1/30/2003 1 2 7.3 0.78 <0.19 NA 8 NIRIS_122314
IR03B369 6021096.774 2089454.658 8.59 1/30/2003 2 3 74 730 0.22 NA 804 NIRIS_122314
IR03B369 6021096.774 2089454.658 8.59 1/30/2003 9 10 25 8.5 <0.24 NA 34 NIRIS_122314
IR03B369 6021096.774 2089454.658 8.59 1/30/2003 14 15 50 14 <0.32 NA 64 NIRIS_122314
IR03B370 6021032.676 2089500.478 9.38 1/29/2003 1 2 11 1.5 <0.21 NA 13 NIRIS_122314
IR03B370 6021032.676 2089500.478 9.38 1/29/2003 2 3 39 13 0.18 NA 52 NIRIS_122314
IR03B370 6021032.676 2089500.478 9.38 1/29/2003 9 10 1200 460 1.6 NA 1662 NIRIS_122314
IR03B370 6021032.676 2089500.478 9.38 1/29/2003 14 15 970 1200 11 NA 2181 NIRIS_122314
IR03B371 6020896.478 2089540.521 8.43 1/29/2003 1 2 290 88 <0.2 NA 378 NIRIS_122314
IR03B371 6020896.478 2089540.521 8.43 1/29/2003 2 3 150 39 <0.22 NA 189 NIRIS_122314
IR03B371 6020896.478 2089540.521 8.43 1/29/2003 9 10 1200 1100 200 NA 2500 NIRIS_122314
IR03B371 6020896.478 2089540.521 8.43 1/29/2003 14 15 2100 3600 1600 NA 7300 NIRIS_122314
IR03B372 6020976.176 2089475.74 9.37 2/12/2003 1 2 290 110 <0.18 NA 400 NIRIS_122314
IR03B372 6020976.176 2089475.74 9.37 2/12/2003 2 3 170 100 0.14 NA 270 NIRIS_122314
IR03B372 6020976.176 2089475.74 9.37 2/12/2003 9 10 4400 8900 560 NA 13860 NIRIS_122314
IR03B372 6020976.176 2089475.74 9.37 2/12/2003 14 15 3700 5000 160 NA 8860 NIRIS_122314
IR03B373 6021019.575 2089447.319 9.59 2/12/2003 1 2 430 130 <0.21 NA 560 NIRIS_122314
IR03B373 6021019.575 2089447.319 9.59 2/12/2003 2 3 350 130 <0.19 NA 480 NIRIS_122314
IR03B373 6021019.575 2089447.319 9.59 2/12/2003 9 10 4600 5400 320 NA 10320 NIRIS_122314
IR03B373 6021019.575 2089447.319 9.59 2/12/2003 14 15 3100 4100 270 NA 7470 NIRIS_122314
IR03B374 6021060.474 2089418.569 8.73 2/12/2003 1 2 230 86 <0.22 NA 316 NIRIS_122314
IR03B374 6021060.474 2089418.569 8.73 2/12/2003 2 3 540 200 <0.24 NA 740 NIRIS_122314
IR03B374 6021060.474 2089418.569 8.73 2/12/2003 9 10 66 19 1.1 NA 86 NIRIS_122314
IR03B374 6021060.474 2089418.569 8.73 2/12/2003 14 15 4700 8800 170 NA 13670 NIRIS_122314
IR03B375 6021096.773 2089391.298 8.43 2/12/2003 1 2 550 170 <0.18 NA 720 NIRIS_122314
IR03B375 6021096.773 2089391.298 8.43 2/12/2003 2 3 530 120 <0.25 NA 650 NIRIS_122314
IR03B375 6021096.773 2089391.298 8.43 2/12/2003 9 10 13000 17000 780 NA 30780 NIRIS_122314
IR03B375 6021096.773 2089391.298 8.43 2/12/2003 14 15 260 540 4.2 NA 804 NIRIS_122314
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IR03B376 6021135.772 2089362.268 8.05 2/12/2003 1 2 3100 830 <0.29 NA 3930 NIRIS_122314
IR03B376 6021135.772 2089362.268 8.05 2/12/2003 2 3 400 120 <0.19 NA 520 NIRIS_122314
IR03B376 6021135.772 2089362.268 8.05 2/12/2003 9 10 12000 19000 1100 NA 32100 NIRIS_122314
IR03B376 6021135.772 2089362.268 8.05 2/12/2003 14 15 360 430 3 NA 793 NIRIS_122314
IR03B377 6021217.372 2089350.786 7.43 2/12/2003 1 2 8.6 1.6 <0.2 NA 10 NIRIS_122314
IR03B377 6021217.372 2089350.786 7.43 2/12/2003 2 3 540 140 <0.18 NA 680 NIRIS_122314
IR03B377 6021217.372 2089350.786 7.43 2/12/2003 9 10 7.1 5.3 <0.27 NA 13 NIRIS_122314
IR03B377 6021217.372 2089350.786 7.43 2/12/2003 14 15 38 40 12 NA 90 NIRIS_122314
IR03B378 6021201.471 2089281.278 7.24 2/11/2003 1 2 310 68 <0.32 NA 378 NIRIS_122314
IR03B378 6021201.471 2089281.278 7.24 2/11/2003 2 3 420 180 0.43 NA 600 NIRIS_122314
IR03B378 6021201.471 2089281.278 7.24 2/11/2003 9 10 760 850 94 NA 1704 NIRIS_122314
IR03B378 6021201.471 2089281.278 7.24 2/11/2003 14 15 57 83 2.8 NA 143 NIRIS_122314
IR03B410 6020957.3633 2089314.9326 9.37 9/28/2011 11.5 12 NA 26000 NA 16000 42000 NIRIS_103014
IR03B410 6020957.3633 2089314.9326 9.37 9/28/2011 16 16.5 NA 24000 NA 16000 40000 NIRIS_103014
IR03B410 6020957.3633 2089314.9326 9.37 9/28/2011 19.5 20 NA 1700 NA 1300 3000 NIRIS_103014
IR03B412 6021014.8732 2089343.8609 8.74 9/29/2011 13 13.5 NA 340 NA 710 1050 NIRIS_103014
IR03B412 6021014.8732 2089343.8609 8.74 9/29/2011 14.5 15 NA 93 NA 97 190 NIRIS_103014
IR03B412 6021014.8732 2089343.8609 8.74 9/29/2011 19.5 20 NA 530 NA 760 1290 NIRIS_103014
IR03B413 6020947.0051 2089416.5114 9.11 9/28/2011 11.5 12 NA 24000 NA 20000 44000 NIRIS_103014
IR03B413 6020947.0051 2089416.5114 9.11 9/28/2011 15.5 16 NA 32000 NA 27000 59000 NIRIS_103014
IR03B413 6020947.0051 2089416.5114 9.11 9/28/2011 17.5 18 NA 11000 NA 8200 19200 NIRIS_103014
IR03B414 6021080.8427 2089348.2594 8.51 9/29/2011 14.5 15 NA 1000 NA 810 1810 NIRIS_103014
IR03B414 6021080.8427 2089348.2594 8.51 9/29/2011 19.5 20 NA 6.2 NA 4 10 NIRIS_103014
IR03B414 6021080.8427 2089348.2594 8.51 9/29/2011 23 23.5 NA 130 NA 230 360 NIRIS_103014
IR03B415 6021152.0612 2089297.0786 8.06 9/29/2011 8.9 9 NA 560 NA 870 1430 NIRIS_103014
IR03B415 6021152.0612 2089297.0786 8.06 9/29/2011 12.5 13 NA 12000 NA 7600 19600 NIRIS_103014
IR03B416 6021107.711 2089258.2501 8.2 9/29/2011 9.5 10 NA 440 NA 220 660 NIRIS_103014
IR03B416 6021107.711 2089258.2501 8.2 9/29/2011 14.5 15 NA 210 NA 220 430 NIRIS_103014
IR03B417 6020963.3324 2089268.0032 8.89 10/3/2011 9.5 10 NA 5600 NA 3700 9300 NIRIS_103014
IR03B417 6020963.3324 2089268.0032 8.89 10/3/2011 14.5 15 NA 25000 NA 18000 43000 NIRIS_103014
IR03B418 6020893.0941 2089331.9938 9.5 10/3/2011 7 7.5 NA 24000 NA 17000 41000 NIRIS_103014
IR03B418 6020893.0941 2089331.9938 9.5 10/3/2011 9.5 10 NA 160 NA 1000 1160 NIRIS_103014
IR03B418A 6020886.9343 2089336.5438 9.4 10/3/2011 19.5 20 NA 2700 NA 2000 4700 NIRIS_103014
IR03B419 6020722.2108 2089636.6632 4.84 10/5/2011 5 8 NA 76 NA 230 306 NIRIS_103014
IR03B420 6020932.7265 2089492.4706 8.55 10/4/2011 12 14 NA 5500 NA 4000 9500 NIRIS_103014
IR03B421 6021000.975 2089441.8699 9.37 10/5/2011 13 15 NA 20000 NA 12000 32000 NIRIS_103014
IR03B422 6021083.4736 2089401.4686 8.62 10/5/2011 9 15 NA 13000 NA 7300 20300 NIRIS_103014
IR03B423 6021154.1723 2089360.7677 7.69 10/5/2011 13 15 NA 43 NA 63 106 NIRIS_103014
IR03B424 6021308.0994 2089267.7156 6.19 10/4/2011 13 15 NA 200 NA 2200 2400 NIRIS_103014
IR03B425 6020901.35 2089411.53 11.85 7/11/2013 12 13 NA 15000 68 12000 27068 CIJV/CDM Smith 
IR03B425 6020901.35 2089411.53 11.85 7/11/2013 14 15 NA 12000 74 15000 27074 CIJV/CDM Smith 
IR03B425 6020901.35 2089411.53 11.85 7/11/2013 17 18 NA 15000 76 16000 31076 CIJV/CDM Smith 
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IR03B425 6020901.35 2089411.53 11.85 7/11/2013 20 21 NA 210 1.3 650 861 CIJV/CDM Smith 
IR03B425 6020901.35 2089411.53 11.85 7/11/2013 24 25 NA <0.62 <0.031 <0.62 1 CIJV/CDM Smith 
IR03B425 6020901.35 2089411.53 11.85 7/11/2013 28 29 NA <0.58 <0.030 <0.58 1 CIJV/CDM Smith 
IR03B425 6020901.35 2089411.53 11.85 7/11/2013 33 34 NA <0.75 <0.038 <0.75 1 CIJV/CDM Smith 
IR03B426 6020926.15 2089395.49 12.09 7/10/2013 7 8 NA <550 0.020 4300 4575 CIJV/CDM Smith 
IR03B426 6020926.15 2089395.49 12.09 7/10/2013 14 15 NA 18000 110 27000 45110 CIJV/CDM Smith 
IR03B426 6020926.15 2089395.49 12.09 7/10/2013 16 17 NA 23000 110 25000 48110 CIJV/CDM Smith 
IR03B426 6020926.15 2089395.49 12.09 7/10/2013 18 19 NA 220 0.090 960 1180 CIJV/CDM Smith 
IR03B426 6020926.15 2089395.49 12.09 7/10/2013 21 22 NA 2400 0.61 5300 7701 CIJV/CDM Smith 
IR03B426 6020926.15 2089395.49 12.09 7/10/2013 24 25 NA <0.79 0.031 <0.79 1 CIJV/CDM Smith 
IR03B427 6020896.45 2089383.48 12.38 7/12/2013 10 11 NA 9100 58 3000 12158 CIJV/CDM Smith 
IR03B427 6020896.45 2089383.48 12.38 7/12/2013 12 13 NA 6200 53 3200 9453 CIJV/CDM Smith 
IR03B427 6020896.45 2089383.48 12.38 7/12/2013 14 15 NA 2600 24 3700 6324 CIJV/CDM Smith 
IR03B427 6020896.45 2089383.48 12.38 7/12/2013 16 17 NA 17000 120 6900 24020 CIJV/CDM Smith 
IR03B427 6020896.45 2089383.48 12.38 7/12/2013 21 22 NA <0.62 <0.031 15 15 CIJV/CDM Smith 
IR03B427 6020896.45 2089383.48 12.38 7/12/2013 24 25 NA 27 <0.032 24 51 CIJV/CDM Smith 
IR03B428 6020911.94 2089388.9 12.55 7/12/2013 6 7 NA <1.1 <0.038 58 59 CIJV/CDM Smith 
IR03B428 6020911.94 2089388.9 12.55 7/12/2013 9 10 NA 37 0.069 100 137 CIJV/CDM Smith 
IR03B428 6020911.94 2089388.9 12.55 7/12/2013 12 13 NA 430 <0.51 1400 1830 CIJV/CDM Smith 
IR03B428 6020911.94 2089388.9 12.55 7/12/2013 14 15 NA 13000 220 9700 22920 CIJV/CDM Smith 
IR03B428 6020911.94 2089388.9 12.55 7/12/2013 17 18 NA 23000 150 17000 40150 CIJV/CDM Smith 
IR03B428 6020911.94 2089388.9 12.55 7/12/2013 21 22 NA 790 83 1900 2773 CIJV/CDM Smith 
IR03B428 6020911.94 2089388.9 12.55 7/12/2013 24 25 NA 22 1.3 58 81 CIJV/CDM Smith 
IR03B429 6020884.28 2089403.26 11.61 7/1/2013 7 8 NA 16000 69 3000 19069 CIJV/CDM Smith 
IR03B429 6020884.28 2089403.26 11.61 7/1/2013 9 10 NA 1300 27 430 1757 CIJV/CDM Smith 
IR03B429 6020884.28 2089403.26 11.61 7/1/2013 10 15 NA 10000 130 3000 13130 CIJV/CDM Smith 
IR03B429 6020884.28 2089403.26 11.61 7/1/2013 15 20 NA 40000 120 14000 54120 CIJV/CDM Smith 
IR03B429 6020884.28 2089403.26 11.61 7/1/2013 21 22 NA 3100 49 1300 4449 CIJV/CDM Smith 
IR03B429 6020884.28 2089403.26 11.61 7/1/2013 24 25 NA 110 0.022 160 270 CIJV/CDM Smith 
IR03B430 6020918.17 2089421.25 11.75 7/11/2013 9 10 NA <10 0.030 300 305 CIJV/CDM Smith 
IR03B430 6020918.17 2089421.25 11.75 7/11/2013 14 15 NA 3800 72 5600 9472 CIJV/CDM Smith 
IR03B430 6020918.17 2089421.25 11.75 7/11/2013 15 16 NA 8100 97 5900 14097 CIJV/CDM Smith 
IR03B430 6020918.17 2089421.25 11.75 7/11/2013 19 20 NA 540 1.0 510 1051 CIJV/CDM Smith 
IR03B430 6020918.17 2089421.25 11.75 7/11/2013 22 23 NA 43 0.074 120 163 CIJV/CDM Smith 
IR03B430 6020918.17 2089421.25 11.75 7/11/2013 24 25 NA <0.58 0.022 7.7 8 CIJV/CDM Smith 
IR03B430 6020918.17 2089421.25 11.75 7/11/2013 26 27 NA <0.74 0.28 43 44 CIJV/CDM Smith 
IR03B432 6020925.47 2089286.94 11.63 7/1/2013 19 20 NA 8400 39 4400 12839 CIJV/CDM Smith 
IR03B432 6020925.47 2089286.94 11.63 7/1/2013 24 25 NA 2500 16 1300 3816 CIJV/CDM Smith 
IR03B433 6020936.1 2089281.94 12.25 7/2/2013 14 15 NA 31000 130 12000 43130 CIJV/CDM Smith 
IR03B433 6020936.1 2089281.94 12.25 7/2/2013 19 20 NA 13000 39 5100 18139 CIJV/CDM Smith 
IR03B434 6020940.71 2089281.3 12.34 7/2/2013 14 15 NA 8800 61 3200 12061 CIJV/CDM Smith 
IR03B434 6020940.71 2089281.3 12.34 7/2/2013 18 19 NA 15000 120 5500 20620 CIJV/CDM Smith 

Page 9 of 12



Input Data to MVS Model

Boring ID Easting Northing
Elevation 

(ft) Sample Date

Sample 
Depth 
Top (ft 
bgs)

Sample 
Depth 
Bottom 
(ft bgs)

TPH‐ 
OIL_GREASE

TPH‐DIESEL 
RANGE

TPH‐
GASOLINE

TPH‐MOTOR 
OIL Total TPH Source

IR03B435 6020921.18 2089390.96 13.22 7/11/2014 7 7 NA 210 0.37 800 1010 CIJV/CDM Smith 
IR03B435 6020921.18 2089390.96 13.22 7/11/2014 8 8 NA 210 0.31 390 600 CIJV/CDM Smith 
IR03B435 6020921.18 2089390.96 13.22 7/11/2014 11 11 NA 3500 5.7 2300 5806 CIJV/CDM Smith 
IR03B435 6020921.18 2089390.96 13.22 7/11/2014 13 13 NA 14000 40 13000 27040 CIJV/CDM Smith 
IR03B435 6020921.18 2089390.96 13.22 7/11/2014 14 14 NA 9000 29 7700 16729 CIJV/CDM Smith 
IR03B435 6020921.18 2089390.96 13.22 7/11/2014 17 17 NA 13000 470 16000 29470 CIJV/CDM Smith 
IR03B435 6020921.18 2089390.96 13.22 7/11/2014 18 18 NA 5900 350 10000 16250 CIJV/CDM Smith 
IR03B435 6020921.18 2089390.96 13.22 7/11/2014 19.5 19.5 NA 260 12 220 492 CIJV/CDM Smith 
IR03B435 6020921.18 2089390.96 13.22 7/11/2014 20 20 NA 200 0.86 270 471 CIJV/CDM Smith 
IR03B435 6020921.18 2089390.96 13.22 7/11/2014 22 22 NA 270 0.47 260 530 CIJV/CDM Smith 
IR03B436 6020917.14 2089404.82 13.21 7/11/2014 7.5 7.5 NA 210 0.39 200 410 CIJV/CDM Smith 
IR03B436 6020917.14 2089404.82 13.21 7/11/2014 9 9 NA 460 1.3 650 1111 CIJV/CDM Smith 
IR03B436 6020917.14 2089404.82 13.21 7/11/2014 11 11 NA 3800 140 3300 7240 CIJV/CDM Smith 
IR03B436 6020917.14 2089404.82 13.21 7/11/2014 12 12 NA 9600 130 7000 16730 CIJV/CDM Smith 
IR03B436 6020917.14 2089404.82 13.21 7/11/2014 13 13 NA 2200 36 1600 3836 CIJV/CDM Smith 
IR03B436 6020917.14 2089404.82 13.21 7/11/2014 16.5 16.5 NA 19000 83 19000 38083 CIJV/CDM Smith 
IR03B436 6020917.14 2089404.82 13.21 7/11/2014 18.5 18.5 NA 500 2.9 420 923 CIJV/CDM Smith 
IR03B436 6020917.14 2089404.82 13.21 7/11/2014 19.5 19.5 NA 5200 240 7400 12840 CIJV/CDM Smith 
IR03B436 6020917.14 2089404.82 13.21 7/11/2014 22 22 NA 240 6.3 310 556 CIJV/CDM Smith 
IR03B437 6020909.22 2089406.48 13.12 7/11/2014 7.5 7.5 NA 230 0.25 430 660 CIJV/CDM Smith 
IR03B437 6020909.22 2089406.48 13.12 7/11/2014 8.5 8.5 NA 420 0.34 350 770 CIJV/CDM Smith 
IR03B437 6020909.22 2089406.48 13.12 7/11/2014 9 9 NA 260 0.29 300 560 CIJV/CDM Smith 
IR03B437 6020909.22 2089406.48 13.12 7/11/2014 10.5 10.5 NA 5900 1.1 10000 15901 CIJV/CDM Smith 
IR03B437 6020909.22 2089406.48 13.12 7/11/2014 12.5 12.5 NA 8100 4.2 11000 19104 CIJV/CDM Smith 
IR03B437 6020909.22 2089406.48 13.12 7/11/2014 13.5 13.5 NA 5700 2.0 6800 12502 CIJV/CDM Smith 
IR03B438 6020911.98 2089386.27 13.08 7/10/2014 11 11 NA 15000 200 14000 29200 CIJV/CDM Smith 
IR03B438 6020911.98 2089386.27 13.08 7/10/2014 12.5 12.5 NA 5000 4.0 5900 10904 CIJV/CDM Smith 
IR03B438 6020911.98 2089386.27 13.08 7/10/2014 16.5 16.5 NA 2900 5.0 3100 6005 CIJV/CDM Smith 
IR03B438 6020911.98 2089386.27 13.08 7/10/2014 17 17 NA 1900 5.9 2600 4506 CIJV/CDM Smith 
IR03B438 6020911.98 2089386.27 13.08 7/10/2014 20 20 NA 480 0.71 970 1451 CIJV/CDM Smith 
IR03B438 6020911.98 2089386.27 13.08 7/10/2014 21.5 21.5 NA 160 0.40 160 320 CIJV/CDM Smith 
IR03B438 6020911.98 2089386.27 13.08 7/10/2014 22.5 22.5 NA 4.4 0.19 2.8 7 CIJV/CDM Smith 
IR03B439 6020894.99 2089385.59 13.1 7/8/2014 8 8 NA 10000 1.7 5900 15902 CIJV/CDM Smith 
IR03B439 6020894.99 2089385.59 13.1 7/8/2014 9 9 NA 2200 0.73 950 3151 CIJV/CDM Smith 
IR03B439 6020894.99 2089385.59 13.1 7/8/2014 11 11 NA 5100 34 3400 8534 CIJV/CDM Smith 
IR03B439 6020894.99 2089385.59 13.1 7/8/2014 14 14 NA 830 2.2 1000 1832 CIJV/CDM Smith 
IR03B439 6020894.99 2089385.59 13.1 7/8/2014 16 16 NA 1800 1.4 1600 3401 CIJV/CDM Smith 
IR03B439 6020894.99 2089385.59 13.1 7/8/2014 17 17 NA 4700 1.8 7000 11702 CIJV/CDM Smith 
IR03B439 6020894.99 2089385.59 13.1 7/8/2014 19 19 NA 1500 1.1 2300 3801 CIJV/CDM Smith 
IR03B439 6020894.99 2089385.59 13.1 7/8/2014 20 20 NA 72 0.39 99 171 CIJV/CDM Smith 
IR03B439 6020894.99 2089385.59 13.1 7/8/2014 21.5 21.5 NA 52 0.93 58 111 CIJV/CDM Smith 
IR03B439 6020894.99 2089385.59 13.1 7/8/2014 22.5 22.5 NA 96 0.27 140 236 CIJV/CDM Smith 
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IR03B439 6020894.99 2089385.59 13.1 7/8/2014 24 24 NA 11 0.088 14 25 CIJV/CDM Smith 
IR03B440 6020891.53 2089398.67 12.95 7/8/2014 6 6 NA 640 0.12 910 1550 CIJV/CDM Smith 
IR03B440 6020891.53 2089398.67 12.95 7/8/2014 8 8 NA 8300 0.21 7400 15700 CIJV/CDM Smith 
IR03B440 6020891.53 2089398.67 12.95 7/8/2014 9.5 9.5 NA 10000 0.68 9200 19201 CIJV/CDM Smith 
IR03B440 6020891.53 2089398.67 12.95 7/8/2014 14 14 NA 2400 68 4400 6868 CIJV/CDM Smith 
IR03B440 6020891.53 2089398.67 12.95 7/8/2014 15 15 NA 1100 4.7 1300 2405 CIJV/CDM Smith 
IR03B440 6020891.53 2089398.67 12.95 7/8/2014 15.5 15.5 NA 540 1.2 330 871 CIJV/CDM Smith 
IR03B440 6020891.53 2089398.67 12.95 7/8/2014 16.5 16.5 NA 7300 92 5600 12992 CIJV/CDM Smith 
IR03B440 6020891.53 2089398.67 12.95 7/8/2014 17 17 NA 1800 4.7 2100 3905 CIJV/CDM Smith 
IR03B440 6020891.53 2089398.67 12.95 7/8/2014 18 18 NA 4900 5.5 5400 10306 CIJV/CDM Smith 
IR03B440 6020891.53 2089398.67 12.95 7/8/2014 19 19 NA 3800 290 4400 8490 CIJV/CDM Smith 
IR03B440 6020891.53 2089398.67 12.95 7/8/2014 19.5 19.5 NA 380 0.46 1100 1480 CIJV/CDM Smith 
IR03B440 6020891.53 2089398.67 12.95 7/8/2014 20.5 20.5 NA 110 0.12 210 320 CIJV/CDM Smith 
IR03B440 6020891.53 2089398.67 12.95 7/8/2014 22 22 NA 53 0.26 85 200 CIJV/CDM Smith 
IR03B441 6020904.82 2089377.40 13.24 7/11/2014 15 15 NA 1100 4.7 1300 2405 CIJV/CDM Smith 
IR03B441 6020904.82 2089377.40 13.24 7/11/2014 16.5 16.5 NA 7300 92 5600 12992 CIJV/CDM Smith 
IR03B441 6020904.82 2089377.40 13.24 7/11/2014 19 19 NA 3800 290 4400 8490 CIJV/CDM Smith 
IR03B441 6020904.82 2089377.40 13.24 7/11/2014 22 22 NA 21 27 14 62 CIJV/CDM Smith 
IR03MW224A 6021066.975 2089497.458 9.14 1/6/1992 1.25 1.25 2500 59 <5 NA 2562 NIRIS_122314
IR03MW224A 6021066.975 2089497.458 9.14 1/6/1992 3.75 3.75 73 <10 <6.2 NA 81 NIRIS_122314
IR03MW224A 6021066.975 2089497.458 9.14 1/6/1992 8.75 8.75 63 25 <5.9 NA 91 NIRIS_122314
IR03MW224A 6021066.975 2089497.458 9.14 1/6/1992 11.25 11.25 55 19 <5.9 NA 77 NIRIS_122314
IR03MW224A 6021066.975 2089497.458 9.14 1/6/1992 16 16 68 <12 <6 NA 77 NIRIS_122314
IR03MW225A 6020893.475 2089382.133 7.83 12/19/1991 1.25 1.25 21000 16 4.6 NA 21021 NIRIS_103014
IR03MW225A 6020893.475 2089382.133 7.83 12/19/1991 3.75 3.75 6000 240 4.2 NA 6244 NIRIS_103014
IR03MW225A 6020893.475 2089382.133 7.83 12/19/1991 6.25 6.25 640 19 470 NA 1129 NIRIS_103014
IR03MW225A 6020893.475 2089382.133 7.83 12/19/1991 8.75 8.75 23000 4300 110 NA 27410 NIRIS_103014
IR03MW225A 6020893.475 2089382.133 7.83 12/19/1991 11.25 11.25 36000 4000 230 NA 40230 NIRIS_103014
IR03MW225A 6020893.475 2089382.133 7.83 12/19/1991 16.25 16.25 14000 4100 740 NA 18840 NIRIS_103014
IR03MW225A 6020893.475 2089382.133 7.83 12/19/1991 21.25 21.25 120 7 3.2 NA 130 NIRIS_103014
IR03MW226A 6020975.273 2089301.212 7.61 12/19/1991 1.25 1.25 4700 200 3.8 NA 4904 NIRIS_103014
IR03MW226A 6020975.273 2089301.212 7.61 12/19/1991 3.75 3.75 680 6.9 <1 NA 687 NIRIS_103014
IR03MW226A 6020975.273 2089301.212 7.61 12/19/1991 6.25 6.25 740 <4.7 <1 NA 743 NIRIS_103014
IR03MW226A 6020975.273 2089301.212 7.61 12/19/1991 8.25 8.25 23000 3200 450 NA 26650 NIRIS_103014
IR03MW226A 6020975.273 2089301.212 7.61 12/19/1991 11.25 11.25 2300 310 640 NA 3250 NIRIS_103014
IR03MW226A 6020975.273 2089301.212 7.61 12/19/1991 16.25 16.25 42000 1900 520 NA 44420 NIRIS_103014
IR03MW226A 6020975.273 2089301.212 7.61 12/19/1991 20.25 20.25 4700 270 14 NA 4984 NIRIS_103014
IR03MW342A 6021272.07 2089294.816 7.03 6/30/1992 1.75 1.75 1400 <99 <1.1 NA 1450 NIRIS_122314
IR03MW342A 6021272.07 2089294.816 7.03 6/30/1992 3.75 3.75 4300 <11 <1.1 NA 4306 NIRIS_122314
IR03MW342A 6021272.07 2089294.816 7.03 6/30/1992 6.25 6.25 2400 <110 <1.2 NA 2456 NIRIS_122314
IR03MW342A 6021272.07 2089294.816 7.03 6/30/1992 8.75 8.75 1500 <11 <1.1 NA 1506 NIRIS_122314
IR03MW342A 6021272.07 2089294.816 7.03 6/30/1992 10.75 10.75 4100 <63 6.2 NA 4138 NIRIS_122314
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IR03MW342A 6021272.07 2089294.816 7.03 6/30/1992 21.25 21.25 <80 <16 <1.6 NA 49 NIRIS_122314
IR03MW372A 6021060.976 2089507.508 8.27 6/14/2002 12.5 13 200 190 0.28 NA 390 NIRIS_122314
IR03TA48B 6020869.075 2089397.423 7.9 5/15/1991 5.5 5.5 7300 5400 <6.6 NA 12703 NIRIS_103014
IR03TA49A 6020940.273 2089289.373 9.53 5/15/1991 5.5 5.5 570 46 <5.9 NA 619 NIRIS_103014
IR03TA50A 6020950.075 2089392.522 7.24 5/15/1991 3.5 3.5 570 630 <6.4 NA 1203 NIRIS_103014
IR03TA51B 6021060.772 2089302.851 7.78 5/14/1991 4.5 4.5 540 410 <5.5 NA 953 NIRIS_103014
IR03TA52C 6021060.374 2089397.159 7.65 5/14/1991 2 2 <53 76 <5.3 NA 105 NIRIS_103014
IR03TA53F 6020969.676 2089468.15 7.28 5/17/1991 6 6 740 740 <57 NA 1509 NIRIS_103014
Notes:

Half of the reporting limit  was used to calculate the total TPH for nondetects. The <RL was used to show nondetects for TPH‐Gasoline, TPH‐Motor oil, TPH‐Oil and Grease, and TPH‐Diesel.

All results are in milligrams per kilograms (mg/Kg)

ft BGS = feet below ground surface

ft = feet

Coordinates are in Coordinates are in California State Plane, Zone III, NAD 83

Sources:

1997 Report = Data Summary Report; Site IR‐03: Waste Oil Reclamation Ponds, IT Corporation, March 1997

NIRIS_103014 = Data was pulled from NIRIS on October 30, 2014 by Elizabeth Fortuna

NIRIS_122314 = Data was pulled from NIRIS on December 23, 2014, 2014 by Elizabeth Fortuna

CIJV/CDM Smith = Data collected during the pre‐ and post‐NPTS sampling events

NA = Not Analyzed

<5.3 = Result not detected above reporting limit listed
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APPENDIX D 

CPT/HPT and Soil Boring Logs (On Enclosed CD) 



Soil Boring ID
Depth

(ft bgs)

PID

(ppm)

FID

(ppm)

NAPL field test 

positive?
Observations

7.0 -- 0.0 --

9.0 -- 0.0 --

9.5 -- 0.0 No

12.0 -- 2.6 Yes Black oil

13.0 -- 2.9 --

14.0 -- 5.3 Yes Black oil

17.0 -- 79.4 Yes Black oil

18.0 -- 25.0 --

18.5 -- 16.4 Yes Black oil

19.5 -- 3.6 Yes Slight visible oil

21.0 -- 15.2 No

22.0 -- 12.1 --

23.0 -- 14.1 No

6.0 -- 5.3 --

7.5 -- 0.0 No No

8.5 -- 0.0 --

9.5 -- 0.0 Yes Sheen

11.5 -- 0.3 Yes Black oil

13.5 -- 0.1 --

15.5 -- 1.9 Yes Slight visible oil

17.0 -- 10.9 -- Wood debris

18.0 -- 8.9 Yes Slight visible oil

19.0 -- 0.8 Yes Slight visible oil

22.0 -- 17.5 No

23.0 -- 49.0 No

8.5 -- 0.2 No

9.5 -- 0.2 --

10.5 -- 1.7 --

11.5 -- 2.0 --

12.5 -- 0.2 Yes Slight visible oil

13.5 -- 7.4 Yes Slight visible oil

9.0 0.0 0.1 No

10.5 0.0 0.1 --

11.5 0.0 7.2 Yes Black oil

16.0 0.0 34.0 Yes Black oil

16.5 0.1 23.8 --

18.5 0.0 3.3 Yes Slight visible oil

20.0 0.0 11.1 No

23.0 0.0 33.9 --

IR03B438

Appendix D - PID, FID, and NAPL Field Test Results and Observations

IR-03 Post-ISTR Soil Sampling

Hunters Point Naval Shipyard - San Francisco, CA

IR03B435

IR03B436

IR03B437



Soil Boring ID
Depth

(ft bgs)

PID

(ppm)

FID

(ppm)

NAPL field test 

positive?
Observations

Appendix D - PID, FID, and NAPL Field Test Results and Observations

IR-03 Post-ISTR Soil Sampling

Hunters Point Naval Shipyard - San Francisco, CA

9.0 0.0 0.0 --

10.0 0.0 0.0 --

11.0 0.0 0.0 --

13.0 0.0 0.0 --

15.0 0.0 0.3 Yes Black oil

17.0 0.0 0.0 Yes Black oil

19.0 0.7 90.4 --

20.5 0.0 3.1 No

21.5 0.0 5.9 No

23.0 0.0 3.5 No

24.5 0.0 7.4 No

5.0 0.0 0.0 --

7.0 0.0 0.0 --

9.0 0.0 0.0 No

11.0 0.0 0.5 --

13.0 0.0 0.3 --

15.0 0.0 4.1 Yes Black oil

17.0 0.0 0.0 Yes Black oil

19.0 0.0 2.6 Yes Slight visible oil

20.0 -- -- No

23.0 -- -- No

15.0 -- 0.0 --

15.5 -- 0.0 Yes Slight visible oil

16.5 -- 11.2 Yes Black oil

17.0 -- 0.3 --

18.0 -- 461.2 Yes Black oil

18.5 -- 42.1 --

19.5 -- 58.1 --

21.5 -- 306 Yes Black oil

22.5 -- 39.1 No

Notes:

1. ft bgs = feet below ground surface (not including ISTR concrete pad)

2. ppm = parts per million

3. PID = Photo-ionization detector

4. FID = Flame-ionization detector

5. NAPL = Non-aqueous phase liquid

6. -- = not analyzed

7. All measurements were recorded during the post-ISTR soil characterization conducted from July 8, 2014 through July 11, 2014.

8. ISTR = In-Situ Thermal Remediation

IR03B439

IR03B440

IR03B441



Appendix D - Photographic log of soil cores from Post-ISTR Soil Sampling: 7-8-2014 through 7-11-2014 
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Boring IR03B435: Co-located with pre-design characterization boring IR03B426 (see boring log) 

 

  
Photo 1: IR03B435 – 6.5 to 9 ft bgs. 

 
 

Photo 2: IR03B435 – 9.5 to 10 ft bgs. 

    
Photo 3: IR03B435 – 11 to 12 ft bgs. Photo 4: IR03B435 – 12.5 to 17 ft bgs. 

  

 

*notes: ft bgs = feet below ground surface (not including ISTR concrete pad) 

Post-ISTR soil borings were co-located with Pre-ISTR soil borings; see Pre-ISTR soil boring logs for a 

description of soil lithology 
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Boring IR03B435 (continued): Co-located with pre-design characterization boring IR03B426 (see boring log) 

 

  
Photo 5: IR03B435 – 17.5 to 18.5 ft bgs. 

 
 

Photo 6: IR03B435 – 19.5 to 20.5 ft bgs. 

    
Photo 7: IR03B435 – 21 to 22 ft bgs. Photo 8: IR03B435 – 22.5 to 23.5 ft bgs. 
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Boring IR03B436: Co-located with pre-design characterization boring IR03B426 (see boring log) 

 

  
Photo 9: IR03B436 – 4 to 6.5 ft bgs.  

 
 

Photo 10: IR03B436 – 7 to 9.5 ft bgs. 

    
Photo 11: IR03B436 – 10 to 12.5 ft bgs. Photo 12: IR03B436 – 13.5 to 17 ft bgs.  
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Boring IR03B436 (continued): Co-located with pre-design characterization boring IR03B426 (see boring log) 

 

 

 

Photo 13: IR03B436 – 18.5 to 23 ft bgs 
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Boring IR03B437: Co-located with pre-design characterization boring IR03B425 (see boring log) 

 

  
Photo 14: IR03B437 – 4 to 6.5 ft bgs  

 
 

Photo 15: IR03B437 – 7.5 to 10 ft bgs 

 

   

Photo 16: IR03B437 – 10.5 to 14 ft bgs  
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                                                                                                                                                                                                  6 

 

Boring IR03B438: Co-located with pre-design characterization boring IR03B428 (see boring log) 

 

  
Photo 17: IR03B438 – 11.5 to 17 ft bgs.  

 
Photo 18: IR03B438 – 19.5 to 23 ft bgs. 
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Boring IR03B439: Co-located with pre-design characterization boring IR03B427 (see boring log) 

 

  
Photo: 19: IR03B439 – 17.5 to 21.5 ft bgs. 

 
 

Photo 20: IR03B439 – 22 to 23 ft bgs. 

 

    

Photo 21: IR03B439 – 23.5 to 24.5 ft bgs.  
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Boring IR03B440: Co-located with pre-design characterization boring IR03B429 (see boring log) 

 

  
Photo 22: IR03B440 – 13 to 18 ft bgs. 

 
Photo 23: IR03B440 – 17.5 to 23 ft bgs.   
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Boring IR03B441: Co-located with pre-design characterization boring IR03B427 (see boring log) 

 

 

 

Photo 24: IR03B441 – 18.5 to 22.5 ft bgs   
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Pre-Log EC Load Tests

 Test   Target (mS/m)   Actual (mS/m)   % Diff  P/F

Test 1      195.0           192.3          1.4  PASS

Test 2       97.0            98.0          1.0  PASS

Test 3       24.0            23.9          0.3  PASS

HPT-IRST-1.zip

SITE INFORMATION -- DIRECT IMAGE HPT PROBE

Geoprobe DI Acquisition Software for Windows

Version: 1.4   Build: 12226

COMPANY: Cascade

OPERATOR: Richmond

PROJECT ID: R3174

CLIENT: CDM

UNITS: ENGLISH

PROBE AND ARRAY: K8050 HPT Probe with Wenner

100 INCH STRING POT USED

ROD LENGTH: 5 feet

PRE-LOG HPT REFERENCE TEST VALUES

PRE TEST TIME: Mon Jun 24 2013 12:01:02

        TEST            HPT PRESSURE (psi)      FLOW (mL/min)   HPT PRESSURE (kPa)

TOP with FLOW=0          13.573                    0.0            93.580

TOP with FLOW>0          16.939                  385.1           116.790

BOTTOM with FLOW=0       13.351                    0.0            92.050

BOTTOM with FLOW>0       14.569                  382.7           100.450

EXPECTED FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa) +/- 10%

  ACTUAL FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa)

TRANSDUCER TEST PASSED

HPT IDEAL COEFFS:       2.2696e1,-2.2356

HPT SENSOR CAL NUMBERS: XD2128A,0.0000,0.0000,1.0000e-6,-4.0000e-5,1.0191,-3.8310

LOG START TIME: Mon Jun 24 2013 12:07:21

LOG END DEPTH: 27.10 ft (8.260 m)

LOG END TIME: Mon Jun 24 2013 13:05:09

LATITUDE: 0.000000000

LONGITUDE: 0.000000000

ELEVATION: 0.000 METERS  0.00 FEET

POST-LOG HPT REFERENCE TEST VALUES

POST TEST TIME: Mon Jun 24 2013 13:29:33



        TEST            HPT PRESSURE (psi)      FLOW (mL/min)   HPT PRESSURE (kPa)

TOP with FLOW=0          13.625                    0.0            93.940

TOP with FLOW>0          15.539                  374.0           107.140

BOTTOM with FLOW=0       13.410                    0.0            92.460

BOTTOM with FLOW>0       15.500                  382.7           106.870

EXPECTED FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa) +/- 10%

  ACTUAL FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa)

TRANSDUCER TEST PASSED

Post-Log EC Load Tests

 Test   Target (mS/m)   Actual (mS/m)   % Diff  P/F

Test 1      195.0           195.8          0.4  PASS

Test 2       97.0            97.9          0.9  PASS

Test 3       24.0            24.3          1.2  PASS
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Pre-Log EC Load Tests

 Test   Target (mS/m)   Actual (mS/m)   % Diff  P/F

Test 1      195.0           191.3          1.9  PASS

Test 2       97.0            97.7          0.7  PASS

Test 3       24.0            24.0          0.2  PASS

HPT-IRST-2.zip

SITE INFORMATION -- DIRECT IMAGE HPT PROBE

Geoprobe DI Acquisition Software for Windows

Version: 1.4   Build: 12226

COMPANY: Cascade

OPERATOR: Richmond

PROJECT ID: R3174

CLIENT: CDM

UNITS: ENGLISH

PROBE AND ARRAY: K8050 HPT Probe with Wenner

100 INCH STRING POT USED

ROD LENGTH: 5 feet

PRE-LOG HPT REFERENCE TEST VALUES

PRE TEST TIME: Mon Jun 24 2013 13:46:47

        TEST            HPT PRESSURE (psi)      FLOW (mL/min)   HPT PRESSURE (kPa)

TOP with FLOW=0          13.634                    0.0            94.010

TOP with FLOW>0          14.629                  352.6           100.860

BOTTOM with FLOW=0       13.408                    0.0            92.440

BOTTOM with FLOW>0       14.369                  356.0            99.070

EXPECTED FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa) +/- 10%

  ACTUAL FLOW=0 HPT DIFF.: 0.23 psi (1.6 kPa)

TRANSDUCER TEST PASSED

HPT IDEAL COEFFS:       2.2696e1,-2.2356

HPT SENSOR CAL NUMBERS: XD2128A,0.0000,0.0000,1.0000e-6,-4.0000e-5,1.0191,-3.8310

LOG START TIME: Mon Jun 24 2013 13:49:22

LOG END DEPTH: 25.10 ft (7.650 m)

LOG END TIME: Mon Jun 24 2013 14:11:35

LATITUDE: 0.000000000

LONGITUDE: 0.000000000

ELEVATION: 0.000 METERS  0.00 FEET

POST-LOG HPT REFERENCE TEST VALUES

POST TEST TIME: Mon Jun 24 2013 14:27:24



        TEST            HPT PRESSURE (psi)      FLOW (mL/min)   HPT PRESSURE (kPa)

TOP with FLOW=0          13.666                    0.0            94.220

TOP with FLOW>0          51.717                  347.1           356.580

BOTTOM with FLOW=0       13.436                    0.0            92.640

BOTTOM with FLOW>0       42.160                  336.9           290.680

EXPECTED FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa) +/- 10%

  ACTUAL FLOW=0 HPT DIFF.: 0.23 psi (1.6 kPa)

TRANSDUCER TEST PASSED

Post-Log EC Load Tests

 Test   Target (mS/m)   Actual (mS/m)   % Diff  P/F

Test 1      195.0           194.7          0.1  PASS

Test 2       97.0            96.9          0.1  PASS

Test 3       24.0            24.2          1.0  PASS
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Pre-Log EC Load Tests

 Test   Target (mS/m)   Actual (mS/m)   % Diff  P/F

Test 1      195.0           195.8          0.4  PASS

Test 2       97.0            97.8          0.8  PASS

Test 3       24.0            24.1          0.6  PASS

HPT-IRST-3.zip

SITE INFORMATION -- DIRECT IMAGE HPT PROBE

Geoprobe DI Acquisition Software for Windows

Version: 1.4   Build: 12226

COMPANY: Cascade

OPERATOR: Richmond

PROJECT ID: R3174

CLIENT: CDM

UNITS: ENGLISH

PROBE AND ARRAY: K8050 HPT Probe with Wenner

100 INCH STRING POT USED

ROD LENGTH: 5 feet

PRE-LOG HPT REFERENCE TEST VALUES

PRE TEST TIME: Mon Jun 24 2013 14:48:21

        TEST            HPT PRESSURE (psi)      FLOW (mL/min)   HPT PRESSURE (kPa)

TOP with FLOW=0          13.652                    0.0            94.130

TOP with FLOW>0          14.753                  381.4           101.720

BOTTOM with FLOW=0       13.424                    0.0            92.550

BOTTOM with FLOW>0       14.391                  375.5            99.220

EXPECTED FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa) +/- 10%

  ACTUAL FLOW=0 HPT DIFF.: 0.23 psi (1.6 kPa)

TRANSDUCER TEST PASSED

HPT IDEAL COEFFS:       2.2696e1,-2.2356

HPT SENSOR CAL NUMBERS: XD2128A,0.0000,0.0000,1.0000e-6,-4.0000e-5,1.0191,-3.8310

LOG START TIME: Mon Jun 24 2013 14:52:16

LOG END DEPTH: 22.20 ft (6.767 m)

LOG END TIME: Mon Jun 24 2013 15:29:25

LATITUDE: 0.000000000

LONGITUDE: 0.000000000

ELEVATION: 0.000 METERS  0.00 FEET

POST-LOG HPT REFERENCE TEST VALUES

POST TEST TIME: Mon Jun 24 2013 15:42:03



        TEST            HPT PRESSURE (psi)      FLOW (mL/min)   HPT PRESSURE (kPa)

TOP with FLOW=0          13.599                    0.0            93.760

TOP with FLOW>0          14.400                  342.7            99.290

BOTTOM with FLOW=0       13.388                    0.0            92.310

BOTTOM with FLOW>0       14.433                  356.7            99.510

EXPECTED FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa) +/- 10%

  ACTUAL FLOW=0 HPT DIFF.: 0.21 psi (1.5 kPa)

TRANSDUCER TEST PASSED

Post-Log EC Load Tests

 Test   Target (mS/m)   Actual (mS/m)   % Diff  P/F

Test 1      195.0           198.9          2.0  PASS

Test 2       97.0            95.9          1.2  PASS

Test 3       24.0            24.9          3.6  PASS
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Pre-Log EC Load Tests

 Test   Target (mS/m)   Actual (mS/m)   % Diff  P/F

Test 1      195.0           191.9          1.6  PASS

Test 2       97.0            95.0          2.1  PASS

Test 3       24.0            24.6          2.3  PASS

ISTR-CPT-HPT-04hpt.zip

SITE INFORMATION -- DIRECT IMAGE HPT PROBE

Geoprobe DI Acquisition Software for Windows

Version: 1.4   Build: 12226

COMPANY: CDM

OPERATOR: Richmond

PROJECT ID: R3174

CLIENT: CDM

UNITS: ENGLISH

PROBE AND ARRAY: K8050 HPT Probe with Wenner

100 INCH STRING POT USED

ROD LENGTH: 5 feet

PRE-LOG HPT REFERENCE TEST VALUES

PRE TEST TIME: Mon Jul 8 2013 08:28:37

        TEST            HPT PRESSURE (psi)      FLOW (mL/min)   HPT PRESSURE (kPa)

TOP with FLOW=0          13.589                    0.0            93.690

TOP with FLOW>0          15.489                  379.9           106.800

BOTTOM with FLOW=0       13.351                    0.0            92.050

BOTTOM with FLOW>0       15.241                  344.3           105.080

EXPECTED FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa) +/- 10%

  ACTUAL FLOW=0 HPT DIFF.: 0.24 psi (1.6 kPa)

TRANSDUCER TEST PASSED

HPT IDEAL COEFFS:       2.2696e1,-2.2356

HPT SENSOR CAL NUMBERS: XD2128A,0.0000,0.0000,1.0000e-6,-4.0000e-5,1.0191,-3.8310

LOG START TIME: Mon Jul 8 2013 08:32:30

LOG END DEPTH: 22.75 ft (6.934 m)

LOG END TIME: Mon Jul 8 2013 08:46:07

LATITUDE: 0.000000000

LONGITUDE: 0.000000000

ELEVATION: 0.000 METERS  0.00 FEET

POST-LOG HPT REFERENCE TEST VALUES

POST TEST TIME: Mon Jul 8 2013 09:03:28



        TEST            HPT PRESSURE (psi)      FLOW (mL/min)   HPT PRESSURE (kPa)

TOP with FLOW=0          13.609                    0.0            93.830

TOP with FLOW>0          14.982                  368.6           103.300

BOTTOM with FLOW=0       13.376                    0.0            92.230

BOTTOM with FLOW>0       14.731                  360.5           101.570

EXPECTED FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa) +/- 10%

  ACTUAL FLOW=0 HPT DIFF.: 0.23 psi (1.6 kPa)

TRANSDUCER TEST PASSED

Post-Log EC Load Tests

 Test   Target (mS/m)   Actual (mS/m)   % Diff  P/F

Test 1      195.0           192.8          1.1  PASS

Test 2       97.0            98.1          1.2  PASS

Test 3       24.0            24.4          1.5  PASS
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Pre-Log EC Load Tests

 Test   Target (mS/m)   Actual (mS/m)   % Diff  P/F

Test 1      195.0           194.0          0.5  PASS

Test 2       97.0            97.6          0.7  PASS

Test 3       24.0            24.2          0.8  PASS

IRST-CPT-HPT-05hpt.zip

SITE INFORMATION -- DIRECT IMAGE HPT PROBE

Geoprobe DI Acquisition Software for Windows

Version: 1.4   Build: 12226

COMPANY: Cascade Driling LP

OPERATOR: Richmond

PROJECT ID: R3174

CLIENT: CDM

UNITS: ENGLISH

PROBE AND ARRAY: K8050 HPT Probe with Wenner

100 INCH STRING POT USED

ROD LENGTH: 5 feet

PRE-LOG HPT REFERENCE TEST VALUES

PRE TEST TIME: Tue Jul 9 2013 08:25:07

        TEST            HPT PRESSURE (psi)      FLOW (mL/min)   HPT PRESSURE (kPa)

TOP with FLOW=0          13.619                    0.0            93.900

TOP with FLOW>0          14.959                  367.2           103.140

BOTTOM with FLOW=0       13.388                    0.0            92.310

BOTTOM with FLOW>0       14.587                  384.8           100.580

EXPECTED FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa) +/- 10%

  ACTUAL FLOW=0 HPT DIFF.: 0.23 psi (1.6 kPa)

TRANSDUCER TEST PASSED

HPT IDEAL COEFFS:       2.2696e1,-2.2356

HPT SENSOR CAL NUMBERS: XD2128A,0.0000,0.0000,1.0000e-6,-4.0000e-5,1.0191,-3.8310

LOG START TIME: Tue Jul 9 2013 08:28:55

LOG END DEPTH: 21.00 ft (6.401 m)

LOG END TIME: Tue Jul 9 2013 08:53:38

LATITUDE: 0.000000000

LONGITUDE: 0.000000000

ELEVATION: 0.000 METERS  0.00 FEET

POST-LOG HPT REFERENCE TEST VALUES

POST TEST TIME: Tue Jul 9 2013 09:11:13



        TEST            HPT PRESSURE (psi)      FLOW (mL/min)   HPT PRESSURE (kPa)

TOP with FLOW=0          13.625                    0.0            93.940

TOP with FLOW>0          14.498                  299.5            99.960

BOTTOM with FLOW=0       13.403                    0.0            92.410

BOTTOM with FLOW>0       14.368                  295.5            99.060

EXPECTED FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa) +/- 10%

  ACTUAL FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa)

TRANSDUCER TEST PASSED

Post-Log EC Load Tests

 Test   Target (mS/m)   Actual (mS/m)   % Diff  P/F

Test 1      195.0           192.7          1.2  PASS

Test 2       97.0           100.2          3.3  PASS

Test 3       24.0            25.2          4.9  PASS
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Pre-Log EC Load Tests

 Test   Target (mS/m)   Actual (mS/m)   % Diff  P/F

Test 1      195.0           194.4          0.3  PASS

Test 2       97.0            96.3          0.7  PASS

Test 3       24.0            24.3          1.4  PASS

ISTR-CPT-HPT-06hpt.zip

SITE INFORMATION -- DIRECT IMAGE HPT PROBE

Geoprobe DI Acquisition Software for Windows

Version: 1.4   Build: 12226

COMPANY: Cascade Driling LP

OPERATOR: Richmond

PROJECT ID: R3174

CLIENT: CDM

UNITS: ENGLISH

PROBE AND ARRAY: K8050 HPT Probe with Wenner

100 INCH STRING POT USED

ROD LENGTH: 5 feet

PRE-LOG HPT REFERENCE TEST VALUES

PRE TEST TIME: Tue Jul 9 2013 09:29:50

        TEST            HPT PRESSURE (psi)      FLOW (mL/min)   HPT PRESSURE (kPa)

TOP with FLOW=0          13.665                    0.0            94.220

TOP with FLOW>0          14.346                  304.9            98.910

BOTTOM with FLOW=0       13.439                    0.0            92.660

BOTTOM with FLOW>0       14.189                  300.5            97.830

EXPECTED FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa) +/- 10%

  ACTUAL FLOW=0 HPT DIFF.: 0.23 psi (1.6 kPa)

TRANSDUCER TEST PASSED

HPT IDEAL COEFFS:       2.2696e1,-2.2356

HPT SENSOR CAL NUMBERS: XD2128A,0.0000,0.0000,1.0000e-6,-4.0000e-5,1.0191,-3.8310

LOG START TIME: Tue Jul 9 2013 09:36:23

LOG END DEPTH: 17.30 ft (5.273 m)

LOG END TIME: Tue Jul 9 2013 09:55:15

LATITUDE: 0.000000000

LONGITUDE: 0.000000000

ELEVATION: 0.000 METERS  0.00 FEET

POST-LOG HPT REFERENCE TEST VALUES

POST TEST TIME: Tue Jul 9 2013 10:06:07



        TEST            HPT PRESSURE (psi)      FLOW (mL/min)   HPT PRESSURE (kPa)

TOP with FLOW=0          13.651                    0.0            94.120

TOP with FLOW>0          15.252                    0.0           105.160

BOTTOM with FLOW=0       13.427                    0.0            92.570

BOTTOM with FLOW>0       14.574                    0.0           100.480

EXPECTED FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa) +/- 10%

  ACTUAL FLOW=0 HPT DIFF.: 0.22 psi (1.5 kPa)

TRANSDUCER TEST PASSED

Post-Log EC Load Tests

 Test   Target (mS/m)   Actual (mS/m)   % Diff  P/F

Test 1      195.0           197.5          1.3  PASS

Test 2       97.0            96.0          1.0  PASS

Test 3       24.0            24.0          0.0  PASS
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GRAVELLY FILL:

Well graded GRAVEL w/ sand and silt; brownish yellow (10YR
6/6); dry, dense, non-plastic; 60% well graded gravel, fine to
coarse, subrounded to subangular; 30% well graded sand, fine
to coarse, subrounded to subangular; 10% fines; no odor, no
staining.

SANDY FILL:

Silty SAND; brown (10YR 4/3); dry, dense, non-plastic; 70%
well graded sand, fine to coarse, subrounded to subangular;
20% fines; 10% poorly graded gravel, fine grained,
subrounded to subangular; stiff clay lens from 6 to 7 ft bgs; no
odor, no staining.

OLDER FILL:

Well graded GRAVEL w/ clay and sand; light brownish gray
(10YR 6/2); moist, dense, non-plastic; 60% well graded gravel,
fine to coarse, subrounded to subangular; 30% well graded
sand, fine to coarse, subrounded to subangular; 10% fines;
fragments of serpentinite, wood chips, brick, and scrap metal
present; strong odor, staining and NAPL common deeper than
12 feet bgs.

Silty SAND w/ gravel; dark gray (10YR 4/1); wet, soft,
non-plastic; 60% well graded sand, fine to coarse, subrounded
to subangular; 20% well graded gravel, fine to coarse,
subrounded to subangular; 20% fines; fragments of
serpentinite, wood chips, brick, and scrap metal common
throughout; strong odor, staining and NAPL common
throughout.

Free product mobility sample 03-EV1-2081-SB collected at 15
ft bgs.
Free product mobility sample 03-EV1-2082-SB collected at 18
ft bgs.
Free product mobility sample 03-EV1-2083-SB collected at 20
ft bgs.

03-EV1-2074-SB
12 to 13 Feet

03-EV1-2075-SB
14 to 15 Feet

03-EV1-2076-SB
17 to 18 Feet

2.8 /
131

6.7 /
158

1.7 /
110

SOIL BORING NO:

STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

Hunters Point Naval Shipyard - NTPS

IR-03

EASTING:

TOTAL DEPTH:
CHECKED BY:

IR03B425

NORTHING:
G.S. ELEVATION:
INITIAL DTW:
LOGGED BY:
HORIZONTAL DATUM: WGS84           COORD. SYS.: Geographic 
VERTICAL DATUM: NAVD88

7/11/13 COMPLETED: 7/11/13 
Cascade Drilling
Direct Push with 8040 Geoprobe Rig 
4-inch diameter
Macro-Core Liner
Abandoned

37.7182947
11.85
Not Applicable
Ryan Wood

-122.369719

35.0
Ahnna Brossy
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100 Pringle Avenue, Suite 300
Walnut Creek, CA 94596
Telephone:  925.933.2900
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SM

SM

CL

BAY MUD:

Silty SAND; very dark gray (10YR 3/1); wet, soft, non-plastic;
60% poorly graded sand, very fine to fine, subrounded to
subangular; 40% fines; no gravel; seashells common
throughout; strong NAPL odor with sheen from 22 to 24 ft bgs,
slight odor from 24 to 30 ft bgs, no odor from 30 to 31 ft bgs.

Lean CLAY w/ sand; very dark gray (10YR 3/1); wet, soft, low
plasticity; 80% fines; 20% poorly graded sand, very fine to
fine, subrounded to subangular; no gravel; seashells present;
no odor, no staining.

03-EV1-2077-SB
20 to 21 Feet

03-EV1-2078-SB
24 to 25 Feet

03-EV1-2079-SB
28 to 29 Feet

03-EV1-2080-SB
33 to 34 Feet

0.7 /
114

0.4 /
1.2

0.2 /
59.6

0.0 /
2.7

PROJECT:

LOCATION:

Hunters Point Naval Shipyard - NTPS

IR-03
IR03B425SOIL BORING NO:
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100 Pringle Avenue, Suite 300
Walnut Creek, CA 94596
Telephone:  925.933.2900
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Bottom of Borehole at 35 feet bgs.



GW
GM

SM

GW
GM

SM

GRAVELLY FILL:

Well graded GRAVEL w/ sand and silt; brownish yellow (10YR
6/6); dry, medium dense, non-plastic; 60% well graded gravel,
fine to coarse, subrounded to subangular; 30% well graded
sand, fine to coarse, subrounded to subangular; 10% fines; no
odor, no staining.

SANDY FILL:

Silty SAND; brown (10YR 4/3); dry, dense, non-plastic; 70%
well graded sand, fine to coarse, subrounded to subangular;
20% fines; 10% poorly graded gravel, fine grained,
subrounded to subangular; no odor, no staining.

OLDER FILL:

Well graded GRAVEL w/ sand and silt; light brownish gray
(10YR 6/2); moist, dense, non-plastic; 60% well graded gravel,
fine to coarse, subrounded to subangular; 30% well graded
sand, fine to coarse, subrounded to subangular; 10% fines;
fragments of serpentinite, wood chips, and scrap metal
present; strong odor and staining common throughout.

Silty SAND w/ gravel; dark gray (10YR 4/1); moist, dense,
non-plastic; 60% well graded sand, fine to coarse, subrounded
to subangular; 20% well graded gravel, fine to coarse,
subrounded to subangular; 20% fines; strong odor, staining
and NAPL common throughout; 1 ft of recovery from 15 to 20
feet bgs.

Free product mobility sample 03-EV1-2061-SB collected at 16
ft bgs.

03-EV1-2055-SB
7 to 8 Feet

03-EV1-2056-SB
14 to 15 Feet

3.1 /
66.7

13.8 /
38.2

SOIL BORING NO:

STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

Hunters Point Naval Shipyard - NTPS

IR-03

EASTING:

TOTAL DEPTH:
CHECKED BY:

IR03B426

NORTHING:
G.S. ELEVATION:
INITIAL DTW:
LOGGED BY:
HORIZONTAL DATUM: WGS84           COORD. SYS.: Geographic 
VERTICAL DATUM: NAVD88

7/10/13 COMPLETED: 7/10/13 
Cascade Drilling
Direct Push with 8040 Geoprobe Rig 
4-inch diameter
Macro-Core Liner
Abandoned

37.7182520
12.09
Not Applicable
Ryan Wood

-122.369632

25.0
Ahnna Brossy
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100 Pringle Avenue, Suite 300
Walnut Creek, CA 94596
Telephone:  925.933.2900

SOIL BORING LOG
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SM

SW
SM

CL

Well graded SAND w/ silt; black (10YR 1/1); wet, soft,
non-plastic; 70% well graded sand, fine to coarse, subrounded
to subangular; 20% fines; 10% well graded gravel, fine to
coarse, subrounded to subangular; strong odor and NAPL
present throughout, 16 to 18 ft bgs has highest concentration
of NAPL.

Free product mobility sample 03-EV1-2062-SB collected at
18.5 ft bgs.
Free product mobility sample 03-EV1-2063-SB collected at 22
ft bgs.

BAY MUD:

Sandy lean CLAY; dark gray (10YR 3/1); wet, soft, low
plasticity; 60% fines; 40% poorly graded sand, very fine to
fine, subrounded to subangular; no gravel; seashells present;
slight odor and staining from 22 to 23 ft bgs, no odor or
staining deeper than 23 ft bgs.

03-EV1-2057-SB
16 to 17 Feet

03-EV1-2058-SB
18 to 19 Feet

03-EV1-2059-SB
21 to 22 Feet

03-EV1-2060-SB
24 to 25 Feet

1.9 /
0.0

0.6 /
22.9

1.0 /
49.6

PROJECT:

LOCATION:

Hunters Point Naval Shipyard - NTPS

IR-03
IR03B426SOIL BORING NO:

PAGE  2  OF  2

100 Pringle Avenue, Suite 300
Walnut Creek, CA 94596
Telephone:  925.933.2900

SOIL BORING LOG
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Bottom of Borehole at 25 feet bgs.
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GRAVELLY FILL:

Well graded GRAVEL w/ sand and silt; brownish yellow (10YR
6/6); dry, dense, non-plastic; 60% well graded gravel, fine to
coarse, subrounded to subangular; 30% well graded sand, fine
to coarse, subrounded to subangular; 10% fines; no odor, no
staining.

SANDY FILL:

Silty SAND; dark grayish brown (10YR 4/2); dry, dense,
non-plastic; 70% well graded sand, fine to coarse, subrounded
to subangular; 20% fines; 10% poorly graded gravel, fine
grained, subrounded to subangular; stiff clay lens from 6 to 7 ft
bgs; no odor, no staining.

OLDER FILL:

Well graded SAND w/ silt and gravel; light brownish gray
(10YR 4/2); moist, dense, non-plastic; 75% well graded sand,
fine to coarse, subrounded to subangular; 15% well graded
gravel, fine to coarse, subrounded to subangular; 10% fines;
fragments of serpentinite, wood chips, and scrap metal
present; strong odor, staining and NAPL contamination starts
at 9 feet bgs.

Gravelly lean CLAY w/ sand; very dark brown (10YR 2/2);
moist, stiff, low plasticity; 65% fines; 20% well graded gravel,
fine to coarse, subrounded to subangular; 15% well graded
sand, fine to coarse, subrounded to subangular;  fragments of
serpentinite, wood chips, and scrap metal present; strong
odor, staining and NAPL contamination throughout.

Free product mobility sample 03-EV1-2090-SB collected at 13
ft bgs.
Free product mobility sample 03-EV1-2091-SB collected at 15
ft bgs.

03-EV1-2084-SB
10 to 11 Feet

03-EV1-2085-SB
12 to 13 Feet

03-EV1-2086-SB
14 to 15 Feet

5.9 /
44.4

12.1 /
23.1

8.9 /
149

SOIL BORING NO:

STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

Hunters Point Naval Shipyard - NTPS

IR-03

EASTING:

TOTAL DEPTH:
CHECKED BY:

IR03B427

NORTHING:
G.S. ELEVATION:
INITIAL DTW:
LOGGED BY:
HORIZONTAL DATUM: WGS84           COORD. SYS.: Geographic 
VERTICAL DATUM: NAVD88

7/12/13 COMPLETED: 7/12/13 
Cascade Drilling
Direct Push with 8040 Geoprobe Rig 
4-inch diameter
Macro-Core Liner
Abandoned

37.7182174
12.38
Not Applicable
Ryan Wood

-122.369734

25.0
Ahnna Brossy
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100 Pringle Avenue, Suite 300
Walnut Creek, CA 94596
Telephone:  925.933.2900

SOIL BORING LOG
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SM

CL

Silty SAND w/ gravel; black (10YR 1/1); wet, soft, non-plastic;
70% well graded sand, fine to coarse, subrounded to
subangular; 15% well graded gravel, fine to coarse,
subrounded to subangular; 15% fines; fragments of
serpentinite, wood chips, and scrap metal present; strong
odor, staining and NAPL common throughout; 1 ft of recovery
from 15 to 20 ft bgs.

BAY MUD:

Silty SAND; dark gray (10YR 4/1); wet, soft, non-plastic; 60%
poorly graded sand, very fine to fine, subrounded to
subangular; 40% fines; no gravel; seashells common
throughout; strong NAPL odor with sheen from 20 to 22 ft bgs,
slight odor and no staining from 22 to 24 ft bgs.

Free product mobility sample 03-EV1-2092-SB collected at 21
ft bgs.

Sandy lean CLAY; dark gray (10YR 3/1); wet, soft, low
plasticity; 60% fines; 40% poorly graded sand, very fine to
fine, subrounded to subangular; seashells present; no odor, no
staining.

03-EV1-2087-SB
16 to 17 Feet

03-EV1-2088-SB
21 to 22 Feet

03-EV1-2089-SB
24 to 25 Feet

0.6 /
0.9

4.7 /
0.0

1.0 /
1.1

PROJECT:

LOCATION:

Hunters Point Naval Shipyard - NTPS

IR-03
IR03B427SOIL BORING NO:

PAGE  2  OF  2

100 Pringle Avenue, Suite 300
Walnut Creek, CA 94596
Telephone:  925.933.2900

SOIL BORING LOG
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Bottom of Borehole at 25 feet bgs.
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CL

GRAVELLY FILL:

Well graded GRAVEL w/ sand and silt; brownish yellow (10YR
6/6); dry, dense, non-plastic; 60% well graded gravel, fine to
coarse, subrounded to subangular; 30% well graded sand, fine
to coarse, subrounded to subangular; 10% fines; no odor, no
staining.

SANDY FILL:

Silty SAND; brown (10YR 4/3); dry, dense, non-plastic; 70%
well graded sand, fine to coarse, subrounded to subangular;
20% fines; 10% poorly graded gravel, fine grained,
subrounded to subangular; no odor, no staining.

Sandy Lean CLAY w/ gravel; light brownish gray (10YR 6/2);
moist, stiff, low plasticity; 60% fines; 25% well graded sand,
fine to coarse, subrounded to subangular; 15% well graded
gravel, fine to coarse, subrounded to subangular; slight odor,
black staining.

OLDER FILL:

Sandy lean CLAY; very dark brown (10YR 2/2); moist, medium
stiff, low plasticity; 70% fines; 20% well graded sand, fine to
coarse, subrounded to subangular; 10% well graded gravel,
fine to coarse, subrounded to subangular;  fragments of
serpentinite, wood chips, brick, and scrap metal present;
strong odor, staining and NAPL contamination throughout.

Free product mobility sample 03-EV1-2100-SB collected at 13
ft bgs.
Free product mobility sample 03-EV1-2101-SB collected at 15
ft bgs.

03-EV1-2093-SB
6 to 7 Feet

03-EV1-2099-SB
9 to 10 Feet

03-EV1-2094-SB
12 to 13 Feet

03-EV1-2095-SB
14 to 15 Feet

0.8 /
0.4

9.9 /
89.1

24.5 /
123

5.9 /
112

SOIL BORING NO:

STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

Hunters Point Naval Shipyard - NTPS

IR-03

EASTING:

TOTAL DEPTH:
CHECKED BY:

IR03B428

NORTHING:
G.S. ELEVATION:
INITIAL DTW:
LOGGED BY:
HORIZONTAL DATUM: WGS84           COORD. SYS.: Geographic 
VERTICAL DATUM: NAVD88

7/12/13 COMPLETED: 7/12/13 
Cascade Drilling
Direct Push with 8040 Geoprobe Rig 
4-inch diameter
Macro-Core Liner
Abandoned

37.7182331
12.55
Not Applicable
Ryan Wood

-122.369681

25.0
Ahnna Brossy
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100 Pringle Avenue, Suite 300
Walnut Creek, CA 94596
Telephone:  925.933.2900

SOIL BORING LOG
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SM

CL

Silty SAND w/ gravel; black (10YR 1/1); wet, soft, low
plasticity; 70% well graded sand, fine to coarse, subrounded to
subangular; 15% well graded gravel, fine to coarse,
subrounded to subangular; 15% fines; strong odor, staining
and NAPL common throughout; 1 ft of recovery from 15 to 20
ft bgs.

BAY MUD:

Sandy lean CLAY; dark gray (10YR 4/1); wet, soft, low
plasticity; 60% fines; 40% poorly graded sand, very fine to
fine, subrounded to subangular; interbedded silty sand (60%
fine sand/ 40% fines);  NAPL present from 20 to 22 ft bgs with
strong odor and sheen; no odor and no staining deeper than
22 ft bgs.

Free product mobility sample 03-EV1-2102-SB collected at 22
ft bgs.

03-EV1-2096-SB
17 to 18 Feet

03-EV1-2097-SB
21 to 22 Feet

03-EV1-2098-SB
24 to 25 Feet

0.2 /
10.9

0.4 /
0.8

0.5 /
159

PROJECT:

LOCATION:

Hunters Point Naval Shipyard - NTPS

IR-03
IR03B428SOIL BORING NO:
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100 Pringle Avenue, Suite 300
Walnut Creek, CA 94596
Telephone:  925.933.2900

SOIL BORING LOG
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Bottom of Borehole at 25 feet bgs.
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GRAVELLY FILL:

Well graded GRAVEL w/ sand and silt; brownish yellow (10YR
6/6); dry, dense, non-plastic; 60% well graded gravel, fine to
coarse, subrounded to subangular; 30% well graded sand, fine
to coarse, subrounded to subangular; 10% fines; no odor, no
staining.

SANDY FILL:

Silty SAND with gravel; dark grayish brown (10YR 4/2); dry,
dense, non-plastic; 60% well graded sand, fine to coarse,
subrounded to subangular; 20% poorly graded gravel, fine
grained, subrounded to subangular; 20% fines; stiff clay lens
from 8 to 9 ft bgs; no odor, no staining.

Free product mobility sample 03-EV1-2052-SB collected at 10
ft bgs.

OLDER FILL:

Silty SAND w/ gravel; very dark brown (10YR 2/2); moist, soft,
non-plastic; 70% well graded sand, fine to coarse, subrounded
to subangular; 15% well graded gravel, fine to coarse,
subrounded to subangular; 15% fines; strong odor, staining
and NAPL common throughout; 1 ft of recovery from 10 to 15
ft bgs.

Free product mobility sample 03-EV1-2053-SB collected at 15
ft bgs.

03-EV1-2046-SB
7 to 8 Feet

03-EV1-2047-SB
9 to 10 Feet

03-EV1-2048-SB
12 to 13 Feet

0.7 /
109

2.4 /
64.5

0.4 /
574

SOIL BORING NO:

STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

Hunters Point Naval Shipyard - NTPS

IR-03

EASTING:

TOTAL DEPTH:
CHECKED BY:

IR03B429

NORTHING:
G.S. ELEVATION:
INITIAL DTW:
LOGGED BY:
HORIZONTAL DATUM: WGS84, COORD. SYS.: Geographic
VERTICAL DATUM: NAVD88

7/1/13 COMPLETED: 7/1/13 
Cascade Drilling
Direct Push with 8040 Geoprobe Rig 
4-inch diameter
Macro-Core Liner
Abandoned

37.7182710
11.61
Not Applicable
Ryan Wood

-122.369777

25.0
Ahnna Brossy
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100 Pringle Avenue, Suite 300
Walnut Creek, CA 94596
Telephone:  925.933.2900
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SM

CL

CL

Silty SAND w/ gravel; black (10YR 1/1); wet, soft, non-plastic;
70% well graded sand, fine to coarse, subrounded to
subangular; 15% well graded gravel, fine to coarse,
subrounded to subangular; 15% fines; strong odor, staining
and NAPL common throughout; 1 ft of recovery from 15 to 20
ft bgs.

BAY MUD:

Sandy lean CLAY; dark gray (10YR 4/1); wet, soft, low
plasticity; 60% fines; 40% poorly graded sand, very fine to
fine, subrounded to subangular; no gravel; seashells present;
NAPL present from 20 to 22 ft bgs with slight odor and sheen.

Lean Clay; dark gray (10YR 4/1); wet, soft, low to medium
plasticity, no gravel; no sand; seashells present; no odor, no
staining.
Soil sample 03-EV1-2051-SB collected from 24-25 ft bgs.

Free product mobility sample 03-EV1-2054-SB collected at 23
ft bgs.

03-EV1-2049-SB
17 to 18 Feet

03-EV1-2050-SB
21 to 22 Feet

03-EV1-2051-SB
24 to 25 Feet

0.0 /
1.2

0.0 /
105

PROJECT:

LOCATION:

Hunters Point Naval Shipyard - NTPS

IR-03
IR03B429SOIL BORING NO:
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Bottom of Borehole at 25 feet bgs.
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GM

SM

GW
GC

SM

GRAVELLY FILL:

Well graded GRAVEL w/ sand and silt; brownish yellow (10YR
6/6); dry, dense, non-plastic; 60% well graded gravel, fine to
coarse, subrounded to subangular; 30% well graded sand, fine
to coarse, subrounded to subangular; 10% fines; no odor, no
staining.

SANDY FILL:

Silty SAND; brown (10YR 4/3); dry, dense, non-plastic; 70%
well graded sand, fine to coarse, subrounded to subangular;
20% fines; 10% poorly graded gravel, fine grained,
subrounded to subangular; no odor, no staining.

Well graded GRAVEL w/ clay and sand; light brownish gray
(10YR 6/2); moist, dense, non plastic to low plasticity; 60%
well graded gravel, fine to coarse, subrounded to subangular;
30% well graded sand, fine to coarse, subrounded to
subangular; 10% fines; slight odor, slight staining.

Free product mobility sample 03-EV1-2071-SB collected at 14
ft bgs.

03-EV1-2064-SB
9 to 10 Feet

03-EV1-2065-SB
14 to 15 Feet

2.8 /
111

4.8 /
13.8

SOIL BORING NO:

STARTED:
DRILLING COMPANY:
DRILLING EQUIPMENT:
DRILLING METHOD:
SAMPLING METHOD:
SURFACE COMPLETION:

PROJECT:

LOCATION:

Hunters Point Naval Shipyard - NTPS

IR-03

EASTING:

TOTAL DEPTH:
CHECKED BY:

IR03B430

NORTHING:
G.S. ELEVATION:
INITIAL DTW:
LOGGED BY:
HORIZONTAL DATUM: WGS84           COORD. SYS.: Geographic 
VERTICAL DATUM: NAVD88

7/11/13 COMPLETED: 7/11/13 
Cascade Drilling
Direct Push with 8040 Geoprobe Rig 
4-inch diameter
Macro-Core Liner
Abandoned

37.7183223
11.75
Not Applicable
Ryan Wood

-122.369661

30.0
Ahnna Brossy
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100 Pringle Avenue, Suite 300
Walnut Creek, CA 94596
Telephone:  925.933.2900
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SM

SM

SM

CL

Silty SAND w/ gravel; black (10YR 1/1); wet, loose,
non-plastic; 60% well graded sand, fine to coarse, subrounded
to subangular; 20% well graded gravel, fine to coarse,
subrounded to subangular; 20% fines; fragments of
serpentinite, wood chips, and scrap metal common
throughout; strong odor, staining and NAPL common
throughout.

Free product mobility sample 03-EV1-2072-SB collected at 16 
ft bgs. 

Same as above except for color change at 17 ft bgs to dark
gray (10YR 4/1).

Free product mobility sample 03-EV1-2073-SB collected at 20
ft bgs.

BAY MUD:

Silty SAND; dark gray (10YR 4/1); wet, loose non-plastic; 60%
poorly graded sand, very fine to fine, subrounded to
subangular; 40% fines; slight NAPL odor with sheen.

Lean CLAY w/ sand; dark gray (10YR 4/1); wet, soft, low
plasticity; 80% fines; 20% poorly graded sand, very fine to
fine, subrounded to subangular; no odor, no staining.

03-EV1-2066-SB
15 to 16 Feet

03-EV1-2067-SB
19 to 20 Feet

03-EV1-2068-SB
22 to 23 Feet

03-EV1-2069-SB
24 to 25 Feet

03-EV1-2070-SB
26 to 27 Feet

2.7 /
41.6

3.7 /
3.8

0.1 /
2.8

0.4 /
67.4

PROJECT:

LOCATION:

Hunters Point Naval Shipyard - NTPS

IR-03
IR03B430SOIL BORING NO:
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100 Pringle Avenue, Suite 300
Walnut Creek, CA 94596
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Bottom of Borehole at 30 feet bgs.
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Response to Comments 
Draft NAPL Treatment Pilot Study Work Plan 
Addendum 

Comment 
Number 

Section/ 
Page Comment Response to Comment 

Comments by Lily Lee United States Environmental Protection Agency Region 9 dated March 18, 2015 
 1. General 

Comments  
The Work Plan Addendum states 
that effective implementation of  
the activities requires the flexibility 
to make dynamic decisions while 
performing field work (Section 
3.7.1, first sentence; Appendix A, 
page 21 of 42) and that meetings 
will be held after the collection of 
the Tier 1 and Tier 2 soil samples to 
determine how to proceed with the 
soil sampling.  Please provide the 
criteria to be used to determine 
when changes from the planned 
soil borings in the Work Plan 
Addendum are required.  A flow 
chart may be helpful to show how 
the data collected will affect future 
field work. 

The decision to alter the location of the 
characterization borings will be made 
with the project team (the BCT and 
CIJV/CDM Smith) based on visual 
observations of the soil cores and field 
test parameters.  The primary goal is to 
track subsurface NAPL, which is easily 
observed in the soil and evaluated with 
the field test kits.  However, these 
observations are qualitative and, 
therefore, there are no specific 
quantitative criteria that will be used for 
decision-making. There are a variety of 
qualitative observations that could affect 
the decision of where to advance borings 
including trends in non-aqueous phase 
liquid (NAPL) thickness and saturation 
(indicated qualitatively by whether NAPL 
is observed in the soil core), observance 
of subsurface anomalies (i.e. metal, 
rocks, gravel), tracking conductive 
gravels containing significant NAPL, 
and/or observance of significant NAPL on 
the perimeter of the investigation area.  
The project team will be provided with a 
summary of the observations and 
recommendations for the next series of 
borings at the project team coordination 
meetings.  A final project team meeting 
will be added after the Tier 3 sampling is 
complete to discuss the final outcome of 
results. 

2. General 
Comments 

Section 3.7.2 states that density 
and viscosity measurements will be 
made on the NAPL.  Because 
thermal treatment is being 
considered for at least part of the 
IR03 area, please consider making 
density and viscosity 
measurements as a function of 
temperature.  Table 2-2 shows that 
the density of the NAPLs already 

We concur that viscosity of the NAPL as a 
function of temperature is an important 
design parameter for thermal treatment.  
Of note is that NAPL viscosity as a 
function of temperature was evaluated 
in a previous bench study conducted by 
ITSI using a composited NAPL obtained 
from IR03MW370A, IR03MWO-3 and 
IR02MW146A (ITSI. 2013. Final Site 
Characterization and Bench-Scale 
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Comment 
Number 

Section/ 
Page Comment Response to Comment 

Comments by Lily Lee United States Environmental Protection Agency Region 9 dated March 18, 2015 
measured are mostly close to the 
density of water.  It is possible that 
NAPL could change from a DNAPL 
to an LNAPL or from an LNAPL to a 
DNAPL during thermal treatment, 
depending on its density response 
to temperature change relative to 
that of water.  Knowledge of the 
density change in response to 
temperature would aid in designing 
an effective NAPL recovery and 
treatment system.  Viscosity is an 
exponential function of 
temperature.  Knowing at what 
temperature the viscosity of these 
NAPLs levels off will aid in 
determining the optimum 
temperature required to mobilize 
NAPL for recovery, which could 
save energy. 

Treatability Study Report. February).  
This study illustrated an approximately 
order of magnitude decrease in viscosity 
(from 134 centipoise [cP] to 13.3 cP) as 
temperatures increased from 30 degrees 
Celsius (˚C) to 90˚C (see Appendix I) for 
the composite NAPL. 
Results from the recent NAPL Treatment 
Pilot Study (NTPS), however, indicated 
that the NAPL was complex as it 
contained both light NAPL (LNAPL) and 
dense NAPL (DNAPL) constituents and 
was potentially variable in composition. 
A more detailed understanding of the 
variability in the NAPL composition and 
properties across IR03 is needed to 
evaluate the implications for thermal 
treatment.   This, along with information 
already gathered in the NTPS, will 
provide the information needed to 
design full-scale the multi-phase 
extraction (MPE) system. 
It is anticipated that both LNAPL and 
DNAPL will be present and/or formed 
during heating at full-scale, and, 
therefore, the strategy for the full-scale 
design will be consistent with changes 
made during the NTPS to include multi-
phase extraction that addresses both 
LNAPL and DNAPL.  However, we concur 
that this information is useful and so 
plan for fingerprint analysis of the NAPL 
samples is as follows: 

• Viscosity: Modified ASTM D445 
at temperatures of 20˚C, 40 ˚C, 
60 ˚C, 80 ˚C and 100 ˚C. 

• Density: ASTM D1298 at 
temperatures of 20˚C, 40 ˚C, 60 
˚C, 80 ˚C and 100 ˚C. 

• Distillation of Petroleum: ASTM 
D2887. 

• FTIR: Modified EPA 1664. 
• Separation Procedure: Modified 

EPA 3630C. 
• GC-MS: Modified ASTM D7753. 

3. General 
Comments 

Figure 3-1 shows soil boring SB1-4 
to be placed in the ISTR pilot study 
treatment area. According to Figure 
2-1, eight post-treatment soil 

The soil boring within the ISTR treatment 
zone was placed to evaluate the 
composition and mobility of the NAPL 
that was left in place following ISTR 
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Comment 
Number 

Section/ 
Page Comment Response to Comment 

Comments by Lily Lee United States Environmental Protection Agency Region 9 dated March 18, 2015 
borings have already been 
obtained from this area.  It is not 
clear why an additional soil boring 
is needed in this area.  Is it possible 
that the results of this boring would 
change full scale treatment 
decisions for this area from what 
they would be based on the post 
treatment borings that have 
already been obtained?  If not, 
please consider relocating this 
boring to an area that is not as 
heavily characterized.  An area 
within the heavily contaminated 
area (Tier 1 area) that does not 
appear to be characterized is to the 
south of the southwest pond.  
More than one additional boring in 
this area may be needed to fully 
characterize this region. 

treatment.  The intent is to collect some 
additional data on the long-term 
performance of the technology following 
cooling.  In response to this comment, 
the boring was omitted from the Tier 1 
borings and included as part of the Tier 3 
borings to prioritize characterization in 
areas with less information (i.e. see 
Response to EPA Comment #4).  This 
boring will be advanced if there is time 
at the end of the program, and the 
boring isn’t needed to delineate NAPL 
extent.  This change was made in the 
text and figures. 
Two borings are planned to the south 
(but on the inland side of the sheet pile 
wall) of the southwest pond SB1-6 and 
SB2-4.  An additional Tier 3 boring may 
be advanced in between these two 
based on the data from the Tier 1 and 
Tier 2 borings.  

4. General 
Comments 

Figure 3-1 shows the spacing 
between the Tier 3 samples to be 
greater than 100 feet.  Please 
consider a closer spacing of 
approximately 50 to 75 feet to give 
better delineation of the NAPL 
area.  To accomplish this, Tier 3 soil 
samples should be added between 
borings SB3-2 and SB3-3, SB3-3 and 
SB3-4, and SB3-4 and SB3-7.  In 
addition, a Tier 3 soil boring is 
recommended in the IR03MW342A 
and IR03B424 area. 

The sampling strategy focused on 
understanding mobile NAPL across IR-03 
in order to develop the remedial design.  
The NAPL substantially thins as you 
move inland and along the “wings” of 
the sheet pile wall where the Tier 3 soil 
samples are proposed.  The 3D NAPL 
extent is better visualized in the MVS 
model and was used predict areas that 
would likely have high NAPL saturations 
based on both the lateral and vertical 
distribution of contaminants. This model 
will be reviewed again with the BCT in an 
upcoming meeting to discuss the 
response to comments.   Because mobile 
NAPL is not anticipated in these areas, 
they are unlikely candidates for ISTR and 
less detailed information is required for 
the Remedial Design.   
 
The IR03MW342A area is included in the 
Mining Visualization System (MVS)-
modeled NAPL extent shown on Figure 
3-1 because of two soil samples within 
the boring that had a total petroleum 
hydrocarbon (TPH) value greater than 
the 3,500 micrograms per kilogram 
(mg/kg) NAPL threshold (4169 and 4312 
mg/kg) when the well was installed.  All 
other samples surrounding that sample 
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Comment 
Number 

Section/ 
Page Comment Response to Comment 

Comments by Lily Lee United States Environmental Protection Agency Region 9 dated March 18, 2015 
had substantially lower TPH. In addition, 
for the IR03B424 area, two 1997 borings 
had elevated TPH values (which is why 
the area shows up in the NAPL zone).  
However, IR03B424 itself had TPH 
concentrations less than the 3500 mg/kg 
NAPL threshold and two, more recent, 
laser induced fluorescence (LIF) borings 
(IR03B404 and IR03B405) which were 
advanced to the Bay mud near the 
IR03B424 did not detect NAPL.  
Therefore, Tier 3 borings were not 
placed near IR03MW342A and IR03B424 
areas.  However, if results of the Tier 3 
borings (SB3-5 and SB3-6 in Figure 3-1) 
indicate the presence of NAPL, then step 
out borings will be considered.  
No change to the document was made in 
response to this comment. 

5. General 
Comments 

Table 2-3 states that a detailed 
understanding of vertical 
stratification of horizontal hydraulic 
conductivities of the fill within the 
Southwest pond footprint is a data 
gap.  However, Figure 3-2 shows 
one of the proposed hydraulic 
profiling tool (HPT) borings to be 
outside of the Southwestern pond 
footprint.  In contrast, Appendix A, 
page 19 of 42, states that a detailed 
understanding of the hydraulic 
conductivity is required around the 
southwestern pond footprint.  
Please clarify the area for which 
hydraulic conductivity profiles are 
required.  This should include all of 
the areas where thermal 
remediation is considered a viable 
full scale remedial option.  It may 
be that obtaining a detailed 
understanding of hydraulic 
conductivity will require more than 
three HPT borings. 

As stated in the Work Plan, the 
placement of the hydraulic profile tool 
(HPT) borings is conceptual and final 
placement will be determined after the 
soil boring NAPL investigation.  The 
intent of the characterization will be to 
first evaluate the areas with high NAPL 
saturations, areas where thermal 
remediation is a viable remedial 
alternative, based on visual observations 
of the soil core and then place HPT 
borings in those areas because it is 
primarily a parameter needed for 
thermal design.   
The representation of the former oily 
ponds was revised in Figure 3-2 to better 
represent a composite of the horizontal 
extent of the ponds, which is larger than 
shown in the previous version. These 
data will be combined with HPT and CPT 
obtained during the NTPS and the ITSI 
investigation to link horizontal hydraulic 
conductivity with specific stratigraphic 
units present (i.e. sands, silts and gravel 
zones).  The MVS model will be used to 
create a geologic interpretation of the 
stratigraphic unit extents and horizontal 
hydraulic conductivities assigned based 
on the HPT (and CPT) data.  Therefore, 
three HPT borings is sufficient to conduct 
this analysis for full-scale design. 
The text was modified to say, “Detailed 
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Section/ 
Page Comment Response to Comment 

Comments by Lily Lee United States Environmental Protection Agency Region 9 dated March 18, 2015 
understanding of vertical stratification of 
horizontal hydraulic conductivities in 
areas with high NAPL saturation that 
have not been previously evaluated with 
HPT.” 

6. General 
Comments 

The Appendix A, Draft Addendum 
01 to the Final Sampling and 
Analysis Plan (the SAP Addendum), 
includes new analytical methods 
and a new laboratory for the non-
aqueous phase liquid (NAPL) 
fingerprint analyses, but 
information for these methods and 
the laboratory are not consistently 
provided.  For example, Worksheet 
#11 indicates American Society for 
Testing and Materials (ASTM) 
methods ASTM D4741-13 and 
ASTM D7867-13, as well as 
Modified EPA 1664 and Modified 
EPA 3630C will be used, but 
laboratory standard operating 
procedures (SOPs) for these 
methods are not listed in 
Worksheet #23 or provided in the 
SAP Addendum.  In addition, the 
SAP Addendum does not specify 
how the two methods were 
modified.  Also, Worksheet #19 
does not include the containers or 
sample volumes needed for each of 
these methods.  Further, several 
worksheets with laboratory specific 
information were not included in 
the SAP Addendum (e.g., 
Worksheets #12, #15, #24, and 
#25).  Please revise the SAP 
Addendum to provide the method 
and laboratory specific information 
for ASTM D4741-13, ASTM D7867-
13, Modified EPA 1664, and 
Modified EPA 3630C in each 
applicable worksheet. 

Worksheets #11 and #23 were modified 
for clarity and consistency. ASTM 
methods are not typically included in 
laboratory worksheets in a SAP, because 
these are physical testing methods.   
EPA methods 3630C/1664 are being 
performed by Expert Chemical Analysis, 
Inc.to provide qualitative data on the 
NAPL composition.  These data are being 
used qualitatively to inform the design 
team.  These methods are not being run 
under the Department of Defense 
Quality Systems Manual (QSM) and are 
not used as definitive data or undergoing 
full validation.  No field quality control 
assays will be run for these samples, so 
Worksheet #12 will not be updated.  
There are no project action levels or 
detection limits, so Worksheet #15 will 
not be updated.  Since this is not being 
validated or run under the QSM, 
Worksheets #24 and #25 will not be 
updated. 
 
Worksheet #19 will be updated with 
containers and volumes for these 
methods.  Note that 3630C is being run 
as a prep method for EPA 1664, so no 
container or volume is required. 

7. General 
Comments 

Page 19 of 42 in Appendix A also 
states that hydraulic conductivity 
will be correlated to NAPL mobility.  
To accomplish this, soil borings 
must be co-located with HPT 
borings, and NAPL mobility testing 
must be included for all hydraulic 
conductivity ranges.  While it 

HPT borings will be co-located with soil 
borings as follows, HPT-7 with SB1-3, 
HPT-8 with SB1-7, and HPT 9 with SB1-9.  
This was clarified in the text in Section 
3.7.3 and in Figure 3-2. 
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appears that SB1-3 is located close 
by HPT-7, HPT-8 and HPT-9 do not 
have co-located soil borings. 

8. General 
Comments 

As stated in Appendix A, p. 22, if 
NAPL is identified in Tier 3 borings, 
step out boring will be required to 
determine the extent of NAPL.  It 
may be advisable to allow for a 
team meeting after the collection 
of the Tier 3 soil samples to 
determine if step out borings are 
required and if so, where they 
should be located. 

A project team coordination meeting 
was added following the Tier 3 
characterization to discuss results and 
recommendations for additional work.  
Text was modified in Section 3.7.1 of the 
Work Plan and page 22 of Appendix A. 
The number of borings is sufficient for 
the Remedial Design which focuses on 
defining the extent of mobile NAPL 
(thought to be primarily the extent 
within the Tier 1 and out to the Tier 2 
boring areas) to make decisions 
regarding mapping thermal remediation.  
Less detail is required for the Tier 3 
boring areas used to further refine the 
total NAPL extent.  If additional 
information regarding NAPL extent is 
required for long term monitoring, then 
it will be collected during the Remedial 
Action.   

9. General 
Comments 

Several worksheets are not 
included in the SAP Addendum.  
For example, Worksheet #2 should 
be included as it provides a cross 
reference to information that is 
provided elsewhere (e.g., the 
original SAP), and Worksheet #2 
lists the worksheets that are 
included in the SAP Addendum and 
the rationale for the excluded 
worksheets.  Please revise the SAP 
Addendum to include Worksheet 
#2 and any other applicable 
worksheets or explain why 
worksheets were excluded. 

Worksheet #2 was added to the 
sampling and analysis plan (SAP) 
Addendum.  Worksheets that did not 
change from the original SAP were 
excluded from the Addendum. 

10. General 
Comments 

Worksheet #21, Project Sampling 
SOP References Table, indicates 
that two SOPs were modified based 
on the information provided in 
Worksheet #17, but the 
information contained in 
Worksheet #17 does not specify 
what SOP modifications were made 
and it does not appear that the 
modified SOPs were provided in 
the SAP Addendum.  Please revise 
the SAP Addendum to provide the 
modified SOPs or to list the specific 

Worksheet #17 was revised to reference 
the standard operating procedures 
(SOPs) which will be followed during 
sampling. The modifications to the SOPs 
are described under Worksheet #17 
‘NAPL Sampling’ and the original SOPs 
are contained in Appendix D of the 
original Work Plan. 
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SOP modifications. 

11. 2.0/2-2 
2.1/2-3 

Section 2.1 states that “monitoring 
well locations on the Bay-side of 
the sheet pile wall, IR03MW0-3, 
IR03MW370A and IR03MW369A 
contain measurable LNAPL [light 
non-aqueous phase liquid]” but the 
Draft NAPL Treatment Pilot Study 
Work Plan for Installation 
Restoration Site 03, Former Oily 
Waste Ponds, Parcel E, Hunters 
Point Naval Shipyard, San 
Francisco, California (NAPL Work 
Plan Addendum) does not explain 
that the non-aqueous phase liquid 
(NAPL) was present in these wells 
prior to the construction of the 
sheet pile barrier wall.  In addition, 
Section 2.0 states that “The existing 
sheet pile barrier wall appears to 
continue to serve as an effective 
hydraulic barrier between IR 
[installation restoration]-03 and the 
San Francisco Bay;” however, it is 
unclear how the hydraulic barrier 
will impact the ability to remediate 
NAPL present on the Bay-side of 
the sheet pile wall.  Lastly, the 
NAPL Work Plan Addendum does 
not propose the collection of data 
from the Bay-side of the sheet pile 
wall, and it is unclear whether 
information from this area is 
necessary.  Please revise the NAPL 
Work Plan Addendum to explain 
that NAPL was present in wells on 
the Bay-side of the sheet pile wall 
prior to construction of the sheet 
pile wall.  In addition, please 
discuss how the sheet pile wall will 
impact the ability to remediate 
NAPL present on the Bay-side of 
the sheet pile wall due to the 
hydraulic barrier.  Lastly, please 
revise the NAPL Work Plan 
Addendum to explain why no data 
is proposed for collection from 
locations on the Bay-side of the 
sheet pile wall. 

The text in Section 2.1 was revised to 
clarify that NAPL is present on the Bay-
side of the sheet pile wall and was 
present prior to installation of the sheet 
pile wall. 
 
The strategy for remediating the site, 
including the rationale for and mapping 
of, treatment technologies across the 
site will be provided following this 
characterization work.  It is not the 
intent of the Work Plan Addendum to 
provide the remedial strategy.  However, 
thermal remediation is not a viable 
technology for the area on the Bay-side 
of the sheet pile wall due to the tidal 
influence and the inability to 
hydraulically isolate the area.  Therefore, 
NAPL on the Bay-side of the sheet pile 
wall will likely be addressed through ISS 
and/or emplacement of a slurry wall. 
Therefore, only the lateral extent of 
NAPL along the sheet pile wall is 
necessary, information obtained from 
SB1-1 and SB3-5, both of which are on 
the Bay-side of the sheet pile wall are 
intended to achieve this objective.  The 
sheet pile wall can be integrated into the 
design of both technologies.  For 
instance, during the ISS pilot study, the 
treatment zone was butted up against 
the sheet pile wall, and was, in effect, 
part of the treatment zone.  This rational 
was clarified in the text in Section 2 and 
an explanation as to the data collection 
objectives on the Bay-side of the sheet-
pile wall. 
 
 

12. 2.2/2-4 & 
Table 2-2 

According to Section 2.2, well 
IR03MW376A was sampled to 

This was an error and was clarified in 
Section 2.2 text to state that 
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determine the NAPL composition; 
however, this well is not included in 
Table 2-2.  Please revise Table 2-2 
to include NAPL composition 
information for well IR03MW376A. 

IR03MW375A (not IR03MW376A) was 
sampled to determine NAPL 
composition. 

13. 2.3/2-5 Section 2.3 states that 
“permeability estimates with CPT 
[cone penetrometer technique] 
have an upper limit of 
approximately 25 feet per day” 
while “HPT [hydraulic profile 
tooling] logs illustrate much greater 
horizontal hydraulic conductivities 
that are greater than 150 feet per 
day;” however, the text does not 
explain why the two methods 
resulted in very different estimates.  
HPT is proposed for the 
determining the horizontal 
hydraulic conductivity because it 
produces “more accurate 
measures;” however, Section 2.3 
does not explain why the HPT data 
is more accurate compared to the 
CPT data.  Please revise Section 2.3 
to explain why past CPT and HPT 
resulted in very different 
conductivity estimates.  Please also 
revise Section 2.3 to explain why 
HPT is believed to be more 
accurate than CPT data. 

The text in Section 2.3 was clarified to 
say, “Both CPT and HPT data sets 
illustrate a significant variability in soil 
types and associated hydraulic 
conductivities with depth across IR-03.  
However, CPT provides only an indirect 
measurement of hydraulic conductivity 
by assigning a soil behavior type (SBT) 
based on the ratio between tip pressure 
and sleeve friction.   The SBT is related to 
hydraulic conductivity by assuming the 
SBT corresponds to clay, silt, sand, gravel 
or mixtures thereof and assuming 
average or a range of hydraulic 
conductivity values reported for those 
materials in the literature. Therefore, it 
does not directly measure permeability. 
In addition, because of the length of the 
friction sleeve, the CPT may average 
results over several inches. For IR03, 
permeability estimates for the SBTs 
reported have an upper limit of 
approximately 25 feet per day.   
The HPT directly measures hydraulic 
conductivity by measuring the force 
required and volume of water exiting a 
port in the side of the tool.  Because of 
the small size of the water ejection port, 
the HPT tool is capable of identifying thin 
intervals of high and low hydraulic 
conductivity.  The HPT logs illustrate 
much greater horizontal hydraulic 
conductivities, typically greater than 150 
feet per day in many locations, especially 
where gravel was present.  For purposes 
of designing extraction systems it is 
important to get more accurate, and 
direct, measures of horizontal hydraulic 
conductivity.  CDM Smith believes that 
the data provided by the HPT was better 
for this purpose.  Therefore, additional 
HPT data are recommended in the areas 
with high NAPL saturation within the IR-
03 Site, and specifically in the vicinity of 
the southeastern oil pond where 
thermally enhanced extraction is being 



Response to Comments Draft NAPL Treatment Pilot Study Work Plan Addendum 
 

Page 9 of 22 
 

Comment 
Number 

Section/ 
Page Comment Response to Comment 

Comments by Lily Lee United States Environmental Protection Agency Region 9 dated March 18, 2015 
considered.” 

14. 2.4/2-5 & 
Table 2-3 

The first bullet point of Section 2.4 
indicates that “vertical hydraulic 
conductivities of various fill soils” is 
a data gap that needs to be filled; 
however, this phrasing is not 
consistent with the data gap 
identified in Table 2-3, which is to 
determine the “vertical 
stratification of horizontal hydraulic 
conductivities of the fill.”  Please 
revise Section 2.4 to clarify that the 
identified data gap pertains to the 
vertical variation of horizontal 
hydraulic conductivities rather than 
vertical hydraulic conductivities.  
Alternatively, if both vertical and 
horizontal hydraulic conductivity 
data is needed, please revise the 
NAPL WORK PLAN ADDENDUM 
Addendum to clarify this. 

Section 2.4 was revised to clarify, 
“vertical distribution of horizontal 
hydraulic conductivities of various fill 
soils within areas of high NAPL 
saturation across IR-03”. 

 

15. 3.7.1/3-1 & 
Table 3-1 

According to Section 3.7.1, “Visual 
observations and field-based NAPL 
detection kits will be used to make 
field determinations for the 
presence of NAPL for selection of 
samples for Free Product Mobility 
(FPM);” however, it is not clear if all 
samples where NAPL is determined 
to be present will be submitted for 
FPM analysis or if only a subset of 
samples will be selected from those 
locations/depths where NAPL is 
identified.  In addition, if only a 
subset of the samples will be 
selected from those borings where 
NAPL is identified, then the text 
should explain how the samples for 
FPM analysis will be selected.  
Lastly, the text uses terminology 
(i.e., FPM) that differs from Table 3-
1 (i.e., NAPL Mobility Package, 
Method ASTM D425/API RP 40), 
and it is not clear if the terms refer 
to the same analysis.  Please revise 
Section 3.7.1 to clarify whether all 
samples where NAPL is determined 
to be present will be submitted for 
FPM analysis or if only a subset of 
samples will be selected from those 
locations/depths where NAPL is 

The ability to collect parameters within 
the NAPL zone will be dictated by how 
thick the NAPL zone is within the soil 
boring and the number of samples being 
submitted for analysis within the sample 
interval (i.e., each chemical sample suite 
requires a 6-inch sleeve and poor soil 
recovery has occurred in the 
past).  Based on the NTPS 
characterization work, the NAPL interval 
observed was approximately between 10 
and 20 feet below ground surface within 
the thermal treatment zone, or 
approximately 10 feet thick.  In addition, 
an undisturbed core is required for the 
FPM testing.  The strategy will be to 
advance an 18-inch split spoon sampler 
to collect soil cores in stainless steel 
sleeves. After collecting all of the soil 
cores and performing field screening 
tests, results and observations will be 
used to select soil cores which are likely 
to contain the most mobile NAPL.  With 
this strategy, a maximum of 3 FPM 
samples could be collected within the 
NAPL saturation zone assuming a 10 foot 
thickness.  As such, borings with thinner 
NAPL thicknesses may have fewer FPM 
samples because samples will only be 
collected within the identified NAPL 



Response to Comments Draft NAPL Treatment Pilot Study Work Plan Addendum 
 

Page 10 of 22 
 

Comment 
Number 

Section/ 
Page Comment Response to Comment 

Comments by Lily Lee United States Environmental Protection Agency Region 9 dated March 18, 2015 
identified.  If only a subset of the 
samples will be selected, then 
please revise Section 3.7.1 to 
explain how the samples for FPM 
analysis will be selected.  Lastly, 
please clarify whether the FPM 
discussed in the text is the same as 
the NAPL Mobility Package listed in 
Table 3-1. 

zones. Therefore, if 3 FPM samples can 
be collected, they will be analyzed.  A 
similar sampling strategy was 
implemented during the NTPS Pre- and 
Post-Treatment Sampling.  Section 3.7.1 
was revised to clarify the sampling 
strategy. 
 
Table 3-1 was clarified to use the Free 
Product Mobility (rather than the NAPL 
Mobility Package) term. 

16. 3.7.3/3-2 Section 3.7.3 indicates that “Three 
HPT borings are planned to 
delineate the horizontal hydraulic 
conductivities within the high-NAPL 
saturation area;” however, the text 
does not explain why three borings 
are sufficient to characterize 
horizontal hydraulic conductivities, 
particularly given the variation of 
soil and fill types present.  
Conductivity is likely to vary 
horizontally as well as vertically.  
Please revise Section 3.7.3 to 
explain why three borings are 
sufficient to characterize horizontal 
hydraulic conductivities at IR-03. 

Section 3.7.3 was revised to clarify that it 
is anticipated that 3 borings are enough 
to delineate the range of horizontal 
hydraulic conductivities associated with 
specific stratigraphic layers within the IR-
03 mobile NAPL zone.  It is anticipated 
that 3 borings is sufficient given that 
data are already available from the three 
HPT borings advanced within the NTPS 
thermal treatment zone.  All six HPT 
borings within the IR-03 NAPL zone will 
be used for full scale design.  

17. 4.5.1/4-2 According Section 4.5.1, “The three 
soil sample depths in each boring 
will be selected at depths where 
NAPL-impacted soils are observed 
indicated by direct observation of 
the soil cores and/or field 
screening;” however, the text does 
not explain how soil sample depths 
will be selected if there are more 
than three depth intervals where 
NAPL-impacted soils are observed.  
The text also does not explain how 
soil sample depths will be selected 
if fewer than three depth intervals 
of NAPL-impacted soil are observed 
(e.g., whether fewer samples will 
be collected, samples will be 
collected from soil not impacted by 
NAPL, or if a different boring 
location will be selected, etc.).  
Please revise Section 4.5.1 to 
explain how soil sample depths will 
be selected if there are more than 
three depth intervals where NAPL-

See response to EPA Comment #5. The 
sampling strategy was clarified in Section 
4.5.1, per the following discussion.  
Previous experience during the NTPS 
suggests that a maximum of three FPM 
samples, in addition to the other 
analytical parameters, can be collected 
assuming a NAPL thickness of 10 feet.  
For the borings on the perimeter of the 
NAPL extent where the NAPL thickness 
may only be a few feet, fewer FPM 
samples will be collected.  Alternatively, 
if the NAPL thickness is greater than 10 
feet, more than 3 FPM samples may be 
collected.  FPM samples will not be 
collected in soil core intervals that do 
not contain NAPL.  Samples for the other 
non-radiological, analytical parameters 
(i.e. total petroleum hydrocarbons (TPH), 
volatile organic compounds [VOCs], 
semi-volatile organic compounds 
[SVOCs], polychlorinated biphenyls 
[PCBs], metals), will also be collected in 
intervals with NAPL.  Sampling will be 
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impacted soils are observed.  
Please also revise Section 4.5.1 to 
explain how soil sample depths will 
be selected if fewer than three 
depth intervals of NAPL-impacted 
soil are observed. 

prioritized as follows: 1) FPM, 2) PCB, 3) 
TPH, 4) Metals, 5) SVOCs and 6) VOCs.  
Therefore, there is a potential that fewer 
samples may be collected for some of 
the parameters in a given boring 
depending on availability of soil core 
containing NAPL. Text was added to 
Section 4.5.1 to clarify. 

18. 4.5.2/4-3 Section 4.5.2 identifies a list of 
analyses for all three samples per 
boring and a list of analyses for two 
samples per boring; however, the 
NAPL Work Plan Addendum does 
not explain which two of the three 
samples per boring will be selected 
for the specified analyte list (e.g., 
shallow and deep samples, middle 
and deep samples, etc.).  In 
addition, Section 4.5.2 identifies a 
list of analyses for ten samples that 
will be selected via field screening, 
but the NAPL Work Plan Addendum 
does not specify how field 
screening will be conducted for 
some of the analytes (e.g., cesium-
137, strontium-90, etc.) or provide 
the criteria that will be used to 
select the sample locations based 
on the field screening data.  Please 
revise the NAPL Work Plan 
Addendum to explain which two of 
the three samples per boring will 
be selected for the specified 
analyte list.  Please also revise the 
NAPL Work Plan Addendum to 
specify how field screening will be 
conducted for each of the analytes 
that will be analyzed in the ten 
samples and provide the criteria 
that will be used to select the 
sample locations. 

See response to EPA Comment #17. 
Section 4.5.2 was clarified to say that all 
of the sampling/analysis will be focused 
within and around the identified NAPL 
zones.  The other parameters (i.e. TPH, 
VOCs] SVOCs, PCBs, metals) are needed 
to define ranges (and preferably upper 
range) of these chemicals for treatment 
technology design.  Therefore, samples 
will be collected from the high 
contamination areas within and around 
where NAPL is identified. The rationale 
for sample collected for the radiological 
parameters was clarified in Section 4.5.2 
as follows, 
 
“All samples will be radiologically 
screened with handheld detectors in 
accordance with Section 6.12.6 of the 
Radiological Materials Management Plan 
provided in Appendix C of the original 
Work Plan.  Any samples where detector 
readings are above background will be 
subsampled for radionuclide analysis (i.e. 
Cesium-137, Strontium-90 and gross 
alpha beta).  If no readings above 
background are observed during the 
field screening, at least 10 samples will 
randomly selected from the soil cores for 
radionuclide analyses.” 

19. 4.5.2/4-3 Section 4.5.2 lists several types of 
analyses to be completed; 
however, the text does not explain 
why these analyses were selected 
or how the data for these analytes 
will be used to fulfill the project 
objectives.  For example, the 
second bullet point indicates that 
soil samples will be analyzed for 
volatile organic compounds (VOCs), 

Collection of non-NAPL specific 
parameters is planned to understand the 
distribution of chemicals within the NAPL 
source zone that will affect the 
treatment technologies.  For instance, 
the multi-phase extraction system 
treatment process used for thermal 
remediation is highly sensitive to the 
types of organics that are present in the 
liquid and vapor streams.  Evaluation of 
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semi-volatile organic compounds 
(SVOCs), metals, and total organic 
carbon (TOC), but the text does not 
explain why these analyses were 
selected and how the data will be 
used to fulfill the objectives for 
NAPL.  Please revise Section 4.5.2 
to explain why each of the analyses 
were selected and summarize how 
the data for the analytes will be 
used to fulfill the objectives for 
NAPL. 

the organic parameters determines 
important elements of the treatment 
process such as types of granular 
activated carbon and usage rates.  In 
addition, these parameters are needed 
to do the geochemical modeling to 
evaluate leaching of chemicals from 
solidified and stabilized treatment 
volumes. Therefore, parameters like 
VOCs, SVOCs and total organic carbon 
(TOC) are intended to provide design 
parameters that will be used for the full-
scale design.  Section 4.5.2 was clarified 
to explain the data use for these 
parameters. 

20. Figure 2-2  
Figure 2-3 

Figure 3-2 includes HPT boring 
locations, such as HPT-CPT-04, that 
are not displayed on Figure 2-2.  
Please revise Figure 2-2 to display 
all of the locations included on 
Figure 3-2. 

Figure 2-2 was revised to include all of 
the historical boring locations as 
suggested. 

21. Table 2-1 Table 2-1 shows that IR02MW146A 
(sic) was too hot to measure on 
7/14/2014.  Is this correct?  Figure 
2-1 shows that IR02MW146A (sic) 
is approximately 75 feet from the 
thermal pilot scale treatment area.  
This would indicate that a 
significant amount of heat was lost 
from the treatment area during the 
pilot test. 

Field purge logs were reviewed and 
Table 2-1 has been corrected. The 
corrected comment column on Table 2-1 
has been revised as follows:  “Unable to 
measure depth to water due to NAPL on 
probe”.  The temperature of purge water 
in well IR02MW146A was less than 21 oC 
during purging and was not affected by 
the temperature of the thermal pilot 
scale treatment area.  

22. Table 3-1 Table 3-1 does not include quality 
assurance/quality control (QA/QC) 
samples for the radionuclide 
analyses or for the NAPL finger 
printing analysis.  Please revise 
Table 3-1 to include QA/QC 
samples for each analysis. 

Quality assurance/quality control 
(QA/QC) samples are not applicable for 
NAPL fingerprint analysis, as this is a 
qualitative measurement.   
Based on the volume of soil available for 
all analyses, an attempt will be made to 
collect QA/QC Samples for radionuclide 
analyses Ra-226, Cs-137, and Sr-90.  
However, the priority will be to ensure 
that enough soil volume is available to 
collect samples for all soil analyses 
indicated in Table 3-1.  Text has been 
added to Table 3-1 as follows for Ra-226, 
Cs-137, and Sr-90 analyses: 
“QA/QC samples will be collected for Cs-
137, Ra-226, and Sr-90, only if sufficient 
volume of soil is available for all other 
analyses.” 

23. Appendix A The second bullet point states The text was clarified to state that 23 
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Worksheet 
#9.1 / Page 
13 of 42 

“Sample collection will consist of a 
tiered sampling approach with a 
total of 26 soil borings;” however, 
this is inconsistent with the main 
text of the NAPL Work Plan 
Addendum, which proposes 23 
borings.  Please resolve this 
discrepancy. 

borings are proposed. 

24. Appendix A 
Worksheet 
#11.1/Page 
20 of 42 

Table 11-1 specifies “Field 
screening (78 total analyses) for 
NAPL,” but the number of total 
analyses does not divide evenly 
among the borings (23 borings) and 
it is unclear how many field 
screening analyses will be 
conducted at each boring location.  
In addition, if all 78 analyses are 
completed, it is unclear how it will 
be determined which boring 
locations will have fewer analyses 
and which will have more analyses 
(i.e., some borings may have one or 
two field screenings, while others 
may have three or four field 
screenings).  Please revise Table 11-
1 to specify how many field 
screening analyses will be 
conducted at each boring location 
or provide criteria for this decision. 

Table 11-1 was clarified to state that 69 
field screening analysis (3 per boring 
each of 23 borings) are anticipated.  The 
actual number will be dependent of field 
observations and available NAPL-
containing core to collect the planned 
analytical samples.  

25. Appendix A 
Worksheet 
#11.1/Page 
21 of 42 

Table 11-1 lists five well locations, 
but indicates that only four 
samples will be collected, and it is 
not clear how the four sample 
locations will be selected.  Please 
revise Table 11-1 to explain how 
the four sample locations will be 
selected from among the five wells. 

See response to San Francisco Bay 
Regional Water Quality Board comment 
#7.  The strategy was revised so all wells 
will be screened for NAPL and samples 
collected for fingerprinting, if feasible. 

26. Appendix A 
/ Page 23 of 
42 

Appendix A, page 23 of 42 lists 5 
wells from which NAPL samples will 
be obtained for fingerprint analysis.  
Please consider obtaining NAPL 
samples – both LNAPL and DNAPL – 
from all wells that contain 
sufficient NAPL to obtain a sample. 

See response to San Francisco Bay 
Regional Water Quality Board comment 
#7 and EPA comment #15.  The strategy 
was revised so all wells will be screened 
for NAPL and up to 10 LNAPL and/or 
DNAPL samples collected for 
fingerprinting, if feasible. 

27. Appendix A 
Worksheet 
#17/Page 53 
of 99 to 55 
of 99 

Worksheet #17 summarizes the 
sampling design and describes 
procedures but does not discuss 
the rationale for the design.  For 
example, Worksheet #17 should 
explain why 23 boring locations are 
sufficient to address the project 

Table 17-1 describes the rationale for 
each proposed soil boring.  Worksheet 
#17 was revised to include a more 
general rationale for the sampling design 
and the justification for the 23 planned 
soil borings. Soil borings were generally 
placed to achieve objectives, in order of 
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objectives.  Please revise 
Worksheet #17 to include the 
rationale for the proposed 
sampling design 

priority, as: 1) delineate mobile NAPL 
extent, and 2) refine the total NAPL 
extent. Tier 1 and 2 borings were 
generally placed in a tighter spacing 
(approximately 40-60 feet) from either 
other Tier 1/2 borings or historical 
borings. Tier 3 borings were placed on a 
wider spacing, approximately 80-130 
feet from each other along the predicted 
NAPL boundary by stepping out 
approximately 25-50 feet from historical 
borings thought to contain NAPL.  This 
resulted in the placement of 23 soil 
borings to achieve these two objectives.  

28. Appendix A  
Worksheet 
#20.1/Page 
36 of 42 

This table does not indicate or 
discuss why field duplicates are not 
proposed for collection during the 
current investigation.  Field 
duplicates should be collected to 
document the heterogeneity and 
precision of the field sampling 
procedures.  Please revise the SAP 
Addendum to include field 
duplicates for the proposed 
analytical methods or provide 
justification explaining why they 
are not proposed. 

Field duplicates are not proposed for the 
soil samples specifically because of the 
high heterogeneity of the soils.  No true 
field duplicate can be collected.  This is 
consistent with the original Work Plan 
and SAP approved previously.  

29. Appendix A 
Table 10-1 

The table lists IR02MW146A.  
Should this be IR03MW146A? 

No, IR02 is the correct designation for 
IR02MW146A. 

30. Appendix A 
Table 10-1 

The table lists IR03MWO-2, while 
Figure 10-1 shows a monitoring 
well labeled IR03MW-02.  If these 
are the same well, please provide 
them with consistent labeling. 

The labelling was corrected to be 
IR03MWO-2. 

31. Appendix A 
Table 10-2 

Appendix A, Table 10-2, shows that 
34.5 to 98.57 percent of the NAPL 
is composed of motor oil and aryl 
phosphate.  What was the 
composition of the rest of the 
NAPL? 

Table 10-2 was revised to include 
fractions as diesel, motor oil and aryl 
phosphate. In many cases, the majority 
of the NAPL is comprised of diesel, 
motor oil and aryl phosphate (i.e. 
comprising >99% of the NAPL).  
However, in some cases, the mass 
balance is still not complete with only 
60-80% of the NAPL comprised of these 
constituents.  Therefore, additional NAPL 
samples were proposed to do a full 
fingerprint analysis to try and obtain a 
better representation of the constituents 
of the different NAPLs. 
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Comment 
Number 

Section/ 
Page Comment Response to Comment 

Comments by Juanita Bacey of the California Department of Toxic Substances Control dated March 9, 2015 
 1. 2.1/2-2 Update NAPL Extent - Paragraph one indicates 

that monitoring well IR02MW370A is shown on 
Figure 2-1. I was unable to locate this well. Please 
show it more clearly in the Figure. 

Figure 2-1 was modified to 
include IR03MW370A. 

2. 4.5.1/4-1 Soil Borings, Paragraph one - Indicates that if NAPL 
is encountered deeper than two feet into the bay 
mud, drilling may continue ...in order to 
characterize the vertical extent of the NAPL. This 
should be changed to will continue, as indicated in 
earlier paragraphs. 

The word was changed to 
“will” as suggested. 

3. 4.5.1/4-1 Soil Borings, Paragraph three - Indicates soil 
samples will be screened with handheld detectors 
in accordance with CABRERA OP-020. Please 
include that these handheld detectors will be used 
to screen for radionuclides. 

The text was clarified to 
state that the soil samples 
will be screened using 
hand-held radiation 
detectors.  
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Comment 
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Section/ 
Page Comment Response to Comment 

Comments by Tina Low of the San Francisco Bay Regional Water Quality Board dated March 18, 2015 
1. 2/2-1 The fourth paragraph of this section 

discusses the pilot study target treatment 
zones (TTZs) and references Figure 2-1. 
However, Figure 2-1 does not show the In 
Situ Stabilization/Solidification (ISS) TTZ. 
Please revise Figure 2-1 to clearly depict 
the ISS TTZ. 

Figure 2-1 was revised to clearly 
illustrate the in situ solidification/ 
stabilization (ISS) target treatment 
zone (TTZ). 

2. 2/2-2 In the summary of findings section, in the 
sixth bullet, the text states that mobile 
NAPL is generally present throughout the 
In Situ Thermal Remediation (ISTR) TTZ. 
Please clarify whether mobile NAPL is also 
generally present in the ISS TTZ, or if 
further characterization is needed to make 
this determination. 

The sixth bullet was revised to 
clearly summarize results of the 
non-aqueous phase liquid (NAPL) 
mobility testing for the in situ 
thermal remediation (ISTR) and ISS 
areas.  The paragraph was revised 
to say the following,  
“Based on NAPL mobility testing, 
NAPL saturation above 
approximately 5% of the total pore 
volume (PV) had potential for 
mobile NAPL within the ISTR TTZ, 
although the NAPL saturation 
threshold varied with lithology. The 
average NAPL saturation in the ISTR 
TTZ of the 18 soil core samples 
evaluated was approximately 10% 
PV, and, therefore, mobile NAPL 
was generally present throughout 
the ISTR TTZ.  Within the ISS TTZ, 
no mobile NAPL was measured in 
the three soil core samples 
evaluated. However, the presence 
of NAPL in monitoring well 
IR03MW370A within the ISS TTZ 
suggest the presence of mobile 
NAPL. Details of the analysis are 
provided in the Draft NAPL 
Treatment Pilot Study Completion 
Report CIJV/CDM Smith, 2015.” 

3. 2.1/2-2 The first paragraph of this section states 
that the thickest NAPL was historically 
(until 2006) measured at monitoring well 
IR03MW370A and refers to Figure 2-1. Well 
IR03MW370A is not shown on Figure 2-1; 
please revise the figure to show the 
location of IR03MW370A.  

Figure 2-1 was revised to show 
IR03MW370A. 

4. 2.1/2-4 The second paragraph of page 2-4 states “A 
TPH criterion of 3,500 milligram per 
kilogram was used to infer the presence of 
LNAPL based on TPH saturation limits for 
LNAPL assigned as a function of distance 

The text was deleted from the 
sentence as suggested in the Work 
Plan and SAP. 
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Section/ 
Page Comment Response to Comment 

Comments by Tina Low of the San Francisco Bay Regional Water Quality Board dated March 18, 2015 
from shoreline…” Please delete “assigned 
as a function of distance from the 
shoreline”, as the TPH criterion of 3,500 
mg/kg in soil is independent of distance 
from shoreline. Please also make this edit 
to the Addendum to the Sampling Analysis 
Plan Worksheet #10.1- Update NAPL 
Composition (page 17 of 42). 

5. 2.2/2-4 The first paragraph of this section states 
that NAPL pumped from the new 
monitoring well IR03MW376A was 
analyzed and fingerprinted using mass 
spectrometry and Fourier transform 
infrared spectroscopy data. The text refers 
to Table 2-2, however Table 2-2 does not 
include data from well IR03MW376A. 
Please revise the text and/or the table as 
needed for consistency. Please also verify 
that Table 2-2 is complete and includes 
data from all wells where NAPL 
composition was analyzed. As presented in 
Table 2-2, aryl phosphates were not found 
in IR03MWO-3, yet were present at other 
wells in the northwestern pond. Please 
discuss possible explanations why aryl 
phosphates were not found in IR03MW0-3. 

The text was corrected to say that 
IR03MW375A (not IR03MW376A) 
was analyzed.  Table 2-2 was 
checked and confirmed that all of 
the samples analyzed using the 
Separation (Modified EPA 3630C)/ 
Fourier transform infrared 
spectroscopy (FTIR, Modified EPA 
1664)/ gas chromatography–mass 
spectrometry (GCMS) 
fingerprinting method are included. 
 
The reason why there was no aryl 
phosphate in IR03MWO-3 is 
unknown.  One possible explanation 
is that the sample was collected as 
light NAPL (LNAPL) at this location 
and the presence of dense NAPL 
(DNAPL) was not evaluated during 
the 2013 evaluation.  This location 
was too hot to evaluate the 
presence of DNAPL during the 2014 
sampling event.  This location will be 
evaluated for LNAPL and DNAPL 
during the proposed 
characterization and, if found, 
DNAPL will be send for fingerprint 
analysis. See response to comment 
#7.   This was clarified in the 
document. 

6. 3.7.1/3-1 The locations of the Tier 1 borings, per the 
sampling approach, are to be located in 
areas most likely impacted with high 
saturation and mobile NAPL. Please explain 
why only three of the ten Tier 1 soil borings 
are located within the two former ponds.  

The selected location of the Tier 1 
borings was based on obtaining 
information within the core of the 
NAPL zone in areas where there is 
little/no information.  The ISTR TTZ 
has had significant characterization 
borings and so was largely omitted 
from the investigation, with the 
exception of one boring.  In 
addition, the footprint of the two 
former oil ponds varied significantly 
over the course of operations and 
the presentation shown is the only 
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Page Comment Response to Comment 

Comments by Tina Low of the San Francisco Bay Regional Water Quality Board dated March 18, 2015 
most common, and is not 
necessarily accurate, of the entire 
oily pond footprint.  For instance, 
the area between the shown pond 
footprints was likely part of one 
pond or the other at some point.  
Figure 3-1 has been revised to show 
a compilation oily pond outline 
taken from a variety of historical 
aerial photographs that show the 
maximum extent of the former oily 
waste ponds based on the compiled 
figures. 
 With this representation of the oily 
pond extent, seven of the Tier 1 and 
one of the Tier 2 soil borings are 
within or on the boundary of the 
former oil ponds. However, the 
boundaries of the oily ponds are for 
reference, and there is uncertainty 
in how large the ponds were over 
time.  It’s likely that the extent of 
the NAPL differs relative to the 
boundaries of the oily ponds due to 
NAPL migration along preferential 
pathways.  Therefore, the focus is to 
collect and use the data for NAPL 
saturation and extent to define the 
mobile and residual NAPL 
boundaries. 

7. 3.7.4/3-2 This section states that NAPL samples will 
be collected from monitoring wells where 
NAPL has been historically detected. The 
list of wells proposed for NAPL fingerprint 
analysis and physical properties testing 
includes IR03MW146A, IR03MW173A, 
IR03MW218A, IR03MW369A and 
IR03MW376A. Several other wells where 
NAPL has been detected (IR03MW226A, 
IR03MW02, IR03MW375A) are not 
proposed for analysis. Please provide the 
rationale for selecting the locations where 
NAPL will be taken for fingerprint analysis 
and physical properties testing. Is it 
possible to include NAPL from all wells 
where it has been detected? NAPL from 
IRMW376A was analyzed previously during 
the pre-design characterization; please 
clarify why it is being proposed for repeat 
analyses.  

The strategy has been revised to 
probe for LNAPL and DNAPL at each 
monitoring well and send up to ten 
samples for the fingerprint analysis, 
Separation (Modified EPA 
3630C)/FTIR (Modified EPA 
1664)/GCMS, for all wells where 
sufficient NAPL is recovered.  
Given the significant variability in 
the ability to detect, and recover, 
NAPL in many of the monitoring 
wells it is unknown how much 
LNAPL/DNAPL can be recovered 
from each monitoring well for 
fingerprint analysis and that 
determination will be made in the 
field.  The planned NAPL screening 
and sampling will also be 
conducted within the ISTR TTZ 
because the thermal treatment 
likely affected the NAPL 
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Comments by Tina Low of the San Francisco Bay Regional Water Quality Board dated March 18, 2015 
composition.   
 
To offset costs, fewer NAPL 
samples will be collected from the 
soil cores following the Free 
Product Mobility American Society 
for Testing and Materials (ASTM, 
D425 and API RP 40) testing. 
Overall, 10 samples should be 
sufficient, if representative of 
locations across the Site and 
within the two former oily waste 
ponds, to complete the full-scale 
remedial design.  Text in Section 
3.7.4 was revised to describe the 
revised strategy. 
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Comments by Amy Brownell San Francisco Department of Public Health dated March 19, 2015 
1. 2.1/2-3 Please list IR03MW370A1 as a former 

well location and indicate the former 
well location on Figure 2-3. 

Figure 2-3 was revised to include 
IR03MW370A. 

2. 2.2/2-4 Please clarify how the determination 
was made that mixed aryl phosphates 
are anticipated to be present only in 
the northwestern oil pond by 
indicating whether mixed aryl 
phosphates were analyzed for in 
samples collected elsewhere and not 
detected. 

A NAPL sample was collected from 
IR03MW370A and sent for the 
standard suite of analysis (EPA 
Methods 8015, 8080, 8260 and 8270).  
Based on this assessment, the 
fractions in the oil were determined 
to be 42% diesel, 55% motor oil, and 
the rest primarily various 
polyaromatic hydrocarbons (e.g. 
naphthalene, phenanthrene, fluorene, 
etc.).  This provided a good mass 
balance in regard to the NAPL 
composition. However, samples 
collected from NAPL within the ISTR 
TTZ did not have a good mass balance 
when a similar analysis was done, and 
so were sent for fingerprinting and it 
was determined that the missing 
fractions were largely aryl 
phosphates.  Therefore, aryl 
phosphates have only been assessed 
in NAPL samples collected within the 
ISTR TTZ and in IR03MWO-3.  
This is the reason that a more 
comprehensive evaluation of NAPL 
composition is recommended.  This 
was clarified in the text of Section 2.2. 

3. 6/ 
References 

Should the reference to the “Site 
Characterization and Bench-Scale 
Treatability Study Report” by ITSI 
(2012) be ITSI (2013)? 

The reference was corrected in 
Section 6 to 2013 (the Final version of 
the report). 

4. Figure 2-1 Please indicate IR03MW218A1 as 
LNAPL detected (red) and identify 
IR03MW225A on Figure 2-1. 

Figure 2-1 was revised to reflect 
IR03MW218A had NAPL and 
IR03MW225A was added. 
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Comments by Amy Brownell San Francisco Department of Public Health dated March 19, 2015 
5. Figure 2-2 The figures show the MVS-

interpolated NAPL extent based on 
kriging total TPH > 3,500 mg/kg in soil. 
On Figure 2-2, CPTs IR03B404 and 
IR03B405 are noted as not containing 
NAPL yet these CPTs are shown within 
or partially within the NAPL extent 
(TPH > 3,500 mg/kg in soil). The Site 
Characterization and Bench-Scale 
Treatability Study Report (ITSI, 2013) 
states that the laser-induced 
fluorescence (LIF) survey did not 
indicate a NAPL impact at IR03B404 
and IR03B405. CPTs IR03B404 and 
IR03B405 are not included in the Input 
Data to MVS Model, as provided in 
Appendix C. This apparent discrepancy 
between visually observed and/or 
sampled NAPL and laser-induced 
fluorescence-quantified TPH should 
be explained in Section 2.1, Update 
NAPL Extent, on page 2-4, in the next 
to last paragraph. 

There is some conflicting data in this 
area which has to do with soil borings 
advanced in 1997 following 
installation of the sheet pile wall (062-
0051A and 062-0050) which had 
elevated TPH (one maximum TPH hit 
at 7510 and one at 4151 mg/kg).  
Therefore, the MVS model shows this 
area as within the NAPL extent. 
However, three subsequent borings 
IR03B424 and two LIF/CPT borings 
IR03B404 and IR03B405 indicate that 
NAPL is not present. This was clarified 
in Section 2.1 and is the reason that 
additional soil borings were not 
proposed in this area.   

6. Figure 3-2 Three HPTs; HPT-CPT-04 through -06 
are shown to be located within San 
Francisco Bay but specific rationale for 
this is not provided in the text or 
tables. Please provide rationale for 
HPT-CPT-04 through -06. 

HPT-CPT-04 through -06 are borings 
that were advanced as part of the 
characterization work before the 
NTPS in 2013.  The rationale for these 
borings is provided in the original 
Work Plan and the results will be 
presented in the Completion Report. 

7. Table 2-3 Please update acronyms and 
abbreviations. 

The acronyms and abbreviations were 
updated. 

8. Table 3-1 Please define FTIR in notes. Acronyms and abbreviations were 
added to Table 3-1. 

9. Worksheet 
#10.1/Page 
14, bullet 5 

Bullet 5 states that the existing sheet 
pile wall appears to continue to serve 
as an effective hydraulic barrier 
between IR03 and San Francisco Bay. 
However, work plan Figure 3-1 
indicates that substantial TPH 
contamination is present bayward of 
the sheet pile wall. Please discuss the 
bayward TPH impacts in the CSM. Is it 
assumed that the impacts were 
present in the bayward location prior 
to sheet pile wall installation or is 
some NAPL transport mechanism 
present? 

Worksheet #10.1 was revised to 
include a description of the NAPL on 
the Bay-side of the sheet pile wall.  
NAPL was present prior to the sheet 
pile wall installation. 
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Comments by Amy Brownell San Francisco Department of Public Health dated March 19, 2015 
10. Worksheet 

#19.3/Page 
35 

Please define minimum sample 
volume and container type required 
for NAPL Finger Print Analysis or 
otherwise note why information is 
listed as “to be determined.” 

The minimum sample volume and 
container type were added to 
Worksheet #19.3. 
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