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1.0  INTRODUCTION 

Malcolm Pirnie, Inc. (Malcolm Pirnie) has prepared the following Work Plan for the Site Inspection (SI) of 

Three Munitions Response Program (MRP) sites at Naval Air Station Brunswick (NASB), Cumberland 

County, Maine (ME), under the Department of the Navy (Navy) Naval Facilities Engineering Command 

(NAVFAC) Atlantic, Contract Number N62472-02-D-1300, Task Order 0002 Modification 02.  Tetra Tech 

NUS, Inc. (TtNUS or Tetra Tech) was tasked to finalize this document under the Comprehensive Long-

Term Environmental Action Navy (CLEAN) Contract Number N62472-03-D-0057, Contract Task Order 

(CTO) 069.  

 

This Final SI Work Plan has been developed to provide a description of the necessary tasks to complete 

this CTO and to ensure that the project deliverable will be in conformance with the NAVFAC, Mid-Atlantic 

Project Statement of Work (SOW), delivered 14 September 2006 to Malcolm Pirnie.  In addition, this 

version of the Work Plan incorporates the ideas and resolutions generated during the development and 

review process for this project, including a site visit/scoping meeting conducted with Tetra Tech and the 

Stakeholders in October 2007, as well as additional discussions at routine project meetings, conference 

calls, and comment letters.  For safety reasons and to provide a better basis for establishing munitions 

constituents (MC) sampling locations, the Navy has now decided to conduct MEC clearance before 

conducting the MC sampling at the munitions and explosives of concern (MEC) sites (Site 12 EOD, 

Quarry, and Former Munitions Bunker West).  As a result, the subject Work Plan for all six sites has been 

revised to only include the remaining small arms ranges (Skeet Range, Topsham Skeet Range, and 

Machine Gun Boresight Range).  This will allow field work at these small arms ranges to proceed in the 

meantime.  A work plan for the three MEC sites will be issued at a later date, following evaluation of 

findings from the MEC clearance effort, and associated comments included herein will be addressed at 

that time.    

 

This Final SI Work Plan will be used with the understanding that unanticipated conditions may dictate a 

change in the Plan as written.  Any necessary deviations from the Work Plan will be brought to the 

attention of the NAVFAC, Mid-Atlantic Remedial Project Manager (RPM) as soon as possible before the 

deviation is implemented, and a written request for variance will be submitted to document the decision 

made.  The Maine Department of Environmental Protection (MEDEP) and United States Environmental 

Protection Agency (USEPA) will be notified by the Navy of any deviations from the Work Plan. 

  

1.1 PROJECT OBJECTIVES 

The Department of Defense (DoD) has established policy and guidance for munitions response actions 

under the Military Munitions Response Program.  Key program drivers developed to date conclude that 
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munitions response actions will be conducted under the process outlined in the National Contingency 

Plan, as authorized by the Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA). 

  

The objective of the SI described in this Final SI Work Plan is to conduct an on-site investigation and 

gather sufficient data to determine the presence or absence of MC that may remain from activities 

conducted by the DoD during operation of these sites and that may subsequently pose a threat to human 

health and/or the environment.  Under the MRP, the primary goal of the SI is to collect the appropriate 

amount of information necessary to make one of the following decisions:  1) whether a Remedial 

Investigation (RI) is required at a site; 2) whether an immediate response is needed; or 3) whether the 

site qualifies for no further action (NFA).   

 

The SI at NASB will address MC issues for the three MRP sites.  The SI for MEC is being addressed 

under separate cover, in preparation by Tetra Tech.  The secondary goal of the SI is to collect information 

for the Navy in order to budget MRP projects, including Cost to Complete (CTC) estimates and site 

prioritization for the MRP sites.  

 

1.2 WP ORGANIZATION 

This Work Plan consists of six sections, as outlined below: 

 

Section 1.0:  Introduction.   

Section 2.0:  Navy MRP Site Descriptions provides a detailed description of each MRP site. 

Section 3.0:  Scope of Work discusses the proposed activities to be conducted by Tetra Tech NUS, Inc. 

(TtNUS) as part of the SI. 

Section 4.0:  Health and Safety describes the health and safety procedures for the SI (refers to a Navy 

internal document). 

Section 5.0:  Project Management outlines the project schedule and project personnel for the SI. 

Section 6.0:  Project Deliverables presents a summary of the reporting to be completed for the SI. 

 

The Sampling and Analysis Plan (SAP), which includes a Quality Assurance Project Plan (QAPP), is 

included in Appendix A.  Results from the USEPA results of X-Ray Fluorescence (XRF) soil sampling at 

the Machine Gun Boresight Range are included in Appendix B.  MC field activities at the MRP sites in this 

SI are limited to MC sampling; MEC is not expected to be present at these sites and a magnetometer 

assisted clearance of the ground surface for anomaly avoidance purposes will not be conducted; 

therefore, a Project Quality Control Plan and MEC Management and Contingency Plan are not applicable.  

Appendix C includes supplemental historical information for each of the sites collected and evaluated 

following the October 2007 kickoff meeting/site visit with the Stakeholders; also included are the 
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2.0  MRP SITE DESCRIPTIONS 

2.1 OVERVIEW 

The NASB main base is located in Cumberland County, approximately 25 miles northeast of Portland, 

ME.  The installation is located just south of U.S. Route 1, approximately two miles east of Brunswick’s 

main business district and five miles inland from the Atlantic Ocean.  

 

The NASB main base sits on approximately 3,070 acres.  It is the last active duty DoD airfield remaining 

in the northeastern U.S. and has been included in the Base Realignment and Closure (BRAC) 2005 list, 

with an operational closure date of September 2011.  The NASB is currently home to three active duty 

and two Reserve squadrons as well as 29 tenant commands.  The installation is one of Maine’s largest 

employers with over 4,800 military and civilian personnel.  The NASB also provides support for other 

Navy units in Maine, including the Navy ships at Bath, the Navy Security Group at Winter Harbor, the U.S. 

Naval Radio Station at Cutler, the U.S. Naval Survival School at Rangeley, and the Department of Naval 

Sciences at the Maine Maritime Academy at Castine.  Figure 2-1 shows the general layout of NASB main 

base, as well as the locations of the three MRP sites that are the focus of this Work Plan. 

 

The installation was originally constructed and occupied in March 1943 with the primary mission of 

training British Naval Command (Royal Canadian Air Force) pilots.  The station carried out a secondary 

mission of anti-submarine warfare during World War II (WWII). In October 1946, the installation was 

deactivated and the land and buildings were leased jointly to the University of Maine and Bowdoin 

College as annexes to ease the overcrowded conditions caused by the Government Issue Bill student 

influx.  The University of Maine and Bowdoin College terminated their leases in 1949, and the station was 

taken over by the Brunswick Flying Service, a private company.  Following this period of caretaker status, 

the station was selected by the Navy as a prime center for development.  During the development period, 

the U.S. Air Force reached an agreement with the Navy authorizing the construction of an Air Force 

Control and Warning Facility on the station as a part of the continental circumferential radar screen. 

 

The station was recommissioned in March 1951 as a Naval Air Facility with the mission of supporting 

three land-plane patrol squadrons and one fleet aircraft service squadron with a planned future mission 

as a master jet base.  The station retained the mission of anti-submarine warfare.  In December 1950, the 

Navy requested funds from Congress for the master jet project.  This base modification required dual 

8,000-foot runways and two outlying fields: one for gunnery and one for carrier practice landings.  In 

addition, the Secretary of Defense submitted a request to Congress for funding in June 1951.  This 

money was to be used for: additional barracks: officers’ quarters: enlisted men’s clubs: control tower: 
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storage: and communication buildings; and new galleys and mess facilities.  The new buildings and 

facilities would make the station a permanent installation in Brunswick. 

 

Following the reactivation period, several new permanent facilities were erected to replace the WWII 

“temporary” buildings.  New facilities included a modern operations tower, three-deck barracks, and a 

large mess hall.  In addition to these facilities, a new enlisted men’s club, Navy Exchange, and Bachelor 

Officers’ Quarters were constructed. 

 

In December 1951, the Naval Air Facility was officially changed to the designation of Naval Air Station.  

The Arctic Survival Training School was established on-base September 1956 to train members 

deploying to the Arctic in north-country survival techniques. 

 

Topsham Air Force Base, currently known as Topsham Annex, was initially developed by the U.S. Air 

Force (Air Force) in 1956 as an airspace surveillance and communications facility.  Prior to 1956, the 

installation was occupied by a small dairy farm and woodland.  The Air Force’s mission for Topsham Air 

Force Base was to perform the mid-coast Maine segment of the Semi-Automatic Ground Environment 

(SAGE) system.  SAGE was a networked radar and communications system that provided airspace 

surveillance of the U.S. and Canada during the 1960s.  Topsham Air Force Base included the typical 

support infrastructure of a small military base: barracks, engineering, supply, recreation, administration, 

communication, etc.  In the early 1960s, 51 additional buildings comprising 177 housing units were 

constructed.  In the 1970s, Topsham Air Force Base was acquired by the Navy and placed under the 

operational control of NASB as a housing annex and space for support units; it was then renamed 

Topsham Annex.  Portions of the Topsham Annex have been excessed by the Navy, with four parcels 

were transferred to the Maine School Administration District (MSAD) No. 75.  The MSAD No. 75 property 

includes seven buildings, ball fields, roadways, and parking lots.  The Topsham Annex Skeet Range 

overlaps Parcel 1 of the MSAD No. 75 property along its northern property boundary, and Parcels 2, 3, 

and 4 of the MSAD No. 75 property are located south of the skeet range. 

 

2.2 MACHINE GUN BORESIGHT RANGE 

The Machine Gun Boresight Range site is located in the eastern portion of the installation.  The range site 

encompasses approximately 0.3 acres from the firing line to the berm with an approximately 1029.4 acre 

surface danger zone (SDZ) during historical operations. 

 

The former range was used during the 1950s to align and test fire aircraft mounted guns.  Naval aircraft of 

the 1950s would have fired machine gun ammunition including .30-caliber and .50-caliber.  At the time the 

range was active, the area east of the range was undeveloped and wooded.  The range is visible on a 
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1957 aerial photograph of the installation; however, today there are no visible remnants of the Machine 

Gun Boresight Range or the range berm. 

 

An updated map believed to be from the late 1950s to early 1960s found at the National Archives had the 

range labeled as a pistol range; however, the exact history or use of the range as a pistol range is 

unknown.  In the early 1960s, the layout of the installation was changed and eventually taxiways 

connecting the runways to the range area were removed and the range was abandoned. 

 

Building 55 and the associated parking lot appear to sit on the approximate area of the compass rose and 

part of the former range floor; however the former location of the backstop for the range is not currently 

covered.  Figure 2-2 shows the layout of the former Machine Gun Boresight Range. 

 

The former Machine Gun Boresight Range is not suspected to contain MEC.  It is assumed that all MEC 

onsite were removed when the berm was demolished; however, the ultimate disposition of the berm is 

unknown.   

 

There is the potential for MC at the former Machine Gun Boresight Range.  The primary MC of concern 

associated with machine gun and small arms ranges is lead.  By design, the majority of the bullets fired at 

the range would have landed and accumulated in the berm.  It is unknown if NASB has any procedures in 

place to remove and dispose of lead, as it accumulated on the range when it was active or when the 

range was closed.  Sampling data was not available to estimate the potential for lead in the soil.  Other 

metals of concern include antimony, arsenic, and copper.  Perchlorate is also a contaminant of concern, 

every fifth round fired from machine guns was a tracer round which would have contained pyrotechnics. 

 

2.3 SKEET RANGE 

The Skeet Range site is located in the southeast portion of the installation in an open field approximately 

75 meters north of and 100 meters east of Building 55.  The former range was located adjacent to Range 

Road just northeast of the taxiway intersection. 

 

The former Skeet Range was used for the training of military personnel during the 1950s.  Navy 

Programming Guidance from the 1950s defined the SDZ of a skeet range as a 900-foot radius from the 

shooting field.  The configuration of the range has changed over the years giving it an area of 78 acres.  

On range maps from 1952, the range is shown with the direction of fire to the north; however, in a 1957 

aerial photograph, the range is shown with the direction of fire to the east.  It appears that the layout of 

the range and direction of fire were changed to maintain a safe separation distance from the shooting 

field outlined in the Programming Guide because the area east of the range was undeveloped.  

Figure 2-3 shows the layout for the former Skeet Range. 
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Lead shot from expended shot gun ammunition is not considered MEC; therefore, the former Skeet 

Range is not suspected to contain MEC.   

 

There is the potential for MC to be present at the former Skeet Range.  The primary constituent of 

concern is lead from the shotgun ammunition and polycyclic aromatic hydrocarbons (PAHs) from the clay 

targets.  It is unknown if the Navy performed any lead removal from the range when it was active or after 

it was abandoned.  During the time the range was operational, lead was not considered an environmental 

or health hazard.  Other associated MC, which are less likely to be of concern, may include antimony 

(increases hardness), arsenic (present in lead), nickel (coating on some shot), and lead azide (associated 

with gunpowder).  Black powder was supplemented by smokeless powder early in the 20th century.  

Smokeless powder is the propellant associated with the use of shotguns and is so named because the 

combustion products are mainly gaseous compared to black powder.  Propellants (nitrocellulose and 

possibly nitroglycerine) and plasticizers (dinitrotoluene and dibutyl phthalate) are associated with 

smokeless powder. 

 

2.4. TOPSHAM ANNEX SKEET RANGE 

The Topsham Annex Skeet Range is located in the northern portion of Topsham Annex along the Navy 

property line and east of the Mt. Ararat Middle School athletic field.  The former 29-acre area was used 

during the Air Force’s use of Topsham Annex prior to the 1970s.  Navy Programming Guidance from the 

1950s defined the SDZ of a skeet range as a 900-foot radius from the shooting field.  Based on the visual 

survey conducted by Malcolm Pirnie and historical layout, it appears that the direction of fire was toward 

the north.  The majority (27 acres) of the SDZ extends off-base onto private property and onto land 

transferred to the MSAD No. 75.  No structures remain at the site, but clay target fragments were 

identified during the visual survey.  The site is currently undeveloped, and future use will likely not change 

on the Navy owned property prior to transfer.  The future use of the off-base portion of the range is 

unknown.  The Navy will begin the process to secure right of entry for the private property so that field 

activities can be conducted, including soil and groundwater sampling.  Figure 2-4 shows the layout for the 

Topsham Annex Skeet Range. 

 

Lead shot from expended shot gun ammunition is not considered MEC; therefore, the Topsham Annex 

Skeet Range is not suspected to contain MEC. 

 

There is the potential for MC to be present at the Topsham Annex Skeet Range.  The primary 

constituents of concern are lead from shot and PAHs from the clay targets.  As noted in Section 2.3, other 

MC associated with shotgun ammunition, which are less likely to be of concern, may include: antimony 

(increases hardness), arsenic (present in lead), nickel (coating on some shot), and lead azide (associated 
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with gunpowder). Propellants (nitrocellulose and possibly nitroglycerine) and plasticizers (dinitrotoluene 

and dibutyl phthalate) associated with smokeless powder may also be present.  

 

Data from the July 2004 Investigative Activities indicated that lead is present in the surface soils.  

However, the soil samples were taken at the firing point and not within the likely shotfall area; therefore, 

the samples may not be representative of the entire Topsham Annex Skeet Range.    

 

2.5 CONTAMINANTS OF CONCERN 

MC are the chemical constituents that originate from UXO, DMM, or any other military munitions including 

explosives and non-explosive materials, and emissions, degradation, or breakdown elements of such 

munitions.  Generally, a few categories of MC are: explosives and breakdown products (trinitrotoluene, 

cyclotrimethylenetrinitramine, and cyclotetramethylene-tetranitramine), pyrotechnics, propellants, 

incendiaries (perchlorate, nitroglycerine, nitrocellulose, nitrogyononium, white phosphorus), and metals 

[Target Analyte List (TAL) metals].  Table 2-1 summarizes the specific MC of concern at each of the MRP 

sites at NASB and Table 2-2 summarizes indicator parameters that will be collected to provide information 

on migration potential.  Indicator parameters include total organic carbon (TOC) analysis for all sediment 

samples as an indicator to aid in toxicity evaluation.  For soil, four soil samples each at the NASB Skeet 

Range and the Topsham Skeet Range will be analyzed for pH, TOC, and CEC.    

 

Table 2-1:  Analyses at Three MRP Sites 
MC 

MRP Site 
TAL 

Metals 
Explosives 

(Dinitrotoluene) 
Propellants 
(Nitroglycerin) 

Perchlorate PAHs 

Machine Gun 
Boresight Range X  X X  

NASB Skeet Range X X X  X 
Topsham Annex 
Skeet Range X X X  X 

Other Analysis 
MRP Site Nitrates pH TOC CEC  

Machine Gun 
Boresight Range      

NASB Skeet Range X X X X  
Topsham Annex 
Skeet Range X X X X  
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3.0  SCOPE OF WORK 

The scope of the SI will be based on DoD guidance for performing response actions on military ranges 

and EPA [Environmental Protection Agency] Guidance for Performing Site Inspections Under 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA); Interim Final, 

September 1992, as well as U.S. Army Corps of Engineers guidance on ordnance and explosive 

response actions under the Defense Environmental Restoration Program for Formerly Used Defense 

Sites.  The MRP SI includes the following inter-related tasks:  

 

Preliminary Assessment (PA) – This task consists of identifying data gaps from the range inventory, 

obtaining and reviewing historical records, and conducting a site visit to assess the current conditions of 

the MRP sites. 

 

SI Work Plan – This task consists of preparing and submitting a site-specific SI Work Plan (including a 

SAP).  The SI Work Plan will identify project objectives and the data collection program designed to meet 

these objectives.  
 
Stakeholder Meetings  – A meeting with Navy and regulatory stakeholders was held in October 2007 

prior to the SI fieldwork to discuss the historical site information review findings, the proposed data 

collection/evaluation objectives and approach presented in the SI Work Plan, and the criteria for NFA or 

additional action determinations.  Subsequent revisions resulted from additional discussions at routine 

project meetings, conference calls, and comment letters.  As discussed in Section 1.0, the subject Work 

Plan for all six sites has been revised to only include the remaining small arms ranges (Skeet Range, 

Topsham Skeet Range, and Machine Gun Boresight Range).      

 
SI Fieldwork – This consists of performing investigative activities and preparing reports of findings. 

 

SI Report – This task consists of preparing and submitting an SI Report summarizing the results of the 

fieldwork, including an updated Conceptual Site Model (CSM) developed for each site with an appendix 

containing all information necessary to complete the MRP Site Prioritization Protocol. 

 

3.1 PA 

PAs were conducted at the three MRP sites to support the SI.  All PAs provided information pertinent to 

identifying, verifying, and establishing the physical limits and potential for MEC and MC at each site.  

Historical records, aerial photographs, existing site maps, and existing environmental restoration 

documents were reviewed, and interviews with installation personnel were conducted.  Available existing 
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installation-specific background studies were reviewed, and a site visit was conducted to gather 

information regarding current site conditions, including the possible presence of MEC and/or MC at each 

site. 

 

The Final PA Report for the Topsham Annex was submitted in September 2005.  The Final PA Report for 

the Machine Gun Boresight Range and the Skeet Range (which also included the Former Munitions 

Bunker West Area) was submitted in September 2006.  Comments from the BRAC Program Management 

Office Northeast (PMO NE) and other stakeholders were incorporated into the Final PA Reports. 

 

3.2 STAKEHOLDER MEETINGS 

A Stakeholder Meeting was held in October 2007 and involved the Navy and regulatory stakeholders, and 

provided an opportunity to discuss project objectives, activities, and findings.  The Stakeholder meeting 

was held prior to the SI field work.  The meeting also provided an opportunity for stakeholders to discuss 

questions and make decisions regarding the MRP sites.  The Stakeholder Meeting provides an integrated 

approach to planning and documenting that will produce the type and quality of data needed for site-

specific decision making.  The decisions made during the Stakeholder Meeting confirmed and refined the 

scope of MC field activities for the three MRP sites (Machine Gun Boresight Range, Skeet Range, and 

Topsham Annex Skeet Range).  Subsequent revisions resulted from additional discussions at routine 

project meetings, conference calls, and comment letters.  As discussed in Section 1.0, the subject Work 

Plan for all six sites has been revised to only include the remaining small arms ranges (Skeet Range, 

Topsham Skeet Range, and Machine Gun Boresight Range).      

 

3.3 SI FIELDWORK 

Based on information obtained during the PA, MEC investigations will not be performed at these MRP 

sites.  The Machine Gun Boresight Range, the NASB Skeet Range, and the Topsham Annex Skeet 

Range are not suspected to contain MEC. 

 

Field sampling will be conducted at all three sites and will include the collection of sufficient information to 

show whether MC are present at these MRP sites at NASB.  The MRP site locations are provided on 

Map 2-1 through Map 2-4.   

 

3.3.1 MC Field and Data Evaluation Activities 

Table 3-1 provides a summary of decisions made to address MC. 
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Table 3-1:  Summary of MC SI Activities 

MC SI Activities MRP sites 

Activity Purpose 

Machine Gun 
Boresight 
Range 

Conduct XRF investigation (USEPA) to aid in 
establishing the former berm location (see 
Appendix B) and, in particular, if the nearby dirt 
pile is remnants of the former berm, and thereby 
establish locations for MC sampling.  Map dirt 
pile via GPS. 
Collect 13 discrete surface soil samples 
(includes 1 background location to be analyzed 
for TAL metals and PAHs) and analyze for TAL 
metals and propellants (nitroglycerine). 
Collect 12 discrete subsurface soil samples and 
analyze for TAL metals and propellants 
(nitroglycerine). 
Collect 5 groundwater samples and analyze for 
TAL metals, propellants (nitroglycerine), and 
perchlorate.  

CTC and site prioritization.   
Support MC NFA or RI 
determination.  NFA 
determination is possible if 
sample analytical data for site 
are below analyte-specific 
screening criteria: 
Soil:  Oak Ridge National 
Laboratory (ORNL) Regional 
residential soil screening levels 
(September 2008) 
Groundwater: The more 
stringent of ORNL Regional 
screening levels for tap water 
and Maine MEGs 

NASB Skeet 
Range 

Conduct  XRF investigation (TtNUS), discrete 
samples, to aid in establishing locations for MC 
sampling. 
 
Collect 20 discrete surface soil samples and 
analyze for TAL metals and PAHs, analyze the 
4 samples collected in and around the firing 
point for explosives (dinitrotoluene) and 
propellants (nitroglycerine), and 4 of the 
samples for pH, TOC, and CEC. 
Collect 8 discrete subsurface soil samples and 
analyze for TAL metals and PAHs, analyze the 
2 samples collected around the firing point for 
explosives (dinitrotoluene) and propellants 
(nitroglycerine). 
Collect 4 sediment samples (1 discrete from the 
tributary and 3 composite from the 
impoundment ponds) and analyze for TAL 
metals and TOC (no PAHs).  
If decided upon, collect 7 groundwater samples 
(5 new locations plus 2 existing SWMU 9 wells) 
and analyze for TAL metals, PAHs, and nitrates. 
The groundwater sample collected from MW-
NASB-078 will be analyzed for explosives 
(dinitrotoluene) and propellants (nitroglycerine). 
Collect 4 surface water samples (1 discrete 
from the tributary and 3 composite from the 
impoundment ponds) and analyze for TAL 
metals (no PAHs). 

CTC and site prioritization.   
Support MC NFA or RI 
determination.  NFA 
determination is possible if 
sample analytical data for site 
are below analyte-specific 
screening criteria: 
Soil:  ORNL Regional screening 
levels 
Groundwater: The more 
stringent of ORNL Regional 
screening levels for tap water 
and Maine MEGs 
Surface Water/Sediment:  
Criteria established previously 
for other NAS Brunswick IR sites 
(see QAPP, which is Attachment 
1 of SAP). 
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Table 3-1:  Summary of MC SI Activities 

MC SI Activities MRP sites 

Activity Purpose 

Topsham 
Annex Skeet 
Range 

Conduct XRF investigation (TtNUS), discrete 
samples, to aid in establishing the site 
boundaries and locations for MC sampling.  
Map any historic site features. 
Collect 15 discrete surface soil samples 
(includes 1 background location to be analyzed 
for TAL metals and PAHs only) and analyze for 
TAL metals and PAHs, analyze the 4 samples 
collected in and around the firing point for 
explosives (dinitrotoluene) and propellants 
(nitroglycerine), and 4 of the samples for pH, 
TOC, and CEC.   
Collect 5 discrete subsurface soil samples and 
analyze for TAL metals and PAHs, analyze the 
sample collected around the firing point for 
explosives (dinitrotoluene) and propellants 
(nitroglycerine).   
Collect 3 discrete sediment samples (includes 1 
upstream background sample) and analyze for 
TAL metals, PAHs, and TOC. 
If decided upon, collect 5 groundwater samples 
and analyze for TAL metals, PAHs, and nitrates. 
One groundwater sample will be analyzed for 
explosives (dinitrotoluene) and propellants 
(nitroglycerin). 
Collect 3 discrete surface water samples 
(includes 1 upstream background sample) and 
analyze for TAL metals and PAHs. 

CTC and site prioritization.   
Support MC NFA or RI 
determination.  NFA 
determination is possible if 
sample analytical data for site 
are below analyte-specific 
screening criteria: 
Soil:  ORNL Regional screening 
levels 
Groundwater: The more 
stringent of ORNL Regional 
screening levels for tap water 
and Maine MEGs 
Surface Water/Sediment:  
Criteria established previously 
for other NAS Brunswick IR sites 
(see QAPP, which is Attachment 
1 of SAP). 

 

Collection of discrete grab samples is proposed for surface and subsurface soil samples at these sites.  

Sediment and surface water samples will be obtained as discrete grab samples.     

 

The goal of the field sampling activities for MC is to determine if the site has been impacted by MC.  

Analytical data exceeding background levels and appropriate regulatory limits will be used as justification 

to move the site into the RI phase.  The SI field sampling activities are not intended to determine the 

nature and extent of all contaminants.  All fieldwork will be of sufficient quality to meet the DQOs for the 

project as dictated in the QAPP.  The details of the planned MC field sampling activities are provided in 

the SAP.  Investigative activities will be conducted based on information obtained during the PA process 

and data review.  Complete sampling and analysis of relevant media will be conducted to assess the 

risk/hazard posed by any MC found at the site.   
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3.3.1.1 Soil/Sediment Sampling 

Soil samples will be collected at all of the MRP sites.  Up to 25 soil discrete samples (12 surface and 12 

subsurface soil samples plus 1 background surface soil sample) will be collected from the Machine Gun 

Boresight Range (analyzed for TAL metals and propellants); 20 discrete soil samples (14 surface and 5 

subsurface soil samples plus 1 background surface soil sample) will be collected from the Topsham 

Annex Skeet Range (analyzed for TAL metals and PAHs) the 4 samples collected from in and around the 

firing point will also be analyzed for explosives (dinitrotoluene), and propellants (nitroglycerine); and 28 

discrete soil samples (20 surface and 8 subsurface soil samples; note the common 1 background surface 

soil sample is included in the count for Machine Gun Boresight Range) will be collected from the NASB 

Skeet Range (analyzed for TAL metals and PAHs) and the 4 samples collected from in and around the 

firing point will also be analyzed for explosives (dinitrotoluene) and propellants (nitroglycerine). Four soil 

samples each from both the Topsham Annex Skeet Range and the NASB Skeet Range will also be 

analyzed for pH, TOC, and CEC.  The tabulation of soil samples at the Machine Gun Boresight Range 

includes 1 surface soil sample collected off site for comparison purposes with background conditions.  

The background soil samples will be collected at locations shown on the figures; however, if there is 

evidence of fill or other historic soil disturbance in the area, the background samples will be relocated.   

 

Two discrete sediment samples will be collected from the Topsham Annex Skeet Range brook within the 

shotfall zone, and an additional discrete background sample will be collected upstream; all samples will 

be analyzed for PAHs and TAL metals.  Four sediment samples will be collected associated with the PAH 

detention basins at the other Skeet Range and analyzed for TAL metals (no PAHs).  The three samples 

from within the PAH detention basin will be composite samples and the sample from the tributary near the 

detention basin will be a discrete sample.  All sediment samples will be analyzed for total organic carbon 

(TOC).  Sediment samples will not be collected at the Machine Gun Boresight Range because no surface 

water bodies or ditches are present. 

 

3.3.1.2  Surface Water/Groundwater Sampling and Water-Level Measurements 

Provided that surface water is present during the sampling event, three discrete surface water samples 

(two within the shotfall zone and one background upstream) will be collected at the Topsham Annex 

Skeet Range brook  and will be analyzed for TAL metals and PAHs.  At the other Skeet Range, the three 

samples from within the PAH detention basin will be composite samples and the sample from the tributary 

near the detention basin will be a discrete sample.  The surface water samples will be analyzed for TAL 

metals.  Surface water samples will not be collected at the Machine Gun Boresight Range where no 

surface water bodies or ditches are present. 
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Temporary monitoring wells may be installed at Topsham Skeet Range.  The Navy will discuss potential 

groundwater sampling requirements and locations with the EPA and MEDEP after conducting site 

reconnaissance and soil sampling activities. Should temporary monitoring well be installed, one 

groundwater sample will be collected from each of the 5 temporary wells..  These groundwater samples 

will be analyzed for TAL metals, PAHs, and nitrates.  One groundwater sample at the firing point will be 

analyzed for explosives (dinitrotoluene) and propellants (nitroglycerin).  If monitoring wells are installed, it 

is proposed that one well will be installed at the firing point, 3 will be installed within the likely shotfall 

zone, and 1 will be installed surrounding the target area outside of the shotfall zone.  The well outside of 

the shotfall zone will aid in determining the extent of contamination, if any, beyond the shotfall zone. 

 

Temporary monitoring wells may be installed at the NASB Skeet Range.  The Navy will discuss potential 

groundwater sampling requirements and locations with the EPA and MEDEP after conducting site 

reconnaissance and soil sampling activities.  Should temporary monitoring wells be installed, one 

groundwater sample will be collected from each of the five temporary wells.  In addition, groundwater 

from two existing wells installed for the Site 9 investigation will be sampled because they are properly 

placed to aid in the Skeet Range investigation - one groundwater sample will be collected from the 

existing well MW-NASB-078, serving for the firing point well, and the other groundwater sample will be 

collected from existing well MW-NASB-076, located within the shotfall zone.  These groundwater samples 

will be analyzed for TAL metals, PAHs, and nitrates.  The groundwater sample collected from MW-NASB-

078 will also be analyzed from explosives (dinitrotoluene) and propellants (nitroglycerin). 

 

One groundwater sample will be collected from each of the five temporary groundwater wells that will be 

installed at the Machine Gun Boresight Range during field activities, for a total of five groundwater 

samples.  These samples will be analyzed for TAL metals, propellants, and perchlorate.  The five 

temporary groundwater wells will be installed at the Machine Gun Boresight Range at the following 

locations; one at the firing point and the other 4 positioned one in each direction surrounding the berm.     

 

Synoptic water-level data will be collected from each well sampled to aid in establishing groundwater flow 

direction for each site.  If monitoring well installation is decided upon at the Skeet Range, Site 9 

monitoring wells MW-NASN-072, -074, -075, -076 (to be sampled also), -077, -078 (to be sampled also), -

082 and -320 will be included in the water level data collection effort.  If monitoring well installation is 

decided upon at Topsham Skeet Range, three existing nearby wells (MW1, MW2, and MW3) are present 

from a 2006 investigation of an adjacent area and will be included in the water-level data collection effort. 

 

3.3.1.3 Laboratory Analysis 

The total number of samples that will be collected and the selected laboratory analyses are presented in 

Table 3-2.  The analytical methods were selected on the basis of the munitions items known to have been 
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used at the site and include a standard suite of range-related analytical parameters to account for 

unknown items.  The standard analytical methods include TAL Metals (USEPA Method 6010B), 

Explosives (SW-846 Method 8330A for dinitrotoluene), Perchlorate (SW-846 Method 6850 [with filtration 

at the laboratory]) PAHs (SW-846 Method SIM 8270C), TOC (Lloyd Kahn Method), pH (SW-846 Method 

9045D), CEC (SW-846 Method 9081), nitrates (SW-846 Method 9056 or EPA 300) and propellants 

(nitroglycerin by SW-846 Method 8332).  For the skeet ranges, nitrocellulose and dibutyl phthalate are not 

included because they are secondary contaminants with low toxicity and are not expected at significant 

concentrations; however, if propellants and explosives are found at levels of concern during the MC SI, 

dibutyl phthalate will be included in the analytical suite in the future during an RI and/or remediation. 

 

Table 3-2:  Sample Summary Table 

Number of Samples / Media 

MRP Site 

TAL Metals Explosives 
(Dinitrotolue

ne) 

Propellants 
(Nitroglyceri

n) 

Perchlorate PAHs Nitrates 

Machine 
Gun 

Boresight 
Range 

13 surface soil 
(includes 1 
background 
sample) 
12 subsurface 
soil 
5 groundwater 

 

13 surface soil 
12 subsurface 
soil 
5 groundwater 

5 groundwater 
1 surface soil 
(background 
sample) 

 

NASB Skeet 
Range 

 
20 surface soil* 
8 subsurface soil 
7 groundwater  
(5 from new 
wells and 2 from 
existing wells) 
4 surface water  
4 sediment*  

4 surface soil 

2 subsurface soil 

1 groundwater 
(MW-NASB-078) 

4 surface soil 
2 subsurface soil 

1 groundwater 
(MW-NASB-078) 

 

 
20 surface soil 
8 subsurface soil 
7 groundwater** 
 
 
 
 
 
 

7 groundwater 

Topsham 
Annex Skeet 

Range 

15 surface soil* 

(includes 1 
background 
sample) 
5 subsurface soil 
3 sediment * 
3 surface water 

(includes 1 
upstream 
collocated 
sample) 
5 groundwater 

4 surface soil 

1 subsurface soil 

1 groundwater 

4 surface soil 

1 subsurface soil 

1 groundwater 

 

15 surface soil 
5 subsurface soil 
3 sediment 
3 surface water 
5 groundwater** 

1 surface water co-
located sediment 
(background 
sample) 

5 groundwater 
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Total Organic Carbon (TOC) analysis will be conducted for all sediment samples as an indicator parameter to aid 
in toxicity evaluation of TAL metals.  Four soil samples each from NASB Skeet Range and Topsham Annex 
Skeet Range will be analyzed for pH, TOC, and CEC. 
** Temporary monitoring may be installed.  The Navy will discuss potential groundwater sampling 
requirements and locations with the EPA and MEDEP after conducting site reconnaissance and soil 
sampling activities. 

 
Note:  Sample quantities presented do not include QC samples.  For details on QC samples, refer to Table 4-2 
through 4-4 of the SAP. 
 

3.3.1.4 Chemistry Analysis 

DQOs for sampling, analysis, and QA/QC will be reached by collecting the proper quantities and types of 

samples, using the correct analytical methodologies, implementing field and laboratory QA/QC 

procedures, and using various data validation and evaluation processes.  The DQOs for each analytical 

method are provided in the QAPP.  Laboratory requirements for the analytical methods being used for 

this project are provided in the SAP and QAPP.  These procedures include requirements for sample 

preparation, sampling containers, preservation methods, and holding times.   

 

The QAPP has been developed to support the sampling, analysis, and evaluation activities associated 

with this project.  The QAPP consists of policies, procedures, specifications, standards, and 

documentation sufficient to produce data of quality adequate to meet the DQOs for the project. 

 

The QAPP has been prepared to ensure that this responsibility is met throughout the duration of this 

project.  It addresses procedures to assure the PARCC of field and laboratory data generated during the 

course of this project.  It also provides a framework for evaluating existing data that may be used in this 

project.  The QAPP defines the first stage of the QA requirements for sample and data acquisition, 

handling, and assessment.   

 

QA procedures such as tracking, reviewing, and auditing are implemented as necessary to ensure that all 

project work is performed in accordance with professional standards, USEPA and Navy regulations and 

guidelines, and the specific goals and requirements stated in this Work Plan. 

 

QC of sample collection, analysis, and assessment will be performed by technical project personnel.  

Laboratory equipment will be maintained and calibrated, and records of these activities will be kept in 

accordance with established procedures.  This will include laboratory oversight by project personnel, as 

well as laboratory data and document review.   

 

Per the USEPA criteria for data quality for risk-based projects, 10 percent of the analytical data are 

required to meet Tier III data validation level of QA/QC related to sample collection, laboratory analysis, 

and data validation techniques.  However, 100% data validation is planned so that data can be used to 
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support an NFA and/or RI decision.  Data validation reports for all parameters will be generated according 

to the requirements described in attachment B of the USEPA – New England Data Validation Guidelines 

for Evaluating Environmental Guidelines.  Following the processes identified in the QAPP, final data 

usability will be determined by the Navy Project Chemist in coordination with the Project Manager, Project 

Chemist, and independent Project Data Validator.  Overall QA review of documentation, field sampling, 

and laboratory QC will allow determination of the acceptability of these data for use in this project.  

 
Sample chemical analyses are discussed in greater detail in the QAPP. 

 

3.3.1.5 Data Analysis 

The project-specific DQOs for data collection, analysis, and quality assurance (QA) /quality control (QC) 

objectives will be met by implementing field QA/QC procedures and using various data evaluation 

processes.  The DQOs for the data collection methods are provided in the SAP and QAPP, along with 

requirements for data collection and instrument calibration methods being used in the SI. 

  

The QAPP has been developed to support the analysis and evaluation activities associated with this 

project.  The QAPP consists of policies, procedures, specifications, standards, and documentation 

sufficient to produce data of quality adequate to meet the DQOs for the project.  The QAPP, which 

includes a series of worksheets, has been written in conformance with the USEPA Uniform Federal Policy 

for QAPPs, Final Version 1, March 2005. 

 

The QAPP addresses procedures to assure the precision, accuracy, representativeness, completeness, 

and comparability (PARCC) of field data generated during the course of this project, when applicable.  It 

also provides a framework for evaluating existing data that may be used in this project.  The QAPP 

defines the first stage of the QA requirements for data acquisition and assessment.   

 

The QA procedures, such as tracking, reviewing, and auditing, are implemented as necessary to ensure 

that all project work is performed in accordance with professional standards, USEPA and Navy 

regulations and guidelines, and the specific goals and requirements stated in this SI Work Plan. 

 

The QC of data collection, analysis, and assessment will be performed by technical project personnel.  

Equipment and instruments will be maintained and calibrated, and records of these activities will be kept 

in accordance with established procedures.  This will include oversight by project personnel, as well as 

data and document review. 

 

Data analysis will include field and QA/QC data tabulation, data analysis (comparison with project DQOs), 

and data validation.  A summary report that will include text and tables summarizing the data validation 
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findings will be included in an appendix of the SI Report.  The QA/QC review will allow determination of 

acceptability of data for use for this project. 

 

3.3.1.6 XRF Investigations and Site Mapping 

X-Ray Fluorescence (XRF) spectrometry investigations and additional site mapping will be conducted at 

all three sites – Machine Gun Boresight Range, NASB Skeet Range, and Topsham Skeet Range.  

Discrepancies and or lack of information on these sites have led to uncertainty on the site boundaries.  

Therefore, XRF investigations may aid in establishing the locations for MC sampling; in particular, by 

obtaining a greater number of real time samples resulting in a higher level of confidence in identifying 

area(s) of maximum contamination for fixed-based laboratory analysis.  At each of the sites, a grid will be 

established over the site area and samples will be analyzed in the field for lead, the primary site 

contaminant, by XRF in the field, beginning with the grid squares expected to have the maximum 

concentrations and working outward.  The USEPA will conduct the XRF investigation at the Machine Gun 

Boresight Range.  TtNUS will conduct the XRF investigation at the NASB Skeet Range and Topsham 

Skeet Range.   

 

At the Machine Gun Boresight Range, the disposition of the former berm is unknown and a dirt pile on 

site may or may not be the remnants of the former berm.  The existing dirt pile boundary will be mapped 

in the field using a hand-held surveying GPS device.  The distance to the dirt pile has been measured but 

the entire outline of the dirt pile should be mapped.  Additionally, any areas with concrete debris should 

be mapped as they may represent the historical flared concrete end walls of the backstop berm.  

Maximum concentrations are expected at the existing dirt pile and/or the former berm location based on 

historical aerial photographs.  Up to 90 soil samples are planned for collection via XRF, with a minimum of 

30 soil samples.  The minimum 30 samples would be sufficient if it can be established that maximum lead 

concentrations present exceed the residential standard of 400 mg/kg and the source area locations 

(i.e., former berm location, existing dirt pile, and area in between) are consistent with those of the current-

day conceptual site model, because the decision to move forward to an RI would be evident at this point 

and the data collected could be built upon during the RI.  Otherwise, up to 90 samples will be collected 

via XRF to meet the objective.  During field analysis, the XRF lead data will be reviewed on a ½ day basis 

(approximately every 15 samples) to support the continuing effort of determining sample locations. 

 

At the NASB Skeet Range, aerial photographs are available showing the site location.  However, the site 

has been disturbed during construction of the impoundment ponds and the disturbance may have 

extended beyond the edges of the impoundment ponds.  The site is further complicated in that the 

orientation of the skeet range was changed.  Maximum concentrations are expected within the shotfall 

zone(s), working radially outward from the center.  Up to 90 surface soil samples are planned for 

collection via XRF, with a minimum of 30 surface soil samples.  The minimum 30 samples would be 
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sufficient if it can be established that maximum lead concentrations present exceed the residential 

standard of 400 mg/kg and the source area location (i.e., shotfall zone) is consistent with that of the 

current-day conceptual site model, because the decision to move forward to an RI would be evident at 

this point and the data collected could be built upon during the RI.  Otherwise, up to 90 samples will be 

collected via XRF to meet the objective.  Considering the changed orientation of the NASB Skeet Range 

over the years, the number of XRF samples is expected to be on the upper end (90 samples) with 

concentration on the overlap area of the two historic shotfall fans.  The XRF samples will be discrete in 

order to “match” the discrete sampling methodology for the samples to be sent to the fixed-base analytical 

laboratory.  During field analysis, the XRF lead data will be reviewed on a ½ day basis (approximately 

every 15 samples) to support the continuing effort of determining sample locations. 

 

At Topsham Skeet Range, very little information is available on the exact location of the range and aerial 

photographs do not resolve this issue.  Also, additional effort is warranted because most of the site lies 

outside of the NAS Brunswick boundary and so the Navy will not be able to place land use controls on the 

property.  Any remaining historical features, such as remaining wooden posts that are reportedly the 

launching points of the skeet targets, etc., will be mapped via a hand-held surveying GPS device.  

Maximum concentrations are expected within the shotfall zone, working radially outward from the center.  

Similar to the Machine Gun Boresight Range, up to 90 surface soil samples are planned for collection via 

XRF, with a minimum of 30 surface soil samples.  The minimum 30 samples would be sufficient if it can 

be established that maximum lead concentrations present exceed the residential standard of 400 mg/kg 

and the source area location (i.e., shotfall zone) is consistent with that of the current-day conceptual site 

model, because the decision to move forward to an RI would be evident at this point and the data 

collected could be built upon during the RI.  Otherwise, up to 90 samples will be collected via XRF to 

meet the objective.  The XRF samples will be discrete in order to “match” the discrete sampling 

methodology for the samples to be sent to the fixed-base analytical laboratory.  During field analysis, the 

XRF lead data will be reviewed on a ½ day basis (approximately every 15 samples) to support the 

continuing effort of determining sample locations. 

 

The XRF results will aid in locating the samples for MC fixed-based laboratory analysis (soil) and in 

determining the location and necessity of installing temporary monitoring wells at these sites.  The Navy 

will discuss potential groundwater sampling requirements and locations with the EPA and MEDEP after 

conducting site reconnaissance and soil sampling activities at the two skeet ranges.  Samples will be 

collected at the locations of highest concentrations established by the XRF investigation.  The XRF 

results will be used for screening purposes only and so no confirmation sampling for the XRF samples 

are planned prior to collecting the MC soil samples for fixed-based laboratory analysis.  Planned soil 

sampling locations shown on the figures may be adjusted based on XRF results.  Soil samples will be 

collected as per the sampling scheme, relative to the skeet range location shown on the figures; the 
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sample locations shown provide full site coverage of the shotfall zone and firing point.  However, it may 

become apparent during XRF sampling that the actual skeet range location is not as depicted on the 

figures and so, based on XRF results, the soil sampling locations may be shifted as necessary while still 

maintaining the same coverage.  Additional details on XRF Sampling are provided in Appendix A SAP, 

Section 4.6.4, XRF Sampling of Lead in Soil. 

 

3.4 SI REPORT 

Information obtained from fieldwork will be used to refine the existing CSM and MRP site boundaries.  

The SI Report will include photographs taken during field activities, a description of field observations, 

GPS data for relevant points, analytical data, and a discussion of the sample data.  The SI Report will 

include a discussion of the findings of the fieldwork and will recommend future site response, if 

necessary.  The SI Report will also identify what additional data must be collected, if any, in order to 

make decisions regarding future response actions.  Survey data coordinates (both GPS and land 

surveyor based) will be provided in the report, as well as an electronic version.   
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4.0  HEALTH AND SAFETY 

The procedures for ensuring health and safety during the MRP SI are presented in a Health and Safety 

Plan (HASP) prepared by TtNUS as an internal Navy requirement, and has been reviewed and approved 

by the Navy separate from the subject Work Plan.    
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5.0  PROJECT MANAGEMENT 

The Navy contractor will provide all of the documents and will participate in all of the meetings and 

conference calls in accordance with the protocols stated in the NAVFAC Mid-Atlantic project SOW. 

 

5.1 PROJECT SCHEDULE 

The project schedule, provided in Table 5-1, has been established in accordance with the Malcolm Pirnie 

SOW dated 14 September 2006 and subsequent modifications:  

 

 Task 1 – Meeting Support 

Task 2 – SI Work Plan 

 

The project schedule and task status is provided in Table 5-1.   

 

Table 5-1:  Project Schedule 

Task Status Task Completion 
Date 

Complete Project Schedule (Malcolm Pirnie) November 2006 

Complete Meeting Support (Malcolm Pirnie) October 2006 

Complete Draft SI MC Work Plan (Malcolm Pirnie) January 2007 

Complete Navy Review Comments                   February 2007  

Complete Draft Final SI MC Work Plan (Malcolm Pirnie) February 2007 

Complete Stakeholder Review Comments  March 2007 

Complete Stakeholder Meeting Support October 2007 

Not Complete Revised Draft Final SI MC Work Plan (Tetra Tech) February 2008 

Not Complete Stakeholder Review Comments March 2008 

Not Complete Final MC Work Plan June 2009 

Not Complete SI MC Fieldwork  July/August 2009 

Not Complete Draft SI MC Report January 2010 

Not Complete Navy Review Comments January 2010 

Not Complete Draft Final SI MC Report  February 2010 

Not Complete Stakeholder Review Comments April 2010 

Not Complete Final SI MC Report May 2010      

Note: TBD = to be determined 
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5.2 PROJECT PERSONNEL 

The following sub-sections identify the Navy, regulatory, and project personnel that comprise the project 

team. 

 

5.2.1 Navy and Regulatory Project Personnel 

Table 5-2 lists the Navy and Regulatory personnel involved with this project and their associated 

agencies/organizations. 

 

Table 5-2:  Navy and Regulatory Personnel 

Name Org Code Title Work Phone 

NAVY BRAC PMO NE 

 
Mr. Todd Bober 

NAVFAC 
MidAtlantic 

RPM (215) 897-4911 

 
Mr. Paul Burgio  

NAVY BRAC PMO 
NE 

BRAC Environmental Coordinator  (215) 897-4915 

Mr. David Barclift  NAVFAC 
MidAtlantic 

BRAC Technical Support (215) 897-4913 

NAVFAC Atlantic 

Ms. Jennifer Wright 
Ms. Amy Van 
Dercook 
Mike Green 

NAVFAC LANTDIV Technical Support  (757) 322-8428
(757) 322-4764 
(757) 322-8108 
 

NASB 

Ms. Lisa Joy NASB NASB Environmental Director (207) 921-1720 

Mr. Michael Fagan  IR Coordinator for MRP Sites (207) 921-1717 

USEPA, New England Region I 

Mr. Michael Daly EPA RPM Federal Facilities Superfund 
Section 

(617) 918-1384 

Maine Department of Environmental Protection 

Ms. Claudia Sait MEDEP RPM Federal Facilities Section (207) 287-7713 
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5.2.2 Project Personnel 

Project personnel and their responsibilities are listed in Table 5-3.   

 

Table 5-3:  Project Personnel 

Name Title Work Phone 

Linda Klink Project Manager 412-921-8650 
Charles Race Maine Certified Geologist 978-474-8437 
Ralph Basinski MRP Scientist 412-921-8308 
TBD Field Operations Leader TBD 
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6.0  PROJECT DELIVERABLES 

The project deliverables are expected to include:  

 

• Summary of historical activities resulting in deposition of MC on each site 

 

• Description of MC detected above method detection limits on each MRP site, including sample 

analytical data 

 

• Description of migration/exposure pathways for MC and human and environmental receptors as part 

of the revised CSM 

 

• A recommendation on the path forward (e.g., NFA, proceed to RI, or interim measure) warranted at 

each MRP site 

 

• Data that must be collected, if any, in order to make decisions regarding future response actions  

 

Additional project deliverables include the following: 

 

• Meeting agendas and minutes 

• Project schedule (updated monthly) 

• Monthly delivery order reviews 

• Draft, Draft Final, and Final SI Work Plans with appendices 

• Draft, Draft Final and Final SI Reports 

• All Geographical Information System (GIS) and map files 

• Copies of relevant source material requested by the RPM and/or required by the SOW 

• Electronic Data Deliverable (EDD) format, Version 5, submitted to MEDEP electronically 
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ACRONYMS 

bgs Below Ground Surface 

BIP Blow-In-Place 

BRAC PMO NE Base Realignment and Closure Program Management Office Northeast 

CG Certified Geologist 

COC Chain-of-Custody 

CRREL Cold Regions Research and Engineering Laboratory 

CSM Conceptual Site Model 

DPT Direct-Push Technology 

DQCR Daily Quality Control Report 

DQO Data Quality Objectives 

EOD Explosive Ordnance Disposal 

ERDC Engineer Research and Development Center 

FOL Field Operations Leader 

GPS Global Positioning System 

HASP Health and Safety Plan 

IDW Investigative-Derived Waste 

MC Munitions Constituents 

MEC Munitions and Explosives of Concern 

MEDEP Maine Department of Environmental Protection 

MRP Munitions Response Program 

Malcolm Pirnie Malcolm Pirnie, Inc. 

MS Matrix Spike 

MSD Matrix Spike Duplicate 

NASB Naval Air Station Brunswick 

Navy Department of the Navy 

NFA No Further Action 

NOSSA Navy Ordnance Safety and Security Activity 

NTU Nephelometric Turbidity Units 

ORP Oxidation/Reduction Potential 

PA Preliminary Assessment 

PAH Polycyclic Aromatic Hydrocarbons 

PCB Polychlorinated Biphenyl 

PM Project Manager 

POC Point of Contact 

PPE Personal Protective Equipment 
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PVC Polyvinyl Chloride 

QA Quality Assurance 

QAPP Quality Assurance Program Plan 

QC Quality Control 

RAB Restoration Advisory Board 

RI Remedial Investigation 

SAP Sample and Analysis Plan 

SI Site Inspection 

SOP Standard Operating Procedure 

SVOC Semivolatile Organic Compound 

TAL Target Analyte List 

TCL Target Compound List 

TOC Total Organic Carbon 

TtNUS Tetra Tech NUS, Inc. or Tetra Tech 

U.S. United States 

USCS Unified Soil Classification System 

USEPA United States Environmental Protection Agency 

UXO Unexploded Ordnance 

VOC Volatile Organic Compound 

XRF X-Ray Fluorescence 
oC Degrees Celsius 
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1.0  INTRODUCTION 

 Under Contract Number N62472-02-D-1300, Task Order 0002, Malcolm Pirnie, Inc. (Malcolm Pirnie) has 

been tasked by the Department of the Navy (Navy) Naval Facilities Engineering Command Atlantic to 

author a Sampling and Analysis Plan (SAP) as part of the Site Inspection (SI) Work Plan for three 

munitions Response Program (MRP) sites at Naval Air Station Brunswick (NASB), Cumberland County, 

Maine (ME).  Tetra Tech NUS, Inc. (TtNUS or Tetra Tech) was tasked to finalize this document under the 

Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract Number N62472-03-D-0057, 

Contract Task Order (CTO) 069.  TtNUS will be performing the SI field work and will be responsible for 

following the SI Work Plan and this SAP.  TtNUS is responsible for creating the Quality Assurance Project 

Plan (QAPP), which is included in Attachment 1 of this SAP.  Attachments to the QAPP include UFP-

QAPP Worksheets (1-A), Field SOPs (1-B), Field Forms (1-C), Analytical Laboratory SOPs (1-D), and 

MRP Site Visit Documentation (1-E). 
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2.0  PROJECT ORGANIZATION AND RESPONSIBILITIES 

Project personnel and their responsibilities are listed in Section 5.2 of the SI Work Plan. 
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3.0  PROJECT SCOPE AND OBJECTIVES 

The goal of this project is to determine the presence or absence of munitions constituents (MC) that may 

remain at the three MRP sites (Machine Gun Boresight Range, Skeet Range, and the Topsham Annex 

Skeet Range) from activities conducted by the Department of Defense during operation of these sites and 

that may potentially pose a threat to human health and/or the environment.   

 

The presence of MEC is not anticipated at these three MRP sites; therefore, qualified team members 

[Unexploded Ordnance (UXO) Technicians] will not be on-site, and no munitions and explosives of 

concern (MEC) for avoidance activities are necessary at these sites.  Samples will be collected to 

selectively analyze for Target Analyte List (TAL) metals, propellants (nitroglycerin), explosives 

(dinitrotoluene), perchlorate, pH, total organic carbon (TOC), cation exchange capacity (CEC), nitrates, 

and Target Compound List (TCL) polycyclic aromatic hydrocarbons (PAHs) as dictated by historical MC 

site activities for a given site.  Moreover, all sediment samples will be collected for TOC analyses to aid in 

evaluating toxicity of metals.      

 

Surface soil, subsurface soil, sediment, surface water, and groundwater samples will be collected for 

analytical laboratory testing.  The analytical methods were selected on the basis of the types of munitions 

(and other types of contamination) known to have been used at the sites, and include the standard suite 

of range-related analytical parameters to account for unknown items.  The standard analytical methods 

include TAL Metals (SW-846 Method 6010B), Explosives (dinitrotoluene only by SW-846 Method 8330A), 

Perchlorate [SW-846 Method 6850 (with filtration at the laboratory)], TOC (Lloyd Kahn Method), pH 

(SW-846 Method 9045D), CEC (SW-846 Method 9081), propellants (nitroglycerin by SW-846 Method 

8332), nitrates (SW-846 Method 9056 or EPA 300) and TCL PAHs (USEPA Method 8270C SIM).   

 

Field and laboratory work will be of the quality to support screening comparisons with USEPA Soil 

Screening Levels and Ecological Screening Values (where applicable).  Metal concentrations will be 

compared to USEPA and ME Department of Environmental Protection (MEDEP) residential soil criteria.  

An installation-wide background study is currently underway at NASB.  Background data should be 

available at the time of the SI Report, and analytical results will be compared to the background data. 

 

Table 3-1 provides the site location, quantity, media type, and target constituents.  
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Table 3-1:  Sample Summary Table 

Number of Samples / Media 

MRP Site 

TAL Metals Explosives 
(Dinitrotolue

ne) 

Propellants 
(Nitroglyceri

n) 

Perchlorate PAHs Nitrates 

Machine 
Gun 

Boresight 
Range 

13 surface soil 
(includes 1 
background 
sample) 
12 subsurface 
soil 
5 groundwater 

 

13 surface soil 
12 subsurface 
soil 
5 groundwater 

5 groundwater 
1 surface soil 
(background 
sample) 

 

NASB Skeet 
Range 

 
20 surface soil* 
8 subsurface soil 
7 groundwater  
(5 from new 
wells and 2 from 
existing wells) 
4 surface water  
4 sediment*  

 

4 surface soil 

2 subsurface soil 

1 groundwater 
(MW-NASB-078) 

4 surface soil 
2 subsurface soil 

1 groundwater 
(MW-NASB-078) 

 

 
20 surface soil 
8 subsurface soil 
7 groundwater** 
 
 
 
 
 
 

7 groundwater 

Topsham 
Annex Skeet 

Range 

15 surface soil* 

(includes 1 
background 
sample) 
5 subsurface soil 
3 sediment * 
3 surface water 

(includes 1 
upstream 
collocated 
sample) 
5 groundwater 

 

4 surface soil 

1 subsurface soil 

1 groundwater 

4 surface soil 

1 subsurface soil 

1 groundwater 

 

15 surface soil 
5 subsurface soil 
3 sediment 
3 surface water 
5 groundwater** 

1 surface water co-
located sediment 
(background 
sample) 

5 groundwater 

 
Total Organic Carbon (TOC) analysis will be conducted for all sediment samples as an indicator parameter to aid 
in toxicity evaluation of TAL metals.  Four soil samples each from NASB Skeet Range and Topsham Annex 
Skeet Range will be analyzed for pH, TOC, and CEC. 
** Temporary monitoring wells to be installed if warranted.  The Navy will discuss potential groundwater sampling 
requirements and locations with the EPA and MEDEP after conducting site reconnaissance and soil sampling 
activities.   

 
Note:  Sample quantities presented do not include QC samples.  For details on QC samples, refer to Tables 4-2 
through 4-4. 
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3.1 DATA QUALITY OBJECTIVES AND CRITERIA 

The following sections outline the Data Quality Objectives (DQOs) and project quality assurance (QA) 

objectives for the MEC visual survey and MC soil sampling at the three MRP sites at NASB.  

 

3.1.1 Data Quality Objectives 

The seven-step USEPA DQO process was used to develop the rationale for this field investigation.  This 

process is further described in the DQO Process for Hazardous Waste Site Investigations (USEPA, 

2000a) and Guidance for the DQOs Process (USEPA, 2000b). 

 

The DQO process is a strategic planning approach to optimize data collection activities and define the 

criteria that the data collection design should satisfy.  The results generate a scientific and resource-

effective data-collection design.  The DQOs selected are qualitative and quantitative statements that: 

 

• clarify the study objectives 

• define the appropriate types and amount of data to collect 

• determine the appropriate conditions (e.g. location and time) for data collection 

• specify the tolerable limits on decision errors 

 

Using the DQO process to plan field activities assures that the type, quantity, and quality of data used in 

decision making is appropriate for its intended use.  The DQO process comprises the following seven 

steps: 

 

• state the problem 

• identify the decisions 

• identify the inputs to the decision 

• define the boundaries of the study 

• develop the decision rules 

• specify the tolerable limits on decision errors 

• optimize the design for obtaining data 

 

These steps are further described in the following subsections.   

 

3.1.1.1 State the Problem 

There are three MRP sites to be addressed as part of this SI, all of which are described in detail in 

Section 2.0 of the SI Work Plan.  The Navy and members of the planning team want to determine if a no 
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further action (NFA) recommendation is appropriate for these MRP sites or if a recommendation to 

proceed to a Remedial Investigation (RI) is warranted.   

 

Based on historical records and previous visual inspections summarized in the Final Preliminary 

Assessments (PAs) (Malcolm Pirnie, 2005 and 2006) and additional information gathered following the 

October 2007 kickoff meeting/site visits with the Stakeholders, the following is known.  Note that PA and 

Work Plan figures used 2003 GIS aerial photographs as the background. 

 

• Machine Gun Boresight Range (see Appendix C-1) 

Based on evaluation of the PA Conceptual Site Model and supplemental information, MC 

investigation should encompass the original berm location, the existing dirt pile beyond the site, and 

the area in between, considering that the berm could have been graded during bulldozing.  

Considering the uncertainty of the berm disposition, additional investigative techniques are warranted 

(XRF sampling for lead) to maximize the value of the data collected.  Groundwater contamination 

(primarily perchlorate) is possible, although not considered during the PA. 

 

PA Conceptual Site Model  

- The former range was used during the 1950s to align and test fire aircraft mounted guns. 

- The former range is not suspected to contain MEC. 

- Potential exists for MC to be present primarily in the surface soil and potentially in the shallow 

subsurface soil, considering that the berm has been disturbed. 

 

Supplemental Information 

- Mapping was revised based on historical aerial photographs provided by MEDEP, particularly the 

1959 aerial (Appendix C-1).  There is no evidence of the berm at its original location.  However, 

there is an existing dirt pile further out from the site that may or may not be remnants of the 

historical berm.  Of note, the Site 1 and 3 landfills were not in operation in 1978 when the berm 

was bulldozed and so the berm material would not have been disposed of at these landfills.    

 

- Numerous other wells and other historical samples are available (Appendix C-1).  Based on data 

from Site 9 located less than ¼ mile to the north, groundwater flow direction is presumed to be 

generally to the north toward the impoundment ponds while locally controlled, then probably 

shifting to the northeast toward the west arm of Picnic Pond; further to the south, groundwater 

flow direction is expected to shift to the southeast toward Merriconeag Stream. 
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• Skeet Range (see Appendix C-2) 

Considering the site changes (shift in orientation) and site disturbances (impoundment pond 

construction) over the years, additional investigative techniques are warranted (XRF sampling for 

lead) to maximize the value of the data collected.  Groundwater contamination is not anticipated 

unless lead concentrations in soil are significantly elevated and a low pH suggests that lead 

migration is plausible.  The Navy will discuss potential groundwater sampling requirements and 

locations with the EPA and MEDEP after conducting site reconnaissance and soil sampling activities.  

Based on evaluation of the PA Conceptual Site Model and supplemental information, two existing 

Site 9 wells can be employed for groundwater sampling at the Skeet Range (if groundwater 

investigation is decided upon) to save on unnecessary new well installation.  Numerous historical 

samples are available from previous investigations at Site 9 and Site 6 and the Skeet Range SI 

Report can compare SI results and contamination patterns to aid in evaluating contaminant source 

and extent of contamination.  Also, considering that PAH treatment impoundments are located on 

site and PAHs are a suspected Skeet Range contaminant, PAH surface water/sediment data 

collected from the impoundments would not have much value in assessing Skeet Range 

contamination.   

 

PA Conceptual Site Model 

- The former range was used during the 1950s to train military personnel. 

- The former range is not suspected to contain MEC. 

- Potential exists for MC to be present primarily in the surface soil.  

 

Supplemental Information 

- The mapping from the PA was confirmed, based on historical aerial photographs provided by 

MEDEP, particularly the 1959 aerial (Appendix C-2).   

 

- Historical data is available from adjacent Site 9 and Site 6.  Two wells from Site 9 are properly 

located for groundwater sampling to support the Skeet Range groundwater investigation, if 

groundwater investigation is decided upon.  Numerous other wells and other historical samples 

are available (Appendix C-2).  Based on adjacent Site 9 data, groundwater flow direction is 

presumed to be generally to the north toward the impoundment ponds while locally controlled, 

then probably shifting to the northeast toward the west arm of Picnic Pond; further to the south, 

groundwater flow direction is expected to shift to the southeast toward Merriconeag Stream.  

Pertinent text, analytical results, and field forms are included in Appendix C-2.  The 

impoundments on site are PAH treatment areas for runoff from the runways 
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• Topsham Annex Skeet Range (see Appendix C-3) 

Based on evaluation of the PA Conceptual Site Model and supplemental information, the exact 

location of the Topsham Skeet Range is uncertain.  Most of the site is located outside of the NAS 

Brunswick boundary; therefore, the Navy will not be able to place land use controls on the property 

and so more extensive investigation is warranted.  Considering the uncertainty of the range location, 

additional investigative techniques are warranted (sampling for lead) to maximize the value of the 

data collected.  Groundwater contamination is not anticipated unless lead concentrations in soil are 

significantly elevated and a low pH suggests that lead migration is plausible.  If groundwater 

investigation is warranted based on XRF results, The Navy will discuss potential groundwater 

sampling requirements and locations with the EPA and MEDEP after conducting site reconnaissance 

and soil sampling activities.  If groundwater investigation is decided upon, groundwater flow direction 

will also be established considering nearby potential source areas other than the Skeet Range; 

collection of supplemental water levels from the three existing nearby wells from the 2006 

investigation at TOP-01 may be useful for this evaluation. 

 

PA Conceptual Site Model 

- The former range was used by the U.S. Air Force for training prior to the 1970s. 

- The former range is not suspected to contain MEC. 

- Potential exists for MC to be present primarily in the surface soil, and potentially sediment and 

surface water. 

 

Supplemental Information 

- Most of the site is located outside of the NAS Brunswick boundary; therefore, the Navy will not 

be able to place land use controls on the property.  Updated aerial photographs (Spring of 

2006) provided by the Town of Topsham are included in Appendix C-3. 

 

- Historical data is available from 2004 and 2006 investigations of the Skeet Range and nearby 

areas at Topsham Annex.  Of note, reference figures in Appendix C-3 associated with the 2004 

Investigation Report (EA/ECC, February 2006) show inferred groundwater flow direction to the 

west based on regional groundwater flow.  However, the subsequent 2006 Investigation Report 

(Tetra Tech, draft) text indicates that groundwater flow direction, determined from water levels 

during monitoring well construction and survey data is to the southeast.  This information will 

support site groundwater investigation, if groundwater investigation is decided upon.  Pertinent 

text, analytical results, and field forms are included in Appendix C-3, and a brief summary is 

provided as follows:   
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Skeet Range:  For the 2004 investigation, 3 composite surface soil samples (SS-01, 

SS-02, and SS-03) were collected from an area believed to be the shotfall area of the 

Skeet Range where skeet pigeon chips were found.  The samples were collected from 

depth intervals of 0 to 6 inches and analyzed for lead, with resulting concentrations of 

202, 82.9, and 49.9 mg/kg, respectively, all less than the Maine RAGs criteria of 

375 mg/kg.     

 

TOP-01 (Filled Area):  TOP-01 was a nearby reported area where fill material (i.e., 

construction rubble, extra soil) was dumped and buried.  For the 2004 investigation, three 

direct-push soil borings (TOP-01-01, TOP-01-02, and TOP-01-03) were advanced and 

two subsurface soil samples and one shallow groundwater sample were collected from 

each boring; each sample was analyzed for VOCs, SVOCs, TPH-DROs, TPH-GROs, and 

RCRA 8 metals and the soil samples were additionally analyzed for PCBs.  Relative to 

Skeet Range suspected contaminants, lead was detected at TOP-01-02 at a 

concentration of 22.9 µg/L, exceeding both the Maine MEG of 10 µg/L and the Federal 

MCL of 15 µg/L.  For the 2006 investigation, five direct-push soil borings (TOP-01-04 

through TOP-01-09) surrounding the 2004 data points were advanced and two 

subsurface soil samples were collected from each boring.  Additionally three shallow 

monitoring wells (TOP-01-MW-01, TOP-01-MW-02, and TOP-01-MW-03) were installed; 

groundwater samples were collected from each well.  Samples were analyzed for VOCs, 

SVOCs, TPH-DRO, and RCRA 8 metals.  Lead was only detected at monitoring well 

TOP-01-MW-02, at a concentration (7.2 µg/L) not exceeding criteria. 

 

TOP-02 (Former Oil/Water Separator):  TOP-02 was a nearby reported area where an 

oil/water separator was formerly located.  For the 2004 investigation, three direct-push 

soil borings (TOP-02-01, TOP-02-02, and TOP-02-03) were advanced and one 

subsurface soil sample and one shallow groundwater sample were collected from each 

boring; each sample was analyzed for TPH-DROs, TPH-GROs, and RCRA 8 metals.  

Lead, a primary suspected Skeet Range contaminant, was not detected in any of the 

three wells.  

 

Although groundwater contamination is not expected at any of the MRP sites, it will be important to verify 

this assumption at the Machine Gun Boresight Range.  For the two skeet ranges, groundwater 

contamination is not anticipated unless lead concentrations in soil are significantly elevated and a low pH 

suggests that lead migration is plausible.    
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3.1.1.2 Identify the Decisions 

Groundwater (as warranted), surface water, sediment, and surface/subsurface soil sampling and 

subsequent analyses will be used to help determine the answer to the following question: 

 

Is an NFA recommendation appropriate for MC at any of the three MRP sites, or is it warranted to 

proceed to an RI? 

 

NFA for MC will be recommended for these MRP sites if analytical results are below project action levels 

[Worksheet #15 (Appendix A SAP, Attachment 1-A UFP-QAPP Worksheets) Reference Limits and 

Evaluation Table] and there is a high level of certainty that the site source areas were located accurately 

for sampling.  Additional investigation for MC will be recommended if MC analytical results are greater 

than project action levels and are determined to represent an unacceptable risk to human or ecological 

receptors and if the perceived site source areas were not accurately mapped (i.e., not verified as source 

areas during the SI).  An immediate remedial action will be recommended if analytical results indicate an 

immediate threat to human health or the environment. 

 

3.1.1.3 Identify the Inputs to the Decision 

The following inputs to the decision for the investigation at the three MRP sites have been identified: 

 

• Presence or absence of MC 

• If present, determine the concentration values for MC detected 

• The spatial boundary of MC, if MC is detected 

• If MC is present in soil, determine if contamination has migrated to surface water (where present), 

sediment (where present), or groundwater (as warranted) 

 

3.1.1.4 Define the Boundaries of the Study 

3.1.1.4.1 Machine Gun Boresight Range 

The Machine Gun Boresight Range is roughly bounded by Building 52, Building 55, and a containment 

pond to the north: Building 50 to the south: open field and forested area to the east: and a parking lot and 

Orion Street to the west.   

 

The vertical boundary for MC is anticipated at two feet bgs.     
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3.1.1.4.2 Skeet Range 

The Skeet Range is roughly bound by Building 211 to the north, forested area to the south and east, and 

Orion Street to the west.   

 

The vertical boundary for MC is zero to 12 inches bgs. 

 

3.1.1.4.3 Topsham Annex Skeet Range 

The Topsham Annex Skeet Range is roughly bound by undeveloped land to the north, recreational fields 

and undeveloped land to the south, undeveloped land and residential property to the east, and residential 

property to the west.   

 

The vertical boundary for MC is zero to 12 inches bgs. 

 

3.1.1.5 Develop the Decision Rules 

The objective of this investigation is to evaluate the potential presence of MC on the surface and in the 

subsurface of the MRP sites.  To support this objective, the following decision factors were developed: 

 

• NFA for MC will be recommended for the MRP sites if MC is not present in concentrations greater 

than project action levels [Worksheet #15 (Appendix A SAP, Attachment 1-A UFP-QAPP 

Worksheets) Reference Limits and Evaluation Table] and there is a high level of certainty that the site 

source areas were located accurately for sampling. 

 

• Additional investigation for MC will be recommended if MC analytical results are greater than project 

action levels and/or are determined to represent an unacceptable risk to human or ecological 

receptors and if the perceived site source areas were not accurately mapped (i.e., not verified as 

source areas during the SI). 

 

• An interim action on an expedited basis will be required if MC concentrations indicate an immediate 

threat to human health or the environment. 

 

In addition to the decision factors, the Conceptual Site Models (CSMs) from the Final PAs (Malcolm 

Pirnie, 2005 and 2006) will be refined based on the visual survey and site investigation findings.  The 

CSMs will present hypotheses regarding MEC and MC presence, potential routes of migration, and their 

potential impact on sensitive receptors.  The CSMs will also provide a tool to evaluate and refine 

decisions regarding the MRP sites. 
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3.1.1.6 Specify Tolerable Limits on Decision Errors 

The following major limits on decision errors were identified for the SI field activities regarding MC 

sampling: 

 

• The two potential decision errors for this project are: identifying MRP site media as MC-impacted 

when it is really not (Type I error) and identifying MRP site media as not MC-impacted when it really 

is (Type II error).  The consequence of a Type I decision error will be unnecessarily incurred project 

costs associated with a remediation action.  The consequence for a Type II decision error will be 

continued liability and potential risk to human health and the environment.  Precision and accuracy 

requirements for the data are presented in the QAPP.  These requirements will be adequate for 

minimizing project decision errors.  

 

Further discussion of data usability assessment is provided in the QAPP (Appendix A, Attachment 1) 

Section 4.2.3. 

 

3.1.1.7 Optimize the Design for Obtaining Data  

The overall goal of the DQO process is to design a SAP that will meet the needs of the data user (i.e., the 

decision-maker). 

 

Activities associated with supporting this objective include: 

 

• Selection of the most resource-effective sampling design that satisfies the DQOs 

• Generation of sampling and analysis design alternatives based upon cost consideration, time 

constraints, sample selection constraints, access limitations due to safety, and other considerations 

 

3.2 DATA REVIEW, VERIFICATION AND VALIDATION  

This section describes the procedures that are planned to review, verify, and validate field and laboratory 

data.  This section also discusses procedures for verifying that the data are sufficient to meet DQOs for 

the project. 

 

3.2.1 Field Data Verification 

Project team personnel will review field data to identify inconsistencies or anomalous values.  Any 

inconsistencies will be resolved as soon as possible by the field personnel responsible for data collection.  
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All field personnel will be responsible for following the sampling and documentation procedures described 

in this SAP so that defensible and justifiable data are obtained.  

 

Outliers that result from errors found during data verification will be identified and corrected, while outliers 

that cannot be attributed to errors in sampling, measurement, transcription, or calculation will be clearly 

identified in project reports.  

 

3.2.2 Laboratory Data Verification 

The laboratory will review data prior to its release from the laboratory.  The analytical method 

performance will be determined by an examination of precision, accuracy, and completeness using the 

following QA/QC samples:  

 

• Method Blanks: Measure of laboratory contamination and accuracy 

• Laboratory Duplicates: Measure of laboratory precision 

• Field Duplicates: Measure of field sampling and laboratory precision. 

• Matrix Spikes: Measure of laboratory accuracy and any sample matrix effects 

• Surrogate Spike Recoveries: Measure of laboratory accuracy 

• Laboratory Control Samples: Measure of laboratory accuracy 

 

The laboratory is required to evaluate their ability to meet these objectives.  Outlying data will be flagged 

in accordance with laboratory standard operating procedures (SOPs) and corrective action shall be taken 

to rectify the problem.  The laboratory case narratives will describe how the data did or did not meet the 

method criteria, and must describe the overall quality of the data and whether or not the data are valid 

and usable.   

 

In order to ensure the analytical data generated by the laboratory are accurate, the Analytical Coordinator 

will review the electronic data deliverable from the laboratory to ensure that the data submitted 

electronically correspond to the hard copy results in the laboratory data deliverable. 

 

3.2.3 Laboratory Data Validation 

Data validation is an analyte- and sample-specific process that extends the data evaluation beyond 

methodical, procedural, or contractual compliance (i.e., data verification) to determine the analytical 

quality of a specific data set.  Data validation criteria are based upon the quality objectives developed in 

this SAP/QAPP or presented in the sampling or analytical method.  When possible, data validation will 

include a determination of the reasons for any failure to meet methodical, procedural, or contractual 
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requirements, and an evaluation of the impact of such failure on the overall data set.  Data validation 

applies to activities in the analytical laboratory, as well as in the field. 

 

For a Level III data validation, the data values for routine and QC samples are assumed to be correctly 

reported by the laboratory.  Data quality will be assessed by comparing data collection, QC, and reporting 

parameters to the appropriate criteria (or limits) as specified in the project SAP, by Contract Laboratory 

Program requirements, or by method-specific requirements.  If calculations for quantification are verified, 

it will be done on a limited basis and may require raw data in addition to the standard data forms normally 

present in a data package. 

 

3.2.4 Data Reporting Requirements 

The laboratory will prepare Level III data packages, as prescribed in the Work Plan, that will consist of a 

case narrative, copies of all chain-of-custody (COC) records, sample results, and QA/QC summaries.  

The case narrative will provide the following information:  

 

• Laboratory name, project name, project order number, analytical batch information, and a table that 

cross-references client and laboratory sample IDs 

 

• Detailed documentation of all sample shipping and receiving, preparation, analytical, and quality 

deficiencies 

 

• Thorough explanation of all instances of manual integration 

 

• Copies of all associated nonconformance and corrective action forms that will describe the nature of 

the deficiency and the corrective action taken 

 

• Copies of all associated sample receipt notices 

 

Electronic Data Deliverables (EDDs) are required for all analytical results.  An automated laboratory 

information management system (LIMS) must be used to produce the EDD.  The laboratory will verify 

EDDs internally before they are issued, and EDDs will be delivered in a format compatible with DEEMS. 
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4.0  FIELD ACTIVITIES 

4.1 RATIONALE/DESIGN 

The sampling rationale for this study is to collect sufficient data to confirm the presence/absence of MC 

within the MRP sites.  The following items have been incorporated into the sampling program design.   

 

4.2 STAKEHOLDER MEETING 

The Stakeholder Meeting is used to gain a consensus regarding the sampling program approach.  Based 

on the discussions at the Stakeholder Meeting, a strategy can be implemented for MC activities at each of 

the three MRP sites at NASB.  Site visits and scoping discussions were conducted at a Stakeholder 

Meeting on October 23 through October 24, 2007 and additions/clarifications have been addressed 

herein (see Attachment 1-E). 

 

4.3 MUNITIONS CONSTITUENTS INVESTIGATIVE ACTIVITIES 

4.3.1 Machine Gun Boresight Range 

Twenty-five biased discrete soil samples will be collected at this site based on visual observations and 

locations of the former range features and based on results of the USEPA’s X-Ray Fluorescence (XRF) 

investigation.  Six surface soil locations will be sampled in the zone between the firing point and the berm.  

Six locations at the berm will be sampled from the surface plus up to two discrete subsurface intervals 

since the berm was disturbed and turned over, for a total of 18 samples.  The locations shown on the 

sampling figure are approximate and will be refined based on the results of the XRF investigation.  Also, 

one discrete surface soil sample will be collected for comparison purposes with background conditions.  

One groundwater sample will be collected from each of 5 temporary wells that will be installed during the 

field work effort.  The location of the wells will be one at the firing point and the other 4 positioned one in 

each direction surrounding the berm.  The soil and groundwater samples will be analyzed for TAL metals 

and propellants (nitroglycerin) using USEPA Method 6010B and8330A, respectively; groundwater 

samples will additionally be analyzed for perchlorate using SW846 Method 6850 (with filtration at the 

laboratory). 

 

4.3.2 Skeet Range 

Twenty biased discrete surface soil and 8 discrete subsurface soil samples will be collected at this site 

based on visual observations and the results of TtNUS’s XRF investigation.  The locations shown on the 

sampling figure are approximate and will be refined based on the results of the XRF investigation (see 
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Section 4.6.4 XRF Sampling of Lead in Soil for additional details). Soil samples will be collected as per 

the sampling scheme, relative to the skeet range location shown on the figures; the sample locations 

shown provide full site coverage of the shotfall zone and firing point.  However, it may become apparent 

during XRF sampling that the actual skeet range location is not as depicted on the figures and so, based 

on XRF results, the soil sampling locations may be shifted as necessary while still maintaining the same 

coverage.  Surface soil samples will be collected from the 0 to 3-inch bgs interval.  Subsurface soil 

samples will be collected from the 3- to 12-inch bgs interval; if at a given location, XRF results for a 

subsurface soil sample exceeds 375 mg/kg for lead, an additional subsurface soil sample from the 12- to 

18-inch interval will additionally be collected.  Seven groundwater (if warranted) four co-located surface 

water/sediment samples (three composite samples from within the impoundments and one discrete 

sample from the tributary) will be collected at this site based on visual observations and locations of the 

former range features, which includes an overlap of the pre-1950 and post-1950 footprints.  If 

groundwater investigation is decided upon, seven groundwater samples will be collected.  One 

groundwater sample will be collected from each of the five new temporary wells that will be installed at 

the Skeet Range during field activities; four of the new wells will be located within the likely shotfall zones 

and one of the new wells will be located outside of the shotfall zone.  In addition, one groundwater sample 

will be collected from the existing well MW-NASB-078, which will serve as the firing point well, and one 

groundwater sample will be collected from existing well MW-NASB-076 (if intact) within the shotfall zone.   

 

All soil and groundwater (if warranted) samples will be analyzed for TAL metals using SW-846 Method 

6010B and for PAHs using SW-846 Method 8270C SIM.  The four surface and two subsurface soil 

samples at the firing point will also be analyzed for explosives (dinitrotoluene) using SW-846 Method 

8330A and propellants (nitroglycerin) using SW-846 Method 8332.  Four random soil samples will be 

analyzed for pH using SW-846 Method 9045D, TOC using the Lloyd Kahn Method, and CEC using 

SW-846 Method 9081.  If groundwater sampling is conducted, all groundwater samples will be analyzed 

for nitrates using SW-846 Method 9056 or EPA 300 and one groundwater sample will be analyzed from 

explosives (dinitrotoluene) and propellants (nitroglycerin) using SW-846 Method 8330A.  The surface 

water and sediment samples will be analyzed for TAL metals.  Additionally, all sediment samples will be 

analyzed for TOC using Method SW-846 9060. 

 

4.3.3 Topsham Annex Skeet Range 

Fifteen biased discrete surface soil, which includes one surface soil sample for comparison purposes with 

background conditions, and 5 discrete subsurface soil samples will be collected at this site based on 

visual observations and the results of TtNUS’s XRF investigation.  The locations shown on the sampling 

figure are approximate and will be refined based on the results of the XRF investigation (see Section 

4.6.4 XRF Sampling of Lead in Soil for additional details).  Soil samples will be collected as per the 

sampling scheme, relative to the skeet range location shown on the figures; the sample locations shown 
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provide full site coverage of the shotfall zone and firing point.  However, it may become apparent during 

XRF sampling that the actual skeet range location is not as depicted on the figures and so, based on XRF 

results, the soil sampling locations may be shifted as necessary while still maintaining the same 

coverage.  Surface soil samples will be collected from the 0 to 3-inch bgs interval.  Subsurface soil 

samples will be collected from the 3- to 12-inch bgs interval; if at a given location, XRF results for a 

subsurface soil sample exceeds 375 mg/kg for lead, an additional subsurface soil sample from the 12- to 

18-inch interval will additionally be collected.  Three co-located discrete surface water/sediment samples, 

which includes one upstream sample for comparison purposes and 5 groundwater samples (if warranted) 

will also be collected at this site.  If groundwater investigation is decided upon, groundwater samples will 

be collected from five new wells.  One well will be installed at the firing point, three will be installed within 

the likely shotfall zone, and one will be installed surrounding the target area outside of the shotfall zone.  

The surface water/sediment samples will be collected from the brook running through the site with both 

samples collected within the shotfall zone.  In addition, one upstream surface water/sediment sample will 

also be collected for comparison purposes.  All samples will be analyzed for TAL metals using SW-846 

Method 6010B and for PAHs using SW-846 Method 8270C SIM.  Four surface and one subsurface soil 

sample will also be analyzed for explosives (dinitrotoluene) and propellants (nitroglycerin) using SW-846 

Method 8330A, and four random soil samples will be analyzed for TOC using the Lloyd Kahn Methods, 

pH using SW-846 Method 9045D and CEC using SW-846 Method 9081.  All groundwater (if warranted) 

samples will be analyzed for nitrates using SW-846 Method 9056 or EPA 300 and one groundwater 

sample (from the firing point) will be analyzed from explosives (dinitrotoluene) and propellants 

(nitroglycerin) using SW-846 Method 8330A.  Additionally, all sediment samples and four random soil 

samples will be analyzed for TOC using the Lloyd Kahn Methods.. 

 
4.4 SAMPLING OVERVIEW 

Collection of discrete grab samples is proposed for surface and subsurface soil samples at these sites.   

 

Sediment and surface water samples will be obtained as discrete grab samples for the Topsham Skeet 

Range while for the NASB Skeet Range three of the samples will be composite (within impoundment 

ponds) and one will be discrete (from the tributary).  Groundwater samples (at the Machine Gun Boresight 

Range and if warranted at the skeet ranges) will be discrete grab samples collected using USEPA Region 

1 New Monitoring Well Sampling Procedures.   

 

Surface soil/sediment samples will be collected with a polyethylene disposable scoop or similar 

equipment while wearing nitrile gloves.  New scoops and gloves will be used at each sampling location.  

The analytical samples will be collected and placed directly into the appropriate sample containers, 

labeled, and placed in an ice chest chilled to a maximum temperature of 4 degrees Celsius (°C).  A 

portion of the sample will be set aside and used to log a description of the soil characteristics on a soil 
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sampling log form using the Unified Soil Classification System (USCS). An example of this soil sampling 

log form is Attachment 1-C.   

 

Surface water samples will be collected using disposable bailers and polyethylene gloves.  New bailers 

and gloves will be used at each sampling location.  The analytical samples will be collected and placed 

directly into the appropriate sample containers, labeled, and placed in an ice chest chilled to a maximum 

temperature of 4°C.  A portion of the sample will be set aside and used to log a description of soil 

characteristics on a soil sampling log form using the USCS. 

 

Groundwater samples will be collected using a peristaltic pump, disposable tubing, and polyethylene 

gloves.  New tubing and gloves will be used at each location.  Before taking a sample, each well will be 

purged and groundwater sampled using USEPA Region 1 low-flow sampling protocol.  The analytical 

samples will be collected and placed directly into the appropriate sample containers, labeled, and placed 

in an ice chest chilled to a maximum temperature of 4°C.   

 

After a sample is put into the ice chest, the COC form will be filled out.  Reusable sampling equipment (if 

used) will be decontaminated before moving to the next sampling location.  Surface sample locations will 

be recorded using a hand-held GPS unit. 

 
MEC visual surveys will not be conducted at these three MRP sites as MEC is not suspected to be 

present. 

 

4.5 SITE UTILITY CLEARANCE AND DIGGING PERMIT 

Before any intrusive drilling or subsurface sampling activities commence at the site, utility maps of the 

facility will be obtained from the Navy and thoroughly reviewed.  The Navy will be responsible for 

providing clearance for utilities.  TtNUS will be responsible for pre-marking proposed sampling locations 

or indicating areas for sampling.  No intrusive activities (i.e., drilling or hand augering) will occur until the 

proposed areas intended for drilling have been completely cleared in accordance with TtNUS SOP S1 

(HS-1.0). 

 

Predefined coordinates based on the sample location maps will be loaded into a high-resolution GPS unit, 

and the GPS will be used to navigate to each of the sampling locations.  Locations will be moved as 

necessary to provide proper utility clearance but may also be moved to address health and safety issues, 

site access issues (proper and safe maneuvering of the drill rig, orientation of the drill rig with respect to 

current site activities, etc.), and to avoid unmovable surface obstructions.  If any location needs to be 

moved by a distance of 10 feet or more, TtNUS personnel will contact the TtNUS Project Manager and 
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Navy prior to field activities to determine whether the point should be eliminated or whether an acceptable 

alternative location can be found. 

 

4.6 INVESTIGATION EQUIPMENT AND PROCEDURES 

Soil borings and temporary wells will be completed by direct-push methods.  A Geoprobe® or other similar 

direct-push technology (DPT) equipment will be used to collect subsurface soil samples and to install 

temporary groundwater monitoring wells.  Handaugering will also be employed for surface and shallow 

subsurface soil sampling, as warranted by site conditions.   

 

A summary list of SOPs follows.  These SOPs are included in the QAPP, Attachment 1-B. 

 

S1 HS-1.0  UTILITY LOCATING AND EXCAVATION CLEARANCE 

S2 SA-2.5  DIRECT PUSH TECHNOLOGY 

S3 SA-1.3  SOIL SAMPLING 

S4 GH-1.5  BOREHOLE AND SAMPLE LOGGING 

S5 SA-1-1  GROUNDWATER SAMPLE ACQUISITION AND ON-SITE WATER QUALITY 

TESTING 

S6 GH-1.2  EVALUATION OF EXISTING MONITORING WELLS AND WATER-LEVEL 

MEASUREMENTS 

S7 GH-2.9   WELL ABANDONMENT 

S8 SA-7.1  DECONTAMINATION OF FIELD EQUIPMENT AND WASTE HANDLING 

S9 SA-6.3  FIELD DOCUMENTATION 

S10 USEPA REGION 1 LOW-FLOW PURGING AND SAMPLING METHODS 

S11 USEPA REGION 1 DRAFT CALIBRATION OF FIELD INSTRUMENTS   

S12 SA-1.2  SURFACE WATER AND SEDIMENT SAMPLING 

S13 GH-2.8  GROUNDWATER MONITORING WELL INSTALLATION 

S14 GH-1.3  SOIL AND ROCK DRILLING METHODS 

S15 XRF SOP STANDARD OPERATING PROCEDURE FOR FIELD PORTABLE X-RAY 

FLUORESCENCE 

 

4.6.1 Direct-Push Methods for Surface and Subsurface Soil 

The procedure for soil sampling using DPT is included in TtNUS SOP S2 (SA-2.5).  Hand-augering and/or 

use of a trowel will be employed where locations are not accessible for a drill rig and/or where only 

shallow subsurface samples are planned (as is the case for the Skeet Range and Topsham Skeet 

Range).  Hand augering will be conducted in accordance with SOP S14 (GH-1.3).   
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All surface soil samples at these three non-MEC sites, the Skeet Range, Topsham Skeet Range, and 

Machine Gun Boresight Range, will be discrete samples.  Subsurface soil samples will also be collected 

as discrete samples. 

 

A new acetate liner will be advanced at each boring location using a four foot Macro-Core® or similar 

sampler and in accordance with procedures outlined in TtNUS SOP S3 (SA-1.3).  The soil core will be 

visually inspected and logged by the field geologist, noting soil texture, grain size (sand, silt or clay), color 

(and any unusual discoloration), qualitative moisture content, and classification according to the Unified 

Soil Classification System (USCS).  The field geologist will identify the soil depositional environment.  Soil 

samples will be collected and logged in accordance with procedures outlined in TtNUS SOP S3 (SA-1.3) 

and S4 (GH-1.5). 

 

All borings not converted into temporary well points will be backfilled with bentonite chips and patched 

with cement, cold-patch asphalt, or soil at grade to match the surrounding area.  Care will be taken to 

return each location to its original condition after sampling.  Each boring location will be revisited after 

backfilling is completed to re-apply soil, cement grout, or cold-patch, if necessary.  After a boring has 

been sampled and backfilled, it will be identified by a wooden stake, driven into the center of the boring.  

If two or more drive attempts are made to collect adequate sample volume, the stake will be driven in the 

center of the area represented by those borings.  The locations and distances between the borings will be 

clearly described in the sample collection logs.  The stake will have brightly colored flagging attached to 

increase visibility, and will be labeled using a waterproof marker with the soil boring number.   

 

All direct-push equipment will be steam-cleaned prior to the start of the field investigation, 

decontaminated between each borehole to prevent cross-borehole contamination, and decontaminated 

prior to leaving the site. 

 

4.6.2 Temporary Monitoring Point Installation 

Borings for installation of temporary monitoring wells will be advanced using DPT and in accordance with 

TtNUS SOP S2 (SA-2.5) and the following methodology.  A GeoProbe® or similar DPT will be used to 

advance two-inch outside diameter Macro-Core® or similar sampler of two-foot length to several feet 

below the local water table.  If cobbles or thick gravel layers are encountered and prohibit advancement 

of the sampler using DPT, or if open boreholes can not be maintained that allow installation of temporary 

monitoring wells, a Geoprobe ® DT-325 dual-tube sampler (3.25-inch outside diameter) will be used to 

advance the soil boring. 

 

The Macro-Core® or DT-325 dual tube sampler will be removed from the borehole, and a temporary 

polyvinyl chloride (PVC) well will be installed.  A Geoprobe® pre-pack PVC well screen will have an inside 
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diameter of approximately 1.0 inches, a slot size of approximately 0.01 inches (slot size openings), and a 

pre-pack well screen length of approximately 10 feet (outside diameter of 2.5 inches).  The well screen 

will be installed in the upper surficial aquifer and will intersect the estimated depth of the groundwater 

table, based on the presence of water observed during soil lithologic sampling.  The well screen will be 

capped at the bottom.  PVC riser pipe (Schedule 40) will be attached to the screen to extend the well 

above grade.  The screen and riser pipe will be flush jointed.  Sand filter pack will be placed above the 

pre-pack well screen to a height of approximately one foot, followed by a bentonite seal (one foot 

minimum thickness) installed above the sand pack.  A pre-manufactured sand pack is recommended 

because the boring size is expected to be too small for the annulus between the well screen and the 

boring to allow free flow of sand.  Only 100 percent, certified pure, sodium bentonite will be used for well 

construction.  The annulus above the bentonite seal will be backfilled with bentonite rock chips to 

approximately 1 feet bgs, followed by a 0.5-foot thick drainage layer, and capped with native materials. 

 

Each temporary well will be developed by pumping and surging to remove sediments from inside the 

casing and within the sand pack which surrounds the well screen.  Each new well will be developed after 

waiting approximately 12 hours (minimum) after installation is complete.  Each of the wells will be 

developed for approximately one-half hour.   

 

The water levels in the temporary wells will be allowed to stabilize for 12 hours or more after 

development, depending on the permeability of the formation, before sampling.  The temporary wells will 

be protected with a lockable expansion cap and locked with keyed-alike locks when left unattended to 

minimize the introduction of particles or contaminants into the well from the surface.   

 

Each temporary monitoring well will be developed by pumping and surging.  Field parameters (e.g., pH, 

temperature, specific conductance, ORP, turbidity) and groundwater levels will be monitored during well 

development.  Well development will continue up to 2 hours per well until the discharge water meets 

10 Nephelometric Turbidity Units (NTUs).  

 

After TtNUS evaluation of water level data and analytical results and subsequent concurrence with the 

Navy and regulatory agencies, some of the temporary wells may be abandoned.  For these wells to be 

abandoned, the well riser and screen will be pulled from the borehole, and the borehole will be backfilled 

with bentonite/cement grout from the bottom of the borehole to the ground surface.  If possible, the 

bottom of the well will be knocked out and used as a tremie pipe for emplacement of the grout to avoid 

collapse of the borehole.  The grout will be emplaced from the bottom of the hole to the surface and 

consist of a cement-bentonite slurry.  The well riser and screen will be steam cleaned at the 

decontamination pad before disposal.  The surface at each temporary well location will be restored to its 

original condition (vegetated, asphalt, or concrete). 
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Boring logs will be prepared for each temporary well.  The boring logs will record installation methods, 

depths of installation, abandonment details, and other pertinent information.  A map of the temporary 

monitoring well locations and appropriate data from the boring logs will also be recorded into the field 

logbook notes. 

 

4.6.3 Surface Water and Sediment Sampling 

Surface water and sediment samples will be co-located and collected in accordance with TtNUS SOP 

S12 (SA-1.2).  Sediment samples will be collected from zero to 6-inch depth. 

 

Most of the sediment samples will be discrete.  However, at NASB Skeet Range, three of the four surface 

water samples (from the impoundment ponds) will be composite samples.  The composite surface water 

samples will be collected in the middle of the water body and will be collected from the mid to deep 

portion of the water column (two to three depths) where there is direct interaction with contaminants in the 

sediment.  Sediment samples collected at this site will be a composite of two samples to help improve 

characterization.  The samples will be collected by field personnel using waders or, if to deep, a small 

watercraft to access the middle of the water body will be used.   

 

Surface water quality parameters [pH, specific conductance, temperature, oxidation/reduction potential 

(ORP), salinity, and dissolved oxygen] will be measured using a YSI Model 650 MDS water quality meter 

(or equivalent) and flow-through cell.  Turbidity will be measured using a Lamotte 2020 (or equivalent) 

and the turbidity measurement will be performed from a sample collected from a “T” connector before the 

flow-through cell. 

 

Calibration and standards checks will be conducted on the water quality meter in accordance with the 

manufacturer’s recommendations and SOP S11 (USEPA Region I methods).  The calibration procedure 

for all parameters except ORP will use, at a minimum, two standards to bracket the measurement range.  

The ORP measurement uses one standard (Zobell standard).  The flow-through cell will be 

decontaminated before initiation of well purging at each well.  Precautions will be taken to prevent air 

entrapment and/or air leaks in the purging system so that potential problems with stabilizing dissolved 

oxygen are minimized.  Precautions will include:  (1) taking care to fill the entire flow-through cell with 

water, while minimizing air entrapment, before initiating purging and (2) maintaining a full cell of water by 

pinching the discharge line shut and elevating the discharge at the end of the tubing from the pump, 

above the cell. 
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4.6.4 XRF Sampling of Lead in Soil 

X-Ray Fluorescence (XRF) spectrometry investigations will be conducted at two sites – NASB Skeet 

Range and Topsham Skeet Range.  Discrepancies and/or lack of information and/or site disturbance on 

these two sites have led to uncertainty on the site boundaries.  Therefore, XRF investigations may aid in 

establishing the locations for MC sampling; in particular, by obtaining a greater number of real time 

samples resulting in a higher level of confidence in identifying area(s) of maximum contamination for 

fixed-based laboratory analysis.  At each of the two sites, a grid will be established over the site area and 

samples will be analyzed in the field for lead by XRF in the field, beginning with the grid squares expected 

to have the maximum concentrations and working outward.  TtNUS will conduct the XRF investigation at 

the Topsham Skeet Range and NASB Skeet Range.   

 

An XRF investigation was conducted by the USEPA at the Machine Gun Boresight Range on May 1, 

2008 and results are provided in Appendix B.  At the Machine Gun Boresight Range, the disposition of 

the former berm is unknown and a dirt pile on site may or may not be the remnants of the former berm.  

The existing dirt pile boundary will be mapped in the field using a hand-held surveying Global Positioning 

System (GPS) device.  The distance to the dirt pile has been measured but the entire outline of the dirt 

pile should be mapped.  Maximum concentrations are expected at the existing dirt pile and/or the former 

berm location based on historical aerial photographs.  Between 30 and 90 soil samples were planned for 

collection and screening via XRF.  The minimum 30 samples may be sufficient if it can be established that 

maximum lead concentrations present exceed MEDEP RAGS residential standard of 375 mg/kg (USEPA 

action level of 400 mg/kg) and the source area locations (i.e., former berm location, existing dirt pile, and 

area in between) are consistent with those of the current-day conceptual site model.  Otherwise, up to 90 

samples were to be collected via XRF to meet the objective.  During field analysis, the XRF lead data 

were reviewed on a ½ day basis (approximately every 15 samples) to support the continuing effort of 

determining sample locations.  As shown in Appendix B, of the 50 XRF samples collected (which 

excludes 6 duplicate XRF samples and 6 fixed-base laboratory confirmation samples), only 3 had lead 

concentrations exceeding the MEDEP RAGS 375 mg/kg residential standard.  These XRF samples 

included two samples at location MBR-SB-01 (surface soil at 1640 mg/kg and 12-16” interval at 

610 mg/kg) and location MBR-SB-22 at 401 mg/kg.  These results will be further assessed in combination 

with the planned soil sampling results in evaluating site contamination. 

 

At Topsham Skeet Range, very little information is available on the actual operations of the range and 

aerial photographs do not resolve this issue.  Any remaining historical features, such as remaining 

wooden posts, etc., will be mapped via a hand-held surveying GPS device.  Maximum concentrations are 

expected within the shotfall zone, working radially outward from the center.  For both the Topsham Skeet 

Range and the NASB Skeet Range, all field visual observations including physical observation of lead 

shot, bullets, and pieces of clay targets will be recorded on sample log sheets.  Prior to collection of the 
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XRF samples, a site “walk-over” will be conducted by the FOL to identify any obvious areas of 

fragment/lead shot accumulation.  Additional discretionary surface soil samples may be collected based 

on visual observation of accumulated fragments or shot in the area to be sampled.  Emphasis will be 

placed on collecting samples required to delineate contaminated areas.  Additional “step-out” samples will 

also be collected at the boundaries of the area to be sampled if lead concentrations greater than the field 

action level of 300 mg/kg are detected based on the results of the XRF field screening analysis of the 

initial surface soil samples.  An XRF field action level of 300 mg/kg will be used as the discriminator 

between contaminated and uncontaminated locations, which corresponds to the MEDEP action level of 

375 mg/kg reduced by a 20 percent margin of error to minimize the potential that contaminated areas go 

undetected.  The margin of error was selected based on recent experiences with field XRF analyses at 

other small arms ranges. 

 

For the skeet ranges, the initial horizontal study boundary encompasses the area that, based on historical 

information, is most likely to have been impacted by site activities as shown on the sample location maps.  

Lateral expansion of this horizontal study boundary may be necessary if the XRF concentration in the 

samples collected along this boundary exceed 300 mg/kg.  The study area has the following three sub-

zones:  the firing point, an area downrange of the firing line where clay targets (i.e., missed targets) and 

clay target fragments actually hit by shotguns would have accumulated (spent lead shot would also be 

present in this area), and the shotfall zone that is the downrange area where the greatest concentrations 

of lead shot would accumulate although target fragments are unlikely to be present.  The sampler will try 

to ensure good spatial coverage of the targeted contamination areas when selecting XRF sampling 

locations to validate the sampling design; areas outside of those expected to be contaminated will also be 

sampled and if the sampling design is correct, it is anticipated that the additional locations will exhibit 

lesser, and perhaps even non-detectable, concentrations of lead than are found in the targeted 

contamination area.   

 

Between 30 and 90 surface soil samples are planned for collection and screening via XRF at each of the 

two skeet ranges.  Surface soil samples will be collected from the 0 to 3-inch bgs interval.  The XRF 

samples will be discrete in order to “match” the discrete sampling methodology for the samples to be sent 

to the fixed-base analytical laboratory.  The minimum 30 samples may be sufficient if it can be 

established that maximum lead concentrations present exceed the MEDEP level of 375 mg/kg and the 

source area location (i.e., shotfall zone) is consistent with that of the current-day conceptual site model, 

because the decision to move forward to an RI would be evident at this point and the data collected could 

be built upon during the RI.  Otherwise, up to 90 samples will be collected via XRF to meet the objective.  

Considering the changed orientation of the NASB Skeet Range over the years, the number of XRF 

samples is expected to be on the upper end (90 samples) with concentration on the overlap area of the 
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two historic shotfall fans.  During field analysis, the XRF lead data will be reviewed on a ½ day basis 

(approximately every 15 samples) to support the continuing effort of determining sample locations. 

 

The XRF results will aid in locating the samples for MC fixed-based laboratory analysis, which will be 

collected at the locations of highest concentrations established by the XRF investigation.  The XRF 

results will be used for screening purposes only and so no confirmation sampling for the XRF samples 

are planned prior to collecting the MC soil samples for fixed-based laboratory analysis.  However, all XRF 

sample data will be later correlated with fixed-base laboratory data, when received.  Performance criteria 

(correlation coefficients) for correlation of lead XRF data to fixed-base laboratory data for lead is based on 

a correlation coefficient greater than or equal to 0.65 and less than or equal to 1.00.  These correlations 

will be used to translate field XRF valued into equivalent laboratory lead concentrations.  Correlation 

analyses are not anticipated to be generated for the other metals.   

 

Planned soil sampling locations shown on the figures may be adjusted based on XRF results.  After 

collection of all XRF samples and confirmation or adjustment of the shotfall zone, the actual samples for 

fixed-base laboratory analyses will be determined in accordance with the sampling design shown on the 

figure.  Soil sampling methodology is discussed in Section 4.6.1.  All sample locations will be marked with 

a wooden stake or brightly colored pin flag indicating the sample location.  Coordinates will be determined 

by GPS at each individual sample location which will allow for future repeatable investigations or guide in 

any remedial action.  All sample location markers will be removed prior to demobilization from the site.   

 

Each soil sample collected for XRF analysis will be collected with a hand-held XRF unit.  Each sample will 

be removed and placed in either an unused, labeled, large zip-lock bag (gallon sized) or a 

decontaminated stainless steel mixing bowl.  The soil will be thoroughly mixed using a kneading motion if 

in a zip-lock bag or with a stainless steel spoon (or equivalent) if in a bowl.  Any gravel, rocks, or other 

large debris items will be removed during the mixing procedure.  Any bullets, bullet fragments, or lead 

shot observed in a sample will be recorded in a logbook and then removed so as not to bias lead results.  

Mixing will be performed for approximately 2 minutes or until the sample material appears to be well 

mixed.  After the soil sample is thoroughly mixed, the soil will be transferred to an unused, labeled large 

zip-lock bag (if not already) and stored in a cooler that is always maintained under custody procedures.  A 

representative aliquot of the homogenized soil (approximately 1.5 cubic inches) will be collected and 

placed in an unused smaller zip-lock bag.  The large zip-lock bag will be returned to the cooler.  The 

representative aliquot will be dried in a toaster oven at a temperature not to exceed 150 degrees Celsius.  

After the sample is thoroughly mixed and dried, the sample will be analyzed with XRF in accordance with 

the TtNUS XRF SOP (S-15).  Three measurements per aliquot are planned and the average of the three 

recorded values will be calculated and reported along with the three measurements on a daily sample 
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analysis form.  After each day of XRF analysis, the data file generated by the XRF spectrometer will be 

downloaded for review by the FOL and the Project Manager. 

 

Upon validation, laboratory lead concentrations that are co-located with field XRF lead concentrations will 

be compared through a correlation plot.  The field data will be plotted against the laboratory data, and a 

linear least-squares fit will be applied to generate an estimate of the “best” line through the data.  If the 

data set exhibits more than one region where there appears to be a linear fit to the data but the regions 

have different slopes, the data may be subdivided into separate regions for fitting.  No more than three 

separate regions of the correlation will be fit in this manner, and as few regions as possible will be used to 

adequately represent a linear fit.  If a correlation coefficient (commonly denoted as “r”) of 0.65 or greater 

is obtained for a region, the fit will be considered adequate to additionally translate and use field XRF 

results to the equivalent laboratory lead concentrations with confidence.  A correlation coefficient less 

than 0.65 will be considered unacceptable for making this translation and reliance on the laboratory data 

only will be used.  An ideal correlation coefficient would be 1.0.  The use of subdivisions of the overall 

concentrations range to represent a best linear fit will be most important for concentrations in the range of 

about 300 to 450 mg/kg because the 375mg/kg risk screening value for lead is within this range.  XRF 

data collected for this project is considered supplemental data and will be added to the soil data set only if 

there is good correlation; otherwise, the fixed-base laboratory data will stand on its own. 

 

4.7 GROUNDWATER FIELD ACTIVITIES 

4.7.1 Groundwater Purging 

Low-flow purging and sampling is being implemented because this method will provide the least 

disturbance to the surrounding formation (i.e., less turbulence in sampling and hence less turbidity), 

allowing for a more representative groundwater sample to be collected.  Low-flow purging and sampling 

activities will not begin until at least 12 hours after the temporary monitoring wells have been developed.  

An adjustable-rate peristaltic pump will be used for purging and sampling purposes.  New silicone pump 

tubing and polyethylene tubing will be attached to the pump and inserted near the mid-point of the well 

screen before each well is purged, so as not to disturb any sediment that may be located near the bottom 

of the well.  Low-flow purging and sampling techniques will be utilized in accordance with TtNUS SOP S5 

(SA-1.1) and general accordance with TtNUS SOP S10 (USEPA Region I methods).   

 

During well purging, the water level in each well will be monitored every five to 10 minutes as purging 

occurs.  A drawdown of less than 0.3 feet will be targeted.  Initially, the pumping rate will be set at 

approximately 0.3 liters per minute, or lower if needed.  The pumping rate will be reduced if turbidity is 

greater than 10 NTUs after all other field parameters have stabilized.  The measured pumping rates and 

groundwater level data will be recorded on the well purging log sheets located in Attachment 1-C. 
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Water quality parameters [pH, specific conductance, temperature, oxidation/reduction potential (ORP), 

salinity, and dissolved oxygen] will be measured during purging using a YSI Model 650 MDS water quality 

meter (or equivalent) and flow-through cell.  Turbidity will be measured using a Lamotte 2020 (or 

equivalent) and the turbidity measurement will be performed from a sample collected from a “T” connector 

before the flow-through cell.  Water quality measurements will be recorded on the well purging log sheet 

every five to 10 minutes. 

 

Calibration and standards checks will be conducted on the water quality meter in accordance with the 

manufacturer’s recommendations and SOP S11 (USEPA Region I methods).  The calibration procedure 

for all parameters except ORP will use, at a minimum, two standards to bracket the measurement range.  

The ORP measurement uses one standard (Zobell standard).  The flow-through cell will be 

decontaminated before initiation of well purging at each well.  Precautions will be taken to prevent air 

entrapment and/or air leaks in the purging system so that potential problems with stabilizing dissolved 

oxygen are minimized.  Precautions will include:  (1) taking care to fill the entire flow-through cell with 

water, while minimizing air entrapment, before initiating purging and (2) maintaining a full cell of water by 

pinching the discharge line shut and elevating the discharge at the end of the tubing from the pump, 

above the cell. 

 

Purging will continue until all of the parameters have stabilized to the criteria listed below and the 

minimum purge volume (one well volume) has been removed from a well.  Stabilization criteria for the 

water quality parameters are as follows: 

 

• pH + 0.1 standard units 

• turbidity + 10 percent for values greater than 5 NTU 

• specific conductance + 3 percent 

• temperature + 3 percent 

• ORP + 10 millivolts 

• dissolved oxygen + 10 percent 

 

If the parameters have not stabilized within two hours, then sampling will be initiated.  The final values of 

water quality parameters measured just before sampling commences will be recorded on the groundwater 

sample collection log sheet located in Attachment 1-C. 
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4.7.2 Temporary Monitoring Well Sampling 

After purging is completed, the flow-through cell will be disconnected from the pump discharge tube and 

samples will be collected directly from the discharge tube of the pump.  Sample containers will be filled 

[following the method detailed in TtNUS SOP S2 (SA-2.5)] by allowing the groundwater to flow gently 

down the inside of the container with minimal turbulence.  Except for perchlorate samples, the bottles 

should be filled completely with no head space remaining in the bottle then capped.  For perchlorate 

samples only, the sample bottles will be left about one third empty; filtration of the sample will be 

conducted at the analytical laboratory and not in the field.  Leaving the sample bottle unfilled will prevent 

the establishment of anaerobic conditions in the sample bottle that are conducive to perchlorate 

decomposition.  No preservatives are necessary for perchlorated bottles.  Perchlorate samples will be 

shipped within 12 hours of sample collection and the laboratory will filter immediately upon receipt, which 

is targeted to occur within 24 hours of samples collection. 

 

As applicable, all sample bottles will have the appropriate type and amount of preservative already added 

to the containers, prior to arrival at the site (i.e., preservatives are added to the bottles by the analytical 

laboratory before shipping to the site).  TtNUS SOPs S5 (SA-1.1) and S10 (USEPA Region I methods) 

will be followed for purging and sampling activities.   

 

4.7.3 Water-Level Measurements  

One round of water levels will be manually measured in all monitoring wells where groundwater samples 

were collected for a given site.  If groundwater investigation is warranted for the Skeet Range, water-level 

collection will include the two existing monitoring wells selected for sampling (MW-NASB-076 and 

MW-NASB-078).  If groundwater investigation is warranted for the Topsham Skeet Range, three nearby 

monitoring wells (MW1, MW2, and MW3) will be included for water-level collection, even though 

groundwater samples are not to be collected from these wells.  These measurements will be made using 

an electric water-level indicator capable of 0.01-foot accuracy in accordance with TtNUS SOP S6 

(GH-1.2).  Water levels will be recorded on Groundwater-Level Measurement log sheets 

(Attachment 1-C). 

 

4.7.4 Temporary Well Abandonment 

Select temporary wells will be properly abandoned after evaluation of water-level data and analytical 

results, in concurrence with the Navy and regulatory agencies, but only after evaluating the SI analytical 

and water-level results to ensure future use of a given well is not warranted.  Abandonment will comply 

with TtNUS SOP S7 (GH-2.9) and Maine Chapter 405 Section 5 (H).  For abandonment purposes, the 

temporary well riser and screen will be pulled from the borehole, and the borehole will be backfilled with 
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bentonite/cement grout from the bottom of the borehole to the ground surface.  If possible, the bottom of 

the well will be knocked out and used as a tremie pipe for emplacement of the grout to avoid collapse of 

the borehole.  Each backfilled boring will be checked the following day for subsidence of the grout and 

finished smooth to existing grade.  The grout sealant will consist of sodium bentonite.   

 

The well riser and screen will be steam cleaned at the decontamination pad before disposal. 

 

4.7.5 Temporary Well Completion to Permanent Well 

Select temporary wells may be converted to permanent monitoring wells after evaluation of water-level 

data and analytical results in concurrence with the Navy and regulatory agencies.  Well completion will be 

conducted in accordance with TtNUS SOP S13 (GH-2.8), and will include a protective casing with lock, a 

concrete pad, and bollards where stick-up wells are completed in the vicinity of roadways. 

 

4.8 SAMPLE HANDLING AND MANAGEMENT 

The following sections outline the procedures that will be used by field personnel to document project 

activities and sample collection procedures.  Detailed and accurate documentation is necessary in order 

to ensure data integrity. 

 

4.8.1 Sample Custody 

Documentation of field observations will be recorded in a field logbook and/or field log sheets including 

sample collection logs, boring logs, and monitoring well construction logs found in Attachment 1-C.  Field 

logbooks utilized on this project will consist of a bound, water-resistant logbook.  All pages of the logbook 

will be numbered sequentially and observations will be recorded with indelible ink.  Field logbooks will be 

maintained according to SOP S9 (SA-6.3).  Field sample log sheets will be used to document sample 

collection details, and other observations and activities will be recorded in the field logbook.  Instrument 

calibration logs (Attachment 1-C) will be used to record the daily instrument calibration. 

 

For sampling and field activities, the following types of information will be recorded as appropriate: 

 

• Site name and location 

• Date and time of logbook entries 

• Personnel and their affiliations 

• Weather conditions 

• Activities involved with the sampling 

• Subcontractor activity summary 
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• Site observations including site entry and exit times 

• Site sketches made onsite 

• Visitor names, affiliations, arrival and departure times 

• Health and Safety issues including personal protective equipment and clothing (PPE)  

 

The following sections outline the information that will be documented in the field according to the media 

to be sampled and the activities to be performed. 

 

Sample collection information for all media (soil, surface water, sediment, and groundwater) will be 

recorded on TtNUS sampling logs.  The field logbooks and sample log sheets will remain on site for the 

duration of the investigation.  After the investigation, the field sampling log sheets will be organized by 

date and media and placed in the project file.  The field logbooks for this project will be used only for this 

site, and will also be categorized and maintained in the project file after the completion of the field 

program.  Project personnel completing concurrent field sampling activities may maintain multiple field 

logbooks.  When possible, logbooks will be segregated by sampling activity.  The field logbooks will be 

given titles based on date and activity. 

 

Sample custody procedures are designed to provide documentation of preparation, handling, storage, 

and shipping of all samples collected.  Field chain-of-custody procedures are described in TtNUS SOP S9 

(SA-6.3).  Laboratory chain-of-custody procedures are described in the laboratory SOPs. 

 

Integrity of the samples collected during the site investigation will be the responsibility of identified 

persons from the time the samples are collected until incorporated into the final report.  Stringent chain-

of-custody procedures will be followed to document sample possession. 

 

4.8.2 Field Custody 

The TtNUS field operations leader (FOL) is responsible for the care and custody of the samples collected 

until they are delivered to the laboratory or are entrusted to a carrier. 

 

Sample logs or other records will be signed and dated by the persons making the entries. 

 

COC forms will be completed to the fullest extent possible before sample shipment.  They will include the 

following information: project name, sample identification, date and time samples collected, analyses to 

be conducted, matrix, type of sample, grab or composite designation, preservative (if any), sample 

depths, and name of sampler.  Sample salinity will also be noted on COC forms to aid the analytical 

laboratory in establishing dilution requirements for metals analyses where salinity could present an 

interference concern. 
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These forms will be filled out in a legible manner, using waterproof ink, and will be signed by the sampler.  

Similar information will be provided on the sample label, which will be securely attached to the sample 

bottle.  The label will also include the general analyses to be conducted.  In addition, sampling forms will 

be used to document collection, filtration, and preparation procedures.  Copies of all forms used during 

field activities are provided in the SOPs. 

 

4.8.3 Transfer of Custody 

The following procedures will be used when transferring custody of samples. 

 

Sample coolers will be custody-sealed for security according SOP S9 (SA-6.3) and accompanied by a 

COC form.  When transferring samples, the individuals relinquishing and receiving them will sign, date, 

and note the time on the COC form.  This record documents the sample custody transfer from the 

sampler to the laboratory, often through another person or agency (common carrier).  Upon arrival at the 

laboratory, internal sample custody procedures will be followed as defined in the laboratory SOPs.  

 

Prior to shipment to the laboratory for analysis, samples will be properly packaged.  Individual custody 

records will accompany each shipment.  Shipping containers will then be sealed for shipment to the 

laboratory.  The methods of shipment, courier name, and other pertinent information will be entered in the 

“remarks” section of the custody record. 

 

All shipments will be accompanied by the COC form identifying the contents.  The original record will 

accompany the shipment and a copy will be retained by the field sampler. 

 

Proper documentation (i.e. airbills) will be maintained for shipments by common carrier. 

 

4.8.4 Sample Shipment Procedures 

The following procedures will be followed when shipping samples for laboratory analysis. 

 

Samples requiring cooling to 4°C will be promptly chilled with ice or Blue Ice and will be packaged in an 

insulated cooler for transport to the laboratory.  A temperature blank will be included in each cooler to be 

used as a temperature indicator.  Each temperature blank will be clearly identified by the field sampling 

team.  Ice will be sealed in containers to prevent leakage of water.  Samples will not be frozen. 

 

Only shipping containers that meet all applicable state and federal standards for safe shipment will be 

used. 
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The field COC form will be placed inside the shipping container in a sealed, plastic envelope.  Shipping 

containers will be sealed with nylon strapping tape, and custody seals will be signed, dated, and affixed, 

in a manner that will allow the receiver to quickly identify any tampering that may have occurred during 

transport to the laboratory. 

 

Samples to be delivered to the laboratory will be made by a public courier.  After samples have been 

collected, they will be sent to the laboratory within 72 hours.  Under no circumstances will sample holding 

times be exceeded.   

 

4.8.5 Laboratory Sample Custody 

To ensure the integrity of a sample from collection through analysis, it is necessary to have an accurate, 

written record that traces the possession and handling of the sample.  This documentation is referred to 

as the COC form. 

 

A sample is under custody if: 

 

• The sample is in the physical possession of an authorized person 

• The sample is in view of an authorized person after being in his/her possession 

• The sample is placed in a secure area by an authorized person after being in his/her possession 

• The sample is in a secure area, restricted to authorized personnel only 

 

When samples are received, the COC is signed and dated to acknowledge sample receipt.  The sample 

custodian must examine the shipping containers and verify that the correct number of containers was 

received.  The shipping containers are then opened and the enclosed sample paperwork is removed.  

Samples are removed from the shipping containers and the bottle condition, temperature blank, and 

sample salinity must be noted.  The information on the COC, the airbill, the containers, and the laboratory 

request is reviewed to note any discrepancies. 

 

The laboratory will be required to fax the COC forms and sample log-in information to the TtNUS Project 

Manager (PM) after every shipment. 

 

All samples received by the laboratory must be stored at 4°C until analysis.  Laboratory holding times are 

specified by the contract and presented in the QAPP. 
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4.9 EQUIPMENT DECONTAMINATION  

TtNUS will obtain pre-cleaned sample containers for laboratory analyses.  These containers will meet the 

requirements of the USEPA Specification and Guidance for Contaminant-Free Sample Containers 

(OSWER Directive No. 9240.0-05A). 

 

Equipment decontamination will follow the procedures described in the TtNUS SOP S8 (SA-7.1).  Non-

disposable equipment items that come in contact with the media to be sampled and will require 

decontamination and include: 

 

• stainless steel mixing bowls and spoons (in contact with soils) 

• DPT tooling (in contact with soils) 

• water level indicators (in contact with groundwater) 

 

If the equipment is new, the initial cleaning will consist only of a soapy water wash followed by a tap water 

and distilled water rinse.  Disposable sampling materials (e.g., tubing for peristaltic pumps) that are 

individually packaged from the factory will not require decontamination before sampling.  

 

To ensure that sampling equipment has been decontaminated properly, equipment rinsate blanks will be 

collected and analyzed. 

 

4.10 INVESTIGATIVE-DERIVED WASTE MANAGEMENT 

Five types of investigative-derived waste (IDW) will be generated during this investigation that could be 

potentially contaminated: soil cuttings, well development and purge water, DPT decontamination 

wastewater, sampling equipment decontamination wastewater, and PPE.  Based on the historical site 

activities and types of contaminants present, none of these IDW materials is expected to present a 

significant risk to human health or the environment if properly managed. 

 

Soil cuttings and excess soil core material resulting from the DPT drilling activity will be placed in 

55-gallon labeled, sealable steel drums.  The soils from each site will be segregated, so that if the soil 

analyses show that soils from one or more of the sites are clean, these soil materials can later be 

retrieved and disposed of as clean soil.  The drums of soil IDW will be labeled, sealed, and transported to 

a central location designated by the Navy.  Proper disposal of these wastes will be performed by the Navy 

once the analytical results of the soil samples are received from the laboratory and reviewed. 

 

Well development waters and purge waters will be pumped into 55-gallon sealable drums, which will be 

properly labeled and transported to a central location to be designated by the Navy.  Proper disposal of 
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these wastes will be performed by the Navy once the analytical results are received from the laboratory 

and reviewed. 

 

4.11 FIELD ANALYTICAL METHOD REQUIREMENTS 

4.11.1 Water Quality Meters 

4.11.1.1 Field Analytical Method Requirements – Water Quality Meters 

Field measurements of pH, dissolved oxygen, specific conductance, salinity, temperature, turbidity, and 

ORP will be collected during low-flow purging for well sampling.  Specific conductance, pH, temperature, 

and turbidity measurements will be collected during well development as described in TtNUS SOP S5 

(SA-1.1).  These measurements will be made using a YSI Model 6820 (or equivalent) for all parameters 

except turbidity.  A Lamotte 2020 (or equivalent) will be used for the turbidity measurement.  Each of 

these measurements will be performed using an electrode or sensor designed specifically for the 

parameter being measured.  The calibration and use of the meter will be performed per TtNUS SOP S5 

(SA-1.1) and SOP S11 (USEPA Region I method). 

 

4.11.1.2 Field Analytical Instrument Calibration – Water Quality Meters 

The multiprobe water quality meters will be calibrated per TtNUS SOP S5 (SA-1.1) and SOP S11 

(USEPA Region I method).  The meter will be calibrated at the beginning of each field day.  The 

calibration will be checked against standard solutions at the end of each field day or more frequently if 

fluctuations in readings appear to be abnormal.  Records of instrument calibration will be maintained on a 

field instrument calibration log sheet, provided in SOP S5 (SA-1.1).  The field geologist will maintain 

instrument manuals on site.  If the meter does not maintain an acceptable level of calibration during a 

single day’s use, then the meter will be calibrated more frequently or it will be replaced. 

 

4.11.2 XRF Spectrometer 

4.11.2.1 Field Analytical Method Requirements – XRF Spectometer 

Field measurements of lead (in parts per million or ppm) will be performed as described in the TtNUS 

XRF SOP (S-15) on select soil samples at the three sites.  The measurements will be performed using a 

field-portable XRF unit operated per the manufacturer’s specifications.  The XRF operator will ensure that 

the sample identifier, numerical result, and measurement units are appropriately recorded for every 

sample analyzed.  Also required are the name of the person performing the analysis, the date and time of 

analysis, and a reference to the calibration/standardization on which the measured values are based. 
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4.11.2.2 Field Analytical Instrument Calibration – XRF Spectometer 

The XRF spectrometer will be standardized or calibrated in accordance with the TtNUS XRF SOP (S-15) 

at the beginning of each field day with a source standard(s) of known concentration(s).  This standard(s) 

will represent anticipated site conditions to ensure appropriate standardization/calibration to anticipated 

lead levels that will be encountered at the site.  If calibration is conducted, records of instrument 

calibration will be maintained on a field instrument calibration log sheet provided in Attachment 1-C.  

Standardization records will be recorded in the same manner as the sample analysis results.  The field 

geologist will maintain instrument manuals on site.  If the meter does not maintain an acceptable level of 

standardization/calibration during a single day’s use, the meter will be standardized/calibrated more 

frequently or it will be replaced. 

 

4.12 FIELD EQUIPMENT AND MAINTENANCE 

Equipment, instruments, gauges, and other items requiring preventive maintenance will be serviced, 

when appropriate, by the equipment supplier, the FOL (or designee), and/or drilling subcontractor in 

accordance with the manufacturer’s recommendations.  Manufacturer’s procedures identify the schedule 

for servicing critical items in order to minimize the downtime of the measurement system.  It will be the 

responsibility of the FOL to adhere to this maintenance schedule and to arrange any necessary and 

prompt service required.  Service of the equipment, instruments, tools, gauges, etc. shall be performed to 

the extent possible by the FOL (or designee).  If the service requires a more qualified person, then the 

supplier or the manufacturer will be contacted for assistance.  Field logs shall be established by the FOL 

(or designee) to record maintenance, service procedures, and schedules.  Maintenance records will be 

documented and traceable to the specific equipment, instruments, and gauges.  

 

It will be the responsibility of the FOL (or designee) to inspect all supplies to be used as part of the field 

program during mobilization and use.  Supplies to be inspected include sampling equipment, field meters, 

and sample containers. 

 

If the FOL encounters any problem with the supplies, he or she will inform the TtNUS PM and the 

laboratory supplying the containers.  The TtNUS PM, in consultation with the Navy PM and QA/QC 

officer, will instruct the FOL on any corrective actions that should be implemented. 

 

4.13 SURVEYING 

Any historical site features encountered during the SI will be mapped using a hand-held surveying GPS 

device.  In particular, additional site mapping will be conducted at two sites – Machine Gun Boresight 

Range and Topsham Skeet Range.  At the Machine Gun Boresight Range, the disposition of the former 
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berm is unknown and a dirt pile on site may or may not be the remnants of the former berm.  The existing 

dirt pile boundary will be mapped in the field using a hand-held surveying Global Positioning System 

(GPS) device.  The distance to the dirt pile has been measured but the entire outline of the dirt pile should 

be mapped.  Additionally, any areas with concrete debris will be mapped as they may represent the 

historical flared concrete end walls of the backstop berm.  At Topsham Skeet Range, very little 

information is available on the exact location of the range and aerial photographs do not resolve this 

issue.  Any remaining historical features, such as remaining wooden posts that are reportedly the 

launching points of the skeet targets, etc., will be mapped via a hand-held surveying GPS device.   

 

The vertical elevations and horizontal locations of all temporary monitoring wells, soil sampling locations, 

and important site features will be surveyed by a Maine-licensed surveyor at the completion of the field 

investigation.  Existing benchmarks will be used.  All horizontal locations will surveyed to the nearest 

0.1 foot.  All elevations will be measured to the nearest 0.01 foot.  The surveyor will determine elevations 

for the ground surface at all locations.  Additionally, for the temporary monitoring wells, the elevation of 

the reference point (notch at the top of the riser pipe) will be surveyed for each of the temporary 

monitoring wells.  The TtNUS FOL will provide the correct sample location name to the surveyor so that 

database nomenclature is consistent with location names in the QAPP and the database.  Upon receiving 

the survey data from the surveyor, the TtNUS PM will check the survey data for consistency with the 

location names in the QAPP and the database.   

 

For remote soil boring locations and/or surface water/sediment locations where land surveying is more 

difficult, a GPS unit may be used to collect coordinate data.  However, all temporary wells will need to be 

surveyed by a land surveyor because of the required accuracy needed to interpret water-level data. 

 

The GPS unit proposed for use is a Trimble GeoExplorer CE, Geo XT handheld unit.  Pathfinder Office 

software is used to download and post-process the data to achieve submeter horizontal accuracy.  Field 

conditions, such as the number of satellites available at the reading time and density of the tree canopy, 

dictate the amount of time needed to acquire a reading.  Coordinates will be established for each sample 

location to an accuracy of one meter.   

 

Survey data coordinates (both GPS and land surveyor based) will be provided in the SI report, as well as 

an electronic version. 

 

4.14 FIELD DOCUMENTATION AND DOCUMENTATION RESPONSIBILITIES 

It will be the responsibility of the FOL to secure all documents produced in the field (e.g., sampling logs, 

calibration forms) at the end of each work day.  Copies of all forms used during field activities are 
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included in the SOPs.  Sample logs and COC records will be included as an appendix to the report that 

will be prepared based on results of this investigation. 

 

At the completion of field activities, the FOL will send the TtNUS PM all field records, data, field 

notebooks, logbooks, COC forms, sample log sheets, daily logs, etc.  The PM will ensure that these 

materials are entered into the TtNUS document control system in accordance with appropriate 

administrative guidelines. 

 

Changes in project operating procedures may be necessary as a result of changed field conditions or 

unanticipated events.  A summary of the sequence of events associated with field changes is as follows: 

 

• The FOL will notify the TtNUS PM and TtNUS ME Certified Geologist (CG) of the need for the 

change. 

 

• If necessary, the PM will discuss the change with the pertinent individuals (e.g., ME CG, Navy PM, 

TtNUS QA Manager) and will provide a verbal approval or denial to the FOL for the proposed change.  

The USEPA and MEDEP will be consulted by the Navy of any major scope changes that may occur 

while fieldwork is ongoing.  Communications and correspondences to the Restoration Advisory Board 

(RAB) will be handled through inclusion on the distribution list or written correspondence and updates 

at RAB meetings. 

 

• The FOL will document the change on a Task Modification Request form and forward the form to the 

TtNUS PM at the earliest convenient time. 

 

• The TtNUS PM will sign the form and distribute copies to the Navy PM, TtNUS QA Manager, FOL, 

ME CG, and project file. 

 

• A copy of the completed Task Modification Request form will be attached to the field copy of the 

affected document. 

 

The possession of all records will be documented; however, only the project FOL or designee may 

remove field data from the site for reduction and evaluation. 

 

4.15 FIELD EQUIPMENT 

A variety of equipment will be used to perform the field activities for this project.  Table 4-1 lists the field 

equipment and supplies that will be used: 
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Table 4-1:  Field Equipment 
Category Equipment 

Soil / Sediment Sampling Disposable scoops (or similar) and plastic sheeting 
Hand auger 

Groundwater Sampling Peristaltic pump and disposable tubing 

Health and Safety Equipment Hard hats, safety boots, safety glasses, first aid kit, fire 
extinguisher, protective clothing, and nitrile gloves 

Shipping Packaging tape, labels, seals, COC forms, ice, zip-top bags, 
coolers, bubble wrap, and packaging material 

Documentation Daily Quality Control Report (DQCR) forms, field notebook, 
soil sampling logs, and applicable health and safety forms 

Sample Containers See Table 4-1 of QAPP (Attachment 1) 
Decontamination Supplies Liquinox or Alconox detergent, methanol, potable water, 

deionized water, scrub brushes, and decontamination 
tubs/buckets 

 

4.16 LABORATORY ANALYSIS 

The analytical methods were selected on the basis of the munitions items known to have been used at 

the site and include the standard suite of range related analytical parameters to account for unknown 

items.  The standard analytical methods include TAL Metals (SW-846 Method 6010B), explosives 

(dinitrotoluene) and propellants by SW-846 Method 8330A), perchlorate in groundwater (USEPA Method 

6850 with filtration at the laboratory), TOC (Lloyd Kahn Method), nitrates in groundwater (SW-846 9056 or 

EPA 300), pH (SW-846 9046D), CEC (SW-846 9081), and PAHs (USEPA Method 8270C SIM).  Tables 

4-2 through 4-4 detail the quantities of analyses to be conducted.  The method detection limits for these 

methods are included in the QAPP (Attachment 1).  Laboratory SOPs are provided in the QAPP, 

Attachment 1-D. 

 

4.17 QUALITY ASSURANCE (QA) / QUALITY CONTROL (QC) SAMPLES 

The QA/QC procedures are documented in the QAPP.  QA/QC samples are those samples analyzed for 

the purpose of assessing the quality of the sampling effort and of the analytical data and are further 

discussed in the following sub-sections.   

 

4.17.1 QC Samples 

The QC for analytical samples will be provided in the field through the use of the following QC samples:   

 

• Field duplicates (1 in 10) 

• Matrix Spikes (MS)/Matrix Spike Duplicates (MSDs) (1 in 20) 
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• Upgradient samples 

• Field blanks 

• Equipment blanks 

 

The QC samples will be handled as regular samples.  In order for distinctions to be determined between 

study areas, the different types of samples will be submitted in separate batches for laboratory analysis.  

Calibrations and associated QC samples will not be mixed among sample types.   

 

4.17.2 QA Samples 

The QA for the analytical samples will be provided in the field through the use of duplicate samples.  The 

QA samples are used to evaluate the contractor’s laboratory performance.  Duplicate samples are 

collected as a single sample, which is divided into two equal parts.  As shown in Tables 4-2, 4-3, and 4-4, 

samples will be collected at a rate of at least 10 percent of the field samples collected.  Sample collection 

and preservation requirements are outlined in the QAPP. 

 

 

Table 4-3:  Quantities of Analyses for the Skeet Range 

Baseline Samples 
Analysis Medium Field 

Samples 
Field 

Duplicate 
Spikes

a  
Equipment 

Blanks 
Field 

Blanks Total  

TAL 
Metals, 
PAHs 

Soil 28 3 2 3 - 36 

Explosives, 
Propellants 

Soil 6 1 1 1 - 9 

pH, TOC, 
CEC 

Soil 4 - - - - 4 

Table 4-2:  Quantities of Analyses for the Machine Gun Boresight Range 
Baseline Samples 

Analysis Medium Field 
Samples 

Field 
Duplicate 

Spikes
a  

Equipment 
Blanks 

Field 
Blanks Total  

TAL Metals, 
Propellants Soil 25 3 2 2 - 32 

PAHs Soil 1 - - 1 - 2 
TAL Metals, 
Propellants, 
Perchlorate 

Groundwater 5 1 1 2 1 9 

a  One sample indicates one MS/MSD pair (i.e., one laboratory QA/QC sample). 
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Table 4-3:  Quantities of Analyses for the Skeet Range 

Baseline Samples 
Analysis Medium Field Field Spikes Equipment Field Total  Samples Duplicate a  Blanks Blanks 

TAL 
Metals, 
PAHs, 

Nitrates 

Groundwater 7 1 1 1 (b) 10 

Explosives, 
Propellants 

Groundwater 1 1 1 - - 3 

TAL Metals 
and TOC 

Sediment 4 1 1 - - 6 

TAL Metals Surface 
Water 

4 1 1 - - 6 

 a One sample indicates one MS/MSD pair (i.e., one laboratory QA/QC sample). 
b  Addressed by field blanks at Machine Gun Boresight Range. 
 

Table 4-4:  Quantities of Analyses for the Topsham Annex Skeet Range 

Baseline Samples 
Analysis Medium Field 

Samples 
Field 

Duplicate 
Spikes

a  
Equipment 

Blanks 
Field 

Blanks Total  

TAL 
Metals, 
PAHs 

Soil 20 2 1 2 - 25 

Explosives, 
Propellants 

Soil 5 1 1 1 - 8 

pH, TOC, 
CEC 

Soil 4 - - - - 4 

TAL 
Metals, 
PAHs, 
TOC 

Sediment 3 1 1  - 5 

TAL 
Metals, 
PAHs 

Surface 
Water 

3 1 1  - 5 

TAL 
Metals, 
PAHs, 

Nitrates 

Groundwater 5 1 1 1 (b) 8 
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Table 4-4:  Quantities of Analyses for the Topsham Annex Skeet Range 

Baseline Samples 
Analysis Medium Field 

Samples 
Field 

Duplicate 
Spikes

a  
Equipment 

Blanks 
Field 

Blanks Total  

Explosives, 
Propellants 

Groundwater 1 1 1 - - 3 

 
a One sample indicates one MS/MSD pair (i.e., one laboratory QA/QC sample). 
b  Addressed by field blanks at Machine Gun Boresight Range. 

 

4.18 SAMPLING EQUIPMENT DECONTAMINATION 

In an effort to achieve the highest level of QC, one-time-use and disposable sampling equipment will be 

used whenever feasible.  This type of equipment includes sampling gloves, scoops, and pre-cleaned 

sample jars.  Other equipment will be decontaminated as necessary, if used. 
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5.0  FIELD OPERATIONS DOCUMENTATION 

Field documentation of the samples taken is of the utmost importance in assuring QC.  Field 

documentation will include Data Quality Control Reports (DQCRs), field notebooks, soil sampling log 

forms, sample labels, and COC forms.  All field documentation will be completed in indelible ink.  

Corrections will be made by drawing a single line through the text and legibly writing the correction.   

 

5.1 DQCR 

As described in the QAPP, the DQCR will be prepared by the FOL each day that fieldwork is performed, 

commencing with the first day work is performed on-site.  All workdays will be documented in this report 

throughout the duration of the fieldwork.  TtNUS will provide DQCRs to the Base Realignment and 

Closure Program Management Office Northeast (BRAC PMO NE) PM in the SI Report.  A sample DQCR 

form is included in the QAPP. 

 

5.2 FIELD NOTES 

Field notes regarding all sampling and field activities will be kept in a bound notebook with prenumbered 

pages.  Indelible ink will be used for all entries.  The field notes will be filled out while the fieldwork is 

taking place and will include all of the information that is reported on the DQCR forms.  In addition, soil 

sampling log forms will be completed for each sample collected.  An example soil sampling log form is 

included in Attachment 1-C to this SAP. 

 

5.3 SAMPLE NUMBERING SCHEME 

All samples taken will employ the following numbering system.  This system assures that QC checks 

originating from the field are blind to the laboratory and that a uniform and consistent numbering system 

is employed in the field.   

 

NASB – [Site Location designation] – [Sample medium and Sample number] – [Sample date 

(month)(date)(year)]  

 

The following designations will be used for each medium: 

SS = surface soil sample 

SB = subsurface soil sample 

SD = sediment sample 
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GW = groundwater sample 

SW = surface water sample 

 

The following designations will be used for each site name: 

SKT = Skeet Range 

TASKT = Topsham Annex Skeet Range 

MGBR = Machine Gun Boresight Range 

 

For example: 

NASB-SKT-SS03-072509 reflects a surface soil sample collected at location SS03 at the Skeet Range on 

July 25, 2009. 

NASB-MGBR-SB04-03-072109 reflects a subsurface soil sample collected at soil boring location SB04 

starting at 3 feet below ground surface at the Machine Gun Boresight Range on July 21, 2009. 

NASB-MGBR-GW02-071709 reflects a groundwater sample collected at temporary well MW02 at the 

Munitions Bunker West on July 17, 2009. 

 

All duplicate samples collected will utilize the following standard designation format: 

NASB - [Site Location designation] – [DUP][Sample number] – [Sample date (month)(date)(year)] 

 

For example: 

NASB-SKT-DUP01-072509 would reflect the first duplicate sample collected at the Skeet Range on 

July 25, 2009. 

 

All MS/MSD samples collected will utilize the following standard designation format: 

NASB – [Site Location designation] – [Sample medium and Sample number/MS or MSD] – [Sample date 

(month)(date)(year)] 

 

For example, NASB-SKT-SS02/MSD-052509 

All QA/QC samples (trip blanks, equipment blanks, field blanks collected will utilize the following standard 

labeling format: 
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NASB – [Site Location designation] - [Sample medium][Sample number/Type of QA Sample] – [Sample 

date (month)(date)(year)] where EB, TB, and FB will be used for equipment blank, trip blank, and field 

blank, respectively.  Similarly IDW will be used to designate IDW samples. 

 

For example, NASB-SKT-SS02/EB-072509 reflects an equipment blank collected at the Skeet Range on 

July 25, 2009. 

 

5.4 SAMPLE LABELS 

Correct sample labeling and the corresponding notation of the sample identification numbers in the field 

notebook and on the DQCR COC forms will be utilized to prevent misidentification of samples and their 

eventual results.  All sample labels will be generated electronically or completed legibly with indelible ink.  

The labels will be affixed to the sample bottle and covered with clear tape. 

 

The sample labels will include the following, at a minimum: 

 

• Project name 

• Company name 

• Name/initials of the collector 

• Date and time of collection 

• Sample location and depth 

• Analysis required 

• Preservatives added if any 

 

5.5 COC  

The COC procedures will be in accordance with Navy and USEPA procedures.  COC procedures are 

used to document and track samples from collection through reporting of analytical results and to serve 

as permanent records of sample handling and shipment.  Strict COC protocol will be maintained for all 

samples collected during this project.   

 

The COC forms will be filled out with indelible ink by the FPM, and any mistakes made will be crossed out 

with a single line, initialed, and dated.   

 

The information on the COC form will include the following: 

 

• Sample identification numbers 

• Date and time of sample collection 
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• Project name and number 

• Number of sample containers 

• Analyses required 

• Turn around time required 

• Preservatives used, if any 

• Signatures of all parties who had possession of the samples 

 

The COC forms will be complete for every cooler and will be sealed in a plastic resealable bag and taped 

to the inside of the lid of the cooler.  The FPM will keep one copy of the COC form.  The laboratory will 

then sign the COC form upon accepting the samples for analysis.  Copies of the COC forms will be 

included in the SI Report as an appendix and given to the BRAC PMO NE PM upon completion of the 

field sampling effort. 
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6.0  SAMPLE PACKAGING AND SHIPPING REQUIREMENTS 

Custody of samples must be maintained throughout the shipment of samples to the selected laboratory.   

 

The following procedures will be used to send samples to the laboratory: 

 

1. Use waterproof high-strength plastic ice chests or coolers only. 

 

2. After filling out the pertinent information on the sample label and tag, place the sample in the 

container and screw on the lid.  Secure the bottle lid with strapping tape.   

 

3. Tape cooler drain shut. 

 

4. Place about 3 inches of inert cushioning material, such as plastic bubble wrap in the bottom of the 

cooler. 

 

5. Enclose the containers in clear plastic bags through which sample labels are visible, and seal the 

bag.  Place containers upright in the cooler in such a way that they do not touch and will not touch 

during shipment.   

 

6. Put in additional inert packing material to partially cover sample containers (more than halfway).  

Place bags of ice or ice-gel packs around, among, and on top of the sample containers.   

 

7. Fill the remaining space in the cooler with cushioning material. 

 

8. If sending the samples by common carrier, sign the COC form under “Relinquished by,” enter the 

carrier name and air bill number, retain a copy for field records, put the COC form in a waterproof 

plastic Ziploc bag and tape it to the inside lid of the cooler.   

 

9. If sending the samples by courier or field team shipper, follow the above procedures, but also have 

the receiving carrier sign under “Received by.”   

 

10. Apply custody seals to the front and back of the cooler, across the lid. 

 

11. Secure lid by taping.  Wrap the cooler completely with strapping tape at a minimum of two locations.  

Do not cover any labels.  Attach completed shipping label to top of the cooler.  The shipping label will 

have a return address. 

060911/P (CTO 69) 6-1 NAS Brunswick, Maine 



Title:  Appendix A of MC SI Work Plan for 3 MRP Sites 
Revision Number:  2 

Revision Date:  06/09 
 

060911/P (CTO 69) 6-2 NAS Brunswick, Maine 

 

12. Ship the cooler by overnight express or courier to the respective laboratory.   

 

The primary laboratory address and point of contact (POC) are noted below: 

 

 Empirical Laboratory, LLC 
 621 Mainstream Drive, Suite 270 
 Nashville, TN 37228 
 
 ATTN: Janice Shilling 
 (615) 345-1115 
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7.0  INVESTIGATIVE-DERIVED WASTE 

The production of investigative-derived waste (IDW) will be concentrated on the installation of temporary 

wells.  One sample from drill cuttings along with one decontamination/purge/development water sample 

will be collected per site to be analyzed for Toxicity Characteristic Leaching Potential (TCLP) to determine 

disposal requirements.  Decontamination fluids from steam cleaning of the drill rig are also expected 

although other decontamination fluids are not expected since dedicated/disposable field sampling 

equipment will be used.  Used gloves, sampling scoops, and any other disposable sampling equipment or 

PPE will be double-bagged and disposed of off-site by the Navy as non-hazardous waste. 
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2.0  MEASUREMENT AND DATA ACQUISITION ELEMENTS 

2.1 SAMPLING TASKS 

2.1.1 Sampling Process Design and Rationale 

The overall sampling design and rationale for collecting various samples is presented in Section 4 of the 

SAP and location maps can be found in Section 2 of the Work Plan.  UFP QAPP Worksheet 17, Sampling 

Design and Rationale, and UFP QAPP Worksheet 18, Sampling Locations, direct users to the Work Plan 

and SAP noted above.   

 

Analytical requirements are summarized in UFP QAPP Worksheet 19, which is described in more detail in 

Section 2.1.2.2. 

 

Collection of quality control samples will include blind duplicates and matrix spikes, temperature blanks, 

trip blanks, field blanks, and equipment blank samples.  A summary of the type and frequency of quality 

control sampling is included in UFP QAPP Worksheet 20.  

 

2.1.2 Sampling Procedures and Requirements 

2.1.2.1 Sampling Collection Procedures 

A summary of sample identification, depths, SOPs, and summary of rationale for sampling tasks is 

provided in the SAP, Sections 4 and 5.  UFP QAPP Worksheet 21 lists all project sampling SOPs.  These 

field SOPs are presented in their entirety in Attachment 1-B.  Example field forms are included as 

Attachment 1-C.     

 

2.1.2.2 Sample Containers, Volume, and Preservation 

Sample-specific requirements for sample containers, volume, and preservation requirements are provided 

on UFP QAPP Worksheet 19.  

 

2.1.2.3 Equipment/Sample Containers Cleaning and Decontamination Procedures 

All equipment that makes contact with samples will either be obtained in a suitable condition of 

cleanliness or will be cleaned prior to making contact with samples.  Reusable equipment will be cleaned 

between uses to ensure that samples are not contaminated by the sampling equipment. 
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Sample containers will be shipped certified clean from the analytical laboratory.  Sampling equipment 

decontamination procedures are presented in SOP SA-7.1 (S8) in Attachment 1-B. 

 

2.1.2.4 Field Equipment Calibration, Maintenance, Testing, and Inspection Procedures 

Each field crew member must inspect equipment items prior to use to ensure they are capable of meeting 

their intended use.  Some of these inspections are carried out during calibration or routine maintenance 

described in this section.  More casual inspections for equipment integrity must be made routinely to 

ensure that the equipment is intact, all applicable parts are operating correctly, and the equipment is 

suitably clean to perform its task.  All electronic measurement equipment must be calibrated or must be 

received with a valid calibration and this must be verified by the field crew member prior to use of the 

equipment to be suitable for use. 

 

The overall requirements for field equipment usage, maintenance, testing, and inspection for this project 

are provided in UFP QAPP Worksheet 22.  Calibration and maintenance SOPs are provided in 

Attachment 1-B for measurement instruments that are commonly used.  Calibration and standards checks 

will be conducted on the water quality meter in accordance with the manufacturer’s recommendations and 

SOP S11 (USEPA Region I methods).  The calibration procedure for all parameters except ORP will use, 

at a minimum, two standards to bracket the measurement range.  The ORP measurement uses one 

standard (Zobell standard).  For less commonly used equipment or for maintenance not covered by the 

SOPs, the owner’s manual for the equipment will be consulted.  If equipment that is out of calibration 

cannot be brought into calibration, the equipment will not be used.  If the equipment cannot be used then 

new equipment must be acquired before proceeding. 

 

2.1.2.5 Sampling Supply Inspection and Acceptance Procedures 

Each person using sampling equipment must ensure that the equipment is capable of adequately serving 

its intended use.  This includes a verification of the equipment cleanliness as described in Section 2.1.2.3, 

and a verification that the equipment is in good working order and that all accessories necessary for 

performing the work have been provided by the vendor.  If questions arise, the Field Operations Leader 

(FOL) will be contacted for guidance. 

 

2.1.2.6 Field Documentation Procedures 

Field documentation will be preformed in accordance with SOP SA-6.3 (S9) presented in Attachment 1-B.    
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2.2 ANALYTICAL TASKS 

This section provides information with regard to the analytical SOPs, calibration procedures, 

instrument/equipment maintenance, testing, and inspection procedures for all selected laboratories.   

 

2.2.1 Analytical SOPs 

All relevant analytical SOPs are summarized in UFP QAPP Worksheet 23.  These laboratory SOPs are 

provided in Attachment 1-D (on compact disc). 

 

2.2.2 Analytical Instrument Calibration Procedures 

All instrument calibration, frequency of calibration, acceptance criteria, corrective action, and person 

responsible for corrective action are displayed in UFP QAPP Worksheet 24.  The SOPs are designed to 

ensure that laboratory equipment meets the sensitivity, accuracy, and precision requirements of this 

QAPP. 

 

2.2.3 Analytical Instrument and Equipment Maintenance, Testing, and Inspection Procedures 

All instrument and equipment maintenance, testing, and inspection procedures are displayed in UFP 

QAPP Worksheet 25.  These procedures are designed to ensure that all necessary equipment is 

continually available to prevent project delays caused by missing or broken equipment. 

 

2.2.4 Analytical Supply Inspection  and Acceptance Procedures 

The laboratory must be able to demonstrate that all supplies needed for analytical work will be available 

when needed and be free of target compounds and any interference.  This information can be supplied 

upon request. 

 

2.3 SAMPLE COLLECTION DOCUMENTATION, HANDLING, TRACKING, AND CUSTODY 
PROCEDURES 

The following sections outline the procedures that will be used to document project activities and sample 

collection, handling, tracking, and custody procedures during the SI.  All forms must be filled in as 

completely as possible. 
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2.3.1 Sample Collection Documentation 

Documentation of field observations will be recorded in a field logbook and/or field log sheets including 

sample collection logs, boring logs, and monitoring well construction logs.  Field logbooks utilized on this 

project will consist of a bound, water-resistant logbook.  All pages of the logbook will be numbered 

sequentially and observations will be recorded with indelible ink. 

 

Field sample log sheets will be used to document sample collection details, and other observations and 

activities will be recorded in the field logbook.  Instrument calibration logs will be used to record the daily 

instrument calibration.  Example field forms are included in Attachment 1-C.   

 

For sampling and field activities, the following types of information will be recorded in the field log as 

appropriate: 

 

• Site name and location 

• Date and time of logbook entries 

• Personnel and their affiliations 

• Weather conditions 

• Activities involved with the sampling 

• Subcontractor activity summary 

• Site observations including site entry and exit times 

• Site sketches made onsite 

• Visitor names, affiliations, arrival and departure times 

• Health and safety issues including personal protective equipment (PPE) 

 

2.3.2 Sample Handling and Tracking System 

These subsections outline the procedures that will be used by field and laboratory personnel to document 

project activities and sample collection procedures during this SI.  All forms must be filled in as completely 

as possible. 

 

2.3.2.1 Sample Handling 

Sample handling is described in UFP QAPP Worksheet 26. 
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2.3.2.2 Sample Delivery 

Samples to be delivered to the laboratory will be made by a public courier (i.e., Federal Express).  After 

samples have been collected, they will be sent to the laboratory within 72 hours.  Under no circumstances 

will sample holding times be exceeded.   

 

2.3.3 Sample Custody 

To ensure the integrity of a sample from collection through analysis, it is necessary to have an accurate, 

written record that traces the possession and handling of the sample.  This documentation is referred to 

as the chain-of-custody form.  The chain of custody begins at the time of sample collection. 

 

A sample is under custody if: 

 

• The sample is in the physical possession of an authorized person. 

• The sample is in view of an authorized person after being in his/her possession. 

• The sample is placed in a secure area by an authorized person after being in his/her possession. 

• The sample is in a secure area, restricted to authorized personnel only. 

 

Custody documentation is designed to provide documentation of preparation, handling, storage, and 

shipping of all samples collected.  A multi-part form is used with each page of the form signed and dated 

by the recipient of a sample or portion of sample.  The person releasing the sample and the person 

receiving the sample each will retain a copy of the form each time a sample transfer occurs 

 

Integrity of the samples collected during the site investigation will be the responsibility of identified 

persons from the time the samples are collected until the samples, or their derived data, are incorporated 

into the final report.  Sample custody is described in UFP QAPP Worksheet 27. 

 

The FOL is responsible for the care and custody of the samples collected until they are delivered to the 

laboratory or are entrusted to a carrier.  When transferring samples, the individuals relinquishing and 

receiving them will sign, date, and note the time on the chain-of-custody form.  This record documents the 

sample custody transfer from the sampler to the laboratory, often through another person or agency 

(common carrier).  Upon arrival at the laboratory, internal sample custody procedures will be followed as 

defined in the laboratory SOPs included in Attachment 1-D.     
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2.4 QUALITY CONTROL SAMPLES  

2.4.1 Sampling Quality Control Samples  

QC samples will be collected or generated during environmental sampling activities.  QC samples will 

include field duplicates for soil and sediment.  A summary of Quality Assurance/Quality Control (QA/QC) 

samples requirements are provided in Worksheet 20.  The four types of field QC samples are defined as 

follows: 

 

Field Duplicates.  Field duplicates are obtained during a single act of sampling and are used to assess 

the overall precision of the sampling and analysis program.  Field duplicates will be collected at a 

frequency of 10% per sampling matrix.  Duplicates are submitted for laboratory analyses for the same 

parameters as their environmental sample counterparts.  For all media these duplicates will be 

subsample field duplicates unless the sample collection does not permit the collection of enough sample 

volume to support splitting.  For example, it may be impossible to collect enough groundwater sample in a 

single pass to fill all required sample bottles. 

 

Equipment Rinsate Blanks.  Equipment rinsate blanks are obtained under representative field conditions 

by running analyte-free water through or over decontaminated sample collection equipment [bailer, direct-

push technology (DPT) cutting shoe, etc.].  Equipment rinsate blanks will be used to assess the 

effectiveness of decontamination procedures.  Equipment rinsate blanks will be collected for each type of 

non-dedicated sampling equipment used and will be submitted at a frequency of one per day or one per 

20 units of a medium sampled, whichever is less.  One equipment rinsate blank will also be collected from 

each dedicated sampling device for this project.  Equipment rinsate blanks will be analyzed for the same 

suite of analytical parameters as the associated environmental samples and will be collected in the 

appropriate sample containers. 

 

Source Water Blank (Field Blanks) - Source water blanks are collected to assess the presence of 

contamination in the water used to decontaminate the sampling equipment.  Field personnel prepare 

source water blanks.  One source water blank is to be collected for each type of decontamination water 

(deionized water, tap water, etc.) used during each sampling phase. 

 

Temperature Blank - Temperature blanks are vials of water inserted into each sample cooler prior to 

shipment from the field.  The temperature of the temperature blank is measured upon receipt at the 

laboratory to assess whether samples were properly cooled during transit. 
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2.4.2  Analytical Quality Control Samples 

Analytical quality control samples to be used during this SI are provided in UFP QAPP Worksheet 28.   

 

2.5 DATA MANAGEMENT TASKS 

This section describes how all project information will be managed, organized, and maintained for 

efficient use by project personnel.  The information management process is outlined from the point of 

data generation to ultimate storage. 

 

2.5.1 Project Documentation and Records 

A summary of project documentation and records to be generated and stored in TtNUS project files is 

provided in UFP QAPP Worksheet 29.   

 

2.5.2 Data Package Deliverables 

2.5.2.1 Sample Collection and Field Measurements Data Package Deliverables 

Sample collection data are as required by the sample collection SOPs of Attachment 1-B.  In addition, 

calibration data will also be provided in accordance with the SOPs of Attachment 1-B.   

 

Results will be provided to MEDEP electronically in the Department’s Environmental Data Deliverable 

(EDD) format for the Environmental and Geographic Analysis Database (EGAD).  This will include field 

parameter data, water level and flow data, and laboratory analytical data for soil and groundwater.  

Laboratory analytical data will include field quality control sample results, surrogate recoveries in percent, 

and matrix spike/matrix duplicate recoveries in percent.  Sample locations and other geographic location 

data will be provided to sub-meter accuracy in a map file or table for uploading to the Department’s GIS 

(Arc GIS).  Universal Transverse Mercator (UTM) coordinated based on North American Datum (NAD) 

1983 preferred for coordinates, at a minimum, the projection, units, and datum will be submitted. 

 

2.5.2.2 On-Site Analysis Data Package Deliverables 

This project involves on-site analyses beyond the field screening associated with well stabilization and 

personnel protection.  The on-site analyses are associated with XRF sampling of lead at the Machine 

Gun Boresight Range (by USEPA) and the NASB Skeet Range and Topsham Skeet Range (by TtNUS).  

Details are described in the Sections 4.6.4 and 4.11.2 of the SAP. 
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A data package deliverable is not required for XRF field screening; however, the field screening data will 

be recorded in the format determined by the XRF instrument manufacturer’s software, and the resultant 

output will be managed in a manner consistent with other field data for the project.  It is anticipated that 

resultant output from the XRF will be in a tabular format text file capable of being imported and evaluated 

in Microsoft Excel. The minimum requirements are a sample identifier, numerical result, and 

measurement units for every sample identified.  If each final numerical result is an average of 

intermediate results, the intermediate results will be documented in a similar manner.  Measures of 

precision (e.g., standard deviation) based on multiple intermediate results may also be recorded.  Also 

required are the name of the person performing the analysis, the date and time of analysis, and a 

reference to the calibration (standardization) on which the measured values are based.  Field calibration 

information will also be included with the XRF output.  Although the data downloaded from the XRF 

instrument includes the results for all metals that the XRF analyzes, only lead data for this project will 

have calibration checks.  Therefore, only data for lead will be incorporated in the database. 

 

Results will be provided to MEDEP electronically in the Department’s Environmental Data Deliverable 

(EDD) format for the Environmental and Geographic Analysis Database (EGAD).   

 

2.5.2.2 Off-Site Laboratory Data Package Deliverables 

Data package deliverable requirements are detailed in Table 2-1, entitled Analytical Data Deliverable 

Elements, and UFP QAPP Worksheet 30 Analytical Services.   

 

Data packages will require all the elements specified in Table 2-1.  Data packages will be provided as 

both hardcopy and portable document format (.PDF).  All laboratories will provide a Naval Installation 

Restoration Information Solutions (NIRIS) compatible electronic data deliverable (EDD).  Results will be 

provided to MEDEP electronically in the Department’s Environmental Data Deliverable (EDD) format for 

the Environmental and Geographic Analysis Database (EGAD).  Reports will include surrogate recoveries 

in percent and matrix spike/matrix spike duplicate recoveries in percent.  Data packages will be contract 

laboratory program (CLP)-equivalent (i.e., they will contain CLP-equivalent summary forms and raw data).  

The standard turnaround time for analytical services is 21 calendar days.  Turnaround time will be 

measured from the laboratory receipt of the last samples in a sample delivery group (SDG).  SDGs must 

contain 20 samples (no more than 20 and only less if the entire sampling event was comprised of less 

than 20 samples).  Data will be stored by the analytical laboratory for 5 years. 
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2.5.3 Data Reporting Formats 

Field data will be recorded in the field logbooks and field forms.  All logbook and log sheet entries must be 

made in indelible ink (black pen is preferred).  No erasures or liquid paper or white out are permitted.  If 

an incorrect entry is made, the data will be crossed out with a single strike mark, initialed, and dated.  The 

field personnel will sign and date the logbook pages and field forms.  Examples of the forms to be used in 

the field are presented in Attachment 1-C of this QAPP.  

 

2.5.4 Data Handling and Management 

The data-handling procedures to be followed by the laboratories will meet the requirements in the 

laboratory subcontracts.  All analytical and field data will be maintained in the project files.  The project 

files will contain hard copies of the chain-of-custody forms, sample log forms, and sample location maps 

and documentation of quality assurance of data manipulation.  Forms are included in Attachment 1-C of 

this QAPP. 

 

The overall field data flow is as follows: 

 

1. Field personnel calibrate sampling equipment and document calibrations in accordance with SOPs of 

Attachment 1-B. 

 

2. Field personnel use the SAP, documentation from the site visit, and magnetometer/Global Positioning 

System (GPS) survey results to identify sampling locations.  

 

3. As applicable, sampling locations are evaluated to ensure they are safe for personnel to collect 

samples and the evaluations are documented in accordance with SOPs of Attachment 1-B and the 

HASP (approved by the Navy as a separate document). 

 

4. If applicable, sampling conditions are monitored with field instruments to ensure that sampling 

conditions are representative of the intended populations.  These measurements are made and 

documented in accordance with SOPs of Attachment 1-B. 

 

5. Samples are collected and documented and sampling equipment is decontaminated in accordance 

with SOPs of Attachment 1-B. 

 

6. Samples are shipped to the laboratory for analysis and shipping documentation, including chain of 

custody records are compiled for later transfer to the Project Manager. 
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7. Sampling locations are marked for land survey and are later land surveyed or “GPS’d” to establish 

sample locations within the desired precision and accuracy. 

 

8. Field conditions are recorded throughout the field work. 

 

9. During demobilization field records are collected, double checked for completeness, and forwarded to 

the TtNUS project manager for inclusion in the project database and the appropriate site report. 

 

The overall laboratory data flow is as follows: 

 

1. Samples are received, inspected and the condition of the samples is logged. 

 

2. Analytical equipment is calibrated for analysis and calibrations are documented. 

 

3. Samples are analyzed and the analyses are documented.  

 

4. The resulting data are reviewed and incorporated into the laboratory information management 

system. 

 

5. Hardcopy data packages are assembled and electronic data deliverables are prepared to match the 

hardcopy data packages. 

 

6. The hardcopy and electronic data are transmitted to TtNUS. 

 

The overall TtNUS data flow is as follows: 

 

1. EDDs and hardcopy data packages are received from the laboratory.  These data are reviewed for 

accuracy and are validated. 

 

2. A validation report is prepared to document the data quality. 

 

3. Data qualifiers are assigned to electronic data and the data are transferred, with qualifiers, to the 

TtNUS project database. 

 

4. Corresponding field data are transferred to the project database. 
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5. Data are now available for use by TtNUS project personnel.  A data usability assessment is 

performed to ensure the data will be useful as intended.  Data usability is assessed continually as 

various data users have the opportunity to work with the data. 

 

6. Validated data are made available to the Geographical Information System (GIS) for plotting and 

other manipulations. 

 

Additional details are provided in the subsections below. 

 

2.5.5 Data Tracking and Control 

A “cradle-to-grave” sample tracking system will be used from the beginning to the end of the investigation.  

Before field mobilization, the FOL will coordinate/initiate the sample tracking process.  The Project 

Manager will ensure that sample jar labels are printed before field sampling, as necessary.  The FOL and 

Project Manager or designee will review the labels for completeness of information and adherence to 

work plan requirements, as well as for accuracy.  The Project Manager will coordinate with the analytical 

laboratory to ensure that they are aware of the number and type of samples and analyses that are about 

to be requested. 

 

When field sampling is underway, the FOL will forward the chain-of-custody forms to the TtNUS Project 

Manager or designee via facsimile at the end of each day.  The Project Manager or designee will 

compare the entries on the chain-of-custody forms with the sample tracking database and enter the 

sample date and other sample information as appropriate.  The Project Manager or designee will also 

confirm that the chain-of-custody forms provide the information required by the Work Plan.  This will allow 

for early detection of errors made in the field so that adjustments can be made while the crew is 

mobilized.  After successful completion of all requested analyses, the laboratory will submit an electronic 

deliverable for every SDG.  When all electronic deliverables have been received from the laboratory, the 

Project Manager will ensure that the laboratory performed all the requested analyses.  Ideally, 

discrepancies can be noted early enough so that all samples can be analyzed within the prescribed 

holding times. 

 

2.5.5.1 Sample Information 

Data from field measurements will be recorded directly in field notebooks or on sample logs.  Reduction 

of field data entails the summarization and presentation of these data in tabular form.  The reduction of 

laboratory data entails the manipulation of raw data instrument output into reportable results.  Field data 
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will be verified on a daily basis by the FOL.  Laboratory data will be verified by the group supervisor and 

then by the laboratory's QC/Documentation Department. 

 

Before electronic files are received from the laboratory, all sample-specific information will be entered into 

the data management system.  The sample information file will allow the analytical results to be grouped 

together properly for statistical purposes.  The data will be managed in one data structure.  For field data, 

the FOL will coordinate with the GIS lead to ensure that all survey technical specifications are consistent 

with the underlying coordinate system in the GIS. 

 

Electronic data arriving from the laboratory will pass through to the data validation manager (DVM) for 

database compilation and validation.  The DVM will compile all the formatted laboratory electronic 

deliverables into a working project database.  Data that are to be validated will be printed as data 

packages, which include the samples as part of each SDG and the appropriate analytical fraction.  The 

data packages will be distributed to the appropriate data validators.  The data validators will enter all data 

qualifiers and qualifier codes into the database and print out a hard copy and return it to the DVM.  The 

DVM will check the data qualifiers and qualifier codes in the project database and print the final validated 

data for incorporation into the data validation letter.  When all samples and analyses have been 

accounted for and validated, the Project Manager will ensure that the analytical data are incorporated into 

the project database. 

 

2.5.5.2 Project Data Compilation 

The analytical laboratory subcontractor(s) will generate a PDF file of the analytical data packages, as well 

as electronic database deliverables.  The electronic database will be checked against the PDF file 

provided by the laboratory and updated as required, based on data qualifier flags applied during the data 

validation process.  The data generated during the implementation of this QAPP will be incorporated into 

the project database and GIS.  All data, such as units of measure and chemical nomenclature, will be 

manipulated to maintain consistency with the project database.  

 

2.5.5.3 Geographical Information System  

Data management systems consist of a relational database and GIS that are being used to manage 

environmental information pertaining to this project.  The relational database stores chemical, geological, 

hydrogeological, and other environmental data collected during environmental investigations.  The GIS is 

built from the relational database and contains subsets of the larger data pool.  Using the GIS, 

environmental data can be posted on base mapping to provide a graphical representation of the 

information. 



TABLE 2-1 
 

LABORATORY DATA PACKAGE ELEMENTS 
SITE INVESTIGATION QAPP 
NAS BRUNSWICK, MAINE 

PAGE 1 OF 4 
 

DATA PACKAGE ELEMENTS Nitrate
s 

PAHs Explosives 
(dinitrotoluene) 
and 
Propellants 
(nitroglycerin) 

Meta
ls 
and 
TCL
P 
Meta
ls 

Perchlorate TCLP 
Organic 

TOC, pH, CEC 

♦ NARRATIVE (Org. Narrative, Inorg. Cover Page) X X X X X X X 

♦ SHIPPING/RECEIVING DOCUMENTS AND INTERNAL LABORATORY COC 
RECORDS: 

       

- Airbills X X X X X X X 

- Chain-of-Custody Records/Forms (Traffic Report) X X X X X X X 

- Sample Log-In Sheet (Org. and Inorg. DC-1 Form) X X X X X X X 

- Miscellaneous Shipping/Receiving Records X X X X X X X 

- Internal Lab. Sample Transfer Records and Tracking Sheets X X X X X X X 

♦ SAMPLE DATA:        

- Tabulated Summary Form for Field Sample, Method Blanks, and PE Sample Results 
(Org. and Inorg. Form I) 

X X X X X X X 

- Tentatively Identified Compounds Tabulate Summary Form (Org. Form I TIC)        

- Reconstructed Total Ion Chromatogram (RIC) for each sample X X    X  

- Raw spectra of target compound and background subtracted spectrum of target 
compound for each sample 

X X   X X  

- Mass spectra of all reported TICs/three best library matches for each sample        

- Chromatograms from both columns for each sample        

- Pesticide/PCB Identification Tabulated Summary Form (Org. Form X)        

- For Pest/PCB or Dioxin/Furan results confirmed by GC/MS, copies of raw spectra 
and background subtracted spectrum of target compounds 

       

- GPC sample chromatograms (if necessary)  X    X  

- Sample preparation/extraction/digestion log (Inorg. Form XIII) and logbook pages X X X X X X X 

- Sample analysis run log (Inorg. Form XIV) and logbook pages X X X X X X X 

- ICP Raw Data    X    

- Furnace AA Raw Data        



TABLE 2-1 
 

LABORATORY DATA PACKAGE ELEMENTS 
SITE INVESTIGATION QAPP 
NAS BRUNSWICK, MAINE 

PAGE 2 OF 4 
 

DATA PACKAGE ELEMENTS Nitrate
s 

PAHs Explosives 
(dinitrotoluene) 
and 
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Meta
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P 
Meta
ls 

Perchlorate TCLP 
Organic 

TOC, pH, CEC 

- Mercury Raw Data    X    

- Cyanide Raw Data        

- Other Analytical Raw Data X X  X  X X 

♦ STANDARDS DATA:        

- Method Detection Limit Study Tabulated Summary Form X X X X  X X 

- Initial Calibration Tabulated Summary Form (Org. Form VI, Inorg. Form IIA) X X X X X X X 

- Continuing Calibration Tabulated Summary Form (Org. Form VII, Inorg. Form IIA) X X X X X X  

- RICs and quantitation reports for all GC/MS Standards X X    X  

- Pesticides Analyte Resolution tabulated Summary Form (Org. Form VI, Pest-4)        

- Pesticides Calibration Verification Tabulated Summary Form (Org. Form VII, Pest-1 
and Pest-2) 

       

- Analytical Sequence Tabulated Summary Form (e.g. Org. Form VIII-Pest)   X  X   

- GC Chromatograms and data system printouts for all GC standards        

- For Pesticides/Aroclors confirmed by GC/MS, copies of spectra for standards data        

- GPC Calibration Tabulated Summary Form (Org. Form IX, Pest-2)        

- Florisil Cartridge Check Tabulated Summary Form (Org. Form IX, Pest-1)        

- Instrument Detection Limits Tabulated Summary Form (Inorg. Form X)    X    

- ICP Interelement Correction Factors Tabulated Summary Form (Inorg. Form XIA and 
XIB) 

   X    

- ICP Linear Ranges Tabulated Summary Form (Inorg. Form XII)    X    

- CRDL Standards for AA and ICP Tabulated Summary Form (Inorg. Form IIB)    X    

- Standards preparation logbook pages X X X X X X X 
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DATA PACKAGE ELEMENTS Nitrate
s 

PAHs Explosives 
(dinitrotoluene) 
and 
Propellants 
(nitroglycerin) 

Meta
ls 
and 
TCL
P 
Meta
ls 

Perchlorate TCLP 
Organic 

TOC, pH, CEC 

♦ QC DATA:        

- Tuning and Mass Calibration  Tabulated Summary Form (Org. Form V) X X   X X  

- Window defining mixture        

- Chromatographic resolution        

- Surrogate Percent Recovery  Tabulated Summary Form (Org. Form II) X X X   X  

- MS/MSD Recovery  Tabulated Summary Form (Org. Form III) X X X   X  

- Method Blank Tabulated Summary Form (Org. Form IV and Inorg. Form III) X X X X  X X 

- Internal Standard Area and RT Tabulated Summary Form (Org. Form VIII) X X   X X  

- Labeled Compound Recovery Summary Form         

- QC Raw Data – RICs, Chromatograms, Quan Reports, Integration Reports, Mass 
Spectra, etc.    

X X   X X X 

- Spike Sample Recovery Tabulated Summary Form (Inorg. Form IV)    X   X 

- Duplicates Tabulated Summary Form (Inorg. Form VI)    X   X 

- Internal Laboratory Control Sample Tabulated Summary Form (Org Form III and 
Inorg. Form VII) 

 X X X X X X 

- Standard Addition Results Tabulated Summary Form (Inorg. Form VIII)    X    

- ICP Interference Check Sample Tabulated Summary Form (Inorg. Form IV)    X    

- Post Digestion Spike Tabulated Summary Form (Inorg. Form VB)    X    

- ICP Serial Dilutions Tabulated Summary Form (Inorg. Form IV)    X    

- QC Raw Data – ICP, Furnace, Mercury computer printouts, etc.     X   X 

- QC sample preparation logbook pages X X X X X X X 

- Toxicity Equivalence Factor        

- Compound Identification Criteria        
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DATA PACKAGE ELEMENTS Nitrate
s 

PAHs Explosives 
(dinitrotoluene) 
and 
Propellants 
(nitroglycerin) 

Meta
ls 
and 
TCL
P 
Meta
ls 

Perchlorate TCLP 
Organic 

TOC, pH, CEC 

♦ MISCELLANEOUS DATA:        

- Original preparation and analysis forms or copies of preparation and analysis 
logbook pages  

X X X X X X X 

- Screening records X X  X  X X 

- All instrument output, including strip charts from screening activities X X X X X X X 

- Instrument stability        

- Preparation Logs Raw Data X X X X X X X 

- Percent Solids Determination Log X X X X  X X 

-  Other Records (ex. Telephone Communication Log) X X  X  X X 
 

(1) Miscellaneous data package will include information as applicable to the method. 
VOC - Volatile Organic Compounds 
PAH – Polycyclic Aromatic Hydrocarbons 
TOC –Total Organic Carbon 
TCLP – Toxicity Characteristics Leaching Procedure 
CEC – Cation Exchange Capacity 
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3.0  ASSESSMENT AND OVERSIGHT 

3.1 ASSESSMENT AND RESPONSE ACTIONS 

Assessment activities ensure that planned project activities are implemented as described in this QAPP, 

and that appropriate corrective actions are implemented to address nonconformances and deviations 

from the QAPP.  These activities help to ensure that data are adequate for their intended use. 

 

3.1.1 Planned Assessments 

The planned assessments are system audits and field audits.  The assessments planned for this project 

are identified in UFP QAPP Worksheet 31. 

 

System audits will be performed as appropriate to ensure that work is being implemented in accordance 

with the approved project SOPs and in an overall satisfactory manner.  These audits will be performed in 

the following manner: 

 

• The FOL will supervise and check on a daily basis that the field measurements are made accurately, 

equipment is thoroughly decontaminated, samples are collected and handled properly, and fieldwork 

is accurately and neatly documented.  Documentation includes verifying that the sample names on 

sample log sheets, field notes, chain-of-custody records, and sample labels are identical matches to 

sample names in the QAPP.  The FOL will update the Project Manager of field activities on a daily 

basis. 

 

• System audits for the laboratory will be performed regularly and in accordance with NFESC guidance 

and DOD QSM (January, 2006), as provided in the Laboratory Quality Assurance Plan (LQAP). 

 

• The data validator will review the chemical analytical data packages submitted by the laboratory.  The 

data validator will check that the data were obtained through use of the approved methodology, that 

the appropriate level of QC effort and reporting was conducted, and whether or not the results are in 

conformance with QC criteria.  On the basis of these factors, the data validator will generate a report 

describing data limitations that will be reviewed internally by the DVM before submittal to the Project 

Manager. 

 

• The Project Manager will maintain contact with the FOL and DVM to ensure that management of the 

acquired data proceeds in an organized and expeditious manner. 
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Additionally, an independent performance audit of field activities may be conducted at the discretion of 

and under the direction of the QA officer.  If a formal field audit is conducted, the QA officer will check that 

sample collection, handling, and shipping protocols, as well as equipment decontamination and field 

documentation procedures, are being performed in accordance with the approved project planning 

documents and SOPs.  These audits and laboratory systems audits will identify the following: 

 

• The assessed entity (e.g., field crew, office personnel, etc. and the associated project, field event, 

office, etc.) 

• Whether the audit is internal or external 

• Location and date(s) of assessment 

• Assessment team members 

• Type of assessment 

• Scope of assessment 

• Documents to be reviewed 

• Notification dates 

• Proposed assessment schedule 

• Assessment number 

• Contract number 

 

Performance audits of laboratories are coordinated through NFESC and are conducted every 18 months 

by NFESC's independent quality assurance contractor. 

 

3.1.2 Assessment Findings and Corrective Action Responses 

Assessment findings that require corrective action initiate a sequence of events that include 

documentation of deficiencies, notification of findings, request for corrective action, implementation of 

corrective action, and follow-up assessment of the corrective action effectiveness.  UFP QAPP 

Worksheet 32 summarizes the procedure for handling any QAPP deviations and project deficiencies that 

are identified through the planned project assessments.  

 
Potential problems may involve nonconformance with the SOPs and/or analytical procedures established for 

the project or other unforeseen difficulties.  Any person identifying a condition adverse to project quality will 

notify the PM.  The PM, with the assistance of the Quality Assurance Manual (QAM), will be responsible for 

developing and initiating appropriate corrective action.  If the identified deficiencies involve field work, this 

will be done through the FOL; if the deficiencies involve the laboratory, this will be done through the 

laboratory project manager.  The corrective actions will require follow through to the point of verifying that 

the corrective action has been effective.  Corrective actions may include resampling and/or reanalyzing 
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samples or amending or adjusting project procedures.  If warranted by the severity of the problem (for 

example, if a change in the approved plan is required), the Navy will be notified in writing and the Navy’s 

approval will be obtained before any change is implemented.  Minor changes will be documented for the 

main file by the TtNUS PM.  Additional work that depends on a nonconforming activity will not be performed 

until the problem has been eliminated.  The overall corrective action responsibility for system audits will 

reside with the PM.  The overall corrective action responsibility for field audits will reside with the QA officer. 

 

For QA issues involving the analytical laboratory to be used for the project, the laboratory also maintains 

an internal closed-loop corrective action system that operates under the direction of the laboratory QA 

coordinator. 

 

3.2 QA MANAGEMENT REPORTS 

This section presents the activities that will be performed to keep management updated on the project 

status.  Open communication pathways will benefit the project by allowing all appropriate personnel to be 

aware of activities and have the ability to provide input in a timely manner.  Input from these parties will 

be used to make necessary corrective actions so project quality objectives are met. 

 

The information to be included in each of the QA Management Reports listed UFP QAPP Worksheet 33 is 

summarized as follows. 

 

Field Status Reports 

The FOL will give verbal status reports to the Project Manager on a daily basis or more frequently if 

needed.  The status reports will include the field activities completed for the day, the personnel who 

completed each activity, the anticipated activities to be completed during the next day, and any issues or 

problems identified.  A summary of most significant progress in project activities will be sent via electronic 

mail, facsimile transmission, or other agreed upon mode of documentation to the Project Manager. 

 

Data Validation Reports 

Data validation reports will be prepared and formatted as described in Section 4.2.  The data validation 

reports will be included as an appendix to the SI.  Field data will not be validated. 

 

When requested by the Project Manager, additional reports may be generated.  For example, detailed 

data usability assessments may be documented in usability reports.  However, other data assessments 

are planned to be included directly in the SI.  Therefore, the appropriate sections of the report will identify 

the following: 
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• Summary of project QA/QC programs and training conducted during the project. 

• Conformance of project activities to QAPP requirements and procedures. 

• Status of project and schedule delays. 

• Deviations from approved QAPP or QAPP amendments and the impact of such deviations on the 

attainment of project objectives.   

• Description and findings of assessments. 

• Required corrective actions and effectiveness of corrective actions. 

• Limitations of the data usability. 

 

Major Analysis Problem Identification 

If a major analysis problem occurs the laboratory project manager will immediately inform the project 

chemist and the project chemist will draft and internal memorandum (most likely via email) and inform the 

Project Manager, DVM, QAM, and project file.  If corrective actions are warranted they will be drafted and 

implemented as soon as possible. 

 

Laboratory Quality Assurance Reports 

The laboratory will draft a memorandum documenting deviations from QAPP.  This would occur in only 

situations of instrument failure or some catastrophic nature. 

 

3.3  FINAL PROJECT REPORT 

UFP QAPP Worksheet 29 presents a list of reports to be generated for this project. 
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4.0  DATA REVIEW ELEMENTS 

4.1 OVERVIEW 

Data review is the process by which data are examined and evaluated by various personnel at various 

levels of detail.  This process includes data verification, data validation and data usability assessment.  

Data verification is a process of evaluating the completeness, correctness, and contractual compliance of 

a data set against the method standard, SOP, or contract requirements documented in this QAPP.  Data 

validation is an analyte- and sample-specific process that extends the qualification of data beyond data 

verification to determine the quality of a specific data set relative to analytical quality control requirements.  

Data usability assessment extends these other review processes to examine the data in the context of the 

project objectives to determine whether the data are suitable for supporting the attainment of these 

objectives. 

 

The internal data verification requirements for this project include the maintenance and periodic review of 

field documentation (site logbooks, instrument calibration logs, chain-of-custody forms, field summary 

reports, and field modification records) and laboratory analytical data packages.  

 

Data validation is a systematic review of the analytical data package with respect to sample receipt and 

handling, compliance with required analytical methods, data reporting and deliverables, and document 

control.  A qualified chemist will review the analytical data packages using USEPA procedures.   

 

Usability assessment will be performed by project level personnel who understand the intended use of the 

data.  These personnel include but are not necessarily limited to project chemists, geologists, and risk 

assessors. 

 

4.2 DATA REVIEW STEPS 

Upon receipt of analytical laboratory results, TtNUS database personnel will evaluate electronic and 

hardcopy deliverables for conformance to data format specifications and for completeness.  TtNUS 

validation chemists also perform completeness verification and will then perform data validation according 

to the most current data validation guidelines to ensure that the analytical results meet the data quality 

objectives for risk assessment.  The validation guidance documents that will be used include: 
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• Region I Inorganic Data Validation Functional Guidelines (2/89) 

 

• Region I Organic Data Validation Functional Guidelines [Volatile/Semivolatile part 2, 

pesticide/Polychlorinated Biphenyls (PCB) part 3] (12/96), to the extent practicable. 

 

• DOD QSM (January 2006). 

 

• Test Methods for Evaluating Solid Waste; Physical/Chemical Methods (SW-846), 3rd edition, up to 

and including Update III.  Office of Solid Waste and Emergency Response, Washington, DC. 1986. 

 

• DOD Perchlorate Handbook (May 2007).  

 

The TtNUS DVM stays current with available guidelines to ensure that the appropriate validation 

guidelines are used. 

 

After the data are validated, a list of nonconformities will be generated.  Nonconformities require data 

qualifiers, which are used to alert the data user to inaccurate or imprecise data.  For situations in which 

several quality control criteria are out of specification with regard to the limits specified in the DOD QSM 

(January, 2006), the data validator may make professional judgments and/or comments on the validity of 

the overall data package.  In situations where the validity of an entire data package is in question, it may 

be necessary for the sample(s) to be reanalyzed.  The reviewer will then prepare a technical 

memorandum presenting changes in the data, if necessary, and the rationale for making such changes. 

 

The net result is a data package that has been carefully reviewed for its adherence to prescribed 

requirements.  Data validation therefore plays a major role in determining the confidence with which key 

technical evaluations may be made. 

 

Data validation reports for all parameters will be generated according to the requirements described 

above.  The final data validation report will include a technical memorandum, qualified analytical results, 

results reported by the laboratory, and documentation to support data qualification.  All data will be 

flagged by an appropriate qualifying symbol. 

  

The data and field records will also be reviewed by project personnel to ensure that the samples 

represent the intended sampling conditions and populations.  Data qualified during validation will be 

reviewed to assess the impact of the qualifiers on the attainment of project objectives. 
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4.2.1 Step I: Verification 

Verification includes field data verification and laboratory data verification.  Verification inputs as per UFP 

QAPP Worksheet 34 will be checked. 

 

4.2.2 Step II: Validation 

Validation of field measurements and laboratory analytical data is discussed in this section.  Validation of 

field data will be limited to real-time checks in the field as data are generated, whereas laboratory 

analytical data will be validated in accordance with current applicable USEPA guidance.  Step IIa, 

Validation Activities (i.e., compliance with methods, procedures and contracts), are discussed in Section 

4.2.2.1.  Step IIb, Validation Activities [i.e., comparison of results to measurement performance criteria 

(MPCs) in this QAPP] are in discussed in Section 4.2.2.2. 

 

4.2.2.1 Step IIa: Validation Activities 

One hundred percent of the laboratory data from chemical analyses will be validated.  Region I, Tier 3 

data validation will be employed.  Validation of analytical data will be conducted by the TtNUS or data 

validation subcontractor.  Final review and approval of validation deliverables will be completed by the 

data validation manager.  All parameters will be reviewed using applicable sections of the aforementioned 

guidelines and the laboratory SOPs.  Each analysis will be validated in accordance with UFP QAPP 

Worksheet 36.  

 

As part of the validation process, the validator will check that the laboratory has provided all the 

documentation required to support the reported analytical results.  If any documentation is missing from 

the data package, the data validator will contact the laboratory to request a resubmittal.  If the laboratory 

fails to resubmit the requested information, the data validator will note this on the data validation cover 

letter.  The usability of such data will then be determined by TtNUS, the Navy, and regulatory agencies. 

 

Data validation will be completed to ensure that the data are of evidentiary quality.  Particular emphasis 

will be placed on holding time compliance, equipment calibration, spike recoveries, and blank results, 

although all required elements of the validation process will be considered.   

 

4.2.2.2  Step IIb: Validation Activities 

UFP QAPP Worksheet 35 summarizes the Step IIb data validation activities.  
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4.2.3 Step III: Usability Assessment 

Section 1.7.2 contains a PARCCS description and Worksheets 12, 15, and 28 provide project specific 

MPCs. 

 

After completion of data validation and an overall review of data quality indicators, the data will be 

reconciled with MPCs to determine whether sufficient data of acceptable quality are available for decision 

making.  A series of inspections and analyses will be performed to estimate several of the data set 

characteristics.  The evaluations will include simple summary statistics for target analytes, such as the 

maximum and minimum concentrations, the frequency of samples exhibiting detectable analytes, and the 

proportion of samples with raised results.  The data will be presented in a tabular format.  These 

inspections and statistical analyses will be designed to: 

 

• Identify deviations, if any, from the field sampling SOPs. 

 

• Identify deviations, if any, from the laboratory analytical methods. 

 

• Identify deviations, if any, from the QAPP. 

 

• Identify deviations, if any, from the data validation process. 

 

• Evaluate effects of the above-listed deviations from planned procedures and processes on the 

interpretation and utility of the data. 

 

• Identify elevated detection limits and explain their impacts on the attainment of project objectives. 

 

• Identify unusable data (i.e., data qualified as “R”). 

 

• Evaluate project assumptions. 

 

• Identify unanticipated data set characteristics such as a laboratory variance greater than the sampling 

variance (i.e., ANOVA, t-test) if enough data are available. 

 

• Identify and evaluate potential data outliers (95% confidence goodness-of-fit test on probability plot 

data).  The plotted data will be transformed, if necessary, depending on the observed distribution. 

 

• Evaluate adherence to investigation objectives and decision rules. 
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• Ensure completion of corrective actions. 

 

• Identify the existence of remaining data gaps. 

 

For statistical comparisons and mathematical manipulations, non-detect values will be represented by a 

concentration equal to one-half the sample-specific reporting limit.  Duplicate results (original and 

duplicate) will not be averaged for the purpose of representing the range of concentrations.  However, the 

average of the original and duplicate will be used to represent the concentration at that sample location. 

 

Statistical tests for outliers will be conducted using standard statistical techniques appropriate for this 

task.  Potential outliers will be removed if a review of field and laboratory documents indicates that the 

results are true outliers.  If no physical cause for a statistical outlier can be identified, the data point will 

not be removed from the data set.  However, if the data point is found to truly represent a physical 

quantity that is different from the rest of the data set, it will be removed.  A suspected data outlier will not 

be removed from consideration unless a sampling or analytical error can be identified. 

 

The suitability of any given statistical test will be assessed based on the completeness of the data sets 

and the conditions observed at the site.  For example, when a single data value is available for soils or 

water samples at a given sampling location, statistical tests cannot be conducted for that individual 

sampling location.  However, pooling of data across sampling locations may be possible and, if logical to 

do so, may be implemented at the discretion of the TtNUS Project Manager.  Statistical testing will 

generally be conducted at the five percent significance level.  Statistical testing at other significance levels 

may also be warranted to provide perspective on the results of testing at five percent significance.  If 

other significance levels are used, they will be supported with rationales for their use. 

 

4.2.3.1 Data Limitations and Actions from Usability Assessment  

After all data evaluations are completed, any limitations on the use of data will be known and the 

limitations will be considered during decision making.  If necessary, investigation objectives may be 

revised in anticipation of additional data collection in order to meet project quality objectives for the site. 

 

Because analytical performance is generally similar for groundwater and surface water and for some soil 

and sediment, two matrix groups (solids and aqueous) may be used when discussing bias and precision.  

These groupings also cause the number of samples within a group to be greater than when the matrices 

are discussed separately.  The increased number of samples in a group better supports statistical 
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analyses of the data.  Sediment with a high percent moisture (>50%) will be discussed separately from 

soil as these types of sediment cannot be considered part of the same population as soil samples. 

 

4.2.3.1.1 Precision 

Field and laboratory precision indicators will be reviewed.  In general, laboratory precision should be no 

worse than field precision because laboratory replicate samples have had an additional opportunity to be 

homogenized beyond the homogenization applied to field samples.  If the laboratory precision is detected 

to be worse than field precision and the difference is judged to be significant the cause of the difference 

will be investigated and an appropriate corrective action will be devised.  In general, RPD values (see 

Section 1.6.2.1) from laboratory and field duplicates will be used for this evaluation. 

 

4.2.3.1.2 Accuracy/Bias 

Overall contamination (both field and laboratory) will be reviewed and assessed for impact to the project.  

In general, this will be reflected in the assignment of data validation qualifiers that have accounted for the 

effect of blank contamination. 

 

LCS, LCSD, MS, and MSD percent recovery results (see Section 1.6.2.2) will also be used to assess the 

degree of bias to be expected for various analyte groups and, to the extent that it is warranted, for 

individual analytes.  Whether review and discussion to the analyte level is warranted depends on which 

analytes exhibit unacceptable bias and whether they are of importance to this project.  In general, MS and 

MSD data will be used as a more accurate indication of bias in site samples than LCS and LCSD data. 

 

Percent recovery values between 75 and 125% will generally be considered not be significant.  Biases 

between 40 and 75% or 125 to 160% will be considered to be moderate.  Biases between 10 and 40% or 

160 to 190% will generally be considered to be severe.  Biases less than 10 percent or greater than 190% 

will generally be considered to be extreme. 

 

If enough data are available and multiple field events are conducted, precision may be compared for the 

multiple field events at the discretion of the TtNUS project manager.  The usability assessment will strive 

to indicate limitations of the data caused by positive or negative bias and will attempt to do so based on 

logical groupings such as individual or multiple sample delivery groups, matrices, etc.   

 

4.2.3.1.3 Representativeness 

Representativeness (see Section 1.6.2.4) will be evaluated by reviewing field logs and analytical results 

to verify that project requirements were stratified for these operations.  Special emphasis will be placed 
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on determining whether or not all intended samples were collected from the intended locations.  If they 

were not, an assessment on the attainment of project objectives will be made.  Based on these 

assessments a qualitative value judgment will be made concerning the representativeness of the samples 

and associated data.  Representativness may also be assessed during the evaluation of precision and 

accuracy and will be summarized in the precision and accuracy assessments as applicable.  An inclusion 

of representativeness of data for risk assessment may also be made when, for example, chemicals may 

be partitioned between various physical phases of a sample such as the dissolved and suspended solids 

of a groundwater or surface water sample. 

 

4.2.3.1.4 Comparability 

Comparability (see Section 1.6.2.5) will be assessed by first ensuring that QAPP requirements were 

satisfied.  In addition, the comparability of data from one sample group to another may be assessed if the 

precision, accuracy or sensitivity indicates that the data are not or may not be comparable in terms of 

those quality indicators.  If multiple sampling rounds are undertaken the comparability of multiple sets of 

data for the same chemical parameters and matrices will be assessed in terms of precision, accuracy, 

sensitivity, and representativeness. 

 

In the case of upgradient data, comparability of the upgradient and site data sets will be described in 

terms of their representativeness for the intended populations, and any other factors such as precision, 

accuracy, and sensitivity of analytical results that either support or inhibit comparisons of the two types of 

data. 

 

4.2.3.1.5 Sensitivity and Quantitation Limits 

The range of non-detect values, which represent the sensitivity of the analytical measurements, will be 

compared to QAPP target detection and quantitation limits.  This comparison will identify if actual 

sensitivity was sufficient enough to meet the QAPP targets.  If the targets were not met, a discussion will 

be presented in the final report to establish the impact of not meeting the targets on the attainment of 

project objectives. 

 

4.2.3.1.6 Completeness 

Completeness will be evaluated on the following levels: 

 

• Number of samples collected compared to number of samples scheduled for collection, by matrix. 

• Number of valid results compared to number of planned results, by matrix, by analytical group. 
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In addition, a tally of the rejected values and reasons for rejection will be presented.  Where rejections are 

identified the impact on attainment of project objectives will be described. 

 

Special emphasis will be placed on discussing completeness deficiencies that have the greatest impact 

on the project.  Completeness deficiencies that are inconsequential to the attainment of project objectives 

will be identified but will receive little discussion. 

 

4.2.3.2 Activities 

Several activities to be undertaken by the project team to assess data usability are described above.  

When the usability assessment is completed the project team will be able to: 

 

• Establish whether intended samples were collected for each matrix and whether the samples and 

associated data are of sufficient quality to support the attainment of project objectives. 

 

• If data for any scheduled samples are not available (e.g., because the samples were not analyzed or 

the data were rejected for use), identify the impact of the missing data on the project. 

 

• Identify all PARCSS parameters that were not satisfied and in which samples, matrices, analytical 

groups, etc., they were not satisfied. 

 

• Identify data use restrictions for any data that did not meet project quality objectives or otherwise are 

insufficient to support the attainment of project objectives. 

 

• Identify corrective actions necessary to recover from missing data or data of insufficient quality. 

 

4.3 STREAMLINING DATA REVIEW 

Streamlining data review is not an applicable task for this project. 

 

4.3.1 Data Review Steps to be Streamlined 

Streamlining data review is not an applicable task for this project; therefore, no steps can be presented 

for streamlining. 
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4.3.2 Criteria for Streamlining 

Streamlining data review is not an applicable task for this project; therefore, criteria for streamlining are 

not needed. 

 

4.3.3 Amounts and Types of Data Appropriate for Streamlining 

Streamlining data review is not an applicable task for this project; therefore, no data reviews will be 

streamlined. 
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WORKBOOK FOR UNIFORM FEDERAL POLICY FOR QUALITY ASSURANCE 
PROJECT PLANS  

 
INTRODUCTION 

 
 
The Workbook for Uniform Federal Policy for Quality Assurance Project Plans is Part 2A of the 
Uniform Federal Policy for Quality Assurance Project Plans (UFP-QAPP).  It provides examples 
of worksheets to assist with the preparation of QAPPs in accordance with Part 1 of the UFP-QAPP 
(the UFP-QAPP Manual) and Section 6 (Part B) of Quality Systems for Environmental Data and 
Technology Programs - Requirements with guidance for use, ANSI/ASQ E4 (February 2004).  
This Workbook was be used by the lead organization and its contractors to assist with the 
preparation of this QAPP. 
 
Each worksheet addresses specific requirements of the UFP-QAPP.  Both the UFP-QAPP Manual 
and the Workbook are intended to be comprehensive and are not intended to be program-specific.  
Since the content and level of detail in a specific QAPP varies by program, by the work being 
performed, and by the intended use of the data, specific worksheets may not be applicable to all 
projects. 
 
Though the format of each worksheet is not mandatory, the information required on the 
worksheets must still be presented in the QAPP, as appropriate to the project.  QAPP preparers 
developed additional tables, as appropriate to the project.  Written discussion in text format 
accompanies all tables.  Certain sections, by their nature, require more written discussion than 
others.  In particular, an in-depth explanation of the sampling design rationale is provided in the 
accompanying work plan, and Section 4 of the QAPP describes the procedures and criteria that 
will be used for data review. 
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QAPP_Worksheet_#1  
(UFP-QAPP Section 2.1) 
Title and Approval Page 

 
Site Name/Project Name: Naval Air Station (NAS) Brunswick, Cumberland County, 
Maine/Site Investigation (SI)    
Site Location:   NAS Brunswick, Cumberland County, Maine   

  
Document Title:  Site Investigation (SI) Quality Assurance Project Plan (QAPP) 
 
Lead Organization:  Department of Navy (hereafter refered to as Navy)  
 
Preparer’s Name and Organizational Affiliation:  Linda Klink, Tetra Tech NUS, Inc. 
 
Preparer’s Address, Telephone Number, and E-mail Address:  661 Andersen Drive, Foster Plaza 
7, Pittsburgh, PA 15220, 412-921-8250,  linda.klink@ttnus.com 
 
Preparation Date (Day/Month/Year): Revision 2 June 2009 

 
 

Investigative Organization’s Project Manager 
          
Printed Name/Organization:  Linda Klink, Tetra Tech NUS, Inc.   
 
Investigative Organization’s Project QA Officer 
           
Printed Name/Organization:  Tom Johnston, Tetra Tech NUS, Inc.       
 
SEE SI WORK PLAN TITLE PAGE FOR SIGNATURES 
 
 
 
Document_Control_Numbering_System :   ____Not applicable                                 
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QAPP_Worksheet_#2 
(UFP-QAPP Section 2.2.4) 

QAPP Identifying Information 
 
Site Name/Project Name:  Naval Air Station (NAS) Brunswick/Site 
Investigation 

Title:  Site Investigation Quality Assurance 
Project Plan (QAPP) 

Site Location:  Cumberland County, Maine Revision Number:  2 
Site Number/Code:  NA Revision Date:  June 2009 
Operable Unit:  NA Page 4 of 121 
Contractor Name:  Tetra Tech NUS, Inc.   
Contractor Number:  N62472-03-D-0057   

Contract Title:  NAVFAC Mid-Atlantic CLEAN   
Work Assignment Number:  CTO 069  
  
 
1.  Identify regulatory program: Military Munitions Response Program (MMRP); National Contingency Plan; CERCLA 
 
2.  Identify approval entity:  Maine Department of Environmental Protection (MEDEP) and USEPA Region 1 
  
3.  The QAPP is (select one):   Generic  Project Specific 
 
4.  List dates of scoping sessions that were held:   See Malcolm Pirnie Final Site Inspection Work Plan June 2007 

 
5.  List dates and titles of QAPP documents written for previous site work, if applicable: 
     Title           Approval Date 
      

Malcolm Pirnie Final Site Investigation Work Plan for NAS Brunswick,ME (Draft) June 2007 
Malcolm Pirnie Final Sampling and Analysis Plan for NAS Brunswick,ME (Draft) June 2007 
              
                                                                                             

 
6.  List organizational partners (stakeholders) and connection with lead organization:  
MEDEP {regulatory stakeholder}, USEPA Region I {regulatory stakeholder}, Navy BRAC PMO NE {property owner}, 
Brunswick Area Citizens for a Safe Environment (BACSE), and Midcoast Regional Redevelopment Authority (MRRA) 

 
7.  List data users:  

Navy 
8.  If any required QAPP elements and required information are not applicable to the project, then 

circle the omitted QAPP elements and required information on the attached table.  Provide an 
explanation for their exclusions below:  
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QAPP_Worksheet_#2

QAPP Identifying Information 
(continued) 

Identify where each required QAPP element is located in the QAPP (provide section, worksheet, 
table, or figure number) or other project planning documents (provide complete document title, 
date, section number, page numbers, and location of the information in the document).  Type 
“NA” for the QAPP elements that are not applicable to the project.  Provide an explanation in the 
QAPP. 
 

 
Required QAPP Element(s) and 
Corresponding QAPP Section(s) 

 
 

Required Information 
Crosswalk to 

Related Documents 

Project Management and Objectives 

2.1  Title and Approval Page -   Title and Approval Page UFP QAPP Worksheet 1 
SI Work Plan (WP) and 
Sampling and Analysis 
Plan (SAP) Title/ 
Approval Page 
QAPP Section 1.1 

2.2  Document Format and Table of Contents 
    2.2.1 Document Control Format 
    2.2.2 Document Control Numbering 
              System 
    2.2.3 Table of Contents 
    2.2.4 QAPP Identifying Information 

-   Table of Contents 
-   QAPP Identifying Information 
 

QAPP Table of contents 
UFP QAPP Worksheet 2 
SI WP Section 1.2 
QAPP Section 1.2 

2.3  Distribution List and Project Personnel 
        Sign-Off Sheet 
    2.3.1  Distribution List 
    2.3.2 Project Personnel Sign-Off Sheet 

-   Distribution List 
-   Project Personnel Sign-Off 
    Sheet 

UFP QAPP Worksheets 
3 and 4  
SI Work Plan Title Page 
QAPP Section 1.3 

2.4   Project Organization 
    2.4.1   Project Organizational Chart 
    2.4.2 Communication Pathways 

2.4.3   Personnel Responsibilities and 
           Qualifications 
2.4.4   Special Training Requirements and 
           Certification 

-   Project Organizational Chart 
-   Communication Pathways 
-   Personnel Responsibilities and 
    Qualifications Table 
-   Special Personnel Training 
    Requirements Table 

UFP QAPP Worksheets 
5,6,7,and 8   
SI WP Section 5.2 
QAPP Section 1.4 

2.5   Project Planning/Problem Definition 
    2.5.1 Project Planning (Scoping) 
    2.5.2  Problem Definition, Site History, and 
              Background 
    

-   Project Planning Session 
    Documentation (including 
    Data Needs tables) 
-   Project Scoping Session 
    Participants Sheet 
-   Problem Definition, Site 
    History, and Background 
-   Site Maps (historical and 
     present) 

UFP QAPP Worksheets 
9 and 10  
SI WP Sections 1 and 2 
and SAP Section 3.1 
QAPP Section 1.5 
Attachment 1-E 

2.6  Project Quality Objectives and 
Measurement 

          Performance Criteria 
2.6.1 Development of Project Quality  
               Objectives Using the Systematic 
               Planning Process 

    2.6.2       Measurement Performance Criteria

-   Site-Specific PQOs 
-   Measurement Performance 
    Criteria Table 

UFP QAPP Worksheets 
11 and 12  
and SAP Section 3.0 
QAPP Section 1.6 
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QAPP_Worksheet_#2  
QAPP Identifying Information 

(continued) 
           

 
Required QAPP Element(s) and 
Corresponding QAPP Section(s) 

 
 

Required Information 

Crosswalk to 
Related 

Documents 
    2.7          Secondary Data Evaluation -   Sources of Secondary Data 

    and Information 
-   Secondary Data Criteria and 
    Limitations Table  

UFP QAPP 
Worksheet 13  
and WP Sections 2.2 
through 2.5  
and SAP Section 3.1 
QAPP Section 1.7 

2.8  Project Overview and Schedule 
    2.8.1   Project Overview 
    2.8.2   Project Schedule 

-   Summary of Project Tasks 
-   Reference Limits and 
    Evaluation Table 
-   Project Schedule/Timeline 
    Table 

UFP QAPP 
Worksheets 14, 15, 
and 16   
WP Sections 3, 5.1 
SAP Section 3 
QAPP Section 1.8 

Measurement/Data Acquisition 

3.1  Sampling Tasks 
3.1.1   Sampling Process Design and Rationale 

    3.1.2 Sampling Procedures and Requirements 
        3.1.2.1    Sampling Collection Procedures 

3.1.2.2    Sample Containers, Volume, and 
                       Preservation 
         3.1.2.3   Equipment/Sample Containers  

         Cleaning and Decontamination  
         Procedures 

3.1.2.3 Field Equipment Calibration, 
Maintenance, Testing, and 
Inspection Procedures 

3.1.2.4 Supply Inspection and 
Acceptance  

               Procedures 
         3.1.2.6    Field Documentation Procedures 

-   Sampling Design and 
    Rationale 
-   Sample Location Map 
-   Sampling Locations and 
    Methods/SOP Requirements 
    Table 
-   Analytical Methods/SOP 
    Requirements Table 
-   Field Quality Control Sample 
    Summary Table 
-   Sampling SOPs 
-   Project Sampling SOP 
    References 
    Table 
-   Field Equipment Calibration, 
    Maintenance, Testing, and 
    Inspection Table 

UFP QAPP 
Worksheets 17, 18, 
19, 20, 21, and 22 
SAP Section 4 
QAPP Section 2.1 
Attachment 1-B 

3.2  Analytical Tasks 
    3.2.1 Analytical SOPs 
    3.2.2  Analytical Instrument Calibration 

          Procedures 
    3.2.3  Analytical Instrument and Equipment 
              Maintenance, Testing, and Inspection 
              Procedures 
    3.2.4  Analytical Supply Inspection and 
              Acceptance Procedures 

-   Analytical SOPs 
-   Analytical SOP References 
    Table 
-   Analytical Instrument 
    Calibration Table 
-   Analytical Instrument and 
    Equipment Maintenance,  
    Testing, and Inspection Table 

UFP QAPP 
Worksheets 23, 24, 
and 25 
QAPP Section 2.2 
Attachment 1-D 
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QAPP_Worksheet_#2  

QAPP Identifying Information 
(continued) 

 
 

Required QAPP Element(s) and 
Corresponding QAPP Section(s) 

 
 

Required Information 

Crosswalk to 
Required 

Documents 
3.3 Sample Collection Documentation, 
       Handling, Tracking, and Custody 
       Procedures 
    3.3.1  Sample Collection Documentation 
    3.3.2  Sample Handling and Tracking 
              System 
    3.3.3  Sample Custody 

-   Sample Collection 
    Documentation Handling,  
    Tracking, and Custody 
    SOPs 
-   Sample Container 
    Identification 
-   Sample Handling Flow 
    Diagram 
-   Example Chain-of-Custody 
    Form and Seal 

UFP QAPP 
Worksheets 26 and 
27          
QAPP Section 2.3 
Attachment 1-B 
Attachment 1-C 
SAP Sections 4.8, 
4.14 and 5.0 

3.4  Quality Control Samples 
    3.4.1  Sampling Quality Control Samples 
    3.4.2  Analytical Quality Control Samples 

-   QC Samples Table 
-   Screening/Confirmatory 
    Analysis Decision Tree 

UFP QAPP 
Worksheet 28   
SAP 4.17 
QAPP Section 2.4 

3.5   Data Management Tasks 
   3.5.1      Project Documentation and Records 
   3.5.2      Data Package Deliverables 
   3.5.3      Data Reporting Formats 
   3.5.4      Data Handling and Management 
   3.5.5      Data Tracking and Control 

-  Project Documents and 
    Records Table 
-  Analytical Services Table 
-  Data Management SOPs 
 

UFP QAPP 
Worksheets 29 and 
30  
WP Sections 3.3.1 
and 6 
SAP Sections 4.8 
and 5 
QAPP Section 2.5 

Assessment/Oversight 
4.1   Assessments and Response Actions 
   4.1.1    Planned Assessments 

4.1.2 Assessment Findings and Corrective 
            Action Responses 

-  Assessments and Response 
    Actions 
-  Planned Project Assessments 
    Table 
-  Audit Checklists 
-  Assessment Findings and 
   Corrective Action Responses 
   Table 

UFP QAPP 
Worksheets 31 and 
32 
WP Section 3.3.1 
SAP Sections 3.2, 
4.1, 4.4, and 5.1 
QAPP Section 3.1 

4.2   QA Management Reports -  QA Management Reports 
    Table 

UFP QAPP 
Worksheet 33  
and SAP Section 5.1 
QAPP Section 3.2 

4.3   Final Project Report  WP Section 6.0 
QAPP Section 3.3 
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QAPP Identifying Information 
(continued) 

 
 

Required QAPP Element(s) and 
Corresponding QAPP Section(s) 

 
 

Required Information 

Crosswalk to 
Related 

Documents 

Data Review 

5.1   Overview  QAPP Section 4.1 

5.2   Data Review Steps 
     5.2.1   Step I: Verification 
     5.2.2   Step II: Validation 
          5.2.2.1   Step IIa Validation Activities 
          5.2.2.2   Step IIb Validation Activities 
    5.2.3   Step III: Usability Assessment 
         5.2.3.1  Data Limitations and Actions  
                      from Usability Assessment  
          5.2.3.2   Activities 

-  Verification (Step I) Process 
    Table 
-  Validation (Steps IIa and IIb)  
    Process Table 
-  Validation (Steps IIa and IIb) 
    Summary Table 
-  Usability Assessment 

UFP QAPP 
Worksheets 34, 35, 
36, and 37  
SAP Section 4 
QAPP Section 4.2 

5.3   Streamlining Data Review 
    5.3.1   Data Review Steps To Be 
               Streamlined 
    5.3.2   Criteria for Streamlining Data 
               Review 
5.3.3   Amounts and Types of Data 
           Appropriate for Streamlining 

 Not applicable      
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QAPP_Worksheet_#3            
(UFP-QAPP Manual Section 2.3.1) 
List those entities to whom copies of the approved QAPP, subsequent QAPP revisions, addenda, and amendments will be sent.  

Worksheet Not Applicable (State Reason)
                         

 
QAPP Recipients 

 
Title 

 
Organization 

 
Telephone Number

 
E-mail Address 

Document Control 
Number 

Mr. Todd Bober Navy BRAC PMO NE 
Remedial Project Manager 
(RPM) 

Navy BRAC PMO NE 
4911 South Broad Street 
Philadelphia, PA 19112 

215-897-4911 todd.bober@navy.mil  Not applicable          

Mr. Paul Burgio (shared 
copy with Todd Bober) 

Navy BRAC PMO NE 
Coordinator 

Navy BRAC PMO NE 
4911 South Broad Street 
Philadelphia, PA 19112 

215-897-4915 paul.burgio@nvay.mil  Not applicable          

Ms. Carolyn LePage Technical Advisor to 
BASCE 

LePage Environmental 
Services 
731 Hotel Road 
Auburn, ME 04210 

207-777-1049 calepage@adelphia.net  Not applicable 

Victoria Boundy Planning and 
Environmental Manager 
(MRRA) 

Midcoast Regional 
Redevelopment Authority 
5450 Fitch Avenue 
Brunswick, ME 04011 

207-798-6512 victoriab@mrra.us Not applicable 

(shared copy) 
 
 
Ms. Jennifer Wright and  
 
Ms. Amy Van Dercook 

Environmental Technical 
Support 
 
Biologist 
 
Environmental Scientist 

NAVFAC Atlantic 
Attn: Code EV32JW 
6506 Hampton Blvd 
Norfolk, VA  23508-1278 
 
Jen (Code EV32JW); Amy 
(Code EV32AV) 

 
 
 
757-322-8428 
 
757-322-4764 

 
 
 
Jennifer.H.Wright@navy.mil  
 
Amy.vandercook@navy.mil  

Not applicable 

Mr. David Barclift Navy BRAC PMO NE 
Technical Support 

Navy BRAC PMO NE 
4911 South Broad Street 
Philadelphia, PA 19112 

215-897-4913 david.barclift@navy.mil  Not applicable          

Mr. Michael Fagan NAS Brunswick 
IR Coordinator 

NAS Brunswick  
Environmental Office 
437 Huey Drive, Bldg. 53 
Brunswick, ME  
04011-5008 

207-921-1717 Michael.Fagan1@navy.mil  Not applicable 

(shared copy) 
Ms. Lisa Joy 
 
 
 

NAS Brunswick 
Environmental Director 

NAS Brunswick  
Environmental Office 
437 Huey Drive, Bldg. 53 
Brunswick, ME  
04011-5008 

207-921-1720 
 
 
 
 

lisa.joy@navy.mil  
 
 
 
 

Not applicable 

mailto:todd.bober@navy.mil�
mailto:paul.burgio@nvay.mil�
mailto:calepage@adelphia.net�
mailto:victoriab@mrra.us�
mailto:Jennifer.H.Wright@navy.mil�
mailto:Amy.vandercook@navy.mil�
mailto:david.barclift@navy.mil�
mailto:Michael.Fagan1@navy.mil�
mailto:lisa.joy@navy.mil�
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QAPP Recipients 

 
Title 

 
Organization 

 
Telephone Number

 
E-mail Address 

Document Control 
Number 

Mr. Michael Daly Remedial Project Manager USEPA Region I 
Federal Facilities 
Superfund Section 
1 Congress Street, Suite 
1100 (HBT) 
Boston, MA  02114-2023 

617-918-1386 Daly.Mike@epamail.epa.gov  Not applicable 

Ms. Claudia Sait Remedial Project Manager Maine Department of 
Environmental Protection 

207-287-7713 claudia.b.sait@maine.gov  Not applicable           

Mr. Chris Evans Project Hydrogeologist Maine Department of 
Environmental Protection 
Bureau of Remediation & 
Waste Management 
State House, Station 17 
Augusta, ME  04333-0017

207-287-7656 Gordon.C.Evans@maine.gov Not applicable 

Mr. Peter Golonka EPA Contractor Gannett Fleming 
Suite 210 
199 Wells Avenue 
Newton, MA  02459 

--- pgolonka@gfnet.com  Not applicable 

Mr. Dave McTigue EPA Contractor Gannett Fleming 
Suite 210 
199 Wells Avenue 
Newton, MA  02459 

--- dmctigue@gfnet.com  Not applicable 

Mr. Richard Roedner Dept. of Planning and 
Development 

22 Elm Street 
Topsham, ME 04086 

207-725-1724 rroedner@Topshammaine.com Not applicable 

Janice Shilling 
 

Laboratory Project 
Manager 

Empirical Laboratory 
227French Landing 
Nashville, TN 37228 
 

615-345-1115 mmcginnity@empirlabs.com Not applicable           

Deb Patton 

 
Laboratory Project 
Manager 

Columbia Analytical 
Services 
1 Mustard Street, Suite 
250 
Rochester, NY 14609 
 

585-288-5380 akeefer@caslab.com Not applicable           

Ms. Linda Klink TtNUS Project Manager 
(PM) 

Tetra Tech NUS, Inc. 
661 Andersen Drive 
Foster Plaza 7 
Pittsburgh, PA 15220 

412-921-8650 linda.klink@ttnus.com  Not applicable 

Mr. Charles Race Tetra Tech  Maine 
Certified Geologist (C.G.) 

Tetra Tech NUS, Inc. 
55 Jonspin Road 
Wilmington, MA 
01887-1020 

978-474-8437 
 

charles.race@tetratech.com  Not applicable 

mailto:Daly.Mike@epamail.epa.gov�
mailto:claudia.b.sait@maine.gov�
mailto:Gordon.C.Evans@maine.gov�
mailto:pgolonka@gfnet.com�
mailto:dmctigue@gfnet.com�
mailto:rroedner@Topshammaine.com�
mailto:linda.klink@ttnus.com�
mailto:charles.race@tetratech.com�
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QAPP Recipients 

 
Title 

 
Organization 

 
Telephone Number

 
E-mail Address 

Document Control 
Number 

Mr. Tom Johnston 
(shared copy with Tetra 
Tech PM & Chemist) 
 
Kelly Carper 
 

Tetra Tech Quality 
Assurance Manager 
(QAM) 
 
Tetra Tech Project 
Chemist 

Tetra Tech NUS, Inc. 
661 Andersen Drive 
Foster Plaza 7 
Pittsburgh, PA 15220 

412-921-8615 
 
 
 
412-921-7273 

tom.johnston@tetratech.com  
 
 
 
kelly.carper@tetratech.com  

Not applicable 

Mr. Joseph Samchuck TtNUS Data Validation 
Manager (DVM) 

Tetra Tech NUS, Inc. 
661 Andersen Drive 
Foster Plaza 7 
Pittsburgh, PA 15220 

412-921-8510 Joseph.samchuck@ttnus.com Not applicable 

Mr. Matt Soltis 
(HASP only) 

TtNUS Health and Safety 
Manager (HSM) 

Tetra Tech NUS, Inc. 
661 Andersen Drive 
Foster Plaza 7 
Pittsburgh, PA 15220 

412-921-8912 matt.soltis@ttnus.com  Not applicable 

Mr. John Trepanowski TtNUS Program Manager Tetra Tech NUS, Inc. 
King of Prussia, PA 

610-491-9688 john.trepanowski@ttnus.com  Not applicable 

TBD TtNUS Field Operations 
Leader (FOL) and field 
support 

Tetra Tech NUS, Inc. 
661 Andersen Drive 
Foster Plaza 7 
Pittsburgh, PA 15220 

TBD TBD Not applicable 

Ms. Janet Fullerton Head of Reference Desk  
(NASB Admin Record) 

Curtis Memorial Library 
23 Pleasant Street 
Brunswick, Maine  04011 

--- --- Not applicable 

 

mailto:tom.johnston@tetratech.com�
mailto:kelly.carper@tetratech.com�
mailto:matt.soltis@ttnus.com�
mailto:john.trepanowski@ttnus.com�
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QAPP_Worksheet_#4  (UFP-QAPP Manual Section 2.3.2) 
Have copies of this form signed by key project personnel from each organization to indicate that they have read the applicable sections of the 
QAPP and will perform the tasks as described.  Ask each organization to forward signed sheets to the central project file. 

Worksheet Not Applicable (State Reason)
                         

 

Project Personnel Sign-Off Sheet 

Organization:       TtNUS                               

Project Personnel Title Telephone Number Signature Date QAPP Read 
Linda Klink PM 412-921-8650 See Signature Page  

Charles Race Maine Certified Geologist 978-474-8437 
 

See Certification Page  

To Be Determined (TBD) FOL, lead geologist, site safety officer TBD   

Kelly Carper Project Chemist 412-921-7273             

Matt Soltis HSM 412-921-8912 See HASP signature page (separate 
internal Navy document) 

 

 Joseph Samchuck          DVM 412-921-8510             
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Project Personnel Sign-Off Sheet 

Organization:  Empirical Laboratory 

Project Personnel Title Telephone Number Signature Date QAPP Read 
Janice Shilling 
 

Laboratory PM 615-345-1115             

Randy Ward Quality Assurance  (QA) Director 615-345-1115             
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Project Personnel Sign-Off Sheet 

Organization:  Columbia Analytical Services 

Project Personnel Title Telephone Number Signature Date QAPP Read 
Deb Patton 

 
Laboratory PM 585-288-5380             
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QAPP_Worksheet_#5              
(UFP-QAPP Manual Section 2.4.1)           
Identify reporting relationships between all organizations involved in the project, including the lead organization and all contractor and 
subcontractor organizations.  Identify the organizations providing field sampling, on-site and off-site analysis, and data review services, 
including the names and telephone numbers of all project managers, project team members, and/or project contacts for each organization. 

Worksheet Not Applicable (State Reason) See Attached Organization Chart  
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QAPP_Worksheet_#6  
(UFP-QAPP Manual Section 2.4.2)          
Describe the communication pathways and modes of communication that will be used during the project, after the QAPP has been 
approved.  Describe the procedures for soliciting and/or obtaining approval between project personnel, between different contractors, 
and between samplers and laboratory staff.  Describe the procedure that will be followed when any project activity originally 
documented in an approved QAPP requires real-time modifications to achieve project goals or a QAPP amendment is required.  
Describe the procedures for stopping work and identify who is responsible. 

Worksheet Not Applicable (State Reason)
                         

 
Communication Pathways 

 
Communication_Drivers  

 
Responsible_Entity  

 
Name 

 
Phone Number 

 
Procedure_(Timing,_Pathways,_etc.)  

Field task modification requests         TtNUS FOL  TBD TBD Immediately get approval from TtNUS PM 
Document via FTMR form 

QAPP amendments Navy RPM Todd Bober 215-897-4911 Send scope change to TtNUS Program office  

Changes in schedule TtNUS PM Linda Klink 412-921-8650 Inform Navy via schedule impact letter as soon 
as impact is realized 

Issues in the field that result in 
changes in scope of field work 

TtNUS FOL 
TtNUS PM 
TtNUS Maine C.G. 

TBD 
Linda Klink 
Charles Race 

 
412-921-8650 
978-474-8437 

FOL inform PM and C.G.; PM inform RPM; 
RPM issue scope change if warranted;  Scope 
change to be implemented before work is 
executed 

Recommendations to stop work and 
initiate work upon corrective action 

TtNUS FOL 
TtNUS PM 
TtNUS Maine C.G. 
TtNUS QAM 
TtNUS HSM 
Navy RPM           

TBD 
Linda Klink 
Charles Race 
Kelly Carper 
Matt Soltis 
Todd Bober 

 
412-921-8650 
978-474-8437 
412-921-7273 
412-921-8912 
2151-897-4911 

Responsible Party immediately informs 
subcontractors, the Navy, and Project Team 

 Analytical data quality issues          Analytical Laboratory 
 
 
 
TtNUS Project Chemist           

Janice Shilling  
(Empirical) 
 Aimee Keefer (Columbia 
Analytical Services) 
Kelly Carper 

615-345-1115 
 
585-288-5380 
 
412-921-7273 

Immediately notify TtNUS Project Chemist 
Notify Data Validation Staff  and TtNUS PM if 
necessary        

 
FTMR= Field Task Modification Request 
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QAPP Worksheet #7  
(UFP-QAPP Manual Section 2.4.3) 
Identify project personnel associated with each organization, contractor, and subcontractor participating in responsible roles.  Include 
data users, decision-makers, project managers, QA officers, project contacts for organizations involved in the project, project health and 
safety officers, geotechnical engineers and hydrogeologists, field operation personnel, analytical services, and data reviewers.  Identify 
project team members with an asterisk (*).  Attach resume to this worksheet or note the location of the resumes. 

Worksheet Not Applicable (State Reason)
                         

 
Personnel Responsibilities and Qualification Table 

 
 

Name 

 
 

Title 

 
Organizational 

Affiliation 

 
 

Responsibilities 
Education and Experience 

Qualifications 
 Linda Klink*   PM TtNUS          Oversees project, financial, schedule, and 

technical day to day management of the 
project.  

M.S. Environmental Engineering, B.S. 
Chemical Engineering, 26 years 
professional engineering experience 

Charles Race* Maine Certified Geologist TtNUS Oversees geology/hydrogeology related tasks 
to ensure compliance with State of Maine 
requirements. 

M.S. Geology; B.A. Geological Sciences,  
Maine and N.H. Certified Geologist, 
Mass. Site Licensed Professional, 26 years 
experience 

TBD* FOL, Lead Geologist, 
Project Safety Officer          

TtNUS    Supervise, coordinate, and perform field 
sampling activities prepare all geological 
interpretation and text. 

 

Kelly Carper* Project Chemist and 
QAM 

TtNUS    Prepare QAPP, prepare lab scope, coordinate 
with lab, and data quality review. Ensure 
Quality aspescts of the CLEAN program. 

B.S. Biology, 15 years environmental 
experience 

Joseph Samchuck DVM TtNUS    Quality assurance of data validation 
deliverables. 

B.S. Chemistry, MBA, M.S. Finance, 24 
years environmental experience 

Janice Shilling Chemical Laboratory PM Empirical Laboratory Coordinate analyses with lab chemists, ensure 
the scope is followed, QA data packages, 
communicate with TtNUS staff. 

Can be provided upon request 

Matt Soltis           HSM  TtNUS            Oversee CLEAN Program safety           B.S. Industrial Safety Sciences, 24 years 
of environmental experience        
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QAPP_Worksheet_#8   
(UFP-QAPP Manual Section 2.4.4) 
Provide the following information for those projects requiring personnel with specialized training.  Attach training records and/or 
certificates to the QAPP or note their location. 

Worksheet Not Applicable (State Reason)    Information provided in Health and Safety Plan and Section 1.4.4 of the QAPP                      
 

Special Personnel Training Requirements Table 

Project 
Function 

Specialized Training –  
Title or Description of 

Course 
Training 
Provider 

Training 
Date 

Personnel/Groups 
Receiving 
Training 

Personnel 
Titles/ 

Organizational 
Affiliation 

Location of Training 
Records/Certificates  
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QAPP_Worksheet_#9       
(UFP-QAPP Manual Section 2.5.1) 
Complete this worksheet for each project scoping session held.  Identify project team members 
who are responsible for planning the project.  

Worksheet Not Applicable (State Reason)   
Project Name: 
Projected Date(s) of Field Activity:  
23-24 October 2007 
 
Project Manager:  Linda Klink 

 
Site Name: Site 12 EOD Area, Former Munitions Bunker West Area, Quarry, Machine 
Gun Boresight Range, Skeet Range, Topsham Skeet Range    
 

Site Location:  Naval Air Station Brunswick, Brunswick,  Maine 
NOTE: The Site 12 EOD, Former Munitions Bunker West, and Quarry have been 
removed from this document since this meeting. 

 
Date of Session: On 23-24 October 2007, members of the Tetra Tech team, NAS Brunswick personnel, and Stakeholders for MEDEP, EPA 
Region I, EPA contractors, and Brunswick Land Redevelopment Authority representatives met to discuss the scope of the SI project and 
participate in a site walk of the six MRP sites.   
Scoping Session Purpose: The purpose of this site walk/meeting session was to verify the site-specific observations previously made by the 
Tetra Tech team during the initial site visit in May 2007 and obtain input from the Stakeholders.   

Name Title Affiliation Phone # E-mail Address Project 
Role 

Orlando Monaco Remedial Project 
Manager (RPM) 

Navy BRAC PMO NE 
 

215-897-4911 orlando.monaco@navy.mil  Same as 
title 

Dawn Kincaid 
 

BRAC Environmental 
Coordinator 

Navy BRAC PMO NE 
 

215-897-4915 dawn.kincaid@navy.mil Same as 
title 

Carolyn LePage Technical Advisor to 
BASCE 

LePage Environmental 
Services 

207-777-1049 calepage@adelphia.net  Same as 
title 

Carol Warren Brunswick LRA Brunswick LRA  carol@wacubu.com   
 
Amy Van  
Dercook 

Environmental 
Technical Support – 
Environmental Scientist 

NAVFAC Atlantic 
 

757-322-4764 Amy.vandercook@navy.mil  Same as 
title 

Dale Mosher NAS Brunswick 
IR Coordinator 

NAS Brunswick 
Environmental Office 

207-921-1719 dale.mosher@navy.mil  
 

Same as 
title 

Lisa Joy NAS Brunswick 
Environmental Director 

NAS Brunswick  
Environmental Office 

207-921-1720 lisa.joy@navy.mil  Same as 
title 

Michael Daly Remedial Project 
Manager 

USEPA Region I 
Federal Facilities Superfund 
Section 

617-918-1386 Daly.Mike@epamail.epa.gov  Same as 
title 

Claudia Sait Remedial Project 
Manager 

MEDEP 
Bureau of Remediation & 
Waste Management 

207-287-7713 claudia.b.stait@maine.gov Same as 
title 

Chris Evans Project Hydrogeologist MEDEP 
Bureau of Remediation & 
Waste Management 

207-287-7656 Gordon.C.Evans@maine.gov Same as 
title 

Carol Stein EPA Contractor Gannett Fleming --- cstein@gfnet.com  Same as 
title 

Dave McTigue EPA Contractor Gannett Fleming --- dmctigue@gfnet.com  Same as 
title 

Linda Klink Project Manager (PM) Tetra Tech  412-921-8650 linda.klink@tetratech.com Same as 
title 

Charles Race Maine Certified 
Geologist (CG) 

Tetra Tech  978-474-8437 
 

charles.race@tetratech.com  Same as 
title 

Ralph Brooks UXO Manager Tetra Tech  770-413-0965 
(Ext. 231) 

ralph.brooks@tetratech.com  Same as 
title 

Jim Coffman Project Geophysicist Tetra Tech  412-921-8244 jim.coffman@tetratech.com  Same as 
title 

 
Comments/Decisions:  On October 23 through October 24, 2007, a site visit of all 6 MRP areas was conducted for the benefit of the 
Stakeholders.  The agenda, sign-in sheet, and action item list from the site visit is provided in Attachment 1-E.     
 
Action Items: See Table 9-A, Action Items 
 
Consensus Decisions: See Table 9-1, Action Items and Work Plan Appendix D-1 Addendum to Comment Response Letter.  

mailto:orlando.monaco@navy.mil�
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TABLE 9-A 

ACTION ITEMS  
NAVAL AIR STATION BRUNSWICK, MAINE 

OCTOBER 23 - 24, 2007 TEAM MEETING 
    

ITEM NUMBER PERSON(S)  RESPONSIBLE DESCRIPTION OF ACTION REQUIRED 
1 
 

 
1) Ralph Brooks 
2) Mike Daly 
3) Jim Coffman/ Linda Klink 

Machine Gun Boresight Range: 
1) Map dirt pile via GPS  
2) Pursue EPA XRF sampling   
3) Propose magnetic detection strategy for site original berm location, potential current berm location (dirt pile) and area in 

between  
2  

1) Chuck Race/Chris Evans 
 
2) Claudia Sait/Chris Evans 

Skeet Range: 
1) Provide Linda Klink with info on adjacent Site 9 nearby existing wells (survey coordinates, boring logs, well construction, 

and analytical data) for  
2) Provide team with analytical data for lead at adjacent Site 6 
 

3  
Linda Klink 
 

Site 12 EOD Area: 
Incorporate historical aerials (from PA) on the EOD pit 
 

4  
Chris Evans/Claudia Sait 
 

Quarry: 
Provide team with spill reports associated with historical PAH treatment area 

5  
1) All Team 
2) Chris Evans/Claudia Sait 
 
3) Linda Klink 
4) Richard Roedner 
5) Richard Roedner 
 

Topsham Skeet Range: 
1) Decide on use of XRF (if aerial photos do not definitively show site location) 
2) Provide Linda Klink with Draft Report including info on existing wells (survey coordinates, boring logs, well construction, 

and analytical data) [not in Admin Record] 
3) Evaluate analytical results for lead from 2004 EA Report  
4) Provide team with Spring 2006 aerial photos 
5) Obtain site access from property owner for field work (staking out sample locations, field work, and temporary monitoring 

well abandonment events) 
6  

1) Linda Klink 
2) Dave McTigue 
3) Linda Klink/Malcolm Pirnie 

General Research: 
1) Research ITRC suggestions on sampling of skeet ranges 
2) Provide team with USGS Delaware, Otis Cape Cod report on skeet range 
3) Obtain historical aerial photographs for the 6 MRP sites from Malcolm Pirnie PAs and incorporate into MEC and MC SI 

Work Plans 
7  

Linda Klink/Lonnie Monaco 
Scope Additions 
Obtain funding of scope additions and transfer of MC SI Work Plan from Malcolm Pirnie to Tetra Tech 

8  
Tetra Tech 
 
 
 
 

Update of Malcolm Pirnie SI MC Work Plan and Figures: 
Make changes to figures and conceptual models as per meeting discussions/site visits: 

All Figures: 
- Incorporate significant information from historical aerial photographs (Malcolm Pirnie, CERFA Report, 
and NAS Brunswick) and determine date of aerial used as background  
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ITEM NUMBER PERSON(S)  RESPONSIBLE DESCRIPTION OF ACTION REQUIRED 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Skeet Range:  
- Show existing Site 9 well(s) and use if located at proposed well(s), as appropriate 

                          - Add 2 surface water/sediment samples for lead analyses 
                                (1 at tributary & 1 in detention pond; both within shotfall zone) 

- Move outer soil samples into shotfall zone 
 Machine Gun Boresight Range: 

- Add dirt pile to figure and locate samples here as potential former berm 
- Correlate Malcolm Pirnie SI Work Plan figure with historical aerial 
- Add plans for XRF sampling of lead (no XRF confirmation samples necessary since to be used for 

screening purposes and for locating soil borings where fixed based laboratory analyses will be employed)  
- Add text to conceptual model concerning:  

- No evidence of berm at original location & presence of dirt pile further out 
- Notation that the Sites 1 and 3 landfills were not in operation at  the time of the berm bulldozing 
operation in 1978 

Site 12 EOD Area 
- Adjust proposed monitoring well locations to allow for better triangulation for development of 

potentiometric maps 
- Add text to conceptual model/rationale that wells may be dry based on findings of previous test pit 

activities.  Note that bedrock wells are not warranted for the SI because they would require abandoning 
during munitions clearance; however, bedrock wells will be warranted for the future RI 

Former Munitions Bunker West 
- Evaluate change in vegetated area from historical aerials, if possible 
- Add perchlorate for aqueous analyses (groundwater and surface water) 

Quarry 
- Evaluate change in vegetated area and determine operational area, if   possible 
- More clearly show PAH treatment area on figures 
- Add text to conceptual model concerning: 

- Presence of metal and other debris (e.g., barrel) near rock face and note historical use for 
dumping 

- Likely 18 inches of till in PAH treatment area 
- Documentation of spill reports associated w/ PAH treatment area 
- Documentation of lithology from previous effort (Appx C of PA) 

Topsham Skeet Range 
- Add 2 surface water/sediment samples (1 at brook and 1 in shotfall zone) 
- Delete surface water/sediment sample in detention basin 
- Move outer soil samples into shotfall zone 
- Show fill area and site location based on aerials, if possible 
- Add text to conceptual model/rationale concerning: 

- Most of the site is outside the NAS Brunswick boundary and so the Navy will not be able to place 
land use controls on the property 

- Documentation of previous XRF work in housing area in corner of the site 
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ITEM NUMBER PERSON(S)  RESPONSIBLE DESCRIPTION OF ACTION REQUIRED 
9  

Ralph Brooks/Linda Klink/ Jim 
Coffman 

Update of Tetra Tech SI MEC Work Plan and Figures 
Make changes to figures and conceptual models as per meeting discussions/site visits: 

Site 12 EOD Area 
- Add horizontal grid lines in open area for munitions sweep 

Former Munitions Bunker West 
- Evaluate change in vegetated area from historical aerials, if possible 
- Add text to conceptual model/rationale that the wooded area will need to be addressed in the future during 
an RI (along with intrusive investigation of anomalies likely to occur during the RI phase) 

Quarry 
- Evaluate change in vegetated area and determine operational area, if   possible 
- Limitations of geophysical survey instrumentation in PAH treatment area based on 18 inches of till 

10  
1) Mike Daly 
2) Linda Klink 

Regulatory Criteria: 
1) Provide Linda Klink with current sediment criteria to update Malcolm Pirnie MC Work Plan 
2) Provide team with proposed aqueous detection limits for antimony and arsenic (concern for skeet range sites) 

11  
1) Linda Klink 
2) All Team 

11/13/07 Conference Call: 
1) Set up conference call and e-mail dial-in information to team 
2) Participate in conference call 

 
CERFA  Community Environmental Response Facilitation Act    
PA  Preliminary Assessment 
EOD  Explosive Ordnance Disposal      
PAH  Polynuclear aromatic hydrocarbon 
GPS  Global Positioning System       
RI  Remedial Investigation 
ITRC  Interstate Technology and Regulatory Council     
SI  Site Inspection 
MC  Munitions Constituents       
USGS  United States Geological Survey 
MEC  Munitions and Explosives of Concern     
XRF  X-Ray Fluorescence 
MRP  Munitions Response Program 
 
 
Several scoping meetings were held via conference calls with TtNUS, Malcolm Pirnie, Navy, and Regulators.  Site Visits were conducted by 
Malcolm Pirnie during the Preliminary Assessment process.  Regulatory Agencies have also visited the sites at various times.
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QAPP_Worksheet_#10             
(UFP-QAPP Manual Section 2.5.2)       

 Clearly define the problem and the environmental questions that should be answered for the current 
investigation and develop the project decision “If…, then…” statements in the QAPP, linking data results 
with possible actions.  The prompts below are meant to help the project team define the problem.  They are 
not comprehensive. 

Worksheet Not Applicable (State Reason) Detailed in Section 3.1 of the SAP 
Problem Definition 

The problem to be addressed by the project:  
The environmental questions being asked:  
Observations from any site reconnaissance reports:  
A synopsis of secondary data or information from site reports:  
The possible classes of contaminants and the affected matrices:  
The rationale for inclusion of chemical and nonchemical analyses:  
Information concerning various environmental indicators:  
Project decision conditions (“If..., then...” statements):   
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QAPP_Worksheet_#11  
(UFP-QAPP Manual Section 2.6.1)  
Use this worksheet to develop project quality objectives (PQOs) in terms of type, quantity, and quality of 
data determined using a systematic planning process.  Provide a detailed discussion of PQOs in the QAPP.  
List PQOs in the form of qualitative and quantitative statements.  These statements should answer 
questions such as those listed below.  These questions are examples only, however; they are neither 
inclusive nor appropriate for all projects. 

Worksheet Not Applicable (State Reason)
                    

 
 

Project_Quality_Objectives /Systematic Planning Process Statements 
Who will use the data?  Navy and TtNUS and Stakeholders  
What will the data be used for? Data will be used to determine the presence or absence of munitions constituents at these sites.
What type of data are needed? (target analytes, analytical groups, field screening, on-site analytical or off-site laboratory 
techniques, sampling techniques)    Definitive fixed based laboratory data is required.  Soil, groundwater, surface water, and 
sediment samples will be collected, as applicable, and analyzed for explosives (nitrotoluenes only), propellants (nitroglycerin 
only), total organic carbon, pH, CEC, metals, perchlorate, nitrates, and polycyclic aromatic hydrocarbons.  Analyses vary by 
site based on site history. 
How “good” do the data need to be in order to support the environmental decision?  Data must be of the fullest level of quality 
control and documentation, such that a no further action (NFA) decision can be supported or the data can be used to support a 
future remedial investigation (RI). 
How much data are needed? (number of samples for each analytical group, matrix, and concentration) The number of samples 
to be collected was developed by the team during the October 2007 meeting/site visit and subsequently revisited during routine 
Stakeholder meetings, conference calls, and e-mails.. 
Where, when, and how should the data be collected/generated?  Collection will be in accordance with the SAP. 
Who will collect and generate the data?  Samples will be collected by TtNUS and analyzed for chemical parameters by 
Empirical Laboratory and perchlorate by Columbia Analytical Services.  
How will the data be reported?  Chemical data will be delivered in contract laboratory program-like sample delivery groups.  
Chemical data will also be received in an electronic data deliverable that will be used to create a NAS Brunswick database. Data 
will be summarized in the Site Inspection report. 
How will the data be archived?  Once data are validated they will be uploaded to the master NAS Brunswick database and 
eventually added to the NIRIS database. Hardcopy data packages will be stored by a data storage contractor until they are 
relinquished to the Navy. 
 
A more detailed description of the project quality objectives for this SI is found in Section 3.1 of the SAP. 
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QAPP Worksheet #12 
 
(UFP-QAPP Manual Section 2.6.2) 
Complete this worksheet for each matrix, analytical group, and concentration level.  Identify the data quality indicators (DQIs), 
measurement performance criteria (MPC), and QC sample and/or activity used to assess the measurement performance for both the 
sampling and analytical measurement systems.  Use additional worksheets if necessary.  If MPC for a specific DQI vary within an 
analytical parameter, i.e., MPC are analyte-specific, then provide analyte-specific MPC on an additional worksheet.  

Worksheet Not Applicable (State Reason)
                         

 
Measurement Performance Criteria Table 

Matrix Groundwater/     

Analytical Group  Explosives     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S5 and S13       SW-846 8330A 
Empirical/SOP-327 

Bias / Contamination No target analytes >1/2  QL  Method Blank A 

S5 and S13       SW-846 8330A 
Empirical/SOP-327 

Accuracy / Bias Statistically derived limits. Laboratory Control Spike and 
Surrogate Standards 

A 

S5 and S13       SW-846 8330A 
Empirical/SOP-327 

Accuracy / Bias / 
Precision 

Statistically derived limits, 
30%RPD 

Matrix spike/matrix spike 
duplicate 

A 

S5 and S13       SW-846 8330A 
Empirical/SOP-327 

Precision Values > 5X QL:  <  30% RPD Field Duplicates     S & A 

S5 and S13       SW-846 8330A 
Empirical/SOP-327 

Bias / Contamination   No target analytes > QL Equipment/Rinsate Blanks    S 

S5 and S13       SW-846 8330A 
Empirical/SOP-327 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S5 and S13       SW-846 8330A 
Empirical/SOP-327 

Data Completeness     95% Overall Data Completeness Check S & A 

S5 and S13       SW-846 8330A 
Empirical/SOP-327 

Comparability      Values > 5X QL: 
Field Replicates < 30% RPD 

Comparability Check S & A 

S5 and S13       SW-846 8330A 
Empirical/SOP-327 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Groundwater     

Analytical Group  Nitroglycerin     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S5 and S13   SW-846 8332/ Empirical 
SOP-327 

Bias / Contamination No target analytes >1/2 QL  Method Blank A 

S5 and S13   SW-846 8332/ Empirical 
SOP-327 

Accuracy / Bias Statistically derived limits. Laboratory Control Spike and 
Surrogate Standards 

A 

S5 and S13   SW-846 8332/ Empirical 
SOP-327 

Accuracy / Bias / 
Precision 

Statistically derived limits, 30% 
RPD 

Matrix spike/matrix spike 
duplicate 

A 

S5 and S13   SW-846 8332/ Empirical 
SOP-327 

Precision Values > 5X QL:  <  30% RPD Field Duplicates     S & A 

S5 and S13   SW-846 8332/ Empirical 
SOP-327 

Bias / Contamination   No target analytes > QL  Equipment/Rinsate Blanks    S 

S5 and S13   SW-846 8332/ Empirical 
SOP-327 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S5 and S13   SW-846 8332/ Empirical 
SOP-327 

Data Completeness     95% Overall Data Completeness Check S & A 

S5 and S13   SW-846 8332/ Empirical 
SOP-327 

Comparability      Values > 5X QL: 
Field Replicates < 30% RPD 

Comparability Check S & A 

S5 and S13   SW-846 8332/ Empirical 
SOP-327 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Groundwater/Surface water     

Analytical Group  Polycyclic Aromatic Hydro 
carbons (PAHs) 

    

Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S5 and S13   SW-846 8270C/ Empirical 
SOP-231/300 

Bias / Contamination No target analytes >1/2 QL  Method Blank A 

S5 and S13   SW-846 8270C/ Empirical 
SOP-231/300 

Accuracy / Bias / 
Precision 

Retention time + 30 seconds; 
EICP area within -50% to 
+100% of last calibration 
verification (12 hours) for each 
IS 

Internal Standards A      

S5 and S13   SW-846 8270C / Empirical 
SOP-231/300 

Accuracy / Bias Statistically derived limits. Laboratory Control Spike and 
Surrogate Standards 

A 

S5 and S13   SW-846 8270C / Empirical 
SOP-231/300 

Accuracy / Bias / 
Precision 

Statistically derived limits, 30% 
RPD 

Matrix spike/matrix spike 
duplicate 

A 

S5 and S13   SW-846 8270C/ Empirical 
SOP-231/300 

Precision Values > 5X QL:  <  30% RPD Field Duplicates     S & A 

S5 and S13   SW-846 8270C/ Empirical 
SOP-231/300 

Bias / Contamination   No target analytes > QL  Equipment/Rinsate Blanks    S 

S5 and S13   SW-846 8270C/ Empirical 
SOP-231/300 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S5 and S13   SW-846 8270C/ Empirical 
SOP-231/300 

Data Completeness     95% Overall Data Completeness Check S & A 

S5 and S13   SW-846 8270C/ Empirical 
SOP-231/300 

Comparability      Values > 5X QL: 
Field Replicates < 30% 

Comparability Check S & A 

S5 and S13   SW-846 8270C/ Empirical 
SOP-231/300 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Groundwater     

Analytical Group  Perchlorate     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S5 and S13       SW-846 6850 / CAS 
HPLC-DoDPerchlorate 

Bias / Contamination No target analytes >1/2 QL;  Method Blank A 

S5 and S13       SW-846 6850 / CAS 
HPLC-DoDPerchlorate 

Accuracy / Bias 80-120% Recovery LCS  Laboratory Control Spike A 

S5 and S13       SW-846 6850 / CAS 
HPLC-DoDPerchlorate 

Accuracy / Bias / 
Precision 

80-120% Recovery, 15% RPD Matrix spike/matrix spike 
duplicate 

A 

S5 and S13       SW-846 6850 / CAS 
HPLC-DoDPerchlorate 

Precision Values > 5X QL:  <  30% RPD Field Duplicates     S & A 

S5 and S13       SW-846 6850 / CAS 
HPLC-DoDPerchlorate 

Bias / Contamination   No target analytes > QL  Equipment/Rinsate Blanks    S 

S5 and S13       SW-846 6850 / CAS 
HPLC-DoDPerchlorate 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S5 and S13       SW-846 6850 / CAS 
HPLC-DoDPerchlorate 

Data Completeness     95% Overall Data Completeness Check S & A 

S5 and S13       SW-846 6850 / CAS 
HPLC-DoDPerchlorate 

Comparability      Values > 5X QL: 
Field Replicates < 30% RPD 

Comparability Check S & A 

S5 and S13       SW-846 6850 / CAS 
HPLC-DoDPerchlorate 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Groundwater/Surface 
Water 

    

Analytical Group  TAL Metals     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S5 and S13  SW-846 6010c/7470A/ 
Empirical 
SOP-100/105/103 

Bias / Contamination No target analytes >1/2 QL Method Blank A 

S5 and S13  SW-846 
6010B6010B/7470A/ 
Empirical 
SOP-100/105/103 

Accuracy / Bias ± 20% Recovery of true value Laboratory Control Sample A 

S5 and S13  SW-846 6010B/7470A/ 
Empirical 
SOP-100/105/103 

Accuracy / Bias ± 25% Recovery of true value if 
sample < 4x spike added 

Matrix Spike Sample A 

S5 and S13  SW-846 6010B/7470A/ 
Empirical 
SOP-100/105/103 

Precision Values ≥ 5X QL: RPD ≤20%  Duplicate S & A 

S5 and S13  SW-846 6010B/7470A/ 
Empirical 
SOP-100/105/103 

Accuracy / Bias If original sample result is at 
least 50x IDL, 5-fold dilution 
must agree within ± 10% of the 
original result. 

ICP Serial Dilution A 

S5 and S13  SW-846 6010B/7470A/ 
Empirical 
SOP-100/105/103 

Precision Values ≥ 5X QL: 
RPD < 30%   

Field Duplicates     S & A 

S5 and S13  SW-846 6010B/7470A/ 
Empirical 
SOP-100/105/103 

Bias / Contamination   No target analytes > QL  Equipment/Rinsate Blanks    S 

S5 and S13  SW-846 6010B/7470A/ 
Empirical 
SOP-100/105/103 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S5 and S13  SW-846 6010B/7470A/ 
Empirical 
SOP-100/105/103 

Data Completeness     95% Overall Data Completeness Check S & A 

S5 and S13  SW-846 6010B/7470A/ 
Empirical 
SOP-100/105/103 

Comparability      Values ≥ 5X QL: 
Field Duplicates; RPD <  30% 

Comparability Check S & A 
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Matrix Groundwater/Surface 
Water 

    

Analytical Group  TAL Metals     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S5 and S13  SW-846 6010B/7470A/ 
Empirical 
SOP-100/105/103 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Soil     

Analytical Group  Explosives     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S3 and S12         SW-846 8330A 
Empirical/SOP-327 

Bias / Contamination No target analytes >1/2  QL; 
with the exception of common 
field/laboratory contaminants 

Method Blank A 

S3 and S12         SW-846 8330A 
Empirical/SOP-327 

Bias / Contamination No target analytes > QL; with 
the exception of common 
field/laboratory contaminants 

Trip Blank S &A 

S3 and S12         SW-846 8330A 
Empirical/SOP-327 

Accuracy / Bias Statistically derived limits. Laboratory Control Spike and 
Surrogate Standards 

A 

S3 and S12         SW-846 8330A 
Empirical/SOP-327 

Accuracy / Bias / 
Precision 

Statistically derived limits, < 
30% RPD 

Matrix spike/matrix spike 
duplicate 

A 

S3 and S12         SW-846 8330A 
Empirical/SOP-327 

Precision Values > 5X QL:  <  50% RPD Field Duplicates     S & A 

S3 and S12         SW-846 8330A 
Empirical/SOP-327 

Bias / Contamination   No target analytes > QL; with 
the exception of common 
field/laboratory contaminants 

Equipment/Rinsate Blanks    S 

S3 and S12         SW-846 8330A 
Empirical/SOP-327 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S3 and S12         SW-846 8330A 
Empirical/SOP-327 

Data Completeness     95% Overall Data Completeness Check S & A 

S3 and S12         SW-846 8330A 
Empirical/SOP-327 

Comparability      Values > 5X QL: 
Field Replicates < 50% RPD 

Comparability Check S & A 

S3 and S12         SW-846 8330A 
Empirical/SOP-327 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Soil     

Analytical Group  Nitroglycerin     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S3 and S12         SW-846 8332/ Empirical 
SOP-327 

Bias / Contamination No target analytes >1/2 QL  Method Blank A 

S3 and S12         SW-846 8332/ Empirical 
SOP-327 

Accuracy / Bias Statistically derived limits. Laboratory Control Spike and 
Surrogate Standards 

A 

S3 and S12         SW-846 8332/ Empirical 
SOP-327 

Accuracy / Bias / 
Precision 

Statistically derived limits, 30% 
RPD 

Matrix spike/matrix spike 
duplicate 

A 

S3 and S12         SW-846 8332/ Empirical 
SOP-327 

Precision Values > 5X QL:  <  50% RPD Field Duplicates     S & A 

S3 and S12         SW-846 8332/ Empirical 
SOP-327 

Bias / Contamination   No target analytes > QL  Equipment/Rinsate Blanks    S 

S3 and S12         SW-846 8332/ Empirical 
SOP-327 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S3 and S12         SW-846 8332/ Empirical 
SOP-327 

Data Completeness     95% Overall Data Completeness Check S & A 

S3 and S12         SW-846 8332/ Empirical 
SOP-327 

Comparability      Values > 5X QL: 
Field Replicates < 50% RPD 

Comparability Check S & A 

S3 and S12         SW-846 8332/ Empirical 
SOP-327 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Soil/Sediment     

Analytical Group  Polycyclic Aromatic Hydro 
carbons (PAHs) 

    

Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S3 and S12         SW-846 8270C / Empirical 
SOP-231/329 

Bias / Contamination No target analytes >1/2 QL; 
with the exception of common 
field/laboratory contaminants 
which should be <RL 

Method Blank A 

S3 and S12         SW-846 8270C / Empirical 
SOP-231/329 

Accuracy / Bias / 
Precision 

Retention time + 30 seconds; 
EICP area within -50% to 
+100% of last calibration 
verification (12 hours) for each 
IS 

Internal Standards A      

S3 and S12         SW-846 8270C / Empirical 
SOP-231/329 

Accuracy / Bias Statistically derived limits. Laboratory Control Spike and 
Surrogate Standards 

A 

S3 and S12         SW-846 8270C / Empirical 
SOP-231/329 

Accuracy / Bias / 
Precision 

Statistically derived limits, 30% 
RPD 

Matrix spike/matrix spike 
duplicate 

A 

S3 and S12         SW-846 8270C / Empirical 
SOP-231/329 

Precision Values > 5X QL:  < 50% RPD Field Duplicates     S & A 

S3 and S12         SW-846 8270C / Empirical 
SOP-231/329 

Bias / Contamination   No target analytes > QL; with 
the exception of common 
field/laboratory contaminants 
which should be <RL 

Equipment/Rinsate Blanks    S 

S3 and S12         SW-846 8270C / Empirical 
SOP-231/329 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S3 and S12         SW-846 8270C / Empirical 
SOP-231/329 

Data Completeness     95% Overall Data Completeness Check S & A 

S3 and S12         SW-846 8270C / Empirical 
SOP-231/329 

Comparability      Values > 5X QL: 
Field Replicates < 50% 

Comparability Check S & A 

S3 and S12         SW-846 8270C / Empirical 
SOP-231/329 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Soil/Sediment     

Analytical Group  TAL Metals     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S3 and S12         SW-846 6010C/7471A/ 
Empirical 
SOP-100/105/104 

Bias / Contamination No target analytes >1/2 QL  Method Blank A 

S3 and S12         SW-846 6010B/7471A/ 
Empirical 
SOP-100/105/104 

Accuracy / Bias ± 20% Recovery of true value Laboratory Control Sample A 

S3 and S12         SW-846 6010B/7471A/ 
Empirical 
SOP-100/105/104 

Accuracy / Bias ± 25% Recovery of true value if 
sample < 4x spike added 

Matrix Spike Sample A 

S3 and S12         SW-846 6010B/7471A/ 
Empirical 
SOP-100/105/104 

Precision Values ≥ 5X QL: RPD ≤20%  Duplicate S & A 

S3 and S12         SW-846 6010B/7471A/ 
Empirical 
SOP-100/105/104 

Accuracy / Bias If original sample result is at 
least 50x IDL, 5-fold dilution 
must agree within ± 10% of the 
original result. 

ICP Serial Dilution A 

S3 and S12         SW-846 6010B/7471A/ 
Empirical 
SOP-100/105/104 

Precision Values ≥ 5X QL: 
RPD < 50%   

Field Duplicates     S & A 

S3 and S12         SW-846 6010B/7471A/ 
Empirical 
SOP-100/105/104 

Bias / Contamination   No target analytes > QL  Equipment/Rinsate Blanks    S 

S3 and S12         SW-846 6010B/7471A/ 
Empirical 
SOP-100/105/104 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S3 and S12         SW-846 6010B/7471A/ 
Empirical 
SOP-100/105/104 

Data Completeness     95% Overall Data Completeness Check S & A 

S3 and S12         SW-846 6010B/7471A/ 
Empirical 
SOP-100/105/104 

Comparability      Values ≥ 5X QL: 
Field Duplicates; RPD <   50% 

Comparability Check S & A 
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Matrix Soil/Sediment     

Analytical Group  TAL Metals     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S3 and S12         SW-846 6010B/7471A/ 
Empirical 
SOP-100/105/104 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Soil     

Analytical Group  TCLP VOC     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S3        SW-846 1311/8260B/  
Empiircal SOP-198/202 

Bias / Contamination No target analytes > QL; with 
the exception of common 
field/laboratory contaminants 

Method Blank A 

S3        SW-846 1311/8260B/  
Empiircal SOP-198/202 

Accuracy / Bias / 
Precision 

Retention time + 30 seconds; 
EICP area within -50% to 
+100% of last calibration 
verification (12 hours) for each 
IS 

Internal Standards A      

S3        SW-846 1311/8260B/  
Empiircal SOP-198/202 

Accuracy / Bias Statistically derived limits. Laboratory Control Spike and 
Surrogate Standards 

A 

S3        SW-846 1311/8260B/  
Empiircal SOP-198/202 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S3        SW-846 1311/8260B/  
Empiircal SOP-198/202 

Data Completeness     95% Overall Data Completeness Check S & A 

S3        SW-846 1311/8260B/  
Empiircal SOP-198/202 

Comparability      Values > 5X QL: 
Field Replicates < 50% RPD 

Comparability Check S & A 

S3        SW-846 1311/8260B/  
Empiircal SOP-198/202 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Soil     

Analytical Group  TCLP SVOC     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S3        SW-846 1311/8270C/  
Empirical 
SOP-198/300/201 

Bias / Contamination No target analytes > QL; with 
the exception of common 
field/laboratory contaminants 

Method Blank A 

S3        SW-846 1311/8270C/  
Empirical 
SOP-198/300/201 

Accuracy / Bias / 
Precision 

Retention time + 30 seconds; 
EICP area within -50% to 
+100% of last calibration 
verification (12 hours) for each 
IS 

Internal Standards A      

S3        SW-846 1311/8270C/  
Empirical 
SOP-198/300/201 

Accuracy / Bias Statistically derived limits. Laboratory Control Spike and 
Surrogate Standards 

A 

S3        SW-846 1311/8270C/  
Empirical 
SOP-198/300/201 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S3        SW-846 1311/8270C/  
Empirical 
SOP-198/300/201 

Data Completeness     95% Overall Data Completeness Check S & A 

S3        SW-846 1311/8270C/  
Empirical 
SOP-198/300/201 

Comparability      Values > 5X QL: 
Field Replicates < 50% RPD 

Comparability Check S & A 

S3        SW-846 1311/8270C/  
Empirical 
SOP-198/300/201 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Soil     

Analytical Group  TCLP Pesticide     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S3        SW-846 1311/8081A/  
Empirical 
SOP-198/302/211 

Bias / Contamination No target analytes > QL; with 
the exception of common 
field/laboratory contaminants 

Method Blank A 

S3        SW-846 1311/8081A/  
Empirical 
SOP-198/302/211 

Accuracy / Bias Statistically derived limits. Laboratory Control Spike and 
Surrogate Standards 

A 

S3        SW-846 1311/8081A/  
Empirical 
SOP-198/302/211 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S3        SW-846 1311/8081A/  
Empirical 
SOP-198/302/211 

Data Completeness     95% Overall Data Completeness Check S & A 

S3        SW-846 1311/8081A/  
Empirical 
SOP-198/302/211 

Comparability      Values > 5X QL: 
Field Replicates < 50% RPD 

Comparability Check S & A 

S3        SW-846 1311/8081A/  
Empirical 
SOP-198/302/211 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Soil     

Analytical Group  TCLP Herbicides     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S3        SW-846 1311/8151A/  
Empirical 
SOP-198/304/208 

Bias / Contamination No target analytes > QL  Method Blank A 

S3        SW-846 1311/8151A/  
Empirical 
SOP-198/304/208 

Accuracy / Bias Statistically derived limits. Laboratory Control Spike and 
Surrogate Standards 

A 

S3        SW-846 1311/8151A/  
Empirical 
SOP-198/304/208 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S3        SW-846 1311/8151A/  
Empirical 
SOP-198/304/208 

Data Completeness     95% Overall Data Completeness Check S & A 

S3        SW-846 1311/8151A/  
Empirical 
SOP-198/304/208 

Comparability      Values > 5X QL: 
Field Replicates < 50% RPD 

Comparability Check S & A 

S3        SW-846 1311/8151A/  
Empirical 
SOP-198/304/208 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Soil     

Analytical Group  TCLP Explosives     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S3        SW-846 1311/8330A/  
Empirical SOP-198/327 

Bias / Contamination No target analytes > QL  Method Blank A 

S3        SW-846 1311/8330A/  
Empirical SOP-198/327 

Accuracy / Bias Statistically derived limits. Laboratory Control Spike and 
Surrogate Standards 

A 

S3        SW-846 1311/8330A/  
Empirical SOP-198/327 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S3        SW-846 1311/8330A/  
Empirical SOP-198/327 

Data Completeness     95% Overall Data Completeness Check S & A 

S3        SW-846 1311/8330A/  
Empirical SOP-198/327 

Comparability      Values > 5X QL: 
Field Replicates < 50% RPD 

Comparability Check S & A 

S3        SW-846 1311/8330A/  
Empirical SOP-198/327 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Soil     

Analytical Group  TCLP Metals     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S3        SW-846 
1311/6010B/7470A/ 
Empirical 
SOP-198/100/105/103 

Bias / Contamination No target analytes > QL  Method Blank A 

S3        SW-846 
1311/6010B/7470A/ 
Empirical 
SOP-198/100/105/103 

Accuracy / Bias ± 20% Recovery of true value Laboratory Control Spike  A 

S3        SW-846 
1311/6010B/7470A/ 
Empirical 
SOP-198/100/105/103 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S3        SW-846 
1311/6010B/7470A/ 
Empirical 
SOP-198/100/105/103 

Data Completeness     95% Overall Data Completeness Check S & A 

S3        SW-846 
1311/6010B/7470A/ 
Empirical 
SOP-198/100/105/103 

Comparability      Values > 5X QL: 
Field Replicates < 50% RPD 

Comparability Check S & A 

S3        SW-846 
1311/6010B/7470A/ 
Empirical 
SOP-198/100/105/103 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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Matrix Soil/Sediment     

Analytical Group  TOC     
Concentration 
 Level 

 

Low/Medium       

 
 

Sampling 
Procedure1 

 
 

Analytical 
Method/SOP2 

 
Data Quality  

Indicators 
(DQIs)  

 
 

Measurement  
Performance Criteria  

QC Sample and/or 
Activity Used to Assess 

Measurement 
Performance 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or Both (S&A) 

S3        Lloyd Kahn Method 
Empirical SOP-221 

Bias / Contamination  < 100 mg/kg  Method Blank A 

S3        Lloyd Kahn Method 
Empirical SOP-221 

Accuracy / Bias ± 20% Recovery of true value Laboratory Control Spike  A 

S3        Lloyd Kahn Method 
Empirical SOP-221 

Accuracy / Bias / 
Precision 

± 25% Recovery of true value  Matrix spike/matrix spike 
duplicate 

A 

S3        Lloyd Kahn Method 
Empirical SOP-221 

Precision Values > 5X QL:  <  50% RPD Field Duplicates     S & A 

S3        Lloyd Kahn Method 
Empirical SOP-221 

Bias / Contamination   No target analytes > QL  Equipment/Rinsate Blanks    S 

S3        Lloyd Kahn Method 
Empirical SOP-221 

Accuracy / 
Representativeness 

Between 2 and 6 degrees C.        Cooler Temperature Indicator S 

S3        Lloyd Kahn Method 
Empirical SOP-221 

Data Completeness     95% Overall Data Completeness Check S & A 

S3        Lloyd Kahn Method 
Empirical SOP-221 

Comparability      Values > 5X QL: 
Field Replicates < 50% RPD 

Comparability Check S & A 

S3        Lloyd Kahn Method 
Empirical SOP-221 

Sensitivity Quantiation limits less than 
project action limits listed in 
Worksheet 15 

Comparability and sensitivity 
check 

S&A 
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1Reference number from QAPP Worksheet #21  (see Section 3.1.2). 
2Reference number from QAPP Worksheet #23  (see Section 3.2). 
QL – Quantitation limit 
RPD – Relative Percent Difference 
EICP – Extracted ion current profile 
IS – Internal Standard 
TCL – Target Compound List 
TAL – Target Analyte List 
IDL – Instrument Detection Limit 
MDL – Method Detection Limit 
TCLP – Toxicity Characteristic Leaching Procedure 
TOC – Total Organic Carbon 
CEC – Cation Exchange Capacity 
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QAPP_Worksheet_#13   
(UFP-QAPP Manual Section 2.7) 
Identify all secondary data and information that will be used for the project and their originating sources.  Specify how the secondary 
data will be used and the limitations on their use.   

Worksheet Not Applicable (State Reason)   
 
The planned SI is the first formal phase of investigation.  Refer to the SAP, Section 3.1 for historical information and the Work 
Plan Appendix C.   
 

Secondary Data Criteria and Limitations Table 

 
 
 
 

Secondary_Data  

 
 

Data Source 
(Originating Organization, 

Report Title, and Date) 

 
Data Generator(s) 

(Originating Org., Data  
Types, Data Generation/ 

Collection Dates) 

 
 
 
 

How Data Will Be Used 

 
 
 
 

Limitations on Data Use 
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QAPP_Worksheet_#14  
(UFP-QAPP Manual Section 2.8.1) 
Provide a brief overview of the listed project activities. 

Worksheet Not Applicable (State Reason) More detailed information is provided in the Work Plan Sections 3 and 5.1 as well as Section 4 
of the SAP  
 
 

Summary of Project Tasks 
Sampling Tasks: Soil, groundwater, surface water, and sediment samples are being collected 
Analysis Tasks: Definitve fixed based laboratory data is required.  Soil, groundwater, surface water, and sediment samples will be collected and analyzed for explosives, 
nitroglycerin, pH, total organic carbon, cation exchange capacity, metals, perchlorate, nitrates, and polycyclic aromatic hydrocarbons.  Analyses varies by site based on site 
history.  TCLP regulatory list plus explosives for IDW disposal determination purposes. 
Quality Control Tasks:   QA/QC field samples including duplicates, rinsate blanks, and field blanks. MS/MSD samples.  Chain of custody procedures implemented.   
Secondary Data:  (this should be previous data/data from other investigations) Available data were used “as is” no chemistry data were available. 
Data Management Tasks:    Assign data qualifiers, verify sample IDs, run statistical calculations, ensure data are transferred to the project database for safekeeping. 
Documentation and Records:   Keep and accurate and neat field log book. Record all field data in logbook and on associated field forms.   Data validation reporting.               
Assessment/Audit Tasks: Routine audits of field personnel, field procedures, 100% data validation for laboratory analytical data.                         
Data Review Tasks:      Data validation, database QA, calculation/data input technical review.                    
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QAPP_Worksheet_#15          
(UFP-QAPP Manual Section 2.8.1)          
Complete this worksheet for each matrix, analytical group, and concentration level.  Identify the target analytes/contaminants of concern 
and project-required action limits.  Next, determine the quantitation limits (QLs) that must be met to achieve the project quality 
objectives.  Finally, list the published and achievable detection and quantitation limits for each analyte. 

Worksheet Not Applicable (State Reason) See Attached Table 15                    
 

 
SAP Worksheet #15 -- Reference Limits and Evaluation Table 

Matrix: Soil 
Analytical Group:  TAL Metals  

Laboratory (2) 

Analyte CAS Number

Project 
Action Limit 

(PAL) (1) 

(mg/kg) 
PAL Reference

Project 
Quantitation 
Limit Goal 
(PQLG) 
(mg/kg) 

Quantitatio
n Limit (QL)

(mg/kg) 

Method 
Detection 
Limit (MDL) 
(mg/kg) 

Aluminum 7429-90-5 7700 Residential 40 40 10 
Antimony 7440-36-0 3.1 Residential 1 1 0.25 
Arsenic 7440-38-2 0.39 Residential 0.39 1 0.15 
Barium 7440-39-3 1500 Residential 10 10 1 
Beryllium 7440-41-7 16 Residential 1 1 0.25 
Cadmium 7440-43-9 7 Residential 0.25 0.25 0.05 
Calcium 7440-70-2 NA Residential 250 250 50 
Chromium 7440-47-3 280 Residential 0.5 0.5 0.1 
Cobalt 7440-48-4 2.3 Residential 2.3 2.5 0.25 
Copper 7440-50-8 310 Residential 1.25 1.25 0.25 
Iron 7439-89-6 5500 Residential 5 5 1.5 
Lead 7439-92-1 40 Residential 0.25 0.25 0.1 
Mercury 7439-97-6 0.67 Residential 0.67 0.03 0.01 
Magnesium 7439-95-4 NA Residential 250 250 50 
Manganese 7439-96-5 180 Residential 1 1 0.25 
Nickel 7440-02-0 160 Residential 2 2 0.25 
Potassium 7440-09-7 NA Residential 250 250 50 
Selenium 7782-49-2 39 Residential 0.25 0.25 0.15 
Silver 7440-22-4 39 Residential 0.5 0.5 0.1 
Sodium 7440-23-5 NA Residential 250 250 50 
Thallium 7440-28-0 0.51 Residential 0.5 0.5 0.15 
Vanadium 7440-62-2 39 Residential 25 25 0.25 
Zinc 7440-66-6 2300 Residential 1 1 0.25 
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Matrix: Soil 
Analytical Group:  PAHs 
 

Laboratory (2) 

Analyte CAS Number

Project 
Action 
Limit (1) 

(mg/kg) 

Project Action 
Limit Reference

Project 
Quantitation 
Limit Goal 
(mg/kg) 

Quantitation 
Limit  

(mg/kg) 

Method 
Detection 
Limit  
(mg/kg) 

1-methylnaphthalene 90-12-0 31 Residential 0.010 0.010 0.003 
2-Methylnaphthalene 91-57-6 31 Residential 0.010 0.010 0.003 
Acenaphthene 83-32-9 340 Residential 0.010 0.010 0.003 
Acenaphthylene 208-96-8 340 Residential 0.010 0.010 0.003 
Anthracene 120-12-7 1700 Residential 0.010 0.010 0.003 
Benzo(a)anthracene 56-55-3 0.15 Residential 0.010 0.010 0.003 
Benzo(a)pyrene 50-32-8 0.015 Residential 0.010 0.010 0.003 
Benzo(b)fluoranthene 205-99-2 0.15 Residential 0.010 0.010 0.003 
Benzo(g,h,i)perylene 191-24-2 170 Residential 0.010 0.010 0.003 
Benzo(k)fluoranthene 207-08-9 1.5 Residential 0.010 0.010 0.003 
Chrysene 218-01-9 15 Residential 0.010 0.010 0.003 
Dibenzo(a,h)anthracene 53-70-3 0.0015 Residential 0.0015 0.010 0.003 
Fluoranthene 206-44-0 230 Residential 0.010 0.010 0.003 
Fluorene 86-73-7 230 Residential 0.010 0.010 0.003 
Indeno(1,2,3-cd)pyrene 193-39-5 0.15 Residential 0.010 0.010 0.003 
Naphthalene 91-20-3 3.9 Residential 0.010 0.010 0.003 
Phenanthrene 85-01-8 170 Residential 0.010 0.010 0.003 
Pyrene 129-00-0 170 Residential 0.010 0.010 0.003 
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Matrix: Soil 
Analytical Group:  Explosives 
 

Laboratory (2) 

Analyte CAS 
Number 

Project 
Action 
Limit (1)

(mg/kg)

Project Action 
Limit 

Reference 

Projec
t 

Quanti
tation
Limit 
Goal 
(mg/kg

) 

Quantitatio
n Limit  

(mg/kg) 

Method 
Detection 
Limit  
(mg/kg) 

2,4-Dinitrotoluene 121-14-2 0.71 Residential 0.50 0.50 0.10 
2,6-Dinitrotoluene 606-20-2 0.71 Residential 0.50 0.50 0.10 
2,4,6-Trinitrotoluene 118-96-7 3.6 Residential 0.50 0.50 0.10 
2-Amino-4,6-Dinitrotol
uene 

35572-78-
2 15 

Residential 0.50 0.50 0.10 

2-Nitrotoluene 88-72-2 0.29 Residential 0.29 0.50 0.10 
3-Nitrotoluene 99-08-1 120 Residential 0.50 0.50 0.10 
4-Amino-2,6-Dinitrotol
uene 

19406-51-
0 15 

Residential 0.50 0.50 0.10 

4-Nitrotoluene 99-99-0 24 Residential 0.50 0.50 0.10 
Nitroglycerin 55-63-0 0.61 Residential 0.61 5.0 1.0 

 
 
 
 
Matrix: Soil 
Analytical Group:  TOC 
 

Laboratory (2) 

Analyte CAS 
Number 

Project 
Action 
Limit (1)

(mg/kg)

Project 
Action 
Limit 

Reference

Project 
Quantitatio
n Limit Goal

(mg/kg) 

Quantitatio
n Limit  

(mg/kg) 

Method 
Detection 
Limit  
(mg/kg) 

TOC NA NA NA 3.0 3.0 1.0 
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 PAL References 
Residential  – Oak Ridge National Laboratory (ORNL) Regional direct contact residential soil screening 
levels (September 2008) 
   
1  Project Action Limits (PALs) are the ORNL Regional Screening Level table (September 12, 2008).  Tables 

summarizing all reference limits are provided in Appendic C-2. 
2  The QLs and MDLs from Empirical Laboratory are presented.  These are subject to change and actual limits 

will be evaluated during the data usability assessment to ensure that the detection and quantitation limits 
actually achieved are satisfactory to support the data evaluations. 

 
 

SAP Worksheet #15 -- Reference Limits and Evaluation Table 
Matrix: Sediment 
Analytical Group:  TAL Metals  

Laboratory (2) 

Analyte CAS Number 

Project 
Action Limit 
(PAL) (3,4) 

(mg/kg) 
PAL Reference 

Project 
Quantitation 
Limit Goal 
(PQLG) 
(mg/kg) 

Quantitatio
n Limit (QL)

(mg/kg) 

Method 
Detection 
Limit (MDL) 
(mg/kg) 

Aluminum 7429-90-5 26000 FACILITY - EA 2006 40 40 10 
Antimony 7440-36-0 0.16 FACILITY - EA 2006 0.16 1 0.25 
Arsenic 7440-38-2 9.8 FACILITY - EA 2006 1 1 0.15 
Barium 7440-39-3 0.7 FACILITY - EA 2006 0.7 10 1 
Beryllium 7440-41-7 0.55 FACILITY - EA 2006 0.55 1 0.25 
Cadmium 7440-43-9 0.99 FACILITY - EA 2006 0.25 0.25 0.05 
Calcium 7440-70-2 NA FACILITY - EA 2006 250 250 50 
Chromium 7440-47-3 43.4 FACILITY - EA 2006 0.5 0.5 0.1 
Cobalt 7440-48-4 10 FACILITY - EA 2006 2.5 2.5 0.25 
Copper 7440-50-8 31.6 FACILITY - EA 2006 1.25 1.25 0.25 
Iron 7439-89-6 10000 FACILITY - EA 2006 5 5 1.5 
Lead 7439-92-1 35.8 FACILITY - EA 2006 0.25 0.25 0.1 
Mercury 7439-97-6 0.18 FACILITY - EA 2006 0.03 0.03 0.01 
Magnesium 7439-95-4 NA FACILITY - EA 2006 250 250 50 
Manganese 7439-96-5 630 FACILITY - EA 2006 1 1 0.25 
Nickel 7440-02-0 22.7 FACILITY - EA 2006 2 2 0.25 
Potassium 7440-09-7 NA FACILITY - EA 2006 250 250 50 
Selenium 7782-49-2 0.29 FACILITY - EA 2006 0.25 0.25 0.15 
Silver 7440-22-4 0.5 FACILITY - EA 2006 0.5 0.5 0.1 
Sodium 7440-23-5 NA FACILITY - EA 2006 250 250 50 
Thallium 7440-28-0 NA FACILITY - EA 2006 0.5 0.5 0.15 
Vanadium 7440-62-2 43 FACILITY - EA 2006 25 25 0.25 
Zinc 7440-66-6 121 FACILITY - EA 2006 1 1 0.25 
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Matrix: Sediment 
Analytical Group:  PAHs 
 

Laboratory (2) 

Analyte CAS Number

Project 
Action 

Limit (3,4) 

(mg/kg) 

Project Action 
Limit Reference

Project 
Quantitation 
Limit Goal 
(mg/kg) 

Quantitation 
Limit  

(mg/kg) 

Method 
Detection 
Limit  
(mg/kg) 

1-methylnaphthalene 90-12-0 20.2 NOAA 0.010 0.010 0.003 
2-Methylnaphthalene 91-57-6 20.2 NOAA 0.010 0.010 0.003 
Acenaphthene 83-32-9 290 NOAA 0.010 0.010 0.003 
Acenaphthylene 208-96-8 160 NOAA 0.010 0.010 0.003 
Anthracene 120-12-7 57.2 TEC 0.010 0.010 0.003 
Benzo(a)anthracene 56-55-3 108 TEC 0.010 0.010 0.003 
Benzo(a)pyrene 50-32-8 150 TEC 0.010 0.010 0.003 
Benzo(b)fluoranthene 205-99-2 1800 NOAA 0.010 0.010 0.003 
Benzo(g,h,i)perylene 191-24-2 170 OMOE 0.010 0.010 0.003 
Benzo(k)fluoranthene 207-08-9 240 OMOE 0.010 0.010 0.003 
Chrysene 218-01-9 166 TEC 0.010 0.010 0.003 
Dibenzo(a,h)anthracene 53-70-3 33  TEC 0.010 0.010 0.003 
Fluoranthene 206-44-0 423  TEC 0.010 0.010 0.003 
Fluorene 86-73-7 77.4  TEC 0.010 0.010 0.003 
Indeno(1,2,3-cd)pyrene 193-39-5 200 OMOE 0.010 0.010 0.003 
Naphthalene 91-20-3 176  TEC 0.010 0.010 0.003 
Phenanthrene 85-01-8 204  TEC 0.010 0.010 0.003 
Pyrene 129-00-0 195  TEC 0.010 0.010 0.003 

 
 
 
Matrix: Sediment 
Analytical Group:  TOC 
 

Laboratory (2) 

Analyte CAS 
Number 

Project 
Action 
Limit (1)

(mg/kg)

Project 
Action 
Limit 

Referenc
e 

Project 
Quantitation 
Limit Goal 
(mg/kg) 

Quantitatio
n Limit  

(mg/kg) 

Method 
Detection 
Limit  
(mg/kg) 

TOC NA NA NA 3 3.0 1.0 
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(1)Where available, sediment project action limits reflect facility-specific values previously developed for other sites 
at NAS Brunswick (EA, January 31, 2006).  

(2)The QLs and MDLs from Empirical laboratories are presented.  These are subject to change and actual limits 
will be evaluated during the data usability assessment to ensure that the detection and quantitation limits 
actually achieved are satisfactory to support the data evaluations.  

(3) Where facility-specific project action limits are not available for sediment, a variety of other sources were used and 
is noted as such.  
- NOAA – National Oceanographic and Atmospheric Administration sediment benchmarks lowest observed effects level (Buchman, 

1999) (ecological risk based value). 
- OMOE – Ontario Ministry of the environment Lowest Effects Level (Persaud, etal., 1993) (ecological risk based values). 
- TEC – Threshold Effects Concentrations (MacDonald, et al., 2000) (ecological risk based values). 

 
Bolded values indicate that the project action limit is below the project quantitation limit. 
Bolded and shaded values indicate that the project action limit is below both the project quantitation limit and method detection 
limit. 
 
NA - Not available 

 
SAP Worksheet #15 -- Reference Limits and Evaluation Table 

Matrix: Groundwater 
Analytical Group:  TAL Metals 
 

Laboratory (2) 

Analyte CAS Number 

Project 
Action Limit 

(1) 

(µg/L) 

Project Action 
Limit Reference 

Project 
Quantitation 
Limit Goal 
(µg/L) 

Quantitatio
n Limit  

(µg/L) 

Method 
Detection 
Limit  
(µg/L) 

Aluminum 7429-90-5 1430 MEG 200 200 50 
Antimony 7440-36-0 1.5 Tap Water SL 1.5 4 1.3 
Arsenic 7440-38-2 0.045 Tap Water SL 0.045 1.3 0.75 
Barium 7440-39-3 730 Tap Water SL 200 200 5 
Beryllium 7440-41-7 7.3 Tap Water SL 5 5 1 
Cadmium 7440-43-9 1.8 Tap Water SL 1.8 5 1 
Calcium 7440-70-2 NA Tap Water SL 1000 1000 200 
Chromium 7440-47-3 35 MEG 10 10 2 
Cobalt 7440-48-4 1.1 Tap Water SL 1.1 15 5 
Copper 7440-50-8 150 Tap Water SL 25 25 5 
Iron 7439-89-6 2600 Tap Water SL 100 100 30 
Lead 7439-92-1 10 MEG 3 3 1.5 
Mercury 7439-97-6 0.063 Tap Water SL 0.063 0.2 0.08 
Magnesium 7439-95-4 NA Tap Water SL 5000 5000 1000 
Manganese 7439-96-5 88 Tap Water SL 15 15 5 
Nickel 7440-02-0 140 MEG 40 40 5 
Potassium 7440-09-7 NA Tap Water SL 1000 1000 500 
Selenium 7782-49-2 35 MEG 5 5 3 
Silver 7440-22-4 35 MEG 10 10 1 
Sodium 7440-23-5 NA MEG 5000 5000 1000 
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Laboratory (2) 

Analyte CAS Number 

Project 
Action Limit 

(1) 

(µg/L) 

Project Action 
Limit Reference 

Project 
Quantitation 
Limit Goal 
(µg/L) 

Quantitatio
n Limit  

(µg/L) 

Method 
Detection 
Limit  
(µg/L) 

Thallium 7440-28-0 0.5 MEG 0.5 2 0.75 
Vanadium 7440-62-2 18 Tap Water SL 15 15 5 
Zinc 7440-66-6 1100 MEG 20 20 5 

 
 
 

  
Matrix: Groundwater 
Analytical Group:  PAHs 
 

Laboratory (2) 

Analyte CAS Number

Project 
Action 
Limit (1) 

(ug/L) 

Project Action 
Limit Reference

Project 
Quantitation 
Limit Goal 

(ugL) 

Quantitation 
Limit  

(ug/L) 

Method 
Detection 
Limit  
(ug/L) 

1-Methylnaphthalene  2.3 Tap Water SL 0.05 0.05 0.008 
2-Methylnaphthalene 91-57-6 15 Tap Water SL 0.05 0.05 0.006 
Acenaphthene 83-32-9 220 Tap Water SL 0.05 0.05 0.007 
Acenaphthylene 208-96-8 220 Tap Water SL 0.05 0.05 0.005 
Anthracene 120-12-7 1100 Tap Water SL 0.05 0.05 0.001 
Benzo(a)anthracene 56-55-3 0.029 Tap Water SL 0.029 0.05 0.013 
Benzo(a)pyrene 50-32-8 0.0029 Tap Water SL 0.0029 0.05 0.007 
Benzo(b)fluoranthene 205-99-2 0.029 Tap Water SL 0.029 0.05 0.012 
Benzo(g,h,i)perylene 191-24-2 110 Tap Water SL 0.05 0.05 0.007 
Benzo(k)fluoranthene 207-08-9 0.29 Tap Water SL 0.05 0.05 0.01 
Chrysene 218-01-9 2.9 Tap Water SL 0.05 0.05 0.011 
Dibenzo(a,h)anthracene 53-70-3 0.0029 Tap Water SL 0.0029 0.05 0.006 
Fluoranthene 206-44-0 150 Tap Water SL 0.05 0.05 0.013 
Fluorene 86-73-7 150 Tap Water SL 0.05 0.05 0.007 
Indeno(1,2,3-cd)pyrene 193-39-5 0.029 Tap Water SL 0.029 0.05 0.004 
Naphthalene 91-20-3 0.14 Tap Water SL 0.05 0.05 0.013 
Phenanthrene 85-01-8 110 Tap Water SL 0.05 0.05 0.008 
Pyrene 129-00-0 110 Tap Water SL 0.05 0.05 0.013 
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Matrix: Groundwater 
Analytical Group:  Explosives 

 Laboratory (2) 

Analyte CAS Number 

Project 
Action 
Limit (1)

(ug/L)

Project 
Action Limit 
Reference 

Project 
Quantitati
on Limit 
Goal 
(ug/L) 

Quantitation 
Limit  

(ug/L) 

Method 
Detection 
Limit  
(ug/L) 

2,4-Dinitrotoluene 121-14-2 0.5 MEG 0.5 0.5 0.1 
2,6-Dinitrotoluene 606-20-2 0.5 MEG 0.5 0.5 0.1 
2,4,6-Trinitrotoluene 118-96-7 1.8 Tap Water SL 0.5 0.5 0.1 
2-Amino-4,6-Dinitrotoluen
e 35572-78-2 7.3 Tap Water SL 0.5 0.5 0.1 

2-Nitrotoluene 88-72-2 0.31 Tap Water SL 0.31 0.5 0.1 
3-Nitrotoluene 99-08-1 73 Tap Water SL 0.5 0.5 0.1 
4-Amino-2,6-Dinitrotoluen
e 1946-51-0 7.3 Tap Water SL 0.5 0.5 0.1 

4-Nitrotoluene 99-99-0 4.2 Tap Water SL 0.5 0.5 0.1 
Nitroglycerin 55-63-0 0.37 Tap Water SL 0.37 4.0 1.0 
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Matrix: Groundwater 
Analytical Group:  Perchlorate 

 Laboratory (2) 

Analyte CAS 
Number 

Project 
Action 
Limit (1)

(ug/L)

Project 
Action Limit 
Reference 

Project Quantitation 
Limit Goal 
(ug/L) 

Quantitatio
n Limit  

(ug/L) 

Method 
Detection 
Limit  
(ug/L) 

Perchlorate 
14797-73-

0 1 MEG 0.50 0.50 0.085 

 
Matrix: Groundwater 
Analytical Group:  Nitrate and Nitrite 

 Laboratory (2) 

Analyte CAS Number 

Project 
Action 
Limit (1)

(ug/L)

Project 
Action Limit 
Reference 

Project 
Quantitati
on Limit 
Goal 
(ug/L) 

Quantitation 
Limit  

(ug/L) 

Method 
Detection 
Limit  
(ug/L) 

Nitrate 14797-55-8 10000 MEG 0.1 0.1 0.01 
Nitrite 14797-65-0 1000 MEG 0.05 0.05 0.01 
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 Matrix: Leachate (all) 
Analytical Group:  Toxicity Characteristic Leachate Procedure (TCLP) Regulatory List 

 Laboratory (2) 

Analyte CAS Number

Project 
Action 
Limit (3)

(mg/L)

Project Action 
Limit Reference 

Project 
Quantitati
on Limit 
Goal 
(mg/L) 

Quantitatio
n Limit  

(mg/L) 

Method 
Detection 
Limit  
(mg/L) 

Benzene 71-43-2 0.5 40 CFR 260.11 0.020 0.020 0.005 
Carbon tetrachloride 56-23-5 0.5 40 CFR 260.11 0.020 0.020 0.005 
Chlorobenzene 108-90-7 100 40 CFR 260.11 0.020 0.020 0.005 
Chloroform 67-66-3 6 40 CFR 260.11 0.020 0.020 0.005 
1,2-Dichloroethane 107-06-2 0.5 40 CFR 260.11 0.020 0.020 0.005 
1,1-Dichloroethene 75-35-4 0.7 40 CFR 260.11 0.020 0.020 0.005 
2-Butanone 78-93-3 200 40 CFR 260.11 0.100 0.100 0.04 
Tetrachloroethene 127-18-4 0.7 40 CFR 260.11 0.020 0.020 0.005 
Trichloroethene 79-01-6 0.5 40 CFR 260.11 0.020 0.020 0.005 
Vinyl chloride 75-01-4 0.2 40 CFR 260.11 0.040 0.040 0.02 
o-Cresol 95-48-7 200 40 CFR 260.11 0.050 0.050 0.02 
m-Cresol 95-48-7 200 40 CFR 260.11 0.050 0.050 0.02 
p-Cresol 106-44-5 200 40 CFR 260.11 0.050 0.050 0.02 
1,4-Dichlorobenzene 106-46-7 7.5 40 CFR 260.11 0.050 0.050 0.02 
2,4-Dinitrotoluene 121-14-2 0.13 40 CFR 260.11 0.050 0.050 0.02 
Hexachlorobenzene 118-74-1 0.13 40 CFR 260.11 0.050 0.050 0.02 
Hexachloro-1,3-butadi
ene 87-68-3 0.5 40 CFR 260.11 0.050 0.050 0.02 

Hexachloroethane 67-72-1 3 40 CFR 260.11 0.050 0.050 0.02 
Nitrobenzene 98-95-3 2 40 CFR 260.11 0.050 0.050 0.02 
Pentachlorophenol 87-86-5 100 40 CFR 260.11 0.050 0.050 0.02 
Pyridine 110-86-1 5 40 CFR 260.11 0.250 0.250 0.1 
2,4,5-Trichlorophenol 95-95-4 400 40 CFR 260.11 0.1 0.1 0.05 
2,4,6-Trichlorophenol 88-06-2 2 40 CFR 260.11 0.1 0.1 0.05 
Chlordane 57-74-9 0.03 40 CFR 260.11 0.0025 0.0025 0.0010 
Endrin 72-20-8 0.02 40 CFR 260.11 0.0025 0.0025 0.0010 
Heptachlor 76-44-8 0.008 40 CFR 260.11 0.00025 0.00025 0.0001 
Heptachlor epoxide 1024-57-3 0.008 40 CFR 260.11 0.00025 0.00025 0.0001 
Lindane 58-89-9 0.4 40 CFR 260.11 0.00025 0.00025 0.0001 
Methoxychlor 72-43-5 10 40 CFR 260.11 0.0025 0.0025 0.001 
Toxaphene 8001-35-2 0.5 40 CFR 260.11 0.010 0.010 0.005 
2,4-D 94-75-7 10 40 CFR 260.11 0.015 0.015 0.005 
2,4,5-TP (silvex) 93-72-1 1 40 CFR 260.11 0.015 0.015 0.005 
Arsenic 7440-38-2 5 40 CFR 260.11 0.10 0.10 0.05 
Barium 7440-39-3 100 40 CFR 260.11 0.10 0.10 0.05 
Cadmium 7440-43-9 1 40 CFR 260.11 0.10 0.10 0.05 
Chromium 7440-47-3 5 40 CFR 260.11 0.10 0.10 0.05 
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 Laboratory (2) 

Analyte CAS Number

Project 
Action 
Limit (3)

(mg/L)

Project Action 
Limit Reference 

Project 
Quantitati
on Limit 
Goal 
(mg/L) 

Quantitatio
n Limit  

(mg/L) 

Method 
Detection 
Limit  
(mg/L) 

Lead 7439-92-1 5 40 CFR 260.11 0.10 0.10 0.05 
Mercury 7439-97-6 0.2 40 CFR 260.11 0.002 0.002 0.001 
Selenium 7782-49-2 1 40 CFR 260.11 0.10 0.10 0.05 
Silver 7440-22-4 5 40 CFR 260.11 0.10 0.10 0.05 

 
 

 
 PAL References 
Residential  – Oak Ridge National Laboratory Regional direct contact residential soil 
screening levels (September 2008) 
Tap Water SL - ORNL Screening Levels for tap water (September 2008) 
MEG - Maine CDC Maximum Exposure Guidelines (MEG) for Drinking Water (December 5, 2008) 
   
(4) Project Action Limits (PALs) are the ORNL Regional Screening Level table (September 12, 2008).  Tables 

summarizing all reference limits are provided in Appendic C-2. For carcinogens in both soil and groundwater, the 
PRG reference value is provided and for noncarcinogens the PRG reference value is divided by ten.  For groundwater, in some 
cases, the Maine CDC Maximum Exposure Guidelines (MEG) for Drinking Water (December 5, 2008) was lower than the ORNL Tap 
water value; in these instances the MEG is presented as the project action limit and is noted as such. 

(5) The QLs and MDLs from Empirical laboratories are presented.  These are subject to change and actual limits 
will be evaluated during the data usability assessment to ensure that the detection and quantitation limits 
actually achieved are satisfactory to support the data evaluations. 

(6) The PAL is the TCLP regulatory level. 
 
Bolded values indicate that the project action limit is below the project quantitation limit. 
Bolded and shaded values indicate that the project action limit is below both the project quantitation limit and method detection 
limit. 

 
NA - Not available 
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SAP Worksheet #15 -- Reference Limits and Evaluation Table 
Matrix: Surface Water 
Analytical Group:  TAL Metals 
 

Laboratory (2) 

Analyte CAS Number 

Project 
Action Limit 

(1) 

(µg/L) 

Project Action 
Limit Reference 

Project 
Quantitation 
Limit Goal 
(µg/L) 

Quantitatio
n Limit  

(µg/kg) 

Method 
Detection 
Limit  
(µg/L) 

Aluminum 7429-90-5 87 FACILITY – EA 2006 87 200 50 
Antimony 7440-36-0 5.5 SWQC 4 4 1.3 
Arsenic 7440-38-2 150 FACILITY – EA 2006 1.3 1.3 0.75 
Barium 7440-39-3 3.9 FACILITY – EA 2006 3.9 200 5 
Beryllium 7440-41-7 0.66 FACILITY – EA 2006 0.66 5 1 
Cadmium 7440-43-9 0.08 FACILITY – EA 2006 0.08 5 1 
Calcium 7440-70-2 NA FACILITY – EA 2006 1000 1000 200 
Chromium 7440-47-3 11 FACILITY – EA 2006 10 10 2 
Cobalt 7440-48-4 23 FACILITY – EA 2006 15 15 5 
Copper 7440-50-8 2.36 FACILITY – EA 2006 2.36 25 5 
Iron 7439-89-6 1000 FACILITY – EA 2006 100 100 30 
Lead 7439-92-1 0.41 FACILITY – EA 2006 0.41 3 1.5 
Mercury 7439-97-6 0.91 FACILITY – EA 2006 0.2 0.2 0.08 
Magnesium 7439-95-4 NA FACILITY – EA 2006 5000 5000 1000 
Manganese 7439-96-5 120 FACILITY – EA 2006 15 15 5 
Nickel 7440-02-0 13.4 FACILITY – EA 2006 13.4 40 5 
Potassium 7440-09-7 NA FACILITY – EA 2006 1000 1000 500 
Selenium 7782-49-2 5.0 FACILITY – EA 2006 5 5 3 
Silver 7440-22-4 0.23 FACILITY – EA 2006 0.23 10 1 
Sodium 7440-23-5 NA FACILITY – EA 2006 5000 5000 1000 
Thallium 7440-28-0 12 FACILITY – EA 2006 2 2 0.75 
Vanadium 7440-62-2 20 FACILITY – EA 2006 15 15 5 
Zinc 7440-66-6 30.6 FACILITY – EA 2006 20 20 5 
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Matrix: Surface Water 
Analytical Group:  PAHs 
 

Laboratory (2) 

Analyte CAS Number

Project 
Action 
Limit (3) 

(ug/L) 

Project Action 
Limit Reference

Project 
Quantitation 
Limit Goal 

(ugL) 

Quantitation 
Limit  

(ug/L) 

Method 
Detection 
Limit  
(ug/L) 

1-methylnaphthalene 90-12-0 72.16  FCV 0.05 0.05 0.008 
2-Methylnaphthalene 91-57-6 72.16  FCV 0.05 0.05 0.006 
Acenaphthene 83-32-9 55.85 FCV 0.05 0.05 0.007 
Acenaphthylene 208-96-8 306.9 FCV 0.05 0.05 0.005 
Anthracene 120-12-7 20.73 FCV 0.05 0.05 0.001 
Benzo(a)anthracene 56-55-3 0.003 SWQC 0.003 0.05 0.013 
Benzo(a)pyrene 50-32-8 0.003 SWQC 0.003 0.05 0.007 
Benzo(b)fluoranthene 205-99-2 0.003 SWQC 0.003 0.05 0.012 
Benzo(g,h,i)perylene 191-24-2 0.003 SWQC 0.003 0.05 0.007 
Benzo(k)fluoranthene 207-08-9 0.003 SWQC 0.003 0.05 0.01 
Chrysene 218-01-9 0.003 SWQC 0.003 0.05 0.011 
Dibenzo(a,h)anthracene 53-70-3 0.003 SWQC 0.003 0.05 0.006 
Fluoranthene 206-44-0 7.109 FCV 0.05 0.05 0.013 
Fluorene 86-73-7 39.3 FCV 0.05 0.05 0.007 
Indeno(1,2,3-cd)pyrene 193-39-5 0.003 SWQC 0.003 0.05 0.004 
Naphthalene 91-20-3 193.5 FCV 0.05 0.05 0.013 
Phenanthrene 85-01-8 19.13 FCV 0.05 0.05 0.008 
Pyrene 129-00-0 10.11 FCV 0.05 0.05 0.013 
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(7)Where available, surface water project action limits reflect facility-specific values previously developed for other sites 

at NAS Brunswick (EA, January 31, 2006).  
(8)The QLs and MDLs from Empirical laboratories are presented.  These are subject to change and actual limits 

will be evaluated during the data usability assessment to ensure that the detection and quantitation limits 
actually achieved are satisfactory to support the data evaluations.  

(9) Where facility-specific project action limits are not available for surface water, a variety of other sources were used 
and is noted as such. FCV – Final chronic values (USEPA, 2003) (ecological risk based value),   SWQC – State water quality 
criteria based on consumption for protection of human health. 

 
 
 
Bolded values indicate that the project action limit is below the project quantitation limit. 
Bolded and shaded values indicate that the project action limit is below both the project quantitation limit and method detection 
limit. 
 
NA - Not available 

 
 
 
 
 
 
(10) The project action limit is the Region IX Preliminary Remediation Goal (PRG), USEPA October 2004 with December 20, 2006 update.   The target project action limit 

for soil is the PRG for residential soil and for groundwater is the PRG for tap water.  For carcinogens in both soil and groundwater, the PRG reference value is provided 
and for noncarcinogens the PRG reference value is divided by ten.   

(11) For groundwater, in some cases, the Maine CDC Maximum Exposure Guidelines (MEG) for Drinking Water (September 7, 2007) was lower than the Region IX PRG; 
in these instances the MEG is presented as the project action limit and is noted as such. 

(12) Where available, surface water and sediment project action limits reflect facility-specific values previously developed for other sites at NAS Brunswick (EA, January 
31, 2006). 

(13) Where facility-specific project action limits are not available for surface water and sediment, a variety of other sources were used and is noted as such. 
- EcoTox – Ecotox Thresholds (USEPA, 1996) (ecological based values) 
- FCV – Final chronic values (USEPA, 2003) (ecological risk based value) 
- NOAA – National Oceanographic and Atmospheric Administration sediment benchmarks lowest observed effects level (Buchman, 1999) (ecological risk based 

value) 
- NRWQC – National recommended Water Quality Criteria, continuous concentration (CCC) for fresh water 
- OMOE – Ontario Ministry of the environment Lowest Effects Level (Persaud, etal., 1993) (ecological risk based values) 
- SCV – Secondary chronic value (Suter and Tsao, 1996) (ecological risk based level) 
- SWQC – State (Maine) Water Quality Criteria for Human Health consumption of water and organisms 
- TEC – Threshold Effects Concentrations (MacDonald, etal., 2000) (ecological risk based values) 

(14) The project action limit is the TCLP Regulatory level. 
 
Bolded values indicate that the project action limit is below the project quantitation limit. 
 
NA - Not available 
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QAPP_Worksheet_#16             
(UFP-QAPP Manual Section 2.8.2)          
List all project activities as well as the QA assessments that will be performed during the course of the project.  Include the anticipated 
start and completion dates. 

Worksheet Not Applicable (State Reason) See Work Plan Table 5-1 
 

Project Schedule Timeline Table 
  Dates (MM/DD/YY)   

Activities Organization 
Anticipated 

Date(s) of Initiation 
Anticipated Date of 

Completion Deliverable Deliverable Due Date 
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QAPP_Worksheet_#17             
(UFP-QAPP Section 3.1.1)            
Describe the project sampling approach.  Provide the rationale for selecting sample locations and matrices for each analytical group and 
concentration level. 

Worksheet Not Applicable (State Reason)   
 

 
Sampling Design and Rationale 

Describe and provide a rationale for choosing the sampling approach (e.g., grid system, biased statistical approach): See Section 4 of the SAP. 
Describe the sampling design and rationale in terms of what matrices will be sampled, what analytical groups will be analyzed and at what concentration levels, 
the sampling locations (including QC, critical, and background samples), the number of samples to be taken, and the sampling frequency (including seasonal 
considerations) [May refer to map or Worksheet #18 for details]:  See the location maps in Section 2 of the Work Plan. Also see Table 3-1 of the SAP.  For the MC sites 
where XRF sampling is planned (NASB Skeet Range, Topsham Skeet Range, and Machine Gun Boresight Range) firm sample locations will not be determined until 
after the XRF sampling is completed.  The regulatory agencies will be involved in determining sample locations.                         
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QAPP_Worksheet_#18  
(UFP-QAPP Manual Section 3.1.1)  
List all site locations that will be sampled and include sample/ID number, if available.  (Provide a range of sampling locations or ID 
numbers if a site has a large number.) Specify matrix and, if applicable, depth at which samples will be taken.  Only a short reference for 
the sampling location rationale is necessary for the table. The text of the QAPP should clearly identify the detailed rationale associated 
with each reference. Complete all required information, using additional worksheets if necessary. 

Worksheet Not Applicable (State Reason) See the sample location maps in Section 2 of the Work Plan and Table 3-1 of the SAP.  Sampling 
locations have not yet been firmly determined.   For the MC sites where XRF sampling is planned (NASB Skeet Range, Topsham Skeet 
Range, and Machine Gun Boresight Range) firm sample locations will not be determined until after the XRF sampling is completed.  The 
regulatory agencies will be involved in determining sample locations.                         
See Sections 4 and 5 of the SAP. 

 
Sampling Locations and Methods/SOP Requirements Table 

Sampling 
Location/ID 

Number 
 

Matrix 
Depth 

(     ) Analytical Group
Concentration 

Level 

 
Number of 

Samples (identify 
field duplicates 

Sampling SOP 
Reference1 

Rationale for 
Sampling 
Location 

        
        
        
        

1Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet_#21 ). 
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QAPP_Worksheet_#19       
(UFP-QAPP Manual Section 3.1.1)         
For each matrix, analytical group, and concentration level, list the analytical and preparation method/SOP and associated sample 
volume, container specifications, preservation requirements, and maximum holding time. 

Worksheet Not Applicable (State Reason)
                         

 
Analytical SOP Requirements Table (Fixed-Base Laboratory) 
 

 
Matrix 

 
Analytical Group 

 
Analytical and 

Preparation Method / 
SOP Reference1 

 
Containers 

(number, size, and 
type) 

 

Sample volume2 

(units) 

 
Preservation 

Requirements 

 (chemical, 
temperature, light 

protected) 

 
Maximum 

Holding Time3 
(preparation / 

analysis) 

Water PAHs SW-846 3510C/8270C 
SIM 
Empirical SOP-300/231 

Two 1-liter glass 
amber bottles 

1000 milliliters Cool to 4o C 7 days until 
extraction/40 
days to 
analysis 

Soil PAHs SW-846 3541/8270C SIM 
Empirical SOP-329/231 

4 ounce glass 15 grams Cool to 4o C 14 days until 
extraction/40 
days to 
analysis 

Water Metals SW-846 
3005A/6010B/7470A, 
Empirical 
SOP-100/103/105 

500 milliliter plastic 50 milliliters/30 
milliliters mercury 

Nitric acid to a 
pH<2; Cool to 4 ° 
C 

180 days to 
analysis, 28 
days mercury 

Soil Metals SW-846 
3050B/6010B/7471A, 
Empirical 
SOP-100/104/105 

4 ounce glass 1-2 grams/ 0.3 
grams mercury 

Cool to 4 ° C 180 days to 
analysis, 28 
days mercury 

Solid Investigationally 
Derived Waste (IDW) 

Toxicity Characteristic 
Leaching Procedure 
(TCLP) Organics 

SW-846 
1311/3510C/8260B/8270C
/8081A/ 8151B/ Empirical 
SOP-198/300/302/304/202
/201/211/208 

4 ounce glass 100 grams Cool to 4 ° C 14 days to 
TCLP 
extraction/7 
days to 
extraction for 
Semis ,40 days 
analysis/ 14 
days for 
volatiles to 
analysis. 
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Matrix 

 
Analytical Group 

 
Analytical and 

Preparation Method / 
SOP Reference1 

 
Containers 

(number, size, and 
type) 

 

Sample volume2 

(units) 

 
Preservation 

Requirements 

 (chemical, 
temperature, light 

protected) 

 
Maximum 

Holding Time3 
(preparation / 

analysis) 

Solid IDW TCLP Metals SW-846 
1311/3005A/6010B/ 7470A 
Empirical 
SOP-198/100/105/ 103 

4 ounce glass 100 grams Cool to 4 ° C 14 days to 
TCLP 
extraction/180 
days to 
analysis, 28 
days Hg 

Water Dinitrotoluenes and 
Nitroglycerin 

SW-846 8330A/Empirical 
SOP-327 

2- One Liter Amber 
Glass 

1000 milliliters Sulfuric acid to a 
pH< 2; Cool to 4 ° 
C 

7 days to 
extraction, 40 
days to 
analysis 

Soil Dinitrotoluenes and 
Nitroglycerin 

SW-846 8330A/Empirical 
SOP-327 

4 ounce glass jar 2 grams Cool to 4 ° C 14 days to 
extraction, 40 
days to 
analysis 

Water Perchlorate  SW-846 6850 
CAS SOP-HPLC-6850 

125 milliliters 
pre-cleaned sterile, 
plastic containers 

10 milliliters Shipped via 
FedEx within 12 
hours of sample 
collection with /3 
volume head 
space to remove 
and/or minimize 
microbial and 
anaerobic 
bacteria. 
Laboratory to filter 
immediately upon 
receipt. 
4 + 2 oC 

28 days from 
sampling to 
analysis 
 
 

Water Nitrate and Nitrite EPA 300 Empirical 
SOP-145 

250 milliliters 
pre-cleaned sterile, 
plastic containers 

5 milliliters Cool to 4 ° C 48 hours to 
analysis  

Soil pH SW-846 9045C 
Empirical SOP-187 

4 oz glass 4 oz. Cool to 4 ° C Analyze as 
soon as 
possible  

Soil Total Organic 
Carbon(TOC) 

Lloyd Kahn 
Empirical SOP-221 

4 ounce glass 5 grams Cool to 4 ° C 28 days to 
analysis 
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Matrix 

 
Analytical Group 

 
Analytical and 

Preparation Method / 
SOP Reference1 

 
Containers 

(number, size, and 
type) 

 

Sample volume2 

(units) 

 
Preservation 

Requirements 

 (chemical, 
temperature, light 

protected) 

 
Maximum 

Holding Time3 
(preparation / 

analysis) 

Soil Cation Exchange Capacity 
(CEC) 

SW-845 9081 Empirical 
SOP 
 

4 ounce glass 4-6 grams Cool to 4 ° C 6 months to 
analysis 

1Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet #23). 
2 Provide the minimum sample volume or mass requirement if it differs from the container volume. 
3 Maximum holding time is calculated from the time the sample is collected to the time the sample is prepared/extracted. 

HCl - Hydrochloric acid 
C - Celcius 
TCL – Target Compound List 
TAL – Target Analyte List 
TCLP – Toxicity Characteristic Leaching Procedure 
 

Analytical SOP Requirements Table (Field) 

Matrix Analytical Group 
Concentration 

Level 

Analytical_and  
Preparation  
Method/SOP  
Reference 1 Sample Volume 

Containers 
(number, size, 

and type) 

Preservation 
Requirements 

(chemical, 
temperature, 

light protected) 

Maximum 
Holding_Time  
(preparation/ 

analysis) 
Soil Lead Low XRF SOP  

(see SOP S15) 
1 oz. Zip-lock bag None 180 days to analysis
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QAPP_Worksheet_#20             
(UFP-QAPP Manual Section 3.1.1) 
Summarize by matrix, analytical group, and concentration level the number of field QC samples that will be collected and sent to the 
laboratory. 

Worksheet Not Applicable (State Reason)
                        

 
 

Field Quality Control Sample Summary Table 

Matrix 
Analytical 

Group 
Concentration

Level 

Analytical and 
Preparation SOP 

Reference1 

No._of  
Sampling  
Locations  

No. of  
Field_Duplicate 

  
Pairs 

No. of 
MS  

No. of 
Field  

Blanks  

No. of 
Equip.  
Blanks 

No. of PT  
Samples 

Total No. 
of Samples 

to Lab* 
Soil Lead Low XRF 270 27 None None None None 0 

Surface Soil TAL Metals low SW-846 
3005A/6010B/ 7471A 
Empirical 
SOP-100/105/104 

48 5 5 0 0 0 58 

Surface Soil Explosives low SW-846 
8330A/Empirical 
SOP-327 

8 2 2 0 0 0 12 

Surface Soil Nitroglycerin low SW-846 
8332/Empirical 
SOP-327 

21 3 3 0 0 0 27 

Surface Soil PAHs low SW-846 3541/8270C/ 
Empirical 
SOP-329/231 

36 4 4 0 0 0 44 

Surface Soil pH Low  8 0 0 0 0 0 48 

Surface Soil TOC Low  8 0 0 0 0 0 8 

Surface Soil CEC Low  8 0 0 0 0 0 8 

Subsurface 
Soil 

TAL Metals low SW-846 
3005A/6010B/ 7471A 
Empirical 
SOP-100/105/104 

25 3 3 0 0 0 31 

Subsurface 
Soil 

Explosives low SW-846 
8330A/Empirical 
SOP-327 

3 1 1 0 0 0 5 
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Field Quality Control Sample Summary Table 

Matrix 
Analytical 

Group 
Concentration

Level 

Analytical and 
Preparation SOP 

Reference1 

No._of  
Sampling  
Locations  

No. of  
Field_Duplicate 

  
Pairs 

No. of 
MS  

No. of 
Field  

Blanks  

No. of 
Equip.  
Blanks 

No. of PT  
Samples 

Total No. 
of Samples 

to Lab* 
Subsurface 
Soil 

Nitroglycerin low SW-846 
8330A/Empirical 
SOP-327 

15 2 2 0 0 0 19 

Subsurface 
Soil 

PAHs low SW-846 3541/8270C/ 
Empirical 
SOP-329/231 

13 2 2 0 0 0 17 

Groundwater
/Aqueous* 

TAL Metals low SW-846 
3005A/6010B/ 7470A 
Empirical 
SOP-100/105/103 

17 3 3 1 9 0 33 

Groundwater
/Aqueous* 

Nitroglycerin low SW-846 
8330A/Empirical 
SOP-327 

7 2 2 1 7 0 19 

Groundwater
/Aqueous* 

PAHs low SW-846 
3510C/8270C/ 
Empirical 
SOP-300/231 

12 2 2 1 6 0 23 

Groundwater
/Aqueous* 

Explosives low SW-846 8330A 2 1 1 1 4 0 9 

Groundwater
/Aqueous* 

Perchlorate low SW-846 6850 5 1 1 1 1 0 9 

Groundwater
/Aqueous* 

Nitrates Low  12 2 2 1 2 0 19 

Surface water TAL Metals low SW-846 
3005A/6010B/ 7470A 
Empirical 
SOP-100/105/103 

5 2  2  0 2 0 11 

Surface water PAHs low SW-846 
3510C/8270C/ 
Empirical 
SOP-300/231 

3 1 1 0 1 0 6 

Sediment TAL Metals low SW-846 
3005A/6010B/ 7471A 
Empirical 
SOP-100/105/104 

7 2 2 0 2 0 13 

Sediment PAHs low SW-846 3541/8270C/ 
Empirical 
SOP-329/231 

3 1 1 0 1 0 6 
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Field Quality Control Sample Summary Table 

Matrix 
Analytical 

Group 
Concentration

Level 

Analytical and 
Preparation SOP 

Reference1 

No._of  
Sampling  
Locations  

No. of  
Field_Duplicate 

  
Pairs 

No. of 
MS  

No. of 
Field  

Blanks  

No. of 
Equip.  
Blanks 

No. of PT  
Samples 

Total No. 
of Samples 

to Lab* 
Sediment TOC low Lloyd Kahn Empirical 

SOP-221 
7 0 0 0 0 0 7 

Soil/ 
Sediment 

TCLP Organic low SW-846 
1311/3510C/8260B/82
70C/8081A/ 8151B/ 
Empirical 
SOP-198/300/302/304/
202/201/211/208 

5 NA NA 0 NA 0 5 

Soil/ 
Sediment 

TCLP Inorganic low SW-846 
1311/3005A/6010B/ 
7470A 
Empirical 
SOP-198/100/105/ 103

5 NA NA 0 NA 0 5 

 

 

1Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet_#23 ). 
Not Applicable. 
 

* Approximate.  Quantities subject to change. 
 

TCL – Target Compound List 
SVOCs – Semivolatile Organic Compounds 
PAHs – Polycyclic Aromatic Hydrocarbons 
TAL – Target Analyte List 
TCLP – Toxicity Characteristic Leaching Procedure 
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QAPP_Worksheet_#21       
(UFP-QAPP Manual Section 3.1.2)     
List all SOPs associated with project sampling including, but not limited to, sample collection, sample preservation, equipment cleaning 
and decontamination, equipment testing, inspection and maintenance, supply inspection and acceptance, and sample handling and 
custody.  Include copies of the SOPs as attachments or reference all in the QAPP.  Sequentially number sampling SOP references in the 
Reference Number column.  The reference number can be used throughout the QAPP to refer to a specific SOP. 

Worksheet Not Applicable (State Reason)
      

Project Sampling SOP References Table 

 
Reference 
Number 

 
 

Title, Revision Date and/or Number

 
 

Originating 
Organization 

 
 

Equipment Type 

Modified for 
Project Work? 
(Check if yes) 

 
 

Comments 
S1 Utility Locating And Excavation 

Clearance, HS-1.0 
TtNUS Magnetometer             

S2 Direct Push Technology, SA-2.5 TtNUS         

S3 Soil Sampling, SA-1.3 TtNUS Sampling Procedures, 
Methods 

       

S4 Borehole and Sample Logging, GH-1.5 TtNUS              

S5 Groundwater Sample Acquisition and 
On-site Water Quality Testing, SA-1.1 

TtNUS Sampling Procedures, 
Methods 

            

S6 Evaluation of Exiting Monitoring Wells 
and Water Level Measurements, GH-1.2 

TtNUS Water level indicators        

S7 Well Abandonment, GH-2.9 TtNUS         

S8 Decontamination of Field Equipment and 
Waste Handling, SA-7.1 

TtNUS Decontamination  Equipment 
(scrub brushes, phosphate free 
detergent, deionized water) 

       

S9 Field Documentation, SA-6.3 TtNUS Field Logbook, Field Sample 
Forms, Boring Logs 

            

S10 USEPA Region I Low-Flow Purging and 
Sampling Methods 

USEPA Sampling Procedures, 
Methods 

       

S11 USEPA Region I Draft Calibration of 
Field Instruments 

USEPA Water quality meters        

S12 Surface Water and Sediment Sampling. 
SA-1.2 

TtNUS Sampling Procedures, 
Methods 

       

S13 Groundwater Monitoring Well 
Installation, GH-2.8 

TtNUS              

S14 Soil and Rock Drilling Methods, GH-1.3 TtNUS Hand auger             
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Project Sampling SOP References Table 

 
Reference 
Number 

 
 

Title, Revision Date and/or Number

 
 

Originating 
Organization 

 
 

Equipment Type 

Modified for 
Project Work? 
(Check if yes) 

 
 

Comments 
S15 XRF SOP for Field Portable X-Ray 

Fluorescence 
TtNUS XRF unit             
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QAPP_Worksheet_#22  
(UFP-QAPP Manual Section 3.1.2.4)            
Identify all field equipment and instruments (other than analytical instrumentation) that require calibration, maintenance, testing, or 
inspection and provide the SOP reference number for each type of equipment.  In addition, document the frequency of activity, 
acceptance criteria, and corrective action requirements on the worksheet. 

Worksheet Not Applicable (State Reason)   
 
 
 

Field Equipment Calibration, Maintenance, Testing, and Inspection Table 
Field 

Equipment 
Calibration 

Activity 
Maintenance 

Activity 
Testing 
Activity 

Inspection 
Activity 

 
Frequency 

Acceptance 
Criteria 

Corrective 
Action 

Responsible 
Person 

SOP 
Reference1 

Water Quality 
Meter 

Prepared 
Standards 

NA Calibrated in 
accordance with 
manufacture 
specifications and 
SOP S11(USEPA 
Region I 
methods).  All 
parameters 
except ORP will 
use a minimum of 
two standards to 
bracket the 
measurement 
range.  The ORP 
measurement 
uses one standard 
(Zobell standard).

Visual Inspection Daily Manufacture’s 
Guidance 

Replace FOL S5 and S11 

XRF Manufacture’s 
Guidance 

NA Calibrated in 
accordance with 
manufacture 
specifications 

Visual Inspection Daily Manufacture’s 
Guidance 

Replace FOL S15 

1Specify the appropriate reference letter or number from the Project Sampling SOP References table (Worksheet_#21 ). 
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QAPP Worksheet #23           
(UFP-QAPP Manual Section 3.2.1) 
List all SOPs that will be used to perform on-site or off-site analysis.  Indicate whether the procedure produces screening or definitive 
data.  Sequentially number analytical SOP reference in the Reference Number column.  Include copies of the SOPs as attachments or 
reference in the QAPP.  The reference number can be used throughout the QAPP to refer to a specific SOP. 

Worksheet Not Applicable (State Reason)
                         

          
Analytical SOP References Table 

 

 
Lab SOP 
Number 

 
Title, Revision Date, and / or Number 

 
Definitive or 
Screening 

Data 

 
Matrix and 
Analytical 

Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

 
Modified 

for Project 
Work?1 

(Y/N) 
Empirical 
SOP-100 

Metals Digestion/Preparation Methods 
3005A,3010A, 3020A, 3030, 3040A, 3050B, 
USEPA CLP ILMO 4.1 Aqueous & 
Soil/Sediment, USEPA Method 200.7 
(Standard Methods) 3030C. Rev. 19 

Definitive Soil, water, and 
leachate Metals 
digestion 

Preparation 

Empirical 
Laboratories, LLC 

N 

Empirical 
SOP-105 

Metals Analysis by ICP Technique Methods 
200.7, SW846 6010B, SM 19th Edition 
2340B, USEPA ILMO 4.1, Rev. 14 

Definitive Soil, water, and 
leachate Metals 

Inductively Coupled 
Plasma (ICP) Empirical 

Laboratories, LLC 

N 

Empirical 
SOP-103 

Mercury Analysis in Water by Manual Cold 
Vapor Technique Methods SW846 7470A & 
245.1, CLP-M 4.1, Rev. 16 

Definitive Leachate and 
Water Mercury 

 Flow injection mercury 
analyzer Empirical 

Laboratories, LLC 

N 

 
Empirical 
SOP-104 

 
Mercury Analysis in Soil/Sediment by Manual 
Cold Vapor Technique Methods SW846 
7471A & 245.5, CLP-ILM 4.1, Rev. 17 

 
Definitive 

 
Soil Mercury 

 
Flow injection mercury 
analyzer 

Empirical 
Laboratories, LLC 

 
N 

Empirical 
SOP-145 

Determination of Inorganic Anions in water 
by ION Chromatography using Dionex 
DX-500 Ion Chromatograph with Hydroxide 
Eluent And Dionex Column AS18, Method 
300.0 Guidance, Rev. 6 

Definitive Water Anions Ion Chromatograph 

Empirical 
Laboratories, LLC 

 
N 

 
Empirical 
SOP-198 

Toxicity Characteristic Leaching Procedure 
(Method 1311), Rev. 6 

Definitive Solid IDW Preparation Empirical 
Laboratories, LLC 

N 

Empirical 
SOP-201 

GC/MS Semivolatiles by Method 625 and 
SW846 Method 8270C, Rev. 18 

Definitive Leachate 
Semivolatile 

Agilent/HP Gas 
Chromatorgraphy/Mass 
Spectroscopy (GC/MS) 

Empirical 
Laboratories, LLC 

N 

Empirical 
SOP-202 

GC/MS Volatiles by Method 624 and SW846 
Method 8260B, Rev. 21 

Definitive Leachate 
Volatile 

Agilent/HP GC/MS Empirical 
Laboratories, LLC 

N 



Title: QAPP Worksheets Appendix A Attachment 1-A of MC SI Work Plan for 3 MRP Sites 
Revision Number: 2 

Revision Date: 06/09 
 

060911/P (CTO 69) Page 74 of 121   NAS Brunswick, Maine 

 
Lab SOP 
Number 

 
Title, Revision Date, and / or Number 

 
Definitive or 
Screening 

Data 

 
Matrix and 
Analytical 

Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

 
Modified 

for Project 
Work?1 

(Y/N) 
EmpiricalSOP 
-211 

GC/ECD Organochlorine Pesticides/PCBs 
by EPA Method 608 and SW846 Method 
8081A/8082, Rev. 19 

Definitive Leachate 
Pesticide/PCBs 

Agilent/HP GC/Electron 
Capture Detector 
(ECD) 

Empirical 
Laboratories, LLC 

N 

EmpiricalSOP 
-208 

GC/ECD Chlorinated Acid Herbicides by 
SW-846, Method 8150B/8151A, Rev. 13 

Definitive Leachate 
Herbicides 

Agilent/HP GC/Electron 
Capture Detector 
(ECD) 

Empirical 
Laboratories, LLC 

N 

Empirical 
SOP-231 

GC/MS Low Level PAHs by Method SW-846 
8270C SIM, Rev. 3 

Definitive Soil Volatiles 
Extraction 

Agilent/HP GC/MS Empirical 
Laboratories, LLC 

N 

Empirical 
SOP-300 

GC/MS- Semivolatile BNA-Aqueous Matrix 
Extraction Using SW-846 Method 3510C for 
8270C/625 Analysis, Rev. 17 

Definitive Leachate 
Semivolatiles 
Extraction 

NA/Extraction Empirical 
Laboratories, LLC 

N 

Empirical 
SOP-302 

Pesticide/PCBs- Aqueous Matrix Extraction 
for EPA 608 and SW846 Method 
8081A/8082 Using Method 3510C, Rev. 16 

Definitive Leachate 
Pesticide/PCB 
Extraction 

NA/Extraction Empirical 
Laboratories, LLC 

N 

Empirical 
SOP-304 

Herbicides Aqueous Matrix by Methods EPA 
SW-846 Method 8151A, Rev. 11 

Definitive Leachate 
Herbicides 
Extraction 

NA/Extraction Empirical 
Laboratories, LLC 

N 

Empirical 
SOP-329 

Soxhlet Extraction- BNA and Pest/PCB 
Using SW-846 Method 3541, Rev. 16 

Definitive 
 

Soil PAH 
Extraction 
 

NA/Extraction 
 Empirical 

Laboratories, LLC 
N 

Empirical 
SOP-404 

Laboratory Sample Receiving Log-in and 
Storage Standard Operating Procedures, 
Rev. 12 

Definitive Log-in NA/ Log-in Empirical 
Laboratories, LLC 

N 

Empirical 
SOP-405 

Analytical Laboratory Waste Disposal, Rev. 4 Definitive Log-in NA/ Log-in Empirical 
Laboratories, LLC 

N 

Empirical 
SOP-410 

Standard Operating Procedures for 
Laboratory Sample Storage, Secure Areas, 
and Sample Custody, Rev. 6 

Definitive Log-in NA/ Log-in Empirical 
Laboratories, LLC 

N 

Empirical 
SOP-327 

Nitroaromatics and Nitramines by High 
Performance Liquid Chromatography 
(HPLC) Method 8330A and 8332, Rev. 14 

Definitive 
Water and Soil 
Dinitrotoluenes 
and Nitroglycerin 

HPLC/UV Empirical 
Laboratories, LLC N 

HPLC-6850  

Standard Operating Procedure for 
Perchlorate in Water, Soils, and Solid 
Wastes Using High Performance Liquid 
Chromatography/Electrospray 
Ionization/Mass Spectrometry 
(HPLC/ESI/MS), Rev. 3 

Definitive Water 
Perchlorate LC/MS 

Columbia 
Analytical 
Services 

N 
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Lab SOP 
Number 

 
Title, Revision Date, and / or Number 

 
Definitive or 
Screening 

Data 

 
Matrix and 
Analytical 

Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

 
Modified 

for Project 
Work?1 

(Y/N) 

Empirical 
SOP-187 

Electrometric Determination of pH, Methods 
150.1, Standard Methods 4500H+B and 
9040B for Waters, Liquids and Liquid 
Wastes, 9045C for Soils and Solid Wastes, 
Rev. 6 

Definitive Soil pH pH Meter 

Empirical 
Laboratories 

N 

Empirical 
SOP-221 

Total Organic Carbon  SM5310C, USEPA 
Method 415.1 and SW846 Method 9060 and 
Lloyd Kahn Method, Rev. 7 

Definitive 
Soil TOC 

 
TOC Analyzer 

Empirical 
Laboratories N 

EPA 9081 

 

Cation Exchange Capacity of  Soils 

 
Definitive Soil CEC ICP 

Empirical 
Laboratories N 

 

TCL – Target Compound List 
TAL – Target Analyte List 
TCLP – Toxicity Characteristic Leaching Procedure 
GC/MS – Gas Chromatography/Mass Spectroscopy 
GC/ECD - Gas Chromatography/Electron Capture Detector 
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QAPP Worksheet #24  
(UFP-QAPP Manual Section 3.2.2)  
Identify all analytical instrumentation that requires calibration and provide the SOP reference number for each.  In addition, document 
the frequency, acceptance criteria, and corrective action requirements on the worksheet. 

Worksheet Not Applicable (State Reason)
                         

 
Analytical Instrument Calibration Table 

 
Instrument 

 
Calibration 
Procedure 

 
Frequency of 
Calibration 

 
Acceptance 
Criteria 

 
Corrective Action 
(CA) 

 
Person 
Responsible for 
CA2 

 
SOP Reference1 

Gas 
Chromatograph/ 
Mass Spectrometer 
(GC/MS) 
Volatiles 

Initial Calibration - A 
minimum 5 point 
calibration is 
required. 

Calibrate the 
instrument when it is 
received and after a 
major change or if 
the daily calibration 
fails.  

The percent relative 
standard deviation 
(RSD) for each 
Calibration Check 
Compound (CCCs) 
must be < 30%. The 
minimum mean 
response factor 
(RF) for each 
System 
Performance Check 
Compound 
(SPCCs) must meet 
that stated in 
8260B. If the RSD 
for an analyte is > 
15% use a linear 
curve ( > 0.995 
correlation) or 
quadratic curve 
(>0.99 correlation, 
minimum 6 points) 
for quantitation. 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Analyst/Superviso
r 

Empirical SOP-202 
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Instrument 

 
Calibration 
Procedure 

 
Frequency of 
Calibration 

 
Acceptance 
Criteria 

 
Corrective Action 
(CA) 

 
Person 
Responsible for 
CA2 

 
SOP Reference1 

Initial calibration 
Verification (ICV) 

Once after each 
initial calibration. 

+20% recovery of 
individual 
compounds. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples 

Continuing 
Calibration (CCV) 

Analyze a standard 
at the beginning of 
each 12 hour shift 
after a 
Bromofluorobenzen
e (BFB) tune. 

The minimum RF for 
SPCCs must meet 
that stated in 
method. The CCCs 
must be < 20 
percent difference 
(%D). 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Initial Calibration - A 
minimum 5 point 
calibration is 
required. 

Calibrate the 
instrument when it is 
received and after a 
major change or if 
the daily calibration 
fails. A minimum 5 
point calibration is 
required. 

The RSD for each 
CCCs must be < 
30%. The minimum 
mean RF for each 
SPCCs must meet 
that stated in 
8270C. If the RSD 
for an analyte is > 
15% use a linear 
curve ( > 0.995 
correlation) or 
quadratic curve 
(>0.99 correlation, 
minimum 6 points) 
for quantitation. 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Initial Calibration 
Verification (ICV) 

Once after each 
initial calibration. 

+20% recovery 
individual 
compounds. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples 

GC/MS 
Semivolatiles and 
PAHs 

Continuing 
Calibration(CCV) 

Analyze a standard 
at the beginning of 
each 12 hour shift 
after a 
decafluorotriphenyl
phosphine (DFTPP) 
tune. 

The minimum RF for 
SPCCs must meet 
those stated in 
method. The CCCs 
must be < 20 %D. 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Analyst/Superviso
r 

Empirical SOP-201 
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Instrument 

 
Calibration 
Procedure 

 
Frequency of 
Calibration 

 
Acceptance 
Criteria 

 
Corrective Action 
(CA) 

 
Person 
Responsible for 
CA2 

 
SOP Reference1 

Initial calibration - A 
minimum 5 point 
calibration is 
required. 

Calibrate the 
instrument when it is 
received and after a 
major change or if 
the daily calibration 
fails.  

The RSD for each 
compound must be 
< 20%. A linear 
curve (> 0.995 
correlation) or 
quadratic curve 
(>0.99 correlation, 
minimum 6 points) 
for quantitation for 
all except 
toxaphene and 
chlordane. One 
point for toxaphene 
and chlordane.  

Recalibrate and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards.  
Reanalyze affected 
data. 

GC/Electron 
Capture Detector 
(ECD) Pesticides/ 
Herbicides 

Continuing 
Calibration (CCV) 

Analyze standard at 
the beginning and 
end of sequence 
and every 10 
samples. 

< 15 %D. If % D > +15% and 
samples are < the QL, 
narrate, If %D > + 
15% only on one 
column, narrate, If % 
D > + 15% for closing 
CCV, and is likely due 
to matrix interference, 
narrate Otherwise 
reanalyze all samples 
back to the last 
acceptable CCV. 

Analyst/ 
Supervisor 

Empirical SOP- 
211/208    
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Instrument 

 
Calibration 
Procedure 

 
Frequency of 
Calibration 

 
Acceptance 
Criteria 

 
Corrective Action 
(CA) 

 
Person 
Responsible for 
CA2 

 
SOP Reference1 

Initial Calibration The instrument is 
calibrated at the 
beginning of each 
day or if the QC is 
out of criteria. 

The instrument is 
calibrated by a one 
point calibration per 
manufacturer's 
guidelines. Analytes 
ran at their 
calibration levels 
must fall within 
90-110% of the true 
values. 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Initial Calibration 
Blank (ICB) 

Before beginning a 
sample sequence. 

No analytes 
detected > 2x MDL. 

Correct the problem, 
then re-prepare and 
reanalyze. 

Continuing 
Calibration(CCV) 

Analyze a standard 
at the beginning and 
end of the sequence 
and after every 10 
samples. 

The acceptance 
criterion for the 
continuing 
calibration standard 
is 90-110% 
recovery of true 
value. 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Inductively Coupled 
Plasma (ICP) 
Metals 

Continuing 
Calibration Blank 
(CCB) 

After every ten 
samples and at the 
end of the 
sequence. 

No analytes 
detected > 2x MDL. 

Correct the problem, 
then re-prepare and 
reanalyze calibration 
blank and previous 
ten samples. 

Analyst/Superviso
r 

Empirical SOP-105   

Initial Calibration The instrument is 
calibrated at the 
beginning of each 
day or if the QC is 
out of criteria. 

The calibration 
correlation 
coefficient is 
>0.995. 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Flow Injection 
Mercury System 

Continuing 
Calibration(CCV) 

The CCV is 
analyzed at the 
beginning and end 
of the sequence and 
after every 10 
samples. 

The acceptance 
criteria are 80-120% 
recovery of the true 
value. 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Analyst/Superviso
r 

Empirical 
SOP-103/104 
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Instrument 

 
Calibration 
Procedure 

 
Frequency of 
Calibration 

 
Acceptance 
Criteria 

 
Corrective Action 
(CA) 

 
Person 
Responsible for 
CA2 

 
SOP Reference1 

Initial Calibration - A 
minimum 5 point 
calibration is 
required. 

Calibrate the 
instrument when it is 
received and after a 
major change or if 
the daily calibration 
fails.  

The RSD for each 
compound must be 
< 20%. A linear 
curve (> 0.995 
correlation) or 
quadratic curve 
(>0.99 correlation, 
minimum 6 points) 
for quantitation. 

Recalibrate and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards.  
Reanalyze affected 
data. 

Initial calibration 
Verification (ICV) 

Once after initial 
calibration. 

85-115% recovery. Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

High Perfomance 
Liquid 
Chromatography/ 
Ultraviolet Detector 
(HPLC/UV) 
Explosives 

Continuing 
Calibration (CCV) 

Analyze standard at 
the beginning and 
end of sequence 
and every 10 
samples. 

< 15% difference. If % D > +15% and 
samples are < the QL, 
narrate, If %D > + 
15% only on one 
column, narrate, If % 
D > + 15% for closing 
CCV, and is likely due 
to matrix interference, 
narrate Otherwise 
reanalyze all samples 
back to the last 
acceptable. 

Analyst/ 
Supervisor 

Empirical SOP- 
233/327    

Minimum six-point 
initial calibration for 
target analytes, 
lowest 
concentration 
standard at or near 
the quantitation 
limit.  

Initial calibration 
prior to sample 
analysis. 

Linear: r2 > 0.990 
(r>0.995), b < MDL. 

Quadratic: r2 > 
0.995. 

Correct problem, then 
repeat initial 
calibration.  

Second-source 
calibration 
verification 

Once per five-point 
initial calibration. 

Less than 15% 
difference for target 
analytes.  

Correct problem, then 
repeat.  If still fails, 
repeat initial 
calibration. 

LC/MS/MS 
Perchlorate 

Daily calibration 
verification 

Before sample 
analysis and every 
10 samples or every 
12 hours, as 

Low-range 
standard: 
Perchlorate within 

Correct problem, then 
repeat.  If still fails, 
repeat initial 
calibration. 

Lab Manager / 
Analyst 

CAS HPLC-6850 



Title: QAPP Worksheets Appendix A Attachment 1-A of MC SI Work Plan for 3 MRP Sites 
Revision Number: 2 

Revision Date: 06/09 
 

060911/P (CTO 69) Page 81 of 121   NAS Brunswick, Maine 

 
Instrument 

 
Calibration 
Procedure 

 
Frequency of 
Calibration 

 
Acceptance 
Criteria 

 
Corrective Action 
(CA) 

 
Person 
Responsible for 
CA2 

 
SOP Reference1 

specified by the 
method, and at the 
end of the 
sequence. 

±50% of the true 
value. 
Mid-range standard: 
Perchlorate within 
±15% of the true 
value. 

Initial Calibration 
Blank and 
Continuing 
Calibration Blank 
(ICB/CCB) 

Following 
ICV/CCVs. 

No target analyte 
concentrations 
above ½ the 
quantitation limit.  

 

Rerun ICB.  Isolate 
and correct problem.  
Reanalyze 
associated samples. 
 

Ion 
Chromatography 
Calibration 
Standard 
(ICCS)/Interference 
check standard 

 

Before sample 
analysis. 

70% - 130% 
recovery 

Rerun ICCS If 
problem still exists, 
recalibrate. 

Maximum 
Conductivity 
Threshold Standard 
(MCT)/High TDS 
standard 

Before sample 
analysis. 

80% -120% 
recovery 

 

Rerun MCT.  If 
problem still exists, 
recalibrate. 

Internal Standard Every calibration 
standard. 

 

ICAL:  IS for each 
standard must be 
within ± 50% of the 
average area of the 
ICAL. 

ICV, CCV:  Within ± 
50% of the average 
area of the ICAL or 
within ± 50% of the 
1st CCV of the run, if 
the ICAL is not run 
the same day. 

Evaluate the system.  
Reanalyze/repeat the 
calibration. 
 

pH Meter 
Calibration Calibrate before use 

with two buffers in 
0.05 pH units. Recalibrate and/or 

perform necessary 

Analyst/Superviso
r 

Empirical SOP-187  
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Instrument 

 
Calibration 
Procedure 

 
Frequency of 
Calibration 

 
Acceptance 
Criteria 

 
Corrective Action 
(CA) 

 
Person 
Responsible for 
CA2 

 
SOP Reference1 

the area to be 
measured.  Check 
with a third buffer. 

equipment 
maintenance. 

Five point 
calibration including 
blank 

Instrument receipt, 
instrument change, 
when CCV does not 
meet criteria. 

Correlation 
coefficient > 0.995 

Recalibrate and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards. 

Soil TOC Analyzer 

Continuing 
calibration 

After every 5 
samples. 

80-120% Recalibrate and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards. 

Analyst/ 
Supervisor 

Empirical SOP-221  

Initial Calibration, 
One point 
calibration per 
manufacturer's 
guidelines 

At the beginning of 
each day or if QC is 
out of criteria. 

90-110% of true 
values. 

Recalibrate and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards. 

Analyst/ 
Supervisor 

CEC/ICP 

Continuing 
calibration 

After every 10 
samples and at end 
of analysis 
sequence. 

90-110% of true 
values. 

Recalibrate and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards, 
Reanalyze affected 
data. 

Analyst/ 
Supervisor 

Empirical SOP-105   

Eight point initial 
calibration  

Instrument receipt, 
instrument change, 
when CCV does not 
meet criteria. 

15% RSD or > 
0.995 correlation 

Recalibrate and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards. 

Analyst/ 
Supervisor 

Ion Chromatograph 
(nitrate and nitrite) 

Initial Calibration 
Verification/Continui
ng Calibration 
Verfication 

At the beginning of 
the sequence and 
after every ten 
samples 

90-110% of true 
values. 

Recalibrate and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards, 
Reanalyze affected 
data. 

Analyst/ 
Supervisor 

Empirical SOP-145   
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1 Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet #23). 

2 Name or title of responsible person may be used. 

QC – Quality Control 
CCC- Continuing calibration compound 
RSD – Relative Standard Deviation 
CCV – Continuing calibration verification 
SPCC – System performance check compounds 
SOP – Standard Operating Procedure 
HPLC – High performance liquid chromatography 
CAS – Columbia Analytical Services 
%D – percent difference 
BFB – Bromofluorobenzene 
DFTPP - Decafluorotriphenylphosphine 
RF – Response factor 
Hg – Mercury 
r2 – Correlation Coeffiecient 
GC/MS – Gas Chromatography/Mass Spectroscopy 
GC/ECD - Gas Chromatography/Electron Capture Detector 
ICP – Inductively Coupled Plasma 
PQL – Practical Quantitation Limit 
SVOC – Semivolatile Organic Compounds 
FIMS – Flow Injection Mercury System 
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QAPP Worksheet #25  
(UFP-QAPP Manual Section 3.2.3) 
Identify all analytical instruments that require maintenance, testing, or inspection and provide the SOP reference number for each.  In 
addition, document the frequency, acceptance criteria, and corrective action requirements on the worksheet. 

Worksheet Not Applicable (State Reason)
                         

 
Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table 

 
Instrument /  
Equipment 

 

 
Maintenance 

Activity 

 
Testing 
Activity 

 
Inspection 

Activity 
 

Frequency 
 

Acceptance 
Criteria 

 
Corrective 

Action 

 
Responsible 

Person2 

 
SOP 

Reference1 

GC/MS Clean the source 
and replace the 
filaments. 
Replace the seal, 
liner and septum. 
Change the 
column. 

Volatiles/ 

Semivolatiles/P
AHs 

Check the gas 
supply. Check 
the seal, liner, 
and septum. 

Source cleaning 
is performed 
when the 
instrument 
response 
deteriorates. 
Other instrument 
maintenance is 
done as needed 
to keep the 
instrument 
performing at 
peak 
performance. 

 

The minimum 
RF for SPCCs 
must meet those 
stated in 
method. The 
CCCs must be < 
20 %D. 

Recalibrate 
and/or perform 
the necessary 
equipment 
maintenance.  
Check the 
calibration 
standards.  
Reanalyze the 
affected data. 

Analyst/ 
Supervisor 

Empirical 
SOP-201/202 

GC Check pressure 
and gas supply 
daily.  Bake out 
column, change 
septa, liner, seal 
as needed, cut 
column as 
needed. 

Pesticides/ 
Herbicides 

Liner, seal, 
septum, column  

Prior to initial 
calibration or as 
necessary. 

< 15 %D If % D > +15% 
and samples are 
< QL, narrate, If 
%D > + 15% only 
on one column, 
narrate. If % D > 
+ 15% for 
closing CCV, 
and is likely due 
to matrix 
interference, 
narrate 
Otherwise 
reanalyze all 
samples back to 
the last 
acceptable CCV. 
 

Analyst/ 
Supervisor   

Empirical 
SOP-211/208    
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Instrument /  
Equipment 

 

 
Maintenance 

Activity 

 
Testing 
Activity 

 
Inspection 

Activity 
 

Frequency 
 

Acceptance 
Criteria 

 
Corrective 

Action 

 
Responsible 

Person2 

 
SOP 

Reference1 

ICP Clean the torch 
assembly and the 
spray chamber 
when they 
become 
discolored or 
when 
degradation in 
data quality is 
observed.  Clean 
the nebulizer, and 
check the argon 
supply. Replace 
the peristaltic 
pump tubing as 
needed. 

Metals and 
CEC 

Inspect the 
torch, nebulizer 
chamber, pump, 
and tubing.   
 

Maintenance is 
performed prior 
to initial 
calibration or as 
necessary. 

The acceptance 
criteria for the 
continuing 
calibration 
standard are 
90-110% of true 
value. 

Recalibrate 
and/or perform 
the necessary 
equipment 
maintenance.  
Check the 
calibration 
standards.  
Reanalyze the 
affected data. 

Analyst/ 
Supervisor   

Empirical 
SOP-105 

Flow Injection 
Mercury System 

Change the 
tubing, filter, 
clean windows, 
and check gas 
flow. Check the 
reagents and 
standards. 

Mercury Inspect the 
tubing, filter, and 
the optical cell. 

Maintenance is 
performed prior 
to initial 
calibration or as 
necessary. 

The acceptance 
criteria are 
80-120% of the 
true value. 

Recalibrate 
and/or perform 
the necessary 
equipment 
maintenance.  
Check the 
calibration 
standards.  
Reanalyze the 
affected data. 

Analyst/ 
Supervisor   

Empirical 
SOP-103/104 

HPLC/UV Check pressure 
and gas supply 
daily – change 
when <200psi, 
change analytical 
column as 
needed, change 
mobile phase 
when insufficient 
for run or 
contamination, 
change inlet 
filters as needed 
for 
contamination. 

Dinitrotoluenes 
and 
Nitroglycerin  

Check pump 
pressure, check 
for leaks, check 
for adequate 
mobile phase. 

Prior to initial 
calibration or as 
necessary. 

CCV < 15% 
difference. 

Recalibrate 
and/or perform 
necessary 
equipment 
maintenance.  
Check 
calibration 
standards.  
Reanalyze 
affected data. 

Analyst/ 
Supervisor 

Empirical 
SOP-327 

LC/MS/MS Replace  columns 
as needed, check 
eluent reservoirs. 

Perchlorate 
Sensitivity 
check 

Instrument 
performance 
and sensitivity. 

Daily or as 
needed. 

CCV pass 
criteria 

Recalibrate CAS Chemist HPLC-6850 
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Instrument /  
Equipment 

 

 
Maintenance 

Activity 

 
Testing 
Activity 

 
Inspection 

Activity 
 

Frequency 
 

Acceptance 
Criteria 

 
Corrective 

Action 

 
Responsible 

Person2 

 
SOP 

Reference1 

TOC Analyzer Check gas 
pressure, check 
permeation tube 
and scrubbers, 
clean and 
condition sample 
cups. 

TOC Check gas 
pressure, check 
permeation tube 
and scrubbers. 

Prior to initial 
calibration or as 
necessary. 

The midpoint 
standard must 
be within 20% 
difference. 

Recalibrate 
and/or perform 
necessary 
equipment 
maintenance. 
Reanalyze 
samples not 
bracketed by 
passing 
continuing 
calibration. 

Analyst/ 
Supervisor   

Empirical 
SOP-221 

 

pH Meter Clean, drain, and 
refill reference 
electrode as 
needed. 

pH Reference 
electrode for 
white crystals, 
Inspect 
electrode for 
damage. 

Before use. 0.05 pH units Recalibrate 
and/or perform 
necessary 
equipment 
maintenance. 

Analyst/ 
Supervisor   

Empirical 
SOP-187 

 

Ion 
Chromatograph 

Change column, 
frits, tubing Nitrate and 

Nitrite 
Check gases, 
reagents 

Prior to initial 
calibration or as 
necessary 

ICV/CCV 
within10% 

Recalibrate 
and/or perform 
necessary 
equipment 
maintenance. 
Reanalyze 
samples not 
bracketed by 
passing 
continuing 
calibration. 

Analyst/ 
Supervisor   

 

Empirical 
SOP-145 

 

 

1 Specify the appropriate reference letter or number from the Analytical SOP References table (Worksheet #23). 
2 Name or title of responsible person may be used. 

BFB – Bromofluorobenzene 
DFTPP - Decafluorotriphenylphosphine 
SOP – Standard Operating Procedure 
PCB – Polychlorinated biphenyls 
Hg – Mercury 
GC/MS – Gas Chromatography/Mass Spectroscopy 
GC/ECD - Gas Chromatography/Electron Capture Detector 
ICP – Inductively Coupled Plasma 
QC – Quality Control 
VOC – Volatile Organic Cmpounds 
SVOC – Semivolatile Organic Compounds 
FIMS – Flow Injection Mercury System 
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QAPP_Worksheet_#26             
(UFP-QAPP Manual Appendix A)          
Use this worksheet to identify components of the project-specific sample handling system.  Record personnel, and their organizational 
affiliations, who are primarily responsible for ensuring proper handling, custody, and storage of field samples from the time of 
collection, to laboratory delivery, to final sample disposal.  Indicate the number of days field samples and their extracts/digestates will be 
archived prior to disposal. 

Worksheet Not Applicable (State Reason)   
Sample Handling System 

SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

Sample Collection (Personnel/Organization):  TBD/ TtNUS 

Sample Packaging (Personnel/Organization):  TBD/ TtNUS 

Coordination of Shipment (Personnel/Organization):  TBD/ TtNUS 

Type of Shipment/Carrier:  Federal Express 

SAMPLE RECEIPT AND ANALYSIS 

Sample Receipt (Personnel/Organization):   Sample Custodians/ Empirical Laboratories, LLC and CAS 

Sample Custody and Storage (Personnel/Organization):  Sample Custodians/ Empirical Laboratories, LLC and CAS 

Sample Preparation (Personnel/Organization):  Extraction Lab, Metals Preparation Lab/ Empirical Laboratories, LLC and CAS 
Sample Determinative Analysis (Personnel/Organization):  Gas Chromatography Lab, Gas Chromatography/Mass Spectrometry Lab, Metals Lab/ Empirical 
Laboratories, LLC and Columbia Analytical Services (CAS) 

SAMPLE ARCHIVING 

Field Sample Storage (No. of days from sample collection):  60 days from receipt 

Sample Extract/Digestate Storage (No. of days from extraction/digestion):  3 months from sample digestion/extraction 

Biological Sample Storage (No. of days from sample collection):  NA 

SAMPLE DISPOSAL 

Personnel/Organization:  ):   Sample Custodians/ Empirical Laboratories, LLC and CAS 

Number of Days from Analysis:  30 days from submittal of final report or 60 days from receipt whichever is longer 
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QAPP_Worksheet_#27       
(UFP-QAPP Manual Section 3.3.3)    
Describe the procedures that will be used to maintain sample custody and integrity. Include examples of chain-of-custody forms, traffic 
reports, sample identification, custody seals, laboratory sample receipt forms, and laboratory sample transfer forms. Attach or reference 
applicable SOPs. 

Worksheet Not Applicable (State Reason)   
 
  

Sample Custody Requirements 
Field Sample Custody Procedures (sample collection, packaging, shipment, and delivery to laboratory): Following sample collection in the appropriate bottleware, all samples will 
be immediately placed on ice in a cooler. The glass sample containers will be enclosed in bubble-wrap in order to protect the bottleware during shipment. The cooler will be secured 
using duct or clear packaging tape along with a signed custody seal. Sample coolers will be delivered to a local courier location for priority overnight delivery to the selected 
laboratory for analysis. Samples will be preserved as appropriate based on the analytical method.  Laboratories will provide pre-preserved sample containers for sample collection. 
Samples will be maintained at 4° + 2° Celsius (C) until delivery to the laboratories.  Proper custody procedures will be followed throughout all phases of sample collection and 
handling.  Chain of custody (COC) protocols will be used throughout sample handling to establish the evidentiary integrity of sample containers.  These protocols will be used to 
demonstrate that the samples were handled and transferred in a manner that prevents tampering. Samples for the laboratory will be packaged and shipped in accordance with TtNUS 
SOP SA-6.1.     
Laboratory Sample Custody Procedures (receipt of samples, archiving, disposal): Laboratory sample custody procedures (receipt of samples, archiving, and disposal) will be 
used according to Empirical SOPs 404,405,410. Coolers are received and checked for proper temperature. A sample cooler receipt form will be filled out to note 
conditions and any discrepancies. The chain of custody will be checked against the sample containers for correctness. Samples will be logged into the LIMS and given a 
unique log number which can be tracked thru processing. The client will be notified of any problems. 
 
Sample Identification Procedures: Sample will be named in accordance SAP Section 5.3  Empirical SOP-404 
Chain-of-custody Procedures:  After recovery, each sample will be maintained in the sampler's custody until formally transferred to another party (e.g., Federal Express). For all 
samples recovered, custody records will document the date and time of sample collection, the sampler's name, and the names of all others who subsequently held custody of the 
sample.  Specifications for chemical analyses will also be documented on the custody record. Attached SOP SA-6.3 (Field Documentation) provides further details on the COC 
procedure.  COC requirements are also documented with instructions contained in each shipment from the laboratory. Empirical SOP 404 
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QAPP Worksheet #28             
(UFP-QAPP Manual Section 3.4)           
Complete a separate worksheet for each sampling technique, analytical method/SOP, matrix, analytical group, and concentration level.  
If method/SOP QC acceptance limits exceed the measurement performance criteria, the data obtained may be unusable for making 
project decisions. 

Worksheet Not Applicable (State Reason)
                         

 
Laboratory QC Samples Table 
 
 Matrix Water/Soil 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group 

PAHs 
 

 
 

 
 

 
 

 
 

 

 
 Analytical 
Method /      
 SOP 
Reference 

SW-846 8270C 
SIM/Empirical 

SOP-231        

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
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 batch of 

20 or less. 
No target compounds 
should be >1/2 the 
quantitation limit (QL) 
except common lab 
contaminants which should 
be < QL. 

Re-clean, 
retest, 
re-extract, 
reanalyze, 
and/or qualify 
the data. 

Analyst, Laboratory Supervisor 
and Data Validator 

Bias / Contamination No target compounds > 
than the QL. 

Surrogates 2 per sample. Percent recoveries: 
Water: 
2-Fluorobiphenyl 34-167 
Terphenyl-d14 34-167 
 
Soil: 
2-Fluorobiphenyl 14-129 
Terphenyl-d14 14-129 

(1) Re-prepare 
and reanalyze 
for 
confirmation of 
matrix 
interference 
when 
appropriate. 

Analyst, Laboratory Supervisor 
and Data Validator 

Accuracy / Bias Percent recoveries: 
Water: 
2-Fluorobiphenyl 34-167 
Terphenyl-d14 34-167 
 
Soil: 
2-Fluorobiphenyl 14-129 
Terphenyl-d14 14-129 
 

Laboratory 
Control Sample 
(LCS) 

One per batch of 
20 or less. 

Compound specific as per 
SOP-231. 
                       

(1) Evaluate 
and reanalyze 
if possible.    
(2) If an 
MS/MSD was 
performed in 
the same 12 
hour clock and 
acceptable 

Analyst, Laboratory Supervisor 
and Data Validator 

Precision / Accuracy 
/ Bias 

Compound specific as per 
SOP-231. 
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 Matrix Water/Soil 

 
 

 
 

 
 

 
 

 
 

narrate.  
(3) If the LCS 
recoveries are 
high but the 
sample results 
are <QL, then 
narrate, 
otherwise 
re-prepare and 
reanalyze the 
batch. 

Internal 
Standards (IS) 

2 per sample 
 
Perylene-d12 
Phenanthrene-d10 
 
 

Retention times for internal 
standards must be + 30 
seconds and the responses 
within -50% to +100% of last 
calibration verification (12 
hours) for each internal 
standard. 
 
 

Inspect mass 
spectrometer 
or gas 
chromatograph 
for 
malfunctions; 
mandatory 
reanalysis of 
samples 
analyzed while 
system was 
malfunctioning.

Analyst, Laboratory Supervisor 
and Data Validator 
 
 

Precision / Accuracy 
/ Bias 
 
 

Retention times for internal 
standards must be + 30 
seconds and the responses 
within -50% to +100% of 
last calibration verification 
(12 hours) for each internal 
standard. 
 
 

Matrix spike / 
Matrix spike 
duplicate 
(MS/MSD) 

One per SDG or 
every 20 samples. 

Compound specific as per 
SOP-231. 
 

1) Corrective 
action will not 
be taken for 
samples when 
recoveries are  
outside limits 
and surrogate 
and LCS 
criteria are 
met.  
2) If both the 
LCS and 
MS/MSD are 
unacceptable 
re-prepare the 
samples and 
QC. 

Analyst, Laboratory Supervisor 
and Data Validator 

Precision / Accuracy 
/ Bias 

Compound specific as per 
SOP-231. 
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 Matrix Leachate 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group 

Volatiles 
 

 
 

 
 

 
 

 
 

 

 
 Analytical 
Method /      
 SOP 
Reference 

SW-846 
8260B/Empirical 

SOP-202         

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
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 batch of 20 or 

less. 
No target compounds 
should be >1/2 the 
quantitation limit (QL) 
except common lab 
contaminants which should 
be < the QL. 

Reclean, 
retest, 
re-extract, 
reanalyze, 
and/or qualify 
the data. 

Analyst, Laboratory Supervisor 
and Data Validator 

Bias / 
Contamination 

No target compounds 
should be > the QL. 

Surrogates 3 per sample Percent recoveries: 
Water: 
Dibromofluoromethane 
85-120 
1,2-dichloroethane-d4  
85-130 
Toluene-d8 85-115 
Bromofluorobenzene 
80-120 

(1) Re-prepare 
and reanalyze 
for 
confirmation of 
matrix 
interference 
when 
ppropriate. 

Analyst, Laboratory Supervisor 
and Data Validator 

Accuracy / Bias Percent recoveries: 
Water: 
Dibromofluoromethane 
85-120 
1,2-dichloroethane-d4  
85-130 
Toluene-d8 85-115 
Bromofluorobenzene 
80-120 

Laboratory 
Control 
Sample (LCS) 

One per batch of 20 or 
less. 

Compound specific as per 
SOP-202. 

(1) Evaluate 
and reanalyze 
if possible. 
(2) If an 
MS/MSD was 
performed in 
the same 12 
hour clock and 
acceptable 
narrate.  
(3) If the LCS 
recoveries are 
high but the 
sample results 
are <QL, 
narrate. 
Otherwise 
reprepare and 
reanalyze the 

Analyst, Laboratory Supervisor 
and Data Validator 

Precision / 
Accuracy / Bias 

Compound specific as per 
SOP-202. 
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 Matrix Leachate 

 
 

 
 

 
 

 
 

 
 

batch. 
Internal 
Standards 

3 per sample- 
Fluorobenzene 
Chlorobenzene-d5 
1,4-dichlorobezene-d4 
 
 

Retention times for internal 
standards must be + 30 
seconds and the responses 
within -50% to +100% of 
last calibration verification 
(12 hours) for each internal 
standard. 
 
 

Inspect mass 
spectrometer 
or gas 
chromatograph 
for 
malfunctions; 
mandatory 
reanalysis of 
samples 
analyzed while 
system was 
malfunctioning
 
 

Analyst, Laboratory Supervisor 
and Data Validator 
 
 

Precision / 
Accuracy / Bias 
 
 

Retention times for internal 
standards must be + 30 
seconds and the 
responses within -50% to 
+100% of last calibration 
verification (12 hours) for 
each internal standard. 
 
 

Matrix spike / 
Matrix spike 
duplicate 
(MS/MSD) 

One per sample 
delivery group (SDG) 
or every 20 samples. 

Compound specific as per 
SOP-202. 

Corrective 
actions will not 
be taken for 
samples when 
recoveries are  
outside limits 
and surrogate 
and LCS 
criteria are 
met. If both the 
LCS and 
MS/MSD are 
unacceptable 
reprepare the 
samples and 
QC. 

Analyst, Laboratory Supervisor 
and Data Validator 

Precision / 
Accuracy / Bias 

Compound specific as per 
SOP-202. 
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 Matrix Leachate 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group 

Semivolatile 
 

 
 

 
 

 
 

 
 

 

 
 Analytical 
Method /      
 SOP 
Reference 

SW-846 
8270C/Empirical 

SOP-201        

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
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 batch of 20 or 

less. 
No target compounds 
should be >1/2 the QL 
except common lab 
contaminants which should 
be < the QL. 

Reclean, 
retest, 
re-extract, 
reanalyze, 
and/or qualify 
the data. 

Analyst, Laboratory Supervisor
and Data Validator 

Bias / 
Contamination 

No target compounds 
should be > the QL. 

Surrogates 6 per sample Water: 
Nitrobenzene-d5 30-110 
2-Fluorobiphenyl 35-110 
Terphenyl-d14 55-125 
Phenol-d6 15-110 
2-Fluorophenol 15-110 
2,4,6-Tribromophenol 
45-125 
 
 

(1) Re-prepare 
and reanalyze 
for 
confirmation of 
matrix 
interference 
when 
appropriate. 

Analyst, Laboratory Supervisor
and Data Validator 

Accuracy / Bias Water: 
Nitrobenzene-d5 30-110 
2-Fluorobiphenyl 35-110 
Terphenyl-d14 55-125 
Phenol-d6 15-110 
2-Fluorophenol 15-110 
2,4,6-Tribromophenol 
45-125 

Laboratory 
Control 
Sample (LCS) 

One per batch of 20 or 
less. 

Compound specific as per 
SOP-201. 

(1) Evaluate 
and reanalyze 
if possible.    
(2) If an 
MS/MSD was 
performed in 
the same 12 
hour clock and 
acceptable 
narrate.  
(3) If the LCS 
recoveries are 
high but the 
sample results 
are < QL, then 
narrate. 
Otherwise 
reprepare and 

Analyst, Laboratory Supervisor
and Data Validator 

Precision / 
Accuracy / Bias 

Compound specific as per 
SOP-201. 
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 Matrix Leachate 

 
 

 
 

 
 

 
 

 
 

reanalyze the 
batch. 

Internal 
Standards 

6 per sample – 
1,4-Dichlorobenzene-d4 
Naphthalene-d8  
Acenaphthene-d10 
Phenanthrene-d10 
Chrysene-d12 
Perylene-d12  
 
 
 

Retention times for internal 
standards must be + 30 
seconds and the responses 
within -50% to +100% of 
last calibration verification 
(12 hours) for each internal 
standard. 
 
 

Inspect mass 
spectrometer 
or Gas 
chromatograph 
for 
malfunctions; 
mandatory 
reanalysis of 
samples 
analyzed while 
system was 
malfunctioning.

Analyst, Laboratory Supervisor
and Data Validator 
 
 

Precision / 
Accuracy / Bias 
 
 

Retention times for 
internal standards must be 
+ 30 seconds and the 
responses within -50% to 
+100% of last calibration 
verification (12 hours) for 
each internal standard. 
 
 

Matrix spike / 
Matrix spike 
duplicate 
(MS/MSD) 

One per SDG or every 
20 samples. 

Compound specific as per 
SOP-201. 

(1)Corrective 
action will not 
be taken for 
samples when 
recoveries are  
outside limits 
and surrogate 
and LCS 
criteria are 
met. 
(2)  If both the 
LCS and 
MS/MSD are 
unacceptable 
reprepare the 
samples and 
QC. 

Analyst, Laboratory Supervisor
and Data Validator 

Precision / 
Accuracy / Bias 

Compound specific as per 
SOP-201. 

 
  
 Matrix  Water/TCLP 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group 

Metals 
 

 
 

 
 

 
 

 
 

 

 
 Analytical 
Method /      
 SOP 
Reference 

SW-846 3005A, 
6010B/7470A/SOP-100/103/105

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
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 digestion batch of 20 or Contaminants in the 1) Investigate Analyst, Laboratory Bias / Contaminants in the 
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 Matrix  Water/TCLP 

 
 

 
 

 
 

 
 

 
 

fewer samples. method blank must be 
less than ½ the QL. 

the source of 
the 
contamination.
Redigest and 
reanalyze all 
associated 
samples if the 
sample 
concentration ≥
the QL and 
<10x the blank 
concentration. 

Supervisor and Data 
Validator 

Contamination method blank must be 
less than the QL. 

Laboratory 
Control 
Sample(LCS) 

One per digestion batch of 20 or 
fewer samples. 

Recovery must be within 
+ 20% of the true value, 
unless vendor-supplied or 
statistical limits have been 
established. 

1) Investigate 
source of 
problem. 
2) Redigest 
and reanalyze 
all associated 
samples. 

Analyst, Laboratory 
Supervisor and Data 
Validator 

Accuracy / Bias / 
Contamination 

Recovery must be within 
+ 20% of the true value, 
unless vendor-supplied 
or statistical limits have 
been established. 

Duplicate 
Sample 

One per digestion batch of 20 or 
fewer samples. 

The relative percent 
difference should be 
within ≤20% for duplicate 
spikes. 

Flag results Analyst, Laboratory 
Supervisor and Data 
Validator 

Precision The relative percent 
difference should be 
within ≤20% for duplicate 
spikes. 

Matrix Spike 
(MS) 

One per digestion batch of 20 or 
fewer samples. 

Recovery should be + 
25% of the true value, if 
sample < 4x spike added.

Flag results. Analyst, Laboratory 
Supervisor and Data 
Validator 

Accuracy / Bias Recovery should be + 
25% of the true value, if 
sample < 4x spike 
added. 

ICP Serial 
Dilution 

One per digestion batch. If original sample result is 
at least 50x the 
instrument detection limit, 
5-fold dilution must agree 
within ± 10% of the 
original result. 

Flag result or 
dilute and 
reanalyze 
sample to 
eliminate 
interference. 

Analyst, Laboratory 
Supervisor and Data 
Validator 

Accuracy / Bias If original sample result 
is at least 50x the 
instrument detection 
limit, 5-fold dilution must 
agree within ± 10% of the 
original result. 
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 Matrix Soil 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group 

Metals 
 

 
 

 
 

 
 

 
 

 

 
 Analytical 
Method /      
 SOP 
Reference 

SW-846 3050B, 
6010B/SOP-100/105 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
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 digestion 

batch of 20 or fewer 
samples. 

Contaminants in the method 
blank must be less than ½ 
the QL. 

Investigate the 
source of the 
contamination.
Re-digest and 
reanalyze all 
associated 
samples if the 
sample 
concentration 
≥ the reporting 
limit and <10x 
the blank 
concentration.

Analyst, Laboratory Supervisor 
and Data Validator 

Bias / 
Contamination 

Contaminants in the 
method blank must be less 
than the QL. 

Laboratory 
Control 
Sample(LCS) 

One per digestion 
batch of 20 or fewer 
samples. 

Recovery must be within + 
20% of the true value, 
unless vendor-supplied or 
statistical limits have been 
established. 

Investigate 
source of 
problem. 
Redigest and 
reanalyze all 
associated 
samples. 

Analyst, Laboratory Supervisor 
and Data Validator 

Accuracy / Bias / 
Contamination 

Recovery must be within +
20% of the true value, 
unless vendor-supplied or 
statistical limits have been 
established. 

Duplicate 
Sample 

One per digestion 
batch of 20 or fewer 
samples. 

The relative percent 
difference should be within 
≤20% for duplicate spikes. 

Flag results. Analyst, Laboratory Supervisor 
and Data Validator 

Precision The relative percent 
difference should be within 
≤20% for duplicate spikes.

Matrix Spike One per digestion 
batch of 20 or fewer 
samples. 

Recovery should be + 25% 
of the true value, if sample < 
4x spike added. 

Flag results. Analyst, Laboratory Supervisor 
and Data Validator 

Accuracy / Bias Recovery should be + 25% 
of the true value, if sample 
< 4x spike added. 
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 Matrix Soil 

 
 

 
 

 
 

 
 

 
 

 
ICP Serial 
Dilution 

 
One per digestion 
batch. 

 
If original sample result is at 
least 50x the instrument 
detection limit, 5-fold 
dilution must agree within ± 
10% of the original result. 

 
Flag result or 
dilute and 
reanalyze 
sample to 
eliminate 
interference. 

 
Analyst, Laboratory Supervisor 
and Data Validator 

 
Accuracy / Bias 

 
If original sample result is 
at least 50x the instrument 
detection limit, 5-fold 
dilution must agree within ± 
10% of the original result. 
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 Matrix Soil 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group 

Metals 
 

 
 

 
 

 
 

 
 

 

 
 Analytical 
Method /      
 SOP 
Reference 

SW-846 3050B, 
6010B/7471A/SOP-100/104/105

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
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 digestion batch of 20 or 

fewer samples. 
Contaminants in the 
method blank must be 
less than ½ QL. 

1) Investigate 
the source of 
the 
contamination.
Redigest and 
reanalyze all 
associated 
samples if the 
sample 
concentration ≥
the QL and 
<10x the blank 
concentration. 

Analyst, Laboratory 
Supervisor and Data 
Validator 

Bias / 
Contamination 

Contaminants in the 
method blank must be 
less than  the QL. 

Laboratory 
Control 
Sample(LCS) 

One per digestion batch of 20 or 
fewer samples. 

Recovery must be within 
+ 20% of the true value, 
unless vendor-supplied or 
statistical limits have 
been established. 

3) Investigate 
source of 
problem. 
4) Redigest 
and reanalyze 
all associated 
samples. 

Analyst, Laboratory 
Supervisor and Data 
Validator 

Accuracy / Bias / 
Contamination 

Recovery must be within 
+ 20% of the true value, 
unless vendor-supplied 
or statistical limits have 
been established. 

Duplicate 
Sample 

One per digestion batch of 20 or 
fewer samples. 

The relative percent 
difference should be 
within ≤20% for duplicate 
spikes. 

Flag results Analyst, Laboratory 
Supervisor and Data 
Validator 

Precision The relative percent 
difference should be 
within ≤20% for duplicate 
spikes. 

Matrix Spike One per digestion batch of 20 or 
fewer samples. 

Recovery should be + 
25% of the true value, if 
sample < 4x spike added.

Flag results. Analyst, Laboratory 
Supervisor and Data 
Validator 

Accuracy / Bias Recovery should be + 
25% of the true value, if 
sample < 4x spike 
added. 



Title: QAPP Worksheets Appendix A Attachment 1-A of MC SI Work Plan for 3 MRP Sites 
Revision Number: 2 

Revision Date: 06/09 
 

060911/P (CTO 69) Page 99 of 121   NAS Brunswick, Maine 

 
 Matrix Soil 

 
 

 
 

 
 

 
 

 
 

ICP Serial 
Dilution 

One per digestion batch. If original sample result is 
at least 50x the 
instrument detection limit, 
5-fold dilution must agree 
within ± 10% of the 
original result. 

Flag result or 
dilute and 
reanalyze 
sample to 
eliminate 
interference. 

Analyst, Laboratory 
Supervisor and Data 
Validator 

Accuracy / Bias If original sample result 
is at least 50x the 
instrument detection 
limit, 5-fold dilution must 
agree within ± 10% of the 
original result. 

 
 
  
 Matrix  Leachate 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group 

Pesticides 
 

 
 

 
 

 
 

 
 

 

 
 Analytical 
Method /      
 SOP 
Reference 

SW-846 
8081A/SOP-302/211 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
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 20 samples 

or less. 
No target compounds > 1/2 
QL. 

Re-clean, 
retest, 
re-extract, 
reanalyze, 
and/or qualify 
data. 

Analyst, Laboratory Supervisor 
and Data Validator 

Bias / 
Contamination 

Contaminants in the 
method blank must be less 
than  the QL. 

Surrogates 2 per sample. Water:  
Tetrachloro-m-xylenes 
25-120 
Decachlorobiphenyl 25-130 
 
 
  
 

(1) Re-prepare 
and reanalyze 
for 
confirmation of 
matrix 
interference 
when 
appropriate. 

Analyst, Laboratory Supervisor 
and Data Validator 

Accuracy / Bias Water:  
Tetrachloro-m-xylenes 
25-120 
Decachlorobiphenyl 
25-130  
 
 
  
 

Laboratory 
Control Sample 
(LCS) 

One per 20 samples 
or less. 

Compound specific as per 
SOP-211. 

(1) Evaluate 
and reanalyze 
if possible.    
(2) If an MS 
was performed 
in the same 12 
hour clock and 
acceptable 
narrate.  

Analyst, Laboratory Supervisor 
and Data Validator 

Precision / Accuracy 
/ Bias 

Compound specific as per 
SOP-211. 
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 Matrix  Leachate 

 
 

 
 

 
 

 
 

 
 

(3) If the LCS 
recoveries are 
high but the 
sample results 
are <QL 
narrate 
otherwise 
re-prepare and 
reanalyze. 

Matrix 
spike/Matrix 
Spike Duplicate 
(MS/MSD) 

One per sample 
matrix. 

Compound specific as per 
SOP-211. 

(1) Corrective 
action will not 
be taken for 
samples when 
recoveries are  
outside limits 
and surrogate 
and LCS 
criteria are 
met. 
(2)  If both the 
LCS and MS 
are 
unacceptable 
re-prep the 
samples and 
QC. 

Analyst, Laboratory Supervisor 
and Data Validator 

Precision / Accuracy 
/ Bias 

Compound specific as per 
SOP-211. 
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 Matrix Leachate 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group 

Herbicides 
 

 
 

 
 

 
 

 
 

 

 
 Analytical 
Method /      
 SOP 
Reference 

SW-846 
8151A/SOP-304/208 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
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 20 samples 

or less 
No target compounds > 1/2 
QL. 

Re-clean, 
retest, 
re-extract, 
reanalyze, 
and/or qualify 
data. 

Analyst, Laboratory Supervisor 
and Data Validator 

Bias / 
Contamination 

No target compounds > 
QL. 

Surrogates 1 per sample 2,4-Dichlorophenylacetic 
acid. water: 
20-140% recovery 

(1) Re-prepare 
and reanalyze 
for 
confirmation of 
matrix 
interference 
when 
appropriate. 

Analyst, Laboratory Supervisor 
and Data Validator 

Accuracy / Bias 2,4-Dichlorophenylacetic 
acid. water: 
20-140% recovery 

Laboratory 
Control Sample 
(LCS)  

One per 20 samples 
or less. 

Compound specific as per 
SOP- 208. 

(1) Evaluate 
and reanalyze 
if possible.    
(2) If an MS 
was performed 
in the same 12 
hour clock and 
acceptable 
narrate.  
(3) If the LCS 
recoveries are 
high but the 
sample results 
are <QL 
narrate 
otherwise 
re-prepare and 
reanalyze. 

Analyst, Laboratory Supervisor 
and Data Validator 

Precision / Accuracy 
/ Bias 

Compound specific as per 
SOP- 208. 
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 Matrix Leachate 

 
 

 
 

 
 

 
 

 
 

Matrix 
spike/Matrix 
Spike Duplicate 
(MS/MSD) 

One per sample 
matrix. 

Compound specific as per 
SOP- 208. 

(1) Corrective 
action will not 
be taken for 
samples when 
recoveries are  
outside limits 
and surrogate 
and LCS 
criteria are 
met. 
(2)  If both the 
LCS and MS 
are 
unacceptable 
then the 
sample and 
QC will be 
re-prepared. 

Analyst, Laboratory Supervisor 
and Data Validator 

Precision / Accuracy 
/ Bias 

Compound specific as per 
SOP- 208. 
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 Matrix Water/Soil 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group 

Dinitrotoluenes 
and Nitroglycerin 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Method /      
 SOP 
Reference 

8330AEmpirical 
SOP-327 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
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 batch of 

20 or less. 
No target compounds >QL. Reclean, 

retest, 
re-extract, 
reanalyze, 
and/or qualify 
data 

Analyst, Laboratory Supervisor 
and Data Validator 

Bias / Contamination No target compounds > QL.

Surrogates 1.per sample 1,2-dinitrobenzene 
60%-140% for water 
50-150% for soil 

Re-prepare 
and reanalyze 
for confirmation 
of matrix 
interference 
when 
appropriate. 

Analyst, Laboratory Supervisor 
and Data Validator 

Accuracy / Bias 1,2-dinitrobenzene 
60%-140% for water 
50-150% for soil 

Laboratory 
Control Spike  

One per batch of 
20 or less 

Water: 
60 - 120% 
Soil: 
60 - 120% 

 Evaluate and 
reanalyze if 
possible. If an 
MS/MSD was 
performed in 
the same 12 
hour clock and 
is acceptable 
narrate.  
If the LCS 
recoveries are 
high but the 
sample results 
are <QL then 
narrate, 
otherwise 
re-prepare and 
reanalyze. 

Analyst, Laboratory Supervisor 
and Data Validator 

Precision / Accuracy 
/ Bias 

Water: 
60 - 120% 
Soil: 
60 - 120% 
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 Matrix Water/Soil 

 
 

 
 

 
 

 
 

 
 

Matrix spike / 
Matrix spike 
duplicate 

One per sample 
delivery group or 
every 20 
samples. 

%Recovery = 50 - 140 
RPD ≤ 50 

Corrective 
action will not 
be taken for 
samples when 
recoveries are 
outside limits 
and surrogate 
and LCS 
criteria are met. 
If both the LCS 
and MS/MSD 
are 
unacceptable 
then re-prepare 
the samples 
and QC. 

Analyst, Laboratory Supervisor 
and Data Validator 

Precision / Accuracy 
/ Bias 

%Recovery = 50 - 140 
RPD ≤ 50 
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 Matrix Water 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group 

Perchlorate 
 

 
 

 
 

 
 

 
 

 

 
 Analytical 
Method /      
 SOP 
Reference 

SW-846 6850/CAS 
HPLC-6850 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
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 preparation 
batch. 

No target analytes ≥ 1/2 QL. Correct 
problem, then 
re-extract and 
reanalyze 
method blank 
and all 
samples 
processed 
with the 
contaminated 
blank in 
accordance 
with DoD QSM 
requirements.

Lab Manager / Analyst Accuracy/Bias 
Contamination 

No target analytes ≥ ½ QL.

Internal 
standards 

During acquisition of 
calibration standard, 
samples, and QC 
check samples. 

Areas within -50% of the 
average of the last initial 
calibration for each sample 
and QC in accordance with 
DoD QSM requirements. 

Inspect LCMS 
for 
malfunctions; 
mandatory 
reanalysis of 
samples 
analyzed while 
system was 
malfunctioning 
in accordance 
with DoD QSM 
requirements.

Lab Manager / Analyst Precisions and 
Accuracy/Bias 

Areas within -50% of the 
average of the last initial 
calibration for each sample 
and QC in accordance with 
DoD QSM requirements. 

Isotope Ratio Every Sample and 
QC. 

83/85 ratio within the 
established window of 
2.3-3.8 

Samples must 
be repeated. 
Re-extract 
using cleanup 
procedures or 
alternative 
techniques 

Lab Manager / Analyst Qualitative 
Idenitfication 

83/85 ratio within the 
established window of 
2.3-3.8 
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 Matrix Water 

 
 

 
 

 
 

 
 

 
 

such as post 
spikes or 
dilution to 
reduce 
interference 

MS/MSD One MS/MSD pair 
per analytical/ 
preparation batch. 

QC acceptance criteria: 
80% to 120% recovery, 
15% relative percent 
difference; or laboratory 
statistically derived control 
limits. 

Identify 
problem; if not 
related to 
matrix 
interference, 
re-extract and 
reanalyze 
MS/MSD and 
all associated 
batch samples 
in accordance 
with DoD QSM 
requirements.

Lab Manager / Analyst Precisions and 
Accuracy/Bias 

QC acceptance criteria: 
80% to 120% recovery, 
15% relative percent 
difference; or laboratory 
statistically derived control 
limits. 

LCS  One LCS per 
analytical/preparation 
batch. 

QC acceptance criteria: 
80% to 120% recovery, 
15% relative percent 
difference; or laboratory 
statistically derived control 
limits. 

Correct 
problem, then 
re-extract and 
reanalyze the 
LCS and all 
associated 
batch samples 
in accordance 
with DoD QSM 
requirements.  

Lab Manager / Analyst Precisions and 
Accuracy/Bias 

QC acceptance criteria: 
80% to 120% recovery, 
15% relative percent 
difference; or laboratory 
statistically derived control 
limits. 

MDL study Once per 12-month 
period 

Detection limits established 
will be below the QLs 

Correct 
problem, then 
repeat the 
MDL study in 
accordance 
with DoD QSM 
requirements 

Lab Manager / Analyst Sensitivity Detection limits will be 
below the QLs 

  
 
  
 Matrix Soil 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group 

Total Organic 
Carbon 

 
 

 
 

 
 

 
 

 
 

 
 Analytical Lloyd Kahn/ 
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 Matrix Soil 

 
 

 
 

 
 

 
 

 
 

Method /      
 SOP 
Reference 

SOP-221 

 
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 

preparation 
batch of 20 or 
fewer samples 

No TOC detected > 1/2 QL. Investigate 
source of 
contamination 
and re-analyze 
all affected 
samples. 

Analyst, Supervisor, and QA 
Manager 

Accuracy/bias- 
Contamination 

No TOC detected > QL. 

Laboratory 
Duplicate 

One per 
preparation 
batch of 10 or 
fewer samples  

<Relative percent difference 
< 50 

Narrate any 
results that are 
outside control 
limits. 

Analyst, Supervisor, and QA 
Manager 

Precision Relative percent difference 
< 50 

Matrix Spike One per 
preparation 
batch of 10 or 
fewer samples 

50-150 % recovery 
 

No corrective 
action will be 
taken for 
samples where 
recoveries are 
outside 
acceptance 
limits and LCS 
criteria are met.  
Narrate 
noncompliances.

Analyst, Supervisor, and QA 
Manager 

Accuracy/bias 50-150 % recovery 
 

Laboratory 
Control Sample 

One per 
preparation 
batch of 20 or 
fewer samples 

80-120% recovery Re-analyze 
associated 
samples. 
If the sample is 
within holding 
time, re-analyze 
affected sample 
batch. If the LCS 
recovery is high 
but the sample 
results are < the 
QL, narrate.  
Otherwise, 
re-prepare the 
blank and 
affected sample 
batch. 

Analyst, Supervisor, and QA 
Manager 

Accuracy/bias 80-120% recovery  
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 Matrix Soil 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group pH 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Method /      
 SOP 
Reference 

SW-846 9045C/ 
SOP-187 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
QC Sample 

 
Frequency / 

Number 

 
Method / SOP   QC 
Acceptance Limits 

 
Corrective 

Action 

 
Person(s) Responsible for 

Corrective Action 

 
Data Quality 

Indicator (DQI) 

 
Measurement 

Performance Criteria 
Laboratory 
Duplicate 

One per 
preparation 
batch of 10 or 
fewer samples. 

+ 0.09 units Recalibrate 
and reanalyze 
samples. 

Analyst, Supervisor, and QA 
Manager 

Precision + 0.09 units 

Laboratory 
Control Sample 

Once per 20 
samples.  

+ 0.25 units Re-analyze 
associated 
samples.  If 
sample is 
within holding 
time, 
re-analyze 
affected 
sample batch. 

Analyst, Supervisor, and QA 
Manager 

Accuracy/bias + 0.25 units  

  
 Matrix Soil 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group CEC 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Method /      
 SOP 
Reference 

SW-846 9081 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
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 

preparation 
batch of 10 or 
fewer samples. 

Less than the QL. Correct and 
reanalyze 
batch 

Analyst, Supervisor, QA 
Manager 

Accuracy/bias- 
Contamination 

Less than the QL. 

Laboratory 
Duplicate 

One per 
preparation 
batch of 10 or 

Relative percent difference < 
20 

Report Analyst, Supervisor, QA 
Manager 

Precision Relative percent difference 
< 20 
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 Matrix Soil 

 
 

 
 

 
 

 
 

 
 

fewer samples.  
  
 Matrix Water 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Group 

Nitrate and 
Nitrite 

 
 

 
 

 
 

 
 

 
 

 
 Analytical 
Method /      
 SOP 
Reference 

EPA 300/ 
SOP-145 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
QC Sample 

 
Frequency / 

Number 

 
Method / SOP   QC 
Acceptance Limits 

 
Corrective 

Action 

 
Person(s) Responsible for 

Corrective Action 

 
Data Quality 

Indicator (DQI) 

 
Measurement 

Performance Criteria 
Laboratory 
Reagent Blank 

One per batch No analytes > ½ QL. Investigate 
source of 
contamination 
and re-analyze 
all affected 
samples. 

Analyst, Supervisor, and QA 
Manager 

Accuracy/bias- 
Contamination 

No analytes > ½ QL. 

Laboratory 
Fortified Blank 
(LCS) 

One per batch 90-110% recovery Re-analyze 
associated 
samples.  If 
sample is within 
holding time, 
re-analyze 
affected sample 
batch. 

Analyst, Supervisor, and QA 
Manager 

Accuracy/bias 90-110% recovery 

Laboratory 
Fortified 
Sample Matrix 
(MS) 

10% of samples 80-120% recovery No corrective 
action will be 
taken for 
samples where 
recoveries are 
outside 
acceptance 
limits and LCS 
criteria are met.  
Narrate 
noncompliances.

Analyst, Supervisor, and QA 
Manager 

Accuracy/bias 80-120% recovery 

Laboratory 
Duplicate 

10% of samples 20% RPD If the RPD fails 
to meet these 
criteria, the 
samples must be 
reported with a 

Analyst, Supervisor, QA 
Manager 

Precision 20% RPD 
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 Matrix Water 

 
 

 
 

 
 

 
 

 
 

qualifier 
identifying the 
sample analysis 
result as yielding 
a poor duplicate 
analysis RPD. 

 
 
 
QL – Quantitation Limit 
VOC – Volatile Organic Cmpounds 
SVOC – Semivolatile Organic Compounds 
TAL – Target Analyte List 
TCL – Target Compound List 
TCLP – Toxicity Characteristic Leaching Procedure 
TBD – To be Determined 
RPD – Relative Percent Difference 
IDL – Instrument Detection Limit 
SDG – Sample Delivery Group 
RL - Reporting Limit 
QC - Quality Control 
EICP - Extracted Ion Current Profile 
ICP – Inductively Coupled Plasma 
EICP – Extracted ion current profile 
MRL – Method Reporting Limit 
LODV – Level of detection verification 
FOL – Field Operation Leader 
LODV – Limit of Detection Verification 
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QAPP_Worksheet_#29  
(UFP-QAPP Manual Section 3.5.1) 
Identify the documents and records that will be generated for all aspects of the project including, but not limited to, sample collection and 
field measurement, on-site and off-site analysis, and data assessment. 

Worksheet Not Applicable (State Reason)
                         

 
 

Project Documents and Records Table 
Sample Collection 

Documents and Records 
On-site Analysis Documents 

and Records 
Off-site Analysis Documents 

and Records 
Data Assessment Documents 

and Records Other 
Field Logbook 
Field Sample Forms  
Chain of Custody Records 
Airbills 
Sampling Instrument Calibration 
Logs 
Sample Location and Sampling 
Plan 
Sampling Notes and Drilling Logs 
Sampling Report 
Photographs         
Field Task Modification Forms 

Field Sample Data 
Field Logbook 
Field Sample Forms 
Sampling Instrument Calibration 
Logs 
Field Sample Data 
 

-Sample receipt, custody, and 
tracking record 
-Standards tracability logs 
-Equipment calibration logs 
-Sample preparation logs 
-Run logs 
-Equipment maintenance, testing, 
and inspection logs 
-Corrective action forms 
-Reported field sample results 
-Reported results for standards, qc 
checks, and qc samples 
-Data completeness checklists 
-Sample storage and disposal 
records 
-Telephone logs 
-Extraction/clean-up records 
-raw (stored electronically)     

Field Sampling Audit Checklist (if 
audit is conducted) 
Analytical Audit Checklist (if 
Audit is conducted) 
Data Review Reports 
Tabulated Data Summary Forms 
Data Validation Memoranda       
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QAPP_Worksheet_#30   
(UFP-QAPP Manual Section 3.5.2.3)  
Complete this worksheet for each matrix, analytical group, and concentration level.  Identify all laboratories or organizations that will 
provide analytical services for the project, including on-site screening, on-site definitive, and off-site laboratory analytical work.  If 
applicable, identify the subcontractor laboratories and backup laboratory or organization that will be used if the primary laboratory or 
organizations cannot be used. 

Worksheet Not Applicable (State Reason)  
 

Analytical Services Table 
 

 
Matrix 

 
Analytical Group 

Sample 
Locations/ID 

Numbers 

Analytical 
Method 

 
Data Package 
Turnaround 

Time 

 
Laboratory / Organization 

(name and address, contact 
person and  telephone 

number) 

 
Backup Laboratory / 

Organization 

(name and address,  
contact person and 
telephone number) 

PAHs See 
Worksheet 18 

SW-846  
8270C SIM 

Metals See 
Worksheet 18 

SW-846 
6010B 
7470A/7471A 

Water and 
Soil 

Dinitrotoluenes 
and 
nitroglycerin 

 

See 
Worksheet 18 

SW-846 
8330A  

Water Nitrate and 
Nitrite 

See 
Worksheet 18 

EPA 300 

TCLP Organics See 
Worksheet 18 

SW-846 1311 
followed by 
8260B, 
8270C, 
8081A, 
8151A 

 

TCLP Inorganics See 
Worksheet 18 

SW-846 1311 
followed by 
6010B, 
7470A 

Soil 

pH See 
Worksheet 18 

SW-846 
9045C 

21 calendar 
days 

Janice Shilling 
Empirical Laboratories 
227 French Landing 
Nashville, TN 37228 
615-345-1115 

NA 
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Matrix 

 
Analytical Group 

Sample 
Locations/ID 

Numbers 

Analytical 
Method 

 
Data Package 
Turnaround 

Time 

 
Laboratory / Organization 

(name and address, contact 
person and  telephone 

number) 

 
Backup Laboratory / 

Organization 

(name and address,  
contact person and 
telephone number) 

CEC See 
Worksheet 18 

SW-846 9081 

TOC See 
Worksheet 18 

Lloyd Kahn 

Water Perchlorate See 
Worksheet 18 

SW-846 6850 Deb Patton 

Columbia Analytical 
Services 

1 Mustard Street, Suite 250 

Rochester, NY 14609 

585-288-5380 

NA 

 
  

 
 
TAL – Target Analyte List 
TCL – Target Compound List 
PAHS – Polycyclic Aromatic Hydrocarbons 
TOC  - Total Organic Carbon 
TCLP – Toxicity Characteristic Leaching Procedure 
NA – Not applicable 
TBD – To be determined 
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QAPP_Worksheet_#31  
(UFP-QAPP Manual Section 4.1.1) 
Identify the type, frequency, and responsible parties of planned assessment activities that will be preformed for the project.  

Worksheet Not Applicable (State Reason)
                         

 
 

Planned Project Assessments Table 

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 
Corrective Actions (CA) 

(Title and 
Organizational 

Affiliation) 

Person(s) 
Responsible for 

Monitoring 
Effectiveness of CA 

(Title and 
Organizational 

Affiliation) 
Laboratory 
Systems 
Audit           

 Every 18 
months          

External
      

 NFESC          TBD           Laboratory QA Manager           Laboratory QAM            Laboratory QAM           

 Field 
Sampling 
Systems 
Audit          

1 per contract 
year           

Internal
      

 TtNUS          TBD           PM           Auditor and Project Chemist 
(Kelly Carper TtNUS)          

Project Chemist (Kelly 
Carper TtNUS)                
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QAPP_Worksheet_#32  
(UFP-QAPP Manual Section 4.1.2) 
For each type of assessment describe procedures for handling QAPP and project deviations encountered during the planned  
project assessments. 

Worksheet Not Applicable (State Reason)
              

 
Assessment Findings and Corrective Action Responses 

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, Org.) 
Timeframe for 

Response 
Field sampling 
system audit      

Audit checklist and 
written audit finding 
summary         

PM TtNUS, FOL 
TtNUS, and Program 
management TtNUS       

Dependant on 
findings, if major a 
stop work maybe 
issued immediately, 
however if minor 
within 1 week of 
audit          

Written memo           QAM TtNUS, Auditor TtNUS, 
Program Manager TtNUS         

Within 4 weeks of 
notification           

Laboratory 
systems Audit 

Written audit report   Laboratory QAM          Not specified by 
NFESC           

Letter           NFESC           Specified by NFESC   

 



Title: QAPP Worksheets Appendix A Attachment 1-A of MC SI Work Plan for 3 MRP Sites 
Revision Number: 2 

Revision Date: 06/09 
 

060911/P (CTO 69) Page 116 of 121   NAS Brunswick, Maine 

QAPP_Worksheet_#33 
(UFP-QAPP Manual Section 4.2) 
Identify the frequency and type of planned QA Management Reports, the projected delivery date, the personnel responsible 
for report preparation, and the report recipients. 

Worksheet Not Applicable (State Reason)
                         

 
QA 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) 
Data validation report Per SDG Once validation is complete DVM or designee (TtNUS) PM (TtNUS), project file 

Major analysis problem 
identification (Internal 
Memorandum) 

When persistent analysis problems are 
detected 

immediately Project Chemist PM (TtNUS), CG (TtNUS), DVM 
(TtNUS), QAM (TtNUS), and 
project file  

Project monthly 
progress report 

Monthly for duration of the project monthly PM (TtNUS) Navy, project file 

Field status reports         Daily, oral, during the course of sampling    everyday that field sampling is 
occurring 

FOL (TtNUS) PM and CG (TtNUS) 

Laboratory QA Report   When significant plan deviations result 
from unanticipated circumstances           

immediately Subcontracted laboratories TtNUS, project file 
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QAPP_Worksheet_#34  
(UFP-QAPP Manual Section 5.2.1)  
Describe the processes that will be followed to verify project data. Verification inputs include items such as those listed in Table 9 of the 
UFP-QAPP Manual (Section 5.1).  Describe how each item will be verified, when the activity will occur, and what documentation is 
necessary, and identify the persons responsible.  Internal or external is in relation to the data generator. 

Worksheet Not Applicable (State Reason)
                         

Verification  (Step I) Process Table 

Verification Input Description 
Internal/ 
External 

Responsible for Verification (Name, 
Organization) 

Sample Tables Proposed samples verified to have been collected and are documented on the chain 
of custody forms. 

Internal FOL or Designee TtNUS 

 Sample Coordinates Sample locations have been verified to be correct and in accordance with the 
QAPP (overlay maps proposed locations against actual locations) 

Internal FOL, PM, or designee TtNUS 

Data package           Verify that the data package contains all the elements required by the scope of 
work, this occurs as part of the data validation process           

Internal Data validator TtNUS 

Sample logsheets Logsheets completed as samples are collected in the field are verified for 
completeness and are compiled for inclusion in the RI/FS 

Internal PM or designee TtNUS 

Audit Report Audit checklist and narrative noting any deficiencies (if an audit is performed) Internal QAM, FOL, PM 
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QAPP_Worksheet_#35  
(UFP-QAPP Manual Section 5.2.2) 
Describe the processes that will be followed to validate project data.  Validation inputs include items such as those listed in Table 9 of the 
UFP-QAPP Manual (Section 5.1).  Describe how each item will be validated, when the activity will occur, and what documentation is  
necessary and identify the person responsible.  Differentiate between steps IIa and IIb of validation. 

Worksheet Not Applicable (State Reason)
                         

 
Validation  (Steps IIa and IIb) Process Table 

Step IIa/IIb Validation Input Description 
Responsible for Validation (Name, 

Organization) 
IIa       Data package          Validator will verify that elements of the data package that are required for validation 

are present and if not the lab will be contacted and the missing info will be requested. 
validation will be performed as per worksheet 36. 

Validator TtNUS 

IIa Field logs/sample 
coordinates 

Verify that the sampling plan was implemented and carried out as written and any 
deviations are documented 

PM TtNUS 

IIa       Electronic Data Verify all data have been transferred correctly and completely to the final SQL 
database 

PM or designee TtNUS 

IIa QAPP, SOPs/Field 
Logs, chains of custody   

Verify that deviations have been documented and MPCs have been achieved. PM, FOL, or designee TtNUS 
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QAPP_Worksheet_#36   
(UFP-QAPP  Manual Section 5.2.2)  
Identify the matrices, analytical groups, and concentration levels that each entity performing  validation will be responsible for, as well 
as criteria that will be used to validate those data. 

Worksheet Not Applicable (State Reason)
                         

 
Validation  (Steps IIa and IIb) Summary Table 

Step IIa/IIb Matrix Analytical Group Concentration Level Validation Criteria 

Data Validator (title 
and organizational 

affiliation) 
IIa and IIB Groundwater, Surface 

water, Sediment, Surface 
and Subsurface Soil 

TAL Metals low SW-846, Region I Inorganic 
Data Validation Functional 
Guidelines (2/89), DOD 
QSM, and QAPP 
Worksheets 12, 15, and 28. 

TtNUS Staff Chemist 

IIa and IIB Groundwater, Surface and 
Subsurface Soil 

Explosives low SW-846, DOD QSM, 
Region I Part 2 
Volatile/semivolatile Data 
Validation Functional 
Guidelines (12/96) and 
QAPP Worksheets 12, 15, 
and 28. 

TtNUS Staff Chemist 

IIa and IIB Groundwater, Surface and 
Subsurface Soil 

Nitroglycerin low SW-846, DOD QSM, 
Region I Part 2 
Volatile/semivolatile Data 
Validation Functional 
Guidelines (12/96) and 
QAPP Worksheets 12, 15, 
and 28. 

TtNUS Staff Chemist 

IIa and IIB Groundwater, Surface 
water, Sediment, Surface 
and Subsurface Soil 

PAHs low SW-846, Region I Part 2 
Volatile/semivolatile Data 
Validation Functional 
Guidelines (12/96), DOD 
QSM, and Worksheets 12, 
15, and 18. 

TtNUS Staff Chemist 

IIa and IIB Groundwater  Perchlorate low SW-846, DOD Perchlorate 
Handbook, and QAPP 
Worksheets 12, 15, and 28. 

TtNUS Staff Chemist 

IIa and IIB Groundwater  Nitrates low  TtNUS Staff Chemist 
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Validation  (Steps IIa and IIb) Summary Table 

Step IIa/IIb Matrix Analytical Group Concentration Level Validation Criteria 

Data Validator (title 
and organizational 

affiliation) 
IIa and IIB Surface Soil and Sediment TOC low method-specific, DOD 

QSM to extent practicable, 
and QAPP Worksheets 12, 
15, and 28. 

TtNUS Staff Chemist 

IIa and IIB Surface Soil pH and CEC low  TtNUS Staff Chemist 

IIa and IIB Soil TCLP Organic low SW-846, Region I Parts 2 
and 3 Volatile/semivolatile 
and Pesticide/PCB Data 
Validation Functional 
Guidelines (12/96), DOD 
QSM, and QAPP 
Worksheets 12, 15, and 28. 

TtNUS Staff Chemist 

IIa and IIB Soil TCLP Inorganic low SW-846, Region I Inorganic 
Data Validation Functional 
Guidelines (2/89), DOD 
QSM, and QAPP 
Worksheets 12, 15, and 28. 

TtNUS Staff Chemist 
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QAPP_Worksheet_#37  
(UFP-QAPP Manual Section 5.2.3) 
Describe the procedures/methods/activities that will be used to determine whether data are of the right type, quality, and quantity 
to support environmental decision-making for the project.  Describe how data quality issues will be addressed and how limitations of the  
use of the data will be handled. 

Worksheet Not Applicable (State Reason)
                         

 
Usability_Assessment  

Summarize the usability assessment process and all procedures, including interim steps and any statistics, equations, and computer algorithms that will be used:
 See QAPP Section 4.2.3 text                        
Describe the evaluative procedures used to assess overall measurement error associated with the project:   See QAPP Section 4.2.3 text                        
Identify the personnel responsible for performing the usability assessment:   Project Chemist or designee                        
Describe the documentation that will be generated during usability assessment and how usability assessment results will be presented so that they identify trends, 
relationships (correlations), and anomalies:    See QAPP Section 4.2.3 text                       

 
  



ATTACHMENT 1-B 
 

FIELD SOPS 









































































































































































































































































































































































































































































ATTACHMENT 1-C 
  

FIELD FORMS 





































ATTACHMENT 1-D 
 

ANALYTICAL LABORATORY SOPS 
(provided on compact disc) 
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STANDARD OPERATING PROCEDURE 
for 

PERCHLORATE IN WATER, SOILS AND SOLID WASTES USING 
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY/ELECTROSPRAY 

IONIZATION/MASS SPECTROMETRY (HPLC/ESI/MS)  
 
 

 SOP No.: HPLC-6850 
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1. SCOPE AND APPLICATION 
 

1.1. This SOP uses the DoD Perchlorate Handbook (May 2007) and EPA SW-846 Method 
6850 for the Analysis of Perchlorate in Water, Soils, and Solid Wastes using High 
Performance Liquid Chromatography/Electrospray Ionization/Mass Spectrometry 
(HPLC/ESI/MS).   Although this method is entirely capable of analyzing drinking water, 
most regulatory agencies require the use of a drinking water method in the 300 series.  
This method is not equivalent to any current drinking water method.   

 
1.2. This SOP is written to specifically address the additional requirements of the DoD, 

however it is also compliant with SW-846 6850.  Samples which are not from the DoD 
may be analyzed with or without the additional DoD requirements and be compliant with 
6850.  If the samples are not from the DoD, samples may be reported if they meet the less 
stringent 6850 requirements listed in Table 2.  

 
1.3. This method is for the determination of perchlorate in groundwater, surface water, 

wastewater, soil, sediment and sludge using reverse phase high performance liquid 
chromatography (HPLC) coupled with electrospray ionization (ESI) mass spectrometry 
(MS).  This SOP also details the procedures for tissue samples using an FDA procedure 
for the extraction.  Other matrices (example – biota) may be applicable to this method if 
the lab demonstrates the acceptability of the matrix.  

 

1.4. The reporting limits listed below are for guidance only.  Reporting Limits are highly 
matrix-dependent and not always achievable. 

Matrix Reporting Limit  

Water 0.20 ug/L 

Soil 2.0 ug/kg 

Tissue 0.60 ug/kg 

Biota To be determined 

Milk To be determined 

   

2. METHOD SUMMARY 
 
Solids are first extracted prior to analysis with reagent water using an ultrasonic bath.  Tissue 
samples are extracted with acetonitrile and acetic acid and passed through an SPE cartridge.  
Water samples are not extracted.  Extracts and water samples are filtered, if needed.  An 
appropriate volume of the sample or sample extract is introduced into a HPLC/MS instrument.  
Perchlorate is separated by HPLC from the sample matrix, partially fragmented via negative 
electrospray ionization and detected by MS using mass-to-charge (m/z) ratios 83, 85 and 89.  
Quantitation is performed using m/z 83 and internal standard calibration.  Isotopically-labeled 
perchlorate (Cl18O4

-), m/z 89, serves as the internal standard.  The 83/85 isotopic ratio reflects 
the isotopic ratio of naturally occurring 35Cl/37Cl and is used for additional confirmation of 
perchlorate identification. 

 



  SOP No.: HPLC-6850 
  Revision :3 
  Date: 6/12/2007 
  Page 3 of  27 
3. DEFINITIONS 
 

3.1. Preparation Batch: a group of 20 or fewer samples of the same matrix prepared together 
on the same day.  See ADM-BATCH for more information. 

 
3.2. Analytical Batch:  a group of 20 or fewer samples analyzed together.  See ADM-

BATCH for more information. 
 

3.3. Internal Standards – Internal standards are analytes which are similar to the analytes of 
interest but which are not found in the samples.  The chosen internal standards are used to 
calibrate the instrument’s response. 

 
3.4. Continuing Calibration Verification (CCV):  standard analyzed at a routine frequency 

throughout the sequence to establish the instrument is meeting calibration criteria.      
 
3.5. Independent Calibration Verification (ICV):  standard analyzed from a source that is 

different than that used to calibrate the instrument.  The ICV is a check on the purity and 
accuracy of the calibration standards and can be used in preparing matrix spike solutions 
for spiking of QA/QC samples. 

 
3.6. Relative Percent Difference (RPD):  measure of the relative difference between two 

values.  See QAM. 
 
3.7. Method Detection Limit (MDL) - also called LoD (Limit of Detection): a statistically 

derived value representing the lowest level of target analyte that may be measured by the 
instrument with 99% confidence that the value is greater than zero. 

 
3.8. Method Reporting Limit (MRL):  The minimum amount of a target analyte that can be 

measured and reported quantitatively.  The MRL is equivalent to Practical Quantitation 
Level (PQL), reporting limit, and Limit of Quantitation (LoQ). 

 
3.9. QA/QC Samples:  Samples added to a sample preparation batch, or an analytical batch 

to provide quality assurance checks on the analysis.   
 

3.9.1. Duplicate Sample (DUP):  a laboratory duplicate.  The duplicate sample is a 
separate sample aliquot that is processed in an identical manner as the sample 
proper. 

 
3.9.2. Laboratory Control Sample (LCS):  a method blank that has been fortified with 

the analyte of interest.  Used to verify laboratory performance. 
 

3.9.3. Method Blank (MB):  a laboratory blank that is used to check that reagents and 
equipment are free of target analytes. The Method Blank follows the same 
preparative techniques as samples.  Unless stated in project specific data quality 
objectives, reagents are considered free of target analyte contamination if the level 
detected in the Method Blank is less than the ½ MRL.   
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3.9.4. Matrix Spike Sample (MS):  a duplicate sample aliquot that has been fortified 
with the analyte of interest.  Used to observe the effects of the sample matrix on 
target analyte recovery. 

 
3.9.5. Matrix Spike Sample/ Matrix Spike Duplicate Sample (MS/MSD):  matrix 

spike samples prepared in duplicate.  It is used to evaluate method precision and 
matrix effects. 

 
4. INTERFERENCES 

 
4.1. Solvents, reagents, glassware, and other sample processing hardware may yield artifacts 

and/or interferences to sample analysis.  All of these materials must be demonstrated to 
be free from interferences under the conditions of the analysis by analyzing method 
blanks.     

 
4.2. Sample extracts with any visible particulates should be filtered through a minimum 0.45-

µm nominal pore size membrane or frit to remove particulates and prevent damage to the 
instrument, columns and flow systems.  Filters specifically designed for IC or HPLC 
applications should be used.  

 
4.3. Hydrogen sulfate ion H34SO4

-, formed from a minor sulfur isotope, is commonly present 
in samples.  H34SO4

- elutes before perchlorate but at high concentrations can tail into the 
retention time of the perchlorate peak and elevate its baseline at m/z 99.  Quantitation of 
perchlorate based on m/z 83 and 89 avoids this potential interference from H34SO4

-.   
 

4.4. Glassware must be scrupulously cleaned.  Glassware should be rinsed as soon as possible 
after use with the last solvent used.  This should then be followed by detergent washing 
with hot water and rinses with tap water and organic-free reagent water.  After washing, 
the glassware should then be drained, dried, and heated in a laboratory oven at 130°C for 
two to three hours before reuse.  Solvent rinses with acetonitrile may be substituted for 
the oven heating.  After drying and cooling, glassware should then be stored in a clean 
environment to prevent accumulation of dust or other contaminants 
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5. SAFETY 
 

5.1. The toxicity or carcinogenicity of each reagent used in this procedure may not be 
precisely defined.  Material safety data sheets (MSDS) are available on each solvent and 
standard and should be reviewed as part of employee training.   

 
5.2. Personal protective clothing (safety glasses, gloves and lab coat) are recommended when 

prepping samples, handling standards, or performing maintenance on pressurized 
systems. 

 
5.3. The use of pressurized gases is required for this procedure.  Care should be taken when 

moving cylinders.  All gas cylinders must be secured to a wall or an immovable counter 
with a chain or a cylinder clamp at all times.  Sources of flammable gases (e.g., 
pressurized hydrogen) should be clearly labeled. 

 
5.4. The proper use of syringes and glass pipettes should be part of employee training.  Care 

should be taken to avoid personal injury as a result of improper handling techniques. 
 

5.5. Refer to the Safety Manual for further discussion of general safety procedures and 
information. 

 
6. SAMPLE COLLECTION, CONTAINERS, PRESERVATION, AND STORAGE 
 

6.1. Water samples should be collected in purchased, pre-cleaned 125-mL polyethylene 
bottles. 

 
6.2. For solids, collect samples in purchased clean, 4-oz amber glass jars. 
 
6.3. Tissue samples should be frozen upon collection and kept frozen until just before 

analysis.   
 

6.4. Prepare and analyze samples and extracts within 28 days of collection. 
 
6.5. Care should be taken to avoid temperature extremes during shipment and storage 
 
6.6. Samples will be refrigerated to 0-6oC upon sample login 

 
6.7. For sample handling see SMO-GEN SOP.  
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7. APPARATUS AND EQUIPMENT 
 

7.1. Volumetric flasks, 100-mL and other sizes as needed. 
 
7.2. Automatic precision pipetters and disposable tips - 10-10,000 µL capacity or gas tight 

syringes. 
 
7.3. Disposable autosampler vials, 2mL capacity. 
 
7.4. Disposable plastic centrifuge tubes - 50 mL and 20 mL scintillation vials. 
 
7.5. Disposable plastic micro-beakers. 
 
7.6. Sample bottles - polyethylene or glass of sufficient volume to allow replicate analyses. 
 
7.7. Disposable PTFE 0.45-µm, surfactant-free, membrane syringe filters. 
 
7.8. Glass 5-mL luer-lock syringes or equivalent. 
 
7.9. SPE Cartridges –  

 
7.9.1. C18 (2000 mg) chromatography columns or equivalent for extract solution 

cleanup. 
 
7.9.2. For tissue samples – SupelcleanTM, EnviTM-carb SPE cartridges, 500 mg bed x 6 

mL; P/N 57094; Supelco 
 

7.10. High Performance Liquid Chromatograph/Mass Spectrometer - An analytical system 
combining a high performance liquid chromatograph for separation of the sample 
components, electrospray ionization interface and mass spectrometer for fragmentation 
and detection of sample components.  Agilent LC/MS.  See Appendix A of the Quality 
Assurance Manual for specific parts and serial numbers. 

 
7.10.1. High Performance Liquid Chromatograph – The instrument contains a 

programmable solvent delivery system and all required accessories including 
injection loop, analytical columns, purging gases, etc.  The chromatographic 
system must be capable of interfacing with a mass spectrometer. 

 
7.10.2. Electrospray ionization (ESI) source – The ESI source generates gas phase ions of 

perchlorate from the liquid phase. 
 

7.10.3. Mass Spectrometer – A quadrupole mass analyzer, Agilent 1100 LC/MS 
quadrupole mass spectrometer.  Instrument tuning and instrument conditions are 
based on the manufacturer’s instructions.  Tuning is not required prior to daily 
analyses.  Tuning parameters are available from the instrument manufacturer, 
along with mass tuning solutions and instructions on how to optimize the mass 
spectrometer. 
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7.10.4. Analytical column – 4 mm x 250 mm, peptides-impregnated, reverse-phase HPLC 

column.  K’ (Prime) Technologies, Inc. KP-RPPX250 column or equivalent.   
 

7.10.5. Data system capable of performing analyte signal acquisition, peak integration, 
instrument calibration and analyte quantification 

 
7.11. Analytical balance, capable of ±0.0001 g accuracy. 
 
7.12. Centrifuge - capable of 5000 rpm and/or generating g-force of such strength as needed for 

providing adequate separation of a solid suspension and thus yielding a clear supernatant 
for sample injection and analysis. 

 
8. PREVENTIVE MAINTENANCE 
 

8.1. A maintenance log will be kept documenting maintenance performed on the analytical 
system.  Log entries will include the date maintenance was performed, symptoms of the 
problem, serial numbers of major equipment upgrades or replacements (defined as any 
non-consumable part essential to operation), phone logs from technical support contacts, 
a description of the maintenance performed, a description of the check performed (attach 
standard data to logbook) to assure the system has returned to acceptable levels of 
operation, and the analyst’s initials. 

 
8.2. Any major maintenance performed on the instrument must be recorded in a maintenance 

log and must include the date, the person performing , the type and the outcome of the 
maintenance.  Also include a data file number of a chromatogram exhibiting acceptable 
chromatography. 

 
8.3. Routine maintenance such as changing columns, fresh mobile phase, changing guard 

columns or inlet filters is noted in the run log. 
 
9. STANDARDS, REAGENTS, AND CONSUMABLE MATERIALS 
 

9.1. Reagents – follow guidelines for storage and expiration in ADM-DATANTRY.   Follow 
appropriate reagent check procedures in ADM-CTMN. 

 
9.1.1. Acetonitrile, CH3CN – HPLC grade or equivalent 
 
9.1.2. Acetic acid (glacial), CH3CO2H 

 
9.1.2.1.    1% Acetic Acid – dilute 10 mL of glacial acetic acid to 900 mL with 

UPDI water. 
 
9.1.3. UPDI water-HPLC grade: prepared by taking Ultra-Pure-De-Ionized water from 

the VOA lab Millipore polishing system and filtering through a 0.45u nylon filter 
using a sidearm flask and vacuum.  Used for preparing all reagents, mobile 
phases, standards, and blanks.   May also use purchased HPLC grade water – 
Fisher W5-4. 
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9.2. Standards Preparation General Information and Disclaimers  
 

9.2.1. All Standards for this analysis are prepared in UPDI-HPLC grade water.    
 
9.2.2. All of the preparation instructions are general guidelines.  Other technical recipes 

may be used to achieve the same results.  Example – a 20 mg/L standard may be 
made by adding 1 mL of 200 mg/L to 10 mLs or may be made by adding 4 mL of 
50 mg/L to 10 mLs.  The preparation depends upon the final volume needed and 
the initial concentration of the stock.  Reasonable dilution technique is used.  

 
9.2.3. The initial calibration curve given is typical, but also subject to variation due to 

detection levels needed.  A minimum of five calibration standards is 
recommended as well as a blank standard.  The lowest concentration level shall be 
at the reporting level and at least three times the MDL.  The remaining levels 
should define the working linear range of the analytical system. 

 
9.2.4. Vendors and vendors’ products are sometimes listed for the ease of the analyst 

using this SOP, but products and purchased concentrations are examples only and 
subject to change at any time.  All purchased standards are certified by the 
vendor. Certificates of Analysis are kept in the department until the standards are 
no longer being used – at which time they are filed with QA.  Certificates of 
Analysis are available upon request.  Purchased standards are routinely checked 
against an independent source for both analyte identification and analyte 
concentration.  

 
9.2.5. All Standards must be traceable using the CAS lot system (ADM-DATANTRY).   

 
9.3. Stock standard solution (1000 mg/L ClO4

-) - This solution is purchased commercially as 
a certified standard.  Stock standards may be stored at room temperature for a period of 
up to 12 months.  Expiration dates should be clearly specified on the label. 

 
9.4. Intermediate Standard (1.0 mg/L ClO4

-) – Dilute 100 uL of 1000 mg/L Intermediate 
standard solution to 100 mL with UPDI-HPLC water.  Working standard may be stored 
at room temperature for up to 1 month.  Expiration dates should be clearly specified on 
the label.   
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9.5. Calibration standards – Prepare by adding various amounts of the 1.0 mg/L intermediate 
standard solution to UPDI-HPLC water directly in scintillation vials.  Spike each 
calibration standard with 10uL of internal standard spiking solution.  The final internal 
standard concentration is exactly the same (i.e. 1.0 µg/L Cl18O4

-) for each calibration 
standard.  Although the 0.10 ug/L standard is included in the curve, the lab uses 0.20 
ug/L as the reporting limit (LoQ).  

 
Calibration 

Concentration 
(ug/L) 

Volume (uL) of 
1.0 mg/L ClO4

-  
working std 

Final Volume 
(mL) 

0.10 1.0 10 
0.20 2.0 10 
0.50 5.0 10 
1.00 10.0 10 
2.00 20.0 10 
5.00 50.0 10 

 
9.6. Internal standard spiking solution (approximately 1000 µg/L Cl18O4

-) - Purchased 
commercially.  Store at room temperature.  Expires per manufacturer’s indications or 6 
months if no other indication is given. 

 
9.6.1. Each standard and sample is spiked with 10 µL of internal standard spiking 

solution per 10 mL of sample or standard to obtain a final internal standard 
concentration of approximately 1 µg/L Cl18O4

-.  An alternate internal standard 
concentration may be used provided that it falls within the same concentration 
range as the external calibration curve.   

 
9.7. HPLC Mobile Phase – Prepare by combining 500 mL acetonitrile, 500 mL reagent water 

and 5 mL acetic acid.  
 

9.8. Second Source Standard – The second source standard is purchased at 1000 mg/L from a 
different manufacturer than the Stock standard solution.  Expires per manufacturer’s 
indications or 6 months if no other indication is given. 

 
9.9. Independent Calibration Verification Standard (ICV): The ICV is prepared from the 

second source standard at a concentration level within the calibration range of the 
method.  Prepare fresh each use.   

 
9.10. Continuing Calibration Verification Standard (CCV): The CCV is prepared from the 

intermediate standard solution at a concentration level within the calibration range of the 
method.  Prepare fresh each use.   

 
9.11. LODV – A standard prepared at a concentration approximately 2 times the MDL.  

 
9.12. LCS/MS Spiking Solution (1 mg/L) – Dilute 100 uL of the 1000 mg/L Second Source 

Perchlorate Standard to 100 mL with UPDI-HPLC.  Use this to spike the MS and the 
LCS.  Store at room temperature.  Expires in 6 months. 
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9.13. Laboratory Control Sample (LCS) (0.2 ug/L) – Dilute 2.0 uL of 1 mg/L LCS/MS solution 
to 10 mL UPDI-HPLC water.  Process as a sample. 

 
9.14. Interference Check Sample (ICS) (0.2 ug/L) –  

 
9.14.1. ICS Matrix preparation - 5000 mg/L each of chloride, sulfate, carbonate by 

dissolving 8.240g NaCl +7.395g Na2SO4 +5.294g Na2CO3 in DI and diluting to 
1000ml. 

 
9.14.2. ICS – prepared upon use – add 2.0 mL of ICS matrix to 8.0 mL HPLC water.  

Add 2.0 uL of 1 mg/L perchlorate standard (second source = LCS/MS Spiking 
Solution) and 10 uL internal standard.  Prepare and process as a sample. 

 
9.15. MS Water (0.2 ug/L) – Add 2.0 uL of 1.0 mg/L spiking solution to 10 mL of water 

sample or UPDI-HPLC.   Process as a sample. 
 

9.16. The LCS/MS for Soil (+2.0 ug/kg) -  Add 2.0 uL of 1.0 mg/L spiking solution to 1 g of 
Ottawa sand or soil sample.  Process as a sample 

 
9.17. LCS/MS for tissue (+2.5 ug/kg) – add 25uL of 1.0 mg/L spiking solution to 10 g of 

Gerber Turkey &Gravy baby food or sample. Process as a sample. 
 

9.18. The LCS/MS for biota, and milk is under development.  
 

9.19. MB – Process an analyte-free matrix as a sample.  Use DI for water samples, Ottawa sand 
for soil samples, and Gerber Turkey&Gravy baby food for tissue.  The MB for biota and 
milk is under development.  

 
9.20. Mass Calibration Standard – a proprietary mix from Agilent.  Use, store, and discard as 

per manufacturer’s instructions. 
 

9.21. Tune Verification Standard – a standard containing 100 ug/L of target perchlorate and 
internal standard.  Data is acquired in scan mode. 

 
10. RESPONSIBILITIES 
 

It is the responsibility of the analyst to perform the analysis according to this SOP and to 
complete all documentation required for data review.  Analysis and interpretation of the results 
are performed by personnel in the laboratory who have demonstrated the ability to generate 
acceptable results utilizing this SOP.  Final review and sign-off of the data is performed by the 
department supervisor or designee. 
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11. PROCEDURE 
 

11.1. Be sure the analysts performing the test have a current IDC or CDC (see section 19).  Be 
sure the instrument has a current MDL study (see section 14 and ADM-MDL). 

 
11.2. Sample Preparation 

 
11.2.1. Water Sample Preparation 

 
11.2.1.1. Dispense 10.0 mL of sample or standard into a 20 mL disposable 

scintillation vial. 
 

11.2.1.2. Add 10 µL of internal standard spiking solution to the sample tube, cap 
and shake until mixed well.  The final concentration of internal standard in 
the sample must be exactly the same as that in the calibration standards 

 
11.2.1.3. If needed, filter the sample solution using a plastic syringe fitted with a 

0.45-µm PTFE membrane filter.  Dispense the sample into an autosampler 
vial for analysis.  If any of the samples in the prep batch are filtered, filter 
the entire prep batch, including QC. 

 
11.2.2. Solid Sample Preparation   

 
11.2.2.1. Weigh 1 g of solid sample, recording the weight to 0.01 g into a 20 mL 

disposable scintillation vial. 
 

11.2.2.2. Add 10 mL of UPDI-HPLC water, 10 µL of internal standard spiking 
solution and 50 µL of acetic acid to the sample tube.  Vortex the mixture, 
followed by sonication (ultrasonic bath) for a minimum of 10 minutes, 
followed by additional vortexing. 

 
11.2.2.3. Centrifuge the sample for 5 minutes, if necessary, to separate the solids 

from the extract solution. 
 

11.2.2.4. If needed, filter the supernatant extract solution using a plastic syringe 
fitted with a 0.45-µm PTFE membrane filter.  Dispense the extract sample 
into an autosampler vial for analysis.  If any of the samples in the prep 
batch are filtered, filter the entire prep batch, including QC.  NOTE:  The 
final concentration of internal standard in the sample extract must be 
exactly the same as that in the calibration standards.   
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11.2.2.5. If large quantities of organic contaminants are not believed to be present in 
the solid sample extract (i.e. supernatant extract is relatively clear and not 
highly colored), proceed to instrument analysis.  If necessary, however, a 
cleanup step using a C18 column may be performed to remove organic 
contaminants from the supernatant extract solution. 

 
11.2.2.5.1. Activate the C18 cartridge column by pushing approximately 5 

mL of methanol through the column, followed by 5 mL of 
UPDI-HPLC water.  A flow rate of approximately 0.5 mL/min 
is recommended.  Care should be taken not to let the column 
become dry. 

 
11.2.2.5.2. Pull approximately 6 mL of the supernatant extract solution 

through the activated column.  Use vacuum, if necessary. 
 
11.2.2.5.3. Discard the first 2 mL of eluted sample extract.  The initially 

eluted sample extract is discarded because it is diluted by the 
solution remaining in the column following the activation 
process. 

 
11.2.2.5.4. Collect the remaining eluted sample extract (approximately 4 

mL) in a clean container.  Filter the sample extract using a 
plastic syringe fitted with a 0.45-µm membrane filter.  
Dispense the extract sample into an autosampler vial for 
analysis.  Quantitative recovery of the eluted extract sample is 
not necessary because there is no dilution or concentration of 
the sample. 

 
11.2.3. Tissue Sample Preparation 

 
11.2.3.1. Weigh a 10 g test portion of homogenized tissue sample into a 50 mL 

polypropylene conical centrifuge tube. 
 
11.2.3.2. Using a 100 uL syringe, add 30 uL of 1000 ug/L labeled internal 

standard to the tube (Assume the total volume of the sample extract to 
be 30 mL.  The final concentration will be 1 ug/L in the extract.) 

 
11.2.3.3. Spike QC samples with target per section 9. 
 
11.2.3.4. Add 15 mL of HPLC grade acetonitrile to each tube with tissue 

sample.  Cap and shake by hand vigorously by hand for 1 minute. 
 
11.2.3.5. Add 5 mL of 1% acetic acid and shake vigorously by hand for 2 

minutes. 
 
11.2.3.6. Centrifuge the tube for 15 minutes at setting 4. 
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11.2.3.7. Condition each SupelcleanTM, EnviTM-carb SPE cartridge with 6mL of 
acetonitrile, allowing acetonitrile level to drop to frit, but not go dry.  
Add 6 mL of 1% acetic acid to cartridge and allow to elute.  Turn up 
the vacuum and dry the cartridges for 30 seconds.  Discard the 
aqueous portion used to prepare the cartridges. 

 
11.2.3.8. Load conditioned SupelcleanTM, EnviTM-carb SPE cartridges with 

approximately 5 mL of supernatant from the centrifuged samples.  
Allow to pass through the column quickly under vacuum while 
collecting eluent. 

 
11.2.3.9. Passing the first 1 mL to waste, filter sample extract with 0.45 µm 

PTFE syringe filter directly into an autosampler vial.   
 

11.3. Instrument Set-up 
 

11.3.1. Instrument conditions for analysis are set to optimize response and separation of 
the analytes.  Analysts are advised to adjust the HPLC systems to particular 
analytical needs.  Once optimized, the same conditions are to be used for analysis 
of all standards, client samples, and QC samples.  The current system uses the 
conditions in Table 1.  Actual instrument conditions are optimized and recorded 
in the instrument daily run log. 

 
11.3.2. Mass Calibration –  

 
• Frequency – Upon instrument setup and as needed (QC failures, large ion 

mass deviations, major instrument maintenance, tune won’t meet criteria)  
•  Acceptance Criteria – the calibration range must bracket the ion masses of 

interest without greatly exceeding the range.  The most recent mass calibration 
must be used for an analytical run and the same mass calibration must be used 
for all data files in an analytical run.  Mass calibration must be verified by 
acquiring a full scan continuum mass spectrum of a perchlorate stock 
standard.  Perchlorate ions should be within ±0.3 m/z of mass 83, 85 and 89. 

• Corrective action – Correct the problem and recalibrate if the mass calibration 
fails. 

 
11.3.3. Retention Time 

 
11.3.3.1. Due to the use of the internal standard, formal retention time studies are 

not needed.  The retention time varies due to sample matrix 
conductivity, however the internal standard retention time varies at the 
same rate.  It is the relative retention time between the sample and the 
internal standard which is most critical and must be monitored (see 
section 12).  The retention times of the sample and internal standard are 
summarized and included in the report.   
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11.3.4. Interference Threshold study –  
 
• Frequency – at initial setup and when major changes occur in the method’s 

operating procedures (addition of cleanup procedure, column changes, mobile 
phase changes). 

 
• Acceptance Criteria – Measure the threshold of common suppressors 

(chloride, sulfate, carbonate, bicarbonate) that can be present in the system 
without affecting the quantitation of perchlorate.  The threshold is the 
concentration of the common suppressors where perchlorate recovery falls 
outside an 85-115% window. 

 
11.4. Initial Calibration 
 

11.4.1. Start up entire HPLC system and allow baseline response to settle.   
 
11.4.2. All injections of standards and samples and associated QC are to be the same.  30 

uL injections are used. 
 

11.4.3. The first sample through the system should be an instrument blank.  This blank is 
simply an injection of UPDI-HPLC and internal standard.  As the first injection of 
the day, this helps to further settle the baseline and equilibrate the system. 

 
11.4.4. A pre-curve blank is run to check for system and reagent cleanliness.  Any 

potentially interfering peaks should be noted.  This blank is prepared alongside 
the calibration standards. 

 
11.4.5. Follow ADM-ICAL – if there are discrepancies between ADM-ICAL and this 

SOP, follow this SOP. 
 

11.4.6. Process a minimum of 5 calibration standards and a blank (as described in Section 
9).  The calibration standards are pH adjusted, but not filtered.  The lowest 
calibration standard must be at (or below) the reporting limit and the standard at 
the reporting limit must be at least three times the MDL. 

 
11.4.7. Analyte responses are tabulated and recorded in the integration software. 
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11.4.8. Calibration Curve –  
 

11.4.8.1. Response Factor - To obtain the average response factor, calculate the 
RF (as below) for each calibration point.  Calculate the mean of the RFs to 
use for sample calculation.  Calculate the Standard Deviation of the RFs 
and the Percent Relative Standard Deviation of the RFs to evaluate the 
linearity.  The limit for the calibration is 20% RSD. 

 
 

( )( )
( )( )sIS

ISs
s CA

CA
RF =  

 
Where: 

 
Ax  =  Area of the characteristic quantitation ion for compound x. 
AISTD = Area of the characteristic quantitation ion for the specified 

internal standard. 
Cx  = The concentration of the compound added (ppb). 
CISTD = The concentration of the specified internal standard (ppb). 
 
Calculate standard deviation (SD) and the percent relative standard 
deviations (%RSD) for each analyte from the mean with: 
 

SD =  
( RF  -  RF )

N -  1
i=1

i
2

N
∑

 
 
where: 
RFi = RF for each of the calibration levels 
RF = mean of initial RFs 
N = Number of RF values (i.e., 5) 

 

%RSD =  
(SD)

( RF )
100.

x  
 
where: 
RSD = relative standard deviation. 
RF = mean of 5 initial RFs for a compound. 
SD = standard deviation of average RFs for a compound 

 
11.4.9. The concentration corresponding to the absolute value of the calibration curve’s 

Y-intercept must be ≤ LOD.  
 
11.4.10. All of the ICAL criteria must be acceptable before samples may be analyzed. 
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11.4.11. Routinely, after the high point of the curve, a blank is run to prove that there is no 
carry-over from the autosampler.  It should be noted if there are any target hits 
above ½ of the MRL. 

 
11.4.12. Verify the calibration by analyzing an independent calibration verification 

standard.  Acceptance criteria for the ICV is 85-115% recovery.      
 
11.4.13. Samples immediately following an initial calibration and ICV may skip the 

system blank and the opening CCV.  Set up the rest of the sequence to comply 
with the frequency requirements of the QC listed in section 12. 

 
11.5. Daily Sample Analysis 
 

11.5.1. When an ICAL is not run on the day of sample analysis, run blanks initially to 
warm up the system.  Do not begin the sequence until the blanks are less than ½ 
the MRL.  Analyze the tune verification and begin with a CCV.  Set up the rest of 
the sequence to comply with the frequency requirements of the QC listed in 
section 12. 

 
11.6. Evaluation of Sample Analysis 
 

11.6.1. Examine solution concentrations of target analytes in the samples.  If the 
concentration is greater than the high calibration standard, reanalyze the sample at 
a dilution.  As a general rule, dilutions should be performed to keep target 
analytes in the upper half of the calibration range.  See ADM-DIL. 

 
11.6.2. Check for possible carryover.  Pay particular attention to situations where samples 

containing low levels of target analyte were analyzed one or two injections after 
samples containing levels of target analyte near or over the high end of the 
calibration range.  Reanalyze as needed to confirm. 

 
11.6.3. Check peak integrations.  Where possible, all integrations should be performed 

consistent with integration of the corresponding calibration standards and with 
ADM-INT.  

 
11.6.4. Monitor the retention times of the ions in samples and QC.  The retention times of 

the ClO3
- m/z 83 peak and the IS Cl18O3

- m/z 89 peak should not vary by more 
than 0.2 min from each other. 

 
11.6.5. Monitor the mass ratio between ions 83/85.  The ion ratio should fall within the 

established window of 2.3-3.8.  If criteria not met, the sample(s) must be repeated.  
Reextract using cleanup procedures or alternative techniques to confirm the 
presence of perchlorate such as post spikes or dilutions to reduce the interference.  
Qualify the data and discuss in the case narrative as necessary. 
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12. QUALITY ASSURANCE/QUALITY CONTROL REQUIREMENTS 
 

12.1. Daily tune verification – the daily tune verification is performed before the opening CCV.  
The quantitation ions must be within ±0.3 m/z of actual. 

 
12.2. Initial Calibration Criteria:  Calibration criteria is given in section 11. 
 
12.3. Method Blank:   

 
• Frequency - Process one MB with each preparation batch of 20 or fewer samples.    

The MB should be carried through all stages of sample preparation and analysis.  
• Acceptance Criteria -  The result of the MB must be less than ½ the reporting limit.   
• Corrective Action - If it is not, determine the source of the contamination and reprep 

and reanalyze the associated samples.  
 

12.4. Reagent blanks –  

• Frequency – prior to calibration and after each batch is analyzed.  When perchlorate 
concentrations in the samples are over the linear range, any samples which follow the 
overrange sample will be repeated if the sample concentrations were greater than ½ 
the RL. 

• Acceptance Criteria – must be less than ½ RL. 

• Corrective Action – reanalyze reagent blanks until no carryover is observed (<1/2 
MRL).  Reanalyze all samples processed since the contaminated blank.  If the closing 
reagent blank fails, reanalyze all samples since the last clean reagent blank. 

 

12.5. MS –  

• Frequency - Prepare one MS (or MS/MSD pair) with each batch of 20 or fewer 
samples of the same matrix.   

• Acceptance Criteria - The limit for the water and soil is 80-120% of the true value.   

• Corrective Action - If recovery of MS fails on a sample batch the samples are 
acceptable only if the LCS meets acceptance criteria.  If the LCS passes, but the MS 
fails, report the MS recoveries and note outliers in the case narrative. 

 
12.6.  LCS –  

 
• Frequency - Prepare one LCS with each batch of 20 or fewer samples of the same 

matrix.   
• Acceptance Criteria (recovery) - The limit for the water and soil LCS is 80-120%.  

The limits for biota and milk are under development.   
• Corrective Action - If the LCS fails on a sample batch, reprep and reanalyze the 

sample batch.  If a duplicate LCS was run with the batch and one LCS was slightly 
out, but the other LCS was in, the data is accepted. 
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12.7. DUP/MSD Precision –  
 
• Frequency - Precision for each prep batch of 20 or fewer samples of the same matrix 

must be established by either analyzing a sample in duplicate (DUP) or analyzing a 
MS in duplicate (MSD).   

• Acceptance Criteria – (for all samples above the reporting limit), the RPD value 
between samples or MS/MSD results must not exceed 15%.  

• Corrective Action - examine the chromatograms and benchsheets for potential matrix 
interferences.  Reanalyze the pair if deemed appropriate.  The outlying RPD should 
be mentioned in the Case Narrative so that data may be flagged appropriately. 

 
12.8. The ICV is discussed in Section 11. 

 
12.9. CCV –  

 
• Frequency – bracketing every 10 or fewer samples 
• Acceptance Criteria - All samples must be bracketed by an acceptable CCV.  The 

acceptance limit is 15% difference relative to the true value.   
• Corrective Action - If the CCV does not meet acceptance criteria, correct the problem 

and achieve an acceptable CCV.  Recalibration may be necessary.  All samples bound 
by the unacceptable CCV must be reanalyzed with acceptable QC. 

 
12.10. Internal standard area response verification:   

 
• Frequency – The IS is added to every sample, spiked sample, standard, instrument 

blank, and method blank 
• Acceptance Criteria - The internal standard area counts for each sample and QC 

standard must be monitored throughout the analysis and the IS area must be within 
±50% of the average of the internal standard area counts of the ICAL standards.   

• Corrective Action - If the internal standard area counts exceed ± 50% of the average 
of the internal standard area counts of the ICAL standards, rerun the sample at 
increasing dilutions until the acceptance criteria are met.  If the criteria cannot be met 
with dilution, the interference are suspected and the sample must be reprepared using 
additional pretreatment steps.  Thoroughly document corrective action in the case 
narrative. 

 
12.11. Internal standard and Target retention times 

 
• Frequency – IS is added to every sample, spiked sample, standard, instrument blank, 

and method blank. 
• Acceptance Criteria – The RRT (relative retention time) must be 0.98-1.02.  Calculate 

the RRT in a sample by dividing the retention time of the perchlorate ion by the 
retention time of the internal standard. 

• Corrective Action – Thoroughly document in the case narrative. 
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12.12. MDL – see section 14 and ADM-MDL. 
 

12.13. LODV 
 

• Frequency – before and directly after every analytical batch of samples.  It may be 
run more frequently to reduce reanalysis rate. 

• Acceptance criteria – the recovery must be within 30% of the true value.  Exception – 
any samples with concentrations above the MRL may be reported.   

• Corrective Action – if there are samples below the MRL, correct the problem, obtain 
a compliant LODV and reanalyze affected samples.   

 
12.14. ICS  

 
• Frequency – one ICS is extracted with every batch of 20 or fewer samples.  At least 

one ICS must be analyzed daily. 
• Acceptance Criteria – the recovery must be within 30% of the true value. 
• Corrective action – Correct the problem and reanalyze all samples associated with a 

failed ICS. 
 
13. DATA REDUCTION AND REPORTING 

 
13.1. Identify perchlorate in the sample chromatograms: 

 
13.1.1. Compare the retention times of the ClO4

-, m/z 83, peak and the internal standard 
Cl18O4

-, m/z 89, peak.  The retention times should not vary by more than 0.2 
minutes from each other.  The relative retention time (Retention time of 
perchlorate ion divided by the retention time of the internal standard) must be 
0.98 – 1.02. 

 
13.1.2. Evaluate the relative abundances of the m/z 83 and 85 ions in the chromatogram.  

To confirm the presence of perchlorate, the 83/85 peak area counts ratio should be 
2.3-3.8.  Repeat the samples if ratio criteria not met or flag the data as estimated 
and discuss in the case narrative. 

 
13.2. Calculate the perchlorate concentration for each sample using the internal standard 

calibration.  Use m/z 83 and 89 from the internal standard for quantitation.  Calculate the 
concentration of each of the sample matrices as follows: 
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13.2.1. Water Samples –  

 
 

13.2.1.1. From Response Factor Calibration: 
 

Concentration (µg/L) = ))((
))()((

RFA
DCA

is

iss
 

 
Where: 
As  =  Area (or height) of the peak for the analyte in the sample. 
Ais  =  Area (or height) of the peak for the internal standard. 
Cis =  Concentration of the internal standard in the concentrated 

sample extract in µg/L. 
D  =  Dilution factor, if the sample or extract was diluted prior to 

analysis.  If no dilution was made, D=1.  The dilution factor 
is always dimensionless. 

RF  =  Mean response factor from the initial calibration.  Unlike 
calibration factors for external standard calibration, the 
response factor is dimensionless. 
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13.2.2. Solid Samples 

Final Result (µg/kg ClO4
-) =

M
(C)(V)(D)
  

Where: 
C = Concentration in extract (µg/L ClO4

-)  
V = Volume of sample extract used for analysis (mL) 
D = Dilution factor (if needed) 
M = Mass of initial sample extracted (g) 

 
13.3 LIMS adjusts the result on soil samples based on Dry Weight. 
 
13.4 Adjustments to the Method Reporting Limit - MRLs are elevated for insufficient sample 

volume, matrix interference, and dilutions. 
 
13.5 Data Review:  Data is reviewed according to ADM-DREV. 

 
14. METHOD PERFORMANCE 

 
14.1. MDL study – refer to ADM-MDL for more information.  If there are conflicts between 

ADM-MDL and this SOP, this SOP is to be followed. 
 
14.1.1. Design - The MDL study must be performed in the matrix of interest using a 

standard at a concentration that is 1 to 10 times the estimated MDL value.  The 
standard is taken through the entire preparation and analysis procedure. 

   
14.1.2. Frequency - A full MDL study must be conducted at initial setup and 

subsequently once per 12 month period and when major changes occur in the 
method’s operating procedures (addition of cleanup procedures, column changes, 
mobile phase changes).  If no changes have been made to the method, quarterly 
MDL verification checks (see below) may be performed in lieu of the yearly 
MDL study. 

 
14.1.3. Acceptance criteria – The study must produce an MDL value which is no more 

than 10 times lower than the spike level (10x rule).  The calculated MDL must be 
3 times less than the reporting limit.  The MDL must be verified by an acceptable 
MDL verification check (see below) prior to the analysis of samples. 

 
14.1.4. Corrective Action –  

 
14.1.4.1. If the MDL study does not meet the 10x rule, adjust the spike 

concentration and repeat the study. 
 
14.1.4.2. If the MDL is not 3 times less than the reporting limit, correct the 

problem and repeat the MDL study or raise the reporting limit 
accordingly. 
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14.1.4.3. If the MDL verification check fails, see below. 
 
14.2. MDL verifications checks –  

 
14.2.1. Concentration – the MDL verification check is a low-level spike at approximately 

2 times the MDL taken through the entire preparation process. 
 
14.2.2. Frequency – with each new MDL study prior to the analysis of samples and 

quarterly if an annual study will not be performed. 
 
14.2.3. Acceptance criteria – must produce a signal at least 3 times the instrument’s noise 

level and meet the isotope ratio criteria of 2.3 to 3.8.  Recovery should be within 
30% of its true value.  

 
14.2.4. Corrective action – re-perform the MDL study.  Perform maintenance, if needed.  

The MDL verification check must pass before samples are analyzed. 
 

14.3. File the MDL study and the MDL check with the QA office. 
 
14.4. Demonstration of Capability is performed upon instrument set-up , whenever a new 

analyst begins independent analysis, and annually thereafter according to ADM-
TRANDOC and section 19 below.  The documentation of this method performance is 
retained by the Quality Assurance office. 

 
15. WASTE MANAGEMENT AND POLLUTION PREVENTION 

 
Standards are prepared on an as-needed basis in small quantities and minimum sample volumes 
are used during analysis.  All expired standards are disposed of as hazardous and hazardous 
samples are disposed of either as acidic aqueous waste or as hazardous aqueous waste depending 
on their analytes’ concentrations. These tasks are turned over to staff qualified and equipped for 
disposal.  See SMO-SPLDIS for more discussion. 

 

16. CORRECTIVE ACTIONS FOR OUT OF CONTROL DATA 
 
If data is produced that is out of control, the samples are to be re-analyzed with in-control QA 
whenever possible.   See corrective actions in Section 12 of this SOP and in the applicable 
Figures in Section 12 of the Quality Assurance Manual. 

 
17. CONTINGENCIES FOR HANDLING OUT OF CONTROL OR UNACCEPTABLE 

DATA 
 
If data is produced that is out of control and is not to be re-analyzed due to sample volume 
restrictions, holding times, or QC controls can not be met, follow the procedures in Section 15 
of the Quality Assurance Manual. 
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18. REFERENCES 
 

EPA SW-846 Perchlorate in Water, Soils and Solid Wastes Using High Performance Liquid 
Chromatography/Electrospray Ionization/ Mass Spectrometry. Method 6850. January 2007. 
 
DoD Perchlorate Handbook, Revision 1, Change 1, August 2007. 
 
Rapid Determination of Perchlorate Anion in Foods by Ion Chromatography – Tandem Mass 
Spectrometry.  U.S. Food and Drug Administration. Rev.2. April 12, 2005. (for tissue 
preparation) 
 

19. TRAINING OUTLINE 
 

19.1. Read the most current SOP.  Demonstrate a general understanding of the methodology 
and chemistry.  Follow policies in ADM-TRANDOC. 

 
19.2. Observe Sample Preparation and Analysis.  Follow HPLC Training Plan Form. 

 
19.3. Participate in the methodology, documentation, and data reduction with guidance. 

 
19.4. Demonstrate Competency by performing the analysis independently.  Analyze four 

replicates of the LCS.  If recovery is within acceptable limits, complete Training Plan 
Form, IDC certificate and summary spreadsheet and file with QA. An IDC study must be 
successfully performed before the new analyst may analyze samples independently.  
Continued demonstration of Capability is performed annually by analyzing a PE, blind, 
or new 4 replicate study. 

 
20. METHOD MODIFICATIONS 
 

• This lab uses dilute (1%) acetic acid in the extraction of soil samples and QC.  This was part 
of the original draft methods for 6850.  The lab has continued to use the acetic acid for the 
soils because it causes the particulates to settle more completely in the extract and produces 
better baselines in the chromatography. 

 
21. INSTRUMENT- SPECIFIC ADDENDUM 
 

Instrument manuals are located near the instrument.  
 
22. ATTACHMENTS 
 

• Table 1: Recommended Instrument Settings. 
• Table 2: Method 6850 Requirements 
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23. CHANGES FROM PREVIOUS REVISION 
 

• Changed SOP title and SOP code to reflect that this SOP can be used for any DoD and any 
6850 work.  Provided explanation in Section 1 about the use of this SOP for DoD and for 
6850 without DoD.  Added Table 2 for further clarification. 

• Made changes below mostly due to 2007 revision to DoD Perchlorate Handbook 
• 1- Noted that this SOP is not to be used for drinking water. 
• 2-Added that waters are not extracted and that solids are extracted in an ultrasonic bath 
• 3-Eliminated SSCV and that DoD names the first CCV of day = ICV 
• 2, 4, 11 – Eliminated filtering of all samples.  Samples are filtered when needed 
• 9 and 11 – Eliminated 0.10 standard from ICAL.  Noted that lowest ICAL standard is to be 

at (not below) the RL and that it must be more than 3 times the MDL.  Eliminated 10 
standard from ICAL. 

• 9 – Eliminated purchased 8 mg/L IS stock – now purchasing 1000 ug/L. 
• 9 and Table 1 - Modified mobile phase from 52.7% CHCN3/ 46.8%H20 / 0.5%acetic to 

50/50/0.1 
• 9- Changed the concentration of the IS in the injections from 2 ug/L to 1 ug/L – changed 

quantity of IS additions throughout. 
• 9- Eliminated the addition of acetic acid to the ICAL standards, ICV, and CCV 
• 9-Changed “Tuning Standard” to “Mass Calibration Standard” and added “Tune 

Verification Standard” as a separate item.  Tune verification standard changed from 
1000ug/L to 100 ug/L and added that data is aquired in scan mode 

• 9-Increased ICS Matrix from 1000 mg/L each to 5000 mg/L each.  Modified prep of ICS. 
• 11 and Table 1-Changed volume of injections from 25 uL to 30 uL 
• 11 – Changed from mandatory filtering of samples to optional with need to filter all of prep 

batch if any samples in batch are filtered. 
• 11-Eliminated the addition of acetic acid in the water preparation 
• 11- Changed from weighing solid samples in a centrifuge tube to a scintillation vial. 
• 11- Changed the mass calibration from 99, 101, 107 ions to 83, 85, and 89 ions 
• 11-Eliminated Retention Time studies – added explanation for use of RRTs instead. 
• 11-Incorporated 4/27/07 changes regarding the use of the Response Factor 
• 11-Deleted confusing information regarding Analytical Sequence – referenced section 12 for 

QC frequency -  Added “Daily Sample Analysis” which notes use of warm up blanks, tune 
verification and opening CCV. 

• 11- Added to the Evaluation of Sample Analysis the monitoring of the retention time 
difference between the sample (83) and internal standard (89). 

• 12- Added daily tune verification 
• 12 – Changed the MS limit from 75-125 to 80-120% 
• 12 – Changed the LCS limit from 85-115 to 80-120% 
• 12 – Changed the RPD limit from 20 to 15 
• 12- Added “average of the internal standard area counts” for the comparison of the IS area 

response 
• 13 – Changed the limit for the RT difference of from 0.1 to 0.2.  Added the RRT limit here. 
• 13 - Changed from reporting “as received” to corrected for dry weight 



  SOP No.: HPLC-6850 
  Revision :3 
  Date: 6/12/2007 
  Page 25 of  27 

• 14 – Added that the MDL verification check must meet the isotope ratio limit.  Changed the 
corrective action.  Eliminated the option to adjust the reported MDL based on the MDL 
checks. 

• 18-Added 6850 to References, Updated Perchlorate Handbook reference, Eliminated DoD 
SOP reference 

• 20 – Added explanation of method modification of using acetic acid in soil extraction 
• 22 – Added Table 2 
• Table 1 – changed the Fragmentor from 200 V to 210 V 
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TABLE 1 
 

EXAMPLE HPLC/MS INSTRUMENT SETTINGS 
 
 
 

Autosampler    
 Injection Volume: 30 µL   

Analytical Column    
 Column Temperature: 30 ºC   

HPLC Pump    
 Flow Rate: 0.5 mL/min   

 Run Time: 13.0 min   

 Mobile Phase:   
  50% CH3CN/ 50% H2O / 0.1% CH3CO2H   
   
   

Mass Spectrometer    
 Ionization Mode: Electrospray   

 Polarity: Negative   

 SIM Parameters:    

  SIM Ion Fragmentor Gain (EMV) Actual Dwell 
  83 210 V 3.0 392 msec 
  85   392 msec 
  89   392 msec 
 Spray Chamber:    

  Gas Temperature Drying Gas (N2) Nebulizer Pressure  
  320 ºC 12.0 L/min 50 psig  

 Capillary voltage:    

  Negative    

  1450 V    
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TABLE 2  
Method 6850 Requirements 

 
 
Samples which are NOT for DoD may be reported if the following are met instead of the 
requirements in the text of this SOP. 
 
Blanks (Method, Reagent, any others) Result less than MRL  
LODV – may be run at MRL and called Low 
CCV or LLOQ – may satisfy CCV frequency 
requirement 

±50% 

Ion Ratio for identification confirmation Ratio within 30% of average peak area ratio of 
mid-range CCV 

Matrix Spike Soil Recovery 70-130% 
RPD limit for MSD in samples in low range of 
curve 

50% 

Internal Standard Area Counts Compare to CCV in daily run instead of ICAL 
RRT of 0.98-1.02 not required  
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METALS DIGESTION/PREPARATION 

 

References: 

Methods 3005A/USEPA CLPILM0 4.1 Aqueous, 3010A, 3030C, 3031, 3050B 

USEPA CLPILM0 4.1 (Soil/Sediment), 200.7, Standard Methods 3030C 

See Addendum for USEPA CLPILM 05.2 (Aqueous & Soil/Sediment) 

 

 

I. SCOPE AND APPLICATION 

 

A. AQUEOUS 

 

1. Method 3005A and USEPA CLP ILM0 4.1, "Acid Digestion of Waters for 

Total Recoverable or Dissolved Metals for Analysis by ICP 

Spectroscopy". 

 

a. This method is used to prepare surface water, ground water, drinking 

water and wastewater samples for analysis by inductively coupled 

argon plasma spectroscopy (ICP). 

 

2. Method 200.7, "Determination of Metals and Trace Metals in Water and 

Wastes by Inductively Coupled Plasma-Atomic Emission Spectrometry" 

 

a. This method is used to prepare surface water, ground water, drinking 

water and wastewater samples for analysis by inductively coupled 

argon plasma spectroscopy (ICP). 

 

3. Method 3010A, "Acid Digestion of Aqueous Samples and Extracts for 

Total Metals for Analysis by ICP Spectroscopy". 

 

a. This method is used to prepare aqueous samples, EP and mobility-

procedure extracts, and wastes that contain suspended solids for 

analysis by ICP.  The procedure is used to determine total metals.   

 

4. Method 3030C (Standard methods), "Preliminary Treatment for Acid-

Extractable Metals". 

 

a. This method is used to prepare ground water samples from North 

Carolina for analysis by ICP. 
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B. SOLIDS 

 

1. Method 3050B, "Acid Digestion of Sediments, Sludges and Soils". 

 

a. This method is used to prepare sediments, sludges and soil samples for 

analysis by ICP.  Since certain matrices may result in poor recovery, 

the method of standard additions may be used when analyzed. 

 

b. It should be noted that some metals could be biased high with the soil 

digestion when dilution is necessary.  Take necessary measures to 

ensure that dilutions are made as accurately as possible. 

 

  

2. USEPA CLP ILM0 4.1, “Acid Digestion of Soil/Sediment” 

 

a. This method is used to prepare sediments and soil samples for analysis 

by ICP.  Since certain matrices may result in poor recovery, the 

method of standard additions may be used when analyzed. 

 

C. OILS 

 

1. Method 3031, "Digestion Procedure for Oils". 

 

a. This method is used to prepare samples containing oils, greases or 

waxes for analysis by inductively coupled argon plasma emission 

spectroscopy (ICP). 

 

D. NOTES: 

 

1. "Total Metals" includes all metals, inorganically and organically bound 

and both dissolved and particulate. 

 

2. "Dissolved metals" includes all metals present in a sample after filtration 

through a 0.45 micron filter followed by digestion. 

 

II. SUMMARY OF METHODS 

 

A. A representative sample of water, soil or oil is put into an acid medium and 

exposed to heat for a certain amount of time.  This allows for reduction of 

interferences by organic matter and converts metals bound to particulates to 

form the free metal that can be determined by ICP-Atomic Emission 

Spectrometry.  

NOTE:  When a reporting limit is required for a project lower then is customary, a 

four times concentration must be used in order to reach that lower level.  Care 
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must be taken to matrix match this concentrated aliquot.  A blank and laboratory 

control sample (at a reduced concentration) are required with this concentration.  

A matrix spike ( not at reduced concentration) and duplicate or matrix spike and 

matrix spike duplicate is needed per 20 samples or per batch.  

 

 

 

 

III. SAMPLE HANDLING AND PRESERVATION 

 

A. AQUEOUS 

 

1. Samples are taken in high density polyethylene, one liter bottles.  Samples 

should be preserved with concentrated HNO3 to a pH <2 immediately 

once sampled.  If dissolved metals are to be analyzed the sample should be 

filtered before the HNO3 is added.  The samples should be maintained at 

4°C until analysis.  The holding time for metals samples is 180 days or 

approximately 6 months. 

 

B. SOLIDS 

 

1. Samples are taken in high density polyethylene(CLP only) or glass bottles.  

The samples should be maintained at 4°C until analysis.  The holding time 

for metals samples is 180 days or approximately 6 months. 

 

C. OILS 

 

1. Samples are taken in high density polyethylene bottles.  The samples 

should be maintained at 4°C until analysis.  The holding time for metals 

samples is 180 days or approximately 6 months. 

 

IV. INTERFERENCES 

 

A. AQUEOUS 

 

1. Method 3005A and USEPA CLPILM0 4.1, "Acid Digestion of Waters for 

Total Recoverable or Dissolved Metals for Analysis by ICP 

Spectroscopy", SW846, July, 1992. 

 

a. This digestion procedure may not be sufficiently vigorous to destroy 

some metal complexes. 

 

2. Method 200.7 
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3. Method 3010A 

 

a. See method 6010B. 

 

 

 

B. SOLIDS 

 

1. Method 3050B 

 

a. Sludge samples can contain diverse matrix types, each of which may 

present its own analytical challenge.  Spiked samples and any relevant 

standard reference material should be processed to aid in determining 

whether this method is applicable to a given waste. 

 

2. USEPA CLP ILM0 4.1 

 

a. Sludge samples can contain diverse matrix types, each of which may 

present its own analytical challenge.  Spiked samples and any relevant 

standard reference material should be processed to aid in determining 

whether this method is applicable to a given waste. 

 

C. OILS 

 

1. Method 3031 

 

a. These digestates can have very high dissolved solids, which may 

necessitate the use of internal standards, dilutions, or the method of 

standard addition. 

 

V. SAFETY 

 

A. Normal accepted laboratory safety practices should be followed while 

performing this analysis. 

 

B. Be certain the exhaust hood is functioning before you begin the digestion 

procedure. 

 

C. Hot acids can be extremely corrosive.  Avoid inhalation or contact with skin. 

 

VI. EQUIPMENT/APPARATUS 

 

A. Fume hood,  Labconco or equivalent. 
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B. Hot plate, Thermolyne cimarec-3 or equivalent source for use at 95°C.  The 

temperature of the hot plate must be monitored via the use of a temperature 

blank. 

 

C. Thermometer capable of reading 80 to 120 degrees C – ERTCO cat# 611-3-

SC or  equivalent. 

 

D. Vacuum pump for filtering dissolved metals- Gast or equivalent. 

 

E. Analytical balance capable of weighing to 0.01 gram.  Mettler model BB300 

or equivalent. 

 

F. Beckman CS-6R centrifuge. 

 

G. Various class A volumetric glassware and ribbed watchglasses,  Pyrex or 

equivalent. 

 

H. Whatman No. 41 filter paper or equivalent. 

 

I. Whatman No. 42 filter paper or equivalent. 

 

J. Whatman 0.45 micron filter paper or equivalent. 

 

K. 250 mL beaker or other appropriate vessel such as polypropylene block 

digester tubes, watch glasses and caps.  

 

L. Stirring device, e.g. magnetic stirrer, glass rod or equivalent. 

 

M. Manual Sample Mill 

 

N. Wiley Sample Mill 

 

O. Clippers for cutting vegetation 

 

NOTE:   All  glassware should be acid washed. 

 

 

VII. REAGENTS AND STANDARD PREPARATION 

 

 

A. REAGENTS 

 



 EMPIRICAL LABORATORIES, LLC             SOP-100 

             Revision: 19 

             Date:  7/25/06 

             Page 7 of 25 

\\BCNSH02\KLAB\SOP'S\SOP-100 Rev 19.doc 

1. Metals grade Nitric acid (HNO3). Reagent should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent 

can be used. 

 

2. Metals grade Hydrochloric acid (HCl). Reagent should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent 

can be used. 

 

3. 30% hydrogen peroxide reagent, ACS Grade.  Reagent  should be analyzed 

to determine level of impurities.  If method blank is <MDL, then the 

reagent can be used. 

 

4. Metals grade Sulfuric acid (H2SO4).  Reagent  should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent 

can be used. 

 

5. Reagent water (Deionized water). 

 

6. Potassium Permanganate - Ultra pure grade.  Reagent  should be analyzed 

to determine level of impurities.  If method blank is <MDL, then the 

reagent can be used. 

 

7. Ammonium hydroxide, concentrated, reagent grade.  Reagent should be 

analyzed to determine level of impurities.  If method blank is <MDL, then 

the reagent can be used. 

 

8. Ammonium phosphate, reagent grade- Reagent should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent 

can be used. 

 

9. Base oil, analyte-free.  Oil should be analyzed to determine level of 

impurities.  If method blank is < MDL, then the reagent can be used. 

 

B. STANDARDS 

 

1. Traceability 

 

a. A bound logbook record shall be maintained on all reference materials.  

The record shall include date of receipt, source, purity, all 

compositional information, storage conditions and expiration date.  

These materials/solutions are to be identified by a unique number in 

the logbook as well as on the container's label. 
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b. All working standards made from reference materials shall be labeled 

with a unique ID number with complete information on preparation 

date, concentration of each compound, solvent, preparer's name, 

expiration date and the logbook where information is recorded.  

Reagents shall be labeled with date received and expiration date, if 

applicable.  All of the information described above shall also be 

recorded in a bound logbook.  Measurements made during standards 

preparation (e.g., from weighing operations, volume diluted to, etc.)  

shall also be recorded.  There should be no container with sample, 

sample extract, standard solution, etc. that is not correctly labeled and 

properly stored. 

 

c. The analyst must initial and date each entry made in a logbook.  Each 

analyst must be sure to "Z" out the unused area of each logbook page. 

 

2. PREPARATION 

 

A. Laboratory control sample 

 

1. Aqueous 

 

a. This solution is prepared as follows:  50 mL concentrated HCl, 

20 mL concentrated HNO3, 1 mL of CLP-CAL-1, Solution A, 1 

mL of CLP-CAL-1 Solution B, 0.25 mL of CLP-CAL-2, and 0.25 

mL of CLP-CAL-3 diluted to 1 L in a volumetric flask.  Use 50 mL 

(100 mL for strict CLPIlM0 4.1) for digestion.  This solution is 

given a unique identifier and recorded in sample digestion logbook. 

 

b. For four times concentrated samples: The solution is prepared as 

follows:  50 mL concentrated HCl, 20 mL concentrated HNO3, 

1mL CLPP-SPK-4 (Inorganic Ventures) (This solution contains 10 

mg/L Selenium, 100 mg/L Antimony, 50 mg/L Cadmium and 

Thallium, 40 mg/L Arsenic and 20 mg/L Lead) to 1 L in a 

volumetric flask.  This solution is given a unique identifier.  Use 

12.5 mLs to 50 mLs and prepare two aliquots.  Heat at 90 to 95°C 

to reduce the volume in each vessel to ten mLs and then combine 

each 10 mL aliquot into one vessel and take to a final volume of  

25 mLs.  Take care to matrix match acids so that the final 25 mL 

portion will contain 2% HNO3 and 5% HCl. Use 0.125 mLs HNO3  

and 0.3125 mLs HCl to each 50 mL vessel. 

 

 

 

2. Solids 
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a. A 1.0 ±0.02 gram aliquot of teflon chips is weighed and spiked 

using the same spiking solution used for matrix spikes. This sample is 

given a unique identifier according to the Lot# for the teflon chips used 

and when digested is given the descriptor. i.e. LCSS(date)A and then B 

etc. plus the unique identifier number assigned. Alternatively a solid 

matrix standard reference material is obtained from the manufacturer.  

This sample is given a unique identifier and recorded in the sample 

digestion logbook. 

  

3. Oils 

 

a. An analyte free oil MUST be used or explosive reactions can 

occur.  An analyte free oil (wesson oil which has been analyzed 

previously to prove that it is < MDL.) is spiked using the same spiking 

solution used for matrix spikes.  This sample is given a unique 

identifier. i.e. LCSO(date)A and then B etc. 

 

B. Spiking solution 

 

1. Sample is spiked using 0.1 mL of CLP-CAL-1, Solution A, 0.1 mL 

of CLP-CAL-1 Solution B, 0.025 mL of CLP-CAL-2 and 0.025 

mL of CLP-CAL-3 for a final volume of 100 mL.  If only 50 mL is 

used, decrease amount used appropriately.  These solutions are 

given unique identifiers. Record the amount spiked and the unique 

identifier of the standard. 

 

2. CLP sample is spiked using 0.1 mL CLPP-SPK-1 and 0.1 mL 

CLPP-SPK-4 for a final volume of 100 mL. If only 50 mL is used, 

decrease amount used appropriately. These solutions are given 

unique identifiers. 

 

3. For samples that require four times concentration, the sample is 

spiked using 0.0125 mLs of CLPP-SPK-4 to each of two vessels 

with 50 mLs of sample in each.  The volume of each of the vessels 

is lowered to less then 10 mLs and  combined and the final volume 

of this concentrated sample is 25mLs.    

 

VIII. CALIBRATION 

 

A. The temperature of the samples must be maintained at 95°C and monitored via 

a temperature blank.  85° for oil samples.  Record in digestion logbook. 
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IX. PROCEDURE 

 

A. Glassware preparation for oil digestion or when the hot-block can not be used: 

 

1. Wash glassware with hot soapy water and rinse thoroughly.  (Beakers must 

be washed as soon as possible after being used, dirty beakers must not be 

allowed to sit overnight.) 

 

2. Rinse glassware with reagent water that contains 5% HNO3 and 5% HCl 

followed by a rinse with reagent water. 

 

3. Prior to use, all glassware must be confirmed clean via a glassware check.  

Otherwise, repeat step "2" until the glassware check passes. 

 

 

B. Aqueous sample filtration (for dissolved metals): 

 

1. Thoroughly clean a flask and funnel with hot soapy water.  Next, rinse the 

flask and funnel with 1:5 HNO3 followed by a thorough D.I. water rinsing.  

This step is very important because the filters contain some metals 

(namely Zn) which could contaminate the samples. 

 

2. Rinse a 0.45 micron filter with 1:5 HNO3 thoroughly, followed by D.I. 

water. 

 

3. Filter the unpreserved sample.  If dissolved Hg analysis is requested for 

the sample, filter at least 200 mL. 

 

4. Discard the first 50 to 100 mL. 

 

5. A preparation blank must be taken through the filtration step and analyzed 

with the sample. 

 

6. Preserve the sample with HNO3 to pH<2. 

 

7. Soluble samples that are clean and clear do not have to be digested.  Use 

100 mL sample, add 5 mL of concentrated HCl and 2 mL of concentrated 

HNO3.  Samples must be digested unless approval for analysis without 

digestion is received from the project manager. 

 

C. Aqueous sample preparation 

 

1. Method 3005A and USEPA CLP ILM0 4.1, "Acid digestion procedure 

for total recoverable or dissolved metals for analysis by ICP ".  
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a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 

into a digestion vessel.  For samples which require concentration pour 

50 mLs of the well-mixed sample into two digestion vessels. 

 

b. Add 0.50 mL ( 1 mL of (1+1) when strict CLP ILM0 4.1 is required) 

concentrated HNO3 to the sample. For samples which require 

concentration, add 0.125 mL (0.25 mL of (1+1) when strict CLP ILM0 

4.1 is required) concentrated HNO3 to the sample. 

 

c. Add 2.5 mL ( 5 mL of 1+1) when strict CLP ILM0 4.1 is required) 

concentrated HCl to the sample.  For samples which require 

concentration, add 0.3125 mL (0.625 mL of (1+1) when strict CLP 

ILM0 4.1 is required) concentrated HCl to the sample. 

 

d. Cover the sample with a ribbed watch glass or equivalent source. 

 

e. Transfer the digestion vessel to a pre-heated hot plate or hot block  at 

90 to 95°C.  A temperature blank will assure correct temperature.  The 

temperature must be recorded in the digestion log book.  Take the 

volume down to between 5 to 10 mL, ( 12 to 25 mLs when strict CLP 

ILM0 4.1 is required) making certain that the sample does not boil.  

This is extremely important.  Boiling may lead to vaporization of 

certain analytes. Remove the sample from the hot plate and cool 

 

f. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 

thoroughly cleaned with dilute nitric acid prior to filtration. 

 

g. Bring sample to its predigestion volume ( or when samples require 

concentration, to a volume four times lower then what was started 

with) with DI water in the digestion vessel.  The final volume must be 

recorded in the digestion log book. 

 

h. The sample is now ready for analysis. 

 

i. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 

used and the preparation and ID of standards plus identification #'s for 

standards used for spiking and the volume spiked into the sample. 

 

2 Method 200.7, "Acid digestion procedure for total recoverable metals".  
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a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 

into the digestion vessel.  If sample contains undissolved solids >1% 

refer to Section 11.3 of Method 200.7 for subsequent procedures. 

 

b. Add 1.0 mL concentrated HNO3 to the sample. 

 

c. Add 2.50 mL concentrated HCl to the sample. 

 

d. Cover the sample with a ribbed watch glass or equivalent source. 

 

e. Transfer the digestion vessel to a pre-heated hot plate or equivalent 

source at 85°C.  Take the volume down to between 10 to 15 mL, 

making certain that the sample does not boil.  This is extremely 

important.  Boiling may lead to vaporization of certain analytes.  

 

f. Leave sample on hot plate and gently reflux for 30 minutes.  Remove 

from hot plate and cool. 

 

g. Bring sample to its predigestion volume with DI water in the digestion 

vessel. 

 

h. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 

thoroughly cleaned with dilute nitric acid prior to filtration.  

 

i. The sample is now ready for analysis. 

 

j. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 

used and the preparation and ID of standards. 

 

3. Method 3010A, "Acid Digestion of Aqueous Samples and Extracts for 

Total Metals for Analysis by ICP Spectroscopy".   
 

a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 

into the digestion vessel. 

 

b. Add 1.5 mL concentrated HNO3 to the sample. 

 

c. Cover the sample with a ribbed watch glass. 

 

d. Transfer the digestion vessel to a pre-heated hot plate or hot block at 

90 to 95°C.  A temperature blank must be used, with the temperature 

being recorded in the log book.  Take the volume down to a low 
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volume (~5 mL), making certain that the sample does not boil.  

This is extremely important.  Boiling may lead to vaporization of 

certain analytes.  Also make certain that no portion of the bottom 

of the digestion vessel is allowed to go dry.  This may lead to low 

recoveries.  Remove the sample from the hot plate and cool. 

 

e. Add another 1.5 mL portion of concentrated HNO3 to the sample. 

 

f. Cover the sample with a ribbed watch glass. 

 

g. Transfer the vessel to the hotblock or equivalent source.  Increase the 

temperature so a gentle reflux occurs.  Continue heating, adding 

additional acid as necessary, until the digestion is complete (generally 

indicated when the digestate is light in color or does not change in 

appearance with continued refluxing). 

 

h. Uncover the vessel and evaporate to a low volume (~3 mL) making 

certain that no portion of the bottom of the digestion vessel is 

allowed to go dry.  Remove and cool. 

 

i. Add 2.5 ml of 1:1 HCl (10 mL/100 mL of final solution). 

 

j. Cover the digestion vessel and reflux for an additional 15 minutes. 

 

k. Bring sample to its predigestion volume in digestion vessel. 

 

l. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 

thoroughly cleaned with dilute nitric acid prior to filtration.  

 

Note: When preparing USACE project samples, if any sample in a 

digestion batch requires filtration, all samples (including QC 

samples) must be treated in the same manner. 

 

m. The sample is now ready for analysis. 

 

n. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 

used and the preparation and ID of standards. 

 

4 Method 3030C (Standard Methods), "Preliminary treatment for Acid-

Extractable Metals" 
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a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 

into a 50 mL digestion vessel. 

 

b. Add 2.5 mL 1:1 HCl to the sample. 

 

c. Heat 15 minutes in a hot bath. 

 

d. Filter through a membrane filter. 

 

e. Adjust filtrate volume to 50 mL with DI water. 

 

f. Transfer to ICP analyst. 

 

 

D. Solid sample preparation 

 

It is extremely important that waste (when appropriate), soil and sediment 

samples be mixed thoroughly to ensure that the sample is as representative as 

possible of the sample media.  The most common method of mixing is referred 

to as quartering.  The quartering procedure should be performed as follows: 

 

• The material in the sample pan(inorganic-plastic/organic-aluminum)  

should be divided into quarters and each quarter should be mixed 

individually. 

• Two quarters should then be mixed to form halves. 

• The two halves should be mixed to form a homogenous matrix. 

                  

                 This procedure should be repeated several times until the sample is adequately 

mixed. 

 

NOTE:  Samples that are clay type materials should be handled in a different 

manner.  Due to these type sample matrices having an affinity to stick to 

most anything that touches it, another approach must be followed.  Obtain 

a representative sub-sample aliquot from the center or middle section of 

the sample container. 

                 Grinding of Vegetation Samples 

 

                 Remove sample from shipping container and brush off dirt particles. Chop              

sample into about half inch pieces with clippers or other cutting tool. Place the 

sample in an aluminum pan and air-dry in an exhaust hood to the appropriate 

dryness for grinding. It should be dry enough where it won’t stick to the inside 

of the mill. Grind the dried sample to fineness in either the manual sample mill 
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or the Wiley mill or both if needed. Place the ground sample in a container and 

label immediately.  

 

1. USEPA CLP ILM0 4.1, "Acid digestion of Soil/Sediment" 

 

a. Mix the sample thoroughly to achieve homogenity.  For each digestion 

procedure, weigh (to the nearest 0.01 g) a 1.0 to 1.5 g portion of 

sample and transfer to a digestion vessel. 

 

 

b. Add 10 mL of 1:1 nitric acid (HNO3), mix the slurry, and cover with a 

watch glass or equivalent source.  Heat the sample to 92 to 95°C and 

reflux for 10 minutes without boiling.  Allow the sample to cool, add 

5.0 mL of concentrated HNO3, replace with watch glass or equivalent 

source, as appropriate, and reflux for 30 minutes.  Do not allow the 

volume to be reduced to less than 5 mL while maintaining a covering 

of solution over the bottom of the heating vessel. 

 

c. After the second reflux step has been completed and the sample has 

cooled, add 2 mL of Type II water and 3.0 mL of 30% hydrogen 

peroxide (H2O2).  Return the heating vessel to the hot plate or 

equivalent heating source for warming to start the peroxide reaction.  

Care must be taken to ensure that losses do not occur due to 

excessively vigorous effervescence.  Heat until effervescence subsides, 

and cool the heating vessel. 

 

d. Continue to add 30% H2O2 in 1 mL aliquots with warming until the 

effervescence is minimal or until the general sample appearance is 

unchanged.  (NOTE:  Do not add more than a total of 10 mL 30% 

H2O2.) 

 

e. If the sample is being prepared for ICP analysis of Al, As, Sb, Ba, Be, 

Ca, Cd, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, K, Se, Ag, Na, Tl, V, and Zn, 

add 5 mL of 1:1 HCl and 10 mL of Type II water, return the covered 

heating vessel to the hot plate or equivelent heating source, and heat 

for an additional 10 minutes.  After cooling, filter through Whatman 

No. 42 filter paper (or equivalent) and dilute to 50 mL with Type II 

water.  NOTE:  In place of filtering, the sample (after dilution and 

mixing) may be centrifuged or allowed to settle by gravity overnight to 

remove insoluble material.  Dilute the digestate to 144 mL with DI 

water, add 5 mLs concentrated HCl and 1 mL of  concentrated HNO3, 

mix well and place into the appropriate container.  The diluted sample 

has an approximate acid concentration of 2.5% (v/v) HCl and 5% (v/v) 

HNO3. The sample is now ready for analysis. 
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f. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 

used and the preparation and ID of standards and  ID of matrix spikes 

and the amounts used for spiking. 

 

2. Method 3050B, “Acid digestion of Sediments, Sludges and Soils” 

 

a. Mix the sample thoroughly for 5 minutes using a plastic spatula or 

Teflon coated spatula in a glass or plastic weigh boat to achieve 

homogeneity. 

 

b. Weigh approximately (to the nearest 0.01 g) a 1 to 1.5 g portion of the 

sample directly into a digestion vessel.  For samples with low percent 

solids a larger sample size may be used as long as digestion is 

completed.  Record the exact mass in the digestion log. 

 

NOTE:  To achieve the lowest reporting limit possible,  use a 2.0 g 

portion of sample with an ending volume of 100 mLs.  

 

 

c. Add 5 mL D.I. water and 5 mL concentrated HNO3(1:1), mix the 

slurry and cover with a watch glass.  Place the sample in a preheated 

hot block and reflux at 95°C for 10 to 15 minutes being certain that the 

sample does not boil.  Record temperature in  digestion log book 

 

d. Allow the sample to cool.  Add 5 mL concentrated HNO3, replace the 

watch glass and heat/reflux again for 30 minutes.  If brown fumes are 

generated, indicating oxidation of the sample by HNO3, repeat this step 

(addition of 5 mL of concentrated HNO3) over and over until no brown 

fumes are given off by the sample indicating the complete reaction 

with HNO3.  Using a watch glass or equivalent allow the solution to 

evaporate to approximately 5 mL without boiling at 95°C + 5°C for 

approximately two hours.  Maintain a covering of solution over the 

bottom of the vessel at all times. Do not allow the volume to be 

reduced to less than 5 mL while maintaining a covering of solution 

over the  bottom of the beaker.  If the volume does get low, add 2.5 mL 

of D.I. water to bring volume back up. 

 

e. Take the sample off the hot block and allow it to cool.  Next, add 2 mL 

of D.I. water and 3 mL of 30% Hydrogen Peroxide.  (The sample will 

bubble upon the addition of H2O2 if it is still warm.)  Cover the vessel 

with a watch glass and return the sample to the hot block or equivalent 

source and heat until the bubbling subsides.  Care must be taken to 
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ensure that losses do not occur due to excessively vigorous 

effervescence.  Heat until effervescence subsides and cool the beaker.  

Add two more 3 mL portions of H2O2 to the sample in the same 

manner as before.  (NOTE:  Do not add more than a total of 10 mL 

30% H2O2.) 

 

f. Cover the sample with a ribbed watch glass and continue heating the 

acid-peroxide digestate at 95°C + 5°C without boiling for 

approximately two hours until the volume has been reduced to 

approximately 2.5 mL.  Maintain covering of solution over the bottom 

of the vessel at all times. 

 

g. Add 2.5 mL of DI water and 2.5 mL of concentrated HCl  and 10 mL 

of DI water, cover the sample with a ribbed watch glass and continue 

refluxing for an additional 10 minutes without boiling 

 

h. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 

thoroughly cleaned with dilute nitric acid prior to filtration.  

 

i. Bring sample up to 50 mL with D.I. water in the vessel. Add 150 ml of 

DI water to a 250 ml sample bottle. Invert the 50 ml sample digestion 

vessel several times to mix the sample and pour sample into the 150 

ml of the sample bottle. Pour some sample back into the 50 ml sample 

digestion vessel to rinse and pour back into the 250 ml sample bottle 

and cap and mix. 

 

NOTE1: When preparing USACE project samples, if any sample in 

a digestion batch requires filtration , all samples (including 

QC samples) must be treated in the same manner. 

 

NOTE2: To achieve the lowest reporting limit possible use 2.0 

grams of sample with an ending volume of 100 mLs. 

 

j. The sample is now ready for analysis. 

 

k. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 

used and the preparation and ID of standards. 
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E. Oils 

 

1. Method 3031, "Digestion Procedure for Oils" 

 

NOTE: THIS METHOD IS VERY TIME CONSUMING-- 

DISCUSS SUB-CONTRACTING SAMPLES WITH 

YOUR SUPERVISOR AS SOON AS THEY COME IN 

THE DOOR. 

 

     a. Homogenize sample and Weigh approximately (to the nearest 0.01 g) a 

0.5 g representative portion of the sample into a 250 mL beaker.  

Separate and weigh proportional aliquots of the phases if more than 

one phase is present.  Record the exact mass in the digestion log.  

Larger or smaller sample sizes can be used if needed. 

 

g. Add 0.5 g of potassium permanganate powder.  If larger sample sizes 

are used, increase the amount of potassium permanganate so that the 

ratio of oil to postassium permanganate is still  1:1.   Mix the oil and 

permanganate thoroughly until homogenous.  Thick oils and tars that 

cannot be mixed should be heated to achieve mixing (the oil may react 

mildly).  It is important to record the amount of potassium 

permanganate used for each sample if analysis is by ICP-AES and 

correction is to be made for the amount of manganese.  If more than 

10% of the sample is aromatic material, such as xylene, then the 

reaction will be incomplete.  If this is the case, increase the amount of 

potassium permanganate.  If the sample is a mixture of oil and other 

non-organic materials, reduce the amount of potassium permanganate. 

 

NOTE:  All steps requiring the use of acids should be conducted under 

a fume hood by properly trained personnel using appropriate laboratory 

safety equipment.  This should include face shields and latex gloves. 

 

h. Cautiously add 1.0 mL concentrated H2SO4, and stir with an 

appropriate stirring device. If larger sample sizes are used, increase the 

volume of the sulfuric acid so that the ratio of oil to sulfuric acid is 1 g 

to 2 mL.  The H2SO4 can be added dropwise or all at once, depending 

on analytical needs.  (Generally, dropwise is preferred when low 

reporting limits are needed.) 

 

NOTE:  To prevent a strong exothermic reaction, H2SO4 should be 

added dropwise to all samples unfamiliar to the analyst and to all 

samples that are known to be highly reactive. 

 



 EMPIRICAL LABORATORIES, LLC             SOP-100 

             Revision: 19 

             Date:  7/25/06 

             Page 19 of 25 

\\BCNSH02\KLAB\SOP'S\SOP-100 Rev 19.doc 

The reaction can take several seconds to begin, but when it occurs it 

will be very quick, vigorous, and exothermic.   Generally larger sample 

sizes will react faster than smaller.  Likewise, lower average molecular 

weight materials will react faster than heavier.  Do not be mislead by 

an initial lack of reactivity.  A grey-white vapor will be ejected from 

the beaker (SO3) and splattering and bubbling can occur.  The beaker 

will become very hot.  This step is complete when no more gases are 

given off  and the sample would be a thick black lumpy paste.  Allow 

the beaker to cool as needed. 

 

NOTE:   Care must be taken when working with very light organic 

materials, such as diesel fuels, as they may flash.  Generally, the lower 

the average molecular weight of the meterial correlates to a greater 

danger of flashing.  The danger of flashing is reduced by adding the 

sulfuric acid dropwise. 

 

NOTE:    If more than 10% of the sample is aromatic material, such as 

xylene, only a little grey-white vapor will form.  This will reduce 

accuracy and complicate nebulization.  If there is a signigicant amount 

of non-hydrocarbon material, a sputtering recation will occur and black 

MnO2 particulates will be given off.  See section (b.) above under 

procedure. 

  

 

i. Add 2 mL of concentrated HNO3 and stir.  This reaction will be 

slightly exothermic.  If larger sample sizes are used, it is not always 

necessary to increase the volume of HNO3  proportionately, depending 

on analytical needs.  Some reddish-brown vapor (NO2) may be given 

off.   Allow the reaction to continue until complete, that is when the 

digestate no longer gives off fumes.  Allow the beaker to cool as 

needed. 

 

j. Add 10 mL of concentrated HCl  and stir.  If larger sample sizes are 

used, it is not always necessary to increase the volume of HCl 

proportionately, depending on analytical needs.  This reaction will be 

slightly exothermic and gas formation and foaming will occur.  Lighter 

oils will foam more than will heavier oils.  If excess foaming occurs, 

add water to prevent sample loss.  Allow the beaker to cool as needed. 

 

k. Heat the beaker until there is no further gas evolution. (temperature 

should not exceed 150 °C to prevent volatilization).  There may be 

additional foaming or other milder reactions which may result in 

overflow from the beaker.  If excess foaming occurs, either remove the 

beaker from the heating source until foaming subsides or add sufficient 
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water to prevent overflow.  The final digestate should be a clear yellow 

liquid with black or dark reddish-brown particulates.  

 

l. Filter the digestate through Whatman 41 filter paper and collect filtrate 

in a volumetric flask or beaker. 

 

m. Wash the digestion beaker and filter paper, while still in the funnel, 

with no more than 5 mL of hot HCl. 

 

NOTE:  The purpose of this next step is to recover antimony, barium, 

and silver that may not have been completely solubilized.  If the 

sample is not being prepared for these analytes, the next step may be 

skipped.  

  

n. (Optional) After having washed the filter paper, remove the filter and 

residue from the funnel  and place it back in the beaker.  Add 5 mL of 

conc. HCl and place the beaker back on the heating source until the 

filter paper dissolves (temperature should not exceed 150 °C ±5 °C to 

prevent volatilization).  Remove the beaker from the heating source 

and wash the cover and sides with reagent grade water and then filter 

the residue and collect the filtrate in the same flask or beaker as in 

sections f. and g. above.  Allow the filtrate to cool and quantitatively 

transfer to a volumetric flask.  Bring to volume. 

 

o. (Optional) If the filtrate is collected in a beaker, the filtrate can be 

heated again to drive off excess HC1.  This can reduce matrix effects 

in sample introduction (temperature should not exceed 150 °C ± 5 °C 

to prevent volatilization).   When sufficient HCl has been removed, 

remove the beaker from the heating source, allow to cool, and then 

transfer the contents to a volumetric flask and bring to volume.  

However, if too much HCl is removed, barium, silver and antimony 

can be lost. 

 

p. Analyze the flitrate by  ICP-AES.  Depending on the final volume 

selected, the total solids in the digestate may be high enough to cause 

nebulization problems.  Problems due to high dissolved solids may be 

corrected by 1) following optional Section i.,  2) using internal 

standards, 3) using flow injection analysis, or 4) using other matrix 

correction procedures. 

 

Manganese Removal Steps     

 

NOTE:  The purpose of these next steps is to remove the manganese in 

the digest by precipitating  it as manganese ammonium phosphate 
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under alkaline conditions.  Elements that do not form insoluble 

phosphates, such as arsenic, are filtered out and can be analyzed at 

lower concentrations. 

 

q. Take the digestate, or portion of digestate and reduce the volume to 

remove as much HCl as possible without going below 10 mL.   Then 

add conc. NH4OH until pH is 7 or greater.  For most matrices, the 

digestate will change colors (often from yellow to brown) at pH 7.  A 

mild exothermic reaction will occur immediately. 

 

r. Add at least 2 g ammonium phosphate for each 1 g of potassium 

permanganate used in the digestion and stir.  An excess of phosphate is 

needed for good analyte recovery.  Then add enough water and mix to 

ensure maxium precipitation.  A pink or yellow silky amorphous 

precipitate, manganese ammounium phosphate, will form.  If too much 

NH4OH is used some of the manganese ammonium phosphate can be 

solubilized.  Stir until precipitation is complete.  Some ammonium 

phosphate may remain unreacted at the bottom of the beaker. 

 

s. Filter the digestate through Whatman 41 filter paper (or equivalent) 

and collect filtrate in a volumetric flask or beaker. 

 

t. Heat the filtrate to volatilize the ammonia (temperature should not 

exceed 150 °C ± 5 °C to prevent volatilization).  The volume of filtrate 

can be reduced by heating to no less thatn 10 mL.  If too much water is 

removed ay ammonium chloride formed will solidify.  If this occurs, 

either add enough water to dissolve the solids or filter out the solids 

and wash the residue with deionized water. The filtrate can be 

analyzed by ICP-AES. 

 

u. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 

used and the preparation and ID of standards. 

 

X. CALCULATIONS 

 

A. The analyst must be supplied with both beginning sample masses/volumes and 

final digestate volumes.  This information must be recorded in the digestion 

log. 

 

XI. QUALITY CONTROL 

 

A. Digestion 
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1. Temperature blank 

 

a. The temperature of the hot plate/hot block must be monitored for 

temperature during the digestion process. 

 

b. The thermometer must be tagged with annual calibration information.  

Record the thermometer reading, correction factor and the corrected 

temperature in the digestion log. 

 

2. Blanks 

 

a. Digest a blank with every batch of samples digested (20 sample 

maximum).  The blank is prepared by adding all the same reagents 

added to the samples to a clean dry beaker and taking it through the 

same process as the samples. NOTE:  The blank for OILs MUST 

include an analyte-free oil or explosive reactions can occur. 

 

b. Also, there must be a blank for every different method of digestion that 

is set up that day,  every 20 samples. 

 

c. There must also be a blank for every different matrix of samples that is 

to be digested, every 20 samples. 

 

d. Sample is given a unique identifier in the digestion log. 

 

3. Laboratory Control Samples 

 

a. For water samples, one LCS is digested with every batch of samples 

digested (20 sample maximum). 

 

b. For water samples, a LCS is digested every day for each type of 

digestion, every 20 samples. 

 

c. For soil/sediment samples, a soil matrix standard reference material 

(SRM ) must be digested per batch (20 samples maximum) or 

alternatively a spiked teflon chip sample. 

 

d.   Sample is given a unique identifier in the digestion log. 

 

e.  Recoveries of standard reference materials or laboratory control 

samples spiked with organo-metallic standards recoveries should be 

±25% of their true values for OILS. 
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4. Duplicates 

 

a. A duplicate is prepared every 20 samples.  This usually takes the form 

of a matrix spike duplicate. 

 

NOTE: Certain projects require a sample duplicate and a matrix 

spike duplicate with each set of twenty samples. 

 

5. Blank Spike 

 

a. This is required for certain projects. 

 

B. Sample Matrix 

 

NOTE: Field blanks/duplicates, trip blanks, or equipment blanks are not to 

be used for sample matrix QC samples. 

 

1. Matrix spike 

 

a. Digest a spike and spike duplicate every 20 samples where sample 

volume is adequate to do so.  Choose a sample (if possible) that has a 

lot of metals requested to be analyzed. 

 

NOTE: For some projects, a sample duplicate and sample spike may 

be required instead of a spike and spike duplicate.  Your 

supervisor should make you aware of these projects. 

 

b. The following metals do not get digested spikes when using CLP 

spike. 

 

Calcium 

Magnesium 

Sodium 

      Potassium 

 

v. For TCLP samples, a spike must be digested for every matrix.  You 

should inspect the sample (original sample prior to extraction) or 

check the log book to determine matrix type.  (Also the matrix spike 

aliquot must be added to the extract after filtration but before 

preservation.) 

 

d.  The CLH project requires that a high and a low spike be prepared 

and analyzed.  Spikes shoud be prepared at 40 mg/Kg and 400 mg/Kg 

for soil samples and 200 ug/L and 2000 ug/L for aqueous samples. 
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XII. CORRECTIVE ACTIONS 

 

A. Sample boils during digestion. 

 

1. Redigest another sample aliquot. 

 

B. Sample goes dry or portion of beaker bottom is exposed due to excess 

evaporation during digestion. 

 

1. Redigest another sample aliquot. 

2. Glass beaker dry for an extended period of time? Discard beaker. 

 

XIII. SPECIAL NOTES 

 

A. Never take for granted how a sample should be digested.  If the sample looks 

strange or unusual, or if you are not sure what metals the sample gets, what 

detection limits are required, whether the sample is total or dissolved, or even 

what method of digestion should be used, always ask your supervisor or the 

person who is to analyze the sample.  How metals need to be digested changes 

too often to take it for granted. 

 

B. Antimony (Sb) soils should be analyzed within 48 hours of digestion 

whenever possible.  When a soil requesting Antimony analysis is received, 

you must coordinate with the person who will be analyzing it to be sure that 

they can analyze it on the same day that it is digested. 

 

C. Labels for the digested sample must be written in a neat and legible manner.  

The labels must include such information as sample number, client name, the 

date digested, and the volume or mass digested. 

 

D. There are several precautions that must be taken to minimize the possibility of 

contamination. 

 

1. All metals glassware must be kept separate from all other laboratory 

glassware. 

 

2. Metals glassware must be washed as soon as possible after being used.  

Dirty metals beakers must not be left overnight.   

 

3. Acid to be used for metals digestions must be kept separate from all other 

laboratory acid. 
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E. Samples must be digested in a timely manner to ensure ICP analysis remains 

on schedule for data generation.  Samples received on or before Wednesday of 

week X must be prepared for ICP digestion by the end of week X.  Your 

supervisor must be consulted if this schedule can not be met at a particular 

time. 

 

             F.   Please consult Waste Disposal SOP-405, for information concerning disposal 

of waste generated from this area. Quantity of chemicals purchased 

should be based on expected usage during its shelf-life and the 

disposal cost of unused material. Actual reagent preparation 

volumes should reflect anticipated usage and reagent stability. 
 

 

Addendum for USEPA CLPILM 05.2 AQUEOUS &SOIL/SEDIMENT 

 

The following is a list of changes for sample preparation when the 5.2 statement of work 

is required: 

 

1. Soluble samples are required to be digested unless the chain of custody specifically 

states that digestion is not required.  An MDL study must be done on the unprepared 

MDL solution in order to provide MDL levels for samples that are not digested.  

When digestion is not required an LCSW and post digestion spike are not required. 

 

2. Digestates must be stored until 365 days after delivery of a complete, reconciled data 

package. 

 

3. Preparation codes are used on form 13's.  They are found in the 5.2 statement of work 

page B-39 3.4.12.2.4. 

 

 

 

 

DEFINITIONS – Refer to SOP-431 for common environmental laboratory definitions. 
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MERCURY ANALYSIS IN WATER BY MANUAL COLD VAPOR 

References: 

SW846 Method 7470A 

USEPA Method 245.1 

USEPA SOW ILM04.1 

See Addendum for SOW ILM05.2  

 

I. SCOPE AND APPLICATION 

 

A. This method is a cold-vapor atomic absorption procedure for determining the 

concentration of mercury in mobility-procedure extracts, aqueous wastes, and 

ground waters.  This method can also be used for sludge-type wastes.  All 

samples must be subjected to an appropriate dissolution procedure prior to 

analysis. 

 

B. In addition to inorganic forms of mercury, organic materials may also be 

present.  These organo-mercury compounds will not respond to the cold vapor 

atomic absorption technique unless they are first broken down and converted 

to mercuric ions.  Potassium permanganate oxidizes many of these 

compounds, but recent studies have shown that a number of organic 

mercurials, including phenol mercuric acetate and methyl mercuric chloride, 

are only partially oxidized by this reagent.  Potassium persulfate has been 

found to give approximately 100% recovery when used as the oxidant step 

following the addition of the permanganate has been included to insure that 

organo-mercury compounds, if present, will be oxidized to the mercuric ion 

before measurement.  A heat step is required for methyl mercuric chloride 

when present in or spiked to a natural system.  For distilled water the heat step 

is not necessary. 

 

C. The range of the method may be varied through instrument and/or recorder 

expansion.  Using a 30 mL sample, a detection limit of 0.2 µg Hg/L can be 

achieved. 

 

II. SUMMARY OF METHOD 

 

 A. The flameless AA procedure is a physical method based on the absorption of 

radiation at 253.7 nm by mercury vapor.  Organic mercury compounds are 

oxidized and the mercury is reduced to the elemental state and aerated from 

solution in a closed system.  The mercury vapor passes through a cell positioned 

in the light path of a flow injection Mercury system.  Absorbance (peak height) 

is measured as a function of mercury concentration and recorded in the usual 

manner. 
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III. SAMPLE HANDLING AND PRESERVATION 

 

A. Samples are preserved by acidification with nitric acid to a pH of 2 or lower 

immediately at the time of collection, and refrigeration to 4°C. 

 

B. The holding time for the mercury digestion is 28 days from time of sampling. 

 

IV. INTERFERENCES 

 

A. Possible interference from sulfide is eliminated by the addition of potassium 

permanganate.  Concentrations as high as 20 mg/L of sulfide as sodium sulfide 

do not interfere with the recovery of added inorganic mercury from distilled 

water. 

 

B. Copper has also been reported to interfere; however, copper concentrations as 

high as 10 mg/L had no effect on recovery of mercury from spiked samples. 

 

C. Sea waters, brines and industrial effluents high in chlorides require additional 

permanganate (as much as 6.25 mL in 30 mL of sample).  During the 

oxidation step, chlorides are converted to free chlorine which will also absorb 

radiation at 253 nm.  Care must be taken to assure that free chlorine is absent 

before the mercury is reduced and swept into the cell.   This is accomplished 

by using an excess of hydroxylamine sulfate reagent (6.25 mL to 30 mL of 

sample).  

 

D. Samples containing high concentrations of oxidizable organic materials, as 

evidenced by high chemical oxygen demand values, may not be completely 

oxidized of organic mercury will be low.  The problem can be eliminated by 

reducing the sample volume or by increasing the amount of potassium 

persulfate (and consequently stannous chloride) used in the digestion. 

 

V. Safety 

 

A. Normal accepted laboratory practices should be followed while performing 

this procedure. 

 

B. The toxicity and carcinogenicity of each reagent in this method have not been 

fully established.  Each chemical should be regarded as a potential health 

hazard and exposure to these compounds should be minimized by good 

laboratory practices.  Normal accepted laboratory practices should be followed 

during reagent preparation and instrument operation.  Always wear safety 

glasses or full-face shield for eye protection when working with these 

reagents.  Each laboratory is responsible for maintaining a current safety plan, 

a current awareness file of OSHA regulations regarding the safe handling of 

the chemicals specified in this method. 
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C. Mercury compounds are highly toxic if swallowed, inhaled, or absorbed 

through the skin.  The analyst should use chemical resistant gloves when 

handling concentrated mercury standards. 

 

D. The analyst should make sure that the system is vented to fresh permanganate 

in a bottle located at the back.  Otherwise Hg vapors could be vented to the 

room.   

 

VI. EQUIPMENT/APPARATUS 

 

A. Perken Elmer Flow injection Mercury system 

 

B. Mod Block Digester set to maintain  95+2°C for 2 hours. 

 

C. Polypropylene sample digestion vessels with snap or screw caps or equivalent. 

Five vessels of each  lot of digestion vessels must be taken through 

analysis to check for mercury. 

VII. REAGENTS AND STANDARD PREPARATION 

 

A. REAGENTS 

 

1. Concentrated sulfuric acid suitable for Hg determination. 

 

2.  Concentrated nitric acid suitable for Hg determination. 

 

3. Stannous chloride:  in a 1000 mL volumetric flask add approximately 

500 mL D.I. water, 30 mL concentrated HCl, add 11 grams stannous 

chloride crystals swirl to mix and dilute to 1000 mLs.  Prepare fresh daily. 

 

4. 3% HCl Carrier Solution:  Dilute 30 mL of concentrated metals grade HCl 

to one liter.  Prepare fresh daily.   

 

5. Sodium chloride-hydroxylamine chloride solution:  dissolve 120 grams of 

sodium chloride and 120 grams of hydroxylamine hydrochloride (very 

high grade --Do not get from Tennessee Reagents) in D.I. water and dilute 

to 1 liter.   Note:  this is normally made up 2 Liters at a time. 

 

 

5. Potassium permanganate:  5% solution, w/v:  dissolve 200 grams of 

potassium permanganate in 4000 mL of D.I. water.  Should have "suitable 

for mercury determination" written on the side of the potassium 

permanganate bottle.  This reagent takes overnight stirring ( minimum of 3 

hours if absolutely necessary ).  Use stirring bar already in the reagent 

bottle for this purpose.  It is very easy to contaminate with mercury. 
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6. Potassium persulfate:  5% solution, w/v:  dissolve 100 grams of potassium 

persulfate in 2000 mL D.I. water.  Slight heating with stirring may be 

necessary to completely dissolve.  The formation of crystals in this 

solution is not a problem. 

 

B. STANDARDS 

 

1. Traceability 

 

a. A bound logbook record shall be maintained on all reference materials.  

The record shall include date of receipt, source, purity, all 

compositional information, storage conditions and expiration date.  

These materials/solutions are to be identified by a unique number in 

the logbook as well as on the container's label. 

 

b. All working standards made from reference materials shall be labeled 

with a unique ID number with complete information on preparation 

date, concentration of each compound, solvent, preparer's name, and 

expiration date.  Reagents shall be labeled with date received and 

expiration date, if applicable.  All of the information described above 

shall also be recorded in a bound logbook.  Measurements made during 

standards preparation (e.g., from weighing operations, volume diluted 

to, etc.)  shall also be recorded.  There should be no container with 

sample, sample extract, standard solution, etc. that is not correctly 

labeled and properly stored. 

 

c. The analyst must initial and date each entry made in a logbook.  Each 

analyst must be sure to "Z" out the unused area of each logbook page. 

 

 

NOTE: All standard solutions should be prepared using class A 

volumetric flasks, class A volumetric pipettes ( or calibrated 

Eppendorfs ). All standards, blanks, and samples are taken 

through the digestion process. 

 

a. Stock mercury solution: (100 µg/mL).  Order from manufacturer 

already prepared.  This solution is given a unique identifier. 

 

b. Primary source and secondary source mercury standard solutions at 

200 ug/L:  dilute 2 mL of stock solution to 1000 mL in a 1000 mL 

volumetric flask, with 1.5 mL concentrated HNO3. 

 

c. Calibration standards 

 

i. Prepared from the primary source working standard.  The 

preparation of the calibration standards, etc. is described below. 
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a. Dilute the volumes below to 30 mLs in a 70 mL 

polypropylene vessel.  (Note:  The standards are diluted to 

10 mLs for the initial step of the digestion.  From that 

point when  25 mLs of DI water are added to samples, 15 

mLs of DI water is added to the standards. 

 

   ug/L Hg   mLs of 200 ug/L standard in 30 mLs 

0.20    0.03 

0.50    0.075 

1.0     0.15 

2.0     0.30 

4.0     0.60 

6.0     0.90 

10.0 1.5 

 

iii. Appropriate reagents are added as below in the sample preparation 

section. 

 

iv. Prepare one vessel for each. 

 

v. It is necessary to digest the calibration standards. 

 

e.  Calibration verification standards 

 

i. Initial calibration verification ( ICV ) solution – 4.0 ug/L 

 

a. Prepared by diluting 0.6 mL of the second source standard to 

30 mL with reagent water in a 70 mL polypropylene vessel. 

(TV = 4.0 ug/L) 

 

b. Appropriate reagents are added as below in the sample 

preparation section. 

 

c. It is necessary to digest the ICV standards for Method 7470A, 

Method 245.1 does not require digestion of standards. 

 

ii. Continuing calibration verification ( CCV ) solution 

 

a. Prepared from the primary  source  standard. 

 

b. Prepared by diluting 0.3 mL of the primary standard at 200 

ug/L to 30 mLs with reagent water in a 70 mL polypropylene 

vessel for 2.0 ug/L or 0.6 ml to 30 mls for 4.0 ug/L. 
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c. Appropriate reagents are added as below in the sample 

preparation section. 

 

d. It is necessary to digest the CCV standards for Method 7470A, 

Method 245.1 does not require digestion of standards. 

 

 

f. Digestion standards 

 

i. Laboratory control sample 

 

a. Prepared from the secondary source standard. 

 

b. Prepared by diluting 0.3 mL of the second source standard to 30 

mL with reagent water in a 70 mL polypropylene vessel. 

 

c. Appropriate reagents are added as below in the sample 

preparation section. 

 

d. This solution should be given a unique identifier in the digestion 

log. 

 

 

ii.. Matrix Spikes 

 

a. Prepared from the secondary source working standard. 

 

b. Prepared by diluting 0.3 mL of the second source standard to 

30 mL with sample in a 70 mL polypropylene vessel.  Project 

specific or method specific requirements may over-ride the 

spiking level. 

 

c. Appropriate reagents are added as below in the sample 

preparation section. 

 

 

VIII. CALIBRATION 

 

A. Set up the instrument with proper operating parameters. 

 

1. Perkin Elmer Flow Injection Mercury System (FIMS). 

 

i. Replace any old tubing that is around the pump cylinder.  The 

sample transfer tubing connected to the seperator cover must not 

have any moisture in it. If it does replace it. (Perkin-Elmer tygon 
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tubing, waste and carrier 1.52mm I.D., waste only 3.17mm 

I.D., stannous chloride 1.14mm I.D.) 

 

ii. Also replace the filter membrane with the rough side up.  (for 

instructions refer to page 1-22 in maintenance  manual.) 

 

iii. Turn on PE 100 spectrophotmeter;  (Note:  this must be on in order 

to start up the software on the computer.) 

 

iv. Turn on computer and go to icon “AA Win LAB Analyst”.  

 

v. Go to method; select “Hg CAL 2” then OK. 

 

vi. Wavelength = 253.7;  smoothing points =9; measurement = peak 

height; read time =18sec.; BCC time = 2 sec. 

 

vii. Go to “Sample Info” and enter the order of the samples and other 

information that may be needed. 

 

viii. Save entered sample list under “Save ….sample info file” Note: 

description and batch ID are normally the date of analysis. 

 

ix. Go to “auto”; then to set-up.  Select Browse in both spaces.  One is 

to bring up your saved “Sample Information” File.  The other is to 

select a results library.  Double click on heading and choose. 

 

x. Turn the printer on. 

 

xi. Connect all tubing to the pump and blocks. 

 

xii. Start the pump by going to “FIAS” and click the pump 1 Icon 

(120). 

 

xiii. The pump will start, then lock down and tighten the tubes onto the 

pump. 

 

xiv. Turn on the nitrogen tank, it should be above 500 psi on the guage.  

Replace the nitrogen tank when it is at 500 psi. 

 

xv. The pressure gauge on the PE100 should be just below 100. 

 

xvi. Use the tension adjuster to press down the tubing magazine to the 

pump head on the top and bottom.  Start the pump and then lock 

them down.  This technique needs to be demonstrated so that a new 

user will be able to understand what is needed here and how to do 

it. 
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xvii. Adjust the spring tension tubing until there is a constant “bubble of 

low rate” coming out to the waste tube. 

 

xviii. Place carrier tubes into carrier and stannous chloride tube into 

SnCl2.  (click valve fill inject and make sure flow is correct and 

the line is rinsed). 

 

xix. Make sure the permanganate waste bottle is bubbling in order to 

absorb any Hg vapors which could be vented into the room.   

 

xx. Allow a few minutes for reagents to flow through the system 

before starting analysis. 

 

xxi. Calibrate:  Go to “Auto” click on “Analyze”, click on “calibrate”. 

 

xxii. “Select Location” enter #’s to be ran,  and then press  “OK”.  

Samples are done in increments of 10 samples 

 

B. Analyze the calibration standards as below. 

 

1. New calibration points must be analyzed when the ICV analysis is not 

within ± 5%.  A curve must be analyzed daily for all projects especially 

USACE and CLP projects.   

 

2. The curve should be linear with a calculated intercept with a minimum 

correlation coefficient (r) of >0.995 ( USACE ) or 0.998 ( other ).  If not, a 

new curve must be analyzed. 

 

IX. PROCEDURE 

 

A. Glassware preparation 

 

1. After use, samples are nuetralized and disposed down an acid sink with 

running water and rinsed with tap water.  Or the sample may be discarded 

into the Mercury waste drum. 

 

2. Acid clean the glassware used for mercury prep as follows: 

 

a. Rinse with low Hg content 1:1 HCl. 

 

b. Rinse with D.I. water. 

 

B. Label the vessels indicating  which sample will be in each.. 

 



                                             EMPIRICAL LABORATORIES, LLC SOP -103 

 Revision:  16 

 Date:  01/28/09 

 Page 10 of 20 
 

V:\LAB\QAQC\QA QC\SOP\SOP-103 Rev 16.doc 

C. Prepare calibration standards as detailed above.  Add all reagents to the 

standards which are added to the samples as outlined below.  Record the 

standard preparation in the digestion log. 

 

D. Sample preparation 

 

1. Transfer 30 mL, or an aliquot diluted to 30 mL of sample to the 30 mL 

mark on a 50 mL digestion vessel previously marked for this sample. 

 

NOTE: Normally, an automatic dilution of 10X to 100X is performed for 

all TCLP extracts.  All TCLP samples get one matrix spike unless 

several come in at one time from the same client with the same 

matrix.  Then one in ten of the same matrix get spiked. Check 

with your manager. 

 

2. Add 1.5 mL of concentrated sulfuric acid to each vessel and mix. 

 

3. Add 0.75 mL of concentrated nitric acid to each bottle and mix. 

 

4. Add 4.5 mL potassium permanganate solution to each vessel and mix.  For 

sewage samples additional permanganate may be required.  Shake and add 

additional portions of potassium permanganate to the solution if necessary, 

until the purple color persists for at least 15 minutes (not more than 

7.5 mL).  If the purple color does not persist after the addition of 7.5 mL 

KMnO4 the sample must be diluted prior to digestion.  Inform your 

manager that the minimum detection limit cannot be reached for that 

particular matrix.  

 
NOTE: The same amount of KMnO4 added to the samples should be 

present in the standards and blanks. 

 

5. Add 2.4 mL of potassium persulfate to each vessel and mix.  Cover. 

 

6. Heat for 2 hours in the block digester at 95+2°C ( the block temperature 

must be monitored and documented.  Record observed temperature, 

correction factor, and the corrected temperature ), cool. 

 

6. Samples may be saved at this point if there is not time to run the whole set 

that day. 

 

NOTE:  Stannous Chloride (VII. A 5.) and 3% HCl (VII. A 8.) are added 

by the instrument during analysis. 

 

E. Sample analysis 
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1. Set up the instrument as described in the calibration section above.    

 

2. When ready to run samples, add 1.8  mL of sodium 

chloride-hydroxylamine chloride to reduce the excess permanganate.  

Sample analysis must be preceded by the analysis of an ICV with control 

limits of +10% for SW846-7470 and ±5 % for 245.1.  Followed by the 

ICB (< ±MDL for USACE or ±RL/CRDL for others and CLP). 

 

3. Each set of ten samples and at the end of the analytical run must be 

followed by a CCV with control limits of +20% for SW846-7470 and 

±10% for 245.1 

 

4. CCB must always follow the CCV.  Control limits are (<±MDL for 

USACE or ±RL/CRDL for others and CLP). CCB must be run at the 

beginning and end of a sequence and after every 10 samples. No analyte 

must be detected  >2xMDL for DOD QSM Ver. 3. 

 

5. The autosampler log is set up to analyze 106 samples at a time. 

 

Instrument Run Log example: 

 

AS LOC             Sample ID 

0 Wash 

1  0.0 

2  0.02 

3  0.05 

4  0.1 

5  0.2 

6  0.4 

7  0.6 

8  1.0 

9  ICV 

10  ICB 

11  LCSW 

                                    AS LOC     Sample ID 

12  PBW 

13 Sample 

14 Sample 

15 Sample 

16 Sample 

17 Sample 

18 Sample 

19 Sample 

20 Sample 

21 CCV 
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22 CCB 

23 Sample 

24 Sample 

25 Sample 

26 Sample 

27 Sample 

28 Sample 

29 Sample 

30 Sample 

31 MS 

32 MSD 

33 FCV 

34 FCB 

 

F. Data reporting 

 

1. Reduce data to result which will be reported. 

 

2. Complete the data review checklist ( attached ).  Must be completed and 

attached to each set of USACE data. 

 

X. CALCULATIONS 

 

A. Apply a least squares fit to the calibration standards plotting µg Hg/L versus 

the absorbance. For the concentration of the standards, assume 30 mL of 

solution volume ( the 0.1 µg Hg standard will be input as 1.0 µg Hg/L )  

( 0.1µg Hg / 0.030 L solution ). 

 

B.  Input the sample absorbance into the mercury spreadsheet making sure that 

you are  using the correct spreadsheet for the matrix of the sample. 

 

C. Also make sure that the appropriate dilution factor is inputted in the correct 

space on the spreadsheet. 

 

D.  Report the data as µg Hg/L of sample. 

                         

 

 

 

 

XI. QUALITY CONTROL (Reference SW-846, 7470A Update III, USEPA CLP 

ILMO 4.1 or 245.1, Rev 3.0, 5/94 for further clarification) 

 

A. Daily 

 

1. The instrument must be calibrated daily for all projects.   
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2. Begin each analysis with an ICV(QCS) second source.  The control limits 

are +10% and IPC(CCV) for 245.1, limits are + 5% and subsequent 

analyses are + 10%. 

 

3. Analyze ICB.  Control limits (<±MDL for USACE or ±RL/CRDL for 

others and CLP)., depending on method. No analyte detected >2xMDL 

for DOD QSM Ver. 3. 

 

4. If the ICV(QCS) is not in control a new curve must be analyzed prior to 

sample analysis.   

 

5. If the IPC(initial CCV) for 245.1 is not within the limits of ±5%, try 

preparing another undigested CCV and reanalyzing before recalibrating.  If 

this fails then a recalibration is necessary. 

 

6. Follow each set of 10 samples with a CCV and also must end up with a 

CCV after the last sample.  The control limits are +20% for SW846-7470 

and ± 10% for 245.1. 

 

7. A CCB must always follow a CCV, the control limit is (<±MDL for 

USACE or ±RL/CRDL for others and CLP). CCB must be run at the 

beginning and end of a sequence and after every 10 samples. No analyte  

detected  >2xMDL for DOD QSM Ver. 3. 

 

B. Quarterly or as needed when doing straight CLP work. 

 

1.  IDL’s for CLP 4.1. 

 

C.   Digestion 

 

1. LCS data should be maintained and available for easy reference or 

inspection. 

 

2. Preparation blank (<1/2 ±RL or ±RL/CRDL for common contaminates 

(DOD) and ±RL/CRDL for others and CLP). 

 

a. Employ a minimum of one preparation blank per sample batch to 

determine if contamination or any memory effects are occurring.  The 

preparation blank is taken through the same digestion/preparation steps 

as the samples being tested.  The result for the preparation blank must 

be below the method detection limit.  If not, the analyst must use good 

judgment to evaluate the impact upon the associated samples.  There is 

no impact if an associated sample is below the method detection limit 

nor if the level in the sample is greater than 10X the level found in the 
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preparation blank.  If the level of mercury in a sample is above the 

method detection limit but less than 10X the level found in the 

preparation blank, the sample must be redigested and reanalyzed or the 

data must be qualified on the final report.  The project manager or QA 

manager will make this determination. 

 

3. Laboratory control sample ( LCS ) 

 

a. Employ a minimum of one laboratory control sample ( LCS ) per 

sample batch to verify the digestion procedure.  The LCS is taken 

through the same digestion/preparation steps as the samples being 

tested.  The minimum control limits are +20% for SW846-7470 and 

±15% for 245.1.  If the LCS is not in control, the impact upon the 

client data should be evaluated and the associated sample(s) should be 

either redigested or the data should be qualified.  The project manager 

or QA Officer will make this determination. 

 

D.  Sample matrix 

 

1. Analyze one replicate sample for every twenty samples. A replicate sample 

is a sample brought through the whole sample preparation and analytical 

process in duplicate.  It is acceptable to substitute a matrix spike duplicate 

for the sample replicate.  CLP does not allow this.  Project specific 

requirements will take precedence in these situations. 

 

2. Analyze one spiked sample and spiked sample duplicate for every twenty 

samples. A replicate sample is a sample brought through the whole sample 

preparation and analytical process in duplicate.  Project specific 

requirements will take precedence in these situations.  CLP requires 1 

duplicate and 1 spike per batch.  If the analyte level in the sample is not 

greater than four times the spiking level, the spike recoveries should be 

within +25% of the true value ( + 20% for DOD projects).  If not, check 

with supervisor to determine appropriate action.  The final analytical 

report must document this situation. 

 

NOTE: For TCLP extracts, a matrix spike must be performed for each 

different matrix.  The method of standard additions must be used 

if the sample spike recovery is not at least 50% and the 

concentration of Hg does not exceed the regulatory level and if 

the concentration of Hg measured in the extract is within 20% of 

the regulatory level.  

 

3. The relative percent difference (RPD) between replicate determinations is 

to be calculated as referenced in the laboratory QA manual.  (A control 

limit of + 20% RPD shall be used for sample values greater than ten times 
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the instrument detection limit.)  Supervisor must be notified if the control 

limit is not met.  Supervisor will determine corrective action if required.  

The final analytical report must document this situation. 

 

4. For 245.1 analyze one serial dilution (1 to 5 dilution) for every 20 samples 

or per analytical batch, whichever is more frequent.  Percent recovery 

should be ±10%.  The concentration of the original sample should be a 

minimum of 50X the IDL in order to apply the recovery criterion; if not, 

the serial dilution approach is not used.  

 

5. When the sample matrix is so complex that viscosity, surface tension, and 

components can not be accurately matched with standards, the method of 

standard addition (MSA) is recommended.  Section 8.6 of SW846-7000A 

provides tests to evaluate the need for using the MSA. 

 

E.    Method Detection Limit (MDL), Empirical Laboratories’ Reporting Limit 

(ERL), Contract Required Quantitation Limit (CRQL) and Analyte 

Wavelength: 

 

 

                                        TABLE I 
 

Aqueous Method Detection Limits(MDL), Empirical Laboratories’ Reporting 

Limits(ERL), CLP OLM04.1 & OLM05.2  

Contract Required  Quantitation Limits (CRQL) 
Mercury by EPA 245.1, 7470A,  

  SOW 4.1 & 5.2 

AQUEOUS 

MDL(ug/L) 

AQUEOUS 

ERL(ug/L) 

AQUEOUS 

CRQL ILMO 

4.1 (ug/L) 

AQUEOUS 

CRQL ILMO 

5.2 (ug/L) 

Mercury 

 

0.08 0.20 0.2 0.2 

 

 

 

                                                  TABLE 2 
 

 

 

 

ANALYTE 

 

WAVELENGTH 

Mercury 253.7 
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XII. CORRECTIVE ACTIONS 

 

A. INSTRUMENT RELATED 

 

1. ICV(QCS for 245.1)- second source not within + 10%. 

a. If the problem is with the solution. 

i. Reprepare,  obtain new stock if necessary. 

b. If the problem is with the calibration. 

i. Recalibrate through analysis of appropriate standards and recheck 

ICV. 

2. CCV not within + 20% for SW846 and ±10% for (245.1, + 5% for initial 

IPC and + 10% for subsequent IPCs) 

a. If the problem is with the solution. 

i. Reprepare, obtain new stock if necessary. 

b. If the problem is with the calibration. 

i. Recalibrate through analysis of appropriate standards and 

reprepare/reanalyze the previous ten sample according the 

following guidelines. 

a. If the CCV was biased high, any of the previous ten samples 

which were below the detection limit do not require reanalysis. 

b. If the CCV was biased low, the previous ten samples must be 

reanalyzed. 

 

B. DIGESTION RELATED 

 

1. The preparation blank less than <1/2 RL or ±RL/CRDL for common 

contaminates (DOD) and ±RL/CRDL for others and CLP. 

 

a. If the problem is with the instrument or stannous chloride. 

i. Analyze a reagent blank to determine the stannous chloride and the 

instrument are behaving properly.  If this check has detectable 

mercury, reprepare the stannous chloride or determine if there are 

any problems with the instrument.  Contact supervisor 

immediately. 

 

b. If the problem is with the digestion. 
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i. All associated samples which are below the RL, CRDL or have a 

level of mercury greater than 5X the level found in the preparation 

blank can be reported.  If the level of mercury in an associated 

sample is not BMDL nor greater than 5X the level found in the 

preparation blank, the sample must be redigested/reanalyzed or 

reported as qualified.  The project manager or QA manager will 

make this determination. 

 

2. LCS not within control limits ( or +20%, + 15% for 245.1 ). 

a. If the problem is with the instrument. 

i. Reanalyze when instrument is in control if further sample bottles 

are available. 

b. Is the problem is with the digestion. 

i. If biased low, associated samples must be redigested. 

ii. If biased high, the impact upon the data user must be evaluated.  

The samples will be redigested or the data will be qualified on the 

final report. 

 

 

 

 

C. SAMPLE MATRIX RELATED 

 

1. Replicate analysis RPD not within +20% 

i. The associated sample data must be qualified on the final report. 

 

2. Spike analysis recovery not within +25%( + 20% for DOD projects) 

i. If the analyte level in the sample is greater than 4X the spiking level, 

the %recovery can not be evaluated and no action is taken. 

ii. If the analyte level in the sample is not greater than 4X the spiking 

level, the associated sample data must be qualified on the final report.  

TCLP extracts must be evaluated as in section XI.D.2 above.  The 

associated sample data must be qualified on the final report. 

 

3.   When the sample matrix is so complex that viscosity, surface tension, and 

components can not be accurately matched with standards, the method of 

standard addition (MSA) is recommended.  Section 8.6 of SW846-7000A  

provides tests to evaluate the need for using the MSA. 

 

XIII. WASTE DISPOSAL and POLLUTION PREVENTION 

 

Please see Waste Disposal SOP-405, for instruction of proper disposal of waste 

generated from this area. 
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Quantity of chemicals purchased should be based on expected usage during its 

shelf-life  and the disposal cost of unused material. Actual reagent preparation 

volumes should reflect anticipated usage and reagent stability. 

 

XIV. REFERENCES 

    

1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 

SW-846; Third Edition (Update III); Method 7470A 

 

2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 245.1; 

APX-B 

 

 

3. USEPA Contract Laboratory Program(CLP) for Inorganics ILM04.1; 

ILM05.2 

 

 

XV. DEFINITIONS 

 

1.  Refer to SOP-431 for common definitions. 

 

 

 

 

ADDENDUM FOR USEPA SOW ILM05.2 

 

 

1. The CCV concentration must be different from the ICV. 

 

2. The same CCV shall be used throughout analysis for an SDG. 

 

3. Calibration standards must be within 5% of the standard concentration. 

 

4. A CRA must be analyzed after the ICV/ICB  and after each batch of 20 samples, but 

before the final CCV/CCB.  The control limit is ±30%. 

 

5. Spike samples at 1 ug/L for water. 
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ANALYST DATA REVIEW CHECKLIST 

 

 

Sample Number(s): 

Batch Number(s): 

Method: 7470A ( Mercury ) 

 

 
 

QA/QC Item 
 

Yes 
 

No 
 

NA 
Second Level 

Review 
 
1. Were samples analyzed within USACE holding times? 

 
 

 
 

 
 

 
 

 
2. Was initial calibration curve QC criteria met? 

 
 

 
 

 
 

 
 

 
3. Was all continuing calibration criteria in control? 

 
 

 
 

 
 

 
 

 
4. Did any sample exceed the highest calibration standard? 

    

 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

 
5. Did LCS or blank spike meet control limits? 

 
 

 
 

 
 

 
 

 
6. Did MS/MSD meet control limits? 

 
 

 
 

 
 

 
 

 
7. Was the preparation (Method) Blank below the project required 
 detection limits? 

 
 

 
 

 
 

 
 

 
8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

 
9. Was water bath temperature monitored/documented and did 
you apply the thermometer correction factor? 

 
 

 
 

 
 

 
 

 
10. Sample preparation information is correct and complete. 
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11. Analytical results are correct and complete. 

 
 

 
 

 
 

 
 

 
12. The appropriate SOP's have been used and followed. 

 
 

 
 

 
 

 
 

 
14. "Raw data" including all manual integration's have been 
correctly interpreted. 

 
 

 
 

 
 

 
 

 
15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

 
16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 

 
 
 

 
 
 

 
 
 

 
 
 

 

 

   

Comments on any "No" response: 

 

               Analyst:  Date:  

    

Second-Level Review:  Date:  
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MERCURY ANALYSIS IN SOIL/SEDIMENT BY  

MANUAL COLD VAPOR TECHNIQUE  

References: 

SW846 Method 7471A, 7471B 

USEPA Method 245.5, CLP SOW ILM04.1 

See Addendum for CLP SOW ILM05.2  

 

 

 

I. SCOPE AND APPLICATION: 

 

 A This procedure measures total mercury (organic and inorganic) in soils, 

sediments, bottom deposits and sludge type materials. 

 

 B. The range of the method is 0.2 to 2 µg/g.  The range may be extended above or 

below the normal range by increasing or decreasing sample size or through 

instrument and recorder control. 

 

 

II. SUMMARY OF METHOD: 

 

 A. A weighed portion of the sample is acid digested for 2 minutes at 95+2°C, 

followed by oxidation with potassium permanganate and with a secondary 

digestion at 95°C for 30 minutes.  Mercury in the digested sample is then 

measured by the conventional cold vapor technique. 

 

 

III. SAMPLE HANDLING AND PRESERVATION: 

 

 A. Because of the extreme sensitivity of the analytical procedure and the 

omnipresence of mercury, care must be taken to avoid extraneous 

contamination.  Sampling devices and sample containers should be ascertained 

to be free of mercury; the sample should not be exposed to any condition in the 

lab that may result in contact with solid, liquid or airborne mercury. 

 

 B. Refrigerate solid samples at 4°C (+2°C) upon receipt until digestion and            

               analysis. 

 C. The sample should be analyzed without drying. A separate percent solids 

determination is required 

 

 D. The holding time for digestion of mercury samples is 28 days. 

 

 



                                           EMPIRICAL LABORATORIES, LLC SOP-104 

 Revision: 17 

 Date:  01/10/08 

 Page 3 of 21 

V:\LAB\QAQC\QA QC\SOP\SOP-104 Rev 17.doc 

IV. INTERFERENCES: 

 

 A. Potassium permanganate is added to eliminate possible interference from 

sulfide.  Concentrations as high as 20 mg/Kg of sulfide, as sodium sulfide, do 

not interfere with the recovery of added inorganic mercury in reagent water. 

 

 B. Copper has also been reported to interfere; however, copper concentrations as 

high as 10 mg/Kg had no effect on recovery of mercury from spiked samples. 

 

C. Samples high in chlorides require additional permanganate (as much as 

12.5 mLs) because, during the oxidation step, chlorides are converted to 

free chlorine, which also absorbs radiation of 253 nm.  Care must therefore 

be taken to ensure that free chlorine is absent before the mercury is 

reduced and swept into the cell.  

 

D. Certain volatile organic materials that absorb at this wavelength may also cause 

interference.  A preliminary run without reagents should determine if this type 

of interference is present. 

 

V. SAFETY 

 

A. Normal accepted laboratory practices should be followed while performing 

this procedure. 

 

B. The toxicity and carcinogenicity of each reagent used in this method has not 

been fully established.  Each chemical should be regarded as a potential health 

hazard and exposure to these compounds should be minimized by good 

laboratory practices.  Normal accepted laboratory safety practices should be 

followed during reagent preparation and instrument operation.  Always wear 

safety glasses or full-face shield for eye protection when working with these 

reagents.  Each laboratory is responsible for maintaining a current safety plan, 

a current awareness file of OSHA regulations regarding the safe handling of 

the chemicals specified in this method. 

 

C. Mercury compounds are highly toxic if swallowed, inhaled, or absorbed 

through the skin.  Analyses should be conducted in a laboratory exhaust hood.  

The analyst should use chemical resistant gloves when handling concentrated 

mercury standards. 
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VI.  EQUIPMENT/APPARATUS: 

 

A. Perkin Elmer  Flow Injection Mercury System (FIMS)  

 

B.  Perkin Elmer AS 90 

 

C.  Mercury lamp  

 

D. Environmental Express Mod-Block digestion block capable of holding 

95+2°C for 2 hours 

 

E.  A scale or balance capable of weighing to 0.01 + 0.02 gram. 

 

F. Snap cap digestion polypropylene vessels for use with the mod block digester. 

Five vessels of each lot must be taken through analysis to check for 

mercury 

G. Polypropylene watch glasses suitable for use with the above vessels in F 

above. 

 

H. Manual Sample Mill 

 

I. Wiley Sample Mill 

 

J. Clippers for cutting vegetation 

 

VII. REAGENTS AND STANDARD PREPARATION: 

 

A. REAGENTS 

 

1. Reagent Water:  Reagent water will be interference free.  All references to 

water in this method refer to reagent water unless otherwise specified. 

 

2. Aqua Regia:  Prepare immediately before use by carefully adding three 

volumes of concentrated HCl to one volume of concentrated HNO3.  Both 

HNO3 and HCl must be of the reagent grade suitable for mercury 

determinations. 

 

NOTE: This reagent is required for use when USACE project samples 

are being digested. 

 

3. Concentrated HCl. 

 

4. Concentrated HNO3. 
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5. Stannous chloride in a one liter volumetric flask add ~500 mL D.I. H2O,         

30 mL concentrated HCl, and 11g stannous chloride crystals.  Swirl to mix 

and dilute to 1 L. 

 

6. Sodium chloride-hydroxylamine chloride solution:  Dissolve 120 g of 

sodium chloride and 120 g of hydroxylamine sulfate in reagent water and 

dilute to 1 L.  Note : this is normally made up 2 liters at a time. 

 

7. Potassium permanganate, mercury-free, 5% solution (w/v): Dissolve 200 g 

of potassium permanganate in 4 L of reagent water. 

 

8. 3 % HCl carrier solution:  30 mL HCl – 1 L DI H20;  Prepare fresh daily. 

 

9. Potassium persulfate 5% solution: Dissolve 100g in 2 liters of D.I. water. 

Used  with digestion of CLP soils. 

 

B. STANDARDS 

 

1. Traceability 

 

a. A bound logbook record shall be maintained on all reference materials.  

The record shall include date of receipt, source, purity, all 

compositional information, storage conditions and expiration date.  

These materials/solutions are to be identified by a unique number in 

the logbook as well as on the container's label. 

 

b. All working standards made from reference materials shall be labeled 

with a unique ID number with complete information on preparation 

date, concentration of each compound, solvent, preparer's name, 

expiration date. Reagents shall be labeled with date received and 

expiration date, if applicable.  All of the information described above 

shall also be recorded in a bound logbook.  Measurements made during 

standards preparation (e.g., from weighing operations, volume diluted 

to, etc.)  shall also be recorded.  There should be no container with 

sample, sample extract, standard solution, etc. that is not correctly 

labeled and properly stored. 

 

c. The analyst must initial and date each entry made in a logbook.  Each 

analyst must be sure to "Z" out the unused area of each logbook page. 

 

2. Preparation 

 

NOTE: All standard solutions should be prepared using class A 

volumetric flasks, class A volumetric pipettes ( or calibrated 

Eppendorfs ). All Standards, blanks, and samples are taken 

through the digestion process. 
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a. Stock mercury solution: (100 µg/mL).  Order from manufacturer 

already prepared.  This solution is given a unique identifier. 

 

b. Primary source and secondary source mercury standard solutions:  

dilute 2 mL of stock solution to 1000 mL in a 1000 mL volumetric 

flask, with 1.5 mL concentrated HNO3 (200 ug/L). 

 

c. Calibration standards 

 

i. Prepared from the primary source  standard.  The preparation of the 

calibration standards, etc. is described below. 

 

a. Dilute the volumes below to 5 mLs  in a 70 mL polypropylene 

vessel. (Note: The standards are diluted to 5 mLs for the initial 

step of the digestion.) 

 

ug/L Hg    mLs of 200 ug/L standard in 50 mL   

0.20      0.050  

0.50      0.125 

                                    1.0      0.25 

2.0      0.50 

4.0      1.0 

6.0      1.5 

10.0      2.5 

 

ii. Appropriate reagents are added as below in the sample preparation 

section. 

 

iii. Prepare one vessel of each. 

  

iv. It is necessary to digest the calibration standards when following            

all mercury methods. 

 

e. Calibration verification standards 

 

i. Initial calibration verification ( ICV ) solution – 4.0 ug/L 

 

a. Prepared from the secondary source mercury standard (200 

ug/L). 

 

b. Prepared by diluting 1.0 mL of the second source mercury 

standard to 5 mLs in a polypropylene digestion vessel. 

 

c. Appropriate reagents are added as below in the sample 

preparation section. 
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d. It is necessary to digest the ICV standards when using all 

mercury  methods for soil. 

 

ii. Continuing calibration verification (CCV) solution 

 

a. Prepared from the primary or secondary source mercury 

standard.  The concentration is alternated from 2.0 ug/L to 4.0 

ug/L every 20 samples. 

 

b. Prepared by diluting 0.50 for a 2.0 ug/L and 1.0 mL for a 4.0 

ug/L of the  secondary 200 ug/L standard to 5.0 mL with 

reagent water in a polypropylene digestion vessel. 

 

c. Appropriate reagents are added as below in the sample 

preparation section. 

 

d. It is necessary to digest the CCV standards when following all 

mercury methods for soil. 

 

f. Digestion standards 

 

1. Laboratory control sample 

 

a. The Laboratory Control Sample (LCS) is prepared from the 

secondary source mercury standard (200 ug/L) and added to ~  

0.3 grams of teflon chips. 

 

b. Prepared by diluting 0.50 mL of the secondary mercury 

standard (200 ug/L) to 5 mLs in a polypropylene digestion 

vessel with 0.30 grams of teflon chips. 

  

c. Appropriate reagents are added as below in the sample 

preparation section. 

 

d. This solution  is given a unique identifier in the digestion log. 

 

       2.  Matrix Spikes 

 

a. Prepared from the primary or secondary source mercury 

standard  (200 ug/L). 

 

b. Prepared by adding 0.50 mL of the mercury standard (200 

ug/L) to the sample in a polypropylene digestion vessel.  

Project specific requirements may over-ride the spiking level. 
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c. Appropriate reagents are added as below in the sample 

preparation section. 

 

 

VIII. CALIBRATION: 

 

A. Set up the instrument with proper operating parameters. 

 

1. Perkin Elmer Flow Injection Mercury System (FIMS) 

   

a. Prepare the instrument for calibration by the following steps: 

i. Replace any old tubing that is around the pump cylinder.  The 

sample transfer tubing connected to the seperator cover must 

not have any moisture in it.  If it does replace it. (Perkin-

Elmer tygon tubing, waste and carrier 1.52mm I.D.,waste 

only 3.17mm I.D., stannous chloride 1.14mm I.D.) 

ii. Also replace the filter membrane with the rough side up. (for 

instructions refer to page 1-22 in maintenance  manual.) 

iii. Turn on PE 100 spectrophotometer; (Note:  this must be on in 

order to start up the software on the computer.) 

iv. Turn on computer and go to icon “AA Win LAB Analyst” 

v. Go to method; select “Hg CAL 2” then OK. 

vi. Wavelength = 253.7; smoothing points =9; measurement = 

peak height; read time = 18 sec.; BCC time = 2 sec. 

vii. Go to “Sample Info” and enter the order of the samples and 

other information that may be needed.   

viii. Save entered sample list under “Save  …sample info file” 

Note: description and batch ID are normally the date of 

analysis. 

ix. Go to “auto”; then to set-up. Select Browse in both spaces.  

One is to bring up your saved “Sample Information.” File.  The 

other is to select a results library. Double click on heading and 

choose.   

x. Turn the printer on. 

xi. Connect all tubing to the pump and blocks.  

xii. Start the pump by going to “FIAS” and click the pump 1 Icon 

(120). 

xiii. The pump witll start, then lock down and tighten the tubes onto 

the pump. 

xiv. Turn on the nitrogen tank, it should be >500 psi on the guage.  

Replace the nitrogen tank when it is at 500 psi. 

xv. The pressure gauge on the PE100 should be just below 100. 

xvi. Use the tension adjuster to press down the tubing magazine to 

the pump head on the top and bottom.  Start the pump and then 

lock them down.  This technique needs to be demonstrated so 
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that a new user will be able to understand what is needed here 

and how to do it. 

xvii. Adjust the spring tension tubing until there is a constant 

“bubble of low rate” coming out to the waste tube. 

xviii. Place carrier tubes into carrier and stannous chloride tube into 

SnCl2. ( click valve fill inject and make sure flow is correct 

and the line is rinsed) 

xix. Make sure the permanganate waste bottle is bubbling in order 

to absorb any Hg vapors which could be vented into the  room. 

xx. Allow a few minutes for reagents to flow through the system 

before starting analysis. 

xxi. Calibrate:  Go to “Auto” click on “Analyze”, click on 

“calibrate”. 

xxii. “Select location” enter the #’s of the samples to be analyzed, 

then “OK”. 

 

B. Analyze the calibration standards as below. 

 

1.  A curve must be analyzed daily for all projects.  A new curve must be 

analyzed when the ICV analysis is not within ±10% for SW846 7471A 

and 245.5 methods, or ±20% for 7471B. 

 

2. The curve should be linear with a calculated intercept with a minimum 

correlation coefficient(r) of >0.995 (USACE ) or 0.998 ( other ).  If not, a 

new curve must be analyzed. 

 

3. CLP requires a blank + 5 calibration standards (0, .02, .05, .1, .5 and 

1.0 µg).  (One standard must be at CRDL or IDL whichever is 

greater.) 

 

IX. PROCEDURE: 

 

A. Prepare calibration standards as detailed above.  Add all reagents to the 

standards which are added to the samples as outlined below.  Record the 

standard preparation in the standard log. 

 

B. Sample preparation           

 

It is extremely important that waste (when appropriate), soil and sediment 

samples be mixed thoroughly to ensure that the sample is as representative as 

possible of the sample media.  The most common method of mixing is 

referred to as quartering.  The quartering procedure should be performed as 

follows: 

• The material in the sample pan(inorganic-plastic/organic-aluminum)  

should be divided into quarters and each quarter should be mixed 

individually. 
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• Two quarters should then be mixed to form halves. 

• The two halves should be mixed to form a homogenous matrix. 

                  

                 This procedure should be repeated several times until the sample is adequately 

mixed. 

 

NOTE:  Samples that are clay type materials must be handled in a different 

manner.  Due to these type sample matrices having an affinity to stick to 

most anything that touches it, another approach must be followed.  Obtain a 

representative sub-sample aliquot from the center or middle section of the 

sample container. 

 

             Grinding of Vegetation Samples 

 

            Remove sample from shipping container and brush off dirt particles. Chop sample 

into about half inch pieces with clippers or other cutting tool. Place the sample in 

an aluminum pan and air-dry in an exhaust hood to the appropriate dryness for 

grinding. It should be dry enough where it won’t stick to the inside of the mill. 

Grind the dried sample to fineness in either the manual sample mill or the Wiley 

mill or both if needed. Place the ground sample in a container and label 

immediately.  
 

1. Transfer 0.30 g  ( for USACE work use anywhere from 0.20 to 1.0 g and 

record the weight in the digestion log)  of sample to a polypropylene 

digestion vessel previously marked for this sample.  Record the exact 

sample mass on the bottle and in the digestion log.  (Note:  the balance 

must be calibrated for the specific task.  Calibrate by weighing a 0.5 and a 

0.1g weight on the balance along with a digestion vessel.  Record in 

specific balance calibration log.) 

 

2. Add 2.5 mL of reagent water, and 2.5 mL of aqua regia and mix for 

samples.  Add 2.5 mL of aqua regia to standards and mix. 

 

3. Cover samples and standards with watch glasses and heat for 2 minutes in 

the hot block at 95+2°C (The hot block temperature must be monitored 

and documented.  Record observed temperature, correction factor, and the 

corrected temperature ). 

 

4.  Cool, bring to 30 ml with D.I. water 

 

5. Add 7.5 mL potassium permanganate solution to each vessel and mix.  For 

sewage samples additional permanganate may be required.  Shake and add 

additional portions of potassium permanganate to the solution if necessary, 

until the purple color persists for at least 15 minutes (not more than 

12.5 mL).  
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NOTE: The same amount of KMnO4 added to the samples should be 

present in the standards and blanks.  

 

6. Heat for 30 minutes on the hot block at 95+2°C ( The temperature must be 

monitored and documented.  Record observed temperature, correction 

factor, and the corrected temperature ), cool.  Samples may be saved at this 

point if there is not time to run the whole set that day.  

 

 

7. Add 3 mLs of sodium chloride-hydroxylamine chloride solution to each 

vessel. 

 

8. Bring to 50 ml with D.I. water both standards and samples. Cap mix and 

vent to decolor and release Cl gas. The samples are now ready for analysis. 

 

NOTE:  Stannous Chloride (VII. A 5.) and 3% HCl (VII. A 8.) are added 

by the instrument during analysis. 

 

  

C. Sample analysis 

 

1. Set up the instrument as described in the calibration section above. 

2. When ready to run samples, transfer samples and standards to autosampler 

tubes and load the auto sampler according to the sample information sheet 

set up previously.  If chlorides are suspected, purge the head space in the 

polyethylene tube for at least 1 minute to get rid of any chlorine gas 

collected there.  After a delay of at least 30 seconds the sample is ready for 

step "3".  NOTE:  When aqua-regia is added assume that all samples and 

standards have chlorine and treat accordingly.  Purging the samples of 

chlorine is accomplished by putting a pasteur pipette on the end of some 

air tubing hooked to a fish pump.  The pasteur pipette is then placed at an 

angle into the top of the polyethylene vessel without breaking the surface 

of the sample.   It takes about one minute to purge the air above the sample 

of chlorine. 

3. Analysis must be preceded by the analysis of an ICV (concentration at or 

near mid range) with control limits of +10% for SW846-7471A or ±20% 

for 7471B and  ±5% for 245.5 methods. 

 

4. The ICB must follow the calibration standards (<±MDL (USACE) or 

±RL/CRDL for other or CLP), but not before the ICV. No analyte must 

be detected > 2xMDL for DOD QSM Ver. 3. 

 

5. Each set of ten samples must be followed by a CCV with control limits of 

+20% for SW846-7471A and B and ±10% for 245.5 method.  The run 

must also end with a CCV, then CCB. 
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6. Analyze CCB after calibration and each CCV.  The CCB frequency is 10% 

or every 2 hours whichever is more frequent.  (control limit is < ±MDL or 

±RL/CRDL for other or CLP). For DOD QSM Ver.3 CCB at beginning 

and end of sequence and after every 10 samples. No analyte detected > 

2xMDL. 

 

7. Instrument Run Log example: 

 

AS LOC             Sample ID 

0 Wash 

1  0.0 

2  0.O2 

3  0.05 

4  0.1 

                                  AS LOC     Sample ID 

5  0.2 

6  0.4 

7  0.6 

8  1.0 

9  ICV 

10  ICB 

11  LCSW 

12  PBW 

13 Sample 

14 Sample 

15 Sample 

16 Sample 

17 Sample 

18 Sample 

19 Sample 

20 Sample 

21 CCV 

22 CCB 

23 Sample 

24 Sample 

25 Sample 

26 Sample 

27 Sample 

28 Sample 

29 Sample 

30 Sample 

31 MS 

32 MSD 

33 FCV 

34 FCB 
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8. Sample analysis: 

 

 i. Go to “Analyze”, “select location” and type in the range of 

numbers needed to complete analysis. (ie. 9-54).  Press enter and the 

autosampler will proceed to enter the selected range.  NOTE:  Check 

standards are loaded as part of the tray. 

 

ii. Make sure that the sample wash beaker is filled with 3% HCl.  

 

iii. Dilute and reanalyze samples that are more concentrated than 

within 10% of the high standard.   Soil sample dilutions are 

made from the digested aliquot.  Sample concentration results 

that are below the calibration curve but above the MDL are 

reported flagged as estimated, (“B” flag).  

       

D. Data reporting 

 

1. Reduce data to result which will be reported using the soil spreadsheet 

found on the network.. 

 

2. Complete the data review checklist ( attached ).  Must be completed and 

attached to each set of USACE data. 

 

X. CALCULATIONS: 

 

A. Pull up the blank spreadsheet at  K:\wcm\tests\mercury and fill in all the 

information pertinent to the current analysis.  Save as the date of analysis.  

This information can be obtained from your mercury digestion log. 

  

B. Input the sample absorbance into the excel spreadsheet in the appropriate cell.   

The spreadsheet uses the current calibration to calculate the Hg results. 

 

C. Make sure that the appropriate dilution factors are entered into the spreadsheet 

in the correct cells. 

 

D. The spreadsheet should divide the result which is the µg Hg obtained from the 

sample mass by the sample mass in grams.  This will yield a result of µg Hg/g 

sample on a wet weight basis.  Calculations in the spreadsheet should be 

checked occassionally to make sure that they are working correctly. 

 

E. If available, divide the result by the %solids to obtain the result on a dry 

weight basis. 
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F.  Report the data as µg Hg/g of sample (mg/kg wet or  mg/kg dry when % solids 

are available). 

 

XI. QUALITY CONTROL (Reference SW-846, 7471A Update III, 7471B 

Revision 2 February 2007, USEPA CLP ILMO 4.1 or EPA 245.5 for further 

clarification) 

 

 

A. Daily 

 

1. The instrument must be calibrated daily for all projects. 

 

2. Begin each analysis with an ICV.  The control limits are +10% for 7471A 

and 245.5,  ±20% for 7471B. 

 

3. Analyze ICB.  Control limit is  <± MDL or ±RL/CRDL for other or CLP. 

       For DOD QSM Ver. 3, no analyte detected > 2x MDL. 

 

4. If the ICV is not in control a new curve must be analyzed prior to sample 

analysis. 

 

5. Follow each set of 10 samples with a CCV and also must end up with 

CCV after last sample.  The control limits are +20% for SW846-7471A, 

SW846 7471B and for 245.5.  If an exceedance occurs, analyze another 

CCV, if the second CCV  fails, then a new calibration curve should be 

generated and all affected samples should be reanalyzed. 

 

6.   Follow each CCV with a CCB.  Control limit is < ±MDL  or  ±RL/CRDL    

for others or CLP. For DOD QSM Ver. 3, no analyte detected > 2x 

MDL. 

 

B. Quarterly 

 

1. IDLs for CLP  (Follow SOP - 414). 

 

C. Annually 

 

1.   MDLs  must be analyzed for all matrixes (Follow SOP - 414). 

 

D. Digestion 

 

1. LCS data should be maintained and available for easy reference or 

inspection. 

 

2. Preparation blank (< ±½ RL or ±RL for common contaminates or 

±RL/CRDL for  others or CLP) 
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a. Employ a minimum of one preparation blank per sample batch to 

determine if contamination or any memory effects are occurring.  The 

preparation blank is taken through the same digestion/preparation steps 

as the samples being tested.  The result for the preparation blank must 

be < ± ½  RL  for USACE or ±RL/CRDL for  others or CLP.  If not, 

the analyst must use good judgment to evaluate the impact upon the 

associated samples.  There is no impact if an associated sample is 

below the method detection limit or if the level in the sample is greater 

than 10X the level found in the preparation blank.  If the level of 

mercury in a sample is above the method detection limit, but less than 

10X the level found in the preparation blank, the sample must be 

redigested and reanalyzed or the data must be qualified on the final 

report.  The project manager or QA officer  will make this 

determination. 

 

3. Laboratory control sample ( LCS ). 

 

a. Employ a minimum of one LCS per sample batch to verify the 

digestion procedure..  The LCS is taken through the same 

digestion/preparation steps as the samples being tested.  The minimum 

control limits are +20% for SW846-7471A, 7471B and 245.5 solid 

samples.  An  LCS will accompany each batch of soil samples.  If the 

LCS is not in control, the Inorganic Manager and QA Officer must be 

notified immediately.  Several possibilities  exist at this point and a 

thorough investigation and data evaluation is essential.  The first 

question is to evaluate the impact upon the data.  All samples may 

need to be retested or flagged with the appropriate qualifier.  The next 

question is to find out why it occurred and to proceed with a corrective 

action plan to  prevent reoccurrence.  This corrective action is 

documented in a CAR. 

 

E. Sample matrix 

 

1. Analyze one replicate sample for every twenty samples or per analytical 

batch, whichever is more frequent.  A replicate sample is a sample brought 

through the whole sample preparation and analytical process in duplicate.  

It is acceptable to substitute a matrix spike duplicate for the sample 

replicate.  Project specific requirements will take precedence in these 

situations. 

 

2. Analyze one spiked sample and spiked sample duplicate for every twenty 

samples or per analytical batch, whichever is more frequent.  A replicate 

sample is a sample brought through the whole sample preparation and 

analytical process in duplicate.  Project specific requirements will take 

precedence in these situations.  CLP requires 1 duplicate and 1 spike per 
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batch.  If the analyte level in the sample is not greater than four times the 

spiking level, the spike recoveries should be within +25% for 7471A and 

±20% for 7471B of the true value( +20% for DOD projects).  If results 

do not fall within the control limit-redigestion/reanalysis may be required.  

If reanalysis is not required, the associated batch of samples will be 

flagged accordingly.  Discuss the situation with your supervisor.  A 

Corrective Action Report (CAR) must be filled out and attached to the 

data as well as emailed or sent to the supervisor when the control limits 

are exceeded. 

 

3. The relative percent difference (RPD) between replicate determinations is 

to be calculated as referenced in the laboratory QA manual.  (A control 

limit of + 20% RPD (non-aqueous samples may routinely exceed this 

amount) shall be used for sample values greater than ten times the 

instrument detection limit.)  Supervisor must be notified if the control 

limit is not met.  Supervisor will determine corrective action if required.  

The final analytical report must document this situation.  A Corrective 

Action Report (CAR) must be filled out and attached to the data as well as 

emailed or sent to the supervisor when the control limits are exceeded. 

 

4. For 245.5 analyze one serial dilution (1 to 5 dilution) for every 20 samples 

or per analytical batch, whichever is more frequent.  Percent recovery 

should be 10%.  The concentration of the original sample should be a 

minimum of 50X the IDL in order to apply the recovery criterion; if not, 

the serial dilution approach is not used.   

 

 

5. When the sample matrix is so complex that viscosity, surface tension, and 

components can not be accurately matched with standards, the method of 

standard addition (MSA) is recommended. Section 8.6 of SW846-7000A 

provides tests to evaluate the need for using the MSA. 

 

 

F.  Method Detection Limit (MDL), Empirical Laboratories’ Reporting Limit 

(ERL), Contract Required Quantitation Limit (CRQL) and Analyte 

Wavelength: 

 

TABLE I 
 

Solid/Soil Method Detection Limits(MDL), Empirical Laboratories’ Reporting 

Limits(ERL), 

CLP OLM04.1 & OLM05.2 Contract Required  Quantitation Limits (CRQL) 
Mercury by EPA 

245.1, 245.5, 7471A,  

  SOW 4.1 & 5.2 

SOLID/SOIL 

MDL 

(mg/Kg) 

SOLID/SOIL 

ERL 

(mg/Kg) 

SOLID/SOIL 

CRQL ILMO 

4.1  

(mg/Kg) 

SOLID/SOIL 

CRQL ILMO  

5.2  

(mg/Kg) 
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Mercury 

 

0.0157 0.033 0.1 0.1 

 

 

                                                          TABLE 2 
 

 

ANALYTE 

 

WAVELENGTH 

Mercury 253.7 

 

XII. CORRECTIVE ACTIONS 

 

A. INSTRUMENT RELATED 

1. ICV not within + 10% (SW846) and (245.5)  

a. If the problem is with the solution. 

i. Reprepare,  obtain new stock if necessary. 

b. If the problem is with the calibration. 

i. Recalibrate thru analysis of appropriate standards and recheck 

ICV. 

 

2. CCV not within + 20% (SW846) and (245.5) 

a. If the problem is with the solution. 

i. Reprepare, obtain new stock if necessary. 

b. If the problem is with the calibration. 

i. Recalibrate thru analysis of appropriate standards and 

reprepare/reanalyze the previous ten sample according the 

following guidelines. 

a. If the CCV was biased high, any of the previous ten samples 

which were below the minimum detection limit do not require 

reanalysis. 

b. If the CCV was biased low, the previous ten samples must be 

reanalysed. 

 

B. DIGESTION RELATED 

1. The preparation blank less than ± ½ RL for DOD or ±RL/CRDL for  

others or CLP. 

a. If the problem is with the instrument or stannous chloride. 

i. Analyze a reagent blank to determine the stannous chloride and the 

instrument are behaving properly.  If this check has detectable 

mercury, reprepare the stannous chloride or determine if there are 

any problems with the instrument. 

ii. If the problem was with the instrument or the stannous chloride 

and the situation is corrected continue analysis with a second 

aliquot of the preparation blank. 

b. If the problem is with the digestion. 
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i. All associated samples which are below the method detection limit 

(MDL) or have a level of mercury greater than 10X the level found 

in the preparation blank can be reported.  If the level of mercury in 

an associated sample is not <MDL nor greater than 10X the level 

found in the preparation blank, the sample must be 

redigested/reanalyzed or reported as qualified.  The project 

manager or QA manager will make this determination. 

2. LCS not within control limits. 

a. If the problem is with the instrument. 

i. Reanalyze when instrument is in control with another aliquot of the 

sample. 

b. If the problem is with the digestion. 

i. If biased low, associated samples must be redigested. 

ii. If biased high, the impact upon the data user must be evaluated.  

The samples will be redigested or the data will be qualified on the 

final report. 

 

C. SAMPLE MATRIX RELATED 

1. Replicate analysis RPD not within +20% 

i. The associated sample data must be qualified on the final report. 

2. Spike analysis recovery not within +25% 7471A and ±20% 7471B ( 

+20% for DOD projects) 

i. If the analyte level in the sample is greater than 4X the spiking level, 

the %recovery can not be evaluated and no action is taken. 

ii. If the analyte level in the sample is not greater than 4X the spiking 

level, the associated sample data must be qualified on the final report.  

A corrective action report must accompany the data and be emailed or 

given to the superviser. 

  

XIII. WASTE DISPOSAL and POLLUTION PREVENTION 

 

       Please see Waste Disposal SOP-405,  for instruction of proper disposal of    

waste generated from this area. 

        Quantity of chemicals purchased should be based on expected usage 

during its shelf-life  and the disposal cost of unused material. Actual 

reagent preparation volumes should reflect anticipated usage and 

reagent stability. 
 

 

 

 

XIV. REFERENCES 

 

 

1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 

SW-846; Third Edition (Update III); Method 7471A 
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2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 245.1; 

APX-B 

 

 

 3.  USEPA Contract Laboratory Program(CLP) for Inorganics ILM04.1; 

ILM05.2 
 

XV. DEFINITIONS 

 

1.    Refer to SOP-431 for common definitions. 

 

 

 

 

Addendum for USEPA CLP ILM 05.2 

 

1. CCV concentration must be different from ICV. 

 

2. The same CCV shall be used throughout analysis for a sample delivery 

group. 

 

3. Calibration standards must be within 5% of the standard concentration. 

 

4. 0.2 grams of sample must be used for the sample aliquot, add enough 

reagent water to each sample to  make a total volume of 10 mL.  Proceed 

with method as in the water method SOP 103.0 Revision 9. 

 

5. The ICV and CCV must be at ±20% recovery. 

 

6. A CRA must be analyzed at the beginning and end of each batch of 20 

samples.  Right after the ICV/ICB and right before the final CCV/CCB.   

The control limit is ±30%. 
 

7. The matrix spike must be analyzed at the concentration of 0.5 mg/Kg. 
 

 

 

 

 

 

 

 

ANALYST DATA REVIEW CHECKLIST 
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Sample Number(s): 

Batch Number(s): 

Method: 7471A (Mercury) 

 

 
 

QA/QC Item 
 

Yes 
 

No 
 

NA 
Second Level 

Review 
 
1. Were samples analyzed within USACE holding times? 

 
 

 
 

 
 

 
 

 
2. Was initial calibration curve QC criteria met? 

 
 

 
 

 
 

 
 

 
3. Was all continuing calibration criteria in control? 

 
 

 
 

 
 

 
 

 
4. Did any sample exceed the highest calibration standard? 

    

 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

 
5. Did LCS or blank spike meet control limits? 

 
 

 
 

 
 

 
 

 
6. Did MS/MSD meet control limits? 

 
 

 
 

 
 

 
 

 
7. Was the preparation (Method) Blank below the project required 
 detection limits? 

 
 

 
 

 
 

 
 

 
8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

 
9. Was water bath temperature monitored/documented and did 
you  apply the thermometer correction factor? 

 
 

 
 

 
 

 
 

 
10. Sample preparation information is correct and complete. 

 
 

 
 

 
 

 
 

 
11. Analytical results are correct and complete. 

 
 

 
 

 
 

 
 

 
12. The appropriate SOP's have been used and followed. 

 
 

 
 

 
 

 
 

 
14. "Raw data" including all manual integration's have been 
correctly  interpreted. 

 
 

 
 

 
 

 
 

 
15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

 
16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 
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ANALYST DATA REVIEW CHECKLIST 

7471A (Mercury) 

 

 

Comments on any "No" response: 

 

               Analyst:  Date:  

    

Second-Level Review:  Date:  
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METALS ANALYSIS 

 
BY INDUCTIVELY COUPLED PLASMA-

ATOMIC EMISSION SPECTROMETRY (ICP-

AES) TECHNIQUE 

 
METHODS 200.7, ( SW846) 6010B, (SM 19

th
 

Edition 2340B) Hardness Calculation, (USEPA 

CLP) ILMO 4.1 (NJDEP does not accept CLPILM 

04.1 after June, 2003) 

Addendum for USEPA CLPILM 05.2 
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ICP METHOD 

SOP 

References:  SW-846, Method 6010B, December 1996 

USEPA, Method 200.7, June 1991,  Standard Methods 19
th

 Edition 2340B, 1995 

USEPA CLP, ILM 04.1.  See Addendum for USEPA CLPILM 05.2 

 

I. SCOPE AND APPLICATION 

 

A. Inductively Coupled Argon Plasma (ICP) determines trace elements in 

solution.  We use the ICP to determine the concentration of the following 

metals: Ag, Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, 

Ni, Pb, Sb, Se, Sn, Sr, Ti, Tl, V and Zn.  All matrices, including ground 

water, aqueous samples, TCLP, SPLP and EP extracts, industrial and organic 

wastes, soils, sludges, sediments, and other solid wastes, require digestion 

prior to analysis. 

 

B. Detection limits, sensitivity, and optimum ranges of the metals may be 

found in the ICP method file.  Use of this method is restricted to 

spectroscopists who are knowledgeable in the correction of spectral, chemical, 

and physical interferences. 

 

II. SUMMARY OF METHOD 

 

A. Prior to analysis, samples must be solubilized or digested using appropriate 

Sample Preparation Methods (e.g., Methods 3005-3050 and SOW ILM 

04.1/05.2).  When analyzing for dissolved constituents, acid digestion is not 

always necessary if the samples are filtered and acid preserved prior to 

analysis.  If particulates form after filtration and preservation the sample must 

be digested prior to analysis. 

 

NOTE:  When selenium is required soluble samples must always be digested.   

 

B. This method describes the simultaneous multi-elemental determination of 

elements by ICP.  The method measures element-emitted light by optical 

spectrometry.  Samples are nebulized and the resulting aerosol is transported 

to the plasma torch.  Element-specific atomic-line emission spectra are 

produced by a radio-frequency inductively coupled plasma.  The spectra are 

dispersed by a grating spectrometer, and the intensities of the lines are 

monitored by photomultiplier tubes.  Background correction is required for 

trace element determination.  Background must be measured adjacent to 

analyte lines on samples during analysis.  The position selected for the 

background-intensity measurement, on either or both sides of the analytical 

line, will be determined by the complexity of the spectrum adjacent to the 

analyte line.  The position used must be free of spectral interference and 

reflect the same change in background intensity as occurs at the analytic 

wavelength measured.  Background correction is not required in cases of line 



                                              EMPIRICAL LABORATORIES, LLC SOP-105 

 Revision:  14 

 Date:  09/09/08 

 Page: 3 of 29 

V:\LAB\QA QC\SOP\SOP-105 Rev 14.doc 

broadening where a background correction measurement would actually 

degrade the analytical result. 

 

C. ICP's primary advantage is that it allows simultaneous determination of any 

elements in a short time.  The primary disadvantage of ICP is background 

radiation from other elements and the plasma gases.  Although all ICP 

instruments utilize high-resolution optics and background correction to 

minimize these interferences, analysis for traces of metals in the presence of a 

large excess of a single metal is difficult.  Examples would be traces of metals 

in an alloy or traces of metals in a limed (high calcium) waste.  ICP and Flame 

AA have comparable detection limits (within a factor of 4) except that ICP 

exhibits greater sensitivity for refractories (Al, Ba, etc.).  Furnace AA, in 

general, will exhibit lower detection limits than either ICP or FAA. 

 

D.  It is standard procedure to use an internal standard (Yttrium) with samples to 

increase the stability of the instrument as recommended by the manufacturer 

(TJA).  (When samples are suspected of containing Yttrium internal standard 

cannot be used.)  

 

III. SAMPLE HANDLING AND PRESERVATION 

 

A. Preliminary treatment of most matrices is necessary because of the complexity 

and variability of sample matrices.  Water samples which have been 

prefiltered and acidified will not need acid digestion as long as the samples 

and standards are matrix matched and particulates do not form after the 

filtration and preservation take place.   Solubilization and digestion procedures 

are presented in Sample Preparation Methods (Methods 3005A-3050A). 

 

B. Sample digestates are stored at room temperature for at least 2 months unless 

a longer time is requested by the client.  The samples contain an acid matrix of 

3:1.  Since the most concentrated acid matrix allowed for direct disposal down 

an acid sink is a ratio of 20:1, the samples must be diluted with 1 part water to 

2 parts sample prior to pouring down the sink while the tap water is running. 

 

C. The appropriate SOPs should be consulted regarding sample 

preparation.  The following is a brief summary of the methods we use for 

metals preparation. 

 

• Method 3005A prepares groundwater and surface water samples for total 

recoverable and dissolved metals determination by ICP.  The unfiltered or 

filtered sample is heated with dilute HCl and HNO3 prior to metal 

determination. 

 

• Method 3010A prepares waste samples for total metal determination by 

ICP.  The samples are vigorously digested with a mixture of nitric acid and 

hydrochloric acid followed by dilution with laboratory water.  The method 

is applicable to aqueous samples, TCLP and mobility-procedure extracts. 
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. 

 

• Method 3031 prepares oily waste samples for total metal determination by 

ICP.  The samples are mixed with permanganate, H2SO4 , HNO3, and HCl, 

then filtered.  The filter is then added back to the filtrate and  heated with 

more HNO3 and filtered once again.  If manganese is needed a manganese 

removal step is necessary.  

  

• Method 3050B prepares waste samples for total metals determination by 

ICP.  The samples are vigorously digested in nitric acid and hydrogen 

peroxide followed by dilution with either laboratory water or hydrochloric 

acid and laboratory water.  The method is applicable to soils, sludges, and 

solid waste samples. 

 

IV. INTERFERENCES 

 

A. Spectral interferences are caused by background contribution from continuum 

or recombination phenomena, stray light from the line emission of high-

concentration elements, overlap of a spectral line from another element, or 

unresolved overlap of molecular band spectra. 

   

1. Background emission and stray light can usually be compensated for 

by subtracting the background emission determined by measurements 

adjacent to the analyte wavelength peak.  Spectral scans of samples or 

single element solutions in the analyte regions may indicate when 

alternate wavelengths are desirable because of severe spectral 

interference.  These scans will also show whether the most appropriate 

estimate of the background emission is provided by an interpolation 

from measurements on both sides of the wavelength peak or by 

measured emission on only one side.  The locations selected for the 

measurement of background intensity will be determined by the 

complexity of the spectrum adjacent to the wavelength peak.  The 

locations used for routine measurement must be free of off-line 

spectral interference (interelement or molecular) or adequately 

corrected to reflect the same change in background intensity as occurs 

at the wavelength peak. For multivariate methods using whole spectral 

regions, background  scans should be included in the correction 

algorithm.  Off-line interferences are handled by including spectra on 

interfering species in the algorithm. 

 

2. To determine the appropriate location for off-line background 

correction, the user must scan the area on either side adjacent to the 

wavelength and record the apparent emission intensity from all other 

method analytes.  This spectral information must be documented and 

kept on file.  The location selected for background correction must be 

either free of off-line interelement spectral interference or a  computer 

routine must be used for automatic correction on all determinations.  If 
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a wavelength other than the recommended  wavelength is used,  the 

analyst  must determine  and document both the overlapping and 

nearby spectral intereference effects from all method anlytes and 

common elements  and provide for their automatic correction on all 

analyses.  Tests to determine spectral interference must be done using 

anlyte concentrations that will adequtetely describe the interfernce.  

Normally, 100 mg/L single element solutions are sufficient; however, 

for analytes such as iron that may be found at high concentration , a 

more appropriate test would be to use a concentration near the upper 

analytical range limit. 

 

3. Spectral overlaps may be avoided by using an alternate wavelength or 

can be compensated by equations that correct for interelement 

contributions. Instruments that use equations for interelement 

correction require the interfering elements be analyzed at the same 

time as the element of interest.  When  operative and uncorrected, 

interferences will produce false positive determinations and be 

reported as analyte concentrations.  More extensive information on 

interferant effects at various wavelengths and resolutions is available 

in reference wavelength tables and books.  Users may apply 

interelement correction equations determined on their instruments with 

tested concentration ranges to compensate (off line or on line) for the 

effects of interfering elements.  Some potential spectral interferences 

observed for the recommended wavelength are listed in the method in 

table 2.  For multivariate methods using whole spectral regions, 

spectral interferences are handled by including spectra of the 

interfering elements in the algorithm.  The interferences listed are only 

those that occur between method analytes.  Only interferences of a 

direct overlap nature are listed.  These overlaps were observed with a 

single instrument having a working resolution of 0.035 nm. 

 

4. When using interelement correction equations, the interference may be 

expressed as analyte concentration equivalents (i.e. false analyte 

concentrations) arising from 100 mg/L of the interference element.  

For example, assume that As is to be determined (at 193.696 nm) in a 

sample containing approximately 10 mg/L of Al.  According to Table 

2 from the method, 100 mg/L of Al would yield a false signal for As 

equivalent to approximately 1.3 mg/L.  Therefore, the presence of 10 

mg/L of Al would result in a false signal for As equivalent to 

approximatley 0.13 mg/L.  The user is cautioned that other instruments 

may exhibit somewhat different levels of interferences than that shown 

in Table 2 from the method.  The interference effects must be 

evaluated for each individual instrument since the intensities will vary. 

 

5. Interelement corrections will vary for the same emission line among 

instruments because of differences in resolution, as determined by the 

grating, the entrance and exit slit widths, and by the order of 
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dispersion.  Interelement corrections will also vary depending upon the 

choice of background correction points.  Selecting a background 

correction point where an intefering emission line may appear should 

be avoided when practical.  Interelement corrections that constitute a 

major portion of an emission signal may not yield accurate data.  Users 

should not forget that some samples may contain uncommon elements 

that could contribute spectral interferences. 

 

6. The interference effects must be evaluated for each individual 

instrument whether configured as a sequential or simultaneous 

instrument.  For each instrument, intensities will vary not only with 

optical resolution but also with operating conditions (such as power, 

viewing height and agron flow rate).  When using the recommended 

wavelengths, the anlaylst is required to determine and document for 

each wavelength the effect from referenced interferences  as well as 

any other suspected interferences that may be specific to the instrument 

of matrix.  The analyst is encouraged to utilize a computer routine for 

automatic correction on all analyses. 

 

7. If the correction routine is operating properly, the determined, apparent 

analyte(s) concentration from analysis of each interference solution 

should fall within a specific concentration range around the calibration 

blank.  The concentration range is calculated by multiplying the 

concentration of the interfering element by the value of the correction 

factor being tested and divided by 10.  If after the subtraction of the 

calibration blank the apparent analyte concentration falls outside of 

this range in either a positive or negative direction, a change in the 

correction factor of more than 10% should be suspected.  The cause of 

the change should be determined and corrected and the correction 

factor updated. The interference check solutions should be analyzed 

more than once to confirm a change has occurred.  Adquate rinse time 

between solutions and before analysis of the calibration blank will 

assist in the confirmation. 

 

8. When interelement corrections are applied, their accuracy should be 

verified, daily, by analyzing spectral interference check solutions.  If 

the correction factors or multivariate correction matrices tested on a 

daily basis are found to be within 20% criteria for 5 consecutive days, 

the required verification frequency of those factors in compliance may 

be extended to a weekly basis.  Also, if the nature of the samples 

analyzed is such they do not contain concentrations of the interfering 

elements at ± one reporting limit from zero, daily verification is not 

required.  All interelement spectral correction factors or multivariate 

correction matrices must be verified and updated every six months or 

when an instrumentation  change, such as in the torch, nebulizer, 

injector, or plasma conditions occurs.  Standard solution should e 
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inspected to ensure that there is no contamination that may be 

perceived as a spectral interference. 

 

B. Physical interferences are effects associated with the sample nebulization  and 

transport processes.  Changes in viscosity and surface tension can cause 

significant inaccuracies, especially in samples containing high dissolved solids 

or high acid concentrations.  If physical interferences are present, they must be 

reduced by diluting the sample or by using a peristaltic pump, by using an 

internal standard or by using a high solids nebulizer.  Another problem that 

can occur with high dissolved solids is salt buildup at the tip of the nebulizer, 

affecting aerosol flow rate and causing instrumental drift.  The problem can be 

controlled by wetting the argon prior to nebulization, using a tip washer, using 

a  high solids nebulizer or diluting the sample.  Also it is has been reported 

that better control of the argon flow rate, especially to the nebulizer, improves 

instrument performance:  this may be accomplished with the use of mass flow 

controllers.  

 

C. Memory interferences result when analytes in a previous sample contribute to 

the signals measured in a  new sample.  Memory effects can result from 

sample deposition on the uptake tubing to the nebulizer and from the build up 

of sample material in the plasma torch and spray chamber.  The site where 

these effects occur is dependent on the elements and can be minimized by 

flushing the system with a rinse blank between samples.  The possibility of 

memory interferences should be recognized within an analytical  run and 

suitable rinse times should be used to reduce them.  The rinse times necessary 

for a particular element must be estimated prior to analysis.  This may be 

achieved by aspirating a standard containing elements at a concentration ten 

times the usual amount or at the top of the linear dynamic range.  The 

aspiration time for this sample should be the same as a normal sample analysis 

period, followed by analysis of the rinse blank at designated intervals.  The 

length of time required to reduce analyte signals to within a factor of two of 

the method detection limit should be noted.  Until the required rinse time is 

established, this method suggests a rinse period of at least 60 seconds between 

samples and standards.  If a memory interference is suspected, the sample 

must be reanalyzed after a rinse period of sufficient length.  Alternate rinse 

times may be established by the analyst based upon their DQOs.  

 

D. Users are advised that high salt concentrations can cause analyte signal 

suppressions and confuse interference tests.  If the instrument does not display 

negative values, fortify the interference check solution with the elements of 

interest at 0.5 to 1 mg/L and measure the added standard concentration 

accordingly.  Concentrations should be within 20% of the true spiked 

concentration or dilution of the samples will be necessary.  In the absence of 

measurable analyte, overcorrection could go undetected if a negative value is 

reported as zero. 

 

 



                                              EMPIRICAL LABORATORIES, LLC SOP-105 

 Revision:  14 

 Date:  09/09/08 

 Page: 8 of 29 

V:\LAB\QA QC\SOP\SOP-105 Rev 14.doc 

 

 

V. SAFETY 

 

A. Normal accepted laboratory safety practices should be followed while 

performing this analysis. 

 

1. Care should be used in handling all samples.  Safety glasses 

must be worn in the lab at all times.  The use of appropriate 

safety gloves and lab coats is highly recommended. 

2. Research into expected sample content and concentration 

should be done in order to be prepared for additional safety 

considerations.  Generally, any samples that need special 

consideration have applicable notes on the sample logs. 

3. MSDS sheets are available for all reagents and standards that 

have been purchased.  These are located in the bookshelves in 

the Quality Assurance Officers office. 

 

VI. EQUIPMENT/APPARATUS 

 

A. Inductively coupled argon plasma emission spectrometer: Thermo Jarrell Ash 

(TJA)  61E trace or equivalent. 

 

B. Computer-controlled emission spectrometer with background correction:  

Thermo Jarrell Ashe (TJA) 61E trace or equivalent. 

 

C. Radio frequency generator compliant with FCC regulations:  TJA 61E trace or 

equivalent. 

 

D. Argon gas supply – Liquid Argon 

 

E. Class A volumetric flasks 

 

F. Class A volumetric pipettes 

 

G. Analytical balance - capable of accurate measurement to a minimum of three 

significant figures (.001gm):  Mettler model AE100 

 

H. Variable Eppendorf Pipettes 1000µL; 5000µL 

 

VII. REAGENTS AND STANDARD PREPARATION 

 

A. Notes 
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1. Reagent Water.  All references to water in the method refer to reagent 

grade water unless otherwise specified.  Reagent water will be interference 

free. 

 

2. Reagent grade chemicals shall be used in all tests.  Unless otherwise 

indicated, it is intended that all reagents shall conform to the specifications 

of the Committee on Analytical Reagents of the American Chemical 

Society, where such specifications are available.  Other grades may be 

used, provided it is first ascertained that the reagent is of sufficiently high 

purity to permit its use without lessening the accuracy of the 

determination.  If the purity of a reagent is in question analyze for 

contamination.  If the concentration is less than the MDL then the reagent 

is acceptable. 

 

B. REAGENTS 

 

1. Hydrochloric acid (concentrated), HCl. 

2. Nitric acid (concentrated), HNO3. 

 
 

C. STANDARDS 

 

1. Matrix 

 

a. All standards contain 2% HNO3 and 5% HCl. 

 

2. Storage 

 

a. The standards are stored at room temperature in 500 mL Teflon 

bottles. 

 

3. Traceability 

 

a. A bound logbook record shall be maintained on all reference materials.  

The record shall include date of receipt, source, purity, all 

compositional information, storage conditions and expiration date.  

These materials/solutions are to be identified by a unique number in 

the logbook as well as on the container's label. 

 

b. All working standards made from reference materials shall be labeled 

with a unique ID number with complete information on preparation 

date, concentration of each compound, solvent, preparer's name, 

expiration date and the logbook where information is recorded.  

Reagents shall be labeled with date received and expiration date, if 

applicable.  All of the information described above shall also be 

recorded in a bound logbook.  Measurements made during standards 

preparation (e.g., from weighing operations, volume diluted to, etc.)  
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shall also be recorded.  There should be no container with sample, 

sample extract, standard solution, etc. that is not correctly labeled and 

properly stored. 

 

c. The analyst must initial and date each entry made in a logbook.  Each 

analyst must be sure to "Z" out the unused area of each logbook page. 

 

4. Calibration standards 

 

a. All standards have an acid matrix of 2% HNO3 and 5% HCl and 

should be prepared using class A volumetric flasks, class A volumetric 

pipettes (or calibrated Eppendorfs). 

 

b. STD-1 is the calibration blank: Reagent grade water matrix matched 

as in (a) above.  Note: when this standard is analyzed the 

intensities should be compared to a previous run to make sure that 

no contamination has occurred.  Prepare this solution fresh daily. 

 

c.   Stock QC21 solution:  (100 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier and 

includes the following metals - Sb, As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb, 

Li, Mg, Mn, Mo, Ni, Se, Sr, Tl, Ti, V,  and  Zn. 

 

d.  Stock Boron solution: (1000 ug/mL). Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 

 

e.  Stock Tin solution: (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier.  

  

d. QC21 High (10 ug/mL).  Dilute 50 mL of stock QC21  solution, 5 mL 

of stock Boron solution and 500 uL of stock Tin solution to 500 mL in 

a 500 mL volumetric flask, with 25 mL TRACE, Concentrated HCl 

and 10 mL TRACE, Concentrated HNO3. Prepare this solution fresh 

every three to six months.This standard is used to calibrate the 

following-As,B,Be,Cd,Co,Cr,Cu,Mn,Mo,Ni,Pb,Sb,Se,Sn,Ti,Tl,V,Zn. 

 

e.   Stock Silver solution:  (1000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 

 

f. Stock Aluminum solution:  (10000 ug/mL).  Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 

 

g. Stock Calcium solution:  (10000 ug/mL).  Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 
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h. Stock Magnesium solution:  (10000 ug/mL).  Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 

 

i. Stock Iron solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 

 

j. Stock Potassium solution:  (10000 ug/mL).  Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 

 

k. Stock Barium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 

 

l. Stock Sodium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 

 

m.  NAK High solution: (500000 ug/L Al,Fe), ( 2000 ug/L Ag), (5000 

ug/L Ba), (500 mg/L Mg). Dilute 25 mL stock Al, Fe, Mg; and 1 ml 

stock Ag solution; and 0.25 mL of  stock Ba  solution to 500 mL in a 

500 mL volumetric flask with 25 mL TRACE, Concentrated HCl and 

10 mL TRACE, Concentrated HNO3.  Solution is stable for 6 months.  

 

n. NAK 100ppm solution:  (100 mg/L Ca, Na, K.) Dilute 5.0 mL stock 

Ca, Na, K solutions into a 500ml flask with 25 mL TRACE, 

Concentrated HCl and 10 mL TRACE, Concentrated HNO3.  Solution 

is stable for 6 months. 

 

o. Stock Arsenic solution:  (1000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 

 

p. Stock Cobalt solution:  (1000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 

 

q. Stock Chromium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 

 

r.  Stock Copper solution:   (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 

 

s.  Stock Manganese solution: (1000 ug/mL). Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 

 

t. Stock Nickel solution: (1000 ug/mL). Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 
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u.  Stock Lead solution:    (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 

 

v.  Stock Selenium solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 

 

w.  Stock Thallium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 

 

x.  Stock Beryllium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 

  

y.  Stock Cadmium solution:   (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 

 

z. Stock Antimony solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 

 

aa. Stock  Molybdenum solution:   (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 

 

bb. Stock Strontium solution:   (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 

 

cc. Stock Titanium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 

 

dd. Stock Vanadium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 

identifier. 

 

ee. Stock Zinc solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 

 

ff. Stock Ultimate Low Standard:  (200 µg/L Ag, As, Co, Cr, Cu, Mn, Ni, 

Pb, Se, Tl); (2500 µg/L Al); (2000 µg/L Fe); (50 µg/L Be, Cd); (10 

mg/L B, Sn, Ca, Mg); (500 µg/L Sb, Zn); (1000 µg/L Mo, Sr, Ba, Ti); 

(200 µg/L V).  Dilute 100 uL of  stock Ag, As, Co, Cr, Cu, Mn, Ni, Pb, 

Se, V and  Tl solutions; 125 µ/L of stock Al solution; 100 uL  of stock 
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Fe solution; 5 mL of stock B solution; 500 uL of  stock Sn, Ca, and Mg 

solutions; 250 uL of stock Sb and Zn solutions; 500 uL of  stock Mo, 

Sr, Ba and Ti  solutions; 1.0 mL of stock Cd and Be diluted to 100 mL 

and then use 2.5 mL of that solution diluted to 500 mL in a 500 mL 

volumetric flask with 25 mL TRACE, Concentrated HCl and 10 mL 

TRACE, Concentrated HNO3.  Solution is stable for 6 months. 

 

gg. Ultimate Low Standard:  (20 µg/L Ag, As, Co, Cr, Cu, Mn, Ni, Pb, Se, 

Tl); (250 µg/L Al); (200 µg/L Fe); (5.0 µg/L Be, Cd); (1.0 mg/L B, Sn, 

Ca, Mg); (50 µg/L Sb, Zn); (100 µg/L Mn, Sr, Ba, Ti); ( 20 µg/L V).  

Dilute 10 mL of Stock Ultimate Low Standard to 100 mL in a 100 mL 

volumetric flask with 5 mL of TRACE, Concentrated HCl and 2 mL 

TRACE, Concentrated HNO3.  This solution is prepared daily. 

Stock Ultimate Low Standard and Ultimate Low Standard are only 

used when specified by client. 

 

5. Calibration Verification standards 

 

a. ICV Prep- 1.0 ml of QC-23, 1.0 ml of QC-7, 0.1 ml of 10,000 ppm Na, 

0.09 ml of Fe at 10,000 ppm, and 0.09 ml of Al at 10,000 ppm diluted 

to 100 ml with 2% HNO3 and 5% HCL matrix. Mix well. CCV Prep- 

1.0 ml of QC-21, 1.0 ml of QC-7, 1.0 ml of SN at 100 ppm, 0.1 ml of 

Na at 10,000 ppm, 0.09 ml of FE at 10,000 ppm,and 0.09 ml of Al at 

10,000 ppm diluted to 100 ml with 2% HNO3 and 5% HCL matrix and 

mix well. This solution is prepared daily. These solutions are given a 

unique identifier and recorded in the standard log. ICV is prepared 

from a source independent from that used in the initial calibration. 

 

b. The CRI solution is analyzed to check the accuracy of the instrument 

down near the contract required detection limits (CRDL).  It is 

analyzed in conjunction with the interference check sample.  The 

sample is prepared from a purchased solution which contains 

120 µg/mL Sb, 100 µg/mL Co and V, 80 µg/mL Ni, 50 µg/mL Cu, 

40 µg/mL Zn, 30 µg/mL Mn, 20 µg/mL As, Cr, Ag and Tl, 10 µg/mL 

Be, Cd and Se along with 6 µg/mL Pb.  500 µ/L of the solution is 

diluted to 500 mL.  This solution is stable for 6 months. 

 

b. The interference check solutions ( ICSA and ICSAB ) are prepared to 

contain known concentrations of interfering elements that will provide 

an adequate test of the IECs.  A solution containing 500 ug/mL Al, Ca, 

Mg and 200 ug/mL Fe is diluted 10x to prepare the ICSA.  The ICSAB 

is prepared by diluting  100x a solution containing 10 ug/mL of As and 

Tl; 20 ug/mL Ag; 50 ug/mL Ba, Be, Cr, Co, Cu, Mn, and V; 100 

ug/mL Cd, Ni and Zn; 5 ug/mL Pb and Se; and 60 ug/L Sb.  Add to 

this a solution containing 500 ug/mL Al, Ca, Mg and 200 ug/mL Fe 

diluted 10x.  These solutions are prepared as needed or monthly. 
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d.   Reporting Limit Standard-  Prepared 1.0 ml of RL Stock solution A 

and 1.0 ml of RL Stock Solution B diluted to 100 ml with 2% HNO3 

and 5% HCL matrix , mix well. Solution stable for 3 months 

 

6. Digestion standards 

 

a. The Laboratory control sample ( LCS ) is prepared from High Purity 

solutions CLP-CAL-1 solution A and B; CLP-CAL-2 and CLP-CAL-

3.  0.50 mL of CLP-CAL-1 A and B  is diluted to 500 mL with 0.125 

mL of CLP-CAL-2 and CLP-CAL-3.  25 mL of HCl and 10 mL of 

HNO3 are added for preservation.  This solution is stored in a Teflon 

bottle.  A portion is reserved in case of a problem with digestion.  

When there is a problem with the analysis of the LCS the solution is 

checked first before action is taken to make sure that it was made 

properly and has not deteriorated since it was made up.  This solution 

is given a unique identifier.  The LCS is prepared from a source 

independent from that used in the calibration standards.  This solution 

is prepared daily or as needed. Note: The analysis of Molybdenum is 

not a routine procedure but a project-specific requirement. A 

customized LCSW mix must be prepared to contain this target analyte. 

 

b. The solid Laboratory Control Sample (Soil) (LCSS) is prepared by 

weighing up 1.0 g of teflon chips and spiking using the same spiking 

solutions used to spike the sample matrix.  This standard is given a 

unique identifier i.e. LCSS(date prepared)A,B,C etc. 

 

c. The spiking solutions are prepared as follows: 

 

1. Stock Multi-element Spiking Solutions:  High Purity CLP-

CAL-1 solution A: 2000 ug/mL Al and Ba; 50 ug/mL Be; 

200 ug/mL Cr; 500 ug/mL Co, Mn, Ni, V and Zn; 250 

ug/mL Cu; 1000 ug/mL Fe; 5000 ug/mL Ca, Mg, K and Na;  

solution B:  250 ug/mL Ag; CLP-CAL-2:  1000 ug/L Sb; 

CLP-CAL-3:  1000 ug/mL As, Pb, Se, Tl; 500 ug/mL Cd.  

Order from the manufacturer already prepared.  These 

solutions are given a unique identifier.  Add 0.050 mL 

(0.20 mL for soil samples) of CLP-CAL-1 solutions A and 

B, and 0.0125 mL (0.05 mL for soil samples) of CLP-CAL-

2 and 3 to 50 mL of sample (1gram of sample for soils) for 

the following spike values:  2000 ug/L Al and Ba; 50 ug/L 

Be; 200 ug/L Cr; 500 ug/L Co, Mn, Ni, V and Zn; 250 ug/L 

Cu; 1000 ug/L Fe; 5.0 mg/L Ca, Mg, K and Na, 250 ug/L 

Ag, Sb, As, Pb, Se and Tl; 125 ug/L Cd.  A blank spike 

should be prepared at the time the samples are spiked to 

check the actual spike value and accuracy. 
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2. TCLP Spiking Solution:  Use 0.50 mL diluted to 50 mL for 

digestion:  

2.5 mL  10000 mg/L Ba stock standard diluted to 100 mL; 

2.5 mL Cr, Pb and As 1000 mg/L stock standard diluted to 

100 mL;  0.50 mL Cd and Se diluted to 100 mL . Store in a 

Teflon bottle.  A blank spike should always be prepared at 

the same time a sample is being spiked.  This solution 

should produce a spike value of 2500 ug/L Ba; 250 ug/L 

Cr, Pb and As; and 50 ug/L of Cd and Se.  Note:  Since the 

samples are diluted 10x when digested the spike value will 

appear to be 10x greater when analyzed. 

 

3.  TCLP Silver Spiking Solution:  Use 5.0 mL diluted to 50 

mL for digestion: 

0.40 mL of 1000 mg/L stock Ag solution diluted to 200 

mL.  Store in a Teflon bottle.  A blank spike should always 

be prepared at the same time a sample is being spiked.  This 

solution should produce a spike value of  200 ug/L. .  Note:  

Since the samples are diluted 10x when digested the spike 

value will appear to be 10x greater when analyzed.  Also 

this solution is not very stable and may require fresh 

preparation at least weekly. 

 

VIII. CALIBRATION AND ASSOCIATED QA/QC 

 

A. Set up the instrument with proper operating parameters.  The instrument must 

be allowed to become thermally stable before beginning (usually requiring at 

least 30 minutes of operation prior to calibration). 

 

B. Operating conditions - The instrument settings can be found in method file.  

For operation with organic solvents, use of the auxiliary argon inlet is 

recommended, as are solvent-resistant tubing, increased plasma (coolant) 

argon flow, decreased nebulizer flow, and increased RF power to obtain stable 

operation and precise measurements.  Sensitivity, instrumental detection limit, 

precision, linear dynamic range, and interference effects must be established 

for each individual analyte line on that particular instrument.  The analyst 

must (1) verify that the instrument configuration and operating conditions 

satisfy the analytical requirements and (2) maintain quality control data 

confirming instrument performance and analytical results. 

 

C. Profile and calibrate the instrument according to the instrument manufacturer's 

recommended procedures, using the typical mixed calibration standard 

solutions.  (See SOP-106, ICP Instrument Operation)  Flush the system with 

2% HNO3 / 5% HCl between each standard or as the manufacturer 

recommends.  (Use the average intensity of multiple exposures for both 

standardization and sample analysis to reduce random error.)  The calibration 

curve consists of a blank and three standards (r>0.995).  If  a three point 
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calibration curve is not required for the client samples being analyzed 

Empirical Laboratories may use a blank and one standard as referenced in 

USEPA - CLP protocols. 

 

D. Before beginning the sample run, analyze the Iron and Aluminum  standards at 

their linear range to check for IEC drifts.   Analyze these standards first as QC 

samples with an IEC check table and action taken should be to calculate IECs.  

Then reanalyze the standard as a sample to check to see if the correction was 

made successfully.  If the IEC correction overcompensated or under 

compensated for any one metal which is affected by it, the standard should be 

run again as a QC as before.  Make sure to rinse thoroughly after running these 

linear range standards, they can cause carry over into the initial QC samples 

which are analyzed next. The analysis order follows as: ICV (+ 10%) for 

200.7 (+ 5%) and ICB (< ±MDL or ±RL/CRDL for others or CLP, for CCB, 

DOD QSM Ver. 3  no analytes detected >2xMDL) first, then reanalyze the 

highest mixed calibration standard(s) as if it were a sample.  Concentration 

values obtained should not deviate from the actual values by more than 5%.  If 

they do, follow the recommendations of the instrument manufacturer to 

correct for this condition. 

 

E. For CLP projects,verify the validity of the curve in the region of 2x the 

contract required detection limit ( CRDL ) before and after each batch of 20 

samples in the specific order of CRI, ICSA, ICSAB, CCV and CCB(CCB 

criteria: < ±MDL or ±RL/CRDL for others or CLP, for CCB, DOD QSM 

Ver. 3  no analytes detected >2xMDL, beginning and end of sequence and 

after every 10 samples) or twice during every 8-hour work shift, whichever is 

more frequent.  Results should be within +20%.  Supervisor must be notified 

if the control limit is not met.  Supervisor will dictate corrective action if 

required.  The final analytical report must document this situation.  (For 

Internal QC) 

 

F. Verify the interelement and background correction factors at the beginning 

and after each batch of 20 samples in the specific order of CRI, ICSA, ICSAB, 

CCV and CCB(CCB criteria: < ±MDL or ±RL/CRDL for others or CLP, for 

CCB, DOD QSM Ver. 3  no analytes detected >2xMDL, beginning and 

end of sequence and after every 10 samples) or twice during every 8-hour 

work shift, whichever is more frequent.  Do this by analyzing the interference 

check solution A and AB.  Results should be within +20% of the true value 

for ICSAB. For ICSA DOD QSM Ver 3. , absolute value of concentration 

for all non-spiked analytes < 2xMDL.( ICSAB required at the end for CLP 

projects) 

 

G. When analyzing samples associated with North Carolina or with DOD QSM 

Ver. 3 work, a solution containing analytes at their reporting limit must be 

analyzed prior to sample analysis.  The concentrations must be within 20% 

DOD( 20 or 30% depending on project) of their true values to be acceptable. 
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Note: Supervisor must be notified if the control limit is not met.  

Supervisor will dictate corrective action if required.  The final 

analytical report must document this situation. 

 

H. The instrument must be calibrated once every 24 hours if performing straight 

CLP work. 

 

I. Note:  The instrument software is set up to go to the “L” rack for 

calibration standards, initial IEC standards and initial and continuing 

calibration verifications (ICV/CCV).  This QC is inserted by the analyst 

when setting up the autosampler table which is what the instrument 

software uses for a RUN LOG (The software does not allow the analyst to 

print the actual run log but prints an autosampler report).  The 

autosampler report is used to load the instrument and does not include  

ICV and CCVs in racks 2 through 5 because all calibration QC is loaded 

in the “L” rack and then samples and CCB’s are loaded in Racks 2 

through 5.  When the samples are analyzed the software inserts ICVs and 

CCVs from the actual run log set up by the analyst.  Since each CCV 

location is visited twice by the autosampler during the run, two locations 

will be called CCV1 and two locations will be CCV2 and so on.  The time 

and date are printed on the instrument print out with the data so that the 

data user can distinguish between the two CCVs.  

 

J. Instrument Autosampler Report example: 

 

Calibration or “L” Rack(used by instrument software to insert QC) 

 

1) STD 1-blank 

2) NAK-100ppm 

3) NAK-high 

4) Fe-500,000ppb 

5) Mn-10,000ppb 

6) QC 21-high 

7) Al IEC-QC(calculate IEC) 

8) FE IEC-QC(calculate IEC) 

9) ICV 

10) CCV1 

11) CCV2 

12) CCV3 

 

Sample Sequence RACK 1 

 

1) Al IEC-(readback) 

2) Fe IEC-(readback) 

3) ICB-initial 

4) RL-reporting limit standard 
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5) NAK 100ppm-(readback) 

Sample Sequence RACK 1 (cont.’) 

 

6) NAK High-(readback) 

7) QC 21 High-(readback) 

8) Rinse 

9) CRI-0 

10) ICAS-0 

11) ICASB-0 

12) Rinse 

13) CCB 1A 

14) Preparation Blank 

15) Laboratory Control Sample 

16) Sample 1 

17) Sample 2 

18) Sample 3 

19) Sample 4 

20) Sample 5 

21) Sample 6 

22) Sample 7 

23) Sample 8 

24) CCB 1B 

25) Sample 9 

26) Sample 10 

27) Sample 11 

28) Sample 12 

29) Sample 13 

30) Sample 14 

31) Sample 15 

32) Sample 16 

33) Sample 17 

34) Sample 18 

35) CCB2A 

36) Sample 19 

37) Sample 20 

38) Sample serial dilution 

39) Sample matrix spike 

40) Sample matrix spike duplicate 

41) Sample post digestion spike 

42) CRI-1 

43) ICSA-1 

44) ICSAB-1 

45) Rinse 

46) CCB 2B 

47) Preparation Blank 

48) Laboratory Control Sample 
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RACK 2  

 

1) Sample 1 

2) Sample 2 

Etcetera… 

 

Each rack holds 48 samples and there are 4 racks that are used for samples and 

CCBs and run QC other then ICV/CCV’s. 

 

IX. PROCEDURE 

 

A. Once the instrument has been calibrated, begin the analysis of samples. 

 

B. If particulates are visible in the digestate, the sample must be filtered prior to 

analysis.  If filtration is required, a filter blank must be prepared by filtering 

reagent grade water which has been properly acidified.  In the event USACE 

samples are filtered, all USACE samples and the QC samples in that QC 

batch must be filtered.  All USACE solid samples and their associated 

batch QC samples must be filtered prior to analysis. 

 

C. Flush the system with 2% HNO3 / 5% HCl for at least 1 minute before the 

analysis of each sample. 

 

D. Dilute and reanalyze samples that are more concentrated than the linear 

calibration limit or, for 200.7, + 10% of the linear range standard.  In the case 

of USACE samples, the criterion changes and requires dilution and 

reanalysis of all samples which produce a concentration that exceeds the 

highest calibration standard.  Sample results detected between the MDL 

and RL are flagged as estimated with a ”B” flag.   

 

E. Verify calibration every 10 samples or every 2 hours, whichever is more 

frequent and at the end of the analytical run, using a continuing calibration 

verification (CCV) sample and a continuing calibration blank (CCB) sample. 

 

• The results of the CCV are to agree within 10% for 6010 (5% for 200.7) 

on initial verification of the expected value, with relative standard 

deviation (RSD) < 5% from replicate ( minimum of two integrations ).                                           

If not, terminate the analysis, correct the problem, and reanalyze the 

previous ten samples.  The analyst may continue the analytical run, and 

after conferring with the section manager it may be necessary to reanalyze 

a group of samples.  The analyst must notify the section manager within 

24 hours. 

 

• The results of the calibration blank (this is not the method/preparation 

blank) are to agree within  < ±MDL(SW-846 Method 6010B), and  3 x 

IDL or CRDL for CLP, for DOD QSM Ver. 3  no analytes detected 
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>2xMDL.  If the calibration blank is not in control, evaluate the impact 

upon the previous 10 samples.  Reanalysis may be required after an 

evaluation of the data.  If the blank < 1/10 the concentration of the action 

level of interest, and no sample is within 10% of the action limit, samples 

need not be reanalyzed.  One must also evaluate the reporting limit (RL) as 

it relates to 3X the IDL/MDL.  If the RL is significantly above 3X IDL or 

MDL then reanalysis  may not be required (Na, K, Mg and Ca are good 

examples of this situation). 

 

• Total hardness is reported from HNO3 preserved sample.  The final 

concentration is calculated from the calcium and magnesium results as 

follows: 

 

       Ca mg/L x 2.5 + Mg mg/L x 4.1 = total Hardness in mg/L as CaCO3 

 

             F.   Documentation of Capability (DOC) – Each analyst must perform a DOC to 

demonstrate proficiency with this method. Refer to SOP-413 for guidance. 

 

X. CALCULATIONS 

 

A. The instrument will generate data results in mg/L or µg/L ( labeled 

appropriately).  Each result represents an average of three individual readings 

per  metal channel. 

 

B. For aqueous samples, if a post/predigestion dilution is performed , the result 

must be multiplied by this factor or the dilution factor must be entered into the 

instrument data table in which case the instrument will generate data corrected 

for the dilution. 

 

C. For solid samples, if a postdigestion dilution is performed , the result must be 

multiplied by this factor or the dilution factor must be entered into the 

instrument data table in which case the instrument will generate data corrected 

for the dilution.  Also, the result must be converted to reporting units which 

are usually mg/kg. 

 

SR ( ug/g or mg/kg ) = IR*DF*FED/SM 

 

SR = Sample result 

IR = Instrument result ( µg/L ) 

DF = Dilution factor ( post digestion ) 

FED = Final volume of digestate ( L ) 

SM = Sample mass digested( g ) 

 

XI. QUALITY CONTROL 

 

A. Daily 
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1. See sections VIII and IX above. 

 

B. Quarterly 

 

1. Linear range standards must be analyzed at a frequency no less than once 

every three months.  The linear range standard represents the second 

standard required for verification that samples are actually linear to the 

degree claimed.  The analyst is responsible for completing this task in a 

timely manner.  The linear range standard must be within +/-5% of true 

value. 
 

2. The interelement correction factors ( IEC ) should be verified at the time 

the linear range standards are analyzed. 
 

3. IDL’s if CLP work required. 
 

C. Digestion 
 

1. All quality control data should be maintained and available for easy 

reference or inspection. 
 

2. Employ a minimum of one method blank per sample batch to determine if 

contamination or any memory effects are occurring.  A method blank, 

sometimes referred to as the preparation blank is a volume of reagent 

water acidified with the same amounts of acids as were the standards and 

samples.  These blanks are taken through the same digestion/preparation 

steps as the sample being tested.  The result for the method blank should 

not indicate contamination greater than  ± ½  RL (USACE) or ±RL/CRDL 

for other or CLP.  If exceeded, the impact upon the data should be 

evaluated and the associated sample(s) should be either redigested or the 

data should be qualified. 
 

3. Employ a minimum of one laboratory control sample ( LCS ) for aqueous 

samples or one teflon chip spiked sample per sample batch to verify the 

digestion procedure.  These LCSs are taken through the same 

digestion/preparation steps as the sample being tested.  The control limits 

are +15% method 200.7 - aqueous and soil samples or +20% for all other 

methods aqueous and soil samples. If the LCS is not in control, the impact 

upon the client data should be evaluated and the associated sample(s) 

should be redigested.  Consult your supervisor for further action.  

Qualifying the associated data may not be permissable for CLH. 
 

D. Sample 
 

1. Analyze one replicate sample for every twenty samples or per analytical 

batch, whichever is more frequent.  A replicate sample is a sample brought 

through the whole sample preparation and analytical process in duplicate.  

It is acceptable to substitute a matrix spike duplicate for the sample 
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replicate.  Project specific requirements will take precedence in these 

situations.  NJDEP demands that this requirement be met with a client 

specific duplicate rather than a spike duplicate. The control limits are 20% 

RPD (if both are >5x CRDL) or ± the CRDL ( if either are <5X CRDL).  
 

2. Analyze one spiked sample and spiked sample duplicate for every twenty 

samples or per analytical batch, whichever is more frequent.  A replicate 

sample is a sample brought through the whole sample preparation and 

analytical process in duplicate.  Project specific requirements will take 

precedence in these situations.  If the analyte level in the sample is not 

greater than 4X the spiking level, the spike recoveries should be within 

+25% of the true value (+ 20% for DOD projects).  If not, a post 

digestion spike should be analyzed. 
 

 

3. The relative percent difference (RPD) between replicate determinations is 

to be calculated as referenced in the laboratory QA manual.  (A control 

limit of + 20% RPD (non-aqueous samples may routinely exceed this 

amount) shall be used for sample values greater than five times the 

contract required detection limit.)  Supervisor must be notified if the 

control limit is not met.  Supervisor will dictate corrective action if 

required.  The final analytical report must document this situation. 
 

4. The following should be analyzed with each preparation batch containing 

a matrix spike. 
 

• Serial dilution:  If the analyte concentration is sufficiently high 

(minimally, a factor of 50 above the instrumental detection limit after 

dilution), an analysis of a 1:4  dilution (volumetric glassware must be 

used) should agree within +10% of the original determination.  If not, a 

chemical or physical interference effect should be suspected.  The 

analyst and or section manager must note this situation on the final 

analytical report. 
 

• Post digestion spike addition:  An analyte spike added to a portion of a 

prepared sample, or its dilution, should be recovered to within 85% to 

115% of the known value and is required if the pre-digestion matrix 

spike (low-level only for CLH) is outside of control limits.  The spike 

addition should produce a minimum level of 10 times and a maximum 

of 100 times the instrumental detection limit.  If the spike is not 

recovered within the specified limits, a matrix effect should be 

suspected.  The analyst and or section manager must note this situation 

on the final analytical report. 
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E. Method Detection Limit (MDL), Empirical Laboratories Reporting Limit 

(ERL), Contract Required Quantitation Limit (CRQL) and Analyte 

Wavelength: 

 

TABLE I 
 

 

Aqueous and Soil Method Detection Limits(MDL), Empirical Laboratories Reporting Limits(ERL), 

 CLP OLM04.1 & OLM05.2 Contract Required  Quantitation Limits (CRQL) 
 

Analytes by 

EPA 

200.7,3005A/30

50A- 6010B 

SOW 4.1 & 5.2 

AQUEOUS 

MDL 

(ug/L) 

AQUEOUS 

ERL 

(ug/L) 

AQUEOUS 

CRQL  

ILMO 4.1 

 (ug/L) 

AQUEOUS 

CRQL  

ILMO 5.2 

(ug/L) 

SOLID/SOIL 

MDL 

(mg/Kg) 

SOLID/SOIL 

ERL 

(mg/Kg) 

SOLID/SOIL 

CRQL  

ILMO 4.1  

(mg/Kg) 

SOLID/SOIL 

CRQL  

ILMO 5.2 

(mg/Kg 

Silver 1.0 10 10 10 0.20 2.0 2 2 

Aluminum 50 200 200 200 10 40 40 40 

Arsenic 3.0 10 10 15 0.6 2.0 2 3 

Barium 5.0 200 200 200 1.0 40 40            40 

Beryllium 1.0 5.0 5 5 0.20 1.0 1 1 

Calcium 200 5000 5000 5000 20 1000 1000 1000 

Cadmium 1.0 5.0 5 5 0.20 1.0 1 1 

Cobalt 5.0 50 50 50 1.0 10 10 10 

Chromium 2.0 10 10 10 0.40 2.0 2 2 

Copper 4.0 25 25 25 0.40 5.0 5 5 

Iron 30 100 100 100 1.0 20 20 20 

Potassium 200 5000 5000 5000 40 1000 1000 1000 

Magnesium 200 5000 5000 5000 40 1000 1000 1000 

Manganese 1.0 15 15 15 0.20 3.0 3 3 

Sodium 200 5000 5000 5000 40 1000 1000 1000 

Nickel 3.0 40 40 40 1.0 8.0 8 8 

Lead 1.5 5.0 3 10 0.60 2.0 0.6 2 

Selenium 3.0 10 5 35 0.60 2.0 1 7 

Antimony 5.0 60 60 60 1.0 12 12 12 

Thallium 3.0 10 10 25 0.60 2.0 2 5 

Vanadium 5.0 50 50 50 1.0 10 10 10 

Zinc 5.0 20 20 60 1.0 4.0 4 12 

 

 

 

 

 

 

 

 

TABLE 2 
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METAL 

 

 

WAVELENGTH 

 

Aluminum 308.2 

Antimony 206.8 

Arsenic 189.0 

Barium 493.4 

Beryllium 313.0 

Cadmium 226.5 

Calcium 317.9 

Chromium 267.7 

Cobalt 228.6 

Copper 324.7 

Iron 271.4 

Lead 220.3 

Magnesium 279.0 

Manganese 257.6 

Nickel 231.6 

Potassium 766.4 

Selenium 196.0 

Silver 328.0 

Sodium 330.2 

Thallium 190.8 

Vanadium 292.4 

Zinc 206.2 

 

 

 

 

 

 

XII. CORRECTIVE ACTIONS 

 

A. INSTRUMENT RELATED 

 

1. ICV not within + 10% or + 5% for 200.7 

a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 

b. Is the problem with the calibration? 

i. Recalibrate through analysis of appropriate standards and recheck 

ICV. 

 

2. ICB not  +MDL or  within + 3X IDL or CRDL for CLP, DOD QSM Ver. 

3  no analytes detected >2xMDL 
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a. Is the problem with the solution? 

i. Reprepare 

b. Is the problem with the calibration? 

i. Recalibrate with the blank solution or the low level standard.  

Restart analysis with the ICV. 

 

3. Check standards not within + 5% 

a. Is the problem with the solution? 

i. Repour, reprepare or obtain new stock. 

b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart analysis 

with the ICV. 

 

4. CRI not within + 20% (Internal QC, only required for CLP work). 

a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 

b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart 

analysis with the ICV. 

5. ICSA metals not present are not less than the CRDL for that metal, for 

ICSA DOD QSM Ver 3. , absolute value of concentration for all non-

spiked analytes < 2xMDL. 

a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 

b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart 

analysis with the ICV. 

 

6. ICSAB not within + 20% 

a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 

b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart analysis 

with the ICV. 

 

7. CCV not within + 10% 

a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 

b. Is the problem with the calibration? 

i. If appropriate, continue the analysis.  Discuss effect of the out of 

control situation with your supervisor.  The samples will be 

reanalyzed or the data will be qualified.  Note: CLH data must 

always be reanalyzed back to the last compliant CCV and not 

qualified. 

 

8. CCB not   +MDL or  within + 3X IDL or CRDL for CLP, DOD QSM 

Ver. 3  no analytes detected >2xMDL 
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a. Is the problem with the solution? 

i. Reprepare 

b. Is the problem with the calibration? 

i. Apply SW846 guidance.  (See Section IX-E for additional 

guidance).  Note:   CLH data must always be reanalyzed back to 

the last compliant CCB and not qualified. 

 

 

 

 

B. DIGESTION RELATED 

 

1. Preparation blank not within + ½  RL and + RL for common contaminants 

USACE  or RL/CRDL for other or CLP 

a. Is the problem with the instrument? 

i. Evaluate with respect to instrumental bias or reanalyze when 

instrument is in control. 

b. Is the problem with the digestion? 

i. If associated samples are less than 10X the level of the preparation 

blank but above the RL, the sample must be redigested or the data 

must be qualified on the final report.  

 

2. LCS not within control limits 

a. Is the problem with the instrument? 

i. Evaluate with respect to instrumental bias or reanalyze when 

instrument is in control. 

b. Is the problem with the digestion? 

i. If biased low, associated samples must be redigested. 

ii. If biased high, the impact upon the data user must be evaluated.  

The samples will be redigested or the data will be qualified on the 

final report. 

 

C. SAMPLE MATRIX RELATED 

 

1. Replicate analysis RPD not within +20% (if both are >5X CRDL) or ± the 

CRDL ( if either are <5X CRDL). 

a. The associated sample data must be qualified on the final report. 

 

2. Spike analysis recovery not within +25%(+ 20% for DOD projects) 

a. Is the analyte level in the sample greater than 4X the spiking level? 

i. If yes, the spike recovery is not evaluated. 

ii. If no, a post digestion spike must be analyzed and the 

associated sample data must be qualified on the final report. 

 

3. When required, post digestion spike analysis recovery not within +15%. 

a. The associated sample data must be qualified on the final report. 

b. For USACE analysis by MSA is required. 
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4. Serial dilution analysis percent difference not within +10% 

a. Is the analyte concentration a factor of 50 above the instrumental 

detection limit after dilution? 

i. If no, the serial dilution data can not be evaluated. 

iii. If yes, a chemical or physical interference effect should be 

suspected.  The analyst and or section manager must note this 

situation on the final analytical report. 

 

XIII. WASTE DISPOSAL and POLLUTION PREVENTION 

 

Please see Waste Disposal SOP-405 fot instruction of proper disposal of waste 

generated from this area. 

 

            Quantity of chemicals purchased should be based on expected usage during 

its shelf-life    and the disposal cost of unused material. Actual reagent 

preparation volumes should reflect anticipated usage and reagent stability. 

 

XIV. REFERENCES 

 

1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 

SW-846; Third Edition (Update III); Method 6010B 

 

2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 200.7; 

APX-B 

 

 

3. USEPA Contract Laboratory Program(CLP) for Inorganics ILM04.1; 

ILM05.2 

  

Refer to SOP-431 for common environmental laboratory definitions. 

 

 

 

 

 

 

 

 

 

 

Addendum for USEPA CLPILM 05.2 

 

1. The control limit for the ICSA is at 20% or ±CRQL whichever is greater. 

2. Preparation codes are required in the digestion log See SOW Exhibit B 

for a listing of these codes with definitions. 



                                              EMPIRICAL LABORATORIES, LLC SOP-105 

 Revision:  14 

 Date:  09/09/08 

 Page: 28 of 29 

V:\LAB\QA QC\SOP\SOP-105 Rev 14.doc 

3. The CRQL check standard is run at the concentration of the respective 

CRQLs.  For a listing of CRQL for this SOW see Exhibit C.  Several of 

the metals concentration levels have changed. 

4. The spiking level for CLP ILM 05.2 is at 50 ug/L for selenium.  All other 

spike levels remain the same as in SOW ILM 04.1.  

5. The CCV shall be analyzed at a different concentration then the ICV (at 

or near one-half of the calibration standard concentration.   

6. The post digestion spike must be analyzed at 2x the indigenous level of 

the sample or two times the CRQL whichever is greater. 

7. A Non-prepared MDL study must be analyzed and the results of this 

study used for MDL reporting when sample volumes are not digested. 

 

 

 

 

 

CHANGES TO FORMS for SOWCLPILM 05.2 

 

1. Forms must be double-sided 

2. A photocopy of the instrument's direct sequential readout shall be 

included. 

3. Undiluted samples must be reported as well as diluted samples. 

4. J flags are used in place of B flags when a sample has a concentration 

less the CRQL but greater then or equal to the MDL.  

5. A D flag is used for samples reported from a dilution. 

6. All results are reported down to the MDL not the IDL. 

7. Preparation codes are used on form 13. 

The form for method of standard additions (MSA) has been removed 

and all subsequent QC has move up one form number in other words 

form 8 is now serial dilution when it used to be the MSA 

form,etcetera.
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ANALYST DATA REVIEW CHECKLIST Sample Number(s): 

Batch Number(s): 

Method: 6010B ( ICP ) 
QA/QC Item Yes No NA Second Level 

Review 
1. Were samples analyzed within USACE holding times?     
2. Was initial calibration curve QC criteria met?     
3. Was all continuing calibration criteria in control?  

 
 
 

 
 

 
 

4. Did any sample exceed the highest calibration standard?     
 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

5. Did LCS or blank spike meet control limits?  
 

 
 

 
 

 
 

6. Did MS/MSD meet control limits?     
7. Was the preparation (Method) Blank below the project required 
 detection limits? 

    

8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

9. Was hot plate temperature monitored/documented and did you 
 apply the thermometer correction factor? 

    

10. Sample preparation information is correct and complete.     
11. Analytical results are correct and complete.  

 
 
 

 
 

 
 

12. The appropriate SOP's have been used and followed.     
14. "Raw data" including all manual integration's have been 
correctly  interpreted. 

    

15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 

    

 

 

Comments on any "No" response: 

               Analyst:  Date:  

    

Second-Level Review:  Date:  
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DETERMINATION OF INORGANIC ANIONS IN WATER BY ION 

CHROMATOGRAPH USING THE DIONEX dx-500 ION CHROMATOGRAPH WITH 

HYDROXIDE ELUENT AND DIONEX AS18 COLUMN 

 

References: 

USEPA METHOD 300.0/ SW846 Method 9056 

 

I. SCOPE  AND APPLICATION: 

  

1. This method covers the determination of the following inorganic common anions in 

reagent water, surface water, ground water, and other aqueous matrixes. 

 

  PART A.--Common Anions 

 

  Chloride  Nitrate  Fluoride  Sulfate 

  Nitrite                         Bromide             Ortho Phosphate 

   

2. Single laboratory Method Detection Limit for the above analytes is listed in Tables 1A, 

1B and 1C from method 300.0.  The MDL for a specific matrix may differ from those 

listed, depending upon the nature of the sample and the specific instrumentation 

employed. 

   

A. In order to achieve comparable detection limits, an ion chromatographic system 

must utilize suppressed conductivity detection, be properly maintained and must be 

capable of yielding a baseline with no more then a 5 nS noise/drift per minute of 

monitored response over the background conductivity. 

 

3. This method is recommended for use only by or under the supervision of analysts 

experienced in the use of ion chromatography and in the interpretation of the resulting 

ion chromatograms. 

 

4. When the method is used to analyze unfamiliar samples for any of the above anions, 

anion identification should be supported by the use of a laboratory fortified matrix 

sample covering the anions of interest.  The fortification procedure is described in the 

Quality Control  section. 

 

5. Users of the method data should state the data-quality objectives prior to analysis.  

Analyst  using this method must demonstrate the ability to generate acceptable results 

with the method, using the procedures described in the Quality Control section. 

 

 

II.   SUMMARY OF METHOD 

 

1. A small volume of sample, 50 uL for Part A is introduced into an ion 

chromatograph (IC).  The anions of interest are separated and measured, using a 



                        EMPIRICAL LABORATORIES, LLC SOP-145 

                      Revision: 6 

 Date: 01/09/09 

 Page 3 of 25 
 

 

L:\SOP'S\SOP-145 Rev. 5  

system comprised of a guard column, analytical column, suppressor device, and 

conductivity detector. 

 

III. DEFINITIONS 

 

1. ANALYSIS BATCH -- A group of no more than 20 field samples (Field sample 

analyses include only those samples derived from a field sample matrix.  These 

include the initial and duplicate field samples as well as all Laboratory Fortified 

Sample Matrices).  The analysis batch must include an Initial Calibration Check 

Standard, and End Calibration Check Standard, Laboratory Reagent Blank, and a 

Laboratory Fortified Blank.  Within an ANALYSIS BATCH, for every group of 

ten field samples at least one Laboratory Fortified Matrix (LFM) and either a 

Field Duplicate, a Laboratory  Duplicate or a duplicate of the LFM must be 

analyzed after the tenth field sample analysis. 

 

2. CALIBRATION STANDARD (CAL) -- A solution prepared from the primary 

dilution standard solution or stock standard solutions and the  surrogate analyte.  

The CAL solutions are used to calibrate the instrument response with respect to 

analyte concentration. 

 

A. INITIAL CALIBRATION STANDARDS -- A series of CAL solutions 

used to initially establish instrument calibration and develop calibration 

curves for individual target anions. 

 

B. INITIAL CALIBRATION CHECK STANDARD -- An individual CAL 

solution, analyzed initially, prior to any sample analysis, which verifies 

previously established calibration curves. 

 

C. CONTINUING CALIBRATION CHECK STANDARD -- An individual 

CAL solution which is analyzed after every tenth field sample analyses 

which verifies the previously established calibration curves and confirms 

accurate analyte quantitation for the previous ten field samples analyzed. 

 

D. END CALIBRATION CHECK STANDARD -- An individual CAL 

solution which is analyzed after the last field sample analyses which verifies 

the previously established calibration curves and confirms accurate analyte 

quantitation for all field samples analyzed  since the last continuing 

calibration check. 

 

3. FIELD DUPLICATES (FD) --Two separate samples collected at the same time 

and place under identical circumstances and treated exactly the same throughout 

the field and laboratory procedures.  Analyses of field duplicates indicate the 

precision associated with sample collection, preservation and storage, as well as 

with laboratory procedures. 

 

4. INSTRUMENT PERFORMANCE CHECK SOLUTION (IPC) -- A solution 

of one or more method analytes, surrogates or other test substances used to 
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evaluate the performance of the instrument system with respect to a defined set 

of criteria. 

 

5. LABORATORY DUPLICATE -- Two sample aliquots, taken in the laboratory 

from a single sample bottle, and analyzed separately with identical procedures.  

Analyses of LD1 and LD2 indicate precision associated specifically with the 

laboratory procedures, removing any associated variables attributed by sample 

collection, preservation, or storage procedures. 

 

6. LABORATORY FORTIFIED BLANK (LFB) --An aliquot of reagent water 

or other blank matrices to which known quantities of the method analytes are 

added in the laboratory.  The LFB is analyzed exactly like a sample, and its 

purpose is to determine whether the methodology is in control, and whether the 

laboratory is capable of making accurate and precise measurements. 

 

7. LABORATORY FORTIFIED SAMPLE MATRIX (LFM) -- An aliquot of 

an environmental sample to which known quantities of the method analytes are 

added in the laboratory.  The LFM is analyzed exactly like a sample, and its 

purpose is to determine whether the sample matrix contributes bias to the 

analytical results.  The background concentrations of the analytes in the sample 

matrix must be determined in a separate aliquot and the measured values in the 

LFM corrected for background concentrations. 

 

8. LABORATORY REAGENT BLANK (LRB) -- An aliquot of reagent water or 

other blank matrices that are treated exactly as a sample including exposure to all 

glassware, equipment, solvents, reagents, internal standards, and surrogates that 

are used with other samples.  The LRB is used to determine if method analytes 

or other interferences are present in the laboratory environment, the reagents, or 

the apparatus. 

 

9. LINEAR CALIBRATION RANGE (LCR) -- The concentration range over 

which the instrument response is linear. 

 

10. MATERIAL SAFETY DATA SHEET (MSDS) -- Written information 

provided by vendors concerning a chemical's toxicity, health hazards, physical 

properties, fire, and reactivity data including storage, spill, and handling 

precautions. 

 

11. METHOD DETECTION LIMIT (MDL) -- The minimum concentration of an 

analyte that can be identified, measured and reported with 99% confidence that 

the analyte concentration is greater than zero. 

 

12. MINIMUM REPORTING LEVEL (MRL) -- The minimum concentration that 

can be reported for an anion in a sample following analysis.  This defined 

concentration can be no lower than the concentration of the lowest calibration 

standard and can only be used if acceptable quality control criteria for this 

standard are met. 
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13. PERFORMANCE EVALUATION SAMPLE (PE) -- A certified solution of 

method analytes whose concentration is unknown to the analyst.  Often, an 

aliquot of this solution is added to a known volume of reagent water and 

analyzed with procedures used for samples.  Results of analyses are used to 

determine statistically the accuracy and precision that can be expected when a 

method is performed by a competent analyst.  

 

14. QUALITY CONTROL SAMPLE (QCS) --  A solution of method analytes of 

known concentrations that is used to fortify an aliquot of LRB or sample matrix.  

The QCS is obtained from a source external to the laboratory and different from 

the source of calibration standards.  It is used to check laboratory performance 

with externally prepared test materials. 

 

15. STOCK STANDARD SOLUTION (SSS) -- A concentrated solution 

containing one or more method analytes prepared in the laobratory using assayed 

reference materials or purchased from a reputable commercial source. 

 

IV. INTERFERENCES 

 

1. Interferences can be divided into three different categories:  direct 

chromatographic coelution, where an analyte response is observed at very nearly 

the same retention time as the target anion; concentration dependant coelution, 

which is observed when the response of higher than typical concentrations of the 

neighboring peak overlap into the retention window of the target anion; and, ionic 

character displacement, where retention times may significantly shift due to the 

influence of high ionic strength matrices (high mineral content or hardness) 

overloading the exchange sites in the column and significantly shortening target 

analytes's retention times. 

 

A. A direct chromatographic coelution may be solved by changing columns, 

eluent strength, modifying the eluent with organic solvents (if compatible 

with IC columns), changing the detection systems, or selective removal of 

the interference with pretreatment.  Sample dilution will have little to no 

effect.  The analyst must verify that these changes do not negatively affect 

performance by repeating and passing all the criteria in  the Quality Control 

Section. 

 

B. Sample dilution may resolve some of the difficulties if the interference is the 

result of either concentration dependant coelution or ionic character 

displacement, but it must be clarified that sample dilution will alter your 

Minimum Reporting Limit (MRL) by a proportion equivalent to that of the 

dilution.  Therefore, careful consideration of project objectives should be 

given prior to performing such a dilution.  An alternative to sample dilution, 

may be dilution of the eluent. 
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C. Pretreatment cartridges can be effective as a means to eliminate certain 

matrix interferences.  Prior to using any pretreatment, the analyst should be 

aware that all instrument calibration standards must be pretreated in 

exactly the same manner as the pretreated unknown field samples.  The 

need for these cartridges has been greatly reduced with recent advances in 

high capacity anion exchange columns. 

 

1. Extreme caution should be exercised in using these pretreatment 

cartridges.  Artifacts are known to leach from certain cartridges, 

which can foul the guard, and analytical columns causing loss of 

column capacity indicated by shortened retention times and 

irreproducible results.  Frequently compare your calibration standard 

chromatograms to those of the column test chromatogram (received 

when the column was purchased) to insure proper separation and 

similar response rations between the target analytes is observed. 

    

D. Method interferences may be caused by contaminants in the reagent water, 

reagents, glassware, and other sample processing apparatus that lead to 

discrete artifacts or elevated baselines in an ion chromatogram.  These 

interferences can lead to false positive results for target analytes as well as 

reduced detection limits as a consequence of elevated baseline noise. 

 

E. Samples that contain particles larger than 0.45 microns and reagent solutions 

that contain particles larger than 0.20 microns require filtration to prevent 

damage to instrument columns and flow systems.   

 

F. Any anion that is only weakly retained by the column may elute in the 

retention time window of fluoride and potentially interfere.  At 

concentrations of fluoride above 1.5 mg/L, this interference may not be 

significant; however, it is the responsibility of the analyst to generate 

precision and accuracy information in each sample matrix. 

 

G. Close attention should be given to the potential for carry over peaks from 

one analysis which will effect the proper detection of analytes of interest in a 

second, subsequent analysis.  The elution of nitrate (retention time of ~9.0 

min.) indicates the end of a chromatographic run.   A run time of 12 minutes 

is recommended to allow for the proper elution of any potentially 

interferrant late peaks.  It is the responsibility of the analyst to confirm that 

no late eluting peaks have carried over into a subsequent analysis thereby 

compromising the integrity of the analytical results. 

  

 2.  SAFETY 

  

A. The toxicity or carcinogenicity of each reagent used in this method has not been 

fully established.  Each chemical should be regarded as a potential heath hazard 

and exposure should be as low as reasonably achievable.  Cautions are included for 

known extremely hazardous materials or procedures. 
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B. Your laboratory manager and/or Safety Officer is responsible for maintaining a 

current awareness file of OSHA regulations regarding the safe handling of the 

chemicals specified in this method.  A reference file of Material Safety Data Sheets  

(MSDS) are made available to all  personnel involved in the chemical analysis. A 

formal safety plan is also available.  Use proper personal protection equipment, 

PPE, such as safety glasses, gloves and laboratory coats should be warn when 

handling samples and chemicals. 

 

V. EQUIPMENT AND SUPPLIES 

 

1. Ion Chromatograph (IC) – Analytical system complete with eluent generator, an ion 

chromatographic pump, injection valves, both guard and analytical separator columns, 

suppressor, conductivity detector, and computer based data acquisition system.  

Dionex DX-500 or equivalent.  (See letter from EPA to Dionex on discussion of 

alternate hydroxide eluent for anions.  Also since hydroxide eluent cannot be run on 

the traditional column  Dionex AS18, 4mm (P/N 060549) or equivalent should be used. 

 

a. Anion guard column--Dionex Ion Pac AG18 4mm (P/N 060551), or equivalent.  

This column functions as a protector of the separator column.  If omitted from the 

system, the retention times will be shorter. 

 

b. Anion separator column--Dionex Ion Pac AS18, 4mm (P/N 060549), or equivalent.  

An optional column (2mm or 4 mm) may be used if comparable resolution of 

peaks is obtained, and the quality control requirements can be met. 

 

i. When a 4 mm column is employed, the injection volume should be 50 

uL.  

 

ii. Comparable results can be attained using the Dionex, AS17, 4 mm 

column. 

 

2. Anion suppressor device--The data presented in this method were generated using an 

Ultra 4 mm Dionex Anion Self Regenerating Suppressor (ASRS, P/N 53946).  An 

equivalent suppressor device may be utilized provided comparable conductivity 

detection limits are achieved and adequate baseline stability is attained as measured by 

a combined baseline drift/noise of no more than 5 nS per minute over the background 

conductivity.  Proper suppressor performance is essential to analytical data 

reproducibility and sensitivity of the conductivity detector. 

 

a. The ASRS was set to perform electrolytic suppression at a current setting of 300 

ma using the external water mode.  External water was delivered to the suppressor 

directly from a pressurized source at a flow rate of 5 mL/min.  It should be noted 

that while Empirical Laboratories has the suppressor currently set at 300 mA, no 

external water is being used at this time. 

 

3. Detector--Conductivity cell (Dionex CD20, or equivalent) capable of providing data as 

required in the Quality Control section of this SOP. 
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4. Data Acquisition System--The Dionex Peaknet Data Chromatography Software version 

5.2 or equivalent is used by Empirical Laboratories. 

 

5. Analytical balance--Mettler Used to accurately weigh target analyte salt for stock 

standard preparation ( ±0.1 mg sensitivity). 

 

6. Micro beakers -- Plastic, disposable - used during sample preparation. 

 

7. Syringes--Plastic, disposable, 10 mL - used during sample preparation.   

 

8. Pipets -- Pasteur, plastic or glass, disposable, graduated, 5 mL and 10 mL. 

 

9. Bottles -- High density polyethylene ( HDPE) or glass, amber or clear, 30 mL, 125 mL, 

250 mL.  For sampling and storage of calibration solutions.  

 

10. Particulate filters-- 0.45 micron syringe filters, specifically designed for IC 

applications (Gelman IC Acrodisc, PN 4485, or equivalent).  These cartridges are used 

to remove particulates from the sample matrix while loading the sample manually or if 

the autosampler employed does not filter the sample during loading. 

 

NOTE:  See method for several types of  pretreatment cartridges that are available and may 

be useful depending on the matrices of the samples normally processed. 

 

11. Autosampler PolyVials 5-mL size, with filtercaps, 250 each --Dionex cat log # 38141. 

 

12. Shaker for use when extracting soil samples. 

 

13. Centrifuge to aid in separation after extraction. 

 

14. Centrifuge tubes--50 mL capacity 

 

VI. REAGENTS AND STANDARDS 

 

1. Reagent water-- Distilled or deionized water 17.8 Mohm or better, free of anions of 

interest.  Water should contain particles no larger than 0.20 microns. 

 

2. A system or apparatus which automatically generates the hydroxide eluent (Dionex 

EG40, or equivalent) is an acceptable alternative to physically preparing the hydroxide 

eluent. 

 

3. Stock standard solutions, 1000 mg/L (1mg/mL):  Stock standard solutions are 

purchased as certified solutions from selected vendors.  

 

NOTE:   Stability of standards: Stock standards for most anions are stable for at 

least 6 months when stored at 4 °C. Dilute working standards should be 

prepared monthly. 
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VII. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

 

1. Samples should be collected in plastic or glass bottles.  All bottles must be thoroughly 

cleaned and rinsed with reagent water.  The volume collected should be sufficient to 

insure a representative sample, allow for replicate analysis, if required, and minimize 

waste disposal.  

  

2. Sample preservation and holding times for the anions that can be determined by this 

method are as follows: 

 

   PART A: Common Anions  

Analyte  Preservation Holding Time 

Bromide   None required 28 days 

Chloride None required 28 days 

Fluoride None required 28 days 

Nitrate-N Cool to 4 °C 48 hours 

Nitrite Cool to 4 °C 48 hours 

Ortho Phosphate Cool to 4 °C 48 hours 

Sulfate  Cool to 4  °C 28 days 

 

 

3. When collecting a sample from a treatment plant employing chlorine dioxide, the 

sample must be sparged with an inert gas (helium, argon, nitrogen)  prior to addition of 

the addition of the EDA preservative at time of sample collection. 

 

VIII. QUALITY CONTROL 

 

1. The laboratory is required to operate a formal quality control (QC) program.  The 

requirements of this program consist of an initial demonstration of laboratory 

performance, and subsequent analysis in each analysis batch of a Laboratory Reagent 

Blank, Laboratory Fortified Blank, Instrument Performance Check Standard, 

calibration check standards, Laboratory Fortified Sample Matrices (LFM) and either 

Field, Laboratory or LFM duplicate sample analyses.  This section details the specific 

requirements for each of these QC parameters.  The laboratory is required to maintain 

performance records that define the quality of the data that are generated. 

 

2. INITIAL DEMONSTRATION OF PERFORMANCE 

 

A. The initial demonstration of performance is used to characterize instrument 

performance (determination of accuracy through the analysis of the QCS) 

and laboratory performance (determination of MDLs) prior to performing 

analysis by this method. 

 

B. Quality Control Sample (QCS) – When beginning the use of this method, on 

a quarterly basis or as required to meet data-quality needs, verify the 

calibration standards and acceptable instrument performance with the 

preparation and analyses of a QCS.  If the determined concentrations are not 

within ±10% of the stated values, performance of the determinative step of 
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the method is unacceptable.  The source of the problem must be identified 

and corrected before either proceeding with the initial  determination of 

MDLs or continuing with on-going analyses. 

 

C. Method Detection Limit (MDL)—MDLs are established for all analytes, 

using reagent water (blank) fortified at a concentration of three to five times 

the estimated instrument detection limit.  To determine MDL values, take 

seven replicate aliquots of the fortified reagent water and process through 

the entire analytical method over at least three separate days.  Perform all 

calculations defined in the method and report the concentration values in the 

appropriate units.  Calculate  the MDL as follows: 

 

  MDL = (t) x (S) 

   

 Where,  

 

t = Student’s t value for a 99% confidence level and a standard deviation 

estimate with n-1 degrees of freedom [ t = 3.14 for seven replicates]. 

 

 S = standard deviation of the replicate analyses. 

 

D. MDLs should be determined every 6 months or at least annually, when a 

new operator begins work or whenever there is a significant change in the 

background, or instrument response.  MDL check samples are used in 

connection with confirming that the MDL determined is legitiment and to 

monitor the instrument sensitivity  periodically.  MDL checks are analyzed 

whenever a new MDL is generated and at a minimum quarterly to monitor 

for any shifts in sensitivity. 

 

 

3. ASSESSING LABORATORY PERFORMANCE 

 

A. Laboratory Reagent Blank (LRB) – The laboratory must analyze at least one 

LRB with each analysis batch.  Data produced are used to assess 

contamination from the laboratory environment.  Values that exceed the 

MDL (For DOD QSM Ver. 3 no analytes detected > ½ RL or for 

common lab contaminants no analyte detected > RL)  indicate laboratory 

or reagent contamination should be suspected and corrective actions must be 

taken before continuing the analysis. 

    

B. Laboratory Fortified Blank (LFB)—The LFB should be prepared at 

concentrations similar to those expected in the field samples and ideally at 

the same concentration used to prepare the LFM.  Calculate accuracy as 

percent recovery.  If the recovery of any analyte falls outside the required 

concentration dependant control limits that analyte is judged out of control, 

and the source of the problem should be identified and resolved before 

continuing analyses. 
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i. Control Limits for the LFB are 90 to 110%. 

   

ii. The laboratory uses the LFB to assess laboratory performance 

against the required control limits listed in the QC section.  

When sufficient internal performance data becomes available 

(usually a minimum of 20-30 analyses), optional control limits 

can be developed from the percent mean recovery (x) and the 

standard deviation (S) of the mean recovery.  These data can be 

used to establish the upper and lower control limits as follows: 

 

  UPPER CONTROL LIMIT = x + 3S 

  LOWER CONTROL LIMIT = x – 3S 

 

The optional control limits must be equal to or better than those 

listed in the QC section (+10%).  After each five to ten new 

recovery measurements, new control limits can be calculated 

using only the most recent 20-30 data points.  Also, the standard 

deviation (S) data should be used to establish an on-going 

precision statement for the level of concentrations monitored.  

These data must be on file and be available for review.  

 

i. Instrument Performance Check Solution (IPC) – The Initial 

Calibration Check Standard is to be evaluated as the instrument 

performance check solution in order to confirm proper 

instrument performance.  The acceptable limits for this standard 

is 90 to 110%. Small variations in retention time can be 

anticipated when a new solution of eluent (or when the KOH 

cartridge is changed) is prepared but if shifts of more that 2% 

are observed in the IPC retention time, some type of instrument 

problem is present.  Potential problems improperly prepared 

eluent, erroneous method parameters programmed such as flow 

rate or some other system problem.  The chromatographic 

profile (elution order) of the target anions following an ion 

chromatographic analysis should closely replicate the profile 

displayed in the test chromatogram that was shipped when the 

column was purchased.   As a column ages, it is normal to see a 

gradual shift and shortening of retention times, but if after 

several years of use, extensive use over less than a year, or use 

with harsh samples, this retention time has noticeably shifted to 

any less than 80% of the original recorded value, the column 

may require cleaning or replacement.  Particularly if resolution 

problems are beginning to become common between previously 

resolved peaks.  A laboratory must retain a historic record of 

retention times for all the target anions in the IPC to provide 

evidence of an analytical column's vitality. 

 

4. ASSESSING ANALYTE RECOVERY AND DATA QUALITY 
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A. Laboratory Fortified Sample Matrix (LFM) – The laboratory adds a known 

amount of analyte to a minimum of 10% of the field samples within an 

analysis batch.  The LFM sample is prepared from a sample matrix which 

has been analyzed prior to fortification.  The analyte concentration must be 

high enough to be detected above the original sample and should adhere to 

the QC requirements.  It is recommended that the solutions used to fortify 

the LFM be prepared from the same stocks used to  prepare the calibration 

standards and not from external source stocks.  This will remove the bias 

contributed by an externally prepared stock and focus on any potential bias 

introduced by the field sample matrix. 

 

i. If the fortified concentration is less than the observed 

background concentration of the unfortified matrix, the recovery 

should not be calculated.  This is due to the difficulty in 

calculating accurate recoveries of the fortified concentration 

when the native sample concentration is so high. 

 

ii. The LFM should be prepared at concentrations no greater than 

five times the highest concentration observed in any field 

sample.  If no analyte is observed in any field sample, the LFM 

must be fortified no greater than five times the lowest calibration 

level which as outlined in this method is the minimum reported 

level (MRL).  For example, if chloride is not detected in any 

field samples above the lowest calibrations standard 

concentration of 5.00 ug/L, the highest LFM fortified 

concentration allowed is 25.0 ug/L. 

 

iii. Calculate the percent recovery for each analyte, corrected for 

concentrations measured in the unfortified sample.  Percent 

recovery should be calculated using the following equation: 

 

       Cs - C 

      R = ------------------- x 100  

       s 

      

     where, R =  percent recovery. 

      Cs = fortified sample concentration 

      C =  sample background concentration 

     S =  concentration equivalent of analyte added to  

      sample. 

 

iv. Until sufficient data becomes available (usually a minimum of 

20 to 30 analysis), assess laboratory performance against 

recovery limits of 80 to 120%.  When sufficient internal 

performance data becomes available develop control limits from 

percent mean recovery and the standard deviation of the mean 

recovery.  The optional control limits must be equal to or better 

than the required control limits of 80 –120%. 
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v. If the recovery of any analyte falls outside the designated LFM 

recovery range and the performance for that analyte is shown to 

be in control, the recovery problem encountered with the LFM is 

judged to be matrix induced and the results for that sample and 

the LFM are reported with a “matrix induced bias” qualifier. 

 

B. FIELD OR LABORATORY DUPLICATES –Analyze either a field, matrix 

spike duplicate or a laboratory duplicate for a minimum of 10% of the 

collected field samples or at least one with every analysis batch, whichever 

is greater.  The sample matrix selected for this duplicate analysis must 

contain measurable concentrations of the target anions in order to establish 

the precision of the analysis set and insure the quality of the data.  If none of 

the samples within an analysis batch have measurable concentrations, the 

LFM should be employed as a laboratory duplicate. 

 

i. Calculate the relative percent difference (RPD) of the initial 

quantitated concentration (Ic) and duplicate quantitated 

concentration (Dc) using the following formula, 

 

  (Ic – Dc) 

 RPD = ------------ X 100 

  ([Ic + Dc]/2) 

 

ii. Duplicate analysis acceptance criteria 

 

Concentration range   RPD Limits 

       MRL to 10xMRL   ± 20% 

     10xMRL to highest calibration level ± 10% 

 

iii. If the RPD fails to meet these criteria, the samples must be 

reported with a qualifier identifying the sample analysis result as 

yielding a poor duplicate analysis RPD.  This should not be a 

chronic problem and if it frequently recurs (>20% of duplicate 

analyses) it indicates a problem with the instrument or individual 

technique.   

 

C. Where reference materials are available, they should be analyzed to provide 

additional performance data.  The analysis of reference samples is a 

valuable tool for demonstrating the ability to perform the method 

acceptably. 

 

D. In recognition of the rapid advances occurring in chromatography, the 

analyst is permitted certain options, such as the use of different columns, 

injection volumes, and/or eluents, to improve the separations or lower the 

cost of measurements.  Each time such modifications to the method are 

made, the analyst is required to repeat the procedure in the QC section and 

adhere to the condition of baseline stability. 
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E. The laboratory adopts additonal quality assurance practices for use with this 

method.  The specific practices that are most productive depend upon the 

needs of the client and the nature of the samples.  Whenever possible, the 

laboratory performs analysis of quality control check samples and 

participate in relevant performance evaluation sample studies. 

 

 

 5. CALIBRATION AND STANDARDIZATION 

 

 

A. Establish ion chromatographic operating parameters equivalent to those 

indicated in Tables 1C for a 4-mm column. 

 

i. Estimate the Linear Calibration Range (LCR) – The LCR should 

cover the expected concentration range of the field samples. 

 

ii. For an individual calibration curve, a minimum of eight 

calibration standards is required for a curve. 

 

B. Prepare the calibration standards by carefully adding measured volumes of 

one or more stock standards to a volumetric flask and diluting to volume 

with reagent water. Chloride and sulfate are calibrated from 0.5-200 mg/L; 

fluoride, nitrate, and nitrite from 0.05-20 mg/L. 

  

C. Using a 4mm column, inject 50 uL (Part A) of each calibration standard.  

Tabulate peak area responses against the concentration.  The results are used 

to prepare calibration curves using a linear least squares fit for each analyte.  

Acceptable calibration curves are confirmed after reviewing the curves for 

linearity and passing the criteria for the initial calibration check standard.  

Alternately, if the ratio of response to concentration (response factor) is 

constant over the LCR (indicated by < 15% relative standard deviation 

(RSD)), linearity through the origin can be assumed and the average ratio or 

calibration factor can be used in place of a calibration curve. 

 

i. Peak areas strongly recommended since they have been found to 

be more consistent, in terms of quantitation, than peak heights.  

Peak height can tend to be suppressed as a result of high levels 

of common anions in a given matrix which can compete for 

exchange sites.  Using peak areas, it is the analyst responsibility 

to review all chromatograms to insure accurate baseline 

integration of target analyte peaks since poorly drawn baselines 

will more significantly influence peak areas than peak heights. 

 

D. Once the calibration curves have been established they must be verified prior 

to conducting any sample analysis using an initial calibration check standard.  

This verification must be performed on each analysis day or whenever fresh 

eluent has been prepared.  A continuing calibration check standard must be 
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analyzed after every tenth sample and at the end of the analysis set as an end 

calibration check standard.  The response for the initial, continuing and end 

calibration check must satisfy the QC criteria of 90 to 110%.  If during the 

analysis set, the response differs by more than the calibration verification 

criteria, or the retention times shift more than ±5% from the expected values 

for any analyte, the test must be repeated, using fresh calibration standards.  

If the results are still outside these criteria, sample analysis must be 

discontinued, the cause determined and/or in the case of drift, the instrument 

recalibrated.  All samples following the last acceptable calibration check 

standard must be reanalyzed. 

 

i. Control limits for calibration verification are 90 to 110%. 

 

    

F. After satisfying the requirements, the levels selected for the other 

calibration check standards should be varied between a middle calibration 

level and the highest calibration level. 

 

6.  PROCEDURE 

 

A. Other columns, chromatographic conditions, or detectors may be used if the 

requirements of the QC section are met. 

 

                          B. Check system calibration daily and, if required, recalibrate as necessarily. 

 

C. Sample Preparation 

 

i. For refrigerated or samples arriving to the laboratory cold, 

ensure the samples have come to room temperature prior to 

conducting sample analysis by allowing the samples to warm on 

the bench for at least 1 hour. 

 

D. Using  a Luer lock, plastic  5 to 10 mL syringe, withdraw the sample from 

the micro beaker and attach a 0.45 um particulate filter (demonstrated to be 

free of ionic contaminants) directly to the syringe.  Filter the sample into an 

autosampler vial. 

  

E. Using a 4 mm column, inject 50 uL of each sample.  Tabulate peak area 

responses against the concentration.  During this procedure, retention times 

must be recorded.  Use the same size loop for standards and samples.  

Record the resulting peak size in area units.  An automated constant volume 

injection system may also be used. 

 

F. The width of the retention time window used to make identifications should 

be based upon measurements of actual retention time variations of standards 

over the course of a day.  Three times the standard deviation of a retention 

time can be used to calculate a suggested window size for each analyte.  
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However, the experience of the analyst should weigh heavily in the 

interpretation of chromatograms. 

 

G. If the response of a sample analyte exceeds the calibration range, the sample 

may be diluted with an appropriate amount of reagent water and reanalyzed.  

If this is not possible then three new calibration concentrations must be 

employed to create a separate high concentration curve, one standard near 

the estimated concentration and the other two bracketing around an interval 

equivalent to ±25% the estimated concentration.  The latter procedure 

involves significantly more time than a simple sample dilution therefore; it is 

advisable to collect sufficient sample to allow for sample dilution or sample 

reanalysis, if required. 

 

H. Shifts in retention time are inversely proportional to concentration.  Nitrate, 

phosphate and sulfate will exhibit the greatest degree of change, although all 

anions can be affected.  In some cases this peak migration may produce poor 

resolution or make peak identification difficult. 

 

I. Should more complete resolution be needed between any two coeluting 

peaks, the eluent can be diluted.  This will spread out the run, however, and 

will cause late eluting anions to be retained even longer.  The analysts must 

verify that this dilution does not negatively affect performance by repeating 

and passing all the QC criteria. 

 

i. Eluent dilution will reduce the overall response of an anion due 

to chromatographic band broadening which will be evident by 

shortened and broadened peaks.  This will adversely effect the 

MDLs for each analyte. 

 

  7.   DATA ANALYSIS AND CALCULATIONS  

  

A. Prepare a calibration curve for each analyte by plotting instrument response, 

as peak area, against standard concentration.  Compute sample concentration 

by comparing sample response with the standard curve.  If a sample has been 

diluted, multiply the response by the appropriate dilution factor. 

 

B. Report ONLY those values that fall between the lowest and the highest 

calibration standards.  Samples with target analyte responses exceeding the 

highest standard should be diluted and reanalyzed.  Samples with target 

analytes identified but quantitated below the concentration established by the 

lowest calibration standard should be reported as below the minimum 

reporting limit (MRL). 

 

C. Report results for Part A anions in mg/L.   

 

D. Report  NO3
-
 as N 

    

Traceability 
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A bound logbook record shall be maintained on all reference materials.  The record 

shall include date of receipt, source, purity, all compositional information, storage 

conditions and expiration date.  These materials/solutions are to be identified by a 

unique number in the logbook as well as on the container's label. 

 

All working standards made from reference materials shall be labeled with a unique 

ID number with complete information on preparation date, concentration of each 

compound, solvent, preparer's name, expiration date, date opened, and the logbook 

where information is recorded.  Reagents shall be labeled with date received and 

expiration date, if applicable.  All of the information described above shall also be 

recorded in a bound logbook.  Measurements made during standards preparation 

(e.g., from weighing operations, volume diluted to, etc.)  shall also be recorded.  

There should be no container with sample, sample extract, standard solution, etc. that 

is not correctly labeled and properly stored. 

 

The analyst must initial and date each entry made in a logbook.  Each analyst must 

be sure to "Z" out the unused area of each logbook page. 

 

IX.  INSTRUMENT INFORMATION   

Analyst should confirm the following: 

 

1. Start Up routine for instrument is as follows: 

 

a. Turn Power on to autosampler, conductivity detector, eluent generator and 

pump in any order. 

 

b. Turn on the Helium gas supply~ 80 to 100.  Ensure gas lines to bottles not in use 

are off.  Ensure air supply to the injection valve is on.  

 

c. Close the vent valves on sparging bottles and allow head pressure to build for a 

few moments.   DI H2O bottles should be 7 to 10 psi. 

 

d. Open the eluent supply valve(s) for the bottles in use. Check for sputter after 

eluent flow has started. 

 

e. Load the autosampler cartridges and put autosampler into RUN state. 

   

f. To vent airlocks, Run eluent with pump on and SRS off, open waste valve-> 

bottom door top black knob, just for a few seconds and close it. 

 

g. Turn on the SRS power.  NOTE:  NEVER TURN ON THE SRS POWER 

SUPPLY WITHOUT THE  PUMP GOING FIRST!!!  Use either 

LOCAL/DIRECT CONTROL to enter commands at keypads, or 

REMOTE/DIRECT CONTROL to use the direct control option from the RUN 

menu within PEAKNET. 

 

h. After System has come to equilibrium, load sequence and run. 
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2. Shut Down routine for instrument is as follows: 

 

a. If the instrument is not going to be operated for a period of time, run 

deionized water through the eluent lines for ~ 30 minutes to an hour to rinse 

the lines. 

 

b. Stop the OFF/ON pump and then select SRS-OFF.  

 

c. Close gas supply valves and eluent valves on the eluent bottles.  Turn off He 

supply.  Is not necessary to vent the eluent bottles.  

 

d. Power down the modules in any order. 

 

3. General Sample Loading and Run Set-up. 

 

a. Enter Peak-net Software from Desktop. 

 

b. Loading a Run: Click on Schedule.  The headings within the Schedule Editor 

are SAMPLE, SAMPLE TYPE, LEVEL, METHOD and DATA FILE. 

 

i. Name each sample under the SAMPLE heading column.  (ICB, ICV, 

LCSW, ICCS, IPC, sample #'s, etc.) 

 

ii. SAMPLE TYPE is sample unless loading a calibration curve. 

 

iii. LEVEL designations are used only when assigned to a calibration curve. 

 

iv. Enter method name under  METHOD heading.  In most cases, date of 

most recent calibration in Anions Method file will be used. 

 

v. Enter the date under the DATA FILE heading.  The program will then 

sequentially assign the data file names based on the date. 

 

vi. All other column headings are defaulted to enter "1".  Samples 

requiring dilution should be left at “1” and manual calculation is 

required. 

 

vii. To include a command to Shut Down the pump at the end of the run:  

Name the row following the last sample, Pump Off under the sample 

heading.  It is not necessary to include a vial in the corresponding 

position in the autosampler.  Sampe type is Sample, and Method is 

entered as <pumpoff.met>. 

 

Typical run-log: 

 

1 Blank 

2 RLS@ 0.05/0.05ppm 
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3 ICV @ 2.5/25ppm 

4 ICB 

5 RLS @0.5ppm SO4 

6 LCSW ISA………. 

7 Sample (Cl, SO4….) 

8 Sample (Cl, SO4….) 

9 Sample (Cl, SO4….) 

10 Sample (Cl, SO4….) 

11 Sample @ 10X(Cl) 

12 Sample @ 50X(Cl) 

13 CCV @ 2.5/2ppm 

14 CCB 

15 Sample (Cl, SO4….) 

16 Sample MS 

17 Sample MSD 

18 Sample (Cl, SO4….) 

19 Sample @ 10X (Cl) 

20 Sample (Cl) 

21 Sample (Cl, SO4….) 

22 Sample (Cl, SO4….) 

23 CCV @ 2.5/25ppm 

24 CCB 

25 Sample (Cl, SO4….) 

26 Sample (Cl, SO4….) 

27 Sample (Cl, SO4….) 

28 Sample (Cl, SO4….) 

29 Sample (Cl, SO4….) 

30 Sample MS 

31 Sample MSD 

32 Sample (Cl, SO4….) 

33 CCV @5.0/50ppm 

34 CCB 

35 Sample (Cl, SO4….) 

36 Sample (Cl, SO4….) 

37 Sample (@ 2X ( SO4) 

38 CCV @ 5.0/50ppm 

39 CCB 

40 pumpoff 

 

c. Save a schedule under File/Save as, using the date as the title of the Schedule. 

 

d. When saved, exit out of Schedule Editor. 

 

e. Load autosample cartridges in the same order as the scheduled run.  After 

putting the cartridges in the autosampler, switch the autosampler to RUN 

using the Hold/Run button. 
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f. Assuming that the Pump is equilibrated with steady eluent baseline/uniform 

conductivity, enter into the RUN page. 

 

g. Go to File to Open Method.  Open correct method <date> of most recent 

calibration.  This will begin pumping eluent at 1.0 mL/minute and turn on the 

SRS pump at 300 uamps voltage. 

 

h. Next, go to file to Open Schedule.  Open newly created schedule for the day. 

 

i. When Method and Schedule are opened, go to Run and click on Start.  The 

autosampler will inject into the first sample and the run should continue until 

completion.   

 

X. POLLUTION PREVENTION 

 

A. Pollution prevention encompasses any technique that reduces or eliminates the 

quantity or toxicity of waste at the point of generation.  Numerous opportunities for 

pollution prevention exist in laboratory operation.  The EPA has established a 

preferred hierarchy of environmental management techniques that places pollution 

prevention as the management option of first choice.  Whenever feasible, laboratory 

personnel should use pollution prevention techniques to address their waste 

generation.  When wastes cannot be feasibly reduced at the source, the Agency 

recommends recycling as the next best option. 

 

B. Quantity of chemicals purchased should be based on expected usage during its shelf-

life and the disposal cost of unused material.  Actual reagent preparation volumes 

should reflect anticipated usage and reagent stability. 

 

C. For information about pollution prevention that may be applicable to laboratories and 

research institutions, consult "Less is Better:  Laboratory Chemical Management for 

Waste Reduction," available from the American Chemical Society's Department of 

Government Regulations and Science Policy, 1155 16th Street N.W., Washington 

D.C. 20036, (202) 872-4477. 

 

XI. WASTE MANAGEMENT 

 

A. The Environmental Protection Agency requires that laboratory waste management 

practices be conducted consistent with all applicable rules and regulations.  Excess 

reagents, samples and method process wastes should be characterized and disposed of 

in an acceptable manner.  The Agency urges laboratories to protect the air, water, and 

land by minimizing and controlling all releases from hoods and bench operations, 

complying with the letter and spirit of any waste discharge permit and regulations, 

and by complying with all solid and hazardous waste regulations, particularly the 

hazardous waste identification rules and land disposal restrictions.  For further 

information on waste management consult the "Waste Management Manual for 

Laboratory Personnel," available from the American Chemical Society at the address 

listed in Section 14.3 from method 300.1. 
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XII. CORRECTIVE ACTIONS 

 

A. INSTRUMENT RELATED 

 

1. ICV not within + 10% 

 

a. If the problem is with the solution. 

 

i. Reprepare,  obtain new stock if necessary. 

 

b. If the problem is with the calibration. Recalibrate thru analysis of 

appropriate standards and recheck ICV. 

 

2. CCV not within + 10% 

 

a. If the problem is with the solution. 

 

i. Reprepare, obtain new stock if necessary. 

 

b. If the problem is with the calibration. 

 

i. Recalibrate thru analysis of appropriate standards and 

reprepare/reanalyze the previous ten sample according the following 

guidelines. 

 

a. If the CCV was biased high, any of the previous ten samples which 

were BMDL do not require reanalysis. 

 

b. If the CCV was biased low, the previous ten samples must be 

reanalysed. 

 

3.  CCB not >+ MDL (USACE)(For DOD QSM Ver. 3 no analyte detected 

>2xMDL, frequency- beginning and ending a run and every 10 samples)or + 

RL or CRDL for others and CLP 

 

a. If the CCB is biased high. 

 

i. Any samples BDL or greater than 10X the CCB bias need not be 

reanalyzed. 

ii. Any samples above the detection limit but less than 10X the CCB level 

must be reanalyzed after the problem is corrected. 

 

b. If the CCB is biased low. 

 

i. Any samples greater than 10X the absolute CCB bias need not be 

reanalyzed. 

ii. All other samples must be reanalyzed after the problem is corrected. 
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4. LCS not within our in-house generated control limits ( or +10% ). 

 

a. If the problem is with the instrument. 

 

i. Reanalyze when instrument is in control. 

 

ii. If biased high, the impact upon the data user must be evaluated.  The 

samples will be re-extracted or the data will be qualified on the final 

report. 

 

C. SAMPLE MATRIX RELATED 

 

1. Replicate analysis RPD not within +20% 

 

i. The associated sample data must be qualified on the final report. 

 

2. Spike analysis recovery not within +20% 

 

i. If the analyte level in the sample is greater than 4X the spiking level, the 

%recovery can not be evaluated and no action is taken. 

 

ii. If the analyte level in the sample is not greater than 4X the spiking level, the 

associated sample data must be qualified on the  

final report. 

 

XIII. SOURCES/REFERENCES: 

 

1. Standard Methods for the Examination of Water and Wastewater, Method 4110B, 

“Anions by Ion Chromatography”, 18
th
 Edition of Standard Methods (1992). 

 

2. Dionex, System DX500 Operation and Maintenance Manual, Dionex Corporation, 

Sunnyvale, California 94086, 1996. 

 

3. Method Detection Limit (MDL) as described in “Trace Analyses for Wastewater,”  J. 

Glaser, D. Foerst, G. McKee, S. Quave, W. Budde, Environmental Science and 

Technology, Vol. 15, Number 12, page 1426, Decemvber, 1981. 

 

4. American Society for Testing and Materials.  Test Method for Anions in Water by 

Chemically – Suppressed Ion Chromatography D4327-91.  Annual Book of Standards, 

Vo. 11.01 (1993). 

 

5. Code of Federal Regulations 40, Ch. 1, Pt. 136, Appendix B; MDL determination. 

 

6. Hautman, D.P. & Bolyard, M. Analysis of Oxyhalide Disinfection By-products and 

other Anions of Interest in Drinking Water by Ion Chromatography.  Jour. Of 

Chromatog., 602, (1992), 65-74. 
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7. USEPA Methods 300.0; Method for Determination of Inorganic 

Substances(EPA/600/R-93/100) / Method for the Determination of Organic and 

Inorganic Compounds in Drinking Water (Vol. 1, EPA 815-R-00-014). 

 
8.  Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846;    

Third Edition (Update III); Method 6010B. 
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ANALYST DATA REVIEW CHECKLIST 

Sample Number(s): 

Batch Number(s): 

Method: EPA 300.0 Anions by Ion Chromatography 

 

Instrument is a Dionex DX-500 system.  Equipped with Guard Column, Analytical Column, Conductivity Suppressor, Conductivity 

Detector, and Eluent Generator. 

 
QA/QC Item 

 
Yes 

 
No 

 
NA 

Second Level 
Review 

 
1. Were samples analyzed within USACE holding times? 

 
 

 
 

 
 

 
 

 
2. Was initial calibration curve QC criteria met? 

 
 

 
 

 
 

 
 

 
3. Was all continuing calibration criteria in control? 

 
 

 
 

 
 

 
 

 
4. Did any sample exceed the highest calibration standard? 

    

 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

 
 

 
 

 
 

 
 

 
5.   Did RLS meet control limits? 

 
 

 
 

 
 

 
 

 
6. Did LCS, Laboratory Fortified Blank or blank spike meet 

control limits? 

 
 

 
 

 
 

 
 

 
7. Did MS/MSD meet control limits? 

 
 

 
 

 
 

 
 

 
8. Was the Blank below the project required detection limits? 

 
 

 
 

 
 

 
 

 
9. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

 
10. Were samples analyzed for Nitrate done within the 48-hr  
      holding time? 

 
 

 
 

 
 

 
 

 
11. Sample preparation information is correct and complete. 

 
 

 
 

 
 

 
 

 
12. Were all samples filtered through a 0.45um filter? 

 
 

 
 

 
 

 
 

 
13. Analytical results are correct and complete. 

 
 

 
 

 
 

 
 

 
14. The appropriate SOP's have been used and followed. 

 
 

 
 

 
 

 
 

 
15. Raw data" including all manual integration's have been 

correctly interpreted. 

 
 

 
 

 
 

 
 

 
16. "Special" sample preparation and analytical requirements have 
 been met. 
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ANALYST DATA REVIEW CHECKLIST 

EPA 300.0 (Anions by IC) 
 
17. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 

 
 
 

 
 
 

 
 
 

 
 
 

 

Comments on any "No" response: 

 

     Analyst:  Date:  

    

Second-Level Review:  Date:  
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ELECTROMETRIC DETERMINATION OF pH 

 
 
I. SCOPE AND APPLICATION: 
 

A. This SOP is specifically for the Orion 420A pH meter with Orion Triode pH 
electrode. 

 
B. USEPA Method 150.1/SM4500-H

+
B is applicable to drinking, surface, and 

saline waters, domestic and industrial wastes and acid rain. 
 
C. Method 9040B is applicable to aqueous wastes and those multiphase waste 

where the aqueous phase constitutes at lease 20% of the total volume of 
the waste. This method also fulfills the requirement for characterization of 
Corrosivity according to SW846. 

 
D. Method 9045C is applicable to soils and waste samples.  Wastes may be 

solids, sludges, or non-aqueous liquids.  If water is present, it must 
constitute less than 20% of the total volume of the sample. 

 
II. METHOD SUMMARY: 
 
 The pH of a sample is determined electrometrically using either a glass 

electrode in combination with a reference potential or combination electrode. 
 
III. SAMPLE HANDLING AND PRESERVATION: 
 

A. pH, when used for permit reporting on water samples, is intended to be a 
field test.  It is often monitored on a continuous basis when 24 hour 
composites are collected.  If the pH is to be analyzed on a discreet grab 
sample, most States require that analysis occur within 15 minutes of 
collection to be reported without qualification for regulatory purposes.  
Nevertheless, occasionally, samples will be transported to the laboratory 
for analysis.  Frequently this is done for the information purposes only, to 
be used by the client or the laboratory for the purposes other than 
regulation.  To avoid confusion or misuse of the data, these analyses will 
clearly be labeled as “laboratory pH” on the final report.  They must be 
analyzed as soon as possible in the laboratory.  Soil or solid samples are 
subject to the sample holding time restrictions, and should also be 
analyzed as soon as possible and qualified on the final report. 

 
B. High-purity waters and waters not at equilibrium with the atmosphere are 

subject to changes when exposed to the atmosphere, therefore the sample 
containers should be filled completely and kept sealed prior to analysis. 
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C. Samples must be unpreserved. 
 
IV. INTERFERENCES: 
 

A. The glass electrode, in general, is not subject to solution interferences from 
color, turbidity, colloidal matter, oxidants, reductants, or high salinity. 

 
B. Sodium error at pH levels greater than 10 can be reduced or eliminated by 

using a "low sodium error" electrode. 
 
C. Coatings of oily material or particulate matter can impair electrode 

response.  These coatings can usually be removed by gently wiping the 
electrode or washing it with a detergent followed by rinsing with distilled 
water.  An additional rinsing with dilute Hydrochloric Acid (1:10) may also 
be necessary to remove any remaining film. 

 
D. Temperature fluctuations will cause measurement errors, however pH 

measurements made with the Orion 420A meter and the Orion Triode 
electrode have automatic temperature compensation features. 

 
E. A dirty electrode may also cause problems.  See the maintenance sections 

or the electrode manual. 
 
V. EQUIPMENT/APPARATUS: 
 

A. pH meter:  This SOP is specifically for the Orion 420A.  This meter has 
set-up features which have been pre-set.  In order to change these, refer to 
the instruction manual, pages 8-9.  This meter has an automatic 
temperature compensation feature. 

 
B. Electrode:  There are many different types of pH electrodes available.  This 

SOP is for the Orion Triode pH electrode which has an epoxy outer body 
and contains an internal filling solution of Ag/AgCl. 

 
NOTE:  REFER TO THE INSTRUCTION MANUAL FOR ANY 
QUESTIONS OR PROBLEMS WITH EITHER THE METER OR THE 
ELECTRODE.  ALSO REFER TO THE INSTRUCTION MANUAL FOR 
PROPER CARE AND MAINTENANCE OF THE pH METER AND 
PROBE.  

 
C. Magnetic stirrer and Teflon-coated stirring bars.  Put a piece of cardboard 

between the stirrer and the beaker containing the sample so that the heat 
from the stirrer will not affect the temperature of the sample. 

 
D. Small beakers or cups. 
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VI. REAGENTS: 
 

A. Standard buffers:  4, 7, and 10.  The pH meter must be calibrated using 
standard buffers daily or, if not daily, with each use. Separate solutions of 
the three buffers should be kept in 120 ml. plastic bottles with the caps on 
when not in use.  Pour up fresh buffers each use.  (Record the date in the 
log book). 
An additional pH 12 buffer is required for the Corrosivity test of alkaline 
wastes per Method 9040B. 

 
B. Reference electrode filling solution. 

 
1. Use Orion #900011 which contains AgCl.  Make sure that the filling 

solution is the correct one for your electrode.  If you use the wrong 
solution you may damage the electrode. 

 
2. Never allow the electrode to dry out. 
 
3. Change the filling solution at least once a month. (Record the date in 

the log book).   When you change the filling solution you should soak 
the electrode in pH 7 buffer for at least one hour before analyzing 
samples. 

 
 C. Deionized water. 
 
 D. Hydrochloric acid (HCl): 1:3 mixture with reagent water. 
 
VII. CALIBRATION: 
 
 A. Initial calibration (2 point) 
  
 This meter is capable of both autocalibration and manual calibration.  We 

calibrate manually. 
 

1. Turn the power on.  It will display a quick check mode and then the 
reading will stabilize.  The meter should be in the pH mode, if not, 
press the "mode" key until the pH mode indicator is displayed. 

 
2. Uncover the hole on the upper part of the electrode.  This allows a 

uniform flow of the filling solution.  (It should be kept covered when not 
in use.) 

 
3. Rinse the electrode with deionized water and blot dry with a kimwipe 

(do not wipe the electrode). 
 
4. The meter must be calibrated prior to use with two pH buffer 

standards which bracket the expected value of the sample to be 
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measured (4 and 7, or 7 and 10). Place the electrode in pH 7 buffer 
first, with stirring bar turning.  Make sure the electrode is not touching 
the bottom or sides of the beaker.  Buffers must be at room 
temperature. 

 
5. Press the "2nd" key, followed by the "cal" key.  It will display the time 

and date of the last calibration and then "P1" will be displayed in the 
lower field -- this means it is ready to read the first calibration 
standard. 

 
6. Wait for a stable pH display and the meter will say "ready".  Press the 

“no” key.  The first digit will start flashing.  Scroll up or down using the 
arrow-head keys until the correct value appears in the first digit (it will 
be 7 for the 7.00 buffer) then press "yes".  Continue in the same manner 
until all the digits have been correctly entered, then press "yes" to 
enter the new value.  The display will remain frozen for a few seconds, 
then "P2" will be displayed which means that the meter is ready to 
read the second calibration standard. 

 
NOTE:   Due to the temperature compensation of the meter, at 20° C the 7 
buffer should read 7.01. 

 
7. Rinse the electrode and place in the pH 4 or 10 buffer (depending on 

the expected pH of the sample to be analyzed) with stirring bar 
turning.  Wait for a stable pH reading and then enter the correct value 
as you did for the 7 buffer. 

 
 NOTE:  As with the 7 buffer, due to the temperature compensation of the 

meter, at 20° C the 4 buffer should read 4.00 and the 10 buffer should read 
10.05. 

 
8. After both points have been calibrated, the electrode slope will be 

displayed in the main field.  The slope should be between 92 and 102.  
(Record the slope on the data sheet.) If it is not within this boundary 
you should inspect the electrode and meter and recalibrate with fresh 
buffers.  If the slope is still out of range, check the manual for 
troubleshooting.  

 
9. The meter will automatically advance to the "measure" mode and you 

are now ready to check the calibration and read the samples. 
 
 B. Calibration for Corrosivity characterization by Method 9040B 
 

1. For corrosivity characterization, the calibration of the pH meter should 
include a buffer of pH 2 for acidic wastes and a pH 12 buffer for caustic 
wastes; also, for corrosivity characterization, the sample must be 
measured at 25+1 °C if the pH of the waste is above 12.0.  Repeat 
adjustments on successive portions of the two buffer solutions until 
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readings are within 0.05 pH units of the buffer solution value.  The 
specific steps to follow match the explanations in Section A. 

 
C. Calibration Check 

 
1. Rinse the electrode and place it in the 7 buffer.  Read this buffer as a 

sample and not as a calibration standard.  Press "measure". The 
display will start to fluctuate as the pH is being measured.  Once the 
reading stabilizes the meter will beep and the display will freeze. 

 
2. Record the reading.  (It should be 7.00+ 0.09.  If it is not within this 

range, inspect the electrode and meter and recalibrate with fresh 
buffers.  If the reading is still out of range, check the manual for 
troubleshooting.) 

 
3. If the 7 buffer reads correctly, read the 4 buffer and 10 buffer.  Record 

these readings.  (The reading should not deviate from the true values 
by more than 0.09 units.  If they are not within this range, inspect the 
electrode and meter and recalibrate with fresh buffers.  If the reading 
is still out of range, check the manual for troubleshooting.) 

 
VIII. PROCEDURE: 
 

A. Water and Liquid Waste Samples (Non Drinking Water) by Methods 150.1  
or 9040B 

 
1. Sample(s) should be at room temperature when analyzed.  The Triode 

electrode is capable of adjusting for temperature inconsistencies, 
however, you should still adjust the samples to room temperature 
before analyzing.  (Record the temperature of each sample on the data 
sheet.) 

 
2. Rinse the electrode with deionized water and blot it dry with a 

kimwipe.  Place it into the sample with the stirring bar turning.  Make 
sure that the electrode does not touch the sides or the bottom of the 
beaker. 

 
3. The display will start to change.  Once the reading stabilizes the meter 

will beep and the number will freeze.  Record this number on the data 
sheet. 

 
4. If you calibrated with 7 and 4 buffers, the sample pH must fall between 

7 and 4.  If the pH falls out of this range, you must go back and 
recalibrate using the 7 and 10 buffers and rerun the sample. 

 
5. If you are determining Corrosivity by 9040B, use a pH 12 buffer to 

bracket the alkaline upper range. 
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6. Be sure you rinse off the electrode with deionized water in between 
samples. 

  
B. Drinking Water and Acid-rain Samples by Method 150.1 
 

Treat these samples exactly as you would other water samples except for 
the stirring.  It is imperative that the stir plate is set on its' lowest setting 
and that the sample is not stirred vigorously.  You should use the smallest 
stir bar possible.  Make sure that you do not aerate the sample. 

 
C. Soil Samples by Method 9045C 

 
1. To 20 g of soil in a 50-mL beaker, add 20 mL of reagent water, cover, 

and continuously stir the suspension for 5 minutes.  Additional 
dilutions are allowed if working with hygroscopic soils and salts of 
other problematic matrices. 

 
2. Let the soil suspension stand for about 1 hour to allow most of the 

suspended clay to settle out from the suspension or, if necessary, filter 
or centrifuge off the aqueous phase for pH measurement. 

 
3. Adjust the electrodes in the clamps of the electrode holder so that, upon 

lowering the electrodes into the beaker, the glass electrode will be 
immersed just deep enough into the clear supernatant solution to 
establish a good electrical contact through the ground-glass joint. 

 
4. Solutions should be a room temperature when analyzed.  The Triode 

electrode is capable of adjusting for temperature inconsistencies 
however, you should still adjust the samples to room temperature 
before analyzing.  (Record the temperature of each solution on the data 
sheet.) 

 
5. Rinse the electrode with deionized water and blot it dry with a 

kimwipe.  Place it into the solution as described in step 3. 
 

6. The display will start to change.  Once the reading stabilizes the meter 
will beep and the number will freeze.  Record this number on the data 
sheet. 

 
7. If you calibrated with 7 and 4 buffers, the sample pH must fall between 

7 and 4.  If the pH falls out of this range, you must go back and 
recalibrate using the 7 and 10 buffers and rerun the sample. 

 
8. Be sure you rinse off the electrode with deionized water in between 

samples. 
 

B. Solid Waste Samples by Method 9045C 
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1. To 20 g of waste sample in a 50-mL beaker, add 20 mL of reagent 
water, cover and continuously stir the suspension for 5 minutes.  
Additional dilutions are allowed if working with hydroscopic wastes 
and salts or other problematic matrices. 

 
2. Let the waste suspension stand for about 15 minutes to allow most of 

the suspended waste to settle out from the suspension or, if necessary, 
filter or centrifuge off aqueous phase for pH measurement. 

 
NOTE:  If the waste is hygroscopic and absorbs all the reagent water, 
begin the experiment again using 20 g of waste and 40 mL of reagent 
water. 
 
NOTE:  If the supernatant is multiphasic, decant the oily phase and 
measure the pH of the aqueous phase.  The electrode may need to be 
cleaned (Step IV.C) if it becomes coated with an oily material. 
 
3. Adjust the electrodes in the clamps of the electrode holder so that, upon 

lowering the electrodes into the beaker, the glass electrode will be 
immersed just deep enough into the clear supernatant solution to 
establish a good electrical contact through the ground-glass joint. 

 
4. Solutions should be a room temperature when analyzed.  The Triode 

electrode is capable of adjusting for temperature inconsistencies, 
however, you should still adjust the samples to room temperature 
before analyzing.  (Record the temperature of each solution on the data 
sheet.) 

 
5. Rinse the electrode with deionized water and blot it dry with a 

kimwipe.  Place it into the solution as described in step 3. 
 

6. The display will start to change.  Once the reading stabilizes the meter 
will beep and the number will freeze.  Record this number on the data 
sheet. 

 
7. If you calibrated with 7 and 4 buffers, the sample pH must fall between 

7 and 4.  If the pH falls out of this range, you must go back and 
recalibrate using the 7 and 10 buffers and rerun the sample. 

 
8. Be sure you rinse off the electrode with deionized water in between 

samples. 
 

IX. ELECTRODE STORAGE AND MAINTENANCE: 
 
 A. Storage 
 

1. Store the electrode in a solution made up of 1 gram KCl or NaCl in 200 
mL of pH 7 buffer.  This solution may be purchased from Fisher. 
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2. The reference chamber hole should be covered overnight and the power 

to the pH meter should be turned off. 
 
3. White crystals will probably form on the electrode.  These are from the 

potassium chloride and will not damage the electrode, however, the 
electrode should be rinsed with distilled water to get rid of this build-
up. 

 
4. If storing the electrode for more than one week, the reference chamber 

should be filled and the fill hole should be securely covered. Cover the 
sensing element with its protective cap containing a few drops of 
storage solution.  Before reusing it, prepare it as a new electrode.  (See 
manual). 

 
 B. Maintenance 
 

1. Drain the reference chamber, flush it with fresh filling solution and 
refill the chamber. Allow the electrode to set overnight before using it.  
This should be done on a monthly basis.  Record the date in the log 
book. 

 
2. Inspect the electrode for scratches, cracks, salt crystal build-up, and 

general physical integrity. 
 
3. If there is build-up of salt or any grease or dirt on the electrode it may 

be necessary to soak it in dilute HCl (1:10) for half an hour.  Then drain 
and refill the reference chamber and soak the electrode in storage 
solution for at least half an hour before using.  Also record this in the 
log book. 

 
 For more information on storage and maintenance of the electrode, see the 

instruction manual. 
 
X. QUALITY CONTROL: 
 

A. Analyze a laboratory control sample (LCS) or second-source standard once 
a month or every 300 measurements, whichever is more frequent.  The 
tolerance range is + 0.25 units. 

 
B. Run a duplicate every 10 samples (count frequence per method and 

matrix).  The specification limit is + 0.09 units.  If exceeded, repeat the 
measurement once or twice more.  If the specification is still not met, you 
must recalibrate and reanalyze the sample in question. 

 
C. Read one of the buffers every 20 samples (all methods and matrices 

included to count frequency), or at the beginning and end of the 
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measurement session; whichever is more frequent.  If it does not read its 
true value + 0.09 units, then you must recalibrate. 

D. Record the QC data (LCSs and duplicates) on the QC sheet. Make sure 
that this information is written legibly and is complete, including 
specification of the method number. 

 
E.  Electrodes must be rinsed thoroughly between samples. 
 
F. Document any problem experience during the measurements.  Complete a 

corrective action where necessary.  This must be done within 24 hours of 
occurrence of the incident. 

 
G. Refer to SOP-431 for common environmental laboratory definitions. 

 
XI. REFERENCES 
 

A. USEPA Methods for Chemical Analysis of Water and Wastes, EPA-600/4-
79-020,    March 1983, Method 150.1. 

B. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (SW-
846), Methods 9040B and 9045C. 

C. Standard Methods 18th Edition 1992 p. 4-65. 
 

XII. WASTE MANAGEMENT AND POLLUTION PREVENTION 
 

A. Please see Waste Disposal SOP-405 for instruction of proper disposal of waste 

generated from this area. 

B.    Quantity of chemicals purchased should be based on expected usage during   

its shelf-life    and the disposal cost of unused material. Actual reagent 

preparation volumes should reflect anticipated usage and reagent stability. 
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 METHOD 1311 

 

 TOXICITY CHARACTERISTIC LEACHING PROCEDURE 

 

 

1.0   SCOPE AND APPLICATION 

 

 1.1  The TCLP is designed to determine the mobility of both organic and inorganic analytes present in 

liquid, solid, and multiphasic wastes. 

 

 1.2  If a total analysis of the waste demonstrates that individual analytes are not present in the waste, or 

that they are present but at such low concentrations that the appropriate regulatory levels could not 

possibly be exceeded, the TCLP need not be run. 

 

 

2.0 SUMMARY OF METHOD  

 

2.1 For a highly liquid waste, determine if the percent dry solids is less than 0.5%. If so, the sample is 

filtered and the filtrate is treated as the extraction fluid. If not, the sample is reduced in size to pass 

through a 9.5 mm sieve. The percent wet solids are then determined. A 5 g and 100 g aliquot of 

wet solids are generated. The liquid phase for the 100 g aliquot is stored at 4 degrees Celsius. The 

5 g aliquot is used to determine the appropriate extraction fluid. The 100 g aliquot is added to the 

extraction fluid and tumbled for about 18 hr's. The sample is filtered and the pH of the fluid is 

determined. An appropriate amount of the liquid phase is added to the extraction fluid and the 

sample is preserved according to the test, which will be performed. 

 

2.2 The TCLP extract for volatiles is analyzed by method 8260B according to SOP ATSD-202.  The 

TCLP extract for semivolatiles is subject to separatory funnel extraction by method 3510 

according to SOP ATSD-300.  The TCLP extract for metals is divided for two separate digestions 

and analyses:  (a) mercury digestion and analysis by 7470A (ATSD-103), and (b) ICP-metals 

digestion by 3010A (ATSD-100) and analysis by 6010B (ATSD-116). 

 

 

3.0 INTERFERENCES 

 

 3.1 Potential interferences that may be encountered during analysis are discussed in the individual 

analytical methods and related SOPs.  (See section 2.2) 

 

4.0 APPARATUS AND MATERIALS 

 

4.1 Agitation apparatus:  The agitation apparatus must be capable of rotating the extraction vessel in 

an end-over-end fashion at 30 + 2 rpm.  This rate is measured and recorded with each extraction  

or at least once per quarter to ensure accuracy of the equipment. 

 

4.2 Extraction Vessels 
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  4.2.1 Zero-Headspace Extraction Vessel (ZHE).  The ZHE (depicted in Figure 2) allows for 

liquid/solid separation within the device, and effectively precludes headspace.  This type 

of vessel allows for initial liquid/solid separation, extraction, and final extract filtration 

without opening the vessel.  The vessels shall have an internal volume of 500-600 mL, 

and be equipped to accommodate a 90-110 mm filter. The devices contain VITON
®1

 

O-rings which should be replaced frequently.   

 

   For the ZHE to be acceptable for use, the piston within the ZHE should be able to be 

moved with approximately 30 to 40 psi or less.  If it takes more pressure to move the 

piston, the O-rings in the device should be replaced.  If this does not solve the problem, 

the ZHE is unacceptable for TCLP analyses and the manufacturer should be contacted. 

 

   The ZHE should be checked for leaks after every extraction.  If the device contains a 

built-in pressure gauge, pressurize the device to 50 psi, allow it to stand unattended for 10 

minutes, and recheck the pressure.  If the device does not have a built-in pressure gauge, 

pressurize the device to 50 psi, submerge it in water, and check for the presence of air 

bubbles escaping from any of the fittings.  If pressure is lost, check all fittings and inspect 

and replace O-rings, if necessary.  Retest the device.  If leakage problems cannot be 

solved, the manufacturer should be contacted. 

 

   Some ZHEs use gas pressure to actuate the ZHE piston, while  others use mechanical 

pressure.  Whereas the volatiles procedure refers to pounds per square inch (psi), for the 

mechanically actuated piston, the pressure applied is measured in torque-inch-pounds.   

 

  4.2.2 Bottle Extraction Vessel.  When the waste is being evaluated using the nonvolatile 

extraction, a jar with sufficient capacity to hold the sample and the extraction fluid is 

needed.  Headspace is allowed in this vessel. 

 

   The extraction bottles may be constructed from various materials, depending on the 

analytes to be analyzed and the nature of the waste.  It is recommended that borosilicate 

glass bottles be used instead of other types of glass, especially when inorganics are of 

concern.  Plastic bottles, other than polytetrafluoroethylene, shall not be used if organics 

are to be investigated.   

 

 4.3 Filtration Devices:  It is recommended that all filtrations be performed in a hood or well ventilated 

area. 

 

  4.3.1 Zero-Headspace Extractor Vessel (ZHE): When the waste is evaluated for volatiles, the 

zero-headspace extraction vessel is used for filtration.  The device shall be capable of 

supporting and keeping in place the glass fiber filter and be able to withstand the pressure 

needed to accomplish separation (50 psi). 

 

                                    
     1 VITON

®

 is a trademark of Du Pont.  
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   NOTE:   When it is suspected that the glass fiber filter has been ruptured, an in-line glass 

fiber filter may be used to filter the material within the ZHE. 

 

  4.3.2 Filter Holder:  When the waste is evaluated for other than volatile analytes, any filter 

holder capable of supporting a glass fiber filter and able to withstand the pressure needed 

to accomplish separation may be used.  Suitable filter holders range from simple vacuum 

units to relatively complex systems capable of exerting pressures of up to 50 psi or more. 

 Vacuum filtration can only be used for wastes with low solids content (<10%) and for 

highly granular, liquid-containing wastes.  All other types of wastes should be filtered 

using positive pressure filtration.   

 

  4.3.3 Materials of Construction: Extraction vessels and filtration devices shall be made of inert 

materials which will not leach or absorb waste components.  Glass, 

polytetrafluoroethylene (PTFE), or type 316 stainless steel equipment may be used when 

evaluating the mobility of both organic and inorganic components.   

 

 4.4 Filters:  Filters shall be made of borosilicate glass fiber, shall contain no binder materials, and 

shall have an effective pore size of 0.6 to 0.8 µm (Whatman GF/F), or equivalent.  Pre-filters 

must not be used.  When evaluating the mobility of metals, filters shall be acid-washed prior to 

use by rinsing with 1N nitric acid followed by three consecutive rinses with deionized distilled 

water (a minimum of 1 L per rinse is recommended).  Glass fiber filters are fragile and should be 

handled with care. 

 

 4.5 pH Meters:  The meter should be accurate to + 0.20. 

 

 4.6 ZHE Extract Collection Devices: TEDLAR
®2

 bags are used to collect the initial liquid phase and 

the final extract of the waste when using the ZHE device, only when both liquid and solid phases 

exist.  Collect final extract in a 40 mL vial when only a solid phase exist. 

 

 4.7 ZHE Extraction Fluid Transfer Devices: Any device capable of transferring the extraction fluid 

into the ZHE without changing the nature of the extraction fluid is acceptable (e.g., a positive 

displacement or peristaltic pump, a gas tight syringe, pressure filtration unit (see Section 4.3.2), or 

other ZHE device). 

 

 4.8 Laboratory Balance:  Accurate to within + 0.01 grams may be used (all weight measurements are 

to be within + 0.1 grams). 

 

 4.9 Beaker or Erlenmeyer flask, glass, various sizes. 

 

4.10 Watchglass 

 

                                    
     2 TEDLAR® is a registered trademark of Du Pont. 
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 4.11 Magnetic stirrer.  

 

5.0  REAGENTS 

 

 5.1 Reagent grade chemicals shall be used in all tests.  Unless otherwise indicated, it is intended that 

all reagents shall conform to the specifications of the Committee on Analytical Reagents of the 

American Chemical Society, where such specifications are available.  Other grades may be used, 

provided it is first ascertained that the reagent is of sufficiently high purity to permit its use 

without lessening the accuracy of the determination. 

 

 5.2 Reagent Water.  Reagent water is defined as water in which an interferant is not observed at or 

above the method's detection limit of the analyte(s) of interest.  For nonvolatile extractions, ASTM 

Type II water or equivalent meets the definition of reagent water.  For volatile extractions, it is 

recommended that reagent water be generated by any of the following methods.   

  5.2.1 A water purification system may also be used to generate reagent water for volatile 

extractions. 

 

  5.2.2 Reagent water for volatile extractions may also be prepared by boiling water for 15 

minutes.  Subsequently, while maintaining the water temperature at 90 + 5 degrees C, 

bubble a contaminant-free inert gas (e.g. nitrogen) through the water for 1 hour.  While 

still hot, transfer the water to a narrow mouth screw-cap bottle under zero-headspace and 

seal with a Teflon-lined septum and cap. 

 

 5.3 Hydrochloric acid (1N), HCl, made from ACS reagent grade. 

 

 5.4 Nitric acid (1N), HNO3, made from ACS reagent grade. 

 

 5.5 Sodium hydroxide (15N), NaOH, made from ACS reagent grade. 

 

 5.6 Glacial acetic acid, CH3CH2COOH, ACS reagent grade. 

 

 5.7 Extraction fluid. 

 

   

  5.7.1 Extraction fluid #1: Add 11.4 mL glacial acetic acid to approximately 1800 mL DI water. 

Add 8.6 mL 15N sodium hydroxide and dilute to 2 L. Seal and invert four times. Determine 

the pH which should be 4.93 +/- 0.05.  Record in appropriate reagent log (RL) notebook. 
 
  5.7.2 Extraction fluid #2: Add 11.4 mL glacial acetic acid to approximately 1800 mL DI water 

and dilute to 2 L. Seal and invert four times. Determine the pH which should be 2.88 +/- 
0.05.  Record in appropriate reagent log (RL) notebook. 

 

  NOTE: All extraction fluids are purchased “certified” or prepared fresh and in volume quantity that 

matches the number of TCLP extractions to be performed on a given day.  The TCLP/SPLP 

log-book is used to record the fluid type of choice with indication of its traceability to the lot 

numbers of acetic acid and sodium hydroxide used. 
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 5.8 Analytical standards shall be prepared according to the appropriate analytical method. 

 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING   
 

 6.1 Extreme care must be taken when taking samples. Samples should be collected using an 

appropriate sampling plan. 

 

 6.2 The TCLP may place requirements on the minimal size of the field sample, depending upon the 

physical state or states of the waste and the analytes of concern.  An aliquot is needed for 

preliminary evaluation of which extraction fluid is to be used for the nonvolatile analyte extraction 

procedure.  Another aliquot may be needed to actually conduct the nonvolatile extraction.  If 

volatile organics are of concern, another aliquot may be needed.   

 

 6.3 Preservatives will not be added to samples before TCLP extraction. 

 

 6.4 For volatiles, the samples shall be collected and stored in a manner intended to prevent the loss of 

volatile analytes (e.g., samples should be collected in Teflon-lined septum capped vials and stored 

at 4
°
C.  Samples should be opened only immediately prior to TCLP extraction). 

 

 6.5 TCLP extracts should be prepared for analysis and analyzed as soon as possible following 

extraction.  Extracts must be spiked according to their prospective analytes before 

preservation.  Extracts or portions of extracts for metallic analyte determinations must be 

acidified with nitric acid to a pH < 2, unless precipitation occurs (see Section 7.2.14 if 

precipitation occurs).  Extracts or portions of extracts for volatile analyte determinations shall 

not be allowed to come into contact with the atmosphere (i.e., no headspace) to prevent losses.  

Preserve according to the analytical methods as referenced in 2.2. 

 

7.0 PROCEDURE 

 

 7.1 Preliminary Evaluations 

 

  Perform preliminary evaluations on a minimum 100 gram aliquot of waste.  This aliquot may not 

actually undergo TCLP extraction.  These preliminary evaluations include:  (1) determination of 

the percent solids; (2) determination of whether the waste contains insignificant solids and is, 

therefore, its own extract after filtration; (3) determination of whether the solid portion of the 

waste requires particle size reduction; and (4) determination of which of the two extraction fluids 

are to be used for the nonvolatile TCLP extraction of the waste. 

 

  7.1.1 Percent wet solids:  Percent wet solids is defined as that fraction of a waste sample (as a 

percentage of the total sample) from which no liquid may be forced out by an applied 

pressure. 

 

   7.1.1.1 If the sample will obviously yield no liquid when subjected  to pressure filtration 

proceed to Section 7.1.3. 
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   7.1.1.2 If the sample is liquid or has more than one phase, liquid/solid separation to 

make a preliminary determination of percent solids is required.  This involves the 

filtration device described in Section 4.3.2 and is outlined in Sections 7.1.1.3 

through 7.1.1.9. 

 

   7.1.1.3 Pre-weigh the filter. 

 

   7.1.1.4 Assemble the filter holder and filter following the manufacturer's instructions.  

Place the weighed filter in the buchner funnel. 

 

   7.1.1.5 Mix the sample and weigh out a representative subsample of (100 gram 

minimum) and record exact weight. 

 

   7.1.1.6 Allow sludges to stand to permit the solid phase to settle. 

 

   7.1.1.7 Quantitatively transfer the sample to the filter holder (liquid and solid phases).  

Spread the waste sample evenly over the surface of the filter. If  filtration of the 

waste at 4°C reduces the amount of expressed liquid over what would be 

expressed at room temperature then allow the sample to warm up to room 

temperature in the device before filtering. 

 

 

NOTE:  If waste material (>1% of original sample weight) has obviously adhered to the container used to 

transfer the sample to the filtration apparatus, determine the weight of this residue and subtract it from the 

sample weight determined in Section 7.1.1.5 to determine the weight of the waste sample that will be filtered. 

 

 

 

    Gradually apply vacuum or gentle pressure of 1-10 psi, until air or pressurizing 

gas moves through the filter.  If this point is not reached under 10 psi, and if no 

additional liquid has passed through the filter in any 2 minute interval, slowly 

increase the pressure in 10 psi increments to a maximum of 50 psi.  After each 

incremental increase of 10 psi, if the pressurizing gas has not moved through the 

filter, and if no additional liquid has passed through the filter in any 2 minute 

interval, proceed to the next 10 psi increment.  When the pressurizing gas begins 

to move through the filter, or when liquid flow has ceased at 50 psi (i.e., 

filtration does not result in any additional filtrate within any 2 minute period), 

stop the filtration.   

 

   7.1.1.8 The material in the filter holder is defined as the solid phase of the waste, and the 

filtrate is defined as the liquid phase. 

 

    NOTE:  Some wastes, such as oily wastes and some paint wastes, will obviously 

contain some material that appears to be a liquid.  Even after applying vacuum or 

pressure filtration, this material may not filter.  If this is the case, the material 
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within the filtration device is defined as a solid.  Do not replace the original filter 

with a fresh filter under any circumstances.   

 

7.1.1.9 Remove filter carefully from the buchner funnel so as to get as much of the solid 

as possible.  

 

     Record the weight of the liquid and solid phases.  Calculate the percent solids as 

follows: 

  

Percent wet solids =  (Filter wt. + sample wt.) – filter wt. x100 

   Total weight of waste 

 

  7.1.2 If the percent solids is equal to or greater than 0.5%, then proceed either to Section 7.1.3 to 

determine whether the solid material requires particle size reduction or to Section 7.1.2.1 if 

it is noticed that a small amount of the filtrate is entrained in wetting of the filter.  If the 

percent solids is less than 0.5%, then proceed to Section 7.2.9 if the nonvolatile TCLP is to 

be performed and to Section 7.3 with a fresh portion of the waste if the volatile TCLP is to 

be performed. 

 

   7.1.2.1 Remove the solid material and filter from the filtration apparatus. 

 

   7.1.2.2 Dry the filter and solid material at 100 + 20°C.  Record the final weight. 

 

    NOTE:  Caution should be taken to ensure that the subject solid will not flash 

upon heating. It is recommended that the drying oven be vented to a hood or 

other appropriate device. 

 

   7.1.2.3 Calculate the percent dry solids as follows: 

 

Percent dry solids = 
(Wt. of dry waste + filter) - tared wt. of filter

Initial wt. of waste
 x 100 

 

 

   7.1.2.4 If the percent dry solids is less than 0.5%, then proceed to Section 7.2.9 if the 

nonvolatile TCLP is to be performed, and to Section 7.3 if the volatile TCLP is 

to be performed.  If the percent dry solids is greater than or equal to 0.5%, and if 

the nonvolatile TCLP is to be performed, return to the beginning of this Section 

(7.1) and, with a fresh portion of waste, determine whether particle size reduction 

is necessary (Section 7.1.3) and determine the appropriate extraction fluid 

(Section 7.1.4).  If only the volatile TCLP is to be performed, see the note in 

Section 7.1.4. 

 

  7.1.3 Determination of whether the waste requires particle size reduction:  Using the solid portion 

of the sample, evaluate the solid for particle size.  Particle size reduction is required, unless 

the solid passes through a 9.5 mm (0.375 inch) standard sieve).  If the surface area is 

smaller or the particle size larger than described above, prepare the solid portion of the 
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waste for extraction by crushing, cutting, or grinding the waste to a surface area or particle 

size as described above.  If the solids are prepared for organic volatiles extraction, special 

precautions must be taken. 

 

   NOTE:  Surface area criteria are meant for filamentous (e.g., paper, cloth, and similar) 

waste materials.  Actual measurement of surface area is not required, nor is it 

recommended.   

 

  7.1.4 Determination of appropriate extraction fluid:  If the solid content of the waste is 

greater than or equal to 0.5% and if the sample will be extracted for nonvolatile 

constituents, determine the appropriate fluid for the nonvolatiles extraction as follows: 

 

   NOTE:  TCLP extraction for volatile constituents uses only extraction fluid #1. Therefore, 

if TCLP extraction for nonvolatiles is not required, proceed to Section 7.3. 

 

   7.1.4.1 Weigh out a small subsample of the solid phase of the waste, reduce the solid (if 

necessary) to a particle size of approximately 1 mm in diameter or less, and 

transfer 5.0 grams of the solid phase of the waste to a 250 mL beaker or 

Erlenmeyer flask. 

 

   7.1.4.2 Add 96.5 mL of reagent water to the beaker, cover with a watchglass, and stir 

vigorously for 5 minutes using a magnetic stirrer.  Measure and record the pH.  If 

the pH is <5.0, use extraction fluid #1.  Proceed to Section 7.2. 

 

   7.1.4.3 If the pH is >5.0, add 3.5 mL 1N HCl, slurry briefly, cover with a watchglass, 

heat to 50°C, and hold at 50°C for 10 minutes.  (Note:  Do not mix the sample 

during heating).  The hot block may be used for the purpose of heating and 

holding at 50°C for 10 minutes. 

 

   7.1.4.4 Let the solution cool to room temperature (use Hobart to aid in cooling, 30 to 

60 minutes) and record the pH.  If the pH is <5.0, use extraction fluid #1.  If the 

pH is >5.0, use extraction fluid #2.   Note:  The pH must be measured as quickly 

as possible in the phase of the procedure.  It is critical to measure the pH as soon 

as the sample has reached room temperature.   Proceed to Section 7.2. 

 

  7.1.5 If the aliquot of the waste used for the preliminary evaluation was determined to be 100% 

solid, then it can be used for the Section 7.2 extraction (assuming at least 100 grams 

remain), and the Section 7.3 extraction (assuming at least 25 grams remain).   

 

 7.2 Procedure for Metals and Semi-Volatiles 

 

  A minimum sample size of 100 grams (solid and liquid phases) is recommended.  If less than the 

specified amount is used, proportion extraction fluid accordingly and notify manager.  In some 

cases, a larger sample size may be appropriate, depending on the solids content of the waste 

sample, whether the initial liquid phase of the waste will be miscible with the aqueous extract of 

the solid, and whether inorganics, semivolatile organics, pesticides, and herbicides are all analytes 
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of concern.  Enough solids should be generated for extraction such that the volume of TCLP 

extract will be sufficient to support all of the analyses required.  

 

  All glassware and equipment must be thoroughly cleaned before use.  A hot soapy water wash, 

rinse with tap water, then repeat following with a DI water rinse.  Rinse with 1:1 HNO3 , acetone, 

and a final rinse with DI water.   

 

  7.2.1  If the waste will obviously yield no liquid when subjected to pressure filtration (i.e., is 

100% solid), weigh out a subsample of the waste (100 gram minimum) and proceed to 

Section 7.2.9. 

 

  7.2.2 If the sample is liquid or multiphasic, liquid/solid separation is required.  This involves the 

filtration device described in Section 4.3.2 and is outlined in Sections 7.2.4 to 7.2.8. 

 

  7.2.3 Assemble the filter holder and filter following the manufacturer's instructions.  Place the 

filter on the support screen and secure.  Acid wash the filter if evaluating the mobility of 

metals (see Section 4.4). 

 

  7.2.4 Weigh out a subsample of the waste (100 gram minimum) and record the weight.  If the 

waste contains <0.5% dry solids, the liquid portion, after filtration, is defined as the TCLP 

extract. Therefore, enough of the sample should be filtered so that the amount of filtered 

liquid will support all of the analyses required. For wastes containing >0.5% dry solids use 

the percent solids information to determine the optimum sample size (100 gram minimum) 

for filtration.   

 

  7.2.5 Allow sludges to stand to permit the solid phase to settle.  Wastes that settle slowly may be 

centrifuged prior to filtration.  Use centrifugation only as an aid to filtration.  If the waste is 

centrifuged, the liquid should be decanted and filtered, followed by filtration of the solid 

portion of the waste through the same filtration system. 

 

  7.2.6 Refer to Section 7.1.1.7. 

  

7.2.7 Refer to Section 7.1.1.8. 

 

  7.2.8 If the waste contains <0.5% dry solids, proceed to Section 7.2.13.  If the waste contains 

>0.5% dry solids, and if particle size reduction of the solid was needed in Section 7.1.3, 

proceed to Section 7.2.10.  If the waste as received passes a 9.5 mm sieve, quantitatively 

transfer the solid material into the extractor bottle along with the filter used to separate the 

initial liquid from the solid phase, and proceed to Section 7.2.11.
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  7.2.9 Prepare the solid portion of the waste for extraction by crushing, cutting, or grinding the 

waste to a surface area or particle size as described in Section 7.1.3.  When the surface area 

or particle size has been appropriately altered, quantitatively transfer the solid material into 

an extractor bottle. Include the filter used to separate the initial liquid from the solid phase. 

 

   NOTE:  Sieving of the waste is not normally required.  Surface area requirements are meant 

for filamentous (e.g., paper, cloth) and similar waste materials.  Actual measurement of 

surface area is not recommended.  If sieving is necessary, a Teflon coated sieve should be 

used to avoid contamination of the sample. 

 

  7.2.10 Determine the amount of extraction fluid to add to the extractor vessel as follows: 

 

  Weight of extraction fluid = 
100

fltered  wasteof x weight solidst percent we x 20
 

 

   Slowly add this amount of appropriate extraction fluid to the extractor vessel.  Close the 

extractor bottle tightly (it is recommended that Teflon tape be used to ensure a tight seal), 

secure in rotary agitation device, and rotate at 30 + 2 rpm for 18 + 2 hours.  Ambient 

temperature shall be maintained at 23 + 2 �C during the extraction period.  Record both 

tumble rate and room temperature. 

 

   NOTE:  As rotation continues, pressure may build up within the extractor bottle for some 

types of wastes.  To relieve excess pressure, the extractor bottle should be periodically 

opened (e.g., after 15 minutes, and 30 minutes) and vented into a hood. 

 

 7.2.11  Following the 18 + 2 hour extraction, separate the material in the extractor vessel into its 

component liquid and solid phases by filtering through a new glass fiber filter, as outlined 

in Section 7.2.7.  For final filtration of the TCLP extract, the glass fiber filter may be 

changed, if necessary, to facilitate filtration.  Filter(s) shall be acid-washed. 

 

 7.2.12  Prepare the TCLP extract as follows: 

 

  7.2.12.1 If the sample contained no initial liquid phase, the filtered liquid material 

obtained is defined as the TCLP extract.  Proceed to Section 7.2.13. 

 

   7.2.12.2 If compatible (e.g., multiple phases will not result on combination), combine 

the filtered liquid resulting from Section 7.2.12 with the initial liquid phase of 

the waste obtained in Section 7.2.7.  This combined liquid is defined as the 

TCLP extract.  Proceed to Section 7.2.13. 

 

   7.2.12.3 If the initial liquid phase of the waste, as obtained from Section 7.2.7, is not or 

may not be compatible with the filtered liquid resulting from Section 7.2.11, do 

not combine these liquids.  Analyze these liquids, collectively defined as the 
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TCLP extract, and combine the results mathematically, as described in Section 

7.2.14. 

 

7.2.1.3  Following collection of the TCLP extract, the pH of the extract must be recorded.  

Immediately split aliquots, give to appropriate analyst for spiking and preservation of the 

extract for analysis.  Metal aliquots must be acidified with nitric acid to pH <2.  (If 

precipitation is observed upon addition of nitric acid to a small aliquot of the extract, then 

the remaining portion of the extract for metals analyses shall not be acidified and the 

extract shall be analyzed as soon as possible.)  All other aliquots must be stored under 

refrigeration (4°C) until analyzed.  TCLP extracts to be analyzed for metals shall be acid 

digested except in those instances where digestion causes loss of metallic analytes.  Refer 

also to sections 2.2 and 6.5. 

 

 If the individual phases are to be analyzed separately, determine the volume of the 

individual phases (to + 0.5%), conduct the appropriate analyses, and combine the results 

mathematically by using a simple volume-weighted average: 

 

Final Analyte Concentration  = 
(V1) (C1) + (V2) (C2)

 V1 +  V2
 

 

   where: 

    V1 = The volume of the first phase (L). 

    C1 = The concentration of the analyte of concern in the first phase (mg/L). 

    V2 = The volume of the second phase (L). 

    C2 = On next page 

    C2 = The concentration of the analyte of concern in the second phase (mg/L). 

 

 7.3 Volatiles Extraction Procedure 

 

 Use ZHE device to obtain TCLP extract for analysis of volatile compounds only.   

 

 The ZHE device has approximately a 500 mL internal capacity.  The ZHE can thus accommodate a 

maximum of 25 grams of solid due to the need to add an amount of extraction fluid equal to 20 

times the weight of the solid phase. 

 

  Charge the ZHE with sample only once and do not open the device until the final extract has been 

collected.  Repeated filling of the ZHE to obtain 25 grams of solid is not permitted. 

 

  Do not allow the waste, the initial liquid phase, or the extract to be exposed to the atmosphere for 

any more time than is absolutely necessary.  Any manipulation of these materials should be done 

when cold (4°C) to minimize loss of volatiles. 

 

  All glassware and equipment must be thoroughly cleaned before use.  A hot soapy water wash, 

rinse with tap water, then repeat following with a DI water rinse.  Rinse with methanol and a final 

rinse with DI water.   
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  7.3.1 Pre-weigh the filtrate collection container and set aside.  If using a TEDLAR
®
 bag, express 

all liquid from the ZHE device into the bag, whether for the initial or final liquid/solid 

separation, and take an aliquot from the liquid in the bag for analysis.   

  

  7.3.2 Place the ZHE piston within the body of the ZHE (it may be helpful first to moisten the 

piston O-rings slightly with extraction fluid).  Adjust the piston within the ZHE body to a 

height that will minimize the distance the piston will have to move once the ZHE is charged 

with sample (based upon sample size requirements determined from Section 7.3, Section 

7.1.1 and/or 7.1.2).  Secure the gas inlet/outlet flange (bottom flange) onto the ZHE body in 

accordance with the manufacturer's instructions.  Secure the glass fiber filter between the 

support screens and set aside.  Set liquid inlet/outlet flange (top flange) aside. 

 

7.3.3 If the waste is 100% solid, weigh out a subsample (25 gram maximum) of the waste, record 

weight, and proceed to Section 7.3.5. 

 

7.3.4 If the waste contains < 0.5% dry solids, the liquid portion of waste, after filtration, is 

defined as the TCLP extract.  Filter enough of the sample so that the amount of filtered 

liquid will support all of the volatile analyses required.  For wastes containing > 0.5% dry 

solids, use the percent solids information determine the optimum sample size to charge into 

the ZHE.  

 

The recommended sample size is as follows: 

 

   7.3.4.1 For wastes containing < 5% solids, weigh out a 500 gram subsample of waste and 

record the weight. 

 

   7.3.4.2 For wastes containing > 5% solids, determine the amount of waste to charge into 

the ZHE as follows: 

 

 

Weight of waste to charge ZHE = 
solidswetpercent

25
 x 100 

 

  7.3.5 If particle size reduction of the solid portion of the waste was required in Section 7.1.3, 

proceed to Section 7.3.6.  If particle size reduction was not required in Section 7.1.3, 

proceed to Section 7.3.7. 

 

  7.3.6 Prepare the waste for extraction by crushing, cutting, or grinding the solid portion of the 

waste to a surface area or particle size as described in Section 7.1.3.  The means used to 

effect particle size reduction must not generate heat in and of itself.  If reduction of the solid 

phase of the waste is necessary, exposure of the waste to the atmosphere should be avoided 

to the extent possible. 
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   NOTE:  Sieving of the waste is not recommended due to the possibility that volatiles may 

be lost.  The use of an appropriately graduated ruler is recommended as an acceptable 

alternative.  Surface area requirements are meant for filamentous (e.g., paper, cloth) and 

similar waste materials.  Actual measurement of surface area is not recommended. 

 

   When the surface area or particle size has been appropriately altered, proceed to Section 

7.3.7. 

 

  7.3.7 Waste sludges need not be allowed to stand to permit the solid phase to settle.  Do not 

centrifuge wastes prior to filtration. 

 

  7.3.8 Quantitatively transfer the entire sample (liquid and solid phases) quickly to the ZHE.  

Secure the filter and support screens onto the top flange of the device and secure the top 

flange to the ZHE body in accordance with the manufacturer's instructions.  Tighten all 

ZHE fittings and place the device in the vertical position (gas inlet/outlet flange on the 

bottom).  Do not attach the extract collection device to the top plate. 

 

   NOTE:  If waste material (>1% of original sample weight) has obviously adhered to the 

container used to transfer the sample to the ZHE, determine the weight of this residue and 

subtract it from the sample weight determined in Section 7.3.4 to determine the weight of 

the waste sample that will be filtered. 

 

   Attach a gas line to the gas inlet/outlet valve (bottom flange) and, with the liquid inlet/outlet 

valve (top flange) open, begin applying gentle pressure of 1-10 psi (or more if necessary) to 

force all headspace slowly out of the ZHE device into a hood.  At the first appearance of 

liquid from the liquid inlet/outlet valve, quickly close the valve and discontinue pressure.  If 

filtration of the waste at 4°C reduces the amount of expressed liquid over what would be 

expressed at room temperature, then allow the sample to warm up to room temperature in 

the device before filtering.  If the waste is 100% solid (see Section 7.1.1), slowly increase 

the pressure to a maximum of 50 psi to force most of the headspace out of the device and 

proceed to Section 7.3.12. 

 

  7.3.9 Attach the pre-weighed filtrate collection container to the liquid inlet/outlet valve and open 

the valve.  Begin applying gentle pressure of 1-10 psi to force the liquid phase of the 

sample into the filtrate collection container.  If no additional liquid has passed through the 

filter in any 2 minute interval, slowly increase the pressure in 10 psi increments to a 

maximum of 50 psi.  After each incremental increase of 10 psi, if no additional liquid has 

passed through the filter in any 2 minute interval, proceed to the next 10 psi increment. 

When liquid flow has ceased such that continued pressure filtration at 50 psi does not result 

in any additional filtrate within a 2 minute period, stop the filtration.  Close the liquid 

inlet/outlet valve, discontinue pressure to the piston, and disconnect and weigh the filtrate 

collection container. 

 

   NOTE:  Instantaneous application of high pressure can degrade the glass fiber filter and 

may cause premature plugging. 
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  7.3.10 The material in the ZHE is defined as the solid phase of the waste and the filtrate is defined 

as the liquid phase. 

 

   (Some wastes, such as oily wastes and some paint wastes, will obviously contain some 

material that appears to be a liquid.  Even after applying pressure filtration, this material 

will not filter.  If this is the case, the material within the filtration device is defined as a 

solid and is carried through the TCLP extraction as a solid.) 

 

   If the original waste contained <0.5% dry solids, this filtrate is defined as the TCLP extract. 

 Proceed to Section 7.3.15. 

 

  7.3.11 The liquid phase may now be either analyzed immediately or preserved and stored at 4°C 

under minimal headspace conditions until time of analysis.  Determine the weight of 

extraction fluid #1 to add to the ZHE as follows: 

 

 

   Weight of extraction fluid = 
100

filtered  wasteof x weight solidst percent we x 20
 

 

  7.3.12 The following details how to add the appropriate amount of extraction fluid to the solid 

material within the ZHE and agitation of the ZHE vessel.  Extraction fluid #1 is used in all 

cases. 

 

7.3.12.1 With the ZHE in the vertical position, attach a line from the extraction fluid 

reservoir to the liquid inlet/outlet valve.  The line used shall contain fresh 

extraction fluid and should be preflushed with fluid to eliminate any air pockets 

in the line.  Release gas pressure on the ZHE piston (from the gas inlet/outlet 

valve), open the liquid inlet/outlet valve, and begin transferring extraction fluid 

(by pumping or similar means) into the ZHE.  Continue pumping extraction fluid 

into the ZHE until the appropriate amount of fluid has been introduced into the 

device. 

 

   7.3.12.2 After the extraction fluid has been added, immediately close the liquid 

inlet/outlet valve and disconnect the extraction fluid line.  Check the ZHE to 

ensure that all valves are in their closed positions.  Manually rotate the device in 

an end-over-end fashion 2 or 3 times.  Reposition the ZHE in the vertical 

position with the liquid inlet/outlet valve on top.  Pressurize the ZHE to 5-10 psi 

(if necessary) and slowly open the liquid inlet/outlet valve to bleed out any 

headspace that may have been introduced due to the addition of extraction fluid.  

This bleeding shall be done quickly and shall be stopped at the first appearance 

of liquid from the valve.  Re-pressurize the ZHE with 5-10 psi and check all 

ZHE fittings to ensure that they are closed. 

 

   7.3.12.3 Place the ZHE in the rotary agitation apparatus and rotate at 30 + 2 rpm for 18 + 

2 hours.  Ambient temperature (i.e., temperature of room in which extraction 
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occurs) shall be maintained at 23 + 2°C during agitation.  Record both tumble 

rate and temperature.   

 

 7.3.13 Following the 18 + 2 hour period, check the pressure behind the ZHE piston by quickly 

opening and closing the gas inlet/outlet valve and noting the escape of gas.  If the pressure 

has not been maintained (i.e., no gas release observed), the device is leaking.  Check the 

ZHE for leaking as specified in Section 4.2.1, and perform the extraction again with a new 

sample of waste.  If the pressure within the device has been maintained, the material in the 

extractor vessel is once again separated into its component liquid and solid phases.  If the 

waste contained an initial liquid phase, the liquid may be filtered directly into the same 

filtrate collection container (i.e., TEDLAR
®
 bag or VOC vials) holding the initial liquid 

phase of the waste.  A separate filtrate collection container must be used if combining 

would create multiple phases, or there is not enough volume left within the  filtrate 

collection container. Filter through the glass fiber filter, using the ZHE  device as discussed 

in Section 7.3.9.  All extract shall be filtered and collected if the TEDLAR
®
 bag is used, if 

the extract is multiphasic, or if the waste contained an initial liquid phase. 

 

  NOTE:  An in-line glass fiber filter may be used to filter the material within the ZHE if it is 

suspected that the glass fiber filter has been  ruptured. 

 

  

 7.3.14 If the original waste contained no initial liquid phase, the filtered liquid material obtained 

from above is defined as the TCLP extract.  If the waste contained an initial liquid phase, 

the filtered liquid material obtained from above and the initial liquid phase (Section 7.3.9) 

are collectively defined as the TCLP extract. 

 

 7.3.15 Following collection of the TCLP extract, immediately prepare the extract for analysis (one 

of the vials will be spiked at this point) and store with minimal headspace at 4
°
C.  Analyze 

the TCLP extract according to the appropriate analytical methods (refer to section 2.2).  If 

the individual phases are to be analyzed separately (i.e., are not miscible), determine the 

volume of the individual phases (to 0.5%), conduct the appropriate analyses, and combine 

the results mathematically by using a simple volume-weighted average: 

 

21

2211

V  V

 )(C )(V  )(C )(V
 ion Concentrat Analyte Final

+

+

=                               

   where: 

 

    V1 = The volume of the first phases (L). 

    C1 = The concentration of the analyte of concern in the first phase (mg/L). 

    V2 = The volume of the second phase (L). 

    C2 = The concentration of the analyte of concern in the second phase 

                  (mg/L). 

 

8.0  QUALITY ASSURANCE 
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 8.1 A minimum of one blank (using the same extraction fluid as used for the samples) must be 

analyzed for every 20 extractions that have been conducted in an extraction vessel.  No bias 

correction is to be taken into consideration (Fr 57, 227 ).   

 

 8.2 A matrix spike shall be performed for each waste type (e.g., wastewater treatment sludge, 

contaminated soil, etc.).  One matrix spike must be analyzed for each analytical batch.  Follow the 

matrix spike addition guidance provided in each analytical method.  (The method and SOPs are 

referenced in section 2.2.) 

 

  8.2.1 Matrix spikes are to be added after filtration of the TCLP extract and before preservation.  

 

  8.2.2 The matrix spikes should be added at a concentration equivalent to the corresponding 

regulatory level.  If the analyte concentration is less than one half the regulatory level, the 

spike concentration may be as low as one half of the analyte concentration, but may not be 

not less than ten times the method detection limit.  In order to avoid differences in matrix 

effects, the matrix spikes must be added to the same volume of TCLP extract as that which 

was analyzed for the unspiked sample. 

 

  8.2.3 The matrix spike is to monitor the performance of the analytical methods used, and to 

determine whether matrix interferences exist.  If interferences exist, an alternate approach 

may be required.   

 

  8.2.4 Matrix spike recoveries are calculated by the following formula: 

 

%R (%Recovery) = 100 (Xs - Xu)/K 

 

   where: 

    Xs = measured value for the spiked sample, 

    Xu = measured value for the unspiked sample, and 

    K = known value of the spike in the sample.    

 

 8.3 All quality control measures described in each analytical methods must be followed. 

 

 8.4 The use of method of standard addition (MSA) shall be employed for a metallic contaminant if:  

(1) Recovery of the contaminant from the TCLP extract is not at least 50% and the concentration 

does not exceed the regulatory level, and (2) The concentration of the contaminant measured in 

the extract is within 20% of the appropriate regulatory level. 

 

  8.4.1 The MSA requires preparing calibration standards in the sample matrix rather than reagent 

water.  It requires taking four identical aliquots of the solution and adding known amounts 

of standard to three of these aliquots. The forth aliquot is the unknown.  The first addition 

should be prepared so that the resulting concentration is approximately 50% of the expected 

concentration of the sample.  The second and third additions should be prepared so that the 

concentrations are approximately 100% and 150% of the expected concentration of the 

sample.  All four aliquots are maintained at the same final volume by adding reagent water. 

 Analyze all four aliquots.   
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  8.4.3 Prepare a plot, or subject data to linear regression, of instrument signals or external-

calibration-derived concentrations as the dependant variable (y-axis) versus concentrations 

of the additions of standard as the independent variable (x-axis).  Solve for the intercept of 

the abscissa (the independent variable, x-axis) which is the concentration in the unknown. 

 

  

 

 

 

 

 

 

 

 

  

 8.5 TCLP extraction holding times.  

 

 
SAMPLE MAXIMUM HOLDING TIMES [DAYS] 

 
 

 

 
From: 

Field 

collection 

 

To: 

TCLP 

extraction 

 
From: 

TCLP 

extraction 

 

To: 

Preparative 

extraction 

 
From: 

Preparative 

extraction 

 

To: 

Determinative 

analysis 

 

 
 

 

 

 

Total 

elapsed 

time 

 
Volatiles 

Semi-volatiles 

Mercury 

Metals, except mercury 

 

 
14 

14 

28 

180 

 
NA 

7 

NA 

NA 

 
14 

40 

28 

180 

 

 
28 

61 

56 

360 

 

NA = Not applicable
 

 

  If holding times are exceeded, the values obtained will be considered minimal concentrations.  

Exceeding the holding time is not acceptable in establishing that a waste does not exceed the 

regulatory level.  Of course, exceeding the holding time will not invalidate characterization if the 

waste exceeds the regulatory level. 
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GC/MS SEMIVOLATILES 

 

BY EPA METHOD 625 AND SW846 METHOD 8270C and 8270D 

 

1.0 SCOPE AND APPLICATION 
 

Please see Appendix for definitions. 

This SOP (based primarily on SW-846 Method 8000B/8270C/8270D) is used for the 

analysis of semi-volatile organic compounds in a variety of matrices (soils, sediments, 

waters, etc.).  Methods Federal Register Method 625 and CLP Method for Semi-volatiles 

have also been used in the development of this SOP.  The analyses by these various 

methods are clearly defined in the respective regulatory manuals.  A good understanding of 

these different methods is essential to the performance of each method. A laboratory list of 

625 and 8270 analytes with example limits is found attached in the appendix.  Other 

compounds may be analyzed by this SOP as detailed in section 1.0 of SW-846 Method 

8270C.  Any questions left by this SOP should be answered by reading the methods, 

paying close attention to SW-846 8000B/8270C/8270D, EPA 625 and CLP.  If questions 

still remain unanswered, check with the Organic Lab Manager, QA/QC Officer and/or 

Technical Director. 
 

2.0 METHOD SUMMARY 
 

After sample preparation using the appropriate extraction technique, the sample is 

introduced into the GC/MS using direct injection.  The analytes are separated in the gas 

chromatograph by a combination of the temperature program, the pressure program and the 

capillary column.  The analytes are then detected by the mass spectrometer.  Analytes are 

identified by comparing the mass spectra of known standards with the mass spectra from 

the sample.  Analytes are quantitated relative to known standards using the internal 

standard method. 
 

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 
 

Section 3.0 and tables 3-1 and 3-2 of the Empirical Laboratories’ Quality Assurance 

Manual include details concerning sample preservation, containers and handling of 

semi-volatile samples and extracts.  All water and soil samples are stored in the appropriate 

walk-in coolers at a temperature of 4°C. All extracts are stored in the Hobart in the 

Extraction lab at a temperature of  4°C.  Water samples have a holding time of 7 days from 

date of sampling.  Soil samples have a holding time of 14 days from date of sampling 

(unless otherwise specified for the project).Extracts have 40 days from date of extraction to 

be analyzed 
 

4.0 INTERFERENCES AND POTENTIAL PROBLEMS 
 

4.1 All raw data (samples & QC) must be evaluated for interferences.  If contamination 

occurs, determine whether the source of interference is in the preparation or clean-up 

of the samples and take corrective action to eliminate the problem. 
 

4.2 Contamination by carryover can occur when samples of high-concentration and low-

concentration are analyzed sequentially.  To reduce carryover, the sample syringe must 

be rinsed with solvent between injections.  If an unusually high sample is detected, a 

solvent blank should be analyzed for cross contamination. 
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5.0. EQUIPMENT AND APPARATUS 
 

 5.1 HP 5890/6890/7890GC complete with electronic pressure control and temperature 

programmable gas chromatograph suitable for splitless injection. 
 

 5.2 Column:   RTX-5MS (or equivalent) 30 m x 0.25 mm I.D. x 0.25 µm film thickness 

fused silica capillary column or RTX-5 SIL-MS 30 m x 0.28 mm I.D. x 0.5µm film 

thickness. 
 

 5.3 HP 5971/5973/5975 mass spectrometer capable of scanning from 35 to 500 amu every 

second or less, using 70 volts electron energy in electron impact ionization mode.  The 

mass spectrometer is capable of producing a mass spectrum for 

decafluorotriphenylphosphine, DFTPP, which meets all the tuning criteria of the EPA 

methods. 
 

 5.4 HP 7673/7683 autosampler capable of reproducibility from one injection to another 

proven by meeting QC and calibration criteria. 
 

 5.5 HP GC/MS interface that gives acceptable calibration points at 50 ng per injection for 

each compound of interest and achieves acceptable tuning performance criteria.  
 

 5.6 Acquisition Software: HP Chemstation system is interfaced to the GC/MS.  The 

system acquires and stores data throughout the chromatographic programs. 
 

 5.7 Data Processing Software:  Target DB on Windows NT server data system is 

interfaced to the HP Chemstation.  The system accepts and stores acquired data.  It 

plots by extracted ion current profile (EICP).  The system is also capable of integrating 

the abundances in any EICP between specified time or scan-number limits.  The most 

recent NBS mass spectral library is installed. 
 

6.0 REAGENTS 
 

 6.1 Methylene chloride (Please read SOP-336 before handling this solvent in our 

laboratory.) – Trace analysis grade. 

6.2 Stock standards are purchased in mixtures from reputable vendors.  The date they are 

received is noted on the label and recorded in the BNA standards log book.  The date 

they are opened is noted on the label and recorded in the BNA standards log book 

along with their lot number and vendor.  Each standard that is prepared is recorded in 

the BNA standards log book and given a sequential number.  Each standards label is 

completed with the standard number, name, preparation date, expiration date, solvent 

and analyst initials.  All stocks and standards are stored in the freezer at a temperature 

of -15°C + 5°C from the date they are received/prepared.  Standards are brought to 

room temperature before being used to make standards.  Sonication is used if 

precipitation is observed after bringing to room temperature.  The refrigerator and 

freezer temperature is monitored daily with an annually calibrated thermometer and 

recorded with calibration correction in the Extraction temperature/calibration logbook.  

Makeup of common standards is detailed below.  See the BNA standards log book for 

makeup of other standards. 
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6.2.1  The Decafluorotriphenylphosphine (DFTPP) tuning standard is prepared as 

follows (includes benzidine, pentachlorophenol and 4,4'-DDT):  Using a 

100µL syringe, 100µL (GCM-150, Ultra Scientific @ 1000µg/mL, or 

equivalent) is injected into a 2.0mL volumetric flask containing approximately 

1.2mL methylene chloride (Trace Grade) and diluted to volume with same 

making a 50µg/mL standard.  After capping and inverting several times, the 

solution is transferred into 2 labeled 2ml, teflon-lined, screw-capped vials and 

stored in the freezer at -15°C + 5°C for up to 6 months.  A direct injection of 

1.0µL is used to tune the instrument. 
  

6.2.2  Calibration standards are prepared from a 200µg/mL working standard at a 

minimum of five concentrations.  Calibration standards are prepared semi-

annually unless the initial calibration verification standard indicates a problem. 

To makeup the 200µg/mL working standard inject the indicated amount of the 

following standards (or equivalent) into a 10mL volumetric containing 

approximately 5mL methylene chloride (Trace Grade) and dilute to volume 

with the same. After capping and inverting several times, the solution is 

transferred into an appropriate labeled vial, teflon-lined, screw-capped vial and 

stored in the freezer at -15°C + 5°C for up to 6 months.  See the Appendix for 

analytes contained in these mixes. 
 

Standard (Interm.A in 10mls) Conc (µg/mL) Amount(µL) Final (ug/mL) 

 

Base/Neutrals Mix 1 (Vendor,Lot#) 

 

2000 

 

1000 

  

 200 

Benzidines Mix 2 (Vendor,Lot#) 2000 1000  200 

Acids Mix (Vendor,Lot#) 2000 1000  200 

SV Mix w/ Pyridine & Carbazole (Vendor,Lot#) 2000 1000  200 

BN Surrogate (Vendor,Lot#) 5000  400  200 

Acid Surrogate (Vendor,Lot#) 10,000  400  400 

Catechol (Standard#) 10,000  200  200 

Biphenyl (Standard#) 10,000  200  200 

Caprolactum (Standard#) 10,000  200  200 

Acetophenone (Standard#) 10,000  200  200 

 

Standard (Interm.B in 5mls) Conc (µg/mL) Amount(µL) Final (ug/mL) 

   

Benzidine (Mix # 2)  2000  500  200 

    

Standard (Interm.C in 5mls)    

    

Atrazine (Standard#) 10,310  97  200 

Benzaldehyde (Standard#) 10,590  94  200 
                    Additional Appendix IX compounds can be added using 3 additional mixes, AppIX A,B,C. Refer to standards log.  

To makeup the calibration standards, using a 1ml syringe add the appropriate 

amount of methylene chloride (trace grade) to a 2ml vial. Add the indicated 

amount of each intermediate  standard to the vial. Add 20ul of internal standard 

to each screw-capped vial and stored in the freezer at -15°C + 5°C for up to 6 

months.   
 

IntmA,Bor C   

Amt. of  200ppm std  Amount of  2000ppm Internal Std  

2 µg/mL 

5 µg/mL 

 10 µL 

 25 µL 

20 µL 

20 µL 

10 µg/mL  50 µL 20 µL 

20 µg/mL 100 µL 20 µL 

30 µg/mL 150 µL 20 µL 

40 µg/mL 200 µL 20 µL 



                         EMPIRICAL LABORATORIES, LLC                       SOP-201 

 Revision: 18 

 Date:  09/16/08 

 Page 5 of 26 

 

V:\LAB\QA QC\SOP\SOP-201-REV18.doc 

50 µg/mL 250 µL 20 µL 

60 µg/mL 300 µL 20 µL 

70 µg/mL 350 µL 20 µL 

80 µg/mL 400 µL 20 µL 

90 µg/mL 450 µL 20 µL 

                 100 µg/mL    500 µL                                              20 µL 

  

            The makeup of the 50µg/mL CCV  standard is  detailed  below.    Occasionally,  

           unusual compounds are added to the mix so it is best to check the BNA 

standards log book for exact standard makeup.  Note:  MS list spikes and full 

list spikes for LCS and/or MS/MSD are prepared from an alternate source or lot 

number other  than the calibration standards. 
 

 Example: 50µg/mL CCV standard preparation: 
 
 SV3640      

using 1ml syringe add the appropriate amount of methylene 

chloride to a 

    

2ml vial. Add the indicated amount of intermediate / stock 

standard to the vial. 

    

Add 20ul of internal standard to the vial (SV 3635 ).Soultion stored in freezer at -15deg 

C+/-5degC for upto 1 week.  

  

       

 50 ug/mL  CCV      

 Stock Standard Concentration  50 ug/mL   

SV3515 BNA intermediate mix 200 PPM  250 uL   

SV3517 Benzidine Int. 200 PPM  250 uL   

SV3516 Atrazine benzaldehyde Int. 200 PPM  250 uL   

 

6.2.3 The Initial Calibration Verification (ICV) standard is prepared from a vendor 

stock standard at a concentration of 200µg/mL as detailed below. 
 

Example: 50µg/mL ICV standard preparation: 
 

(SV2100) ~ 50ug/ml ICV      
Into a 1 mL volumetric flask containing Methylene Chloride ~ about 0.6ml, add 250uls of  

SV1995 (readystock 200ppm) 
  

and dilute to volume.           
 

Top off w/20uls of Internal Standard (SV2079)     
    

Prep'd:   01/08/03                 Exp: 03/16/03     
       

(SV2396) ~ 50ug/ml ICV (benzaldehyde & atrazine)     
Into a 1 mL volumetric flask containing Methylene Chloride ~ about 0.6ml, add 250uls of  

SV2305 (intermediate stock 200ppm) and dilute to volume.            
  

Top off w/20uls of Internal Standard   (SV2393)         
Prep'd:   09/18/03                Exp: 03/18/04       

 

7.0 PROCEDURE 
 

Prior to using Federal Register 625, SW-846 8270C/8270D, or CLP (semivolatile method) 

the samples are prepared for chromatography using the appropriate sample preparation and 

clean up methods (generally SW-846 methods 3510, 3520, 3540, 3550, 3580, EPA 

method 625 or CLP). 

 



                         EMPIRICAL LABORATORIES, LLC                       SOP-201 

 Revision: 18 

 Date:  09/16/08 

 Page 6 of 26 

 

V:\LAB\QA QC\SOP\SOP-201-REV18.doc 

7.1 Chromatographic conditions: Refer to corresponding instrument maintenance log for 

current gas chromatograph and mass spectrometer conditions. 

  

7.2 Tuning - Prior to any calibration or analysis, DFTPP tuning criteria must be met for a  

50 ng injection of the tuning standard [see below].  Tune must be met every 12 hours 

sample analysis is to be performed (every 24 hours for Federal Register Method 625 

except for South Carolina which only allows 12 hours).  The injection port 

performance compounds (pentachlorophenol, benzidine and 4,4'-DDT) are also 

injected to verify the performance of the injection port and must meet the following 

criteria.  Degradation of DDT to DDE and DDE should not exceed 20%.  Benzidine  

and pentachlorophenol should be present at their normal responses, and no peak tailing 

should be visible for 8270C. Tailing factor should be 2.0 for 8270D for benzidine 

and pentachlorophenol.  For NPDES samples, the benzidine (base/neutral) tailing 

factor must not exceed 3.0 while the  pentachlorophenol (acid) tailing factor cannot 

exceed 5.0.  The calculation for tailing factors is best illustrated in Figure 13 of the 

Federal Register Method 625 which has been placed in the appendix. If degradation is 

excessive and/or poor chromatography is seen, the injection port may require cleaning 

and maintenance. It may also be necessary to break off 15-30cm of the capillary 

column. The mass spectrum of DFTPP is acquired as follows: by using one scan at the 

apex peak, or by by using the mean of the apex and the preceding and following scans 

or mean of a symmetric pattern of scans about the apex, or using the average across the 

entire peak. Background subtraction is accomplished using a single scan or more than 

20 scans prior to the elution of DFTPP. 

    

Mass Ion Abundance Criteria 

51 30-60% of mass 198 

68 <2% of mass 69 

70 <2% of mass 69 

127 40-60% of mass 198 

197 <1% of mass 198 

198 Base peak, 100% relative abundance 

199 5-9% of mass 198 

275 10-30% of mass 198 

365 >1% of mass 198 

441 Present, but less than mass 443 

442 >40% of mass 198 

443 17-23% of mass 442 

 8270D has different tuning citeria for meeting DFTPP. See page 44 Table 3 of  

Method 8270D for criteria. 

7.3 Calibration 
 

7.3.1 Initial Calibration - An initial calibration curve at no less than five 

concentration levels must be analyzed (only three concentration levels are 

required for Federal Register Method 625) and shown to meet the initial 

calibration criteria before any sample analysis may be performed.  Method 625 

requires that the %RSD be less than 35% to use the average response factor for 
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quantitation, the curve is to be used otherwise and should have a correlation 

coefficient (r) of >0.995 linear, 0.99 and six points for quadratic.  Method 

8270C requires that the %RSD be less than 15% to use the average response 

factor for quantitation, the curve is to be used otherwise as long as r is >0.995 

linear, 0.99 and six points for quadratic.  In addition, there are calibration 

check compounds (CCCs) which must have a %RSD less than 30% and system 

performance check compounds (SPCCs) which must meet a minimum avarage 

response factor of 0.050.  The lowest standard must be less than or equal to the 

reported quantitation limit and the highest standard must not exceed the linear 

range of the detector.  Generally, levels for the curve are 2 ug/mL, 5 µg/mL, 

10 µg/mL, 20 µg/mL, 30 µg/mL, 40 µg/mL, 50 µg/mL, 60 µg/mL, 70 µg/mL, 

80 µg/mL, 90 ug/mL and 100 µg/mL. Any manual integrations are documented 

by inclusion of the integrated signals(before and after manual integration 

)initialed, reason and dated with the quantitation report and chromatogram. 

Refer to SOP-224 for guidance.  All integrations are checked for acceptability.  

Response factors of less than 0.050 must be supported by the mass spectrum of 

the lowest standard. Retention times are set using the midpoint of the curve. 

No quadratic curves are used for SouthCarolina. For 8270D the RSD for 

each target analyte should be less than or equal to 20% and each 

calibration level should meet the minimum response factors listed in 

Table 4. If the 20% RSD is not met, then the minimum correlation 

coefficient for the curve must be 0.99. If more than 10% of the 

compounds do not meet the 20% RSD or minimum correlation coefficient 

of 0.99, then the chromatographic system is considered too reactive to 

begin analysis. Injector maintenance  should be performed and repeat the 

calibration procedure. 
 

CCCs: Base/Neutral   Acid 

  Acenapthene   4-Chloro-3-methylphenol 

  1,4-Dichlorobenzene  2,4-Dichlorophenol 

  Hexachlorobutadiene  2-Nitrophenol 

  N-Nitroso-di-phenylamine Phenol 

  Di-n-octyl-phthalate  Pentachlorophenol 

  Fluoranthene   2,4,6-Trichlorophenol 

  Benzo(a)pyrene  
 

   SPCCs: Base/Neutral   Acid     

     N-Nitroso-di-n-propylamine 2,4-Dinitrophenol 

  Hexachlorocyclopentadiene 4-Nitrophenol 
 

7.3.2  Initial Calibration Verification (ICV) - A second source standard at the 

50 µg/mL level is used to check the validity of the curve.  The standard 

recovery for all analytes must be between 75 and 125% (70-130% for 8270D).  

If the second source recovery is above 125% or 130% for 8270D, it is possible 

that the main standard has deteriorated for that compound.  That standard 

should be remade and reevaluated.  If that does not correct the problem, the 

standard should probably be replaced and a new curve generated.  If the 

second source recovery is below 75% or 70% for 8270D, the second source 

standard may have deteriorated for that compound.  The standard should be 

remade and reanalyzed.  If this does not correct the problem, the standard 
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should probably be replaced. If any compound in the ICV exceeds the criteria 

above, it may be evaluated and initialed by the organic section manager.  If 

deemed acceptable, the analyst may continue analysis. Any manual 

integrations are documented by inclusion of the integrated signals with the 

quantitation report and chromatogram.  All integrations are checked for 

acceptability. For ICV standard preparation  refer to standard log book. 
 

7.4  Continuing Calibration Verification (CCV)- Every 12 hours a CCV at 50 µg/mL 

must be analyzed and calculated against the initial calibration curve, then shown to 

meet the calibration check criteria before any sample analysis may be performed.  

Acceptance criteria for 8270C consists of the same SPCC requirements as the initial 

calibration.  The CCCs must be less than or equal to 20% difference or drift (%D, 

calculations follow in section 7.9).  If any of the CCCs do not meet the above limits, 

then all required analytes must be <20%D. Internal standard areas should be within 

50 to 200 percent of the area of the curve midpoint or the previous CCV.  Retention 

times for the internal standards should be within 30 seconds of the retention time of 

the curve midpoint or the previous CCV.  Method 625 requires a %D of less than 

20% for all required analytes.  Any manual integrations are documented by 

inclusion of the integrated signals with the quantitation report and chromatogram. 

All integrations are checked for acceptability.  Samples are then quantitated against 

the initial calibration curve.  Note:  If any compound in the continuing calibration 

not subject to the criteria above exceeds 30%D, it must be evaluated and initialed 

by the organic section manager.  If deemed acceptable, the analyst may continue 

analysis. For 8270D, the 20% difference criteria must be applied to all 

compounds. If the criterion is not met for more than 20% of the compounds 

included in the initial calibration, then the GC system should undergo 

maintenance. If this does not solve the problem, then the initial calibration 

should be repeated. Each of the most common target analytes should meet the 

minimum response factors listed in Table 4. In situations where the failed 

compound is present, the data must be flagged as estimated. If the compound 

fails high in the CCV and is not present, the result can be reported as non-

detect. 
 

7.5     LCS - The LCS is extracted 1 per extraction batch of up to 20 samples.  The LCS 

containing all regular full list calibrated compounds is spiked into deionized water 

or sodium sulfate for soil using an alternate source or lot number than the 

calibration standards. See the LCS report forms in the appendix for example 

laboratory generated limits and the NPDES limits for 625 samples. Recoveries for 

the MS/MSD spike analytes in LCSs are charted annually to generate control limits 

for samples analyzed by method 8270C.  In all cases, the lowest upper limit would 

be 100% and the lowest lower limit would be 10%.  If enough data points are not 

present to generate limits, the limits default to CLP spike limits for spike analytes or 

10-100% for all other analytes. See Section 8.3 below for corrective action.  

     When analyzing samples for DOD QSM Version 3, DOD limits will be used. 

 

7.6     Method Blank - Method blanks are extracted at a minimum of 1 per extraction batch 

up to 20 samples.  See Section 8.4 below for criteria and corrective action. 
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7.7 Samples - Prior to analysis, 1.0 mL samples are prepared by verifying volume and 

spiking with 20uL of the internal standard solution.  

 

7.8 Instrument sequence-The instrument sequence log is filled out prior to sample 

analyses.  

       An example of a typical instrument sequence log follows: 

1-DFTPP Tune (12:00 am)  

2-CCV 

3-LCS 

4-Method Blank (or sample) 

5-Sample 

6-Sample 

7-Sample 

8-Sample 

9-Sample 

10-Sample 

11-Sample-MS 

12-Sample-MSD 

13-Sample 

14-Sample 

15-Sample  

16-DFTPP (12:00pm - 12 hours since last DFTPP/CCV) 

17-CCV 

18-Sample 

19-Sample 

20-Sample 
 

7.9  Data Reduction/Evaluation - Each sample analysis sequence is documented using the 

computer run log generated on the chemstation.  This run log is signed, dated and 

paginated then placed in a 3 ring binder for that instrument.  After the sample has been 

analyzed, the data is processed through Target DB on the Windows NT data system. 

The following must be checked to determine if the sample will need any reanalysis or 

dilution.  Formal data evaluation is detailed in SOP-200 and documented using the 

Analyst Data Review Checklist (see Appendix). See SOP-224 for guidance on 

manual integrations. 
 

7.9.1     Internal Standards - Areas should be within 50 to 200 percent of the area of the 

curve midpoint.  Retention time should be within 30 seconds of the retention 

time of the curve midpoint.  If not, the sample and historical data should be 

evaluated to determine the cause of the problem.  If matrix effect is confirmed 

by reextraction/reanalysis or historical data, complete a corrective action 

report and flag the affected compounds on the final report for matrix effect.  

Note:  criteria applies to the continuing calibration, not samples, but is used as 

an indication of the sample analysis validity. 
 

7.9.2   Surrogates – Control limits are determined annually by charting LCSs and 

method blanks.  In all cases, the lowest upper limit would be 100% and the 

lowest lower limit would be 10%.  All of the three surrogates for each fraction 
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must be within the control limits in order for the extraction batch to be in 

control.  If a surrogate exceeds the limits, the reason for the malfunction must 

be determined and a corrective action report must be completed.  The sample 

must be reanalyzed, reextracted or flagged for QC problems.  Federal Register 

Method 625 contains no criteria for surrogate recovery. When analyzing 

samples for DOD QSM Version 3, DOD limits will be used. 
 

Surrogate Water Soil/Sediment 
Nitrobenzene-d5 30-110 30-110 

2-Fluorobiphenyl 35-110 35-110 

Terphenyl-d14 55-125 40-120 

Phenol-d6 15-110 30-110 

2-Fluorophenol 15-110 25-110 

2,4,6-Tribromophenol 45-125 30-115 

 

7.9.3 Analyte concentration must be within the range of the calibration curve after 

rounding to 2 significant figures.  If an analyte exceeds the curve, a dilution 

must be performed and the next sample must be checked for carryover.  Any 

dilution should keep the concentration of the analyte in question within the top 

half of the curve. 
 

7.9.4 The qualitative identification of compounds is based on retention time and a 

comparison of the sample mass spectrum, after background subtraction, with 

characteristic ions in a reference mass spectrum from the NBS database 

(NBS75K.I).  This database is used as it contains relatively uncontaminated 

mass spectra of each target compound which cannot be obtained from the daily 

calibrations during each 12 hour analytical period due to overlapping peaks in 

the mixes.  Characteristic ions from the reference mass spectrum library 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.  

In addition, the following criteria must be met.  The RRT of the sample analyte 

must be within 0.06 RRT units of the RRT of the standard analyte.  The 

relative intensities of the characteristic ions must agree within 30% of the 

relative intensities of the same ions in the reference spectrum.  Structural 

isomers that produce very similar mass spectra should be identified as 

individual isomers so long as their GC retention times differ substantially.  A 

library search may be made for analytes not associated with the calibration for 

the purpose of tentative identification.  NOTE:  The GC/MS analyst uses 

intelligence guided by experience to make the identifications.  In 

uncontaminated spectra where ions are missing due to low concentration, if the 

major ions are present in the correct ratios at the correct retention time, the 

identification will be considered positive.  In contaminated spectra, special 

emphasis will be placed upon higher mass ions, and the major ions will usually 

need to be present as major components of the spectrum (either unsubtracted 

or subtracted) for the identification to be positive.  All assessments of relative 

intensities of ions will be made by visual estimates from the spectra. 
  

7.9.5 Quantitation - Once a compound has been identified qualitatively, the 

concentration must then be quantitated.  If the RSD of the compound’s 

response factor is 15%(20% 8270D) or less, then the concentration may be 
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determined using the average response factor (
––
RF) from the initial calibration 

data.  Otherwise, the concentration must be determined from equations based 

on internal standard calibration using either linear or non-linear calibration.  

Calculations follow in Section 7.10. 

 

7.10 Calculations: 

 

7.10.1 The RF is calculated as follows: 
 

 where: 

As  = Peak area (or height) of the analyte or surrogate. 

Ais  = Peak area (or height) of the internal standard. 

Cs  = Concentration of the analyte or surrogate. 

Cis  = Concentration of the internal standard. 

 

7.10.2 Calibration verification involves the calculation of the percent drift (linear 

or quadratic) or the percent difference (average) of the instrument response 

between the initial calibration and each subsequent analysis of the 

verification standard.  Use the equations below to calculate % Drift or 

% Difference, depending on the calibration procedure used. 
 

      (Calculated concentration – Theoretical concentration) * 100 

   % Drift =     Theoretical Concentration 
 

where the calculated concentration is determined from the initial 

calibration and the theoretical concentration is the concentration at which 

the standard was prepared. 
 

    (CCV RF – Average RF) * 100 

     % Difference =    Average RF 

 
 

where CCV RF is the response factor from the analysis of the verification 

standard and Average RF is the average response factor from the initial 

calibration. The % difference or % drift calculated for the calibration 

verification standard must be within ±20% for each CCC analyte, or for all 

target analytes if the CCCs are not target analytes, before any sample 

analyses may take place. 20% difference for 8270D. 

 

7.10.3  Concentration in water samples is calculated as follows:  [Note: Using the 

units specified here for these terms will result in a concentration in units of 

ng/mL, which is equivalent to µg/L.] 

 
 

 
 

 

where: 

As = Area (or height) of the peak for the analyte in the sample. 

Ais = Area (or height) of the peak for the internal standard. 

C x A

C x A
 = RF

sis

iss
 

)(1000)V)(RF)(A(

)V)(D)(C)(A(
 = g/L)(ion Concentrat

sis

iiss
µ  
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Cis = Concentration of the internal standard in the volume extracted 

in ug/L.   

D = Dilution factor, if the sample was diluted prior to analysis.  If 

no dilution was made, D = 1.  The dilution factor is always 

dimensionless. 

Vi = Volume of the extract injected (µL).  The nominal injection 

volume for samples and calibration standards must be the 

same. 

––
RF = Mean response factor from the initial calibration.  

Vs = Volume of the aqueous sample extracted (mL).  If units of 

liters are used for this term, multiply the results by 1000. 

 

The 1000 in the denominator represents the number of µL in 1 mL.  If the 

injection (Vi) is expressed in mL, then the 1000 may be omitted. 

 

7.10.4 Concentration in non-aqueous samples is calculated as follows:  [Note: 

Using the units specified here for these terms will result in a concentration 

in units of ng/g, which is equivalent to µg/kg.] 

 

 

7.10.5  
 

 

 

 

where:  As, 

Ais, Cis, D, and 
––
RF are the same as for aqueous samples, and 

Ws = Weight of sample extracted (g).  Either a dry weight or wet 

weight may be used, depending upon the specific application 

of the data.  If units of kilograms are used for this term, 

multiply the results by 1000. 

 

The 1000 in the denominator represents the number of µL in 1 mL.  If the 

injection (Vi) is expressed in mL, then the 1000 may be omitted. 

 

8.0 QUALITY ASSURANCE/QUALITY CONTROL/CORRECTIVE ACTIONS 

8.1 Internals - All samples and QC are spiked with internal standards.  See section 7.9.1 

above for criteria and corrective action. 

8.2 Surrogates - All samples and QC are spiked with surrogates.  The surrogate 

recoveries from method blanks and LCS are used to generate control control limits 

for the surrogates.  See section 7.9.2 above for criteria and corrective action.  If any 

surrogate recoveries are below 10%, samples must be re-extracted if sample is 

available. 

8.3 LCS Sample - The LCS is extracted 1 per extraction batch of up to 20 samples. The 

LCS is spiked using an alternate source or lot number than the calibration standards.   

If the LCS compound has a recovery above the upper limit, but the same compound 

is not detected in any of the batch samples, no corrective action is required.  For all 

)(1000)W)(RF)(A(

)V)(D)(C)(A(
 = g/kg)(ion Concentrat
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µ  
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other situations, the LCS should be reanalyzed for the failed analytes only.  If the 

second analysis fails, all associated samples should be reextracted/reanalyzed for the 

failed analytes only or the data must be evaluated for flagging due to QC problems. 

8.4 Method Blanks - The concentration of all method target analytes should be below the 

MDL for each method target analyte(<RL for common lab contaminants and <1/2 

RL for other targets for DOD QSM Ver.3 projects).  The first step of corrective 

action is to assess the effect on the samples.  If an analyte is found only in the 

method blank, but not in any batch samples, no further corrective action may be 

necessary.  Steps should be taken to find/reduce/eliminate the source of this 

contamination in the method blank.  If an analyte is found in the method blank and 

some, or all, of the other batch samples, then corrective action is required.  The 

source of contamination must be investigated and appropriate action taken and 

documented to find/reduce/eliminate the source of this contamination.  The method 

blank, and any samples containing the same contaminant, may need to be 

reextracted/reanalyzed.  For the common laboratory contaminants, meeting the above 

requirements is not practical.  Random cases of contamination are difficult to 

control, however, daily contamination is not acceptable and corrective action is 

essential. If a contaminant is found in the method blank and the samples, the 

compound concentration must be flagged with a 'B' on the final report unless the 

concentration is greater than 10x that found in the method blank. 

8.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are 

spiked for a MS/MSD (for full list spikes, the full list spiking solution is used).  

Control limits for the MS/MSD recoveries are the same as those for the LCS 

found in the appendix.  RPD limits are found on the LCS report forms in the 

appendix.  Samples which do not meet these criteria due to matrix must be 

evaluated for flagging on the final report due to QC problems.  Generally, 

batch control is not based on MS/MSD results unless general method failure is 

determined to be the problem.  In that case, the samples and associated QC 

would be reanalyzed for the failed analytes only.  MS data evaluation must 

include the consideration of the following factors. When analyzing samples 

for DOD QSM Version 3, DOD limits will be used. 

 
 

8.5.1 Sample matrix - If the sample is a soil, grab sample or sequentially collected 

water sample it may affect the %R and RPD of the MS/MSD.  Corrective 

action must be taken in the form of reanalysis if a method problem is indicated. 
 

8.5.2 Original sample concentration - If a spiked compound has a problem and the 

concentration of that compound in the original sample was two or more times 

the concentration of the spike, no further corrective action may be necessary 

other than the generation of a corrective action report to document the 

problem. 
 

8.5.3 MS vs. MSD - If a spiked compound has a similar problem in both the MS and 

MSD and is not traced to a method problem, no further action may be 

necessary other than the generation of a corrective action report to document 

the problem. 
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8.5.4 Non-target Interference - The presence of significant non-target interference                

should be brought to the immediate attention of your supervisor who should 

discuss the problem with the client/project manager to determine the action to 

be taken. 

         8.5.5 Demonstration of Capability (DOC) – Each new analyst must complete a 

demonstration of capability by analyzing four LCSs with acceptable precision 

and accuracy. This also must be done when a new instrument is installed or a 

significant change to the method has been made. 

 

 

 

9.0 HEALTH AND SAFETY 

9.1 Care should be used in handling all samples.  Safety glasses must be worn in the lab at 

all times.  The use of gloves and lab coats is highly recommended. 

9.2 Research into expected sample content and concentration should be done in order to be 

prepared for additional safety considerations.  Generally, any samples which need 

special consideration have applicable notes on the sample logs. 

9.3 MSDS sheets are available for all reagents and standards which have been purchased.  

These are located on the bookshelf outside the office supply storage room. 

 

10.0 WASTE MANAGEMENT AND POLLUTION PREVENTION 

        10.1 Please see Waste Disposal, SOP-210 and SOP-405 for proper disposal of waste coming 

from this area within our laboratory. 

         10.2    Quantity of chemicals purchased should be based on expected usage during its shelf-

life and the disposal cost of unused material. Actual reagent preparation volumes 

should reflect anticipated usage and reagent stability. 
 

 

 

11.0 TABLE OF DEFINITIONS, REFERENCES & EXAMPLE FORMS 
 

Definitions and examples of the LCS report sheets (625 water limits, in-house water 

limits and in-house soil limits), the analyst data review checklist and figure 13 

from Federal Register method 625 for the tailing factor calculation are located 

in the appendix. When analyzing samples for DOD QSM Version 3, DOD 

limits will be used for surrogates, LCS, and MS/MSD. 
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 TABLE OF DEFINITIONS 
 

1. amu- atomic mass unit 

2. BNA- Base neutral/acid 

3. °C- degrees Centigrade 

4. CCC- Calibration Check Compound 

5. CCV- Continuing Calibration Verification 

6. CLP- Contract Laboratory Program  

7. %D- percent difference 

8. DFTPP- Difluorotriphenyphosphine 

9. EICP- extracted ion current profile  

10. EPA- Environmental Protection Agency 

11. g- gram or grams 

12. GC- Gas Chromatograph 

13. GC/MS- Gas Chromatograph/Mass Spectrometer 

14. ICV- Initial Calibration Verification 

15. I.D.- inner diameter 

16. ISTD- internal standard 

17. LSC- Laboratory Sample Concentrator 

18. MDL- method detection limit 

19. MS- Matrix Spike 

20. MSD- Matrix Spike Duplicate 

21. M.S.- Mass Spectrometer 

22. µm- micometer 

23. µL- microliter 

24. mL- milliliter 

25. mm- millimeter 

26. ng- nanogram 

27. NPDES- National Pollutant Discharge Elimination System 

28. P&T- purge and trap 

29. QC- quality control 

30. %R- percent recovery 

31. RPD- relative percent difference 

32. RRT- relative retention time 

33. %RSD- percent relative standard deviation 

34. SOP- Standard Operating Procedure 

35. Surr.- surrogate 

36. SPCC- System Performance Check Compound 

37. TCLP- Toxicity Characteristic Leaching Procedure 

38. USACE- United States Army Corps Of Engineers 

39.  LCS – Lab Control Sample 
Refer to SOP-431 for additional definitions 

REFERENCES 
 

1. 40 CFR, Part 136; Appendix A 

2. Test Methods for Evaluating Solid Waste, SW-846 

3. National Environmental Laboratory Accreditation Conference; CH. 5, 2003 

4. USACE, EM 200-1-3; Appendix 1; Shell, 2/2001 

5. DOD Quality Systems Manual for Environmental Laboratories, Ver.3,  01/2006 
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FORM 3 

 

WATER SEMIVOLATILE LAB CONTROL SAMPLE (625) 

 

  Lab Name: Empirical Laboratories     Contract:                      

 

  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  

 

  Matrix Spike   -   Client Sample No.:                  

   ____________________________________________________________________________ 

  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 

  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 

  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 

  |========================|=========|=============|=============|======|======| 

  | Acenaphthene           |  100.00 |     0.0000  |      100.00 |  100 |47-145| 

  | Acenaphthylene         |  100.00 |     0.0000  |      100.00 |  100 |33-145| 

  | Anthracene             |  100.00 |     0.0000  |      100.00 |  100 |27-133| 

  | Benzidine              |  100.00 |     0.0000  |      100.00 |  100 | D-110| 

  | Benzo(a)anthracene     |  100.00 |     0.0000  |      100.00 |  100 |33-143| 

  | Benzo(b)fluoranthene   |  100.00 |     0.0000  |      100.00 |  100 |24-159| 

  | Benzo(k)fluoranthene   |  100.00 |     0.0000  |      100.00 |  100 |11-162| 

  | Benzo(g,h,i)perylene   |  100.00 |     0.0000  |      100.00 |  100 | D-219| 

  | Benzo(a)pyrene         |  100.00 |     0.0000  |      100.00 |  100 |17-163| 

  | bis(2-Chloroethoxy)meth|  100.00 |     0.0000  |      100.00 |  100 |33-184| 

  | bis(2-Chloroethyl)ether|  100.00 |     0.0000  |      100.00 |  100 |12-158| 

  | bis(2-Chloroisopropyl)e|  100.00 |     0.0000  |      100.00 |  100 |36-166| 

  | Bis(2-ethylhexyl)phthal|  100.00 |     0.0000  |      100.00 |  100 | 8-158| 

  | 4-Bromophenyl-phenyleth|  100.00 |     0.0000  |      100.00 |  100 |53-127| 

  | Butylbenzylphthalate   |  100.00 |     0.0000  |      100.00 |  100 | D-152| 

  | 4-Chloro-3-methylphenol|  100.00 |     0.0000  |      100.00 |  100 |22-147| 

  | 2-Chloronaphthalene    |  100.00 |     0.0000  |      100.00 |  100 |60-118| 

  | 2-Chlorophenol         |  100.00 |     0.0000  |      100.00 |  100 |23-134| 

  | 4-Chlorophenyl-phenylet|  100.00 |     0.0000  |      100.00 |  100 |25-158| 

  | Chrysene               |  100.00 |     0.0000  |      100.00 |  100 |17-168| 

  | Dibenz(a,h)anthracene  |  100.00 |     0.0000  |      100.00 |  100 | D-227| 

  | 1,2-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 |32-129| 

  | 1,3-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 | D-172| 

  | 1,4-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 |20-124| 

  | 3,3'-Dichlorobenzidine |  100.00 |     0.0000  |      100.00 |  100 | D-262| 

  | 2,4-Dichlorophenol     |  100.00 |     0.0000  |      100.00 |  100 |39-135| 

  | Diethylphthalate       |  100.00 |     0.0000  |      100.00 |  100 | D-114| 

  | 2,4-Dimethylphenol     |  100.00 |     0.0000  |      100.00 |  100 |32-119| 

  |________________________|_________|_____________|_____________|______|______| 

  # Column to be used to flag recovery and RPD values with an asterisk 

 

  * Values outside of QC limits 

 

 

  COMMENTS:  ___________________________________________________________________ 

             ___________________________________________________________________ 
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                                FORM 3 

 

                WATER SEMIVOLATILE LAB CONTROL SAMPLE (625) 

 

  Lab Name: Empirical Laboratories     Contract:                      

 

  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  

 

  Matrix Spike   -   Client Sample No.:                  

   ____________________________________________________________________________ 

  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 

  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 

  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 

  |========================|=========|=============|=============|======|======| 

  | Dimethylphthalate      |  100.00 |     0.0000  |      100.00 |  100 | D-112| 

  | Di-n-butylphthalate    |  100.00 |     0.0000  |      100.00 |  100 | 1-118| 

  | 4,6-Dinitro-2-methylphe|  100.00 |     0.0000  |      100.00 |  100 | D-181| 

  | 2,4-Dinitrophenol      |  100.00 |     0.0000  |      100.00 |  100 | D-191| 

  | 2,4-Dinitrotoluene     |  100.00 |     0.0000  |      100.00 |  100 |39-139| 

  | 2,6-Dinitrotoluene     |  100.00 |     0.0000  |      100.00 |  100 |50-158| 

  | Di-n-octylphthalate    |  100.00 |     0.0000  |      100.00 |  100 | 4-146| 

  | Fluoranthene           |  100.00 |     0.0000  |      100.00 |  100 |26-137| 

  | Fluorene               |  100.00 |     0.0000  |      100.00 |  100 |59-121| 

  | Hexachlorobenzene      |  100.00 |     0.0000  |      100.00 |  100 | D-152| 

  | Hexachlorobutadiene    |  100.00 |     0.0000  |      100.00 |  100 |24-116| 

  | Hexachlorocyclopentadie|  100.00 |     0.0000  |      100.00 |  100 |15- 70| 

  | Hexachloroethane       |  100.00 |     0.0000  |      100.00 |  100 |40-113| 

  | Indeno(1,2,3-cd)pyrene |  100.00 |     0.0000  |      100.00 |  100 | D-171| 

  | Isophorone             |  100.00 |     0.0000  |      100.00 |  100 |21-196| 

  | Naphthalene            |  100.00 |     0.0000  |      100.00 |  100 |21-133| 

  | Nitrobenzene           |  100.00 |     0.0000  |      100.00 |  100 |35-180| 

  | 2-Nitrophenol          |  100.00 |     0.0000  |      100.00 |  100 |29-182| 

  | 4-Nitrophenol          |  100.00 |     0.0000  |      100.00 |  100 | D-132| 

  | N-Nitroso-di-methylamin|  100.00 |     0.0000  |      100.00 |  100 |29- 66| 

  | N-Nitrosodiphenylamine |  100.00 |     0.0000  |      100.00 |  100 |23-100| 

  | N-Nitroso-di-n-propylam|  100.00 |     0.0000  |      100.00 |  100 | D-230| 

  | Pentachlorophenol      |  100.00 |     0.0000  |      100.00 |  100 |14-176| 

  | Phenanthrene           |  100.00 |     0.0000  |      100.00 |  100 |54-120| 

  | Phenol                 |  100.00 |     0.0000  |      100.00 |  100 | 5-112| 

  | Pyrene                 |  100.00 |     0.0000  |      100.00 |  100 |52-115| 

  | 1,2,4-Trichlorobenzene |  100.00 |     0.0000  |      100.00 |  100 |44-142| 

  | 2,4,6-Trichlorophenol  |  100.00 |     0.0000  |      100.00 |  100 |37-144| 

  |________________________|_________|_____________|_____________|______|______| 

  # Column to be used to flag recovery and RPD values with an asterisk 

 

  * Values outside of QC limits 

 

  RPD:  0 out of  0 outside limits 

  Spike Recovery:  0 out of 56 outside limits 

 

  COMMENTS:  ___________________________________________________________________ 

             ___________________________________________________________________ 
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FORM 3 

 

               WATER SEMIVOLATILE LAB CONTROL SAMPLE (In-House) 

 

  Lab Name: Empirical Laboratories     Contract:                      

 

  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  

 

  Matrix Spike   -   Client Sample No.:                  

   ____________________________________________________________________________ 

  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 

  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 

  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 

  |========================|=========|=============|=============|======|======| 

  | Acenaphthene           |   100.0 |     0.0000  |     100.00  |  100 |40-112| 

  | 4-Chloro-3-methylphenol|   200.0 |     0.0000  |     200.00  |  100 |32-110| 

  | 2-Chlorophenol         |   200.0 |     0.0000  |     200.00  |  100 |29-110| 

  | 1,4-Dichlorobenzene    |   100.0 |     0.0000  |     100.00  |  100 |26-110| 

  | 2,4-Dinitrotoluene     |   100.0 |     0.0000  |     100.00  |  100 |46-122| 

  | 4-Nitrophenol          |   200.0 |     0.0000  |     200.00  |  100 |21-110| 

  | N-Nitroso-di-n-prop.(1)|   100.0 |     0.0000  |     100.00  |  100 |39-110| 

  | Pentachlorophenol      |   200.0 |     0.0000  |     200.00  |  100 |32-133| 

  | Phenol                 |   200.0 |     0.0000  |     200.00  |  100 |10-110| 

  | Pyrene                 |   100.0 |     0.0000  |     100.00  |  100 |51-137| 

  | 1,2,4-Trichlorobenzene |   100.0 |     0.0000  |     100.00  |  100 |28-110| 

  |________________________|_________|_____________|_____________|______|______| 

 

 

   ____________________________________________________________________________ 

  |                        | SPIKE   |     MSD     | MSD  |      |             | 

  |                        | ADDED   |CONCENTRATION|  %   |  %   |  QC LIMITS  | 

  |  COMPOUND              | (UG/L)  |   (UG/L)    | REC #| RPD #| RPD  | REC. | 

  |========================|=========|=============|======|======|======|======| 

  | Acenaphthene           |   100.0 |     100.00  |  100 |    0 |   31 |40-112| 

  | 4-Chloro-3-methylphenol|   200.0 |     200.00  |  100 |    0 |   42 |32-110| 

  | 2-Chlorophenol         |   200.0 |     200.00  |  100 |    0 |   40 |29-110| 

  | 1,4-Dichlorobenzene    |   100.0 |     100.00  |  100 |    0 |   28 |31-110| 

  | 2,4-Dinitrotoluene     |   100.0 |     100.00  |  100 |    0 |   38 |46-122| 

  | 4-Nitrophenol          |   200.0 |     200.00  |  100 |    0 |   50 |21-110| 

  | N-Nitroso-di-n-prop.(1)|   100.0 |     100.00  |  100 |    0 |   38 |39-110| 

  | Pentachlorophenol      |   200.0 |     200.00  |  100 |    0 |   50 |32-133| 

  | Phenol                 |   200.0 |     200.00  |  100 |    0 |   42 |10-110| 

  | Pyrene                 |   100.0 |     100.00  |  100 |    0 |   31 |51-137| 

  | 1,2,4-Trichlorobenzene |   100.0 |     100.00  |  100 |    0 |   28 |28-110| 

  |________________________|_________|_____________|______|______|______|______| 

 

   (1) N-Nitroso-di-n-propylamine 

  # Column to be used to flag recovery and RPD values with an asterisk 

  * Values outside of QC limits 

 

  RPD:  0 out of 11 outside limits 

  Spike Recovery:  0 out of 22 outside limits 

 

  COMMENTS:  ___________________________________________________________________ 

             ___________________________________________________________________ 
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             SOIL SEMIVOLATILE LAB CONTROL SAMPLE (In-House) 

 

  Lab Name: Empirical Laboratories              Contract:                     

 

  Lab Code: ELABN     Case No.: NA      SAS No.: NA       SDG No.:   

 

  Matrix Spike   -   Client Sample No.:         Level:(low/med) LOW 

 

   ____________________________________________________________________________ 

  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 

  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 

  |  COMPOUND              | (ug/Kg) |   (ug/Kg)   |   (ug/Kg)   | REC #| REC. | 

  |========================|=========|=============|=============|======|======| 

  | Acenaphthene           |   10000 |     0.0000  |      10000  |  100 |27-116| 

  | 4-Chloro-3-methylphenol|   20000 |     0.0000  |      20000  |  100 |18-111| 

  | 2-Chlorophenol         |   20000 |     0.0000  |      20000  |  100 |10-110| 

  | 1,4-Dichlorobenzene    |   10000 |     0.0000  |      10000  |  100 |14-110| 

  | 2,4-Dinitrotoluene     |   10000 |     0.0000  |      10000  |  100 |34-110| 

  | 4-Nitrophenol          |   20000 |     0.0000  |      20000  |  100 |24-120| 

  | N-Nitroso-di-n-prop.(1)|   10000 |     0.0000  |      10000  |  100 |24-112| 

  | Pentachlorophenol      |   20000 |     0.0000  |      20000  |  100 |10-114| 

  | Phenol                 |   20000 |     0.0000  |      20000  |  100 |10-110| 

  | Pyrene                 |   10000 |     0.0000  |      10000  |  100 |33-150| 

  | 1,2,4-Trichlorobenzene |   10000 |     0.0000  |      10000  |  100 |19-110| 

  |________________________|_________|_____________|_____________|______|______| 

 

   ____________________________________________________________________________ 

  |                        | SPIKE   |    LCSD     | LCSD |      |             | 

  |                        | ADDED   |CONCENTRATION|  %   |  %   |  QC LIMITS  | 

  |  COMPOUND              | (ug/Kg) |   (ug/Kg)   | REC #| RPD #| RPD  | REC. | 

  |========================|=========|=============|======|======|======|======| 

  | Acenaphthene           |   10000 |      10000  |  100 |    0 |   19 |27-116| 

  | 4-Chloro-3-methylphenol|   20000 |      20000  |  100 |    0 |   42 |18-111| 

  | 2-Chlorophenol         |   20000 |      20000  |  100 |    0 |   50 |10-110| 

  | 1,4-Dichlorobenzene    |   10000 |      10000  |  100 |    0 |   27 |14-110| 

  | 2,4-Dinitrotoluene     |   10000 |      10000  |  100 |    0 |   47 |34-110| 

  | 4-Nitrophenol          |   20000 |      20000  |  100 |    0 |   50 |24-120| 

  | N-Nitroso-di-n-prop.(1)|   10000 |      10000  |  100 |    0 |   38 |24-112| 

  | Pentachlorophenol      |   20000 |      20000  |  100 |    0 |   47 |40-110| 

  | Phenol                 |   20000 |      20000  |  100 |    0 |   35 |10-110| 

  | Pyrene                 |   10000 |      10000  |  100 |    0 |   36 |33-150| 

  | 1,2,4-Trichlorobenzene |   10000 |      10000  |  100 |    0 |   23 |19-110| 

  |________________________|_________|_____________|______|______|______|______| 

 

   (1) N-Nitroso-di-n-propylamine 

  # Column to be used to flag recovery and RPD values with an asterisk 

  * Values outside of QC limits 

  RPD:  0 out of 11 outside limits 

  Spike Recovery:  0 out of 22 outside limits 

 

  COMMENTS:  ___________________________________________________________________ 

             ___________________________________________________________________ 
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BNA STANDARDS USED 
base/neutral mix (2000ppm)  acids mix (2000ppm) 

bis(2-Chloroethyl)ether  2,4-Dinitrophenol 

bis(2-Chloroisopropyl)ether  2-Methylphenol 

1,3-Dichlorobenzene  4-Methylphenol 

1,2-Dichlorobenzene  Benzoic acid 

1,4-Dichlorobenzene  4,6-Dinitro-2-methylphenol 

Hexachloroethane  4-Nitrophenol 

N-Nitroso-di-methylamine  2,4,5-Trichlorophenol 

N-Nitroso-di-n-propylamine  2,4,6-Trichlorophenol 

2,4-Dinitrotoluene  Phenol 

2,6-Dinitrotoluene  Pentachlorophenol 

Fluorene  2-Nitrophenol 

Dimethylphthalate  4-Chloro-3-methylphenol 

Hexachlorocyclopentadiene  2,4-Dichlorophenol 

Anthracene  2,4-Dimethylphenol 

4-Bromophenyl-phenylether  Benzoic acid 

Di-n-butylphthalate   

bis(2-Chloroethoxy)methane   

1,2-Diphenylhydrazine  semivoa misc.mix(2000ppm) 

Fluoranthene  Aniline 

Hexachlorobenzene  Benzyl alcohol 

N-Nitrosodiphenylamine  Carbazole 

Phenanthrene  4-Chloroaniline 

Hexachlorobutadiene  Dibenzofuran 

Isophorone  2-Methylnaphthalene 

Naphthalene  2-Nitroaniline 

Nitrobenzene  3-Nitroaniline 

1,2,4-Trichlorobenzene  4-Nitroaniline 

Acenaphthene  Pyridine 

Acenaphthylene   

2-Chloronaphthalene   

4-Chlorophenyl-phenylether  Benzidine mix (2000ppm) 

Diethylphthalate  Benzidine 

Benzo(a)anthracene  3,3'-Dichlorobenzidine 

Bis(2-ethylhexyl)phthalate   

Butylbenzylphthalate   

Chrysene  individual mixes (10,000ppm) 

p-(Dimethylamino)azobenzene  Caprolactam 

Pyrene  Benzaldehyde 

Benzo(b)fluoranthene  Atrazine 

Benzo(k)fluoranthene  1,1'-Biphenyl 

Benzo(g,h,i)perylene  Catechol 

Benzo(a)pyrene   

Dibenz(a,h)anthracene   

Di-n-octylphthalate   

Indeno(1,2,3-cd)pyrene   
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INTERNAL STANDARD ASSOCIATION / QUANT ION TABLE   

COMPOUND *I.S Q.M COMPOUND *I.S Q.M 

1,4-Dichlorobenzene-d4 (I.S)(1) 152 Dimethylphthalate 59 163 

Acetophenone 1 105 Hexachlorocyclopentadiene 59 237 

Aniline 1 93 2,4-Dinitrophenol 59 184 

Benzaldehyde 1 106 2,4-Dinitrotoluene 59 165 

Benzyl alcohol 1 108 2,6-Dinitrotoluene 59 165 

bis(2-Chloroethyl)ether 1 93 Fluorene 59 166 

bis(2-Chloroisopropyl)ether 1 45 2-Nitroaniline 59 65 

1,3-Dichlorobenzene 1 146 3-Nitroaniline 59 138 

1,2-Dichlorobenzene 1 146 4-Nitroaniline 59 138 

1,4-Dichlorobenzene 1 146 4-Nitrophenol 59 65 

2-Methylphenol 1 108 2,4,5-Trichlorophenol 59 196 

4-Methylphenol 1 108 2,4,6-Trichlorophenol 59 196 

3-Methylphenol 1 108 2-Fluorobiphenyl (S) 59 172 

Phenol 1 94 Phenanthrene-d10 (I.S) (79)  188 

Pyridine 1 79 Anthracene 79 178 

Hexachloroethane 1 117 Atrazine 79 200 

N-Nitroso-di-methylamine 1 42 4-Bromophenyl-phenylether 79 248 

N-Nitroso-di-n-propylamine 1 70 Carbazole 79 167 

2-Fluorophenol (S) 1 112 Di-n-butylphthalate 79 149 

Phenol-d6 (S) 1 99 4,6-Dinitro-2-methylphenol 79 198 

Naphthalene-d8 (I.S)(35)  136 1,2-Diphenylhydrazine 79 77 

Benzoic acid 35 105 Fluoranthene 79 202 

bis(2-Chloroethoxy)methane 35 93 Hexachlorobenzene 79 284 

Caprolactam 35 113 N-Nitrosodiphenylamine 79 169 

4-Chloroaniline 35 127 Pentachlorophenol 79 266 

4-Chloro-3-methylphenol 35 107 Phenanthrene 79 178 

2,4-Dichlorophenol 35 162 2,4,6-Tribromophenol (S) 79 330 

2,4-Dimethylphenol 35 107 Chrysene-d12 (I.S) (92)  240 

Hexachlorobutadiene 35 225 Benzidine 92 184 

Isophorone 35 82 Benzo(a)anthracene 92 228 

2-Methylnaphthalene 35 141 Bis(2-ethylhexyl)phthalate 92 149 

Naphthalene 35 128 Butylbenzylphthalate 92 149 

Nitrobenzene 35 77 Chrysene 92 228 

2-Nitrophenol 35 139 3,3'-Dichlorobenzidine 92 252 

1,2,4-Trichlorobenzene 35 180 p-(Dimethylamino)azobenzene 92 225 

Catechol 35 110 Pyrene 92 202 

Nitrobenzene-d5 (S) 35 82 Terphenyl-d14 (S) 92 244 

Acenaphthene-d10 (I.S) (59)  164 Perylene-d12 (I.S) (101)  264 

Acenaphthene 59 153 Benzo(b)fluoranthene 101 252 

Acenaphthylene 59 152 Benzo(k)fluoranthene 101 252 

1,1'-Biphenyl 59 154 Benzo(g,h,i)perylene 101 276 

2-Chloronaphthalene 59 162 Benzo(a)pyrene 101 252 

4-Chlorophenyl-phenylether 59 204 Dibenz(a,h)anthracene 101 278 

Dibenzofuran 59 168 Di-n-octylphthalate 101 149 

Diethylphthalate 59 149 Indeno(1,2,3-cd)pyrene 101 276 

I.S=internal standard, Q.M=quant mass, S=surrogate   
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INTERNAL STANDARD ASSOCIATION / QUANT ION TABLE   

COMPOUND *I.S Q.M COMPOUND *I.S Q.M 

1,4-Dichlorobenzene-d4 (I.S)(1) 152 Diphenylamine 59 169 

Pentachloroethane 1 167 Thionazin 59 107 

2-Picoline 1 93  59  

N-Nitrosomethylethylamine 1 88  59  

Methyl methanesulfonate 1 80  59  

N-Nitrosodiethylamine 1 102  59  

Ethyl methanesulfonate 1 79  59  

N-Nitrosopyrrolodine 1 100  59  

N-Nitrosomorpholine 1 56  59  

0-Toluidine 1 106  59  

 1   59  

 1   59  

 1   59  

 1  Phenanthrene-d10 (I.S) (79)  188 

 1  4-Nitroquinoline-1-oxide 79 190 

 1  Phenacetin 79 108 

 1  4-Aminobiphenyl 79 169 

 1  Pentachloronitrobenzene 79 237 

 1  Sulfotepp 79 97 

 1  Phorate 79 75 

Naphthalene-d8 (I.S)(35)  136 Diallate 79 86 

1- Methylnaphthalene 35 141 Dimethoate 79 87 

N-Nitrosopiperidine 35 114 Pronamide 79 173 

a,a-Dimethylphenethylamine 35 58 Disulfoton 79 88 

O,O,O-Triethylphosphorothioate 35 97 Dinoseb 79 211 

Hexachloropropene 35 213  79  

2,6-Dichlorophenol 35 162  79  

p-Phenylenediamine 35 108 Chrysene-d12 (I.S) (92)  240 

N-Nitrosodi-n-butylamine 35 84 Methapyrilene 92 97 

Safrole 35 162 p-(Dimethylamino)azobenzene 92 225 

1,2,4,5-Tetrachlorobenzene 35 216 Chlorobenzilate 92 251 

 35  3,3’- Dimethylbenzidine 92 212 

 35  2- Acetylaminofluorene 92 181 

 35  7,12-

Dimethylbenz[a]anthracene 

92 256 

 35  Aramite 92 185 

 35  Methyl parathion 92 109 

 35  Parathion 92 109 

Acenaphthene-d10 (I.S) (59)  164 Isodrin 92 193 

Isosafrole 59 162 Kepone 92 272 

1,4-Naphthoquinone 59 158 Famphur 92 218 

Pentachlorobenzene 59 250 Perylene-d12 (I.S) (101) 101  

2-Naphthylamine 59 143 3-Methylcholanthrene 101 268 

1-Naphthylamine 59 143 Hexachlorophene 101 196 

2,3,4,6-Tetrachlorophenol 59 232  101  

5-Nitro-o-toluidine 59 152  101  

I.S=internal standard, Q.M=quant mass, S=surrogate   
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Internal Standards & Surrogates 

 

   

BNA internals (2000ppm)  Acid surrogate (7500ppm) 

1,4-Dichlorobenzene-d4 (I.S)(1) 2-Fluorophenol (S) 

Naphthalene-d8 (I.S)(35)  Phenol-d6 (S) 

Acenaphthene-d10 (I.S) (59)  2,4,6-Tribromophenol (S) 

Phenanthrene-d10 (I.S) (79)  2,-Chlorophenol-d4 (S) 

Chrysene-d12 (I.S) (92)   

Perylene-d12 (I.S) (101)  BN surrogate (5000ppm) 

  Nitrobenzene-d5 (S) 

  Terphenyl-d14 (S) 

  2-Fluorobiphenyl (S) 

  1,2-Dichlorobenzene-d4 (S) 
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Reporting Limits 

 

Soil 

ug/KG 

Water 

ug/L  

Soil 

ug/KG 

Water 

ug/L 

Pyridine             330 5.0 Acenaphthylene       330 5.0 

N-Nitroso-di-methylamine 330 5.0 2,6-Dinitrotoluene   330 5.0 

Aniline              330 5.0 3-Nitroaniline       1300 20 

Phenol               330 5.0 Acenaphthene         330 5.0 

bis(2-Chloroethyl)ether 330 5.0 2,4-Dinitrophenol  3300 50 

2-Chlorophenol       330 5.0 4-Nitrophenol        1300 20 

1,3-Dichlorobenzene  330 5.0 Dibenzofuran         330 5.0 

1,4-Dichlorobenzene  330 5.0 2,4-Dinitrotoluene   330 5.0 

Benzyl alcohol       330 5.0 Diethylphthalate     330 5.0 

1,2-Dichlorobenzene  330 5.0 
4-Chlorophenyl-

phenylether 330 5.0 

2-Methylphenol       330 5.0 Fluorene             330 5.0 

bis(2-Chloroisopropyl)ether 330 5.0 4-Nitroaniline       1300 20 

3-Methylphenol       330 5.0 2,3,4,6-Tetrachlorophenol 330 5.0 

4-Methylphenol       330 5.0 1,1'-Biphenyl 330 5.0 

N-Nitroso-di-n-propylamine 330 5.0 1,2-Diphenylhydrazine 330 5.0 

Hexachloroethane     330 5.0 Carbazole            330 5.0 

Benzaldehyde 330 5.0 
4,6-Dinitro-2-methyl 

phenol 1300 20 

Nitrobenzene         330 5.0 N-Nitrosodiphenylamine 330 5.0 

Isophorone           330 5.0 
4-Bromophenyl-

phenylether 330 5.0 

2-Nitrophenol        330 5.0 Hexachlorobenzene    330 5.0 

2,4-Dimethylphenol   1300 20 Pentachlorophenol   1300 20 

Benzoic acid         3300 50 Phenanthrene         330 5.0 

bis(2-Chloroethoxy)methane 330 5.0 Anthracene           330 5.0 

2,4-Dichlorophenol   330 5.0 Di-n-butylphthalate  330 5.0 

1,2,4-Trichlorobenzene 330 5.0 Fluoranthene         330 5.0 

Naphthalene          330 5.0 Atrazine 330 5.0 

4-Chloroaniline      330 5.0 Benzidine 3300 50 

Hexachlorobutadiene  330 5.0 Pyrene               330 5.0 

4-Chloro-3-methylphenol 330 5.0 Butylbenzylphthalate 330 5.0 

2-Methylnaphthalene  330 5.0 3,3'-Dichlorobenzidine 330 5.0 

1-Methylnaphthalene 330 5.0 Benzo(a)anthracene   330 5.0 

Acetophenone 330 5.0 Chrysene             330 5.0 

1,2,4,5-Tetrachlorobenzene 330 5.0 Bis(2-ethylhexyl)phthalate 330 5.0 

Caprolactam 330 5.0 Di-n-octylphthalate  330 5.0 

Hexachlorocyclopentadiene 330 5.0 Benzo(b)fluoranthene 330 5.0 

2,4,6-Trichlorophenol 330 5.0 Benzo(k)fluoranthene 330 5.0 

2,4,5-Trichlorophenol 330 5.0 Benzo(a)pyrene       330 5.0 

2-Chloronaphthalene  330 5.0 Indeno(1,2,3-cd)pyrene 330 5.0 

2-Nitroaniline       1300 20 Dibenz(a,h)anthracene 330 5.0 

Dimethylphthalate    330 5.0 Benzo(g,h,i)perylene 330 5.0 
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ANALYST DATA REVIEW CHECKLIST 

Sample Number(s): 

Batch Number(s): 

Method: 8260B/8270C/8270D (Circle One) 

 

 
 

QA/QC Item 
 

Yes 
 

No 
 

NA 
Second Level 

Review 

 
1.  Is the BFB/DFTPP tune performed every 12 hours and is the    tuning 

criteria met? 

 
 

 
 

 
 

 

 

 

2. Are the RRFs and % RSDs within QC limits for appropriate   

analytes for the initial calibration? Check the retention times for 

compounds with the same spectra. Check compounds with 

different conc.( eg. m/p-xylene, ketones,etc.). 
 

 
 
 

 
 
 

 
 
 

 

 

 

 
     3.  Was the initial calibration curve verified by a second source calibration 

standard (ICV) and have criteria been met? 

 
 
 

 
 
 

 
 
 

 
 
 

 
     4.  Does the Continuing Calibration Standard (CCV) meet the criteria for the 

CCCs and SPCCs. 
  

 
 
 
 

 
 
 
 

 
 
 
 

 

 

 

 

 
     5.  Is the Method Blank run at the desired frequency and is its concentration 

for target analytes less than the MDLs? 
  

 
 
 
 

 
 
 
 

 
 
 
 

 

 

 

 

 
     6.  Are the LCS, MS, MSD within control limits and run at the desired 

frequency? 
  

 
 
 

 
 
 

 
 
 

 

 

 

 
     7.  Are all sample holding times met, analytes within calibration range, IS 

areas and surrogate recoveries within QC limits? 
 

 
 

 
 
 

 
 
 

 

 

 

 
     8.  Was the Method Blank, LCS, MS, MSD and samples loaded to the 

GCMS_LFSYS Tablespace within the Target DB Database? 
     

 

Comments on any “No” response: 

 

 

 

Primary-Level Review:  Date:  

    

SS      Second-Level Review:  Date:  
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GC/MS VOLATILES 

BY EPA METHOD 624 AND SW-846 METHOD 8260B 

 

1.0 SCOPE AND APPLICATION 

 

Please see Appendix for definitions. 

This SOP (based primarily on SW-846 Method 8260B) is used for the analysis of volatile 

organic compounds in a variety of matrices (soils, sediments, waters, etc.).  Methods 

SW-846 Method 8000B; Federal Register Method 624; and CLP Method for Volatiles 

have also been used in the development of this SOP.  The analyses by these various 

methods are clearly defined in the respective regulatory manuals.  A good understanding 

of these different methods is essential to the performance of each method.  The normal 

laboratory list of analytes with their typical LCS limits is found attached in the appendix.  

Other compounds may be analyzed by this SOP as detailed in section 1.0 of SW-846 

Method 8260B.  Any questions left by this SOP should be answered by reading the 

methods, paying close attention to SW-846 8000B/8260B, EPA 624 and CLP.  If 

questions still remain unanswered, check with the Organic Lab Manager, QA/QC Officer 

and/or the Technical Director. 

 

2.0 METHOD SUMMARY 

 

After sample preparation, the sample is introduced into the GC/MS generally using purge 

and trap but sometimes using direct injection (see SW-846 Methods 5030B, 5035 and 

3585 for preparation).  In purge and trap, the analytes are stripped from the sample using 

helium and trapped on an adsorbent tube.  The tube is heated while being backflushed 

with helium to carry the analytes to the GC/MS system.  The analytes are separated in the 

gas chromatograph by a combination of the temperature program and the capillary 

column.  The analytes are then detected by the mass spectrometer.  Analytes are 

identified by comparing the mass spectra of known standards with the mass spectra of the 

sample.  Analytes are quantitated relative to known standards using the internal standard 

method. 

 

 

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 

 

Section 3.0 and tables 3-1 and 3-2 of the Empirical Laboratories, LLC Quality Assurance 

Manual include details concerning sample preservation, containers and handling of 

volatile samples.  All water and non-quarantined soil volatile samples are stored in the 

Hobart in the sample storage room at a temperature of 4°C.  Quarantined soil volatile 

samples are stored in the dorm-size refrigerator in the sample receiving/log-in room at a 

temperature of 4°C.  Non-preserved water volatile samples have a holding time of 7 days 

from date of sampling.  Preserved water samples and soil volatile samples have a holding 

time of 14 days from date of sampling (unless otherwise specified for the project). 

 

4.0 INTERFERENCES AND POTENTIAL PROBLEMS 

 

Section 3.0 of SW-846 Method 8260B details interferences and potential problems which 

may be encountered when dealing with volatile analyses. 
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5.0. EQUIPMENT AND APPARATUS 

 

5.1 GC : HP 5890 or 6890, temperature programmable, suitable for split or splitless 

injection. 

5.2 Column: DB-VRX 60 meter x 0.25 mm I.D. 1.4 µm film thickness or 20 meter x 

0.18 mm ID 1.0 µm film thickness silicon coated fused silica capillary column or 

equivalent. 

5.3 M.S. : HP 5971, 5972 or 5973 capable of scanning 35 to 500 amu every one second 

or less, using 70 volts electron energy in electron impact ionization mode.  The MS 

is capable of producing a mass spectrum for p-Bromofluorobenzene, BFB, which 

meets all tuning criteria for EPA methods [when 1 µL (50 ng) of the GC/MS tuning 

standard are injected through the GC.] 

5.4 Purge and Trap Unit 

 

5.4.1 Concentrators: Tekmar LSC 2000 or Tekmar/Dohrmann 3000/3100 

Sample Concentrator equipped with Supelco trap number 2-1066-U or 2-

4920-U VOCARB 3000 providing good delivery for all target compounds. 

 

5.4.2     Autosamplers: Varian Archon 51 position programmable autosampler with 

5ml to 25ml water and heated soil capability. 

5.5 Acquisition Software:  HP chemstation system interfaced to the GC/MS.  The 

system acquires and stores data throughout the chromatographic programs. 

5.6 Data Processing Software:  TargetDB on Windows NT data system interfaced to 

the HP Chemstation.  The system accepts and stores acquired data.  It plots by 

extracted ion current profile (EICP).  The system is also capable of integrating the 

abundances of any EICP between specified time or scan-number limits.  The most 

recent NBS mass spectral library is installed. 

5.7 Microsyringes – 1.0, 5.0,10, 25, 100, 250, 500 and 1000 µL. 

5.8 Syringes – 5, 25 and 50 mL, gas-tight with Luer end. 

5.9 Balance - analytical, 0.0001 g; top-loading, 0.1 g. 

5.10 Disposable pasteur pipets. 

5.11 Volumetric flasks, Class A - 2 mL, 5 mL, 10 mL, 50 mL, 100 mL and 250 mL with 

ground-glass stoppers. 

5.12 Spatula - stainless steel. 

5.13 Glass scintillation vials - 20mL with screw caps. 

5.14   Nitrile Gloves 

5.15 pH paper (measures pH from 0-14). 
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6.0 REAGENTS AND SOLUTIONS 

6.1 Organic-free reagent water - obtained from a modulab system. 

6.2 Methanol - Purge and trap grade (EM-Omnisolv EM-0482-6 or equivalent) 

6.3 Methanol - suitable for use in gas chromatography (B&J Omnisolv MX0484-1, or 

equivalent) 

6.4 Sodium bisulfate, NaHSO4 – ACS reagent grade, or equivalent.  Available from 

Aldrich (Part No. 30,782-3).  

6.5 Stock standards are purchased in mixtures from reputable vendors.  The date they are 

received is noted on the label.  The date they are opened is noted on the label and 

recorded in the VOA standards and reagents logbook along with their lot number and 

vendor.  Each standard that is prepared is recorded in the VOA standards and 

reagents logbook and given a sequential number.  Each standard label is completed 

with the standard number, name, preparation date, expiration date, solvent and 

analyst initials. Stock standards, when opened, have an expiration date of 6 months, 

except for gas standards for South Carolina samples which have a one week 

expiration date. All stocks and standards are stored in the freezer at a temperature of 

-15°C + 5°C  or less from the date they are received/prepared.  The freezer 

temperature is monitored daily with an annually calibrated thermometer and recorded 

with calibration correction in the VOA refrigerator/freezer logbook.  Makeup of 

common standards is detailed below.  See the VOA standards log book for makeup of 

other standards. 

 

6.5.1 The Bromofluorobenzene (BFB) tuning standard is prepared as follows:  

Using a 50µL syringe, 40µL of standard (BFB @ 2500ng/µL) is injected into 

a 2mL volumetric flask containing approximately 1.0mL P&T methanol 

(Vendor,Lot) and diluted to volume with same making a 50ng/µL standard.  

After capping and inverting 3 times, the solution is transferred to a labeled 

2ml, teflon-lined, screw-capped vial and stored in the freezer at -15°C + 5°C  

or less for up to 6 months(1 week for South Carolina samples).  A direct 

injection of 1µL is used to tune the instrument. 

 

6.5.2 The internal and surrogate standard is prepared as follows:  Using the 

indicated syringe, the indicated amount of standard is injected into a 50 mL 

volumetric flask containing P&T methanol (Vendor,Lot) and diluted to 

volume with same making a 150ng/µL standard.  After capping and inverting 

3 times, the solution is transferred to the Archon standard vial and stored 

under helium for 1 month or less.  Each 8260/624 sample is automatically 

injected with 1µL of this standard. The internal standard/surrogate solution 

will be replaced if the –50%-200% criteria fails in the CCV. 

 

 

 

Standard 

 

Conc. 

(ng/µL) 

 

Syringe 

(µL) 

 

Amount 

(µL) 

    

8260 ISTD/Surr. Mix (Vendor,Lot) 2500 1000 3000 
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6.5.3   Calibration standards are prepared from the vendor stock standards at 

appropriate concentrations as follows. Occasionally unusual 

compounds are added to the mix so it is best to check the VOA 

standards log book for exact standard makeup. Note:  for laboratory 

control spikes (LCS), alternate sources or lot numbers from the main 

calibration standard are used to make the LCS standard.  See the 

appendix for analytes in the main mixes. 

 

6.5.3.1 Primary Standard:  Using the indicated syringe, the indicated 

amount of standard is injected into a 2mL volumetric flask 

containing approximately 1.0mL P&T methanol 

(Vendor,Lot) and diluted to volume with same to make a 

100-500ng/µL standard.  After capping and inverting 3 

times, the solution is transferred into 2ml amber vial w/mini-

inert valve and stored in the freezer at -15°C + 5°C for 1 

week.  A 50µg/L (5mL purge) standard is made using 25µL 

of this standard to 50mLof reagent water. 

 

 

Stock Standard(CCV) 

 

Conc (ng/µL) 

 

Syringe(µL) 

 

Amount(µL) 

 

    Final Conc 

 (ng/µL) 

2-CEVE (Cat#30265) (Vendor, Lot) 20000 25 20 200 

Vinyl Acetate  (#3766) (Vendor, Lot) 5000 100 80 200 

Ketones  (cat#30006) (Vendor, Lot) 5000 100 80 200 

Liquid mix (C-349H-07) (Vendor, Lot) 2000 100 100 100 

Custom mix (CCS-1037) (Vendor, Lot) 5000 50 40 100 

Gases (cat#30042) (Vendor, Lot) 2000 100 100 100 

Acrolein/Acrylonitrile (CC2098.10) 

(Vendor, Lot) 

20,000 50 50 500 

    Additional compounds may be added such as Appendix IX. Refer to standards log. 

6.5.4 ICV/LCS/MATRIX SPIKE MIX: A second source standard is  to 

check the validity of the gas and primary calibration standards used in 

analyzing the calibration curve.  Using the indicated syringe, the 

indicated amount of standard is injected into a 2mL volumetric flask 

containing approximately 1.0mL P&T methanol (Vendor,Lot) and 

diluted to volume with same to make a 100-500ng/µL standard.  After 

capping and inverting 3 times, the solution is transferred into 2ml 

amber vial w/mini-inert valve and stored in the freezer at -15°C + 5°C 

for 1 week.  A 50µg/L (5mL purge) ICV/LCS/Matrix Spike is made 

using 25µL of this standard to 50mLof reagent water/Sample Matrix. 
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Stock Standard(ICV/LCS) 

 

Conc (ng/µL) 

 

Syringe(µL) 

 

Amount(µL) 

 

    Final Conc 

 (ng/µL) 

2-CEVE(Vendor,Lot#) 20,000 25 20 200 

Vinyl Acetate(Vendor,Lot#) 5000 100 80 200 

Ketones(Vendor,Lot#) 5000 100 80 200 

Liquid mix (Vendor,Lot#) 2000 100 100 100 

Custom Mix(Vendor,Lot#) 5000 50 40 100 

Gases (Vendor,Lot#) 2000 100 100 100 

Acrolein/Acrylonitrile (Vendor,Lot#)  50,000 50 50 500 

     

     

     

     

     

     

     

 

7.0 PROCEDURE 

7.1 Chromatographic conditions – Refer to corresponding instrument maintenance log 

for current gas chromatograph, mass spectrometer, and concentrator conditions. 

 

7.2 System Bakeout - Prior to analysis, the autosampler purge and trap unit is stepped to 

bake and an instrument blank is analyzed. 

 

NOTE: Further cleaning may be accomplished by backflushing the lines with 

methanol and then analyzing blanks overnight. 

7.3 Tuning - Prior to any calibration or analysis, BFB tuning criteria must be met for a 

1.0µL injection of the tuning standard [see below].  Tune must be met every 12 hours 

sample analysis is to be performed (every 24 hours for Federal Register Method 624 

except for South Carolina which only allows 12 hours). The mass spectrum of BFB is 

acquired as follows: by using one scan at the apex peak, or by using the mean of the 

apex and the preceding and following scans or mean of a symmetric pattern of scans 

about the apex, or using the average across the entire peak. Background subtraction is 

accomplished using a single scan no more than 20 scans prior to the elution of BFB. 

 

m/z Required Intensity (relative abundance)  
50 15 to 40% of m/z 95 

75 30 to 60% of m/z 95 

95 Base peak, 100% relative abundance 

96 5 to 9% of m/z 95 

173 Less than 2% of m/z 174 

174 Greater than 50% of m/z 95 

175 5 to 9% of m/z 174 

176 Greater than 95% but less than 101% of m/z 174 

177 5 to 9% of m/z 176 
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7.4 Calibration:  Calibration standards are made up in water using the appropriate 

amount of the methanol standard.  Calibration for soils for South Carolina requires 

that 5mL of sodium bisulfate solution is added to each calibration standard made if 

the samples will be preserved with sodium bisulfate.  All calibration standard 

integrations must be checked for acceptability. 

 

7.4.1 Initial Calibration - An initial calibration curve at no less than five 

concentration levels must be analyzed and shown to meet the initial 

calibration criteria before any sample analysis may be performed.  For 

Arizona samples the surrogates must also be calibrated at a minimum of five 

concentrations. Method 624 requires that the %RSD be less than 35% to use 

the average response factor for quantitation, the curve is to be used otherwise 

and should have a correlation coefficient (r) of >0.995.  Method 8260B 

requires that the %RSD be less than 15% to use the average response factor 

for quantitation, the curve is to be used otherwise as long as r is >0.995 

linear or > 0.99 quadratic. In addition, there are calibration check compounds 

(CCCs) listed below which must have a %RSD less than 30% and five 

system performance check compounds (SPCCs) which must meet the average 

response factor criteria listed below. The lowest standard must be less than or 

equal to the reported quantitation limit and the highest standard must not 

exceed the linear range of the detector. Any manual integrations are 

documented by inclusion of the integrated signals (before and after manual 

integration) initialed, dated, and reason with the quantitation report and 

chromatograms.  Any response factors less than 0.050 must be supported by 

the mass spectrum of the lowest standard. No quadratic curves for South 

Carolina.  

 

CCCs: 1,1-Dichloroethene Toluene 

 Chloroform Ethylbenzene 

 1,2-Dichloropropane Vinyl chloride 

 

SPCCs: Chloromethane 0.10 

1,1-Dichloroethane 0.10 

Bromoform 0.10 

Chlorobenzene 0.30 

1,1,2,2-Tetrachloroethane 0.30 

 

7.4.2  Initial Calibration Verification - A second source standard at the 50 µg/L 

(5mL purge) level is used to check the validity of the curve.  The standard 

recovery for all analytes must be between 75 and 125%.  If the second source 

recovery is above 125%, the main standard has probably deteriorated for that 

compound.  That standard must be replaced and a new curve generated.  If 

the second source recovery is below 75%, the second source standard has 

probably deteriorated for that compound and must be replaced.  Any manual 

integrations are documented by inclusion of the integrated signals with the 

quantitation report and chromatogram. 

 

7.4.3 Continuing Calibration Verification (every 12 hours) - A midpoint 

calibration standard (generally 50 µg/L - 5mL purge) must be analyzed and 

calculated against the initial calibration curve, then shown to meet the 
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calibration check criteria before any sample analysis may be performed.  

Acceptance criteria for method 8260B consists of the same SPCC criteria as 

above and <20% drift or difference (calculations given in section 7.10) for 

the CCCs as listed above.  The internal standards must also be evaluated as 

listed below.  Any manual integrations are documented by inclusion of the 

integrated signals with the quantitation report and chromatogram.  Samples 

are then quantitated against the initial calibration curve. Note:  If any 

compound in the continuing calibration not subject to the criteria above 

exceeds 30% D, it must be evaluated and initialed by the organic section 

manager.  If deemed acceptable, the analyst may continue analysis. 

NOTE:  Acceptance criteria for method 624 consists of meeting recovery 

limits found in table 5 of the method for a QC check sample.  This QC check 

sample is made from a separate source or lot number than the calibration 

standard at a concentration of 20 µg/L. 

 

Internal standard checks 

 

7.4.3.1.1 Retention time - The retention times of the internal 

standards in the calibration verification standard must be 

evaluated immediately after or during data acquisition.  If 

the retention time for any internal standard changes by 

more than 30 seconds from that in the mid-point standard 

level of the most recent initial calibration sequence, then 

the chromatographic system must be inspected for 

malfunctions and corrections must be made, as required.  

When corrections are made, reanalysis of samples 

analyzed while the system was malfunctioning is required.  

 

7.4.3.1.2 Response - If the EICP area for any of the internal 

standards in the calibration verification standard changes 

by a factor of two (-50% to + 100%) from that in the mid-

point standard level of the most recent initial calibration 

sequence, the mass spectrometer must be inspected for 

malfunctions and corrections must be made, as 

appropriate.  When corrections are made, reanalysis of 

samples analyzed while the system was malfunctioning is 

required. 

 

7.5 LCS - An LCS is analyzed every 12 hour tune.Using standards prepared from an 

alternate vendor or lot number, blank water is spiked at the 50 µg/L (5mL/soil) or 

10 µg/L (25mL) level.  See section 8.3 below for criteria and corrective action.  Note:  

the concentration of the LCS will be 20 µg/L when analyzing 624 samples (QC 

Check Sample). When analyzing samples for DOD QSM Version 3, DOD limits 

will be used. 

 7.6 Method Blank - Prior to sample analysis, the system must be shown to be free of 

contamination through analysis of a method blank.  See section 8.4 below for criteria 

and corrective action. 

7.7 Sample Analysis - Prior to analysis, the samples are prepared for chromatography 

using the appropriate sample preparation method (5mL water, 25mL water, low soil, 
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high soil, etc.)  See SOP-225 for preparation of a 5035 soil sample.  For a 5mL/25mL 

water sample, use the following procedure: 

 

7.7.1. Load the vial into the Archon autosampler in the expected position.  

 

7.7.2. Program the Archon for the loaded vial range and necessary dilutions, 

making sure the programmed method is set for the same volume as the purge 

vessel on the front of the LSC 2000 or 3000/3100 and that the Chemstation 

sequence matches the Archon sequence.  Note:  TCLP samples are analyzed 

at a 10x dilution. One TCLP sample is spiked per matrix. 

 

7.7.3. After analysis of the sample has been completed, check the pH of the sample 

using pH paper and verify it to be less than a pH of 2.  If it is not, record the 

pH and generate a corrective action report.  The sample report will have to be 

flagged for preservation if the analysis is being performed more than 7 days 

after sampling.  [Note:  TCLP samples do not require a pH check.] 

 

 7.8 Instrument sequence  

       An example of a typical instrument sequence log follows: 

1-BFB Tune (12:00 am)  

2-CCV 

3-LCS 

4-Method Blank  

5-Sample 

6-Sample 

7-Sample 

8-Sample 

9-Sample 

10-Sample 

11-Sample 

12-Sample 

13-Sample 

14-Sample 

15-Sample 

16-Sample 

17-Sample MS 

18-Sample MSD 

19-BFB (12:00pm - 12 hours since last BFB/CCV) 

20-CCV 

21-LCS 

22-Method Blank 

23-Sample 

24-Sample 

7.9 Data Reduction/Evaluation - Each sample analysis sequence is documented using the 

computer run log generated on the chemstation.  This run log is signed, dated and 

paginated then placed in a 3 ring binder for that instrument.  After the sample has 

been analyzed, the data is processed through the TargetDB on Windows NT data 

system.  Quantitative measurements are performed using the calculations found in 

section 7.10 below.  The following must be checked to determine if the sample will 
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need any reanalysis or dilution.  Formal data evaluation is detailed in SOP-200 

(documented using the USACE Analyst Data Review Checklist for USACE 

projects). See SOP-224 for guidance on manual integrations. 

 

 

7.9.1 Internal Standards - Areas should be within 50 to 200 percent of the area of 

the continuing calibration.  Retention time should be within 30 seconds of 

the retention time of the continuing calibration.   Note:  criteria applies to the 

continuing calibration, not samples, but is used as an indication of the sample 

analysis validity.  If not, the sample and historical data should be evaluated to 

determine the cause of the problem.  Reanalysis is expected if it appears to 

be from a leak.  If matrix effect is confirmed by reanalysis or historical data, 

complete a corrective action report and flag the affected compounds on the 

final report for matrix effect. 

 

7.9.2   Surrogates – Control limits are determined by charting LCSs and method 

blanks. All of the surrogates must be within these limits in order for the 

analysis to be in control.  If not, the reason for the malfunction must be 

determined and reanalysis may be necessary. If historical data indicates 

matrix, the sample would be flagged appropriately.  When the surrogates 

exceed either the control limits, a corrective action report must be completed. 

   Federal Register Method 624 contains no criteria for surrogate recovery. 

When analyzing samples for DOD QSM Version 3, DOD limits will be 

used. 

 

Surrogate WATER SOIL/SEDIMENT 

Dibromofluoromethane 85-120 80-120 

1,2-Dichloroethane-d4 85-130 75-140 

Toluene-d8 85-115 80-120 

Bromofluorobenzene 80-120 80-125 

 

7.9.3  Analyte concentration must be within the range of the calibration curve after 

rounding to 2 significant figures.  If an analyte exceeds the curve, a dilution 

must be performed, the next sample must be checked for carryover and the 

sparge position must be checked for contamination through the analysis of a 

system blank.  Any dilution should keep the concentration of the analyte in 

question within the mid-range of the curve. 

 

7.9.4 Qualitative identification is made as indicated below. 

 

7.9.4.1 The mass spectra are compared to reference spectra in a user-created 

data base especially compiled to contain relatively uncontaminated 

mass spectra of each target compound.  Note:  Such a file cannot be 

obtained from the daily calibrations during each 12 hour analytical 

period due to overlapping peaks in the mixes. 

 

7.9.4.2 The GC/MS analyst uses intelligence guided by experience to make 

the identifications.In uncontaminated spectra where ions are missing 

due to low concentration, if the major ions are present in the correct 

ratios at the correct retention time, the identification will be 
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considered positive.  In contaminated spectra, special emphasis will 

be placed upon higher mass ions, and the major ions will usually 

need to be present as major components of the spectrum (either 

unsubtracted or subtracted) for the identification to be positive.  All 

assessments of relative intensities of ions will be made by visual 

estimates from the spectra. 

 

 

7.10 Calculations: 

 

7.10.1 The RF is calculated as follows: 

  

 

where: 

As  = Peak area (or height) of the analyte or surrogate. 

Ais  = Peak area (or height) of the internal standard. 

Cs  = Concentration of the analyte or surrogate. 

Cis  = Concentration of the internal standard. 

 

7.10.2 Calibration verification involves the calculation of the percent drift 

(linear) or the percent difference (average) of the instrument response 

between the initial calibration and each subsequent analysis of the 

verification standard.  Use the equations below to calculate % Drift or % 

Difference, depending on the calibration procedure used. 

 

   (Calculated concentration – Theoretical concentration) * 100 

 % Drift =      Theoretical Concentration 

 

where the calculated concentration is determined from the initial 

calibration and the theoretical concentration is the concentration at which 

the standard was prepared. 

 

    (CCV RF – Average RF) * 100 

     % Difference =    Average RF 

 

where CCV RF is the response factor from the analysis of the 

verification standard and Average RF is the average response factor from 

the initial calibration. The % difference or % drift calculated for the 

calibration verification standard must be within ±20% for each CCC 

analyte, or  for all target analytes if the CCCs are not target analytes, 

before any sample analyses may take place. 

 

7.10.3    Concentration in water samples is calculated as follows:  [Note: Using 

the units specified here for these terms will result in a concentration in 

units of ng/mL, which is equivalent to ug/L.] 

 

 

 

 

C x A

C x A
 = RF

sis

iss
 

)(1000)V)(RF)(A(
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where: 

As = Area (or height) of the peak for the analyte in the sample. 

Ais = Area (or height) of the peak for the internal standard. 

Cis = Concentration of the internal standard in the  volume purged 

in ug/L.   

D = Dilution factor, if the sample was diluted prior to analysis.  If 

no dilution was made, D = 1.  The dilution factor is always 

dimensionless. 

Vi = For purge-and-trap analysis, Vi is not applicable and is set at 

1. 

––
RF = Mean response factor from the initial calibration.  

Vs = Volume of the aqueous sample purged (mL).  If units of 

liters are used for this term, multiply the results by 1000. 

 

7.10.4   Concentration in non-aqueous samples is calculated as follows:  [Note: 

Using the units specified here for these terms will result in a 

concentration in units of ng/g, which is equivalent to ug/kg.] 

 

 

 

 

 

where:  As, 

Ais, Cis, D, and 
––
RF are the same as for aqueous samples, and 

Ws = Weight of sample extracted (g).  Either a dry weight or wet 

weight may be used, depending upon the specific application 

of the data.  If units of kilograms are used for this term, 

multiply the results by 1000. 

 

 

8.0 QUALITY ASSURANCE/QUALITY CONTROL/CORRECTIVE ACTIONS 

 

8.1 Internal Standards - All samples and QC are spiked with internals.  See section 

7.9.1 above for criteria and corrective action. 

8.2 Surrogates - All samples and QC are spiked with surrogates.  The surrogate 

recoveries from method blanks and LCS are used to generate control limits.  See 

section 7.9.2 above for criteria and corrective action. 

8.3 LCS Sample - An LCS is analyzed every 12 hour tune .  To prepare the LCS, a 

blank is spiked with standards prepared from an alternate vendor or lot number 

from the calibration standards. Note:  the concentration of the LCS will be 20 µg/L 

when analyzing 624 samples (QC Check Sample).  The recoveries are used to 

generate control limits.  See the LCS report forms in the appendix for the 

laboratory generated limits.  The limits are in-house generated matrix spike limits 

or client specified limits for matrix spike analytes and 70-130% (or client specified 

limits) recovery for waters or soils for all other analytes if limits have not been 

generated.  Limits for 624 LCSs are taken from table 5 of method 624.  If the LCS 

compound has a recovery above the upper limit, but the same compound is not 

detected in any of the batch samples, no corrective action is required.  For all other 

)(1000)W)(RF)(A(

)V)(D)(C)(A(
 = g/kg)(ion Concentrat

sis

iiss
µ  
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situations, the LCS should be reanalyzed for the failed analytes only.  If the second 

analysis fails, all associated samples should be reanalyzed for the failed analytes 

only. When analyzing samples for DOD QSM Version 3, DOD limits will be 

used. South Carolina limits are 70-130% except for poor purgers which are 

60-140%. 

8.4 Method Blanks - The concentration for most method target analytes must be < ½ 

the reporting limit. Common laboratory contaminants, such as acetone and 

methylene chloride, must be < the reporting limit.  The first step of corrective 

action is to assess the affect on the samples.  If an analyte is found only in the 

method blank, but not in any batch samples, no further corrective action may be 

necessary.  Steps should be taken to find/reduce/eliminate the source of this 

contamination in the method blank.  If an analyte is found in the method blank and 

some, or all, of the other batch samples, then corrective action is required.  The 

source of contamination must be investigated and appropriate action taken and 

documented to find/reduce/eliminate the source of this contamination.  The method 

blank, and any samples containing the same contaminant, would likely be 

reanalyzed.  For the common laboratory contaminants, meeting the above 

requirements is not practical.  Random cases of contamination are difficult to 

control, however, daily contamination is not acceptable and corrective action is 

essential.  If a contaminant is found in the method blank and the samples, the 

compound concentration must be flagged with a 'B' on the final report unless the 

concentration is greater than 10x that found in the method blank. A method blank is 

analyzed every 12 hour tune. 

8.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are 

spiked for an MS/MSD with the LCS standard.  Criteria for the MS/MSD 

recoveries are the same as the LCS limits.  Limits for the RPDs are 30% RPD for 

water and soil..  Samples that do not meet these criteria due to matrix must be 

flagged on the final report for QC problems.  Generally, batch control is not based 

on MS/MSD results unless general method failure is determined to be the problem.  

In that case, the samples and associated QC would be reanalyzed for the failed 

analytes only.  MS data evaluation must include the consideration of the following 

factors. When analyzing samples for DOD QSM Version 3, DOD limits will be 

used. 

 

8.5.1  Sample matrix - If the sample is a soil, grab sample or sequentially collected 

water sample it may affect the %R and RPD of the MS/MSD.  A water 

sample which was taken from the same VOA vial for the original sample and 

the MS/MSD should have very good RPDs unless there has been a method 

problem.  Corrective action must be taken in the form of reanalysis if a 

method problem is indicated. 

 

8.5.2  Original sample concentration - If a spiked compound has a problem and the 

concentration of that compound in the original sample was two or more times 

the concentration of the spike, no further corrective action may be necessary 

other than the generation of a corrective action report to document the 

problem. 
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8.5.3  MS vs. MSD - If a spiked compound has a problem in both the MS and 

MSD, review the LCS and if acceptable no further action may be necessary 

since it is attributable to matrix effect. 

 

8.5.4    Non-target Interference - The presence of significant non-target 

interference should be brought to the immediate attention of your 

supervisor who should discuss the problem with the client/project manager 

to determine the action to be taken. 

 

8.6  Demonstration of Capability (DOC) – Each new analyst must complete a 

demonstration of capability by analyzing four LCSs with acceptable precision and 

accuracy. This also must be done when a new instrument is installed or a 

significant change to the method has been made. 
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CHROMATOGRAPHIC 

COND. VOA1  VOA3 VOA4 VOA5 

GC 5890 SERIES II 6890 5890 SERIES II 5890 SERIES II 

MS 5971 5973 5972 5972 

GC COLUMN 

RTX-VRX-

60mX0.25mmX1.4um 

RTX-VRX-

60mX0.25mmX1.4um 

DBVRX-

60mX0.25mmX1.4um RTX-VRX-60mX0.25mmX1.4um 

INJECTOR  LINER 1.0MM 1.0MM 2.0MM 2.0MM 

INJECTOR 

TEMPERATURE 150deg C 150deg C 150deg C 150deg C 

TRANSFER LINE TEMP. 250deg C 150deg C 250deg C 250deg C 

COLUMN PRESSURE 9.0PSI X X X 

COLUMN FLOW X 1.1 ml/min 1.1 ml/min 1.2 ml/min 

SPLIT FLOW/RATIO  19ml/min@50deg C 43.3ml/min (40:1) 20ml/min@50deg C 20ml/min@50deg C 

INITIAL TEMPERATURE 45deg C 50deg C 50deg C 50deg C 

INITIAL HOLD TIME 5.0 min 10 min 10 min 10 min 

RAMP1 9deg C / min 25deg C / min 25deg C / min 25deg C / min 
 TEMPERATURE 1 / TIME 

1 240deg C/ 6.1 min 220deg C/ 6.0 min 220deg C/ 7.2 min 220deg C/ 6.0 min 

RAMP2 X X X X 

TEMPERATURE 2 / TIME 2 X X X X 

TOTAL RUN TIME  32.7 min 23.0 min 24.2 min 23.0 min 

CONCENTRATOR (Tekmar 2000) (Tekmar 3100) (Tekmar 3000) (Tekmar 3100) 

ARCHON PURGE COND.         

VALVE/LINE TEMP. 125deg / 125deg C 110deg / 110deg C 130deg / 130deg C 130deg / 130deg C 

PURGE TIME 11.0 min 11.0 min 11.0 min 11.0 min 

PURGE FLOW 45ml/min 40ml/min 40ml/min 40ml/min 

DRY PURGE TIME 2.0 min 2.0 min 2.0 min 2.0 min 

DESORB PREHEAT  245deg C 255deg C 255deg C 255deg C 

DESORB TEMPERATURE 250deg C 260deg C 260deg C 260deg C 

DESORB TIME 2.0 min 1.0 min 1.0 min 1.0 min 

BAKE TEMPERATURE 270deg C 270deg C 270deg C 270deg C 

BAKE TIME 9.0 min 10.0 min 10.0 min 10.0 min 

RTX columns are from RESTEK & DBVRX columns are from J&W.   
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9.0 HEALTH AND SAFETY 

9.1 Care should be used in handling all samples.  Safety glasses must be worn in the lab 

at all times.  The use of blue nitrile gloves and lab coats is highly recommended. 

9.2 Research into expected sample content and concentration should be done in order to 

be prepared for additional safety considerations.  Generally, any samples that need 

special consideration have applicable notes on the sample logs. 

9.3 MSDS sheets are available for all reagents and standards that have been purchased.  

These are located in the office next to the technical director. 

10.   WASTE MANAGEMENT AND POLLUTION PREVENTION 

        10.1 Please see Waste Disposal, SOP-210 and SOP-405 for proper disposal of waste   

coming from this area within our laboratory. 

        10.2  Quantity of chemicals purchased should be based on expected usage during its shelf-

life and the disposal cost of unused material. Actual reagent preparation volumes 

should reflect anticipated usage and reagent stability. 

 

11.0 EXAMPLE FORMS 

 

Definitions and examples of the instrument run log, LCS report sheets (624, water and soil) and 

the USACE analyst data review checklist are located in the following Appendix. 

When analyzing samples for DOD QSM Version 3, DOD limits will be used for 

surrogates, LCS, and MS/MSD. 
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APPENDIX 
 

TABLE OF DEFINITIONS 
 

1. amu- atomic mass unit 

2. BFB- Bromofluorobenzene 

3. °C- degrees Centigrade 

4. CCC- Calibration Check Compound 

5. CCV- Continuing Calibration Verification 

6. CLP- Contract Laboratory Program 

7. %D- percent difference 

8. EICP- extracted ion current profile  

9. EPA- Environmental Protection Agency 

10. g- gram or grams 

11. GC- Gas Chromatograph 

12. GC/MS- Gas Chromatograph/Mass Spectrometer 

13. ICV- Initial Calibration Verification 

14. I.D.- inner diameter 

15. ISTD- internal standard 

16. LSC- Laboratory Sample Concentrator 

17. MDL- method detection limit 

18. MS- Matrix Spike 

19. MSD- Matrix Spike Duplicate 

20. M.S.- Mass Spectrometer 

21. µm- micometer 

22. µL- microliter 

23. mL- milliliter 

24. mm- millimeter 

25. ng- nanogram 

26. P&T- purge and trap 

27. QC- quality control 

28. %R- percent recovery 

29. RPD- relative percent difference 

30. %RSD- percent relative standard deviation 

31. SOP- Standard Operating Procedure 

32. Surr.- surrogate 

33. SPCC- System Performance Check Compound 

34. TCLP- Toxicity Characteristic Leaching Procedure 

35. USACE- United States Army Corps Of Engineers 

36. VOA- volatile organic analysis 

37. LCS- Lab Control Sample 

REFERENCES 
 

1. 40 CFR, Part 136; Appendix A 

2. Test Methods for Evaluating Solid Waste, SW-846, Third Edition 

3. National Environmental Laboratory Accreditation Conference; CH. 5, 2001 

4. USACE, EM 200-1-3; Appendix 1; Shell, 2/2001 

5.   DOD Quality Systems Manual for Environmental Laboratories, 6/2002 
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 FORM 3 

 

                  WATER VOLATILE LAB CONTROL SAMPLE (624) 

 

  Lab Name: Empirical Laboratories, LLC  Contract: ELAB          

 

  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  

 

  Matrix Spike   -   Client Sample No.:  

   ____________________________________________________________________________ 

  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 

  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 

  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 

  |========================|=========|=============|=============|======|======| 

  | Acrolein               |  100.00 |     0.0000  |    100.000  |  100 | NML  | 

  | Acrylonitrile          |  100.00 |     0.0000  |    100.000  |  100 | NML  | 

  | Benzene                |   20.00 |     0.0000  |     20.000  |  100 |64-136| 

  | Bromodichloromethane   |   20.00 |     0.0000  |     20.000  |  100 |66-134| 

  | Bromoform              |   20.00 |     0.0000  |     20.000  |  100 |71-129| 

  | Bromomethane           |   20.00 |     0.0000  |     20.000  |  100 |14-186| 

  | Carbon tetrachloride   |   20.00 |     0.0000  |     20.000  |  100 |73-127| 

  | Chlorobenzene          |   20.00 |     0.0000  |     20.000  |  100 |66-134| 

  | Chloroethane           |   20.00 |     0.0000  |     20.000  |  100 |38-162| 

  | 2-Chloroethyl vinyl eth|   40.00 |     0.0000  |     40.000  |  100 | D-224| 

  | Chloroform             |   20.00 |     0.0000  |     20.000  |  100 |68-132| 

  | Chloromethane          |   20.00 |     0.0000  |     20.000  |  100 | D-204| 

  | Dibromochloromethane   |   20.00 |     0.0000  |     20.000  |  100 |68-132| 

  | 1,2-Dichlorobenzene    |   20.00 |     0.0000  |     20.000  |  100 |63-137| 

  | 1,3-Dichlorobenzene    |   20.00 |     0.0000  |     20.000  |  100 |73-127| 

  | 1,4-Dichlorobenzene    |   20.00 |     0.0000  |     20.000  |  100 |63-137| 

  | 1,1-Dichloroethane     |   20.00 |     0.0000  |     20.000  |  100 |73-127| 

  | 1,2-Dichloroethane     |   20.00 |     0.0000  |     20.000  |  100 |68-132| 

  | 1,1-Dichloroethene     |   20.00 |     0.0000  |     20.000  |  100 |51-149| 

  | trans-1,2-Dichloroethen|   20.00 |     0.0000  |     20.000  |  100 |70-130| 

  | 1,2-Dichloropropane    |   20.00 |     0.0000  |     20.000  |  100 |34-166| 

  | cis-1,3-Dichloropropene|   20.00 |     0.0000  |     20.000  |  100 |24-176| 

  | trans-1,3-Dichloroprope|   20.00 |     0.0000  |     20.000  |  100 |50-150| 

  | Ethylbenzene           |   20.00 |     0.0000  |     20.000  |  100 |59-141| 

  | Methylene chloride     |   20.00 |     0.0000  |     20.000  |  100 |61-139| 

  | 1,1,2,2-Tetrachloroetha|   20.00 |     0.0000  |     20.000  |  100 |61-139| 

  | Tetrachloroethene      |   20.00 |     0.0000  |     20.000  |  100 |74-126| 

  | Toluene                |   20.00 |     0.0000  |     20.000  |  100 |75-125| 

  | 1,1,1-Trichloroethane  |   20.00 |     0.0000  |     20.000  |  100 |75-125| 

  | 1,1,2-Trichloroethane  |   20.00 |     0.0000  |     20.000  |  100 |71-129| 

  | Trichloroethene        |   20.00 |     0.0000  |     20.000  |  100 |67-133| 

  | Trichlorofluoromethane |   20.00 |     0.0000  |     20.000  |  100 |48-152| 

  | Vinyl chloride         |   20.00 |     0.0000  |     20.000  |  100 | 4-196| 

  |________________________|_________|_____________|_____________|______|______| 

  # Column to be used to flag recovery and RPD values with an asterisk 

 

  * Values outside of QC limits 

 

  NML = No Method Limits 

 

  COMMENTS:  ___________________________________________________________________ 

             ___________________________________________________________________ 

page 1 of 1     FORM III VOA 
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  VOA Water Limits   

 In-House DOD Limits  South 
Carolina 

1,1,1 Trichloroethane 80-125 65-130  70-130 

1,1,1,2-Tetrachlorethane 70-140 80-130  70-130 

1,1,2,2-Tetrachloroethane 70-130 65-130  70-130 

1,1,2-Trichloroethane 80-130 75-125  70-130 

1,1-Dichloroethane 75-130 70-135  70-130 

1,1-Dichloroethene 70-125 70-130  70-130 

1,2,4 Trichlorobenzene 45-135 65-135  70-130 

1,2-Dibromo-3-chloropropane 70-130 50-130  70-130 

1,2-Dibromoethane 75-130 80-120  70-130 

1,2-Dichlorobenzene 70-130 70-120  70-130 

1,2-Dichloroethane 70-135 70-130  70-130 

1,2-Dichloropropane 75-130 75-125  70-130 

1,3-Dichlorobenzene 65-125 75-125  70-130 

1,4-Dichlorobenzene 70-125 75-125  70-130 

2-Butanone 65-145 30-150  60-140* 

2-Hexanone 70-140 55-130  60-140* 

4-Methyl-2-pentanone  75-135 60-135  60-140* 

Acetone 35-175 40-140  60-140* 

Benzene 75-125 80-120  70-130 

Bromochloromethane 80-125 65-130  70-130 

Bromodichloromethane 85-135 75-130  70-130 

Bromoform 70-140 70-130  70-130 

Bromomethane 45-150 30-145  70-130 

Carbon disulfide 65-130 35-160  70-130 

Carbon tetrachloride 75-135 65-140  70-130 

Chlorobenzene 75-120 80-120  70-130 

Chloroethane 65-145 60-135  70-130 

Chloroform 75-125 65-135  70-130 

Chloromethane 45-145 40-125  70-130 

Cis-1,2-Dichloroethene 80-120 70-125  70-130 

Cis-1,3-Dichloropropene 75-130 70-130  70-130 

Dibromochloromethane 80-140 60-135  70-130 

Dibromomethane 65-140 75-125  70-130 

Dichlorodifluoromethane 40-160 30-155  70-130 

Ethylbenzene 75-130 75-125  70-130 

Methylene chloride 70-130 55-140  70-130 

M,p-Xylene 75-125 75-130  70-130 

o-Xylene 75-130 80-120  70-130 

Styrene 75-125 65-135  70-130 

Tetrachloroethene 70-125 45-150  70-130 

Toluene 75-125 75-120  70-130 

Trans-1-2 Dichlorethene 70-125 60-140  70-130 

Trans-1-3-Dichloropropene 70-130 55-140  70-130 

Trichloroethene 80-125 70-125  70-130 

Trichlorofluroromethane 70-140 60-145  70-130 

Vinyl chloride 65-140 50-145  70-130 

MTBE 75-125 65-125  70-130 
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Naphthalene 45-135 55-140  70-130 

* - Poor Purger 
 

 

 

    

  VOA Soil Limits    

 Soil DOD Limits   

1-1-1-2 Tetrachloroethane 75-125 75-125   

1-1-1-Trichloroethane 65-140 70-135   

1-1-2-2-Tetrachloroethane 65-130 55-130   

1-1-2-Trichloroethane 70-130 60-125   

1-1-Dichloroethane 70-135 75-125   

1-1-Dichloroethene 65-135 65-135   

1-2-4-Trichlorobenzene 55-135 65-130   

1-2-Dibromo-3-chloropropane 55-145 40-135   

1-2-Dibromoethane 70-135 70-125   

1-2-Dichlorobenzene 75-125 75-120   

1-2-Dichloroethane 65-140 70-135   

1-2-Dichloropropane 70-135 70-120   

1-3-Dichlorobenzene 70-125 70-125   

1-4-Dichlorobenzene 70-125 70-125   

2-Butanone 50-145 30-160   

2-Hexanone 50-140 45-145   

4-Methyl-2-pentanone 55-145 45-145   

Acetone 30-155 20-160   

Benzene 70-130 75-125   

Bromochloromethane 75-130 70-125   

Bromodichloromethane 70-145 70-130   

Bromoform 60-130 55-135   

Bromomethane 50-160 30-160   

Carbon disulfide 65-145 45-160   

Carbon tetrachloride 65-140 65-135   

Chlorobenzene 70-120 75-125   

Chloroethane 60-145 40-155   

Chloroform 65-135 70-125   

Chloromethane 50-150 50-130   

Dibromochloromethane 70-140 65-130   

Dibromomethane 75-125 75-130   

Dichlorodifluoromethane 35-155 35-135   

Ethylbenzene 75-125 75-125   

Methylene chloride 55-155 55-140   

Styrene 70-125 75-125   

Tetrachloroethene 65-130 65-140   

Toluene 55-140 70-125   

Trichloroethene 60-145 75-125   

Trichlorofluoromethane 60-140 25-185   

Vinyl Acetate 50-135    

Vinyl chloride 60-145 60-125   

cis-1-2-Dichlorethene 70-135 65-125   

cis-1-3-Dichloropropene 75-135 70-125   

m-p-Xylene 70-125 80-125   
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o-Xylene 70-125 75-125   

trans-1-2-Dichloroethene 65-140 65-135   

trans-1-3--Dichloropropene 65-125 65-125   

MTBE 55-150    

Naphthalene 55-145 40-125   

   

 

VOA MIXES 
 

LIQUID MIX (2000PPM) 

  

GASES MIX (2000PPM) 

C-610H (PRIMARY STANDARD)  #30042 (PRIMARY STANDARD) 

M-502A-R-10X (ICV/LCS/MATRIX SPIKE)  M-502B-R-10X (ICV/LCS/MATRIX SPIKE) 

Benzene  Bromomethane 

Bromobenzene  Chloroethane 

Bromochloromethane  Vinyl chloride 

Bromodichloromethane  Chloromethane 

Bromoform  Dichlorodifluoromethane 

n-Butylbenzene  Trichlorofluoromethane 

sec-Butylbenzene   

tert-butylbenzene  C610H-PRIMARY STANDARD  

Carbon tetrachloride  M60310X (ICV/LCS/MATRIX SPIKE) 

Chlorobenzene  Acrolein (10,000PPM) 

Chloroform  Acrylonitrile (10,000PPM) 

2- & 4-Chlorotoluene   

Trichloroethene  CCS1037-PRIMARY CUSTOM MIX (5000PPM) 

Dibromochloromethane  #557102- ICV/LCS CUSTOM MIX (5000PPM) 

1,2-Dibromo-3-chloropropane  Tetrahydrofuran 

1,2-Dibromoethane  MTBE 

1,2-Dichlorobenzene  Methyl metacrylate 

1,3-Dichlorobenzene  Ethyl methacrylate 

1,4-Dichlorobenzene  1,1,2-Trichlorotrifluoroethane 

1,1- & 1,2-Dichloroethane  Cyclohexane 

1,1,2-Trichloroethene  Methylcyclohexane 

1,1-Dichloroethene  Methyl acetate 

cis-1,2-Dichloroethene  Carbon disulfide 

trans-1,2-Dichloroethene  Iodomethane 

1,2- & 1,3-Dichloropropane   

1,2,3-Trichloropropane  PRIMARY and ICV/LCS STANDARD-neat  

2,2-Dichloropropane  Vinyl acetate (5000PPM) 

1,1-Dichloropropene   

cis-1,3-Dichloropropene  PRIMARYand ICV/LCS STANDARD-neat 

trans-1,3-Dichloropropene  2-Chloroethyl vinyl ether (20000PPM) 

Ethylbenzene   

Hexachlorobutadiene   

Isopropylbenzene  KETONES MIX (5000PPM) 

Isopropyltoluene  #30006 (PRIMARY STANDARD and ICV/LCS) different lots 

Methylene Chloride  Acetone  

Naphthalene  2-butanone 

n-Propylbenzene  2-hexanone 

Styrene  4-methyl-2-pentanone 

1,1,1,2-Tetrachloroethane   

1,1,2,2-Tetrachloroethane   

Tetrachloroethene   

Toluene   

1,2,3-Trichlorobenzene   
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1,2,3-Trimethylbenzene   

1,2,4-Trimethylbenzene   

1,3,5-Trimethylbenzene   

 m-,p- & o-Xylene   

1,1,1-Trichloroethene   

   

 

 

VOA CALIBRATIONS RANGE FOR EPA8260B/624(AQUEOUS) 

Liquid mix, Gases mix & primary custom mix is calibrated at these levels - 0.5ppb, 1.0ppb, 2.0ppb, 10ppb, 

20ppb, 50ppb, 100ppb & 200ppb.  The ketones mix, 2-chloroethyl vinyl ether & vinyl acetate are calibrated 

at these levels - 1.0ppb, 2.0ppb, 4.0ppb, 20ppb, 40ppb, 100ppb, 200ppb & 400ppb.  Acrolein & 

Acrylonitrile are calibrated at these levels – 2.5ppb, 5.0ppb, 10ppb, 50ppb, 100ppb, 250ppb, 500ppb, 

1000ppb. 

 

 

VOA CALIBRATIONS RANGE FOR EPA8260B(SOLIDS) 

Liquid mix, Gases mix & primary custom mix is calibrated at these levels – 2.0ppb, 5.0ppb, 10ppb, 20ppb, 

50ppb, 100ppb & 200ppb.  The ketones mix, 2-chloroethyl vinyl ether & vinyl acetate are calibrated at 

these levels -  2.0ppb, 10ppb, 20ppb, 40ppb, 100ppb, 200ppb & 400ppb.  Acrolein & Acrylonitrile are 

calibrated at these levels – 5.0ppb, 10ppb, 50ppb, 100ppb, 250ppb, 500ppb, 1000ppb. 

 

 

VOA LCS/ICV/MATRIX SPIKE LEVEL FOR EPA8260B 

Liquid mix, Gases mix, Ethyl methacrlate, Metyl methacrylate, Tetrahydrofuran, MTBE, 

Trichlorotrifluoroethane, Cyclohexane, Methylcyclohexane &  Methyl acetate are spiked at 50ppb level. 

Acrolein & Acrylonitrile spiked at 250ppb level. Acetone, 2-Butanone, 2-Hexanone, Carbon disulfide, 2-

Chloroethyl vinyl ether, 4-Methyl-2-pentanone, Vinyl acetate & Iodomethane are spiked at 100ppb level. 
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INTERNAL STANDARD ASSOCIATION / QUANT ION  TABLE   

COMPOUND QUANT MASS * I.S. COMPOUND QUANT MASS * I.S. 

   Dibromomethane 93 1 

*Fluorobenzene (1) 96  1,1,2-Trichloroethane 83 2 

*Chlorobenzene-d5 (2) 117  1,2,3-Trichloropropane 110 2 

*1,4-Dichlorobenzene-d4 (3) 152  Hexachlorobutadiene 225 3 

   Isopropylbenzene 105 2 

Bromomethane 94 1 Isopropyltoluene 119 3 

Chloroethane 64 1 Methylene Chloride 84 1 

Vinyl chloride 62 1 Naphthalene 128 3 

Chloromethane 50 1 Propionitrile 54 1 

Dichlorodifluoromethane 85 1 n-Propylbenzene 91 3 

Acetonitrile 41 1 Styrene 104 2 

Allyl chloride 41 1 1,1,1,2-Tetrachloroethane 131 2 

Trichlorofluoromethane 101 1 1,1,2,2-Tetrachloroethane 83 3 

Benzene 78 1 Tetrachloroethene 166 2 

Bromobenzene 156 3 Toluene 92 2 

Bromochloromethane 128 1 1,2,3-Trichlorobenzene 180 3 

Bromodichloromethane 83 2 1,2,4-Trichlorobenzene 180 3 

Bromoform 173 2 1,2,4-Trimethylbenzene 105 3 

n-Butylbenzene 91 3 1,3,5-Trimethylbenzene 105 3 

sec-Butylbenzene 105 3 m-Xylene 91 2 

tert-butylbenzene 119 3 p-Xylene 91 2 

Carbon tetrachloride 117 1 o-Xylene 91 2 

Chlorobenzene 112 2 Acrolein 56 1 

Chloroform 83 1 Acrylonitrile 53 1 

Chloroprene 53 1 Tetrahydrofuran 42 1 

2-Chlorotoluene 91 3 MTBE 73 1 

4-Chlorotoluene 91 3 Methacrylonitrile 41 1 

Dibromochloromethane 129 2 Methyl methacrylate 41 1 

1,2-Dibromo-3-chloropropane 157 3 Ethyl methacrylate 69 2 

1,2-Dibromoethane 107 2 1,1,2-Trichlorotrifluoroethane 101 1 

1,2-Dichlorobenzene 146 3 Cyclohexane 56 1 

1,3-Dichlorobenzene 146 3 Methylcyclohexane 83 1 

1,4-Dichlorobenzene 146 3 Methyl acetate 43 1 

1,1-Dichloroethane 63 1 Carbon disulfide 76 1 

1,2-Dichloroethane 62 1 Iodomethane 142 1 

1,1-Dichloroethene 96 1 Vinyl acetate 43 1 

cis-1,2-Dichloroethene 96 1 2-Chloroethyl vinyl ether  63 1 

trans-1,2-Dichloroethene 96 1 Acetone  43 1 

trans-1,4-Dichloro-2-butene 53 3 2-butanone 43 1 

1,2-Dichloropropane 63 1 2-hexanone 43 2 

1,3-Dichloropropane 76 2 Isobutyl alcohol 43 1 

2,2-Dichloropropane 77 1 1,4-Dioxane 88 1 

1,1-Dichloropropene 75 1 4-methyl-2-pentanone 43 1 

cis-1,3-Dichloropropene 75 1 Dibromofluoromethane (S) 111 1 

trans-1,3-Dichloropropene 75 2 1,2-Dichloroethane-d4 (S) 102 1 

Ethylbenzene 91 2 Toluene-d8 (S) 98 2 

1,1,1-Trichloroethane 97 1 Bromofluorobenzene (S) 95 2 

Trichloroethene 95 1    

*I.S=internal Standard.      

S=surrogate.      
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ANALYST DATA REVIEW CHECKLIST 

Sample Number(s): 

Batch Number(s): 

Method: 8260B/8270C (Circle One) 

 

QA/QC Item 

 

Yes 

 

No 

 

NA 

Second Level 

Review 

 

1.  Is the BFB/DFTPP tune performed every 12 hours and is the    

tuning criteria met? 

 

 

 

 

 

 

 

 

 

2. Are the RRFs and % RSDs within QC limits for 

appropriate   analytes for the initial calibration? Check 

the retention times for compounds with the same 

spectra. Check compounds with different conc.( eg. m/p-

xylene, ketones,etc.). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

     3.  Was the initial calibration curve verified by a second source 

calibration standard (ICV) and have criteria been met? 

 

 

 

 

 

 

 

 

 

 

 

 

 

     4.  Does the Continuing Calibration Standard (CCV) meet the criteria 

for the CCCs and SPCCs. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     5.  Is the Method Blank run at the desired frequency and is its 

concentration for target analytes less than the MDLs? 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     6.  Are the LCS, MS, MSD within control limits and run at the desired 

frequency? 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

     7.  Are all sample holding times met, analytes within calibration range, 

IS areas and surrogate recoveries within QC limits? 

 

 

 

 

 

 

 

 

 

 

 

 

 

     8.  Was the Method Blank, LCS, MS, MSD and samples loaded to the 

GCMS_LFSYS Tablespace within the Target DB Database? 

     

 

Comments on any “No” response: 

 

 

 Primary-Level Review:  Date:  

    

SS   Second-Level Review:  Date:  
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GC/ECD 

CHLORINATED ACID HERBICIDES 

BY EPA METHOD SW-846 8151A 
 

1.0  SCOPE AND APPLICATION 
 

This SOP (based primarily on SW-846 Method 8000B/8151A) is used for the analysis of herbicide organic compounds in a 

variety of matrices (soils, sediments, waters, etc.). The analyses by these methods are clearly defined in the respective 

regulatory manuals.  A good understanding of these methods is essential to the performance of each method.  The normal 

laboratory list of analytes with their matrix (aqueous/non-aqueous) LCS limits are found attached in the appendix (page 10).  

Other compounds may be analyzed by this SOP as detailed in section 1.0 of SW-846 Method 8151A.  Any questions left by 

this SOP should be answered by reading the methods, paying close attention to SW-846 8000B/8151A.  If questions still 

remain unanswered, check with the Organic  Manager, QA/QC Officer and/or Technical Director. 

 

2.0  METHOD SUMMARY 
 

After sample preparation using the appropriate extraction technique, the sample is introduced into the GC using direct 

injection.  The analytes are separated in the gas chromatograph by a combination of the temperature program and the 

capillary column.  The analytes are then detected by the ECD.  Analytes are identified and confirmed based on the retention 

time of known standards then quantitated relative to known standards using the external standard method. 

 

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 
 

Section 3.0 and tables 3-1 and 3-2 of the Empirical Laboratories Quality Assurance Manual include details concerning 

sample preservation, containers and handling of samples and extracts.  All water and soil samples are stored in the 

appropriate walk-in cooler at a temperature of 1°C – 4.4°C. All extracts are stored in the Hobart in the Extraction lab at a 

temperature of 1°C – 4.4°C.  Water samples have a holding time of 7 days from date of sampling for extraction.  Soil samples 

have a holding time of 14 days from date of sampling for extraction (unless otherwise specified for the project).  Extracts 

have a holding time of 40 days from extraction for analysis. 

 

4.0  INTERFERENCES AND POTENTIAL PROBLEMS 

 

Section 3.0 of SW-846 Method 8151A details interferences and potential problems which may be encountered when dealing 

with herbicide analyses. 

 

5.0. EQUIPMENT AND APPARATUS 

 

5.1 GC's : 

5.1.1 HP 5890/HP 5890 Series II/ Dual ECD - complete with temperature programmable gas 

chromatograph suitable for split/splitless injection. 

5.1.2 Agilent 6890N/ Dual ECD - complete with temperature programmable gas chromatograph suitable 

for split/splitless injection. 
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5.2 Columns: 

5.2.2 RTX-CLP(or equivalent): 30 m x 0.32 mm ID 0.5µm film thickness fused silica column. 

5.2.3 RTX CLP II(or equivalent):  30 m x 0.32 mm ID 0.25 µm film thickness fused silica column. 

 

5.3 Autosamplers: 

5.3.1 HP 7673A/HP7673 autosamplers capable of reproducibility from one injection to another, proven by 

meeting QC and calibration criteria. 

5.3.2 HP 7683/7683 autosamplers capable of reproducibility from one injection to another, proven by meeting 

QC and calibration criteria. 

 

5.4 Acquisition Software: HP Chemstation system is interfaced to the GC.  The system acquires and stores data 

throughout the chromatographic program. 

 

5.5 Data Processing Software:  Target DB Windows NT data system is interfaced to the HP Chemstation.  The 

system accepts, processes, and stores acquired data. 

 

6.0  REAGENTS 
 

6.1 Hexane - pesticide quality or equivalent. 

 

6.2 Ether - ultra-resi analyzed for organic residual analysis (Baker #9259-02 or equivalent) 

 

6.3 Iso-Octane - for pesticide residual analysis (Fisher #0-297 or equivalent) 

 

6.4 Methanol - suitable for use in gas chromatography (Omnisolv MX0484-1 or equivalent) 

 

6.5 Diazomethane – as prepared in SOP-328. 

 

6.6 Stock standards are purchased in mixtures from reputable vendors.  The date they are received is noted on the 

label and recorded in the GC standards logbook.  The date they are opened is noted on the label and recorded in 

the GC standards logbook along with their lot number and vendor and each is given a sequential number.  Each 

standard that is prepared is recorded in the GC standards logbook and given a sequential number.  The following 

are noted in the logbook:  standard makeup, solvent used, date received, date opened, date prepared, expiration 

date and analyst.  Each standard label is completed with the standard number, name, preparation date, expiration 

date, solvent and analyst initials.  All stocks and standards are stored in the refrigerator at a temperature of 1°C –

 4.4°C from the date they are received/prepared.  The refrigerator temperature is monitored daily with an 

annually calibrated thermometer and recorded with calibration correction in the GC refrigerator temperature 

logbook. See the GC standards log book for makeup of  standards.  NOTE:  If standards are not purchased in the 

methyl ester form, they must be esterified before use (See SOP-328).  If purchased as methyl esters, the indicated 

conversion factor must be applied to convert methyl ester concentrations to acid concentrations. 
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6.7  The Surrogate Standard, 2,4-Dichlorophenylacetic acid, DCAA is purchased in a solution in acetone. The date 

that it is received is noted on the label and recorded in the GC standards logbook.  The date opened is noted on 

the label and recorded in the GC standards logbook along with the lot number and vendor and is given a 

sequential number. 

 

6.8   Calibration Standard Preparation 

 

6.8.1 Herbicide intermediate standard mix – See the GC Standards Logbook for preparation of standards. The 

solution is transferred into a labeled, teflon-lined, screw-capped vial and stored in the refrigerator at a 

temperature of 1°C - 4.4°C for up to 6 months. 

 

Analyte 

(Methyl Ester) 

Conversion 

Factor 

2, 4-D 0.9407 

2, 4-DB 0.9470 

2, 4, 5-TP (Silvex) 0.9506 

2, 4, 5-T 0.9479 

Dalapon 0.9107 

Dicamba 0.9407 

Dichloroprop 0.9434 

Dinoseb 0.9452 

MCPA 0.9346 

MCPP 0.9390 

 

 

6.8.2 Calibration standards are prepared from the above intermediate standard at a minimum of five 

concentrations.  Standards are prepared fresh each time they are needed and discarded after use. Note:  

standards prepared from an alternate source or lot than the calibration stock standards are used for all 

LCS spikes and the MS/MSD for full list spikes. See the GC Standards Logbook for preparation of 

calibration curve standards.        

                       
 

6.8.3 The Initial Calibration Verification (ICV) intermediate standard is prepared from vendor stock standards 

in the same manner as the Calibration intermediate standard above and is stored in the refrigerator at a 

temperature of 1°C – 4.4°C for up to 6 months.  The ICV standard is then prepared at a concentration 

near the midpoint in the same manner as the Calibration standards above. 
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7.0  PROCEDURE 

 

The GC/ECD should be primed by injecting a herbicide standard at the highest concentration of the calibration curve.  

Inject this prior to beginning initial or daily calibration. 

 

7.1 Chromatographic conditions:      

7.1.1    GC          ECD1 or 3 

Purge on         0.50 min. 

Injector temperature      210°C 

Column flow       5-6 mL/min 

Initial column temperature    50°C for 7.0 minutes 

Initial temperature ramp     20°C/min 

                              Second column temperature    150°C for 1.0 minute 

Second temperature ramp    5°C/min 

Third column temperature    230°C for 0.5 min 

Final temperature ramp     20°C/min 

Final column temperature    270°C for 0.0 minutes 

 

7.2 Calibration - (See SW-846 Method 8000B Section 7.4.2).   

 

7.2.1 Initial Calibration - A five point calibration curve must be injected and analyzed for each analyte of 

interest. For most analytes a six point curve is used. Injection volume for standards and samples is equal 

to 2 µL using the same injection technique to introduce both standards and samples (use of auto-injectors 

makes this a constant). All calibration integrations must be evaluated and any manual integrations are 

documented by the inclusion of the chromatogram (which includes peak integrations) with the 

quantitation report.  The percent relative standard deviation (RSD) of the calibration factor must be < 

20% over the working range for each analyte of interest.  When the 20% criteria is exceeded for an 

analyte, a linear calibration may be used if the correlation coefficient (r) is >0.995. Quadratic can be used 

if correlation coefficient is >0.99 Otherwise, a new standard curve should be prepared for each analyte 

that exceeded the criteria. 

 

7.2.2  Initial Calibration Verification - A second source standard at the midpoint level concentration is used to 

check the validity of the curve.  The standard recovery for all analytes must be between 85 and 115% 

(80-120% for DOD QSM).  If the second source recovery is above 115%, it is possible that the main 

standard has deteriorated for that compound.  That standard should be remade and reevaluated.  If that 

does not correct the problem, the standard should probably be replaced and a new curve generated.  If the 

second source recovery is below 85%, the second source standard may have deteriorated for that 

compound.  The standard should be remade and reanalyzed.  If this does not correct the problem, the 

standard should probably be replaced.  All calibration integrations must be evaluated and any manual 

integrations are documented by the inclusion of the chromatogram (which includes peak integrations) 

with the quantitation report. 

 

7.2.3  Continuing Calibration Verification (CCV) - A mid-level standard must be analyzed every ten samples 

and cannot exceed 15 percent difference (%D) from the average calibration factor of the calibration 
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curve.  The 15% criteria may still be met if the targets are <30% and the average of the %Ds is less than 

15% (the client is notified).  A CCV must also be analyzed at the end of the analysis sequence. If the 

CCV fails at any point, GC maintenance may be necessary (see SOP-222), reanalysis may be required 

(for samples analyzed since the last valid CCV) and a corrective action report must be completed.  

Alternatively, analytes may be flagged depending on their concentration and the status of the analyte in 

the CCV standard.  No reanalysis is necessary if the analyte is undetected in the samples and recovered 

high in the CCV. All calibration integrations must be evaluated and any manual integrations are 

documented by the inclusion of the chromatogram (which includes peak integrations) with the 

quantitation report.  Samples are then quantitated against the initial calibration curve. For DOD QSM 

projects, CCVs are analyzed at the beginning and end of the sequence and after every 10 field 

samples. The CCVs should be within + 20% difference. 
 

7.3 RT Windows - Retention time criteria set forth in SW-846 method 8000B section 7.6 are used to set retention 

time windows.  New in-house retention time windows are established after every major change to the system 

(new column or temperature program).  If the established retention time window is less than ± 0.03 minutes, the 

window defaults to ± 0.03 minutes.  Retention times are updated with the first CCV of the day or the mid-level 

standard of the curve if samples are analyzed directly after a curve. 

 

7.4 LCS - The LCS is analyzed 1/20 samples (1 per extraction batch - up to 20 samples - at varied concentrations).  

The LCS is spiked using an alternate lot or source from the calibration stock standards. See section 9.2 below for 

criteria and corrective action. 

  

7.5 Method Blank - Method blanks are extracted at a minimum of 1 per extraction batch - up to 20 samples.  See 

section 9.3 below for criteria and corrective action. 

 

7.6 Samples - Prior to analysis, the samples are prepared for chromatography using SW-846 method 8150B/8151A.   

 

7.7 Data Reduction/Evaluation - Each sample analysis sequence is documented in the run logbook for the instrument.  

After the sample has been analyzed, the data is processed through the Chemserver 4920 data system.  

Quantitative measurements are performed as described in SW-846 8000B section 7.10.  Rounding is performed 

using CLP odd/even rounding rules.  The following must be checked to determine if the sample will need any 

reanalysis, cleaning or dilution.  Formal data evaluation is detailed in SOP-216 (documented using the USACE 

Analyst Data Review Checklist for USACE projects). 

 

7.7.1 Analyte concentration after rounding to 2 significant figures must be within the range of the calibration 

curve.  If an analyte exceeds the curve, a dilution must be performed and the next sample must be 

checked for carryover.   

 

7.7.2 Surrogate standard recovery of DCAA must be checked to make sure it is within limits.  See 9.1 below for     

corrective action. For DOD QSM projects, DOD limits are used. 

 

 

7.8 Identification [See SW-846 method 8000B section 7.9] 

 

7.8.1 Single peak components are identified by retention time on a primary column with confirmation by 



EMPIRICAL LABORATORIES, LLC SOP-208 

 Revision: 13 

 Date: 09/19/08 

 Page 7 of 15 

 

V:\LAB\QA QC\SOP\SOP-208 -REV13.doc 

retention time on a secondary column.  Which column is used for primary/confirmation is determined by 

the chromatography in the region of the compound.  If both columns are equivalent, the highest 

concentration is reported. Refer to SOP-224 for guidance with manual integrations. A before and 

after chromatogram with analyst’s initials, date and reason must be included with the data for 

DOD QSM projects, 
 

 

 

7.8.1.1 Due to co-elution of certain compounds confirmation for all analytes can not be achieved.  The 

percent difference (%D) for compounds, that confirmed from the primary column, on the 

confirmation column is 40%. The analyst must use experience and judgment to decide if the 

compound is there. Flag data with a “P” ( “J” for DOD projects ) if the results of the two 

columns differ by more than 40%.  Report the higher of the two results unless overlapping peaks 

are causing erroneously high results. 

 

7.8.1.2  If a compound is outside of its window on one column but in the window on the other column, 

the analysts will need to use their judgment or seek guidance from the organic lab manager or 

another experienced analyst to decide if the analyte is there. 
 

8.0     Calculations: 

 

 8.1    Calculate the calibration factor (CF) for each analyte  at each concentration as: 

 

               Peak Area (or Height) of the Compound in the Standard 

    CF =       Mass of the Compound Injected (in nanograms) 

 

8.2    The mean CF is calculated as follows: 

 

 

 8.3  The standard deviation (SD) and the relative standard deviation (RSD) of the calibration factors for each 

analyte are calculated as follows:  

                  

                                        

1

 )( = 
1

2

−

−∑
−

n

CFCFiSD
n

i  

 

                            RSD = SD X 100 

n

CFi

C

n

i

∑
−1

 

 = F



EMPIRICAL LABORATORIES, LLC SOP-208 

 Revision: 13 

 Date: 09/19/08 

 Page 8 of 15 

 

V:\LAB\QA QC\SOP\SOP-208 -REV13.doc 

                                       CF 

8.4   Calibration verification involves the calculation of the percent drift (linear or quadratic) or the 

percent difference (average) of the instrument response between the initial calibration and each 

subsequent analysis of the verification standard.  Use the equations below to calculate % Drift or 

% Difference, depending on the calibration procedure used. 

 

                     (Calculated concentration – Theoretical concentration) * 100 

                % Drift =                       Theoretical Concentration 

 

where the calculated concentration is determined from the initial calibration and the 

theoretical concentration is the concentration at which the standard was prepared. 

 

                  (CCV CF – Average CF) * 100 

     % Difference =    Average CF 

 

where CCV CF is the calibration factor from the analysis of the verification standard and 

mean CF is the average calibration factor from the initial calibration. The % difference or % 

drift calculated for the calibration verification standard must be within ±15% for each analyte 

before any sample analyses may take place. 

 

8.5 Concentration in water samples is calculated as follows: 

       

  [Note: Using the units specified here for these terms will result in a concentration in  units of ng/mL, which is 

equivalent to µg/L.] 

 

 

 

 

where: 

Ax = Area (or height) of the peak for the analyte in the sample. 

Vt = Total volume of the concentrated extract (µL).   

D = Dilution factor, if the sample was diluted prior to analysis.  If no dilution was 

made, D = 1.  The dilution factor is always dimensionless. 

Vi = Volume of the extract injected (µL).  The nominal     injection volume for samples 

and calibration standards must be the same. 

CF = Mean response factor from the initial calibration.  

Vs = Volume of the aqueous sample extracted (mL).  If units of liters are used for this 

term, multiply the results by 1000. 

 

The 1000 in the denominator represents the number of µL in 1 mL.  If the injection (Vi) is 

expressed in mL, then the 1000 may be omitted.  

))(V)((
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  8.6    Concentration in non-aqueous samples is calculated as follows:   

      [Note: Using the units specified here for these terms will result in a concentration in units of ng/g, which is equivalent to 

µg/kg.] 

 

 

 

 

 

where:  

Ax, Vt, D, and CF are the same as for aqueous samples, and 

Ws = Weight of sample extracted (g).  Either a dry weight or wet weight may be used, 

depending upon the specific application of the data.  If units of kilograms are used for this 

term  multiply the results by 1000. 
 

The 1000 in the denominator represents the number of µL in 1 mL.  If the injection (Vi) is expressed in 

mL, then the 1000 may be omitted. 

 

9.0 QUALITY ASSURANCE/QUALITY CONTROL/CORRECTIVE ACTIONS 

 

9.1 Surrogates –Limits are determined by charting LCSs and method blanks.  Surrogate standard recovery must be 

checked to determine if it is within  limits. Corrective action must be taken when the surrogate is out of limits for 

a sample.  Generally, the first action for herbicides is to re-esterify the sample and reanalyze.  A corrective action 

form must be filled out and given to the organic lab manager within 24 hours.  The organic lab manager will then 

make suggestions as to what further action should be taken, for example: sample may need to be reextracted or 

flagged on the report for a QC problem. 

 

9.2  LCS Sample - The LCS is extracted 1/20 samples (every extraction batch - up to 20 samples - for USACE and 

GE projects).  To prepare the LCS, a blank is spiked with standards prepared from alternate sources or lots than 

the calibration stock standards, and then extracted.  The recoveries are tabulated to generate control charts and 

limits.  See the LCS report form in the appendix for the laboratory-generated limits.  If limits have not yet been 

generated, the limits default to those calculated from 8151A Table 4 (Mean ± 3SDs).  If the LCS compound has a 

recovery above the upper limit, but the same compound is not detected in any of the batch samples, no corrective 

action is required.  For all other situations, the LCS should be reanalyzed for the failed analytes only.  If the 

second analysis fails, all associated samples should be reextracted/reanalyzed for the failed analytes only or the 

analytes should be flagged on the report. For DOD QSM projects, DOD limits are used. 

 

9.3 Method Blanks - The concentration of all method target analytes should be below the MDL (<RL, common 

laboratory contaminates; < ½ RL, all other compounds or client/authority specified) for each method target 

analyte.  If contamination exceeds the MDL, the following corrective actions must be taken.  The first step is to 

assess the effect on the samples.  If an analyte is found only in the method blank, but not in any batch samples, 

no further corrective action may be necessary.  Steps should be taken to find/reduce/eliminate the source of this 

contamination in the method blank.  If an analyte is found in the method blank and some, or all, of the other 

batch samples, corrective action is required.  The source of contamination must be investigated and appropriate 

action taken and documented to find/reduce/eliminate the source of this contamination.  The method blank, and 
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any samples containing the same contaminant, would likely be reextracted/reanalyzed.  If a contaminant is found 

in the method blank and the samples, the compound concentration must be flagged with a 'B' on the final report 

unless the concentration is greater than 5x that found in the method blank. 

 

9.4 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are spiked for a MS/MSD (for full 

list spikes, the LCS standard is used for this spike).  Criteria for the MS/MSD are the same as the LCS limits 

with an RPD criteria of less than 25%.  Samples, which do not meet these criteria due to matrix, must be flagged 

on the final report for QC problems.  Generally, batch control is not based on MS/MSD results unless general 

method failure is determined to be the problem.  In that case, the samples and associated QC would be 

reanalyzed for the failed analytes only.  MS data evaluation must include the consideration of the following 

factors. For DOD QSM projects, DOD limits are used. 

 

 

9.4.1 Sample matrix - If the sample is a soil, grab sample or sequentially collected water sample it may affect 

the %R and RPD of the MS/MSD.  Corrective action must be taken in the form of reanalysis if a method 

problem is indicated. 

 

9.4.2 Original sample concentration - If a spiked compound has a problem and the concentration of that 

compound in the original sample was two or more times the concentration of the spike, no further 

corrective action may be necessary other than the generation of a corrective action report to document 

the problem. 

 

9.4.3 MS vs. MSD - If a spiked compound has a similar problem in both the MS and MSD and is not traced to 

a method problem, no further action may be necessary other than the generation of a corrective action 

report to document the problem. 

 

9.4.4 Non-target Interference - The presence of significant non-target interference should be brought to the 

immediate attention of your supervisor who should discuss the problem with the client/project manager 

to determine the action to be taken. 

 

  9.5 Documentation of Capability (DOC) – Each analyst must perform a DOC to demonstrate proficiency with this 

method. Refer to SOP-413 for guidance. 

 
10.0  HEALTH AND SAFETY 

 

10.1 Care should be used in handling all samples.  Safety glasses must be worn in the lab at all times.  The use of      

blue nitrile gloves and lab coats is highly recommended. 

 

10.2 Research into expected sample content and concentration should be done in order to be prepared for additional 

safety considerations.  Generally, any samples which need special consideration have applicable notes on the 

sample logs. 

 

10.3 MSDS are available for all reagents and standards, which have been purchased.  These are located in the office 

next to the technical director. 
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10.4   Diazomethane is a carcinogen and may explode under certain conditions. See Method 8151 for details in 

handling diazomethane. 

 

11.0 WASTE MANAGEMENT AND POLLUTION PREVENTION 

 

              Please see Waste Disposal SOP-405 for proper disposal of waste from this sample   preparation process. Quantity of 

chemicals purchased should be based on expected usage during its shelf-life and the disposal cost of unused 

material. Actual reagent preparation volumes should reflect anticipated usage and reagent stability. 

 

12.0 REFERENCES 

 

      12.1  Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846; Third Edition 

(Update III); Method 8151 

                 12.2  USACE EM 200-1-3, 02-2001; Appendix I; Shell for Analytical Chemistry  Requirements 

 

12.2 DOD, Quality Systems Manual for Environmental Laboratories, Ver. 3, Jan. 2006. 
 

 

 

13.0 EXAMPLE FORMS 

 

Examples of the water LCS report sheet and the USACE analyst data review checklist are located in the 

appendix.
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                                 FORM 3 

                    WATER HERBICIDE LAB CONTROL SAMPLE 

 

  Lab Name: ELAB, Inc. Contract: QC                     

 

  Lab Code: NA     Batch No.: NA      SAS No.: NA       SDG No.: QC.LCS 

 

  Matrix Spike   -   Client Sample No.: LCS 

 _____________________________________________________________________ |                 |                 

| SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 

|                 | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 

|  COMPOUND       | (µg/L)  |   (µg/L)    |   (µg/L)    | REC #| REC. | 

|=================|=========|=============|=============|======|======| 

| 2,4-D           |   10.00 |     NA      |      10.00  |  100 |48-214| 

| 2,4-DB          |   10.00 |     NA      |      10.00  |  100 |60-126| 

| 2,4,5-TP(Silvex)|   1.000 |     NA      |      1.000  |  100 |68-166| 

| 2,4,5-T         |   1.000 |     NA      |      1.000  |  100 |42-226| 

| Dalapon         |   25.00 |     NA      |      25.00  |  100 |40-110| 

| Dicamba         |   1.000 |     NA      |      1.000  |  100 |69-159| 

| Dichloroprop    |   10.00 |     NA      |      10.00  |  100 |60-110| 

| Dinoseb         |   5.000 |     NA      |      5.000  |  100 | D-110| 

| MCPA            |   1000  |     NA      |      1000   |  100 |24-117| 

| MCPP            |   1000  |     NA      |      1000   |  100 |35-131| 

|_________________|_________|_____________|_____________|______|______| 

 

 

 

 

 

 

  # Column to be used to flag recovery and RPD values with an asterisk 

 

  * Values outside of QC limits 

 

   

  Spike Recovery:  0 out of 10 outside limits 

 

 

  COMMENTS:________________________________________________________                  

___________________________________________________________________ 
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ANALYST REVIEW CHECKLIST 

 

Sample Number(s): 

Batch Number(s): 

Method:  8151A 

  

 
 

QA/QC Item 

 

Yes 

 

No 

 

NA 

2
nd

 Level 

Review 

A.  Initial Calibration     

1.   Does the curve consist of five Calibration Standards? ___ ___ ___ _________ 

     

2.   Is the low standard near, but above the MDL? ___ ___ ___ _________ 

     

3.   Are the %RSDs within QC limits for all analytes? ___ ___ ___ _________ 

     

B.  Second Source Verification     

1.   Was the initial calibration curve verified by a second source 

calibration standard (ICV) and have criteria been met? 

 

___ 

 

___ 

 

___ 

 

_________ 

     

C.  Continuing Calibration     

1.   Are the Continuing Calibration Verification (CCV) standards 

analyzed every 10 samples and at the end of the sequence? 

 

___ 

 

___ 

 

___ 

 

_________ 

     

2.   Are the % differences within QC limits for all analytes? ___ ___ ___ _________ 

     

D.  Sample Analysis     

1.   Are all sample holding times met? ___ ___ ___ _________ 

     

2.   Are all samples with concentrations > the highest standard used 

for initial calibration diluted and reanalyzed? 

 

___ 

 

___ 

 

___ 

 

_________ 

     

3.   Are all compounds identified on the primary column confirmed 

on the secondary column? 

 

___ 

 

___ 

 

___ 

 

_________ 

     

4.   Are Surrogate recoveries within QC limits? ___ ___ ___ _________ 
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ANALYST REVIEW CHECKLIST 

 

QA/QC Item 

 

Yes 

 

No 

 

NA 

2
nd

 Level 

Review 

E.   QC Samples     

1.   Is the Method Blank extracted at the desired frequency and is its 

concentration for target analytes less than the MDLs? 

 

____ 

 

____ 

  

_________ 
     

2.   Is the LCS extracted at the desired frequency and are the percent 

recoveries within QC limits? 

 

____ 

 

____ 

  

_________ 
     

3.   Is the Matrix Spike/Matrix Spike Duplicate extracted at the 

desired frequency and are the percent recoveries/RPDs within 

QC limits? 

 

 

____ 

 

 

____ 

  

 

_________ 
     

F.  Others     

1.   Are all nonconformances included and noted? ____ ____  _________ 

     

2.   Are all calculations checked at the minimum frequency? ____ ____  _________ 

     

3.   Did analyst initial/date the appropriate printouts and report 

sheets? 

 

____ 

 

____ 

  

_________ 

     

4.   Are all sample ID and units checked for transcription errors? ____ ____  _________ 

     

5.   Are all manual integration checked by a second reviewer to 

verify why they were performed? 

 

____ 

 

____ 

  

_________ 
     

Comments on any “No” response:     
     

     

     

     

     

     

     
 

 

Analyst:  __________________ Date:  ___________________ 

Second-Level Review:  __________________ Date:  ___________________ 
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GAS CHROMATOGRAPHY/ELECTRON CAPTURE DETECTOR (GC/ECD) 

      ORGANOCHLORINE PESTICIDES/POLYCHLORINATED BIPHENYLS (PCB) 

BY EPA METHOD 608/608.2 AND SW-846 METHOD 8081A/8082 
 

1.0 SCOPE AND APPLICATION 
 

This Standard Operating Procedure, SOP, (based primarily on SW-846 Methods 8000B/8081A/8082) 

is used for the analysis of Pesticide/PCB organic compounds in a variety of matrices (soils, sediments, 

waters, etc.).  Methods SW-846 8082, Federal Register Method 608/608.2 and CLP Method for 

Pesticides have also been used in the development of this SOP.  The analyses by these various 

methods are clearly defined in the respective regulatory manuals.  A good understanding of these 

different methods is essential to the performance of each method.  The normal laboratory list of 

analytes with their LCS limits is found attached in the appendix.  Other compounds may be analyzed 

by this SOP as detailed in section 1.0 of SW-846 Methods 8081A/8082.  Any questions left by this 

SOP should be answered by reading the methods, paying close attention to SW-846 

8000B/8081A/8082, EPA 608/608.2 and CLP.  If questions still remain unanswered, check with the 

Organic Lab Manager, Quality Assurance Officer and/or Technical Director. 
 

2.0 METHOD SUMMARY 
 

After sample preparation using the appropriate extraction technique, the sample is introduced into the 

GC using direct injection.  The analytes are separated in the gas chromatograph by a combination of 

the temperature program and the capillary column.  The analytes are then detected by the ECD.  

Pesticide analytes are identified and confirmed based on the retention time of known standards.  PCB 

and multi-component pesticide analytes are identified based on pattern recognition.  Analytes are 

quantitated relative to known standards using the external standard method. 
 

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 
 

Section 3.0 and tables 3-1 and 3-2 of the Empirical Laboratories, LLC Quality Assurance Manual 

includes details concerning sample preservation, containers and handling of samples and extracts.  All 

water and soil samples are stored in the appropriate walk-in cooler in sample storage at a temperature 

of 1°C – 4.4°C. All extracts are stored in the Hobart in the Extraction laboratory at a temperature of 

1°C – 4.4°C.  Water samples have a holding time of 7 days from date of sampling to extraction.  Soil 

samples have a holding time of 14 days from date of sampling to extraction (unless otherwise 

specified for the project).  Extracts have a holding time of 40 days from extraction to analysis. 
 
4.0 INTERFERENCES AND POTENTIAL PROBLEMS 

 
Section 3.0 of SW-846 Methods 8081A/8082 details interferences and potential problems which may 

be encountered when dealing with pesticide/PCB analyses. Please see sample clean-up SOPs (307, 

308, 309, 330, and 334) to evaluate possible clean-up options for any encountered interferences. 
 

5.0. EQUIPMENT AND APPARATUS 
 
5.1 GC's: 

5.1.1  Agilent 6890N- complete with temperature programmable gas chromatograph suitable for 

split/splitless injection. 
 

5.2 Columns: 
 



                    EMPIRICAL LABORATORIES, LLC SOP-211 

 Revision:19 

 Date:  09/10/08 

 Page 3 of 18 
 

 

V:\LAB\QA QC\SOP\SOP-211-REV19.doc 

5.2.1 RTX-CLP (or equivalent): 30 meter x 0.32 mm ID x 0.5 µm film thickness fused 

silica column. 
 
5.2.2 RTX-CLP II (or equivalent): 30 meters x 0.32 mm ID x 0.5 µm film thickness fused 

silica  column. 
 

5.3   Autosamplers: 
 
5.3.1  Agilent 7683 autosamplers capable of reproducibility from one injection to another, 

proven by meeting QC and calibration criteria. 
 

5.4 Acquisition Software:  HP Chemstation system is interfaced to the GC.  The system acquires 

and stores data throughout the chromatographic program. 
 

5.5 Data Processing Software:  Target DB Windows NT data system is interfaced to the HP 

Chemstation.  The system accepts, processes and stores acquired data. 
 

6.0 REAGENTS 
 

6.1 Hexane - pesticide quality or equivalent. 
 

6.2  Stock standards are purchased in mixtures from reputable vendors.  The date they are 

received is noted on the label and recorded in the GC standards logbook.  The date they are 

opened is noted on the label and recorded in the GC standards logbook along with their lot 

number and vendor and given a sequential number.  Each standard that is prepared is recorded in 

the GC standards logbook and given a sequential number.  The following are noted in the 

logbook:  standard makeup, solvent used, date received, date opened, date prepared, expiration 

date and analyst.  Each standard label is completed with the standard number, name, preparation 

date, expiration date, solvent and analyst initials.  All stocks and standards are stored in the 

refrigerator at a temperature of 1°C-4.4°C from the date they are received/prepared.  The 

refrigerator and freezer temperature is monitored daily with an annually calibrated thermometer 

and recorded with calibration correction in the GC refrigerator temperature logbook. See the GC 

standards log book for makeup of  intermediate and calibration standards. 

6.2.1 The Initial Calibration Verification (ICV) intermediate standard is prepared from 

the vendor stock standards in the same manner as the Calibration intermediate 

standards above and is stored in the refrigerator at a temperature of 1°C-4.4°C for 

up to 6 months.  The ICV standard is then prepared at a concentration near the 

midpoint in the same manner as the Calibration standards above. 
 

 

 

7.0       PROCEDURE 
 

The GC/ECD should be primed by injecting a pesticide standard at 100 µg/L and/or PCB 

standard at 10,000 µg/L, 10 times more concentrated than the mid-level standard.  Inject this 

prior to beginning initial or daily calibration. 

7.1 Chromatographic conditions:      



                    EMPIRICAL LABORATORIES, LLC SOP-211 

 Revision:19 

 Date:  09/10/08 

 Page 4 of 18 
 

 

V:\LAB\QA QC\SOP\SOP-211-REV19.doc 

7.1.1  

       

ZB MR1/MR2 columns: 

GC 

 

ECD3 
Purge on  0.50 min. 

Injector/Detector temperature 250/350°C 

Column flow @3.4 mL/min 

Initial column temperature 100°C for 0.5 minutes 

Temperature ramp 15°C/min 

Intermediate column temperature 220°C for 5.0 minutes 

Second Temperature Ramp 35°C/min 

Final Column Temperature 340°C for 2.0 minutes 

7.1.2  

       

RTX-CLP/RTX CLPII columns: 

GC 

 

ECD4 
Purge on  0.50 min. 

Injector/Detector temperature 200/330°C 

Column flow @2.4 mL/min 

Initial column temperature 110°C for 0.5 minutes 

Temperature ramp 15°C/min 

Final column temperature 320°C for 2.0 minutes 

 

7.2 Eval Mix – Before pesticide calibration and/or sample analysis, a degradation check standard 

(evaluation mix) of endrin and 4,4-DDT must be injected.  Degradation of either compound must 

not exceed 15 percent.  If 15 percent degradation is exceeded, then corrective action must be taken 

(GC system maintenance, see SOP-222). 
 

7.3 Calibration - (See SW-846 Method 8000B Section 7.4.2). 
 

                  7.3.1  Initial Calibration – For single component pesticides and surrogates, a six point 

calibration is injected and analyzed for each analyte of interest.  For Toxaphene and 

Technical Chlordane a single point standard is analyzed unless they are expected then a 

five point calibration is injected and analyzed. Injection volume for standards and 

samples is equal to 2 µL using the same injection technique to introduce both standards 

and samples (use of auto-injectors makes this a constant). All calibration integrations 

must be evaluated and any manual integrations are documented by the inclusion of the 

chromatogram (which includes peak integrations) with the quantitation report.  The 

percent relative standard deviation (RSD) of the calibration factor must be <20% over the 

working range for each analyte of interest. When the 20% criteria is exceeded for an 

analyte, a linear calibration may be used if the correlation coefficient (r) is >0.995, >0.99 

for quadratic with 6 points. Otherwise, a new standard curve should be prepared for each 

analyte that exceeded the criteria.  

Initial calibration for Aroclors may be accomplished by using a six-point curve that 

contains Aroclors 1016 and 1260.  The mixture of these two Aroclors contains many of 

the peaks represented in the other five Aroclor mixtures(1221, 1232, 1242, 1248 & 1254). 

The curves for Aroclors 1016 and 1260 are used to show the linearity of the detector and 

can be used to demonstrate that a sample does not contain peaks that represent any one of 

the Aroclors. The 1016/1260 curve may also be used to quantitate any 1016 or 1260 hits 

that may be seen in the samples.  The analyst has the choice of running a curve for the 
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other five Aroclor mixtures or when the calibration factor for the curve for 1016/1260 is 

<20% a single point calibration at the midpoint level concentration can be used for the 

other Aroclors.  The injection procedure for Aroclors is the same as single component 

pesticides. The percent relative standard deviation (RSD) of the calibration factor must be 

<20% but this applies to the average of the quantitation peaks. When the 20% criteria is 

exceeded for an analyte, a linear calibration may be used if the correlation coefficient 

factor (r) is >0.995, >0.99 for quadratic with 6 points.  Otherwise, a new standard curve 

should be prepared for each analyte that exceeded the criteria. 
 

        7.3.2   Initial Calibration Verification - A second source standard at the midpoint level is 

used to check the validity of the curve.  The standard recovery for all analytes must be 

between 85 and 115%(80-120% DOD QSM Ver.3).  If the second source recovery is 

above 115%, it is possible that the main standard has deteriorated for that compound.  

That standard should be remade and reevaluated.  If that does not correct the problem, the 

standard should probably be replaced and a new curve generated.  If the second source 

recovery is below 85%, the second source standard may have deteriorated for that 

compound.  This standard should be remade and reanalyzed.  If this does not correct the 

problem, the standard should be replaced.  All calibration integrations must be evaluated 

and any manual integrations are documented by the inclusion of the chromatogram 

(which includes peak integrations) with the quantitation report. 
 

7.3.3  Continuing Calibration Verification (CCV) - A mid-level standard must be 

analyzed every 12 hours (not to exceed 20 samples and cannot exceed 15 percent 

difference (%D), (at the beginning and end of sequence and after every 10 field 

samples, 20%D no average DOD QSM Ver.3) from the average calibration factor of 

the calibration curve.  A CCV must also be analyzed at the end of the analysis sequence.  

If a CCV fails, GC maintenance may be necessary (see SOP-222), reanalysis may be 

required (for samples analyzed since the last valid CCV) and a corrective action report 

must be completed.  If none of the failed target compounds exceed 30% D and the 

average of all the %Ds are < 15% then the CCV may be used without any further 

corrective action. Alternatively, analytes may be flagged depending on their concentration 

and the status of the analyte in the mid-level standard.  No reanalysis is necessary if the 

analyte is undetected in the samples and recovered high in the CCV.  All calibration 

integrations must be evaluated and any manual integrations are documented by the 

inclusion of the chromatogram (which includes peak integrations) with the quantitation 

report.  Samples are then quantitated against the initial calibration curve. 

7.4  RT Windows - Retention time criteria set forth in SW-846 method 8000B section 7.6 are used 

to set retention time windows.  New in-house retention time windows are established after every 

major change to the system (new column or temperature program) and at initial calibration using 

the midpoint standard RTs.  If the established retention time window is less than +/-0.03 minutes, 

the window defaults to +/-0.03 minutes.  Retention times are updated with the first CCV of the day 

or the mid-level standard of the curve if samples are analyzed directly after a curve. 
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7.5   Laboratory Control Sample (LCS) - The LCS is extracted 1 per extraction batch of up to 20 

samples.  The LCS is spiked with standards prepared from an alternate vendor or lot number than 

the calibration standards.  See section 8.2 below for criteria and corrective action. 

7.6  Method Blank - Method blanks are extracted at a minimum of 1 per extraction batch – up to 

20 samples.  See section 9.3 below for criteria and corrective action. 

7.7 Samples - Prior to using Method 608, SW-846 8081A/8082, or CLP (pesticide method) the 

samples are prepared for chromatography using the appropriate sample preparation and clean up 

methods (generally SW-846 methods 3510, 3520, 3540, 3640, 3550, 3580, EPA method 608 or 

CLP).  

7.7.1 Example of a sequence run log: 
 
1-Primer A/B Mix-1000 or  Primer PCB-10,000 
2- EVAL Mix (Pest only) 
3- CCV A/B Mix 
4- CCV Toxaphene (single point) 
5-CCV Chlordane (single point) 
6- CCV PCB 1660 
7- Method Blank 
8-LCS A/B Mix 
9-LCS PCB 
10-Sample 
11-Sample 
12-Sample 
13-Sample 
14-Sample 
15-Sample 
16-Sample 
17-Sample 
18-Sample 
19-Sample 
20-Sample 
21-Sample-MS 
22-Sample-MSD 
23-Sample 
24-Sample 
25-Sample 
26-Sample 
27-Sample 
28-Sample 
29- CCV A/B Mix  
30-CCV PCB 

7.8 Data Reduction/Evaluation - Each sample analysis sequence is documented in the run 

logbook for the instrument.  After the sample has been analyzed, the data is processed through the 

Target DB Windows NT data system.  Quantitative measurements are performed as described in 

SW-846 8081A section 7.5.6.  Rounding is performed using CLP odd/even rounding rules.  The 
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following must be checked to determine if the sample will need any reanalysis, cleaning or 

dilution.  Formal data evaluation is detailed in SOP-216 (documented using the USACE Analyst 

Data Review Checklist for USACE projects). 
 

7.8.1  Analyte concentration after rounding to 2 significant figures must be within the 

range of the calibration curve.  If an analyte exceeds the curve, a dilution must be 

performed and the next sample must be checked for carryover.  Any dilution should keep 

the concentration of the analyte in question within the mid-range to the top half of the 

curve. 
 

7.8.2  If the sample shows signs of sulfur contamination in the time range where sulfur 

compounds elute a sulfur cleanup is required [see SOP-307]. 
 
7.8.3  If the sample has extraneous peaks eluting in the chromatogram an acid cleanup is 

required for PCB samples and may be applicable for certain pesticides, (acid clean-up 

may be required for all PCB samples, check with your supervisor),  [see SOP-308]. 
 
 7.8.4   If the sample has extraneous peaks that are not removed by acid (PCB samples) 

and is not a sulfur interference, a florisil cleanup is recommended [see SOP-309].  A 

silica cleanup may also be used [see SOP-331]. 
 
7.8.5 Surrogates – Control and warning limits are determined by using all blank spikes in 

the calculation, (LCSs and method blanks). All limits used are generated in-house or 

client specified (with the exception that if the in-house limit’s highest lower limit would 

be 90 and the lowest upper limit would be 110 examples: 98-120 would be 90-120 or 45-

75 would be 45-110). Surrogate standard recovery must be checked to determine if it is 

within these limits.  Two surrogates are added to each sample for pesticides.  Only one 

surrogate, DCB, is added to each PCB sample. Corrective action should be evaluated 

when any surrogate(s) is outside the action limits for a sample.  When only one surrogate 

for pesticides exceed control limits on the primary and/or confirmation column corrective 

action may not be required.  If both surrogates for pesticides (or DCB for PCB analyses) 

exceed control limits on the primary and/or confirmation column corrective action is 

required.  A corrective action form should be filled out and given to the organic lab 

manager when both surrogates for pesticides (or DCB for PCB analyses) are outside the 

action or warning limits.  The organic lab manager will then make suggestions as to what 

action should be taken, for example: the sample may need to be reanalyzed, reextracted, 

or flagged on the report for a QC problem. DOD limits will be used for DOD QSM Ver. 

3 projects. 
 

 WATER SOIL/SEDIMENT         WIPES 

Surrogate In-House In-House            In-House 

TCMX 25-120 30-120 80-143 

DCB 25-130 35-140 73-142 

 

7.9 Identification/Quantitation [See SW-846 method 8081A section 7.6 or method 8082 sections 

7.7-7.9]. 
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7.9.1    Single peak components are identified by retention time on a primary column with 

confirmation by retention time on a secondary or confirmation column. Which column is 

used for primary/confirmation is determined by the chromatography in the region of the 

compound. The control limit for percent difference (%D) of compounds that confirmed 

from the primary column on the confirmation column is 40%. If both columns are 

equivalent, the highest concentration is reported. If a compound result is >40% 

difference, it should be flagged with a “P”. ( “J” flagged for DOD QSM projects) 
               
                   7.9.1.1  Due to coelution of certain compounds confirmation for all analytes may not 

be achieved. The analyst must use experience and judgment to decide if the compound 

is there. If a call is made, the data should be flagged appropriately. 

                   7.9.1.2  If a compound is outside of it's window on one column but in the window on 

the other column, the analyst will need to use their judgment or seek guidance from   

the organic lab manager or another experienced analyst to decide if the analyte is there. 
 
              7.9.2  Multi-peak components (PCB's, Toxaphene and Technical Chlordane) are identified 

by pattern recognition using an on scale standard chromatogram to compare to an on scale 

sample chromatogram enabling the analyst to judge whether the sample pattern matches a 

standard pattern.  Confirmation of multi-peak components is required by the method and 

may be accomplished in several ways.  If the sample is from a source known to contain 

specific Aroclors then this information may be used as a confirmation. Documentation of 

this approach must meet the requirements outlined in Sec. 7.7.3 of SW-846 Method 8082. 

Another approach is to use a column of dissimilar stationary phase and compare the 

pattern to a known Aroclor standard. Finally if the concentration is high enough GC/MS 

may be used as confirmation. 
  
   7.9.2.1  Generally, five unique peaks representing the full range of the multi-peak 

component are used in the quantitation of the multi-peak components.  Note:  for 

USACE projects, five peaks are necessary for the quantitation of multi-peak 

components. 

                  7.9.2.2  Multi-peak components that still have matrix interference after appropriate 

sample cleanup steps have been taken may need to be hand calculated using peaks that 

do not have interference.  This should be brought to the organic lab manager’s 

attention. 

   7.9.2.3 Multi-peak components that exhibit a weathered pattern may need to be hand 

calculated by the analyst.  The analyst will need to use peaks that exhibit the full range 

of weathering.  The number of peaks used to quantitate the multi-peak component will 

depend on the analyst's judgment of what it will take to achieve the truest 

concentration of the component.  This should be brought to the organic lab manager’s 

attention. 
 

     7.9.3 Quantitation – Once a compound has been identified qualitatively, the concentration 

must then be quantitated.  If the RSD of the compound’s response factor is 20% or less, 

then the concentration may be determined using the mean calibration factor, CF, from the 

initial calibration data.  Otherwise, the analyst must use either a calibration curve or a 
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non-linear calibration model such as polynomial equation for quantitation.  Calculations 

follow in Section 8.0. Refer to SOP-224 for guidance for manual integrations 
  

8.0     Calculations: 

 

 8.1    Calculate the calibration factor (CF) for each analyte  at each concentration as: 

 

                                      Peak Area (or Height) of the Compound in the Standard 

                           CF =       Mass of the Compound Injected (in nanograms) 

 

8.2    The mean CF is calculated as follows: 
 

 

        

        

 

       8.3  The standard deviation (SD) and the relative standard deviation (RSD) of the calibration 

factors for each analyte are calculated as follows:  
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                            RSD = SD X 100 

                                       CF 

8.4   Calibration verification involves the calculation of the percent drift (linear or quadratic) or the 

percent difference (average) of the instrument response between the initial calibration and each 

subsequent analysis of the verification standard.  Use the equations below to calculate % Drift or 

% Difference, depending on the calibration procedure used. 

 

                                      (Calculated concentration – Theoretical concentration) * 100 

                            % Drift =                       Theoretical Concentration 

 

where the calculated concentration is determined from the initial calibration 

and the theoretical concentration is the concentration at which the standard 

was prepared. 
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    (CCV CF – Average CF) * 100 

     % Difference =    Average CF 

 

where CCV CF is the calibration factor from the analysis of the verification 

standard and mean CF is the average calibration factor from the initial 

calibration. The % difference or % drift calculated for the calibration 

verification standard must be within ±15% for each analyte before any sample 

analyses may take place. 

 

8.5 Concentration in water samples is calculated as follows: 

      [Note: Using the units specified here for these terms will result in a concentration in  units of 

ng/mL, which is equivalent to µg/L.] 

 

 

 

 

where: 

Ax = Area (or height) of the peak for the analyte in the sample. 

Vt = Total volume of the concentrated extract (µL).   

D = Dilution factor, if the sample was diluted prior to analysis.  If no 

dilution was made, D = 1.  The dilution factor is always 

dimensionless. 

Vi = Volume of the extract injected (µL).  The nominal     injection 

volume for samples and calibration standards must be the same. 

CF = Mean response factor from the initial calibration.  

Vs = Volume of the aqueous sample extracted (mL).  If units of liters are 

used for this term, multiply the results by 1000. 
 

The 1000 in the denominator represents the number of µL in 1 mL.  If the 

injection (Vi) is expressed in mL, then the 1000 may be omitted.  
 

   8.6    Concentration in non-aqueous samples is calculated as follows:   

      [Note: Using the units specified here for these terms will result in a concentration in units of ng/g, 

which is equivalent to µg/kg.] 
 

 

 

 

where:  

Ax, Vt, D, and CF are the same as for aqueous samples, and 
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Ws = Weight of sample extracted (g).  Either a dry weight or wet weight may 

be used, depending upon the specific application of the data.  If units of 

kilograms are used for this term  multiply the results by 1000. 
 

The 1000 in the denominator represents the number of µL in 1 mL.  If the injection (Vi) 

is expressed in mL, then the 1000 may be omitted. 
 

9.0 QUALITY ASSURANCE/QUALITY CONTROL/CORRECTIVE ACTIONS 
 

9.1 Surrogates - All samples and QC are spiked with surrogates.  The surrogate recoveries from 

method blanks and LCS are charted to generate control limits and charts for diagnostic purposes.  

8000B See section 7.8.5 above for criteria and corrective action. 

9.2 LCS Sample - The LCS is extracted with every extraction batch - up to 20 samples.  To 

prepare the LCS, a blank is spiked with standards prepared from an alternate vendor or lot number 

than the calibration standards.  The recoveries are charted to generate control charts and limits.  

See the LCS report form in the appendix for the laboratory generated limits.  These limits default 

to method limits if generated limits are wider.  If the LCS compound has a recovery above the 

upper limit, but the same compound is not detected in any of the batch samples, no corrective 

action is required.  For all other situations, the LCS should be reanalyzed for the failed analytes 

only or results for that analyte should be flagged.  If the second analysis fails, all associated 

samples should be reextracted/reanalyzed for the failed analytes only. DOD limits will be used for 

DOD QSM Ver.3 projects. 

9.3 Method Blanks - The concentration of all method target analytes should be below the MDL 

(<RL, common laboratory contaminates; < ½ RL, all other compounds or client/authority 

specified) for each method target analyte.  If contamination exceeds the requirement, the following 

corrective actions must be taken.  The first step is to assess the effect on the samples.  If an analyte 

is found only in the method blank, but not in any batch samples, no further corrective action may 

be necessary.  Steps should be taken to find/reduce/eliminate the source of this contamination in 

the method blank.  If an analyte is found in the method blank and some, or all, of the other batch 

samples, then corrective action is required.  The source of contamination must be investigated and 

appropriate action taken and documented to find/reduce/eliminate the source of this contamination.  

The method blank, and any samples containing the same contaminant, would likely be 

reextracted/reanalyzed.  For the common laboratory contaminants, meeting the above requirements 

is not practical.  Random cases of contamination are difficult to control, however, daily 

contamination is not acceptable and corrective action is essential.  If a contaminant is found in the 

method blank and the samples, the compound concentration must be flagged with a 'B' on the final 

report unless the concentration is greater than 5x that found in the method blank. 

9.4 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are spiked for a 

MS/MSD (for 608 projects, 1 in 10 samples are spiked for MS).  For project specified full list 

MS/MSDs, the LCS standard is used for spiking. Criteria for the MS/MSD are found in Table 5-3 

of the Laboratory Quality Assurance Manual.  Both the percent recoveries (%R) and relative 

percent differences (RPDs) are contained in this table (for project specified full list MS/MSDs, the 
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MS/MSD limits are the same as the LCS limits).  Samples that do not meet these criteria due to 

matrix should be evaluated for placing a flag on the final report due to QC problems.  The 

associated LCS results should be used to verify method performance (section 8.4.3 Method 

8081A).  MS data evaluation must include the consideration of the following factors. 

9.4.1  Sample matrix - If the sample is a soil, grab sample or sequentially collected water 

sample it may affect the %R and RPD of the MS/MSD.  Corrective action must be taken 

in the form of reanalysis if a method problem is indicated. 
 

         9.4.2 Original sample concentration - If a spiked compound has a problem and the   

concentration of that compound in the original sample was more than four times the 

concentration of the spike, no further corrective action may be necessary other than the 

generation of a corrective action report to document the problem.  In this case, the 

MS/MSD may be evaluated as sample duplicates. 
 
       9.4.3  MS vs. MSD - If a spiked compound has a similar problem in both the MS and 

MSD and is not traced to a method problem, no further action may be necessary other than 

the generation of a corrective action report to document the problem. 
  
             9.4.4  Non-target Interference - The presence of significant non-target interference should 

be brought to the immediate attention of your supervisor who should discuss the problem 

with the client/project manager to determine the action to be taken. 

             9.4.5  Documentation of capability (DOC) – Each analyst must perform a DOC to 

demonstrate proficiency with this method. Refer to SOP-413 for guidance. 

 

10.0 HEALTH, SAFETY, WASTE MANAGEMENT AND POLLUTION PREVENTION 

10.1   Care should be used in handling all samples.  Safety glasses must be worn in the lab at all   

times.  The use of blue nitrile gloves and lab coats is highly recommended. 

10.2  Research into expected sample content and concentration should be done in order to be 

prepared for additional safety considerations.  Generally, any samples that need special 

consideration have applicable notes on the sample logs. 

10.3  MSDS sheets are available for all reagents and standards that have been purchased.  These 

are located in the bookshelves across from the Quality Assurance Officers cube. 

 

10.4  Please see Waste Disposal, SOP-210 and SOP-405 for proper disposal of waste coming from 

this area within our laboratory. Quantity of chemicals purchased should be based on expected 

usage during its shelf-life and the disposal cost of unused material. Actual reagent preparation 

volumes should reflect anticipated usage and reagent stability. 

 
 

11.0 EXAMPLE FORMS 
 
Examples of the water and soil LCS report sheet and the USACE analyst data review checklist are 

located in the appendix. 

 



                    EMPIRICAL LABORATORIES, LLC SOP-211 

 Revision:19 

 Date:  09/10/08 

 Page 13 of 18 
 

 

V:\LAB\QA QC\SOP\SOP-211-REV19.doc 

 

 

 

 
 

12.0 REFERENCES 
 

1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846; 

Third Edition (Update III); Method 8081A, 8082 

 

2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 608, 608.2; APX-B 

 

3. USEPA Contract Laboratory Program(CLP) for Organics ILM04.2; ILM04.3 

 

 

13.0 DEFINITIONS 

 

Refer SOP-431 for a list of definitions.
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FORM 3 

                  WATER PESTICIDE/PCB LAB CONTROL SAMPLE 

     ( In- House) 

  Lab Name: Empirical Laboratories, LLC    Contract:  

 

  Lab Code: NA   Batch No.: NA   SAS No.: NA       SDG No.: 

 

  Matrix Spike   -   Client Sample No.: LCS             

 ____________________________________________________________________________ 

|                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 

|                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 

|  COMPOUND              | (µg/L)  |   (µg/L)    |   (µg/L)    | REC #| REC. | 

|========================|=========|=============|=============|======|======| 

| Aldrin                 | 0.05000 |     NA      |    0.05000  |  100 |25-110| 

| alpha-BHC              |  0.1000 |     NA      |     0.1000  |  100 |45-125| 

| alpha-Chlordane        | 0.05000 |     NA      |    0.05000  |  100 |50-125| 

| beta-BHC               | 0.05000 |     NA      |    0.05000  |  100 |50-130| 

| 4,4'-DDD               |  0.1000 |     NA      |     0.1000  |  100 |55-130| 

| 4,4'-DDE               |  0.1000 |     NA      |     0.1000  |  100 |45-130| 

| 4,4'-DDT               |  0.1000 |     NA      |     0.1000  |  100 |50-140| 

| Dieldrin               |  0.1000 |     NA      |     0.1000  |  100 |55-130| 

| delta-BHC              | 0.05000 |     NA      |    0.05000  |  100 |40-135|  

| Endosulfan I           |  0.1000 |     NA      |     0.1000  |  100 |50-120| 

| Endosulfan II          |  0.1000 |     NA      |     0.1000  |  100 |55-135| 

| Endosulfan sulfate     |  0.1000 |     NA      |     0.1000  |  100 |55-130| 

| Endrin                 |  0.1000 |     NA      |     0.1000  |  100 |40-150| 

| Endrin aldehyde        |  0.1000 |     NA      |     0.1000  |  100 |40-130| 

| Endrin ketone          |  0.1000 |     NA      |     0.1000  |  100 |60-130| 

| gamma-BHC (Lindane)    |  0.1000 |     NA      |     0.1000  |  100 |50-130| 

| gamma-Chlordane        | 0.05000 |     NA      |    0.05000  |  100 |50-125| 

| Heptachlor             |  0.1000 |     NA      |     0.1000  |  100 |35-125| 

| Heptachlor epoxide     | 0.05000 |     NA      |    0.05000  |  100 |50-130| 

| Methoxychlor           |  0.5000 |     NA      |     0.5000  |  100 |50-140| 

| PCB-1248               |   10.00 |     NA      |      10.00  |  100 |50-140| 

|________________________|_________|_____________|_____________|______|______| 

 

  # Column to be used to flag recovery values with an asterisk 

 

  * Values outside of QC limits 

 

  Spike Recovery:  0 out of 21 outside limits 

   

COMMENTS:  ___________________________________________________________________ 

             ___________________________________________________________________ 
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                                 FORM 3 

                  SOIL PESTICIDE/PCB LAB CONTROL SAMPLE 

     (In-House) 

 

  Lab Name: Empirical Laboratories, LLC   Contract:  

 

  Lab Code: NA   Batch No.: NA   SAS No.: NA       SDG No.: 

 

  Matrix Spike   -   Client Sample No.: LCS             

 

 ____________________________________________________________________________ 

|                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 

|                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 

|  COMPOUND              | (µg/kg) |   (µg/kg)   |   (µg/kg)   | REC #| REC. | 

|========================|=========|=============|=============|======|======| 

| Aldrin                 |  5.0000 |     NA      |     5.0000  |  100 |30-135| 

| 4,4'-DDT               |  10.000 |     NA      |     10.000  |  100 |30-160| 

| Dieldrin               |  10.000 |     NA      |     10.000  |  100 |30-150| 

| Endrin                 |  10.000 |     NA      |     10.000  |  100 |35-160| 

| gamma-BHC (Lindane)    |  10.000 |     NA      |     10.000  |  100 |30-145| 

| Heptachlor             |  10.000 |     NA      |     10.000  |  100 |40-150| 

| PCB-1248               |  1000.0 |     NA      |     1000.0  |  100 |50-150| 

|________________________|_________|_____________|_____________|______|______| 

 

 

  # Column to be used to flag recovery values with an asterisk 

 

  * Values outside of QC limits 

 

  Spike Recovery:  0 out of 7 outside limits 

 

 

COMMENTS:  ___________________________________________________________________ 

             ___________________________________________________________________ 
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ANALYST DATA REVIEW CHECKLIST 

 

 

Sample Number(s): 

Batch Number(s): 

Method: 8081A/8082 

 
 

QA/QC Item 
 

Yes 
 

No 
 

NA 
Second Level 

Review 

 
A. Initial Calibration 
 1. Did the evaluation mix pass criteria? 

 
 
 

 
 
 

 
 
 

 

 

 

 
 2. Does the curve consist of at least five Calibration Standards? 

 
 

 
 

 
 

 

 

 
 3. Is the low standard near, but above the MDL? 

 
 

 
 

 
 

 

 

 
 4. Are the % RSDs within QC limits for all analytes? 

 
 

 
 

 
 

 

 

 
B. Second Source Verification 
 1. Was the initial calibration curve verified by a second source calibration 

standard (ICV) and have criteria been met? 

 
 
 
 

 
 
 
 

 
 
 
 

 

 

 

 

 
C. Continuing Calibration 
 1. Are the Continuing Calibration Verification (CCV) standards analyzed 

every 20 samples or every 12 hours and at the end of the sequence? 

 
 
 
 

 
 
 
 

 
 
 
 

 

 

 

 

 
 2. Are the % differences within QC limits for all analytes? 

 
 

 
 

 
 

 

 

 
D. Sample Analysis 
 1. Did the evaluation mix pass criteria? 

 
 
 

 
 
 

 
 
 

 

 

 

 
 2. Are all sample holding times met? 

 
 

 
 

 
 

 

 

 
 3. Are all samples with concentrations > the highest standard used for 

initial calibration diluted and reanalyzed? 

 
 
 

 
 
 

 
 
 

 

 

 

 
 4. For single peak analytes - are all compounds identified on the primary 

column confirmed on the secondary column? 

 
 
 

 
 
 

 
 
 

 

 

 

 
 5. For multi-peak analytes - does the pattern of the analyte in the sample 

match the pattern of the standard? 
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 6. Are surrogate recoveries within QC limits?  (one surrogate both 

columns) 

 
 

 
 

 
 

 

 

 

ANALYST DATA REVIEW CHECKLIST 

 

 
 
E. QC Samples 
 1. Is the Method Blank extracted at the desired frequency and is its 

concentration for target analytes less than the MDLs? 

 
 
 
 

 
 
 
 

 
 
 
 

 

 

 

 

 
 2. Is the Laboratory Control Sample and its percent recovery within QC 

limits? 

 
 
 

 
 
 

 
 
 

 

 

 

 
 3. Is the Matrix Spike/Matrix Spike Duplicate extracted at the desired 

frequency and is the percent recovery/RPD within QC limits? 

 
 
 

 
 
 

 
 
 

 

 

 

 
F. Others 
 1. Are all nonconformances included and noted? 

 
 
 

 
 
 

 
 
 

 

 

 

 
 2. Are all calculations checked at the minimum frequency? 

 
 

 
 

 
 

 

 

 
 3. Did analyst initial/date the appropriate printouts and report sheets? 

 
 

 
 

 
 

 

 

 
 4. Are all sample IDs and units checked for transcription errors? 

 
 

 
 

 
 

 

 

 
 5. Are all manual integrations checked by a second reviewer to verify they 

were performed correctly? 

 
 
 

 
 
 

 
 
 

 

 

 

 

Comments on any "No" response: 

 

               Analyst:  Date:  

    

Second-Level Review:  Date:  
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TOTAL ORGANIC CARBON (TOC) 
BY SM5310C, SW846 METHOD 9060 AND Lloyd KAHN 
METHOD “DETERMINATION OF TOC IN SEDIMENT” 

 
I. SCOPE AND APPLICATION 
 
 This SOP describes the measurement of TOC by SM5310C, SW-846 Method 9060 

and Lloyd Kahn Method for determination in soil /sediment matrix. 
 
 SM5310C is used to determine the concentration of organic carbon in source and 

drinking water, SW-846 Method 9060 is used to determine concentrations of carbon 
in saline waters, domestic and industrial wastes and SW846 Method 9060 is modified 
for soil determination and the L1oyd Kahn Method is used for determination of TOC 
in soil/sediment and solid matrices.  SW846 Method 9060 and the Lloyd Kahn 
Method require quadruplicate analysis of samples, where as SM5310C requires a 
minimum of two analyses.  These methods should be read over carefully by the analyst 
and any restrictions should be noted. 

 
II. SUMMARY OF METHOD 
 

The organic carbon is measured using an Shimadzu Total Organic Carbon Analyzer 
(aqueous samples) and an OI Analytical Solids TOC Analyzer model 1010 
(soil/sediment samples). The Shimadzu instrument converts the organic carbon in a 
sample using wet chemical oxidation.  The CO2  formed is then measured by an 
infrared detector (replaces ultraviolet detector in SM 5310C). With the model 1010 
Solids TOC analyzer, TOC is determined by acidifying a sample and heating it to 
250°C to remove the TIC.  The sample is then heated to 900°C to combust the 
remaining TOC.  The resulting carbon dioxide from the TOC is detected by a non-
disperse infrared (NDIR) detector that has been calibrated to directly display the mass 
of carbon dioxide detected.  This mass is proportional to the mass of TOC in the 
sample. 
 
The limit of detection for the water method is 0.50 mg carbon/L and the Limit of 
quantitation is 1.0 mg carbon/L.  The limits of detection and quantitation with the soil 
method depends on the how many grams of sample is used for the analysis.  For a 250 
mg sample the limit of detection is 460 mg/kg and the limit of quantitation is 1600 
mg/kg.  

 
III. SAMPLING HANDLING AND PRESERVATION 

 
3.1 Sampling and storage in glass bottles is preferable.  Sampling and storage in 

plastic bottles such as conventional polyethylene and cubitainers is permissible 
if it is established that the containers do not contribute contaminating organics 
to the samples.  NOTE 1:  A brief study performed in the EPA Laboratory 
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indicated that distilled water stored in new, one quart cubitainers did not show 
any increase in organic carbon after two weeks exposure. 

 
3.2 Because of the possibility of oxidation or bacterial decomposition of  some 

components of aqueous samples, the lapse of time between collection of 
samples and start of analysis should be kept to a minimum.  The holding time 
is 28 days for waters and soils with the exception of the Lloyd Kahn method 
soils, which requires a 14 day holding time.  Also, samples must be kept cool 
(4°C) and protected from sunlight and atmospheric oxygen. 

 
3.3 When water samples cannot be analyzed immediately, the sample is preserved 

by acidification to (pH </= 2) with HCl or H2SO4.  Both water and soil 
samples are stored at 4°C. 

 
IV. INTERFERENCES 

4.1 WATER METHOD 
4.1.1 Removal or carbonate and bicarbonate carbon by acidification and purging 

with purified gas results in the loss of volatile organic substances.  The 
volatiles also  can be lost during sample blending, particularly if the 
temperature is allowed to rise.  Another important loss can occur if large 
carbon-containing particles fail to enter the needle used for injection.  
Filtration although necessary to eliminate particulate organic matter when 
only DOC is to be determined, can result in loss or gain of DOC, 
depending on the physical properties of the carbon-containing compounds 
and the adsorption of carbonaceous material on the filter, or its desorption 
from it.  Check filters for their contribution to DOC by analyzing a filtered 
blank.  Note that any contact with organic material may contaminate a 
sample.  Avoid contaminated glassware, plastic containers, and rubber 
tubing.  Analyze treatment, system, and reagent blanks. 

   
4.1.2 This procedure is applicable only to homogenous samples which can be 

injected into the apparatus reproducibly by means of a pipette.  The 
openings of the pipette limit the maximum size of particles which may be 
included in the sample. 

 
4.2  SOIL METHOD 

4.2.1 All materials must be routinely demonstrated to be interference –free 
under the analysis conditions by running blanks.  Use high purity or 
purified reagents and gases to help minimize interference problems. 

4.2.2 The infrared detector is sensitized to CO2 and accomplishes virtually 
complete rejection of response from other gases that absorb energy in the 
infrared region. 
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V.  DEFINITIONS 

 
5.1 ANALYTICAL BATCH-The set of samples extracted /distilled/ or digested at the 

same time to a maximum of 20 samples. 
 

5.2 CALIBRATION BLANK (CB)- A volume of reagent water in the same matrix as 
the calibration standards, but without the analyte. 

 
5.3 CALIBRATION STANDARD (CAL)- A solution prepared from the primary 

dilution standard solution or stock standard solutions.  The CAL solutions are used 
to calibrate the instrument response with respect to analyte concentration. 

 
5.4 FIELD BLANK (FMB)- An aliquot of reagent water or equivalent neutral reference 

material treated as a sample in all aspects, including exposure to a sample bottle 
holding time, preservatives, and all preanalysis treatments.  The purpose is to 
determine if the field or sample transporting procedures and environments have 
contaminated the sample. 

 
5.5 FIELD DUPLICATE (FD)- Two samples taken at the same time and place under 

identical circumstances which are treated identically throughout field and laboratory 
procedures.  Analysis of field duplicates indicates the precision associated with 
sample collection, preservation, and storage, as well as with laboratory procedures. 

 
5.6 LABORATORY BLANK (LRB)- An aliquot of reagent water or equivalent neutral 

reference material treated as a sample in all aspects, except that it is not taken to the 
sampling site.  The purpose is to determine if the analytes or interferences are 
present in the laboratory environment, the reagents, or the apparatus. 

 
5.7 LABORATORY CONTROL SAMPLE (LCS)- A solution prepared in the 

laboratory by dissolving a known amount of one or more pure compounds in a 
known amount of reagent water.  Its purpose is to assure that the results produced 
by the laboratory remain within the acceptable limits for precision and accuracy.  
(This should not be confused with a calibrating standard, it must be prepared from a 
source other than the same source as the calibration standards). 

 
5.8 LABORATORY DUPLICATE (LD)-  Two aliquots of the same environmental 

sample treated identically throughout a laboratory analytical procedure.  Analysis of 
laboratory duplicates indicates precision associated with laboratory procedures but 
not with sample collection, preservation, or storage procedures. 

 
5.9 QUALITY CONTROL CHECK SAMPLE (QCS)- A sample containing analytes of 

interest at known concentrations (true value) of analytes.  The QCS is obtained from 
a source external to the laboratory or is prepared from standards obtained from a 
different source than the calibration standards.  The purpose is to check laboratory 
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performance using test materials that have been prepared independently from the 
normal preparation process. 

 
5.10  METHOD DETECTION LIMIT (MDL)-  The lowest level at which an analyte 

can be detected with 99 percent confidence that the analyte concentration is greater 
than zero. 

 
 
VI. REAGENTS/STANDARDS 
 

Store all reagents and standards according to recommendations.  All standards should 
be stored away from light and at 4°C (± 2°C). 
 
6.1 The laboratory reagent blank water used for TOC analysis is obtained from the 

Modulab Analytical water purification system in the analytical laboratory.  Boiling 
the water is not necessary as the method states. 

 
6.2 Potassium hydrogen phthalate, primary stock solution, 1000 mg/L:  Dissolve 

0.2128g of potassium hydrogen phthalate (primary standard grade) in 100.0 mL 
water. 

 
6.3. Potassium hydrogen phthalate, standard solutions :  A 100 mg/L standard is 

prepared by transferring 10 mL of the stock solution to a 100 mL volumetric flask 
and diluting to the mark with water.  This solution is prepared on a daily basis. 

 
6.4. The carbonate-bicarbonate solutions are not needed for this instrument. 

 
6.5 Calibration Standards 
 

1. For the water method,  calibration standard is Potassium Hydrogen 
Phthalate.  Standards are made from dilutions of the stock 1000 mg/L 
standard as follows: 

 
1.0 mg/L = 0.10 mL of 1000 mg/L -> 100 mL  
2.5 mg/L = 0.25 mL of 1000 mg/L -> 100 mL 
5.0 mg/L = 0.50 mL of 1000 mg/L -> 100 mL 
10.0 mg/L = 1.0 mL of 1000 mg/L -> 100 mL 
25.0 mg/L = 5.0 mL of 1000 mg/L -> 200 mL 
50.0 mg/L = 10.0 mL of 1000 mg/L -> 200 mL  
100 mg/L = 10.0 mL of 1000 mg/L -> 100 mL 
 
A low level standard curve must be run for drinking water samples with 
the standards made as follows: 
 
0.25 mg/L = 0.025 mL of 1000 mg/L -> 100 mL 
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0.50 mg/L = 0.050 mL of 1000 mg/L -> 100 mL 
1.0 mg/L = 0.10 mL of 1000 mg/L -> 100 mL  
1.5 mg/L = 0.15 mL of 1000 mg/L -> 100 mL 
2.5 mg/L = 0.25 mL of 1000 mg/L -> 100 mL 
5.0 mg/L = 0.50 mL of 1000 mg/L -> 100 mL  
10.0 mg/L = 1.0 mL of 1000 mg/L -> 100 mL 

 
2. The soil method the calibration standard is prepared by using an OI 

commercially prepared 30% carbon sucrose solution. 
 

6.6 Laboratory Control Sample: 
 

1. For the water method, the Laboratory Control Sample is normally made 
from a performance evaluation solution of which the true value is known.  
This solution is given a unique identifier. 

 
2. For the soil method, the Laboratory Control Sample is made from a 30% 

sucrose solution which is made by weighing up 7.125 grams of  EM 
Reagent Grade Sucrose and diluting to 10 mL with deionized water 
volumetrically.  

 
6.7. Persulfate oxidation solution:  This solution is made by dissolving 60g  of     

sodium persulfate in DI water, adding 15 ml of phosphoric acid and diluting to 
500 ml. 

 
6.8 Phosphoric acid solution: Dilute 100 mL of concentrated 85% phosphoric 

acid in 500 mL of  water.  This is used for water.  
 
6.9 Phosphoric acid solution 5%: Dilute 59 mL of concentrated 85% phosphoric 

acid in 1000 mL of  water.  This is used for soil.  
 
 
VII. INSTRUMENTATION 
 

7.1 The instrument used for the Water TOC analysis is a Shimadzu Total Carbon 
Analyzer.  An OIC 1010 soil/sediment carbon analyzer is used for soil 
samples. 

 
7.2 There is a Shimadzu autosampler which will hold 68 samples.  
 
7.3 The corresponding data for each sample is obtained from the Shimadzu 

software for the water samples.  The soil/sediment data are printed out at the 
organic GC printer. 
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VIII. AQUEOUS SAMPLE PROCEDURE 
 
  
 

8.1 Wearing labcoat, gloves and safety glasses, the standards and check solutions 
should be taken out of the refrigerator and allowed to warm to room 
temperature.  Also, remove samples from sample storage signing them out 
appropriately on the internal chain of custody form. Fresh acid and oxidation 
solutions should be poured into the appropriate containers on the front of the 
instrument.   

8.2 Follow the instructions for operation of the instrument in Chapter 4, section 
4.3 of the Shimadzu Model TOC-VWS User Manual.  See Appendix I. for  
Basic TOC start-up notes for analysis. 

 
 
8.3 Following is a list outlining the order in which the samples should be 

run.  Each sample VOA vial should be numbered and its identity entered into 
the TOC schedule.  Note:  All blanks should be acidified to pH 2 to match the 
matrix of the samples analyzed. 

 
1. 100 ppm 
2. 50 ppm 

 3. 25 ppm 
 4. 10 ppm 
 5. 5.0 ppm 
 6. 2.5 ppm 
 7. 1.0 ppm 

8. Method blank  
9. LCS + 9 samples (including any sample QC 
10. 25 ppm 
11. 10 samples (including any sample QC)  
12. 50 ppm 
 

8.8 Insrument printouts are generated from the software.  Normal procedure is 
followed for preparing reports and the data is second checked before being 
given to the supervisor.     

 
 
IX. SOIL/SEDIMENT SAMPLE PROCEDURE 

 
A sample is introduced into the Solid Module via a conditioned sample cup.  Once the 
sample has been introduced the entire analysis sequence is automatic. Please reference 
Chapter 4 of the OI 1010 Solid Module instrument manual for instrument states and 
configuration when initially setting the instrument methods up.  
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TC Mode Instrument Settings: 
 
Analysis Temp: 900°C 
Analysis Time: 6.5 minutes 
Nitrogen Gas Flow:    60-100 psi (external regulator regulator) 
Oxygen Gas Flow:   40-60 psi  (external regulator) 
 
This is a step by step description of a routine soil TOC analysis. 

 
9.1 The standards and check solutions should be taken out of the refrigerator and 

allowed to warm to room temperature. The nitrogen and oxygen (internal 
regulator should be set at 50-60 psi) turned on allowing a nitrogen flow of 350-
400mL/minute and an oxygen flow of 180 mL/minute (± 3 mL/minute). 

 
NOTE:  DO NOT TURN THE ANALYZER ON BEFORE TURNING 
THE GAS ON! 

 
9.2 Let the gas flow through the instrument for a few minutes. The instrument 

should now be turned on and let to stabilize for 30 minutes. 
 
9.3 Condition the cups (with quartz wool in them) using Diagnostics under 

Instrument Menu commands, (don’t condition too many cups at a time since 
setting in contact with the air can cause contamination). 

 
9.4 Set up the subdirectory (using the current date to ID it) under WinTOC 

output.   
 
9.5 If doing an initial calibration curve use an appropriate µL syringe to make the 

following measurements of the sucrose standard in order to achieve the 
indicated concentrations.  Make sure that there are no air bubbles in the 
syringe.  Turn the syringe with the needle pointed up and vibrate the barrel 
and disperse any air from the syringe.  To enter the calibration information on 
the instrument go to Instrument Cal Menu, type in the calibration standard 
values and save the file as the cal.. date analyzed. 

 
µL 30% Sucrose STD Concentration  (mg)            

0 0 
2.0 (1:6 solution) 0.10 

3.0 0.90 
50 15 
100 30 

Note: The 1:6 solution of the 30% Sucrose standard is prepared by mixing 
100µL of the 30% Sucrose standard with 500µL of water. 

 
9.6 Enter the sequence to be analyzed as listed below: 
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1. CCV(CCV1+ date analyzed for ID) or Initial calibration – single analyses 
2. Method Blank(MB + date analyzed for ID) – single analyses 
3. LCS, 15 mg dextrose (LCS + date analyzed for ID) – single analyses 
4. NY Cert – 4 replicates 
5. Sample – 4 replicates 
6. Sample – 4 replicates 
7. Sample – 4 replicates 
8.  Sample – 4 replicates 
9. Sample – 4 replicates 
10. CCV(CCV1+ date analyzed for ID)2 – single analyses 
11. Sample – 4 replicates 
12. Sample – 4 replicates 
13. Sample – 4 replicates 
14. Sample – 4 replicates 
15. Sample – 4 replicates 
16. CCV (CCV2+ date analyzed for ID) – single analyses 
17. Sample – 4 replicates 
18. Sample – 4 replicates 
19. Sample – 4 replicates 
20. Sample – 4 replicates 
21. Sample – 4 replicates 
22. CCV(CCV3+ date analyzed for ID)  – single analyses 
23. Sample – 4 replicates 
24. Sample – 4 replicates 
25. Sample – 4 replicates 
26. Sample – 4 replicates 
27. Sample – 4 replicates 
28. CCV(CCV4+ date analyzed for ID)  – single analyses 
29. SampleMS – 4 replicates 
30. SampleDUP – 4 replicates 
31. FCV(CCV4+ date analyzed for ID)  – single analyses 
32. FCB(FCB4+ date analyzed for ID)  – single analyses 
 

 
9.7 Samples should be stored away from light and at 4°C (± 2°C).  Wearing 

labcoat, gloves and safety glasses remove samples from sample storage signing 
them out appropriately on the internal chain of custody form.  

 
9.8 Transfer a homogeneous aliquot(~5 g) of the sample into a small pre-labeled 

aluminum weighing pan.  Label each pan with the appropriate sample ID then 
add enough phosphoric acid (1-2 ml) to remove the Total inorganic carbon 
(TIC) when the sample is placed in an oven at 250°C.  Place the samples in the 
250°C oven for 10 minute and begin prepping the sample cups to weigh 0.2g-
1.0g of each sample(in quadruplicate).  Limit the time that the cups are 
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exposed to the atmosphere as to reduce potential contamination.  Note:  
Since the samples are dried in this manner, before the sample aliquot it 
taken, a % solids determination and calculation is NOT necessary to 
report the sample concentrations in dry weight. 

 
9.9 Set the OI 1010 to the TC Mode and start running the sequence beginning 

with the initial calibration or calibration verification standard as illustrated 
above.  Weigh each sample in quadruplicate making sure to limit the time that 
samples are exposed to the atmosphere.  

 
9.10 The Excel file for calculations is located in “V:\WCM\TESTS\TOC soil\”.  

The sample identity, its corresponding mgC reading, and the sample weight are 
entered into the appropriate columns.  The Excel worksheet is self 
explanatory.  Normal procedure is followed for preparing reports and the data 
is second checked before being given to the supervisor.     

 
X. QC REQUIREMENTS 
 

10.1 Analyze a laboratory control sample (LCS) for each batch of samples 
(maximum of 10 samples per day).  If the LCS does not fall within the 
control limits of 80 to 120%, corrective action must be taken to find and 
correct the problem. 

 
10.2 Run a method blank (PB) for each batch of samples (maximum of 20 samples 

per day).  The PB should be less than 1/2 the reporting limit. 
 
10.3 One matrix spike and matrix spike duplicate must be run per set of 20 

samples. For water analysis, a spike and spike duplicate are made by mixing 20 
mLs of sample with 0.30 mLs of stock 1000 mg/L standard using an ependorf 
pipette. The true value is 15 mg/L. The percent recoveries on a MS and a 
MSD should be within 75 and 125%.  Relative percent difference (RPD) on 
duplicates should be less than 20%.  If not, a corrective action (CAR) must be 
approved by your supervisor.  

 
10.4 Analyze an initial calibration verification (ICV) immediately after the 

calibration curve.  Analyze a calibration check verification (CCV) standard 
every tenth sample and at the end or after every fifth sample when analyzing 
samples in quadruplicate.  Analyze a CCV after every 5th sample when 
analyzing soil/sediment samples.   The percent recoveries should be in the 
range of 90 to 110%.  The CCV %RSD warning limits are <15% for aqueous 
samples and <20% for soil/sediment samples.  If the CCV % RSD exceeds 
15%(aqueous) or  <30% (soil/sediment) and the correlation coefficient is less 
than 0.990 correct the problem and re-analyze the CCV.       
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10.5 When analyzing water samples, all water blanks before samples and standards 
must be below the detection limit, otherwise the samples must be rerun. 

 
10.6 Analyze an initial calibration blank (ICB) following the ICV.  Analyze a 

continuing calibration blank (CCB) following each CCV.  The ICB and CCB 
should be less than + the MDL.  

 
10.7 Calculate all percent recoveries and relative percent differences on duplicates 

and show calculations on data. 
 
10.8 Calculate all percent recoveries and relative percent differences on duplicates 

and show calculations on data. 
 

Calculate spikes as follows where everything is in concentration. 
 

  Spike – Sample 
 % Recovery  = True Value x100 
 
.  Relative percent difference is calculated as follows, with everything in 

concentration:  
 
   Higher Concentration – Lower Concentration 
 RPD  = Average of Concentrations x100 
 
 
10.9 SM5310B requires that the analyst repeat injection until consecutive 

measurements are obtained that are reproducible to within ±10%.  A 
minimum of two injections is required for water samples with three replicates 
preferred.  SW-846 Method 9060 requires quadruplicate analysis of each 
sample.  The Loyd Kahn soil method suggests 1 sample per 20 be run in 
quadruplicate.  Some clients may request that all samples to be done in 
quadruplicate.  Please check with your supervisor if you have any questions 
about the required numbered of sample replications.     

 
10.10 For aqueous samples check an acidified 20mg/L inorganic carbon 

standard quarterly, to assure that purge gas flow is adequate to remove 
inorganic carbon.  The result should be below the reported quantitation 
limit.   

 
 

XI. CORRECTIVE ACTIONS 
 

11.1  INSTRUMENT RELATED 
1. ICV not within + 20% (Soil) or ± 10%  (SM 5310C0 
a. If the problem is with the solution. 
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i. Re-prepare,  obtain new stock if necessary. 
b. If the problem is with the calibration. 

i. Recalibrate through analysis of appropriate standards and recheck ICV. 
2. CCV not within + 30% (Soil) or ±15% (SM 5310C) 

a. If the problem is with the solution. 
i. Re-prepare, obtain new stock if necessary. 

b. If the problem is with the calibration. 
i. Recalibrate through analysis of appropriate standards and re-prepare 

/reanalyze the previous ten sample according the following guidelines. 
a. If the CCV was biased high, any of the previous ten samples which 

were below the minimum detection limit do not require reanalysis. 
b. If the CCV was biased low, the previous ten samples must be 

reanalyzed. 
                      

 *  Incorrectly set gas flow is a common instrument related problem which 
requires corrective action.  Verify that all gas flows are adjusted properly.     

                          
11.2 SAMPLE MATRIX RELATED 

1. Replicate analysis RPD not within +20% aqueous or +50% soil/sediment 
i. The associated sample data must be qualified on the final report. 

2. Spike analysis recovery not within +25% aqueous or +50% soil/sediment 
i. If the analyte level in the sample is greater than 4X the spiking level, the 

%recovery can not be evaluated and no action is taken. 
ii. If the analyte level in the sample is not greater than 4X the spiking level, 

the associated sample data must be qualified on the final report.  A 
corrective action report must accompany the data and be emailed or given 
to the supervisor. 

 
XII. HEALTH AND SAFETY 
 

A. Care should be used in handling all samples.  Safety glasses must be worn in the 
lab at all times.  The use of blue nitrile gloves and lab coats is highly 
recommended. 

 
B. Research into expected sample content and concentration should be done in order 

to be prepared for additional safety considerations.  Generally, any samples which 
need special consideration have applicable notes on the sample logs. 

 
C. MSDS are available for all reagents and standards, which have been purchased.  

These are located in the administrative section next to the break room. 
 
 D.   Please see Waste Disposal;  SOP-405  for proper disposal of the waste generated from 

this area. 
 
XIII. WASTE DISPOSAL and POLLUTION PREVENTION 
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Please see Waste Disposal SOP-405, for instruction of proper disposal of waste 
generated from this area. Quantity of chemicals purchased should be based on 
expected usage during its shelf-life and the disposal cost of unused material. Actual 
reagent preparation volumes should reflect anticipated usage and reagent stability. 
 

 
XIV. METHOD PERFORMANCE 

14.1 Precision and Bias for Total Organic Carbon (TOC) by Persulfate-Ultraviolet 

Oxidation. (Water samples) 

Characteristic 

Of Analysis 

Concentration 

determined, 

mg/L: 

Spring 

Water 

Spring 

Water +0.15 

mg/L KHP* 

Tap  

Water 

Tap  

Water +10 

mg/L KHP* 

Municipal 

Wastewater 

Effluent 

Replicate 1 0.402 0.559 2.47 11.70 5.88 

Replicate 2 0.336 0.491 2.49 11.53 5.31 

Replicate 3  0.340 0.505 2.47 11.70 5.21 

Replicate 4 0.341 0.523 2.47 11.64 5.17 

Replicate 5 0.355 0.542 2.46 11.55 5.10 

Replicate 6 0.366 0.546 2.46 11.68 5.33 

Replicate 7 0.361 0.548 2.42 11.55 5.35 

Mean, mg/L 0.35 0.53 2.46 11.53 5.32 

Std. Deviation: 

mg/L 

0.02 0.03 0.02 0.21 0.23 

% 6 6 1 2 4 

Actual Value, 

mg/L 

- 0.50 - 12.46 - 

Recovery, % - 106 - 93 - 

Error, % - 6 - 7 - 

*KHP = potassium acid phthalate. 
 

 14.2 There was no method performance data available for the soil procedure.   
 

 

XV. REFERENCES 
 

1. Annual Book of ASTM Standards, Part 31,  “Water,”  Standard D 2574-79, p. 469 
(1976). 
 
 
2. Standard Methods for the Examination of Water and Wastewater, 19th ED., 
Method 5310C (1999). 
 
3. EPA  SW-846, Method 9060. 
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4. Lloyd Kahn Method, “Determination of Total Organic Carbon in Sediment” 
 
 
APPENDIX I. 
 
1. Power up the lamp for warm –up, check reagents inside instrument cavity to make 

sure all are filled before starting the run. 
2. Fill Fresh DI water in 1 gallon jug; DI squirt bottle and 1 L plastic  
3. Label and load VOA vials with standards and samples into round tray. 
4. Place round tray onto autosampler, get a final sample count for end point and 

replace lid. 
5. Make sure that round tray fits down flush onto the autosampler. 
6. On computer screen, select “TOC-Control V” icon. 
7. Then select “Sample Table Editor” 
8. Enter user name: “analyst initials” select OK. 
9. Under “File” select “calibration curve” “OK”. 
10. Under system select Shimadzu TOC-BWS Enter/next 
11. Select Edit Calibration points manually Enter/next 
12. Under “Analysis” select “NPOC” then make up your file name (use today’s date) 

Enter/next. 
13. Calibration Measurement Parameters are default:  Just hit “next” 
14. Select “ADD” and enter calibration points starting at (1) 100 mg/L (2) 50 mg/L 

(3) 25 mg/L (4) 10 mg/L (5) 5.0 mg/L (6) 2.5 mg/L (7) 1.0 mg/L (8) 0.0 mg/L.  
After 8 points it should show 0.00 mg/L first and 100 mg/L eigth if so “next” 

15. Put a check mark in “Correlation Coefficient” check box “next” 
16. “next” 
17. “finish” 
18. Go to file and select “new”, “sample run” “ok” “ok” enter file name:  user date 

“save”  
19. Now go to insert and select “calibration curve” then scroll till you find your file 

name/date should have .cal after date “select” the “open” 
20. You should now see the sparging /acid addition page which shows a picture of the 

round sample tray.  Under vial manually enter “1”beside 0.00 mg/L. 
21. manually enter “2” beside 1.0 mg/L and “3” beside 2.5 mg/L and so on and so 

forth all the way to “8” this shows what order they ar loaded on the tray.  
“Enter/OK” 

22.  Then a screen with your filename/date and all info should be in row 1 only with 
vial column showing. 1,2,3,4, etc. 

23. Select the lightening bolt symbol then enter “use PC settings”  this will start 
initializing wait till screen goes away then you will see the stop light symbol appear 
with green light showing, select that icon  select “keep running” select “standby” 

24. Sparging/acid addition page will re-appear just hit “OK” 
25. Start ASI tray screen will appear hit “Start” 
26. The instrument should start establishing the baseline and move auto tray into 

position – Lid must be on and samples loaded into corret position will take almost 
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3 hours to finish.  Can view data as its coming off by selecting “view” “sample 
window”.  After calibration is done review. 

27. Select “File” then “New” then “sample run” “ok” 
28. General information screen:  No change select “ok” 
29. Save as screen:  Select today’s date for file name example 00month/00day/00year 
30. Select “save” 
31. Sample Table Screen:  Select “insert” then select “ auto generate” enter 
32. Page 1 sample group wizard sample source:  select “calibration curve” then 

double click on box with 3 dots …   
33. Open latest curve from calibration curves file  
34. Highlight latest curve and select “open” 
35. Should send you back to page 1 with calibration curve info submitted.  Select 

“next” 
36. Page 2 Sample Parameter:  Enter final sample count for “number of samples” 

select “next” 
37. Page 3 Calibration Curves:  No changes Select “Next” 
38. Page 4 Calibration Checks:  No changes Select “Next” 
39. Page 5 Controls:  No changes select “finish”, Select “ok” on “Sparging/ Acid 

page. 
40. Type sequence as they are loaded on tray:  ICV, ICB, LCSW, Sample #, client,etc. 
41. Once everything is typed in double check that it matches the way samples and QC 

are loaded.. 
42. Click or select the lightening bolt symbol then select “use settings on PC”.  Wait 

for initializing.  When screen goes awy the traffic light symbol should appear next 
to the lightning bolt symbol.  Click on the traffic light symbol. 

43. Click or select “shut down Instructions”.  Then select “standby”  Sparging/ Acid 
addition screen will appear so you can confirm your tray is loaded the wax things 
are highlighted in blue.  Select “OK” if it looks the same. 

44. Start ASI measurement:  External acid addition should have a check mark click on 
“start” analysis  should begin to start.   

45. Click on view and chose “sample window” to watch curves come off and to see 
beginning values. 
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GC/MS LOW LEVEL PAH’S 

BY SW846 METHOD 8270C 

 

1.0 SCOPE AND APPLICATION 
 

This SOP (based primarily on SW-846 Method 8000B/8270C using SIM) is used for the 

analysis of semi-volatile organic compounds in a variety of matrices (soils, sediments, 

waters, etc.). The normal laboratory list of PAH analytes with their water and soil LCS 

limits are found attached in the appendix. Any questions left by this SOP should be 

answered by reading the method SW-846 8000B/8270C.  If questions still remain 

unanswered, check with the Organic Lab Manager, QA/QC Officer and/or Technical 

Director. A documentation of capability (DOC) should be performed by each analyst using 

this method. 
 

2.0 METHOD SUMMARY 
 

After sample preparation using the appropriate extraction technique, the sample is 

introduced into the GC/MS using direct injection.  The analytes are separated in the gas 

chromatograph by a combination of the temperature program, the pressure program and the 

capillary column.  The analytes are then detected by the mass spectrometer.  Analytes are 

identified by comparing the mass spectra of known standards with the mass spectra from 

the sample.  Analytes are quantitated relative to known standards using the internal 

standard method. 
 

3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 
 

Section 3.0 and tables 3-1 and 3-2 of the Empirical Laboratories, LLC Quality Assurance 

Manual include details concerning sample preservation, containers and handling of 

semi-volatile samples and extracts.  All water and soil samples are stored in their 

respective walk-in coolers at a temperature of 4°C. All extracts are stored in the Hobart in 

the Extraction lab at a temperature of  4°C.  Water samples have a holding time of 7 days 

from date of sampling.  Soil samples have a holding time of 14 days from date of sampling 

with 40 days from extraction to analysis for waters and soils. (unless otherwise specified 

for the project). 
 

4.0 INTERFERENCES AND POTENTIAL PROBLEMS 
 

4.1 All raw data (samples & QC) must be evaluated for interferences.  If contamination 

occurs, determine whether the source of interference is in the preparation or clean-up 

of the samples and take corrective action to eliminate the problem. 
 

4.2 Contamination by carryover can occur when samples of high-concentration and low-

concentration are analyzed sequentially.  To reduce carryover, the sample syringe must 

be rinsed with solvent between injections.  If an unusually high sample is detected, a 

solvent blank should be analyzed for cross contamination. 
 

5.0. EQUIPMENT AND APPARATUS 
 

 5.1 HP 7890 GC complete with electronic pressure control and temperature programmable 

gas chromatograph suitable for splitless injection. 



  SOP-231 

 Revision: 3 

 Date:  01/16/09 

 Page 3 of 18 

 

V:\LAB\QA QC\SOP\SOP-231-REV3.doc 

 

 5.2 Column:   RTX-5MS (or equivalent) 30 m x 0.25 mm I.D. x 0.25 µm film thickness 

fused silica capillary column or RTX-5 SIL-MS 30 m x 0.28 mm I.D. x 0.5µm film 

thickness. 
 

 5.3 HP 5975 mass spectrometer capable of scanning from 35 to 500 amu every second or 

less and capable of using Selected Ion Monitoring (SIM), using 70 volts electron 

energy in electron impact ionization mode.  The mass spectrometer is capable of 

producing a mass spectrum for decafluorotriphenylphosphine, DFTPP, which meets all 

the tuning criteria of the EPA methods. 
 

 5.4 HP 7683B autosampler capable of reproducibility from one injection to another proven 

by meeting QC and calibration criteria. 
 

 5.5 HP GC/MS interface that gives acceptable calibration points at 10 ng per injection for 

each compound of interest and achieves acceptable tuning performance criteria.  
 

 5.6 Acquisition Software:  HP Chemstation system is interfaced to the GC/MS.  The 

system acquires and stores data throughout the chromatographic programs. 
 

 5.7 Data Processing Software:  Target DB on Windows NT server data system is 

interfaced to the HP Chemstation.  The system accepts and stores acquired data.  It 

plots by extracted ion current profile (EICP).  The system is also capable of integrating 

the abundances in any EICP between specified time or scan-number limits.  The most 

recent NBS mass spectral library is installed. 
 

6.0 REAGENTS 
 

 6.1 Methylene chloride (Please read SOP-336 before handling this solvent in our 

laboratory.) – Trace analysis grade. 

6.2 Stock standards are purchased in mixtures from reputable vendors.  The date they are 

received is noted on the label and recorded in the BNA standards log book.  The date 

they are opened is noted on the label and recorded in the BNA standards log book 

along with their lot number and vendor.  Each standard that is prepared is recorded in 

the BNA standards log book and given a sequential number.  Each standards label is 

completed with the standard number, name, preparation date, expiration date, solvent 

and analyst initials.  All stocks and standards are stored in the freezer at a temperature 

of -15°C + 5°C from the date they are received/prepared.  Standards are brought to 

room temperature before being used to make standards.  Sonication is used if 

precipitation is observed after bringing to room temperature.  The refrigerator and 

freezer temperature is monitored daily with an annually calibrated thermometer and 

recorded with calibration correction in the Extraction temperature/calibration logbook.  

Makeup of common standards is detailed below.  See the BNA standards log book for 

makeup of other standards. 
 

6.2.1 The Decafluorotriphenylphosphine (DFTPP) tuning standard is prepared as 

follows (includes benzidine, pentachlorophenol and 4,4'-DDT):  Using a 10µL 

syringe, 10µL (GCM-150, Ultra Scientific @ 1000µg/mL, or equivalent) is 

injected into a 1.0mL volumetric flask containing approximately 0.900mL 

methylene chloride (Trace Grade) and diluted to volume with same making a 
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10µg/mL standard.  It is stored in the freezer at -15°C + 5°C for up to 6 

months.  A direct injection of 1.0µL is used to tune the instrument. 
 

6.2.2  Calibration standards are prepared from a 50µg/mL intermediate standard at a 

minimum of five concentrations.  Calibration standards are prepared semi-

annually unless the initial calibration verification standard indicates a problem. 

To makeup the 50µg/mL intermediate standard inject the indicated amount of 

the following standards (or equivalent) into a 10mL volumetric containing 

approximately 1mL methylene chloride (Trace Grade) and dilute to volume 

with the same. After capping and inverting several times, the solution is 

transferred into a labeled 10ml, teflon-lined, screw-capped vial and stored in 

the freezer at -15°C + 5°C for up to 12 months.  See the Appendix for analytes 

contained in these mixes. 
 

Standard Conc (µg/mL) Amount(µL) Final Conc(µL) 

PAH Mix (Vendor,Lot#) 2000 250 50 

BN Surrogate (Vendor,Lot#) 5000 100 50 

 

To makeup the calibration standards, inject the indicated amount of a  

5.0µg/mL or 0.5 ug/ml intermediate standard, made from a 10x cut of the 50 

and 5.0 ug/ml, or the 50 ug/ml into a 2mL vial containing methylene chloride 

(Trace Grade ) and diluted to 1000ul with the same. After capping and inverting 

several times and adding 5ul internal standard, the standards are transferred into 

labeled 2ml, teflon-lined, screw-capped vials and stored in the freezer at -15°C 

+ 5°C for up to 6 months.    
 

Standard Amount of  standard  Amount of  100µg/mL Internal Standard  

0.005 µg/mL 10 µL of 0.5 µg/mL 10 µL 

0.01 µg/mL 20 µL of 0.5 µg/mL 10 µL 

0.05 µg/mL 10 µL of 5 µg/mL 10 µL 

0.1 µg/mL 20 µL of 5 µg/mL  10 µL 

0.25 µg/mL 50 µL of 5 µg/mL 10 µL 

0.5 µg/mL 100 µL of 5 µg/mL 10 µL 

1.0 µg/mL 20 µL of 50 µg/mL 10 µL 

5.0 µg/mL 100 µL of 50 µg/mL 10 µL 

10.0 µg/mL 200 µL of 50 µg/mL 10 µL 

20.0 µg/mL 400 µL of 50 µg/mL 10 µL 

30.0 µg/mL 600 µL of 50 µg/mL 10 µL 

50.0 µg/mL 25 µL of 2000 µg/mL 10 µL 

 

 The makeup of the 5.0µg/mL CCV standard is detailed below.  Note:  MS list 

spikes and full list spikes for LCS and/or MS/MSD are prepared from an 

alternate source or lot number than the calibration standards.   
 

 5.0µg/mL CCV standard:  Using a 100µL syringe, 100µL of a 50µg/mL 

working standard is injected into a 2 ml vial containing 900µL methylene 

chloride (Trace Grade) to make a 5.0µg/mL standard. After capping and 

inverting several times, 10µL of internal standard (100µg/mL) is then added 

and the standard is stored in the freezer at -15°C + 5°C for up to 1 week.  
 

6.2.3 The Initial Calibration Verification (ICV) standard is prepared from a vendor 

stock standard at a concentration of 50µg/mL as detailed below. 
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5.0 µg/mL ICV standard: Using a 50µL syringe, 50µL (C-507, NSI Solutions @ 
100µg/mL, or equivalent) is injected into a 2mL vial containing 950µL 
methylene chloride (Trace Grade) making a 5.0µg/mL standard.  After capping 
and inverting several times, 10µL of internal standard (100µg/mL) is added and 
the standard is stored in the freezer at -15°C + 5°C for up to 6 months. 

                           *For some clients an SPCC curve and CCV are analyzed along with the 
PAH standards to check for SPCC min. responses. See standard log for 
preparation of these standards. 

 

7.0 PROCEDURE 
 

Prior to using SW-846 8270C (semivolatile method) the samples are prepared for 

chromatography using the appropriate sample preparation and clean up methods (generally 

SW-846 methods 3510, 3520, 3541, or 3550). 

7.1 Chromatographic conditions: 
 

7.1.1      GC  
Capillary Column  RTX-5MS 0.25 mm ID 

Inlet mode Pulsed Splitless 

Pressure 15.17 psi (on) 

Pulse Pressure 20 psi 

Pulse time 0.2 minutes 

Purge flow 60 mL/min. 

Purge time 0.15 minutes 

Injector temperature 300°C 

Transfer line temperature 280°C 

Initial column temperature 50°C for 0.5 minutes 

Initial column temperature ramp 20°C/min 

Intermed. column temperature 290°C for 0 minutes 

Intermed. Temperature ramp 5°C/min 

Final column temperature 320°C for 4.9 minutes 

 

7.1.2      MS  
Electron energy 70 volts (nominal)  

Mass range 35 to 500 amu or SIM  

A/D Samples 3  

Solvent Delay 4 minutes or as needed  
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7.2 Tuning - Prior to any calibration or analysis, DFTPP tuning criteria must be met for a 

1.0µL injection of the tuning standard [see below].  Tune must be met every 12 hours 

sample analysis is to be performed. 

Mass Ion Abundance Criteria 

51 30-60% of mass 198 

68 <2% of mass 69 

70 <2% of mass 69 

127 40-60% of mass 198 

197 <1% of mass 198 

198 Base peak, 100% relative abundance 

199 5-9% of mass 198 

275 10-30% of mass 198 

365 >1% of mass 198 

441 Present, but less than mass 443 

442 >40% of mass 198 

443 17-23% of mass 442 

 

7.3 Calibration 
 

7.3.1 Initial Calibration - An initial calibration curve at no less than five 

concentration levels must be analyzed and shown to meet the initial calibration 

criteria before any sample analysis may be performed. Method 8270C requires 

that the %RSD be less than 15% to use the average response factor for 

quantitation, the curve is to be used otherwise as long as the correlation factor 

is >0.99. The lowest standard must be less than or equal to the reported 

quantitation limit and the highest standard must not exceed the linear range of 

the detector.  Generally, levels for the curve are 0.005 µg/mL, 0.01 µg/mL, 

0.05 µg/mL, 0.1 µg/mL, 0.25 µg/mL, 0.5 µg/mL, 1.0 µg/mL,  5.0 µg/mL, 

10µg/mL, 20µg/mL, 30µg/mL, and 50µg/mL.  Any manual integrations are 

documented by inclusion of the integrated signals(before and after manual 

integration )initialed, reason and dated with the quantitation report and 

chromatogram.  All integrations are checked for acceptability.  Response 

factors of less than 0.050 must be supported by the mass spectrum of the 

lowest standard. 
 

 

7.3.2  Initial Calibration Verification (ICV) - A second source standard at the 

5.0 µg/mL level is used to check the validity of the curve.  The standard 

recovery for all analytes must be between 75 and 125%.  If the second source 

recovery is above 125%, it is possible that the main standard has deteriorated 

for that compound.  That standard should be remade and reevaluated.  If that 

does not correct the problem, the standard should probably be replaced and a 

new curve generated.  If the second source recovery is below 75%, the second 

source standard may have deteriorated for that compound.  The standard 

should be remade and reanalyzed.  If this does not correct the problem, the 

standard should probably be replaced. If any compound in the ICV exceeds the 

criteria above, it may be evaluated and initialed by the organic section 
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manager.  If deemed acceptable, the analyst may continue analysis. Any 

manual integrations are documented by inclusion of the integrated signals with 

the quantitation report and chromatogram.  All integrations are checked for 

acceptability. 
 

7.3.2 Continuing Calibration Verification (CCV)- Every 12 hours a CCV at 

5.0 µg/mL must be analyzed and calculated against the initial calibration 

curve, then shown to meet the calibration criteria before any sample analysis 

may be performed.  Acceptance criteria for 8270C analytes must be less than 

or equal to 20% difference or drift (%D, calculations follow in section 7.9). 

Internal standard areas should be within 50 to 200 percent of the area of the 

curve midpoint or the previous CCV.  Retention times for the internal 

standards should be within 30 seconds of the retention time of the curve 

midpoint or the previous CCV. Any manual integrations are documented by 

inclusion of the integrated signals with the quantitation report and 

chromatogram. All integrations are checked for acceptability.  Samples are 

then quantitated against the initial calibration curve.  
 

7.4 LCS - The LCS is extracted 1 per extraction batch of up to 20 samples.  The LCS is 

spiked using an alternate source or lot number than the calibration standards. See 

the LCS report forms in the appendix for the laboratory generated limits.  

Recoveries for the MS/MSD spike analytes in LCSs are charted annually to 

generate control limits for samples analyzed by method 8270C.  In all cases, the 

lowest upper limit would be 110% and the lowest lower limit would be 10%.  If 

enough data points are not present to generate limits, the limits default to 10-110% 

for all other analytes. See Section 8.3 below for corrective action. 

 

7.5 Method Blank - Method blanks are extracted at a minimum of 1 per extraction batch - 

up to 20 samples.  See Section 8.4 below for criteria and corrective action. 

 

7.6 Samples - Prior to analysis, 0.5 mL samples are prepared by verifying volume and 

spiking with 5uL of the internal standard solution.   

 

7.7 Data Reduction/Evaluation - Each sample analysis sequence is documented using the 

computer run log generated on the chemstation.  This run log is signed, dated and 

paginated then placed in a 3 ring binder for that instrument.  After the sample has been 

analyzed, the data is processed through Target DB on the Windows NT data system. 

The following must be checked to determine if the sample will need any reanalysis or 

dilution.  Formal data evaluation is detailed in SOP-200 and documented using the 

Analyst Data Review Checklist (see Appendix). See SOP-224 for guidance on 

manual integrations. 
 

7.7.1 Internal Standards - Areas should be within 50 to 200 percent of the area of the 

curve midpoint.  Retention time should be within 30 seconds of the retention 

time of the curve midpoint.  If not, the sample and historical data should be 

evaluated to determine the cause of the problem.  If matrix effect is confirmed 

by reextraction/reanalysis or historical data, complete a corrective action 
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report and flag the affected compounds on the final report for matrix effect.  

Note:  criteria applies to the continuing calibration, not samples, but is used as 

an indication of the sample analysis validity. 
 

7.7.2 Surrogates – Control limits are determined annually by charting LCSs and 

method blanks.  In all cases, the lowest upper limit would be 110% and the 

lowest lower limit would be 10%.  All of the three surrogates for each fraction 

must be within the control limits in order for the extraction batch to be in 

control.  If a surrogate exceeds the limits, the reason for the malfunction must 

be determined and a corrective action report must be completed.  The sample 

must be reanalyzed, reextracted or flagged for QC problems.  
 

Surrogate Water Soil/Sediment 
2-Fluorobiphenyl 34-167 14-129 

Terphenyl-d14 34-167 14-129 

 

7.7.3  Analyte concentration must be within the range of the calibration curve after 

rounding to 2 significant figures.  If an analyte exceeds the curve, a dilution 

must be performed and the next sample must be checked for carryover.  Any 

dilution should keep the concentration of the analyte in question within the top 

half of the curve. 
 

7.7.4 The qualitative identification of compounds is based on retention time and a 

comparison of the sample mass spectrum, after background subtraction, with 

characteristic ions in a reference mass spectrum from the NBS database 

(NBS75K.I).  This database is used as it contains relatively uncontaminated 

mass spectra of each target compound which cannot be obtained from the daily 

calibrations during each 12 hour analytical period due to overlapping peaks in 

the mixes.  Characteristic ions from the reference mass spectrum library 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.  

In addition, the following criteria must be met.  The RRT of the sample analyte 

must be within 0.06 RRT units of the RRT of the standard analyte.  The 

relative intensities of the characteristic ions must agree within 30% of the 

relative intensities of the same ions in the reference spectrum.  Structural 

isomers that produce very similar mass spectra should be identified as 

individual isomers so long as their GC retention times differ substantially.  A 

library search may be made for analytes not associated with the calibration for 

the purpose of tentative identification.  NOTE:  The GC/MS analyst uses 

intelligence guided by experience to make the identifications.  In 

uncontaminated spectra where ions are missing due to low concentration, if the 

major ions are present in the correct ratios at the correct retention time, the 

identification will be considered positive.  In contaminated spectra, special 

emphasis will be placed upon higher mass ions, and the major ions will usually 

need to be present as major components of the spectrum (either unsubtracted 

or subtracted) for the identification to be positive.  All assessments of relative 

intensities of ions will be made by visual estimates from the spectra. 
  

7.8 Quantitation - Once a compound has been identified qualitatively, the 

concentration must then be quantitated.  If the RSD of the compound’s response 
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factor is 15% or less, then the concentration may be determined using the average 

response factor (
––
RF) from the initial calibration data.  Otherwise, the concentration 

must be determined from equations based on internal standard calibration using 

either linear or non-linear calibration.  Calculations follow in Section 7.9. 

 

7.9 Calculations: 

 

7.9.1 The RF is calculated as follows: 
 

 where: 

As  = Peak area (or height) of the analyte or surrogate. 

Ais  = Peak area (or height) of the internal standard. 

Cs  = Concentration of the analyte or surrogate. 

Cis  = Concentration of the internal standard. 

 

7.9.2    Calibration verification involves the calculation of the percent drift (linear 

or quadratic) or the percent difference (average) of the instrument response 

between the initial calibration and each subsequent analysis of the 

verification standard.  Use the equations below to calculate % Drift or 

% Difference, depending on the calibration procedure used. 
 

      (Calculated concentration – Theoretical concentration) * 100 

   % Drift =     Theoretical Concentration 
 

where the calculated concentration is determined from the initial 

calibration and the theoretical concentration is the concentration at which 

the standard was prepared. 

 
 

    (CCV RF – Average RF) * 100 

     % Difference =    Average RF 

 
 

where CCV RF is the response factor from the analysis of the verification 

standard and Average RF is the average response factor from the initial 

calibration. The % difference or % drift calculated for the calibration 

verification standard must be within ±20% for each analyte before any 

sample analyses may take place. 

 

7.9.3    Concentration in water samples is calculated as follows:  [Note: Using the 

units specified here for these terms will result in a concentration in units of 

ng/mL, which is equivalent to µg/L.] 

 
 

 

 
 

 

where: 

As = Area (or height) of the peak for the analyte in the sample. 

C x A

C x A
 = RF

sis

iss
 

)(1000)V)(RF)(A(

)V)(D)(C)(A(
 = g/L)(ion Concentrat

sis

iiss
µ  
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Ais = Area (or height) of the peak for the internal standard. 

Cis = Concentration of the internal standard in the volume extracted 

in ug/L.   

D = Dilution factor, if the sample was diluted prior to analysis.  If 

no dilution was made, D = 1.  The dilution factor is always 

dimensionless. 

Vi = Volume of the extract injected (µL).  The nominal injection 

volume for samples and calibration standards must be the 

same. 

––
RF = Mean response factor from the initial calibration.  

Vs = Volume of the aqueous sample extracted (mL).  If units of 

liters are used for this term, multiply the results by 1000. 

 

The 1000 in the denominator represents the number of µL in 1 mL.  If the 

injection (Vi) is expressed in mL, then the 1000 may be omitted. 

 

7.9.4   Concentration in non-aqueous samples is calculated as follows:  [Note: 

Using the units specified here for these terms will result in a concentration 

in units of ng/g, which is equivalent to µg/kg.] 

7.9.5  

 

 

where:  As, 

Ais, Cis, D, 

and 
––
RF are 

the same as for aqueous samples, and 

Ws = Weight of sample extracted (g).  Either a dry weight or wet 

weight may be used, depending upon the specific application 

of the data.  If units of kilograms are used for this term, 

multiply the results by 1000. 

 

The 1000 in the denominator represents the number of µL in 1 mL.  If the 

injection (Vi) is expressed in mL, then the 1000 may be omitted. 

 

 

8.0 QUALITY ASSURANCE/QUALITY CONTROL/CORRECTIVE ACTIONS 

8.1 Internals - All samples and QC are spiked with internal standards.  See section 7.7.1 

above for criteria and corrective action. 

8.2 Surrogates - All samples and QC are spiked with surrogates.  The surrogate 

recoveries from method blanks and LCS are used to generate control control limits 

for the surrogates.  See section 7.7.2 above for criteria and corrective action.  If any 

surrogate recoveries are below 10%, samples must be re-extracted if sample is 

available. 

8.3 LCS Sample - The LCS is extracted 1 per extraction batch of up to 20 samples. The 

LCS is spiked using an alternate source or lot number than the calibration standards.   

If the LCS compound has a recovery above the upper limit, but the same compound 

is not detected in any of the batch samples, no corrective action is required.  For all 

)(1000)W)(RF)(A(

)V)(D)(C)(A(
 = g/kg)(ion Concentrat

sis

iiss
µ  
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other situations, the LCS should be reanalyzed for the failed analytes only.  If the 

second analysis fails, all associated samples should be reextracted/reanalyzed for the 

failed analytes only or the data must be evaluated for flagging due to QC problems. 

8.4 Method Blanks - The concentration of all method target analytes should be below the 

MDL for each method target analyte(< ½ RL for DOD QSM).  The first step of 

corrective action is to assess the effect on the samples.  If an analyte is found only in 

the method blank, but not in any batch samples, no further corrective action may be 

necessary.  Steps should be taken to find/reduce/eliminate the source of this 

contamination in the method blank.  If an analyte is found in the method blank and 

some, or all, of the other batch samples, then corrective action is required.  The 

source of contamination must be investigated and appropriate action taken and 

documented to find/reduce/eliminate the source of this contamination.  The method 

blank, and any samples containing the same contaminant, may need to be 

reextracted/reanalyzed.  For the common laboratory contaminants, meeting the above 

requirements is not practical.  Random cases of contamination are difficult to 

control, however, daily contamination is not acceptable and corrective action is 

essential.  If a contaminant is found in the method blank and the samples, the 

compound concentration must be flagged with a 'B' on the final report unless the 

concentration is greater than 10x that found in the method blank. 

8.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are 

spiked for a MS/MSD (for full list spikes, the full list spiking solution is used).  

Control limits for the MS/MSD recoveries are the same as those for the LCS found 

in the appendix.  RPD limits are found on the LCS report forms in the appendix.  

Samples which do not meet these criteria due to matrix must be evaluated for 

flagging on the final report due to QC problems.  Generally, batch control is not 

based on MS/MSD results unless general method failure is determined to be the 

problem.  In that case, the samples and associated QC would be reanalyzed for the 

failed analytes only.  MS data evaluation must include the consideration of the 

following factors. 
 

8.5.1 Sample matrix - If the sample is a soil, grab sample or sequentially collected 

water sample it may affect the %R and RPD of the MS/MSD.  Corrective 

action must be taken in the form of reanalysis if a method problem is indicated. 
 

8.5.2 Original sample concentration - If a spiked compound has a problem and the 

concentration of that compound in the original sample was two or more times 

the concentration of the spike, no further corrective action may be necessary 

other than the generation of a corrective action report to document the 

problem. 
 

8.5.3 MS vs. MSD - If a spiked compound has a similar problem in both the MS and 

MSD and is not traced to a method problem, no further action may be 

necessary other than the generation of a corrective action report to document 

the problem. 
 

8.5.4 Non-target Interference - The presence of significant non-target interference 

should be brought to the immediate attention of your supervisor who should 

discuss the problem with the client/project manager to determine the action to 

be taken. 
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         8.5.5 Demonstration of Capability (DOC) – Each new analyst must complete a 

demonstration of capability by analyzing four LCSs with acceptable precision 

and accuracy. This also must be done when a new instrument is installed or a 

significant change to the method has been made. 

 

9.0 HEALTH AND SAFETY 

9.1 Care should be used in handling all samples.  Safety glasses must be worn in the lab at 

all times.  The use of gloves and lab coats is highly recommended. 

9.2 Research into expected sample content and concentration should be done in order to be 

prepared for additional safety considerations.  Generally, any samples which need 

special consideration have applicable notes on the sample logs. 

9.3 MSDS sheets are available for all reagents and standards which have been purchased.  

These are located on the bookshelf outside the office supply storage room. 

 
        

REFERENCES 

1. Test Methods for Evaluating Solid Waste, SW-846,Method 8270C, Third Edition. 
2. DOD Quality Systems Manual for Environmental Laboratories, 6/2002. 

3. AFCEE QAPP, Version 4.0, July 2004. 

 

 

 

 

 

10.0 EXAMPLE FORMS 
 

Definitions and examples of the LCS report sheets (625 water limits, in-house water limits and 

in-house soil limits), the analyst data review checklist and figure 13 from Federal Register 

method 625 for the tailing factor calculation are located in the appendix. 
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 TABLE OF DEFINITIONS 
 

1. amu- atomic mass unit 

2. PAH-Polyaromatic hydrocarbons 

3. BNA-base neutral acid 

4. °C- degrees Centigrade 

5. CCC- Calibration Check Compound 

6. CCV- Continuing Calibration Verification 

7. CLP- Contract Laboratory Program  

8. %D- percent difference 

9. DFTPP- Difluorotriphenyphosphine 

10. EICP- extracted ion current profile  

11. EPA- Environmental Protection Agency 

12. g- gram or grams 

13. GC- Gas Chromatograph 

14. GC/MS- Gas Chromatograph/Mass Spectrometer 

15. ICV- Initial Calibration Verification 

16. I.D.- inner diameter 

17. ISTD- internal standard 

18. LSC- Laboratory Sample Concentrator 

19. MDL- method detection limit 

20. MS- Matrix Spike 

21. MSD- Matrix Spike Duplicate 

22. M.S.- Mass Spectrometer 

23. µm- micometer 

24. µL- microliter 

25. mL- milliliter 

26. mm- millimeter 

27. ng- nanogram 

28. NPDES- National Pollutant Discharge Elimination System 

29. P&T- purge and trap 

30. QC- quality control 

31. %R- percent recovery 

32. RPD- relative percent difference 

33. RRT- relative retention time 

34. %RSD- percent relative standard deviation 

35. SOP- Standard Operating Procedure 

36. Surr.- surrogate 

37. SPCC- System Performance Check Compound 

38. TCLP- Toxicity Characteristic Leaching Procedure 

39. USACE- United States Army Corps Of Engineers 

 
Refer to SOP-431 for additional definitions 
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FORM 3 

 

WATER PAH LAB CONTROL SAMPLE (8270C) 

 

  Lab Name: ELAB     Contract:                      

 

  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  

 

  Matrix Spike   -   Client Sample No.:                  

   ____________________________________________________________________________ 

  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 

  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 

  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 

  |========================|=========|=============|=============|======|======| 

  | Acenaphthene           |   1.00  |     0.0000  |       1.00  |  100 |41-132| 

  | Acenaphthylene         |   1.00  |     0.0000  |       1.00  |  100 |43-140| 

  | Anthracene             |   1.00  |     0.0000  |       1.00  |  100 |50-139| 

  | Benzo(a)anthracene     |   1.00  |     0.0000  |       1.00  |  100 |58-141| 

  | Benzo(b)fluoranthene   |   1.00  |     0.0000  |       1.00  |  100 |42-156| 

  | Benzo(k)fluoranthene   |   1.00  |     0.0000  |       1.00  |  100 |49-165| 

  | Benzo(g,h,i)perylene   |   1.00  |     0.0000  |       1.00  |  100 |12-171| 

  | Benzo(a)pyrene         |   1.00  |     0.0000  |       1.00  |  100 |31-142| 

  | Chrysene               |   1.00  |     0.0000  |       1.00  |  100 |51-155| 

  | Dibenz(a,h)anthracene  |   1.00  |     0.0000  |       1.00  |  100 |28-153| 

  | Fluoranthene           |   1.00  |     0.0000  |       1.00  |  100 |47-158| 

  | Fluorene               |   1.00  |     0.0000  |       1.00  |  100 |40-140| 

  | Indeno(1,2,3-cd)pyrene |   1.00  |     0.0000  |       1.00  |  100 |20-167| 

  | Naphthalene            |   1.00  |     0.0000  |       1.00  |  100 |39-125| 

  | Phenanthrene           |   1.00  |     0.0000  |       1.00  |  100 |46-144| 

  | Pyrene                 |   1.00  |     0.0000  |       1.00  |  100 |39-158| 

  | 2-Methylnaphthalene    |   1.00  |     0.0000  |       1.00  |  100 |36-121| 

  | 1-Methylnaphthalene    |   1.00  |     0.0000  |       1.00  |  100 |35-131| 

  |________________________|_________|_____________|_____________|______|______| 

  # Column to be used to flag recovery and RPD values with an asterisk 

 

  * Values outside of QC limits 

 

 

  COMMENTS:  ___________________________________________________________________ 

             ___________________________________________________________________ 

 

 

 

 

   ____________________________________________________________________________ 
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page 1 of 1                      FORM III SV          

FORM 3 

 

SOIL PAH LAB CONTROL SAMPLE (8270C) 

 

  Lab Name: ELAB     Contract:                      

 

  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  

 

  Matrix Spike   -   Client Sample No.:                  

   ____________________________________________________________________________ 

  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 

  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 

  |  COMPOUND              | (ug/Kg) |(ug/Kg)      |     (ug/Kg) | REC #| REC. | 

  |========================|=========|=============|=============|======|======| 

  | Acenaphthene           |  67.00  |     0.0000  |      67.00  |  100 |28-110| 

  | Acenaphthylene         |  67.00  |     0.0000  |      67.00  |  100 |23-126| 

  | Anthracene             |  67.00  |     0.0000  |      67.00  |  100 |28-136| 

  | Benzo(a)anthracene     |  67.00  |     0.0000  |      67.00  |  100 |31-146| 

  | Benzo(b)fluoranthene   |  67.00  |     0.0000  |      67.00  |  100 |30-139| 

  | Benzo(k)fluoranthene   |  67.00  |     0.0000  |      67.00  |  100 |42-129| 

  | Benzo(g,h,i)perylene   |  67.00  |     0.0000  |      67.00  |  100 |21-149| 

  | Benzo(a)pyrene         |  67.00  |     0.0000  |      67.00  |  100 |28-128| 

  | Chrysene               |  67.00  |     0.0000  |      67.00  |  100 |39-134| 

  | Dibenz(a,h)anthracene  |  67.00  |     0.0000  |      67.00  |  100 |30-138| 

  | Fluoranthene           |  67.00  |     0.0000  |      67.00  |  100 |30-142| 

  | Fluorene               |  67.00  |     0.0000  |      67.00  |  100 |27-116| 

  | Indeno(1,2,3-cd)pyrene |  67.00  |     0.0000  |      67.00  |  100 |17-164| 

  | Naphthalene            |  67.00  |     0.0000  |      67.00  |  100 |29-106| 

  | Phenanthrene           |  67.00  |     0.0000  |      67.00  |  100 |32-127| 

  | Pyrene                 |  67.00  |     0.0000  |      67.00  |  100 |28-130| 

  | 2-Methylnaphthalene    |  67.00  |     0.0000  |      67.00  |  100 |30-111| 

  | 1-Methylnaphthalene    |  67.00  |     0.0000  |      67.00  |  100 |30-111| 

  |________________________|_________|_____________|_____________|______|______| 

  # Column to be used to flag recovery and RPD values with an asterisk 

 

  * Values outside of QC limits 

 

 

 

 

For 8270-SIM projects, the AFCEE QAPP Ver. 4.0 limits for PAHs in soil and water will 

be used. 
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PAH  Mix  

 

Acenaphthene  

Acenapthylene  

Anthracene 

Benzo(a)anthracene 

Benzo(b)fluoranthene  

Benzo(k)fluoranthene  

Benzo(g,h,i)perylene  

Benzo(a)pyrene  

Chrysene   

Dibenz(a,h)anthracene 

Fluoranthene   

Fluorene    

Indeno(1,2,3-cd)pyrene 

2-Methylnaphthalene 

1-Methylnaphthalene  

Naphthalene  

Phenanthrene 

Pyrene   
          

BN Surrogates 

  

2-Fluorobiphenyl 

Terphenyl-d14   

 

Internal Standards 

 

Perylene-d12 

Phenanthrene-d10 
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ANALYST DATA REVIEW CHECKLIST 

Sample Number(s): 

Batch Number(s): 

Method: 8260/8270 (Circle One) 

 

 
 

QA/QC Item 
 

Yes 
 

No 
 

NA 
Second Level 

Review 

 
1.  Is the BFB/DFTPP tune performed every 12 hours and is the    tuning 

criteria met? 

 
 

 
 

 
 

 

 

 

2. Are the RRFs and % RSDs within QC limits for appropriate   

analytes for the initial calibration? Check the retention times for 

compounds with the same spectra. Check compounds with 

different conc.( eg. m/p-xylene, ketones,etc.). 
 

 
 
 

 
 
 

 
 
 

 

 

 

 
     3.  Was the initial calibration curve verified by a second source calibration 

standard (ICV) and have criteria been met? 

 
 
 

 
 
 

 
 
 

 
 
 

 
     4.  Does the Continuing Calibration Standard (CCV) meet the criteria for the 

CCCs and SPCCs. 
  

 
 
 
 

 
 
 
 

 
 
 
 

 

 

 

 

 
     5.  Is the Method Blank run at the desired frequency and is its concentration 

for target analytes less than the MDLs? 
  

 
 
 
 

 
 
 
 

 
 
 
 

 

 

 

 

 
     6.  Are the LCS, MS, MSD within control limits and run at the desired 

frequency? 
  

 
 
 

 
 
 

 
 
 

 

 

 

 
     7.  Are all sample holding times met, analytes within calibration range, IS 

areas and surrogate recoveries within QC limits? 
 

 
 

 
 
 

 
 
 

 

 

 

 
     8.  Was the Method Blank, LCS, MS, MSD and samples loaded to the 

GCMS_LFSYS Tablespace within the Target DB Database? 
     

 

Comments on any “No” response: 

 

 

 

Primary-Level Review:  Date:  

    

SS      Second-Level Review:  Date:  
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GC/MS BNA - AQUEOUS MATRIX EXTRACTION 

USING SW846 METHOD 3510C/8270C, 625 

 

I. SCOPE AND APPLICATION/SUMMARY 

 

1. This SOP describes the extraction of BNAs from water by separatory funnel 

extraction using SW846 Method 3510C and 625. Samples are extracted with 

methylene chloride and concentrated to an appropriate final volume. 

 

II.          INTERFERENCES 

               

1. Solvents, reagents, glassware, and other sample processing apparatus can add 

interferences to sample analysis. Method blanks must be extracted under the same 

conditions as samples to demonstrate freedom from interferences.   

2. Phthalate esters commonly found in plastics can interfere with the analysis. Plastics 

should be avoided. 

3. Soap residue can degrade certain analytes such as aldrin and heptachlor. Glassware 

should be solvent rinsed to avoid this problem.    
 

III. APPARATUS AND MATERIALS  

 

• Separatory Funnel - 2-Liter with Teflon stopcock 

• Beaker - 400 mL 

• Drying /Chromatographic column - 20 mm I.D. x 300 mm or funnel 

• Turbo-Vap evaporation tube - 200 mL tube made by Zymark to fit into Turbo-Vap 

evaporator 

• Metal rack - capable of holding six glass evaporation tubes 

• Turbo-Vap Evaporator - heated and capable of temperature control (+5°C); the bath should 

be vented into a hood. 

• Vials - 2 mL glass amber, with Teflon-lined screw cap and 40 mL with Teflon lid. 

• pH indicator paper - close range (1.0 - 2.0) and (10.0 - 12.0); wide range (1.0 - 12.0) 

• Syringe - 1 mL, 500 mL 

• Graduated cylinder - Glass, Class A, 1000 mL, 500 mL, and 100 mL 

• Pasteur pipette - length 9" and 5-3/4" 

• Pasteur pipette bulb  

• Labels - Avery 

• Teflon Bottles - 250 mL and 1000 mL 

• Ring stand - 3 prong 

• Aluminum foil - heavy duty 

• 10 mL disposable pipette 

• Nitrogen tank - equipped with pressure regulator  
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IV. REAGENTS 
 

• Reagent Water - Reagent water is gathered in a carboy from source in the instrument lab 

daily.  Remaining water in the carboy is dumped at the end of each day. 

 

• Sodium Hydroxide Solution - (10N), Weigh 400 g NaOH (purchased in a plastic container 

from Fisher # S318-3 or equivalent) into a 1200 mL fleaker beaker and cover with reagent 

water.  Swirl until all pellets are dissolved.  This mixture gets very hot.  Let stand until cool.  

Transfer to a 1-liter volumetric flask with several rinses of reagent water and dilute to 1 liter 

with reagent water.  Transfer to a 1000-mL Teflon container. 

 

• Sodium Sulfate - Granular, anhydrous, trace pure 10 - 60 mesh (purchased in plastic bulk 

containers from Fisher # S415-10S or equivalent) placed in Pyrex  tray and heated at 400°C 

for a minimum of 4 hrs, removed and cooled in open air in the extraction lab, placed in a 

2.5 kg glass amber jug and left at room temperature. 

 

 

• Glass Wool - Silane Treated (purchased from Supelco #2-0410 or equivalent). 

 

• Sulfuric Acid Solution - (1:1), slowly add 500 mL of H2SO4 (Baker, suitable for trace metal 

analysis #9673-33 or equivalent) to 500 mL of reagent water in a 1000 mL Teflon container.  

This mixture will get very warm.  Allow to cool before use. 

 

• Extraction Solvent - Methylene Chloride (Please read SOP-336 before handling this 

solvent in our laboratory.) (Dichloromethane - Omnisolv - suitable for spectrophotometry 

and gas chromatography #DX0831-1 or equivalent). 

 

• The GC/MS operator makes up all surrogates and spikes. Verify the amount of 

surrogate/spike to add to the sample prior to addition.  It can change if a different detection 

limit is required or the volume of sample being analyzed changes. 

 

BNA Surrogate - The base neutral and acid surrogates are normally mixed together in one 

solution.  This solution is purchased from a reputable vendor.  Use 0.5 mL of this solution 

per 1000 mLs of aqueous sample for surrogate amount of 100:200 ug/mL per sample.  (For 

low level PAHs use 1.0ml of a 1.0µg/mL BN Surrogate spiking solution.) 

 

 BNA Spiking Solution - The base neutral and acid spiking solutions are 

normally mixed together in one solution ( This spiking solution contains all 

the compounds that are normally calibrated by GC/MS ).  This solution is 

prepared in methanol by making a dilution of stock purchased from a reputable 

vendor.  Use 0.5 mL of this solution per 1000 mLs of aqueous sample for LCS 

amount of 100ppm per sample.  There are two separate spiking solutions 

available – one solution has a more complete list of BNA compounds than the 

other which is called the short or matrix spike list.  The long list should be used 

on all extractions unless your supervisor has approved the short list.  The short 
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list may be used for any ‘phenol only’ extractions. (For low level PAHs use 1.0 ml of 

a  1.0ppm of the LLPAH spiking solution.) 

 

  

BNA TCLP Spike – 0.5 mL is added per 100-mL volume.  Each matrix type must have its 

own TCLP spike.  TCLP spike should be added after the TCLP has been filtered but prior to 

refrigeration.  From the volume provided by Wet Chemistry, remove a 100-mL aliquot into a 

suitable container with a teflon lid, and spike as indicated above.  

 

V. PROCEDURE 

 

1. All waters have a seven-day holding time counted from the hour they are sampled.  

Determine the samples necessary to extract from the following sources (Note: never 

extract samples of unknown origin without discussion with supervisor): 

• Each day a backlog report will be provided indicating sample numbers with the 

respective analysis required.  Line through all the extractions that have been 

completed and plan to do the remaining analysis within the required holding time. 

• Samples requiring RUSH turn around time may be logged in throughout the day 

which will require your immediate attention.  Log-in personnel will generally 

communicate this need. 

• Check with log-in throughout the day and examine the COC (chain of custody) forms 

that arrive with each set of samples.   If an analysis is ongoing, extra QC may be 

avoided by picking up those extractions on the same day. 

 

2. Wearing lab coat, gloves and safety glasses, get samples from refrigerator.  Samples 

must be signed out of the walk-in refrigerator.  Enter the sample numbers, your initials 

and the date and time removed on the log provided.  Inspect as to whether they are in 

glass amber jar and have a Teflon lid. Find out if any special dilutions need to be made 

for this client.  Routine procedures for difficult matrices are listed below:  

 

SLUDGE - use only 100 mL and dilute to 1000 mL with reagent water.   

TCLP EXTRACT - use only 100 mL and dilute to 1000 mL with reagent water.  A 

separate matrix spike of 100 mLs (which has already been spiked as explained in the 

BNA TCLP Spike section above) should be set up at the same time.  Dilute to 1000 mL 

with reagent water.   

BAD MATRIX – for example a liquid that is partially sediment, see your supervisor to 

find out what dilution, if any should be made.  SPLP extract- use 1 liter. 

NPDES client - a special list of compounds is required including benzidine.   Method 

625 requires that there be a spike every ten samples.   The sample must be extracted and 

concentrated in the same day.  A GC/MS screen is recommended; therefore this 

extraction should be coordinated with the GC/MS operator.  1 mL is added to the LCS 

and the matrix spike. 

ACID EXTRACT WITH BAD MATRIX - a cleanup step is added.  Samples are taken 

to a high pH, extracted with 60 mLs methylene chloride one time as explained below in 

the BASE NEUTRAL EXTRACTION section.  This extract is discarded.  The samples 
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are then taken to a low pH and extracted as an acid extraction.  Acid extractions may be 

concentrated in the TurboVap.   

 

 

3. LOW LEVEL POLYAROMATIC HYDROCARBONS (PAHs) – Samples require a  

BNA extraction.  Use the Surrogate and BN spiking solutions specified.  Low level 

PAHs are normally concentrated on the Turbo-Vap using Round-Bottom TV tubes to a 

final volume of 0.5 mL  
 

4. Mark the amber glass container of each sample at the water meniscus with "white out" 

for later determination of sample volume.  Check the pH by inverting the sample and 

touching the wide range pH paper to the portion that remains on the lid.  Record this pH 

in the logbook. 

 

5.   Get out enough separatory funnels to extract the number of samples you have plus any 

additional spikes and a method blank.  A method blank and an LCS must be processed 

with each set of samples. If the sample is a TCLP, blank fluid may be provided along 

with the extracted TCLP sample(s).  Use only 100 mL and dilute to 1000 mL with 

reagent water.  A matrix spike and a duplicate or a matrix spike duplicate must be 

processed for each analytical batch (up to a maximum of 20 samples).  In the event that 

adequate sample is not provided to do an MS/MSD, an LCS duplicate should be done.  

Rinse separatory funnels with methylene chloride.  Place an Avery label on each 

separatory funnel containing the following information:  Lab #, Client name, Type of 

Analysis, Initial Volume-Final Volume, and the Lab prepbatch code.  The lab batch code 

is defined as MMDDYYB# where #:  1 = 1st method blank of the day; 2 = 2nd method 

blank of the day; etc.  The Method Blank and LCS label should include all lab #s in this 

set of samples. 

 

6. Using the 1000-mL glass graduated cylinder marked NANO PURE WATER ONLY, 

measure 1000 mL of reagent water from the carboy and transfer it to a separatory funnel 

for the method blank and LCS.  Transfer sample to separatory funnel that corresponds to 

the lab # on the sample bottle.  

 

7. Verify the amount of surrogate/spike to add to the sample prior to addition.  It can 

change if a different detection limit is required or the volume of sample being analyzed 

changes. Set out the surrogate/spike at least ten minutes before use to allow it to warm to 

room temperature.  

 

Generally 0.5 mL of BNA surrogate is added to each sample, spike, and blank with a 

syringe designated for BNA surrogate. For low level PAHs use 1.0ml of a 1.0ppm 

LLPAH Surrogate spiking solution.   Someone must verify that the surrogate has been 

added by placing a check mark on each label as it is added.  

 

NOTE:  Be sure to invert syringe and eliminate air bubble when obtaining surrogate 

solution and spiking solution. 
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For the sample in each analytical batch selected for spiking, use the 0.5-mL glass syringe 

designated for BNA spike, to add 0.5 mL of BNA spiking solution. For low level PAHs 

use 1.0 mL of the 1.0ppm LLPAHs  spiking solution.  Someone must verify that the 

spike has been added by placing a check mark on each label as it is added.  For DOD 

QSM projects, all target compounds will be spiked into the LCS and MS/MSD. 

 

Enter the ID# of the surrogate/spike used and the initials of the person that verified their 

addition to the sample in the BNA logbook. 

 

8. ACID EXTRACTION:  Adjust the pH to between 1.0 and 2.0, using 2 mL of 

1:1 H2SO4.  Add to each sample, spike and method blank.  Stopper and shake to insure 

that pH throughout the sample is changed.  Check the drop of liquid hanging from the lid 

with short-range pH paper.  Compare the color to the chart on the pH paper.  If the color 

is not within range add more H2SO4 solution in small increments, as required to attain 

the proper pH. 

 

9. Add 40 mL of Methylene Chloride to each empty sample bottle and to the LCS, method 

blank and MS/MSD funnels. Swirl the 40-mL of methylene chloride that you added to 

the empty sample bottle and transfer to the corresponding separatory funnel. 

 

10. Seal and shake the separatory funnel vigorously for 2 minutes with periodic venting to 

release excess pressure.  Alternatively, Teflon funnels may be used and placed in the 

shaker apparatus with the stopcocks slightly open. When this apparatus is used, the shake 

should be for 3 minutes. 

 

NOTE: Methylene chloride creates excessive pressure very rapidly; therefore, 

initial venting should be done immediately after the separatory funnel has been 

sealed and shaken once. 

 

11. Allow the sample to sit for 10 minutes, if necessary, after it has been shaken.  It will 

separate into two layers with the solvent layer on the bottom.  If it forms an emulsion 

(thick, cloudy, viscous, mixture that you cannot see through), drain what you believe to 

be 40 mL into a 250 mL centrifuge bottle.  If the layers are clearly separated, drain the 

solvent layer into a 400-mL glass beaker. 

 

12. Following Steps 9 and 10, extract two more times with 40 mLs of methylene chloride.  

Combine the three solvent extracts into the same 400-mL beaker. 

 

13. BASE NEUTRAL EXTRACTION:  Adjust the pH to 11 or slightly greater, using 

10N NaOH.  Start by adding 5.0 mLs to each sample, spike, and method blank.  Stopper 

and shake to insure that pH throughout the sample is changed.  Check the drop of liquid 

hanging from the lid with short-range pH paper.  Compare the color to the chart on the 

pH paper.  If the color is not within range add more 10N NaOH in small increments, as 

required to attain the proper pH.  BNA extraction is necessary when doing low level 

PAHs. 
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NOTE:  This step is critical to the extraction procedure.  Too much NaOH solution 

could cause you to lose certain Base Neutral compounds.  Be careful on this step. 

 

14. FOR 8270 extraction: Extract one more time with 40 mL of methylene chloride 

following Steps 9 and 10. Combine BN and Acid extracts in a same 400ml beaker, unless 

the BN extract has large amount of emulsion; then it will be necessary to use a separate 

400 mL beaker.  Concentrate BN and acid extracts for one final extract. 

             NOTE: It has been demonstrated that two acid and one BN extraction can be used 

for normal 8270 samples. This procedure cannot be used for DOD or 625 samples. 

 

 For 625 extraction: extract 3 more times with 40 mL methylene chloride following 

steps 9 and 10. Combine BN extracts in separate 400 mL beaker. Concentrate BN and 

acid extracts separately for one final extract.  

 

15. In the log book marked BNA extractions, enter the Client name, the Lab #, the date 

extracted, the initial volume, and 1.0 mL for the final volume and anything unusual that 

may have occurred with this sample.  The final volume for low level PAHs is 0.5 mL. 

 

16.   Prepare to dry the sample by either of the following methods: 

16A. Get a ring stand with a double burette clamp attached to it.  Cover the burette 

clamp ends with aluminum foil to prevent the possibility of solvent touching the 

plastic coated ends and dripping into the extract.  Place a drying column into the 

burette clamp and transfer a small amount of glass wool to the top of it.  Tamp it 

to the bottom with a glass rod so that it adequately covers the hole at the bottom.  

Add approximately 10 cm of Sodium Sulfate to the column.  Rinse with 20 to 

30 mL of methylene chloride and discard this rinse into the Chlorinated Waste 

container in the hood. OR 

 

16B.   Set up a ring stand with funnels.  Place a small amount of glass wool in the 

bottom of it, add ~2” sodium sulfate to the column and rinse with 20-30 mL 

methylene chloride.  Discard this rinse into the Chlorinated Waste container in 

the hood. 

 

 

17. If the extract was drained into a centrifuge bottle, at this point you will need to take it to 

the centrifuge.  Push the "ON" button to turn the centrifuge on.  Be sure that the large 

holders are available for the 250-mL centrifuge bottles.  The sample must always be 

balanced.  If necessary use a dummy bottle making it similar weight using reagent water.  

Set the rpm at 2500 and the temperature at 0°C.  Close the lid and be sure to press it 

down until you hear it click.  Move the lever at the front of the lid to the "LOCK" 

position.  Turn the time to approximately 15 minutes and bring it back to 10 minutes.  As 

the rotor begins to move, you will be able to see the rpm's in the digital readout.  Stay 

with the centrifuge until it has come up to the rpm's set to insure that it does not become 

unbalanced.  This looks like 8888 on the digital readout.  Should this occur, refer to the 

manual.  When the cycle is complete, the digital readout will read 0000.  Push the 

"OPEN" button and the lid will pop up.  Move the lever at the front of the lid to the 
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"UNLOCK" position.  Open lid and remove sample.  The sample will usually be in two 

layers with the extract on the bottom. 

 

18. Remove any water layer from the extract in the beaker or centrifuge bottle, by one of two 

methods.  Remove with a Pasteur pipette by carefully pulling up the water layer, on top, 

and not the solvent.  Discard this layer in the sink.  Use the smallest amount possible of 

Na2SO4 by sprinkling the top layer with Na2SO4 until it hardens, separates, and drops 

to the bottom.  

 

19.  TURBO-VAP CONCENTRATION  
Low level PAH sample concentration is primarily done by Turbo-Vap using 

Round-Bottom TV tubes. 

 

• Rinse a Turbo-Vap tube with methylene chloride and arrange it underneath a 

rinsed, packed drying column or funnel.  Pour the extract through the column 

so that it will collect in the tube. Rinse the 400-mL beaker, which contained 

the solvent extract twice with 10 to 15 mL of methylene chloride and add 

each rinse to the column to complete the quantitative transfer.  After all the 

extract has passed through the column, rinse the column with 10 to 15 mL of 

methylene chloride.  Total volume in the glass evaporator tube should not 

exceed 200 mLs to avoid splattering on the lid of the Turbo-Vap.  

• Record the numbers of the Turbo-Vap tube in the BNA logbook and remove 

the tube to a metal holder.    To help prevent cross contamination, place a 

piece of aluminum foil over the Turbo-Vap tube and punch a small hole in 

the top so that the nitrogen can be accessed.   

 

• Turbo-Vap Operation:  Adjust the pressure of nitrogen gas tank to >30 psi.  

Make sure the tank has 200 psi or more on the main valve.  The temperature 

of the bath should be approximately 40°C -50°C. 

 

• Place the glass evaporator tube in the Turbo-Vap.  Be sure to push tube 

down so the tip slides into the sensor well.  Close the lid to start 

concentration.  Check that each position with a tube has an orange light 

showing.  If the orange light is not steady, bubbles may be in the sensor and 

need removal.  (See Turbo-Vap manual). 

 

• When the beep sounds indicating the end of concentration, the extract will 

be at approximately one half mL (half way up tip of tube).  Remove the tube 

from the bath. Use a 9" Pasteur pipette to draw up the sample and transfer it 

to the 2-mL vial.  THIS IS THE MOST CRITICAL PART OF THE ENTIRE 

OPERATION!!!  A single drop represents about 10 percent of the total 

sample.  Before you move the tip of the pipette from the tube to the vial, be 

sure that a drop will not form on the end and fall off. 

 

• Draw ~0.25 mL of methylene chloride into a 0.50 mL syringe and add this 

aliquot to the centrifuge tube.  Draw the methylene chloride into a pipette 
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and rinse the sides of the tube several times.  Transfer this rinse to the 2-mL 

vial.  Add methylene chloride from the syringe and repeat the rinsing process 

until you have ~ 1 mL in the sample extract vial.   Compare this volume to a 

2-mL dummy vial containing 1 mL of solvent to insure that you have not 

exceeded 1 mL.  For low level PAHs the final volume is 0.5mL.  The 

methylene chloride rinse volume must be adjusted to achieve this final 

volume.  Compare the volume to a 2mL dummy vial containing 0.5 mL of 

solvent to insure that you have not exceeded 0.5 mL.  The GC/MS operator 

will adjust the sample to the desired final volume and add internal standard 

just prior to analyses.  Cover the extract with a Teflon-sealed screw cap and 

transfer the label to the vial. 

 

 

20. Determine the original sample volume by refilling the sample bottle to the mark made 

with "white out."  Transfer the liquid to a plastic 1000-mL graduated cylinder and record 

the sample volume in the BNA logbook and the Avery label to the nearest 10-mL.  

 

21. The extract is now ready to be analyzed.  Refrigerate at 4°C or carry directly to the 

instrument operator.  Samples must be signed into the Sample Extract refrigerator.  On 

log provided, enter the sample numbers, the analyst initials, and the date and time the 

samples were placed into the refrigerator. 

 

VI.      DOCUMENTATION OF CAPABILITY ( DOC) 

            Each analyst must perform a DOC to demonstrate proficiency with this method. Refer to    

SOP-413 for guidance. 

 

VII.     WASTE MANAGEMENT AND POLLUTION PREVENTION 

 

               Please see Waste Disposal SOP-405 for the proper disposal of waste generated 

from this area. 

 
             Quantity of chemicals purchased should be based on expected usage during its shelf-life 

and the disposal cost of unused material. Actual reagent preparation volumes should 

reflect anticipated usage and reagent stability. 

 

VIII.    METHOD PERFORMANCE 

 

            Refer to SOP-201 for method performance. 
 

IX.      HEALTH AND SAFETY 

 
Refer to the MSDS sheets for the chemicals used for health and safety information.     

Also see SOP-336 for proper use of methylene chloride. 

 

REFERENCES 
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1. Test Methods for Evaluating Solid Waste, SW-846, Third Edition 

2. 40 CFR, Method 625. 

DEFINITIONS 

 

 
BNA-      base/neutral acid 

°C -        degrees centigrade 

COC -    chain of custody 

DL -       detection limit 

g -          grams 

KD -       kuderna danish 

LCS -      laboratory control sample 

µg/L -     micrograms per liter 

µL -        microliter 

µg/ml -    micrograms per milliliter 

ml -         milliliter 

mm -       millimeter 

MS -       matrix spike 

MSD -    matrix spike duplicate 

PAH-      polynuclear aromatic hydrocarbon 

RL -        reporting limit 

SOP -     standard operating procedure 

v/v -        volume to volume 

 

Refer to SOP-431  for further definitions 
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Fraction:  Semi-volatiles     Matrix:  Water          EX0__                   

Supervisor__________________

_______ 

   Date Setup  Initial Final Surrogate Surr Spike Spk  10ml 15ml Conc. Solvent Lot/Vendor   

# Client Lab No. Extracted Initials pH Volume(ml) Volume(ml) Added Initials Added Initials KD Conc. Cent. Initials Methylene Chloride Notes/Comments # 

1 
         NA NA       

1 

2 
         NA NA       

2 

3 
         NA NA       

3 

4 
         NA NA       

4 

5 
         NA NA       

5 

6 
         NA NA       

6 

7 
         NA NA       

7 

8 
         NA NA       

8 

9 
         NA NA       

9 

10 
         NA NA       

10 

11 
         NA NA       

11 

12 
         NA NA       

12 

13 
         NA NA       

13 

14 
         NA NA       

14 

15 
         NA NA       

15 

16 
         NA NA       

16 

17 
         NA NA       

17 

18 
         NA NA       

18 

19 
         NA NA       

19 

20 
         NA NA       

20 

                   

 
 

      SAS SAS       SAS   

 
 

      SAS SAS       SAS   

 
 

      SAS SAS       SAS   

 
 

      SAS SAS       SAS   
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        SAS SAS       SAS   

        SAS SAS       SAS   

        SAS SAS       SAS   

        SAS SAS       SAS   

        SAS SAS       SAS   

        SAS SAS       SAS   
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 PESTICIDE/PCB - AQUEOUS MATRIX EXTRACTION 

BY EPA METHOD 608/608.2 AND SW-846 METHOD 8081A/8082 

USING SW846 METHOD 3510C 

 

I. SCOPE AND APPLICATION 

 

1. This SOP describes the extraction of pesticides/PCBs from water by separatory 

funnel extraction using SW846 Method 3510C and Method 608/608.2. 

 

II. SUMMARY 

 

1. Aqueous samples are extracted three times with methylene choride. The extracts are 

dried through sodium sulfate and concentrated and exchanged to hexane.  

 

III.        INTERFERENCES 

               

1. Solvents, reagents, glassware, and other sample processing apparatus 
can add interferences to sample analysis. Method blanks must be 

extracted under the same conditions as samples to demonstrate freedom 

from interferences.   

2. Phthalate esters commonly found in plastics can interfere with the 
analysis. Plastics should be avoided. 

3. Soap residue can degrade certain analytes such as aldrin and 
heptachlor. Glassware should be solvent rinsed to avoid this problem.    

 
 

IV.         APPARATUS AND MATERIALS 

 

• Separatory Funnel - 2 Liter with Teflon stopcock 

• Beaker - 400 mL 

• Drying/Chromatographic column - 20 mm I.D. x 300 mm (or funnel) 

• Turbo-Vap evaporation tube - 200-mL tube made by Zymark to fit into Turbo-Vap 

evaporator. 

• Metal rack - capable of holding six glass evaporation tubes. 

• Turbo-Vap Evaporator - heated and capable of temperature control (+5°C); the bath 

should be vented into a hood. 

• Vials 10-mL glass, with Teflon-lined screw cap  

• pH indicator paper - wide range (1.0 -12.0) 

• Syringe - 1 mL, 500 µL 

• Graduated cylinder - Glass, Class A, 1000 mL, 500 mL, and 100 mL 

• Pasteur pipette - length 9" 

• Pasteur pipette bulb  

• Labels - Avery 

• Teflon Bottles - 250 mL and 1000 mL 

• Volumetric Flasks - Class A, glass, 1000 mL, 500 mL,100 ml, 50 ml. 
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• Ring stand - 3 prong 

• Burette clamp - double 

• Aluminum foil - heavy duty 

• 10 mL disposable pipette 

• Nitrogen tank - equipped with pressure regulator  

• Boiling chips - Teflon 

 

 

V. REAGENTS 

 

• Reagent water - Reagent water is gathered in a carboy from source in the instrument lab 

daily.  Remaining water in the carboy is dumped at the end of each day. 

• Sodium Sulfate (Na2SO4) - Granular, anhydrous, trace pure 10 - 60 mesh 

(purchased in bulk containers from Fisher # S415-10S or equivalent] placed in a 

Pyrex tray and heated at 400°C for 4 hrs minimum, removed and cooled in open 

air in the extraction lab, placed in a 2.5 kg glass amber jug and left at room 

temperature. 

• Glass Wool - Silane Treated  (purchased from Supelco #2-0410 or equivalent). 

• Sulfuric Acid Solution - (1:1), slowly add 500 mL of H2SO4 (Baker, suitable for trace metal 

analysis #9673-33 or equivalent) to 500 mL of reagent water in a 1000 mL Teflon container.  

This mixture will get very warm.  Allow to cool before use. 

• Sodium Hydroxide Solution - (10N), Weigh 400 g NaOH (purchased in a plastic container 

from Fisher # S318-3 or equivalent) into a 1200 mL fleaker beaker and cover with reagent 

water.  Swirl until all pellets are dissolved.  This mixture gets very hot.  Let stand until cool.  

Transfer to a 1-liter volumetric flask with several rinses of reagent water and dilute to 1 liter 

with reagent water.  Transfer to a 1000-mL Teflon container. 

• Extraction Solvent - Methylene Chloride (Please read S0P-336 before handling this 

solvent in our laboratory.) (Dichloromethane - Omnisolv - suitable for spectrophotometry 

and gas chromatography #DX0831-1 or equivalent) 

• Hexane - suitable for gas chromatography (Omnisolv HX0298-1 or equivalent) 

• The GC operator makes up all surrogates and spikes. Verify the amount of surrogate/spike to 

add to the sample prior to addition.  It can change if a different detection limit is required or 

the volume of sample being analyzed changes. 

TCMX/DCB (2, 4, 5, 6 - Tetrachloro-meta-xylene/Decachlorobiphenyl) - Surrogate 

solution is prepared in acetone by making a cut on stock purchased from a reputable vendor.  

The final concentration is 0.5 µg/mL.  Generally use 1.0 mL of this solution per 1000ml of 

aqueous sample. 

PCB Spiking Solution - The PCB of choice (1242, 1248, 1254, or 1016/1260 are the 

most common) is prepared in acetone at a concentration of 5.0 PPM.  PCB stock is usually 

purchased from RESTEK or equivalent.  The PCB to use may be determined by viewing 

historical data or asking the GC operator.  Generally use 0.2- 1.0 mL per 1000ml of aqueous 

sample. 

Pesticide Spiking Solution - A spiking solution is prepared at the appropriate 

concentration of 1 ppm.  Generally use 1 mL per 1000ml of aqueous sample.  For 608 

samples, 1 out of every 10 samples must be spiked. 
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• TCLP’s - When necessary to set up a TCLP, in addition to setting up the sample, two matrix 

spikes must be set up and should include the following: 1.0 mL is added per 100 mL volume.  

Each matrix type must have its own TCLP spike.   

TCLP Spike 1 - includes Chlordane at 10 µg/mL and Toxaphene at 10 µg/mL.  These 

spikes are made up individually and are also used as the LCS spike.  Add 1 mL of each to a 

100-mL aliquot.  

TCLP Spike 2 - includes Mix A and Mix B @ 100 to 1000 µg/L ppb (also used as the 

pesticide spiking solution).  These spikes are combined into one solution.  Add 1 mL per 

100-mL aliquot. 

 

VI. PROCEDURE 

 

 

1. All waters have a seven-day holding time counted from the hour they are sampled.  

Determine the samples necessary to extract as follows: 

 

Each day a backlog report will be provided indicating sample numbers with the 

respective analysis required.  Line through all the extractions that have been completed 

and plan to do the remaining analysis within the required holding time. 

 

Samples requiring RUSH turn around time may be logged in throughout the day that will 

require your immediate attention.  Login personnel will generally communicate this 

need.  

 

Check with login throughout the day and examine the COC (chain of custody) forms that 

arrive with each set of samples.   If an analysis is ongoing, extra QC may be avoided by 

picking up those extractions on the same day. 

 

2. Wearing lab coat, gloves and safety glasses, get samples from cooler.  Samples must be 

signed out of the walk-in refrigerator.  Enter the sample numbers, your initials and the 

date and time removed on the log provided. Inspect as to whether they are in glass amber 

jar and have a Teflon lid.  Find out if any special dilutions need to be made for this 

client. Routine procedures for difficult matrices are listed below:  

 

SLUDGE  - use only 100 mL and dilute to 1000 mL with reagent water.   

TCLP EXTRACT - use only 100 mL for the sample and dilute to 1000 mL with reagent 

water.  Two matrix spikes of 100 mLs (per client matrix).  Dilute to 1000 mL with 

reagent water.   

BAD MATRIX – for example a liquid that is partially sediment, see your supervisor to 

find out what dilution, if any, should be made.   

    NPDES client - Samples for method 608/608.2 are checked by login to make sure the pH 

of the sample is in the range of 5.0 and 9.0.  If the sample is not in this range, extraction 

personnel will be notified.  At that time, it is the responsibility of the extraction lab to 

adjust the pH of the sample to the appropriate range (pH of 5-9 using NaOH solution or 

H2SO4, as necessary) or to extract the sample within 72 hours of sampling.  If a pH 
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adjustment is made, the details of the adjustment must be recorded on the sample chain 

of custody and the outside of the sample bottle.  Set up one full list matrix spike for 

every ten samples. 

 

3. Mark the amber glass container of each sample at the water meniscus with "white out" 

for later determination of sample volume. Check the pH by inverting the sample and 

touching the wide range pH paper to the portion that remains on the lid.  Record this pH 

in the logbook 

 

4. Get out enough separatory funnels to extract the number of samples you have plus any 

additional spikes and a method blank.  A method blank and an LCS are to be processed 

with each set of samples. If the sample is a TCLP, a blank may be provided along with 

the extracted TCLP sample(s).  Use only 100 mL and dilute to 1000 mL with reagent 

water. A matrix spike and a duplicate or a matrix spike duplicate must be processed for 

each analytical batch (up to a maximum of 20 samples) except for TCLPs and 608 

samples as noted above. In the event that adequate sample is not provided to do an 

MS/MSD, an LCS duplicate should be done.   Rinse separatory funnels with methylene 

chloride. Place an Avery label on each separatory funnel containing the following 

information:  Lab #, Client name, Type of Analysis, Initial Volume - Final Volume, and 

the Lab Prep Batch Code.  The lab prep batch code is defined as MMDDYYP# where #:  

1 = 1st Method Blank for the day; 2 = 2nd Method Blank for the day; etc.  The Method 

Blank and LCS label should include all lab #s in this set of samples. 

 

5. Using the 500 mL glass graduated cylinder marked NANO PURE WATER ONLY, 

measure 1 liter of reagent water from the carboy and transfer it to a separatory funnel for 

the Method Blank and LCS.  Transfer sample to separatory funnel that corresponds to 

the lab # on the sample bottle.  Add 50 mL of Methylene Chloride to the empty bottle.   

 

6. Verify the amount of surrogate/spike to add to the sample prior to addition.  It can 

change if a different detection limit is required or the volume of sample being analyzed 

changes. Set out the surrogate/spike at least ten minutes before use to allow it to warm to 

room temperature.  

 

Using the 1.0-mL glass syringe marked TCMX/DCB surrogate, add 1.0 mL of 

TCMX/DCB surrogate to each sample, blank and spike. A second analyst 

must verify that the surrogate and spike has been added. Enter the ID# of 

the standard, amount, and the initials of the analysts in the extraction 

logbook. 
 

7. Determine if the sample will require a Pesticide Spike or a PCB Spike or both.  Proceed 

as follows: 

 

Pesticide and PCB - set up two LCS’s  – one for Pesticide getting a MIX A&B spike and 

one for PCB, which should be spiked with PCB 1016/1260.  In addition to the LCS’s, a 

matrix sample spike and duplicate is spiked for pesticides and PCBs. 
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Pesticide only – To the sample in each analytical batch selected for spiking, add 1.0mL 

of Pesticide Spike (Mix A&B) with a glass syringe dedicated for Pesticide Spike.  

   

PCB only - To the sample in each analytical batch selected for spiking, add 

1.0 mL of PCB 1016/1260 or 1248 (project specific) unless otherwise specified 

using a 1.0-mL glass syringe dedicated to that PCB. 
 

NOTE:  Due to limited volume received, usually it is necessary to use 1/2  liter to do a 

spike so that a spike duplicate can be extracted also.  If only one liter is provided for 

spiking purposes, use a 500-mL glass cylinder to measure out half the sample.  Transfer 

to a separatory funnel labeled for the Spike.  Measure the remaining sample and transfer 

to a separatory funnel labeled Spike Duplicate.  Add 1/2 the normal amount of spiking 

solution and 1/2 the normal amount of surrogate. 

 

Enter the ID# of the surrogate and spike used and the initials of the person that verified 

their addition to the sample in the extraction logbook. 

 

8. If necessary, adjust the pH to between 5.0 and 9.0 using NaOH solution or H2SO4. If a 

pH adjustment is made, the details of the adjustment must be recorded in the extraction 

logbook.  

 

 

9. Swirl the 50-mL of methylene chloride that you added to the empty sample bottle and 

transfer to the corresponding separatory funnel.  In addition, add 50 mLs of methylene 

chloride to the method blank, LCS, and spikes. 

 

10. Seal and shake the separatory funnel vigorously for 2 minutes with periodic venting to 

release excess pressure.  Alternatively, teflon separatory funnels may be placed in the 

shaker apparatus with the stopcock slightly open.  When this apparatus is used, the shake 

should be for 3 minutes. 

 

NOTE: Methylene chloride creates excessive pressure very rapidly; therefore, initial 

venting should be done immediately after the separatory funnel has been sealed and 

shaken once. 

 

11. Allow the sample to set for 10 minutes, if needed, after it has been shaken.  It will 

separate into two layers with the solvent layer on the bottom.  If it forms an emulsion 

(thick, cloudy, viscous, mixture that you cannot see through), drain what you believe to 

be 50 mL into a 250 mL centrifuge bottle.  If the layers are clearly separated, drain the 

solvent layer into a 400-mL glass beaker. 

 

12. Following Steps 10 and 11, extract two more times with 40 mLs of methylene chloride.  

Combine the three solvent extracts into the same 400-mL beaker. 
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13. In the logbook marked Pest/PCB extractions, enter the Client name, the Lab #, the date 

extracted, and anything unusual that may have occurred with this sample. 

 

14.   Dry the sample by either of the following methods: 

14.1 Get a ring stand with a double burette clamp attached to it.  Cover the burette 

clamp ends with aluminum foil to prevent the possibility of solvent touching the 

plastic coated ends and dripping into the extract.  Place a drying column into the 

burette clamp and transfer a small amount of glass wool to the top of it.  Tamp it 

to the bottom with a glass rod so that it adequately covers the hole at the bottom.  

Add approximately 10 cm of Sodium Sulfate to the column.  Rinse with of 

methylene chloride 20-30 mL and discard this rinse.  

 

14.2   Set up a ring stand with funnels.  Place a small amount of  

glass wool in the bottom of it.  Add ~2” sodium sulfate to the column and rinse 

with 20-30 mL methylene chloride.  Discard this rinse. 

 

15. If the extract was drained into a centrifuge bottle, at this point you will need to take it to 

the centrifuge.  Push the "ON" button to turn the centrifuge on.  Be sure that the orange 

holders are available for the 250-mL centrifuge bottles.  The sample must always be 

balanced.  If necessary, use a dummy bottle with similar weight using reagent water.  Set 

the rpm at 2500 and the temperature at 25°C.  Close the lid and be sure to press it down 

until you hear it lock.  Move the lever at the front of the lid to the "LOCK" position.  

Turn the time to approximately 15 minutes and bring it back to 10 minutes.  As the rotor 

begins to move, you will be able to see the rpm's in the digital readout.  Stay with the 

centrifuge until it has come up to the rpm's set to insure that it does not become 

unbalanced.  This looks like 8888 on the digital readout.  Should this occur, refer to the 

manual.  When the cycle is complete, the digital readout will read 0000.  Push the 

"OPEN" button and the lid will pop up.  Move the lever at the front of the lid to the 

"UNLOCK" position.  Open lid and remove sample.  The sample will usually be in two 

layers with the extract on the bottom. 

 

16. Remove any water layer from the extract in the beaker or centrifuge bottle, by one of two 

methods.  Remove with a Pasteur pipette by carefully pulling up the water layer, on top, 

and not the solvent.  Discard this layer.  Use the smallest amount possible of Na2SO4 by 

sprinkling the top layer with Na2SO4 until it hardens, separates, and drops to the bottom. 

 

17. TURBO-VAP CONCENTRATION  

  

17.1. Rinse a Turbo-Vap tube and arrange it underneath a rinsed, packed 

drying column/funnel.  Pour the extract through the column so that it 

will collect in the tube.  Rinse the 400-mL beaker twice with 10 mL of 

methylene chloride.  Rinse the column with 10 to 15 mL of methylene 

chloride.  For solvent exchange purposes add 50 mL of hexane to each 

tube.  Total volume in the glass evaporator tube should not exceed 200 

mLs to avoid splattering on the lid of the Turbo-Vap.  While waiting for 
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the drying column/funnel to quit dripping, record the numbers of the 

Turbo-Vap tube in the Pesticide/PCB logbook and remove the tube to a 

metal holder.   

 

17.2 Turbo-Vap Operation:  Adjust pressure of nitrogen gas tank to >30 psi.  

Make sure the tank has 200 psi or more on the main valve.  Temperature 

of the bath should be at 40°C -50°C.  To help prevent cross 

contamination, cover the turbovap tube with aluminum foil and punch a 

small hole in the top. 

 

17.3 Place the glass evaporator tube in the Turbo-Vap.  Be sure to push tube 

down so the tip slides into the sensor well.  Close the lid to start 

concentration.  Check that each position with a tube has an orange light 

showing.  If the orange light is not steady, bubbles may be in the sensor 

and need removal.    (See Turbo-Vap manual). 

 

17.4 When the Pesticide and/or PCB samples concentrate to approximately 

one mL, remove the tube from the Zymark.   

 

NOTE: For PCBs Only* Some wastewater samples will form a gel like 

substance when the hexane is concentrated.  Proceed with these samples 

as follows:  Add just enough methylene chloride to make the gel go back 

into solution.  Acid clean the extract and reconcentrate.  Exchange with 

hexane again.  If gel forms again, add enough methylene chloride to get 

gel back into solution.  Transfer to a suitable container and record the 

final volume on the label and the extraction logbook. Note the 

percentage of methylene chloride in sample also. 

 

17.5 When the beep sounds indicating the end of concentration, the extract 

will be at approximately one – one half mL (half way up tip of tube).  

Remove the tube from the bath.  Hold the tube and the sample vial in one 

hand at about a 45° angle.  Use a 9" Pasteur pipette to draw up the 

sample and transfer it to the 4.0-mL vial.  Spilling a drop or two during 

the transfer is critical because one drop represents 5% of the sample. 

 

17.6 Add 1 ml of hexane to the turbovap tube.  Draw into the pipette and 

rinse down the conical portion of the tube several times.  Transfer this 

rinse to the 4.0-mL vial.  Rinse again with 1 ml of hexane and transfer to 

the sample vial. Adjust the volume to 4.0 ml with hexane.  Cover the 

extract with a Teflon-sealed screw cap and transfer the label to the vial.   
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18. The extract obtained above may now be analyzed.  Refrigerate to 4°C. Samples must be 

signed into the Hobart refrigerator.  On log provided, enter the sample numbers, analyst 

initials, and the date and time the samples were placed into the Hobart. 

 

 

NOTES:  

If the final extract is yellow or dark in color or the matrix is oily and viscous, further cleanup 

may be desired.  Refer to the Florisil Cartridge Cleanup Method, the Copper Cleanup Method, 

and/or the Acid Cleanup Method for further information.  (SOP-309, 307, and/or 308) 

 

Pesticides that have aldrin detected in them may be cleaned using the SW-846 method 3630 

(Silica Gel Cleanup).  The GC Lab would notify extraction personnel if this cleanup is necessary.  

 

VII.      DOCUMENTATION OF CAPABILITY (DOC) 

            Each analyst must perform a DOC to demonstrate proficiency with this method. Refer to    

SOP-413 for guidance. 

 

VIII.     WASTE MANAGEMENT AND POLLUTION PREVENTION 

 

  Please see Waste Disposal SOP-405 for the proper disposal of waste generated from 

this area. 

 

                Quantity of chemicals purchased should be based on expected usage during its shelf 

life and the disposal cost of unused material. Actual reagent preparation volumes 

should reflect anticipated usage and reagent stability. 

 

IX.       METHOD PERFORMANCE 

 

                  Refer to SOP-211 for method performance. 

                   

X.        HEALTH AND SAFETY 

Refer to the MSDS sheets for the chemicals used for health and safety information.     

Also see SOP-336 for proper use of methylene chloride. 

 

REFERENCES 

 

1. Test Methods for Evaluating Solid Waste, SW-846, Third Edition 
2. 40 CFR, Method 608. 
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DEFINITIONS 

 

°C -        degrees centigrade 

COC -    chain of custody 

DL -       detection limit 

g -          grams 

KD -       kuderna danish 

LCS -      laboratory control sample 

µg/L -     micrograms per liter 

µL -        microliter 

µg/ml -    micrograms per milliliter 

ml -         milliliter 

mm -       millimeter 

MS -       matrix spike 

MSD -    matrix spike duplicate 

PCBs -    polychlorinated biphenyls 

Pest -      pesticides 

RL -        reporting limit 

SOP -     standard operating procedure 

TCMX - tetrachloro-m-xylene 

v/v -        volume to volume 

 

Refer to SOP-431  for further definitions 
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HERBICIDE - AQUEOUS MATRIX EXTRACTION 

BY EPA Method SW-846  8151A 
 

I. SCOPE AND APPLICATION 

 

1. This SOP describes the extraction of herbicides from water by separatory funnel 

extraction using SW846 Method 8151A. 

 

II. SUMMARY 

 

 1.    Aqueous samples are extracted with diethyl ether, dried in acidified sodium sulfate, 

concentrated,  and esterified with diazomethane. 

 

III.        INTERFERENCES 

               

1. Solvents, reagents, glassware, and other sample processing apparatus 
can add interferences to sample analysis. Method blanks must be 

extracted under the same conditions as samples to demonstrate freedom 

from interferences.   

2. Herbicides can react with alkaline substances and may be lost during 
the extraction process. Glassware must be acid rinsed and sodium 

sulfate must be acidified.   

 
 

IV. APPARATUS AND MATERIALS 
 

• Separatory Funnel - 2 Liter with Teflon stopcock 

• Beaker - 400 mL 

• Fleaker Beaker 1200 mL 

• Erlenmeyer flask - 500 mL 

• Drying Column (Chromatographic column) - 20 mm I.D. x 300 mm 

• Kuderna Danish (KD) flask - 500 mL 

• Concentrator tube - 10 mL part of KD setup 

• Snyder column - 3 ball, macro 

• Plastic connectors - blue to assemble KD 

• Water bath - heated, with concentric ring cover, capable of temperature 

control.  The bath should be used in a hood. 

• Boiling chips - Teflon 

• Vial - 10 mL with Teflon lined lid. 

• pH indicator paper - close range (1.0 and 2.0) and (11.0 and 12.0); wide range 

(1.0 and 12.0) 

• Syringe - 1 mL, 500 µL 

• Graduated cylinder - Glass, Class A, 1000 mL, 500 mL, 250 mL, and 100 mL 

• Pasteur pipette - length 9" and 5 3/4" 
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• Pasteur pipette bulb  

• Labels - Avery 

• Volumetrics - Class A, glass, 1000 mL, 50 mL, 25 mL, a 2 mL graduated 

pipette, and a 1 mL volumetric pipette. 

• Bubbler setup 

• Ring stand - 3 prong 

• Burette clamp - double 

• Rings - large enough to hold KD setup 

• Aluminum foil - heavy duty 

• 10 mL disposable pipette 

• Nitrogen tank - equipped with pressure regulator  

• Glass manifold - nine positions 

• Balance - capable of weighing to 0.1 grams. 

• Mortar and pestle 

 

 

 

 
 

V. REAGENTS 
 

• Reagent water - Reagent water is gathered in a carboy from source in the 

instrument lab daily.  Remaining water in the carboy is dumped at the end of each 

day. 
 

• Sodium Hydroxide solution - (10N), Weigh 400 g NaOH (purchased in a 

plastic container from Fisher # S318-3 or equivalent) into a 1200 mL fleaker beaker 

and cover with reagent water.  Swirl periodically until all pellets are dissolved.  

This mixture gets very hot.  Let stand until cool.  Transfer to a 1-Liter volumetric 

flask with several rinses of reagent water and dilute to 1 Liter with reagent water.  

Transfer to a 1000-mL Teflon container. 
 

• Acidified Sodium Sulfate - In a Pyrex glass dish, pour enough sodium sulfate 

to cover the bottom.  Add 10 mL of concentrated sulfuric acid.  Add enough ether to 

cover the sodium sulfate and stir with a glass rod.  Let this mixture stand in the 

hood until all of the ether has evaporated, stirring occasionally.  Put into beakers 

and store in the 150°C oven until ready to use. Prepare only one tray at a time 

to minimize the amount of ether. Pull hood sash all the way down when 

evaporating ether. Keep anything hot or anything that might ignite the 

ether away from the hood during evaporation. 
 

 

• Acidified Glass Wool - Loosely fill a 400-mL beaker with glass wool.  Rinse 

with 1:1 Hydrochloric Acid (HCL), reagent water, acetone, and ether. Dump waste 
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in the appropriate waste container. Allow the ether to evaporate and store in the 

150°C oven until ready to use.  
 

• Cold Sulfuric Acid solution - (1:3), Slowly add 250 mL of H2SO4 (Baker, 

suitable for trace metal analysis #9673-33) to 750 mL of reagent water in a 1000 mL 

Teflon container.  This mixture will get very warm.  Allow to cool before use.  Store 

in the refrigerator at 4°C. 

 

• Potassium Hydroxide solution (37%)  Weigh 37 grams of KOH into a 400-mL 

beaker and cover with reagent water.  Swirl until all the pellets are dissolved.  This 

mixture gets very hot.  Let stand until cool.  Transfer to a 100-mL volumetric flask 

with several rinses of reagent water and dilute to 100 mL with reagent water. 
 

• Extraction Solvent - Methylene Chloride (Please read SOP-336 before 

handling this solvent in our laboratory.) (Dichloromethane - Omnisolv - 

suitable for spectrophotometry and gas chromatography #DX0831-1 or equivalent) 
 

• Methanol - suitable for use in spectrophotometry and gas chromatography 

(Omnisolv MX0484-1 or equivalent) 
 

• Acetone - suitable for spectrophotometry and gas chromatography (Omnisolv 

AX0116-1 or equivalent) 
 

• Hexane - suitable for spectrophotometry and gas chromatography Omnisolv 

HX0298-1 or equivalent) 
 

• Ether - ultra-resi analyzed for organic residual analysis (Baker #9259-02 or 

equivalent) 
 

• Iso-Octane - for pesticide residual analysis (Fisher #0-297 or equivalent) 
 

• Dichlorophenyl acetic acid (DCAA) - purchased from Ultra Scientific (PPS-

165) @ 1.0 ppm concentration.  Add 1 ml per 1000 mLs of aqueous sample.  
 

• Herbicide Spiking Solution & TCLP Herbicide Spike - A spiking solution is 

prepared by the GC operator. The same solution is for dual purposes. Use 1 mL of 1-

100 ppm solution per 1 liter of aqueous sample.  Spiking solution is purchased as an 

acid.   

 

• Herbicide TCLP Spike – 1mL is added per 100 mL volume.  Each matrix type 

must have its own TCLP spike. From the volume provided by Wet Chemistry, 

remove a 100 mL aliquot into a suitable container with a Teflon lid, and spike 

according to the required extraction.  
 

• Sodium Chloride - ultra pure crystals for liquid chromatography 

(Baker #4058-07 or equivalent) purchased in a 12 kg plastic bucket. 
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• N-methyl-N-nitroso-p-toluenesulfonamide (Diazald) – High purity (Aldrich 

Chemical Co., or equivalent), see SOP-328. 

 

• Silicic acid, H2SiO5 – 100-mesh powder, store at 130°C (see SOP-328). 

 

 
 

VI. PROCEDURE 
 

1. All waters have a seven-day holding time counted from the day they are 

sampled.  Determine the samples necessary using the following information 

(DO NOT extract samples for which you have no information!): 
 

Each day a backlog report will be provided indicating sample numbers with 

the respective analysis required.  Line through all the extractions that have 

been completed and plan to do the remaining analysis within the required 

holding time. 
 

Samples requiring RUSH turn around time may be logged in throughout the 

day that will require your immediate attention.  Login personnel will 

generally communicate this need. 
 

Check with login throughout the day and examine the COC (chain of 

custody) forms that arrive with each set of samples.   If an analysis is 

on-going, extra QC may be avoided by picking up these extractions on the 

same day. 
 

2. Wearing lab coat, gloves and safety glasses, get samples from cooler. 

Samples must be signed out of the walk-in refrigerator.  Enter the sample 

numbers, your initials and the date and time removed on the log provided. 

Inspect as to whether they are in glass amber jar and have a Teflon lid.  Find 

out if any special dilutions need to be made for this client. Routine 

procedures for difficult matrices are listed below:  
 

 SLUDGE - use only 100 mL and dilute to 1000 mL with reagent water.  
 

TCLP EXTRACT - use only 100 mL and dilute to 1000 mL with reagent 

water.  A separate matrix spike of 100 mLs (TCLP spike) is required per 

client matrix. Dilute to 1000 mL with reagent water.   
 

BAD MATRIX – for example a liquid that is partially sediment, see your 

supervisor to find out what dilution, if any, should be made.   

   

3.  Mark the amber glass container of each sample at the water meniscus with 

"white out" for later determination of sample volume. Check the pH by 
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inverting the sample and touching the wide range pH paper to the portion 

that remains on the lid.  Record this pH in the logbook. 
 

4. Get out enough separatory funnels to extract the number of samples you 

have plus any additional spikes and a method blank.  A method blank and an 

LCS must be processed with each set of samples.  A matrix spike and a 

duplicate or a matrix spike duplicate must be processed for each analytical 

batch (up to a maximum of 20 samples). In the event that adequate sample is 

not provided to do an MS/MSD, an LCS duplicate should be done.   Rinse 

with methylene chloride.  Label the separatory funnels as follows on your 

Avery labels:  Lab #, Client name, Type of Analysis, Initial Volume - Final 

Volume, and the Extraction date.  The Method Blank label should include all 

lab #s in this set of samples.  
 

5. Remove acidified sodium sulfate from the 150°C oven and allow it to cool. 
 

6.  Calibrate balance with ASTM class-1 Troemner weights or equivalent, 

bracketing desired weight (50g, 20g, 10g, 5g, and 1g) and adjust for any 

corrections.  Record the readings in the Extraction calibration/temperature 

logbook. Weigh 125 grams of Sodium Chloride and transfer it to each sample, 

spike, and method blank.   
 

7. Using the 1000 mL glass graduated cylinder marked NANO PURE WATER 

ONLY, measure 1 liter of reagent water from the carboy and transfer it to a 

separatory funnel for the method blank and LCS.  Transfer sample to 

separatory funnel that corresponds to the lab # on the sample bottle.  Add 60 

mL of Methylene Chloride to the empty bottle.   
 

8. Verify the amount of surrogate/spike to add to the sample prior to addition.  

It can change if a different detection limit is required or the volume of 

sample being analyzed changes. Set out the surrogate/spike at least ten 

minutes before use to allow it to warm to room temperature.  

 

Add 1 ml of (DCAA) Herbicide surrogate to each sample, blank and spike 

with a glass syringe. Someone must verify that the surrogate has been added 

by placing a check mark on each label as it is added. 
 

NOTE:  Be sure to invert syringe and eliminate air bubble when 

obtaining surrogate solution and spiking solution.   
 

For the sample in each analytical batch selected for spiking, add 1.0 mL of 

the Herbicide Spiking solution measured with a glass syringe. Someone must 

verify that the spike has been added by placing a check mark on each label 

as it is added. 
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Enter the ID# of the surrogate and spike used and the initials of the person 

that verified their addition to the sample in the Herbicide logbook. 
 

 

9. Shake until all the sodium chloride is dissolved. Add 10 mL of 10N Sodium 

Hydroxide to each sample, spike and method blank. 
 

10.      Using short-range pH paper (11 to 12), check pH of sample by touching pH - 

sensitive paper to the drop of liquid hanging from the glass stopper.  Insure 

that pH throughout the sample is changed.  Compare the color to the chart 

on the pH paper.  If the color is not within range add more 10N NaOH as 

required to attain the proper pH (>12). 
 

11. Set timer for 1 hour.  Allow the sample to set for 1 hour shaking occasionally.  

This is the hydrolysis step.  
 

12. All glassware from this point forward should be acid rinsed.  This includes 

the fleaker beaker, the 500 mL Erlenmeyer flask, the dry column or funnel, 

the KD setup and the 15 mL centrifuge tube.  Rinse each piece of glassware 

with Hexane, reagent water, 1:1 HCL, reagent water, acetone and finally 

with ether. 
 

NOTE:  This step is extremely critical in that if any surface of the 

glassware that might come into contact with the extract is not rinsed 

with acid, it could cause the herbicides to be lost.  Therefore the 

glassware should be completely submerged in a 1:1 HCL solution 

rather than just rinsed. 
 

13. Using the balance, weigh 20 grams of acidified sodium sulfate into enough 

500 mL Erlenmeyer flasks to cover the number of samples, spikes and 

method blanks that you are extracting.  The acidified sodium sulfate is 

usually hardened into chunks when it comes from the oven.  Use a mortar 

and pestle to grind up the chunks until they have the consistency of sand. 
 

14. When the hydrolysis time has expired, swirl the 60 mL of methylene chloride 

that you added to the empty sample bottle and transfer to the corresponding 

separatory funnel.  In addition add 60 mLs of methylene chloride to the 

method blank, LCS, and spikes. 
 

15. Seal and shake the separatory funnel vigorously for 2 minutes with periodic 

venting to release excess pressure. Alternatively, Teflon separatory funnels 

may be placed in the shaker apparatus with the stopcock slightly open.  

When this apparatus is used, the shake should be for 3 minutes. 
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NOTE: Methylene chloride creates excessive pressure very rapidly; 

therefore, initial venting should be done immediately after the 

separatory funnel has been sealed and shaken once. 
 

16. Allow the sample to set for 10 minutes after it has been shaken.  It will 

separate into two layers with the solvent layer on the bottom.  If it forms an 

emulsion (thick, cloudy, viscous, mixture that you cannot see through), drain 

what you believe to be 60 mL into a 250 mL centrifuge bottle.  If the layers 

are clearly separated, drain the solvent layer into a waste beaker and discard 

into the Chlorinated Waste Bottle.  Repeat clean-up steps 15-16 two 

more times. 
 

17. Adjust the pH to between 1.0 and 2.0.  Using a 50 mL cylinder, add 17 mL of 

1:3 COLD H2SO4 to all sample, spikes, and blank.   Shake to insure that pH 

throughout the sample is changed.   Check pH with short-range pH paper 

(1.0 to 2.0).  Compare the color to the chart on the pH paper.  If the color is 

not within range add more H2SO4 solution as required to attain the proper 

pH. 
 

18. Using a 250mL-graduated cylinder, transfer 120 mL of ether to each sample, 

spike and method blank.  Shake for two minutes manually or three minutes 

if by shaker method and allow the sample to set for 10 minutes. 

19. Drain the bottom layer (aqueous phase) of each sample into a fleaker beaker.  

Let stand for one to two minutes. Water and ether will separate again. Drain 

water layer as before. 
 

20. Drain the remaining layer (ether phase) of each sample into the Erlenmeyer 

flasks containing acidified sodium sulfate and pour the aqueous phase back 

into the separatory funnel. 
 

21. Repeat steps 18 through 20 twice using 60mL of ether and combining the 

extracts in the Erlenmeyer flask. 
 

22. Put a Teflon stopper into the 500mL flask.  Cover with aluminum foil and 

allow the extract to remain in contact with the acidified sodium sulfate for 

approximately two hours or overnight in the hood. 
 

NOTE:  The drying step is very critical to ensuring complete 

esterification.  Any moisture remaining in the ether will result in 

low herbicide recoveries.  The amount of sodium sulfate is adequate 

if some free flowing crystals are visible when swirling the flask.  If 

all of the sodium sulfate solidifies in a cake, add a few additional 

grams of acidified sodium sulfate and again test by swirling.  The 2-

hour drying time is a minimum, however the extract may be held in 
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contact with the sodium sulfate (sealed, and under a fume hood) 

overnight. 
 

23. In the logbook marked HERBICIDE extractions, enter the Client name, the 

Lab #, the date extracted, and anything unusual that may have occurred 

with this sample. 
 

24. DRYING STEP:  Dry the sample by either of the following methods: 
 

24A.  Get a ring stand with a double burette clamp attached to it.  Cover 

the burette clamp ends with aluminum foil to prevent the possibility 

of solvent touching the plastic coated ends and dripping into the 

extract.  Place an acid rinsed drying column into the burette clamp 

and transfer a small amount of acidified glass wool to the top of it.  

Tamp it to the bottom with a 10 mL disposable pipette so that it 

adequately covers the hole at the bottom.  Add approximately 10 cm of 

Acidified Sodium Sulfate to the column.  Rinse with 20 to 30 mL of 

ether and discard this rinse. OR 
 

24B.  Set up a ring stand with funnels.  Place a small amount of acidified 

glass wool in the bottom of each funnel.  Add ~2” acidified sodium 

sulfate and rinse with 20-30 mL ether.  Discard this rinse. 
 

25.  Turn on the steam bath and the Turbovap well before they are needed to 

insure that they are at proper temperature.  The setting for the steam bath 

should be set (between 4 and 5 which yields a temperature around 65 to 85° 

C) for Herbicide extractions.  A higher temperature could cause some of the 

compounds to be destroyed.  Insure that there is enough water in the bath.  

(Water should cover the coils and be at approximately 1/4 inch below the 

surface of the overflow device.)  The setting for the turbovap is at 

approximately 35 C. 
 

26. Rinse an acid rinsed Kuderna Danish flask and an acid rinsed concentrator 

tube with ether and assemble together with a blue clip.  Set this in the ring 

on the ring stand so that it will collect extract as it passes through the drying 

column/funnel.  Pour the entire extract through the column/funnel.  Rinse 

the 500 mL Erlenmeyer flask twice with 10 to 15 mL of ether and add to the 

drying column/funnel.  Finally, rinse the drying column/funnel with 10 to 15 

mL of ether.  Add a boiling chip.    
 

27. Record the numbers of the Kuderna Danish, and the concentrator tube in the 

Herbicide logbook. 
 

28. Slip a 3-ball Snyder column into the Kuderna Danish flask and set it on the 

water bath so that the concentrator tube is immersed in the hot water.  The 

temperature of the bath should be around 85°C.  Rinse the 3-ball Snyder 
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with about 1 to 2 mL ether into the KD.  As the extract gets hot, the balls 

will begin to chatter, but the chambers should not flood with condensed 

solvent.  The extract will evaporate in approximately 15 to 20 minutes.  

When you can no longer see it boiling above the surface of the bath, you need 

to keep a close vigil on the sample.  Take it from the bath momentarily and 

check the level of extract in the concentrator tube.  Don't allow it to quit 

boiling before placing it back into the water.  When it reaches approximately 

1/2 the length of the tube or 5 mL, remove it from the bath, set it in a ring on 

the ring stand and allow it to cool.  Remove the 3-ball Snyder and rinse down 

the sides of the flask with 2 to 3 mL with ether. Dry the union with a paper 

towel to remove excess water and prevent contamination.   Disassemble the 

KD apparatus being careful not to lose any extract from the concentrator 

tube.   Transfer the extract to a Turbovap tube using a 9" Pasteur pipette. 
 

29. Place the Turbovap Tube in the turbovap. Allow to concentrate to just below 

the 1 mL mark on the tube. Add enough ether to bring up to 1mL mark on 

TV tube.  
 

30. Remove sample from the Turbovap and transfer to 12 mL vial using 9” 

Pasteur pipette. Add 1 mL of Iso-Octane, and 0.5 mL of methanol to each 

sample.   
 

31. Esterification should be done as soon after concentration as possible. At this 

point you will need to coordinate with the GC operator as to when the 

extracts will be run.  It is recommended that herbicides be analyzed as soon 

as possible after esterification to prevent trans-esterification and other 

potential reactions that may occur.  See ESTERIFICATION METHOD 

(SOP -328)  
 

32. Add 4 mL of Diazomethane made using SOP-328. Be sure that the     

diazomethane has a deep yellow color prior to use.  Cover the extract with a 

Teflon-lined screw cap and allow standing for 20 minutes.  A persistent 

yellow color indicates that esterification is complete and excess 

diazomethane is present.   
 

33. After 20 mins, bring to final volume with Hexane using Herb dummy vial. 

Enter the esterification date, the lot number of the diazomethane used and 

the initials of the person who esterified the sample extracts in the Herbicide 

logbook.  Fill out the labels for the samples and place on appropriate 12 mL 

vial. Record the vendor and lot number of the methylene chloride, ethyl 

ether, isooctane, methanol, and hexane used in the sample extract in the 

logbook.   

 

34. Determine the original sample volume by refilling the sample bottle to the 

mark made with "white out."  Transfer the liquid to a plastic 1000 mL 
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graduated cylinder and record the sample volume in the Herbicide logbook 

and the Avery label to the nearest 10 mL. 
 

34. The extract is now ready to be analyzed.  Refrigerate at 4°C or carry directly 

to the instrument operator.  Samples must be signed into the Sample 

Extract refrigerator.  On log provided, enter the sample numbers, the 

analyst initials, and the date and time the samples were placed into the 

refrigerator. 
 

VII. WASTE MANAGEMENT AND POLLUTION PREVENTION 
 

              Please see Waste Disposal SOP-405 for proper disposal of waste from this 

sample   preparation process. Quantity of chemicals purchased should be 

based on expected usage during its shelf-life and the disposal cost of unused 

material. Actual reagent preparation volumes should reflect anticipated 

usage and reagent stability. 

 

 

VIII. REFERENCES 
 

1. Test Methods for Evaluating Solid Waste Physical/Chemical 

Methods, SW-846; Third Edition (Update III); Method 8151A 

 
2. USACE EM 200-1-3, 02-2001; Appendix I; Shell for Analytical 

Chemistry  Requirements 

 

3. DOD, Quality Systems Manual for Environment 

 

 

IX.       HEALTH AND SAFETY 

 
1.      Care should be used in handling all samples.  Safety glasses must be worn in the 

lab at all times.  The use of blue nitrile gloves and lab coats is highly 

recommended. 

 
2. Research into expected sample content and concentration should be done in order 

to be prepared for additional safety considerations.  Generally, any samples that 

need special consideration have applicable notes on the sample logs. 

 
3. MSDS are available for all reagents and standards, which have been purchased.  

These are located in the office next to the technical director. 

 

4.       Use extreme caution when working with concentrated acids and bases. Use safety 

glasses, or goggles, gloves and lab coat or apron. 
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4. Diazomethane is a carcinogen and may explode under certain 
conditions. See Method 8151 for details in handling diazomethane. 

 

X. DOCUMENTATION OF CAPABILITY (DOC) 

 

            Each analyst must perform a DOC to demonstrate proficiency with this method. Refer to    

SOP-413 for guidance. 

 

XI. METHOD PERFORMANCE 

       Refer to SOP-208 for method performance. 

 

 

 

DEFINITIONS 
 

°C -        degrees centigrade 

COC -    chain of custody 

DL -       detection limit 

g -          grams 

KD -       kuderna danish 

LCS -      laboratory control sample 

µg/L -     micrograms per liter 

µL -        microliter 

µg/ml -    micrograms per milliliter 

ml -         milliliter 

mm -       millimeter 

MS -       matrix spike 

MSD -    matrix spike duplicate 

RL -        reporting limit 

SOP -     standard operating procedure 

v/v -        volume to volume 

 

Refer to SOP-431  for further definitions 
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METHOD 8330A and 8332 

 

NITROAROMATICS AND NITRAMINES BY HIGH PERFORMANCE 

LIQUID CHROMATOGRAPHY (HPLC) 

 

 

1.0 SCOPE AND APPLICATION 

 

This SOP, based on SW-846 Method 8330A and 8332, is used for the trace 

analysis of explosives residues by high performance liquid chromatography 

(HPLC) using a UV-VIS detector in water, solid or sediment matrices. See 

SOP-431 for common environmental laboratory definitions. 

 

2.0 SUMMARY OF METHOD 

 

Samples are analyzed after appropriate sample preparation using HPLC 

with identification at 254nm on a C-18 reverse phase column and 

confirmation at 254nm on a Phenyl-hexyl column. The method can be 

extended to include PETN and nitroglycerin by analyzing the samples at a 

wavelength of 210 nm.  The preparation is performed using a solid phase 

extraction method, SW846 method 3535 for low concentrations of explosives 

residues in water.  Dilution and filtration prepare high concentration water 

samples for direct injection. Extraction with acetonitrile in an ultrasonic 

bath or shaker followed by filtration prepares soil and sediment samples. 

 

3.0 INTERFERENCES AND POTENTIAL PROBLEMS 

 

Solvents, reagents, glassware and other sample processing hardware may 

yield discrete artifacts and/or elevated baselines, causing misinterpretation 

of the chromatograms.  All of these materials must be demonstrated to be 

free from interferences. 

 

2-Am-DNT and 4-Am-DNT elute at similar retention times (retention time 

difference of 0.2 minutes).  A large concentration of one isomer may mask the 

response of the other isomer.  If it is not apparent that both isomers are 

present (or are not detected), an isomeric mixture should be reported.   

 

Degradation products of tetryl appear as a shoulder on the 2,4,6-TNT peak 

on the synergi column.  Peak heights rather than peak areas should be used 

when tetryl is present in concentrations that are significant relative to the 

concentration of 2,4,6-TNT. 

 

4.0        SAMPLE PRESERVATION, CONTAINERS, HANDLING AND 

STORAGE 
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Samples are collected and handled as specified for semivolatile organics, 

(SW-846 Update IV, Chapter Four).  Section 7.0 and table 6-1 and 6-2 of the 

Empirical Laboratories’ Quality Assurance Manual include details 

concerning sample preservation, containers and handling of semi-volatile 

samples.  Samples and sample extracts are stored in the dark at 4°C.  

Samples are stored in the sample storage walk-in cooler.  Extracts are stored 

in the Hobart in the extraction laboratory.  The holding time for samples is 7 

days for waters and 14 days for soils.  The holding time for extracts is 40 

days. 

 

5.0 INSTRUMENTATION, APPARATUS AND MATERIALS 

 

 5.1 Instrumentation 

 

   Agilent Series 1100 HPLC System     

  • Agilent G1311A Quaternary Pump 

  • Agilent G1379A Degasser 

  • Agilent 1313A 100 Position Autosampler 

  • Agilent G1316A Column Compartment 
  • Agilent G1314A Variable Wavelength Detector 

• Agilent HPLC Chemstation 

 

      Hewlett Packard Series 1050 HPLC System 

•    Hewlett Packard Model 79852 1050 Quaternary HPLC Pump 

•    Hewlett Packard Model 79853 Variable Wavelength UV-VIS Detector 

•    Hewlett Packard 1050 79855A 21 Position Autosampler 

•    Hewlett Packard 1050 100 Position Autosampler Upgrade 

•    Hewlett Packard Model 79856A 1050 Solvent Module 

•    Hewlett Packard Model G1303A Vacuum Degassing Module 

• Dell OptiPlex 933 GX150 Pentium III Computer 

• Hewlett Packard PC Communication for HP Chemstation 

• Hewlett Packard HPLC Chemstation 

• SideWinder Temperature Control Module  

 

 

 5.2 Apparatus and Materials 

  

• Solid-phase extraction system consisting of: 

• Manifold Station, J.T. Baker spe-12G, or equivalent 

• Tubing and connectors 

• SFE extraction cartridges, Porapak®RDX Cartridges or equivalent 

• Vacuum system capable of maintaining 18 inches of mercury 

  •••• Branson ultrasonic bath cooled by a chiller to 15-20°C 

  • Balance + 0.01 g. 

  • Vortex mixer.  

           •       Shaker 

  •  Disposable cartridge filters - 0.45 mm PTFE filter. 

  • Scintillation Vials -  20 mL, glass. 



                     EMPIRICAL LABORATORIES, LLC SOP-327 

 Revision: 14 

 Date: 09/17/08 

 Page 4 of 21 

 
 

V:\LAB\QA QC\SOP\SOP-327 Rev 14.doc 

  • Vials - 15 mL, glass, Teflon-lined cap. 

  • Vials - 40 mL, glass, Teflon-lined cap. 

  • Disposable syringes - Plastipak, 3 mL and 10 mL or equivalent. 

  • Volumetric flask with ground glass stopper - 100 mL and 1000 mL. 

  • Vacuum desiccator - Glass. 

  • Mortar and pestle - Steel. 

  • Sieve - 30 mesh. 

  • Graduated cylinders - 10 mL, 25 mL, 250 mL,  1000 mL. 

  • Pasteur pipet - length 9 ". 

• Manual Sample Mill. 

• Wiley Sample Mill. 

• Clippers for cutting vegetation 

 

6.0 REAGENTS AND SOLUTIONS 

 

  6.1  Reagents 

 

  • Acetonitrile, CH3CN - HPLC grade. 

  • Methanol, CH3OH - HPLC grade. 

  • Calcium chloride, CaCl2 - Reagent grade.  Prepare an aqueous solution of 

5g/L.  This is for use with soil/sediment samples. 

  • Organic-free reagent water.  Obtained from the Nano Pure Water System 

in the GC lab. 

• 1% Acetic Acid, CH3COOH, Solution – Prepare using 5.0mL CH3COOH to 

500mL of Organic free reagent water. 

  • Sodium Chloride solution - 325 g NaCl per 1000 mL reagent water. 

 

  6.2  Calibration/Method Standards 

  

Stock standards are purchased in mixtures from reputable vendors.  The 

date they are received is noted on the label and recorded in the Organic 

standards logbook.  The date they are opened is noted on the label and 

recorded in the Organic standards logbook along with their lot number and 

vendor.  Each standard that is prepared is recorded in the Organic standards 

logbook and given a sequential number.  Each standards label is completed 

with the standard number, name, preparation date, expiration date, solvent 

and analyst initials.  All standards are stored in the refrigerator in the dark 

at a temperature of 4°C + 2°C or less from the date they are 

received/prepared.  The refrigerator temperature is monitored daily with an 

annually calibrated thermometer and recorded with calibration correction in 

the GC refrigerator/freezer logbook or the Extraction temperature/calibration 

logbook.  Makeup of some common standards is detailed below.  The makeup 

of other standards can be found in the Organic standards logbook. 

 

  • Calibration Solutions - The 8330 calibration standards are prepared as 

follows using solutions purchased from Restek or an equivalent vendor.   
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Explosive (Mix#1,#2 and Surrogate) Calibration Stock Solutions:  

Using a 100µL syringe, 100µL of Mix # 1, Mix # 2, and Surrogate 

(Restek at 1000 µg/mL) are injected into a 10mL volumetric flask 

containing approximately 9.5mL 1:1 acetonitril and water and diluted 

to volume with same to make a 10 µg/mL standard.  After capping 

and inverting several times, the solution is transferred into a labeled, 

12ml, teflon-lined, screw-capped vial and stored in the refrigerator in 

the dark at 4°C or less for up to 30 days.  These standards are used to 

make the calibration curve standards in 1:1 acetonitrile and water at 

concentrations of 10, 5.0, 1.0,  0.50, 0.10 and 0.025 µg/mL.  The lowest 

calibration standard can be extended down to 0.010µg/ml, if required. 

 

Mix # 3 Calibration Stock Solution:  Using a 500µL syringe, 500µL of  

Mix # 3 (Restek PETN & Nitroglycerin, NG, at 1000 µg/mL) is 

injected into a 10mL volumetric flask containing approximately 

9.0mL 1:1 acetonitrile and water and diluted to volume with same to 

make a 10 µg/mL standard.  After capping and inverting several 

times, the solutions are transferred into a labeled, 12ml, teflon-lined, 

screw-capped vial and stored in the refrigerator in the dark at 4°C or 

less for up to 30 days.  These standards are used to make the 

calibration curve standards in 1:1 acetonitrile and water at 

concentrations of 50, 25, 5, 2.5, 0.50 and 0.25 µg/mL. The working 

calibration standards must be prepared fresh the day of use. 

 

  • Matrix/LCS Spike Standard - The 8330 spiking solution is prepared by 

adding 0.5mL of a solution purchased from Ultra (Combined Stock 

Solution) in 50mL of acetonitrile for a final concentration of 10 µg/mL.  

Samples are spiked with 1 mL of this solution. 

 

  • Second Source Calibration Solution - The 8330 second source standard is 

prepared as follows using a solution purchased from Ultra(Combined 

Stock Solution) and Accustandard Inc.(Mix #3) or an equivalent vendor. 

 

Second Source Stock Solutions: Using a 100µL syringe, 100µL of 

Combined Stock Solution (Ultra at 1000 µg/mL) is injected into a 

10mL volumetric flask containing approximately 9.5mL 1:1 

acetonitrile and water and diluted to volume with same to make a 

10 µg/mL standard.  After capping and inverting several times, the 

solution is transferred into a labeled, 12ml, teflon-lined, screw-capped 

vial and stored in the refrigerator in the dark at 4°C or less for up to 

30 days.  This standard is used to make a second source check 

standard 1:1 acetonitrile and water at 1.0 µg/mL. 

Using a 500µL syringe, 500µL of Mix #3(Accustandard at 1000 µg/mL) 

is injected into a 10mL volumetric flask containing approximately 

9.0mL 1:1 acetonitrile and water and diluted to volume with same to 

make a 10 µg/mL standard.  After capping and inverting several 

times, the solution is transferred into a labeled, 12ml, teflon-lined, 

screw-capped vial and stored in the refrigerator in the dark at 4°C or 
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less for up to 30 days.  This standard is used to make a second source 

check standard 1:1 acetonitrile and water at 5.0 µg/mL. 

 

 

  • Surrogate Spike Solution- The 1,2-dinitrobenzene solution (1-Chloro-3-

Nitrobenzene may be used as an alternate) is prepared as follows using a 

standard purchased from Restek or an equivalent vendor. 

 

Surrogate Spiking Solution:  Using a 250µL syringe, 200µL of 1,2-

dinitrobenzene, (or 1-Chloro-3-Nitrobenzene), (Restek at 1000 µg/mL) 

is injected into a 100mL volumetric flask containing approximately 

95mL acetonitrile and diluted to volume with same to make a 

2.0 µg/mL standard.  After capping and inverting several times, the 

solution is transferred into several labeled, 40ml, teflon-lined, screw-

capped vial and stored in the refrigerator in the dark at 4°C or less for 

up to 30 days.  Samples are spiked with 1 mL of this solution. 

 

 

7.0 PROCEDURE 

 

All waters have a seven-day holding time and soils have a 14-day holding time.  

Determine the samples necessary to extract as follows: 

 

• Each day a backlog report will be provided indicating sample numbers with the 

respective analysis required.  Line through all the extractions that have been 

completed and plan to do the remaining analysis within the required holding 

time. 

 

• Samples requiring RUSH turn around time may be logged in throughout the day 

which will require your immediate attention.  Log-in personnel will generally 

communicate this need.  

 

• Check with log-in throughout the day and examine the COC (chain of custody) 

forms that arrive with each set of samples.   If an analysis is ongoing, extra QC 

may be avoided by picking up those extractions on the same day. 

 

• Wearing lab coat, gloves and safety glasses, get samples from cooler.  Samples 

must be signed out of the walk-in refrigerator.  Enter the sample numbers, your 

initials and the date and time removed on the log provided. Inspect as to 

whether they are in glass(soil)/glass amber jar(water) and have a Teflon lid.  

Find out if any special dilutions or screens need to be made for this client.  

 

 

Before extraction, all glassware must be prepared as instructed in SOP-306 .  Before 

weighing, the balance must be calibrated with ASTM Class I weights which bracket 

the amount to be weighed and recorded in the Extraction temperature/calibration 

logbook.  If a heavy container is to be used for weighing, place a representative 

container on the balance, tare the balance and then calibrate the balance with the 
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chosen weights.  During extraction, all pertinent information (glassware, amounts, 

reagent lots, standards, etc.) is recorded in the HPLC 8330 extraction logbook so as 

to allow reconstruction of the extraction in the future. 

 

 

7.1  High Level Aqueous Extraction Method 

 

• Before extraction begins get out enough scintillation vials for each 

sample, method blank, laboratory control sample, matrix spike and 

matrix spike duplicate. Place an Avery label on each vial containing the 

following information:  Lab #, Client name, Type of Analysis, Initial 

Volume - Final Volume, and the Lab Prep Batch Code.  The lab prep 

batch code is defined as MMDDYYEW# where #:  1 = 1st Method Blank 

for the day; 2 = 2nd Method Blank for the day; etc.  The Method Blank 

and LCS label should include all lab #s in this set of samples. 

 

 • Place a 5 mL aliquot of each water sample in an appropriately labeled 

scintillation vial and add 4 mL of acetonitrile (3 mL for MS/MSD 

samples).  Add 1.0 mL of the surrogate standard (2.0 µg/mL) using a 1.0 

mL syringe to each sample, method blank and QC sample.  Add 1.0 ml of 

8330 standard spiking solution to each appropriate QC sample (LCS, 

MS&MSD). Shake samples thoroughly, and filter through a  0.45mm 

PTFE filter using a disposable syringe.  Discard the first 3 mL of filtrate, 

and retain the remainder in a Teflon-capped vial for HPLC analysis.  

HMX quantitation can be improved with the use of methanol rather than 

acetonitrile for dilution before filtration. For screening purposes, 1 ml 

of sample is placed in a 4 ml vial along with 0.5 ml of acetonitrile 

and 0.5 ml of water. 

  

    7.2    Solid-Phase Extraction 

This extraction method may not be appropriate for aqueous samples with 

greater than 1% suspended solids. Consult SW-846 Method 3535 for 

additional information. 

 

• Mark the outside of the sample container at the sample meniscus with 

“white-out”. This mark will be used to determine the initial sample 

volume after processing the contents. Add 1.0 mL of the surrogate 

standard (2.0 µg/mL) using a 1.0 mL syringe to each sample, method 

blank and QC sample.  Add 1.0 ml of standard spiking solution to each 

appropriate QC sample (LCS, MS&MSD).  

 

•  Assemble the manifold for multiple extractions with SPE cartridges.  

 

• Wash the cartridges with 6 mL acetonitrile 3 times and 6 mL reagent 

water 6 times with gravity flow, do not let cartridge go dry. If it goes 

dry, you must start over. 

 

• Add sample to the cartridge and attach connectors and tubing. 
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• Turn on the vacuum pump and begin drawing sample through the 

cartridge, while adjusting the flow to 10mL/min.  

 

• Empty the water trap as needed. 

 

• After the sample extraction is complete draw air through the cartridge 

for 15 minutes to dry. 

 

• Add 4 mL of acetonitrile to the cartridge and allow it to pass through 

with gravity flow collecting it in a 12 mL vial.  Note:  the volume of 

acetonitrile may be reduced to 3ml to lower detection limits. Place an 

Avery label on each tube containing the following information:  Lab #, 

Client name, Type of Analysis, Initial Volume - Final Volume, and the 

Lab Prep Batch Code.  The lab prep batch code is defined as 

MMDDYYEW# where #:  1 = 1st Method Blank for the day; 2 = 2nd 

Method Blank for the day; etc.  The Method Blank and LCS label should 

include all lab #s in this set of samples. Bring extract up to 4 ml with 

acetonitrile and add DI water up to 8 ml. Record this volume in the 

HPLC extraction logbook.  The extract is ready for analysis, proceed to 

Section 8.0. 

 

• Determine the original sample volume by refilling the sample bottle to 

the mark made with "white out".  Transfer the liquid to a plastic 1000-

mL graduated cylinder and record the sample volume in the HPLC 

extraction logbook to the nearest 10-mL.  Transfer this information to the 

Avery label also. 

 

 

           7.3  Soil and Sediment Samples 

 

   Dry representative soil samples at room temperature, normally 

overnight, being careful not to expose the samples to direct sunlight.  

Grind and homogenize the dried sample thoroughly in an acetonitrile 

rinsed mortar so it will pass through a 30 mesh sieve.  In other words, 

grind to a fine-dust like particle size.  If one grinds the sample down to 

this small of a partical size, then the sieve would not be required. 

 

   NOTE : Soil samples may be screened by a commercially available test 

kit prior to grinding in a mortar and pestle.  Visually observe the sample 

for lumps of material that have a chemical appearance.  These lumps 

should be suspect and not ground.  Explosives are generally a very finely 

ground grayish-white material.  Soil samples as high as 2% 2,4,6-TNT 

have been safely ground.  Samples containing higher concentrations 

should not be ground in the mortar and pestle.  2,4,6-TNT is the analyte 

most often detected in high concentration in soil samples. 
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              Grinding of Vegetation Samples 

 

                   Remove sample from shipping container and brush off dirt particles. 

Chop     sample into about half inch pieces with clippers or other cutting 

tool. Place the sample in an aluminum pan and air-dry in an exhaust 

hood to the appropriate dryness for grinding. It should be dry enough 

where it won’t stick to the inside of the mill. Grind the dried sample to 

fineness in either the manual sample mill or the Wiley mill or both if 

needed. Place the ground sample in a container and label immediately. 

Use 6g for extraction. 

 

  • Sample Extraction:  Get out enough 40 mL vials for each sample, method 

blank and QC sample to be extracted. Place an Avery label on each vial 

containing the following information:  Lab #, Client name, Type of 

Analysis, Initial Weight - Final Volume, and the Lab Prep Batch Code.  

The lab prep batch code is defined as MMDDYYES# where #:  1 = 1st 

Method Blank for the day; 2 = 2nd Method Blank for the day; etc.  The 

Method Blank and LCS label should include all lab #s in this set of 

samples.  Weigh-out a 2.0 – 2.3 g subsample of each soil (use a blank 

matrix soil for each method blank and LCS) into the appropriately 

labeled 40 mL vial. To each QC sample, (LCS, MS&MSD), add 8.0 mL of 

acetonitrile.  Then add 1.0 mL of surrogate (2.0 µg/mL)  standard and 1.0 

ml of 8330 standard spiking solution. To each sample and method blank 

add 9.0 mL of acetonitrile and 1.0 mL of surrogate (2.0 µg/mL) standard 

using a 1.0 mL syringe.  Cap each vial with a Teflon-lined cap and place 

in a shaker for 16-18 hours.  

  • After shaking, allow the sample to settle (10-15 minutes should be 

adequate). Add 10mL of calcium chloride and centrifuge samples for 10 

minutes.  (The calcium chloride solution is added to the samples to 

coagulate suspended particles and remove them from the supernatant.) 

Make sure the sample is labeled correctly. 

 

8.0   HPLC ANALYSIS 

 

8.1 Chromatographic Conditions 

 

  Agilent Series 1100 HPLC System 

 

  • Primary Column:  C-18 reverse phase HPLC column, 25 cm x 4.6 mm,  5 µm.             

  • Mobile Phase:   56% methanol/44%water. 

  • Flow Rate: 1.0 ml/min. 

  • Injection Volume:  100 µL. 

  • UV Detector:   254 nm.( 210 nm for PETN and nitroglycerin) 

  • Temperature:   28 degrees Celsius. 
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  Hewlett Packard Series 1050 HPLC System 

 

  • Secondary Column: Phenyl-hexyl HPLC column, 25 cm x 4.6 mm, 5 µm.             

  • Mobile Phase:   37% acetonitrile/63%water. 

  • Flow Rate: 1.5 ml/min. 

  • Injection Volume:  100 µL. 

  • UV Detector:   254 nm.( 210 nm for PETN and nitroglycerin)  

             • Temperature:   28 degrees Celsius. 

 

 

  8.2  Calibration of HPLC 

  

  • Upon initial startup of the pump, flow is increased to 5.0mL/min after 

opening the purge valve to bleed air from the solvent/water lines.  When 

all air bubbles have been removed, the flow is reduced to normal run 

conditions and the purge valve is closed.  The instrument is then pumped 

with 100% solvent  for 45 minutes and then pumped with the appropriate 

solvent/water mixture for an additional 45 minutes. 

  • Initial Calibration:  Injections of each calibration standard over the 

concentration range of interest are sequentially injected into the HPLC.  

Peak areas or heights are obtained for each analyte.  (Peak height may be 

used instead of peak area for 2,4,6-TNT because degradation products of 

tetryl appear as a shoulder on the 2,4,6-TNT peak.) The calibration curve 

should be linear. However, some target analytes may be difficult to 

optimize without application of quadratic or higher order mathematical 

functions. Linearity may be determined using linear regression analysis 

for each target analyte by calculating the correlation coefficient r.  

Another term used to describe the goodness of fit of the line is coefficient 

of determination r2 (the square correlation coefficient). The resulting line 

would normally not be forced through the origin or use the origin as a 

calibration point unless it is demonstrated that the intercept of the 

regression line is not statistically different from zero at 95% level of 

confidence. Linearity may be evaluated by calculating the percent 

relative standard deviation (%RSD).  Alternatively the average  response 

factor (RF) for each analyte may be used if the %RSD is less than 20%.   

Linearity is presumed if r is equal to or greater than 0.995, if r2 is equal 

to or greater than 0.99 using six points.  QC elements and acceptance 

limits are summarized in Table 1-8, pg. 22, taken from USACE Appendix 

1, Shell for Analytical Chemistry Requirements; EM-200-1-3 2/01/01. Also 

found in Table B-2 of the DoD Quality Systems Manual, Version 3, 

January, 2006.  

• Due to the lack of resolution between 2-Am-DNT and 4-AM-DNT, 

calibration of these compounds can be based on “isomeric pairs”.  

Improved resolution may be obtained using a Supelco C-18 column 

with eluent of 57%/43% (v/v) methanol and water at 1.0 mL/min. 
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   A visual inspection of the calibration curve should also be used as a 

diagnostic tool when nonlinear behavior is observed to verify if there is a 

large percentage error in any particular portion of the calibration curve.  

If the visual inspection indicates problems, or if one criteria is not met, 

then evaluate the following items for implementation based on an 

understanding of the detector response/contaminant concentration 

relationship. 

   

• Check the instrument operating conditions or the initial 

calibration standards used and make adjustments to achieve a 

linear calibration curve. 

• Narrow the calibration range using the same number of 

standards.  Generally the highest standard is lowered first.  The 

consequences of all actions taken must also be evaluated, i.e., 

reduction of the calibration range, raising of the Method 

Quantitation Limit, MQL, etc. 

• Evaluate the use of a nonlinear curve, when applicable.   When 

nonlinear calibration models are used, the resultant line should 

not be forced through the origin and the origin should not be used 

as a calibration point.  No higher than a third-order (cubic) 

calibration model shall be used.  When a nonlinear calibration 

model is employed, more data points are needed to maintain at 

least three degrees of freedom.  For example, use of a quadratic 

function requires at least a six-point initial calibration curve.  The 

resulting r2  should be greater than or equal to 0.99 for this to be 

considered acceptable. 

• Use of alternative techniques (e.g., relative standard error (RSE) 

outlined in the USEPA Memorandum,  “Clarification Regarding 

Use of SW-846 Methods” (EPA/SW-846). 

        The standards used to make the calibration curve are verified to be 

accurate using a standard obtained from a second source, initial 

calibration verification (ICV).  The percent recovery for the ICV target 

analytes determined from the initial calibration curve must agree within 

+ 15% (80-120% DOD QSM Ver. 3).  If not, the source of the problem 

must be identified before analysis continues.  

  • Daily Calibration:  Continuing calibration verification (CCV) 

standards must be analyzed, at a minimum, at the beginning of the 

day, after every 20 samples and at the end of the sequence(at the 

beginning and end of sequence and after every 10 field samples, 

20%D no average DOD QSM Ver.3).  The response factor for the CCV 

must agree within 15% of the response factor of the initial calibration.  

The same criteria is required for subsequent CCV responses compared 

to the response factor of the CCV beginning the day.  If the CCV 

criteria are not met and a reanalysis does not meet, a new initial 
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calibration curve may be needed.  The same analyte limitations, as 

mentioned above for initial calibration, for certain compounds that 

make the stated method acceptance criteria unattainable are 

evaluated for percent differences, %D, for CCVs.  Evaluate the  mean  

of the %D or  percent drift values for all reported target analytes in 

the calibration verification standard to verify whether it is less than 

the method acceptance criteria. To avoid the inclusion of target 

analytes showing gross method failure, this approach may be utilized 

as long as the target analytes do not exceed the criteria for poor 

performers in Table 1-8 pg. 22 (same as above).  In addition the 

client must be notified of all target analytes exceeding method 

acceptance criteria, the individual %D values for those 

compounds, and the mean %D calculated. DOD QSM Ver. 3 

does not allow averaging for the CCV. 

8.3 RT Windows  

   Retention time (RT) windows are determined for each compound through 

the analysis of 3 standards over a 72 hour period.  The standard 

deviation of the standard retention times is calculated and the RT 

windows are determined to be + 3x this standard deviation. New in-

house retention time windows are established after every major change 

to the system (new column or flow) and after a new initial calibration 

using the mid-point standard.  Retention times of each analyte in each 

CCV are compared to the established retention time window.  Each 

analyte must fall within it’s respective RT window.  If this criterion is not 

met, the system must be adjusted to allow another CCV to meet criteria, 

or a new initial calibration performed and new retention time windows 

established. 

 

      8.4   Sample Analysis 

 

• Samples will be prepared, analyzed and reported in batches and will be 

traceable to their respective batches.  Quality control, QC, samples are 

required with each batch. A method blank, matrix spike/matrix spike 

duplicate and laboratory control sample is required for each sample 

matrix batch(normally  sets of 20 samples).  See section 9.0 for detail 

concerning the QC samples. 

  • Analyze the samples using the same conditions as the standards.  

Compounds identified on the C-18 column must be confirmed by injection 

on the Phenyl-hexyl column with an RPD limit of 40%.  If the RPD 

exceeds 40%, results should be evaluated to determine if coelution or 

matrix is causing the exceedence and the reason noted. In cases of 

coelution or obvious matrix interference, the lower concentration may 

need to be reported.  If no anomalies are noted, review the 

chromatographic conditions.  If there is no evidence of chromatographic 

problems, report the higher result.  Results should be flagged with a ‘P’ 

on the report. ( “J” for DOD QSM projects) 
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• Identification of a compound is made if a peak is found within the RT 

window on the C-18 column and then confirmed on the Phenyl-hexyl  

column.  Column temperature control is employed so retention time shifts 

should not be a problem. 

 

  8.5  Data Reduction/Evaluation 

 

• Each sample analysis sequence is documented in the HPLC run log.  

After the samples have been analyzed, the data is reduced using Target.  

All calculations are performed as covered in section 8.6 of this SOP.  The 

following must be checked to determine if the sample will need any 

reanalysis or dilution: 

 

1.   The initial CCV must be within +15 % difference of the calibration 

curve.  Each CCV that follows must be within +15% difference of the 

calibration curve.  Samples analyzed after a CCV which does not meet 

these criteria must be evaluated per section 8.2 and may require to be 

reanalyzed with a CCV which meets these criteria.  See Table 1-8, pg. 22 

(same as above). (at the beginning and end of sequence and after 

every 10 field samples, 20%D no average DOD QSM Ver.3) 

 

2. Analyte concentration must be within the range of the calibration 

curve.  If an analyte exceeds the curve, a dilution must be performed. 

 

3. Surrogate recovery must be within the limits established by the 

laboratory or default values (USACE-Shell, Appendix 1; EM-200-1-3, 

2/01/01.) of 60%-140% for water and 50-150% for solids/project sample 

matrix(When analyzing samples for DOD QSM Ver. 3 projects, 

use DOD limits).  If the surrogate recovery falls outside the limits, 

the sample may need to be reextracted to verify matrix affect or the 

sample data must be qualified.  See Table 1-8, pg. 22 (same as above). 

• After the data has been reduced and determined to be acceptable, 

it is placed on a sample report and reviewed.  Formal data 

evaluation is detailed in SOP-216 and documented using the 

USACE Analyst Data Review Checklist for USACE projects 

(example on pages 20 and 21). Any manual integrations are 

documented by inclusion of the integrated signals(before and 

after manual integration )initialed, reason and dated with the 

quantitation report and chromatogram. Refer to SOP-224 for 

guidance. 

 

8.6     Calculations 

 

• Calculate the calibration factor for each analyte  at each concentration as: 

 

 

                                      Peak Area (or Height) of the Compound in the Standard 
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                           CF =       Mass of the Compound Injected (in nanograms) 

 

 

• The mean CF is calculated as follows: 

 

   

 

• The standard deviation (SD) and the relative standard deviation (RSD) of the 

calibration factors for each analyte are calculated as follows:  
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      RSD = SD X 100 
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• Calibration verification involves the calculation of the percent drift 

(linear or quadratic) or the percent difference (average) of the instrument 

response between the initial calibration and each subsequent analysis of 

the verification standard.  Use the equations below to calculate % Drift or 

% Difference, depending on the calibration procedure used. 
 

   (Calculated concentration – Theoretical concentration) * 100 

                   % Drift =                       Theoretical Concentration 

 
 

    where the calculated concentration is determined 

from the initial calibration and the theoretical concentration is 

the concentration at which the standard was prepared. 

 

 

(CCV CF – Average CF) * 100 

   % Difference =    Average CF 
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  • External standard calibration - The concentration of each analyte in the 

sample may be determined by calculating the amount of standard 

injected, from the peak response, using the calibration curve.  The 

concentration of a specific analyte is calculated as follows: 

 

   Aqueous Samples: 

                       

   Concentration (µg/L)  =  [(As) (Vt) (D)]/ [(CF) (Vi) (D)] 

 

   where: 

 

    As = Response for the analyte in the sample, units may be in 

area counts or peak height. 

 

    Vt = Total volume of the concentrated extract.. 
 

    D = Dilution factor, if dilution was made on the sample prior 

to analysis.  If no dilution was made, D = 1. 
 
                       

    CF = Mean calibration factor from initial calibration (area/ng) 

     

    Vi = Volume of extract injected, µL. 

 

    Vs = Volume of aqueous sample extracted, mL. 

 

    Using the units specified here for these terms will result in 

concentration units of ng/mL, which is µg/L.   

   

   Nonaqueous Samples: 

 
                  

   Concentration (µg/kg)  =  [(As) (Vt) (D)]/[( CF) (Vi) (Ws)] 

 

   where: 

 

     Ws = Weight of sample extracted, g.  The wet weight or dry 

weight may be used, depending upon the specific 

applications of the data. 
                               

     As, Vt, D, CF and Vi have the same definition as for aqueous 

samples. 

 

9.0 QUALITY ASSURANCE/QUALITY CONTROL/CORRECTIVE ACTIONS 

9.1 Surrogate - All samples and QC are spiked with the surrogate. The 

surrogate recoveries from method blanks, LCS and samples are charted 

to generate control limits.  Default limits (USACE-Shell Appendix 1; EM-

200-1-3; 2/01/01) are set at 60-140% for water and 50-150% for 
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solids/project sample matrix.  Surrogate recoveries must be within these 

limits for all samples and QC or reextraction/reanalysis may be 

performed to verify matrix affect.  If matrix affect is confirmed or it is 

decided not to reextract/reanalyze, a corrective action report must be 

completed and forwarded within the same shift in which the problem was 

discovered.  Also, the data must be flagged for QC problems on the final 

report.  See Table 1-8, pg. 22  (same as above).DOD limits will be used 

for DOD QSM Ver. 3 projects. 

9.2 LCS Sample - The LCS is analyzed at the frequency required by the 

regulatory agency or client (every batch or 20 samples, whichever comes 

first, for USACE projects).  To prepare the LCS, a blank is spiked with 

the calibration standards.  The recoveries are charted to generate control 

charts and limits.  The default limits (USACE-Shell Appendix 1; EM-200-

1-3; 2/01/01) are 60-120% recovery for waters and soils if the generated 

limits are wider or if limits have not yet been generated.  If the LCS 

compound has a recovery above the upper limit, but the same compound 

is not detected in any of the batch samples, no corrective action is 

required. For all other situations, the LCS should be reanalyzed for the 

failed analytes only.  If the second analysis fails, all associated samples 

should be reextracted/reanalyzed for the failed analytes only.  All 

recovery problems need to be addressed and steps taken to locate their 

source. DOD limits will be used for DOD QSM Ver. 3 projects. 

9.3 Method Blanks - The concentration of all method target analytes must be 

below ½ of the method reporting limit, MRL (USACE-Shell, Appendix 1; 

EM-200-1-3, 2/01/01; threshold value below which a result is reported as 

non-detected), for each method target analyte. The first step of corrective 

action is to assess the effect on the samples.  If an analyte is found only 

in the method blank, but not in any batch samples, no further corrective 

action may be necessary.  Steps should be taken to find/reduce/eliminate 

the source of this contamination in the method blank.  If an analyte is 

found in the method blank and some, or all, of the other batch samples, 

then corrective action is required.  The source of contamination must be 

investigated and appropriate action taken and documented to 

find/reduce/eliminate the source of this contamination.  The method 

blank, and any samples containing the same contaminant, would likely 

be reextracted/reanalyzed.  If a contaminant is found in the method blank 

and the samples, the compound concentration must be flagged with a 'B' 

on the final report unless the concentration is greater than 10x that 

found in the method blank.  In any case, a corrective action report must 

be completed and forwarded within the same shift in which the 

contaminant is found. 

9.4 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 

samples are spiked for a MS/MSD.  MS/MSD recovery limits are set at 

50-140% recovery with a maximum RPD of 50% for normal analytes and 

60% for poor performers (See Table 1-8 pg. 22; same as above).  

Generally, batch control is not based on MS/MSD results unless general 
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method failure is determined to be the problem.  In that case, the 

samples and associated QC would be reanalyzed for the failed analytes 

only.  MS data evaluation must include the consideration of the following 

factors. DOD limits will be used for DOD QSM Ver. 3 projects. 

 

9.4.1 Sample matrix - If the sample is a soil, grab sample or sequentially 

collected water sample it may affect the %R and RPD of the 

MS/MSD.  Corrective action must be taken in the form of reanalysis 

if a method problem is indicated. 

 

9.4.2  Original sample concentration - If a spiked compound has a 

problem and the concentration of that compound in the original 

sample was two or more times the concentration of the spike, no 

further corrective action may be necessary other than the 

generation of a corrective action report to document the problem. 

 

9.4.3 MS vs. MSD - If a spiked compound has a similar problem in the 

MS and the MSD which is not traceable to the execution of the 

method, no further corrective action may be necessary other than 

the generation of a corrective action report to document the problem 

as matrix effect. 

9.4.4 Non-target Interference - The presence of significant non-target 

interference should be brought to the immediate attention of your 

supervisor who should discuss the problem with the client/project 

manager to determine the action to be taken. 

9.4.5 Documentation of Capability (DOC) -  Each analyst must perform a 

DOC to   demonstrate proficiency with this method. See SOP-414 

for guidance. 

9.4.6 MDLs are performed annually or when there is a change in the 

method or MDL checks are analyzed quarterly per DOD QSM 

Ver.3. See SOP-414 for details. 

 

10.0 HEALTH, SAFETY, WASTE MANAGEMENT AND POLLUTION 

PREVENTION 

 

10.1 Standard precautionary measures used for handling other organic 

compounds should be sufficient for the safe handling of the analytes 

targeted by Method 8330A.  The only extra caution that should be taken 

is when handling the analytical standard neat material for the 

explosives themselves and in rare cases where oil or waste samples are 

highly contaminated with the explosives.  The HMX, RDX, Tetryl, and 

2,4,6-TNT are explosives and the neat material should be handled 

carefully.  Drying at ambient temperature requires several days.  Do 

not dry at heated temperatures! 

10.2 Care should be used in handling all samples.  Safety glasses must be 

worn in the lab at all times.  The use of blue nitrile gloves and lab coats 

is highly recommended. 
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10.3 Research into expected sample content and concentration should be 

done in order to be prepared for additional safety considerations. 

Generally, any samples which need special consideration have 

applicable notes on the sample logs. 

 

10.4   MSDS sheets are available for all reagents and standards which have 

been purchased.  These are located in the office next to the technical 

director. 

 

         10.5    Please see Waste Disposal SOP-405,  for instruction of proper disposal of 

waste generated from this area. Quantity of chemicals purchased should be 

based on expected usage during its shelf-life and the disposal cost of unused 

material. Actual reagent preparation volumes should reflect anticipated usage and 

reagent stability. 
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5.   DOD Quality Systems Manual for Environmental Laboratories, Ver. 3, Jan. 2006. 
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ANALYST DATA REVIEW CHECKLIST 

 

 

Sample Number(s): 

Batch Number(s): 

Method: 8330 

 

 
 
QA/QC Item 

 
Yes 

 
No 

 
NA 

Second Level        
Review 

 
A. Initial Calibration 
 1. Does the curve consist of at least five Calibration Standards? 

 
 
 

 
 
 

 
 
 

 

 

 

 
 2. Is the low RL standard in the calibration curve? 

 
 

 
 

 
 

 

 

 
 3. Are the % RSDs within QC limits for all analytes? 

 
 
 

 
 
 

 
 
 

 
 
 

 
B. Second Source Verification 
 1. Was the initial calibration curve verified by a second source calibration 

standard (ICV) and have QC criteria been met? 

 
 
 
 

 
 
 
 

 
 
 
 

 

 

 

 

 
C. Continuing Calibration 
 1. Are the Continuing Calibration Verification (CCV) standards analyzed 

every 20 samples and at the end of the sequence? 

 
 
 
 

 
 
 
 

 
 
 
 

 

 

 

 

 
 2. Are the % differences within QC limits for all analytes? 

 
 

 
 

 
 

 

 

 
D. Sample Analysis 
 1. Are all sample holding times met? 

 
 
 

 
 
 

 
 
 

 

 

 

 
 2. Was pH checked and recorded for all water samples? 

 
 

 
 

 
 

 

 

 
 3. Are all samples with concentrations > the highest standard used for 

initial calibration diluted and reanalyzed? 

 
 
 

 
 
 

 
 
 

 

 

 

 
 4. Are all compounds identified on the primary column confirmed on the 

secondary column? 

 
 
 

 
 
 

 
 
 

 

 

 

 
 5. Are Surrogate recoveries within QC limits? 
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ANALYST DATA REVIEW CHECKLIST 

8330 (Explosives) 

 
 
QA/QC Item 

 
Yes 

 
No 

 
NA 

Second Level 
Review 

 
E. QC Samples 
 1. Is the Method Blank extracted at the desired frequency and is its 

concentration for target analytes less than ½ the MRLs? 

 
 
 
 

 
 
 
 

 
 
 
 

 

 

 

 

 
 2. Is the Laboratory Control Sample and its percent recovery within QC 

limits? 

 
 
 

 
 
 

 
 
 

 

 

 

 
 3. Is the Matrix Spike/Matrix Spike Duplicate extracted at the desired 

frequency and is the percent recovery/RPD within QC limits? 

 
 
 

 
 
 

 
 
 

 

 

 

 
F. Others 
 1. Are all nonconformances included and noted? 

 
 
 

 
 
 

 
 
 

 

 

 

 
 2. Are all calculations checked at the minimum frequency? 

 
 

 
 

 
 

 

 

 
 3. Did analyst initial/date the appropriate printouts and report sheets? 

 
 
 

 
 
 

 
 
 

 

 

 

 
 4. Are all sample ID and units checked for transcription errors? 

 
 

 
 

 
 

 

 

 
 5. Are all manual integrations checked by a second reviewer to verify why 

they were performed? 

 
 
 

 
 
 

 
 
 

 

 

 

 

Comments on any "No" response: 

 

                       Analyst: 

L        Second Level Review: 
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Table I-8 

Summary of measurement quality objectives for Method 8330 Explosives  

(USACE – Shell 2/01) 

QC Element Target 

Analyte/Surrogate 

Poor 

Performers/Sporadic 

Marginal Failures1 
Initial Calibration 

(I.9.2.2.8) 

Primary Evaluation: 

r ≥ 0.995, RSD ≤ 20%,  

r2 ≥ 0.990 

 

Alternative Evaluation: 

Mean %RSD for all target 

analytes ≤ 20% with maximum 

allowable restriction noted at 

right for individual analytes. 

No allowance 

 

 

 

Alternative Evaluation: 

Maximum allowable %RSD for 

each individual target analyte ≤ 

40% 

ICV 

(I.9.3) 

%Rec = 85% - 115% No allowance 

CCV 

(I.9.5/I.9.5.2) 

Primary Evaluation: 

%Drift + 15%, %D + 15% 

 

Alternative Evaluation: 

Mean %Drift/%D for all target 

analytes ≤ 15%, with maximum 

allowable restriction noted at 

right for individual analytes. 

No allowance 

 

 

Alternative Evaluation: 

Maximum allowable %Drift/%D 

for each individual target 

analyte is + 30% 

MB 

(I.10.2.1/I.11.4.1) 

Target Analytes: 

Analytes < one-half MRL 

Not applicable 

LCS 

(I.10.2.2/I.11.4.2) 

Water: %Rec = 60% - 120%2 

Solids: %Rec = 60% - 120%2 

Sporadic Marginal Failures1: 

%Rec = 40% - 150% 

MS  

(I.10.2.4/I.11.4.3/I.11.4.3.2) 

%Rec = 50% - 140%2 Sporadic Marginal Failures1: 

%Rec = 40% - 150% 

MSD/MD 

(I.10.2.2/I.11.4.4) 
RPD ≤ 50% RPD ≤ 60% 

Surrogates 

(I.10.2.5/I.11.4.5) 

Interference-Free Matrix: 

Water: %Rec = 60% - 140% 

Solids: %Rec = 50% - 150% 

Project Sample Matrix:  

%Rec = 50% - 150% 

Not applicable 

Target Analyte Confirmation 

(I.12.3) 
RPD ≤ 40% RPD ≤ 40% 

 
 

                                                           
1
 The number of sporadic marginal failure (SMF) allowances depends upon the number of target analytes 

reported from the analysis.  For instance, if between 7 to 15 explosives are reported from the high-

performance liquid chromatography analysis, 1 SMF is allowed to the expanded criteria presented for the 

LCS.  If greater than 15 explosives are reported, 2 SMFs are allowed for the LCS.  If the MS includes only 

a subset of compounds, allow only 1 SMF for this QC element. 
2
 Due to the tendancy for Tetryl to decompose, an expanded criteria may be applied at 45% -140% for both 

the water and soil matrices. 
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BNA& Pesticide/PCB NON-AQUEOUS MATRIX 

(Soxhlet Extraction) 

USING SW846 METHOD 3541 

 

I. SCOPE AND APPLICATION 

 

1. This SOP describes the extraction of BNAs and pesticides/PCBs from soil, sediment, 

sludges and waste solids by an automated method (3541). 

 

II.          SUMMARY   

               

1. Soil and solid samples are mixed with sodium sulfate and extracted with solvent in a 

Soxtherm extractor for BNAS or Pesticides/PCBs.. The extracts are then concentrated by 

either a TurboVap concentrator or by Kuderna- Danish. 

 

III.          INTERFERENCES 

               

1. Solvents, reagents, glassware, and other sample processing apparatus can add 
interferences to sample analysis. Method blanks must be extracted under the 

same conditions as samples to demonstrate freedom from interferences.   

2. Phthalate esters commonly found in plastics can interfere with the analysis. 
Plastics should be avoided. 

3. Soap residue can degrade certain analytes such as aldrin and heptachlor. 
Glassware should be solvent rinsed to avoid this problem.    

 
IV. APPARATUS AND MATERIALS  

 

• Stainless steel spatula 

• Soxtherm automated extractor unit-with 6 position condenser assemblies, internal plumbing, 

electronic components, stand alone controller unit and a copper collection tank for spent solvent 

• Soxtherm extraction beakers-54 x 130 mm, capacity approximately 125-175 mL  
• Suitable thimble (33 mm diameter by 80 to 94 mm length cellulose or equivalent  

• Drying Column (Chromatographic column) - 20mm I.D. x 300mm 

• Boiling chips - Teflon 

• Vial – 2-mL amber with Teflon-lined screw cap 

• Vial – 12-mL clear with Teflon-lined screw cap 

• Syringe - 1 mL, 500 µL 

• Graduated cylinder - Glass, Class A, 100 mL 

• Pasteur pipette - length 9" and 5-3/4" 

• Pasteur pipette bulb  

• Labels - Avery 

• Ring stand - 3 prong 

• Burette clamp - double 

• Rings  
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• Aluminum foil - heavy duty 

• Nitrogen tank - equipped with pressure regulator  

• TurboVap Concentrator with 200 ml concentrator tubes 

• Balance - capable of weighing to 0.1 grams. 

• Aluminum pie pans for mixing samples 

• Glass wool- Contaminant free. 

 

 

V. REAGENTS 

 

 

• Sodium Sulfate (Na2SO4) - Granular, anhydrous, trace pure 10-60 mesh (purchased in bulk 

containers from Fisher # S415-10S or equivalent) placed in a Pyrex tray and heated at 400 C for 

a minimum of 4 hrs, removed and then cooled in open air in the extraction lab, placed in a 2.5kg 

glass amber jug and left at room temperature.    

 

• Glass Wool - Silane Treated  (purchased from Supelco #2-0410 or equivalent). 

 

• Methylene Chloride (Please read SOP-336 before handling this solvent in our laboratory.) 

(Dichloromethane) - suitable for spectrophotometry and gas chromatography (Omnisolv 

#DX0831-1 or equivalent) 

 

• Acetone - suitable for spectrophotometry and gas chromatography (Omnisolv AX0116-1 or 

equivalent) 

 

• Hexane - suitable for spectrophotometry  and gas chromatography (Omnisolv HX0298-1 or 

equivalent) 

 

• Hexane/Acetone (1:1) (v/v) of the above reagent grades. 

 

• Methylene Chloride/Acetone (1:1) (v/v) of the above reagent grades. 

 

• Surrogate/Spike Solutions - Verify the amount of surrogate/spike to add to the sample prior to 

addition.  It can change if  a different detection limit is required or the volume of sample being 

analyzed changes or if the initial concentration of stock is different than that listed below: 

 

1.   BNA Surrogate (100 ug/ml) - The base neutral and acid surrogates are mixed together in 

one solution.  This solution is prepared in methanol by making a dilution of stock purchased 

from a reputable vendor.  Use 0.5 mL of this solution per 15g of non-aqueous sample.  (For 

low level PAHs use 1.0 ml of  1.0 µg/mL BN Surrogate spiking solution.) 

2.  BNA Spiking Solution (100 ug/ml) - The base neutral and acid spiking solutions are mixed 

together in one solution.  This solution is prepared in methanol by making a dilution of stock 

purchased from a reputable vendor with same compounds as for calibration. Use 0.5 mL of 

this solution per 15g of non-aqueous sample.(For low level PAHs use 1.0 ml of 1.0 µg/mL 

PAH spiking solution.) The BNA Spiking solutions contains all targets that are 
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calibrated for GC/MS. DOD QSM requires all targets to be spiked in the LCS and 

MS/MSD. 

3. TCMX/DCB (2,4,5,6-Tetrachloro-meta-xylene/Decachlorobiphenyl)Warm and sonicate 

- Surrogate solution is prepared in acetone by making a cut on stock purchased from a 

reputable vendor. 0.5 mL at 0.5 µg/mL of this solution is added per 15g of non-aqueous 

sample. 

4. PCB Spiking Solution- Arochlor 1016/1260 or  the PCB of choice (1242, 1248, 1254, or 

1260 are the most common) is prepared in acetone at a concentration of 5.0 ug/ml.  PCB 

stock is usually purchased from RESTEK or equivalent.   The PCB to use may be determined 

by viewing historical data or asking the GC operator.  Use 0.5 mL per 15.0 grams of non-

aqueous sample. 

  

5. Pesticide Spiking Solution - A spiking solution is prepared at 1.0 ug/ml.  Use 0.5 mL per 15 

       grams of non-aqueous sample. 

 

VI.       SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES 

 

1. Samples are collected in an appropriate size wide-mouth glass jar (4oz. or 8 oz.) 

with a teflon-lined cap.  

2. Samples are preserved by cooling to 4° C. 

3. Holding time is 14 days from collection date to extraction. 
     

 

VII. PROCEDURE 

  

 Extraction Procedure 

 

1. All soils have a 14 day holding time counted from the day they are sampled.Determine the 

samples necessary to extract using the following information  (DO NOT extract samples for 

which you have no information.): 

• Each day a backlog report will be provided indicating sample numbers with the respective 

analysis required.  Line through all the extractions that have been completed and plan to do 

the remaining analysis within the required holding time. 

• Samples requiring RUSH turn around time may be logged in throughout the day which will 

require your immediate attention.  Log-in personnel will generally communicate this need. 

• Check with log-in throughout the day and examine the COC (chain of custody) forms that 

arrive with each set of samples.   If an analysis is ongoing, extra QC may be avoided by 

picking up those extractions on the same day. 

 

2. Wearing lab coat, gloves and safety glasses, get samples from cooler.  Samples must be signed 

out of the walk-in refrigerator.  Enter the sample numbers, your initials and the date and time 

removed on the log provided.  Inspect as to whether they are in glass and have a Teflon lid.  Find 

out if any special dilutions need to be made for this client.  If the sample has a particularly bad 

matrix or a strange matrix, see your supervisor to find out if a soxhlet extraction is truly 

necessary. 
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3. Get twice the number of aluminum pie pans to prepare the number of samples you have plus any 

additional spikes or LCSs and a method blank.  A method blank and LCS must be processed with 

each set of samples.  A matrix spike, a duplicate or a matrix spike duplicate and a LCS must be 

processed for each analytical batch (up to a maximum of 20 samples).  Make an Avery label for 

each extract containing the following information:  Lab #, Client name, Type of Analysis, Initial 

Weight - Final Volume, and the Lab prep batch code.  The lab prep batch code for BNAs is 

defined as MMDDYYBs# where #:  1 = 1st method blank of the day; 2 = 2nd method blank of 

the day; etc.  The lab prep batch code for Pest/PCBs is defined as MMDDYYPs# using the same 

logic.  The Method Blank and LCS labels must include all lab #s in this set of samples. 

 

4. Decant and discard any water layer on a sediment sample by carefully pouring this off into a 

trashcan. 

 

5. Dump the entire sample into an aluminum pie pan and mix sample thoroughly with a spatula 

until mixture is homogenous.  Discard any foreign objects such as sticks, leaves, and rocks. 

 

It is extremely important that waste (when appropriate), soil and sediment samples be 

mixed thoroughly to ensure that the sample is as representative as possible of the 

sample media.  The most common method of mixing is referred to as quartering.  The 

quartering procedure should be performed as follows: 

 

• The material in the sample pan(inorganic-plastic/organic-aluminum)  should be 

divided into quarters and each quarter should be mixed individually. 

• Two quarters should then be mixed to form halves. 

• The two halves should be mixed to form a homogenous matrix. 

                  

                 This procedure should be repeated several times until the sample is adequately mixed. 

 

NOTE:  Samples that are clay type materials should be handled in a different manner.  

Due to these type sample matrices having an affinity to stick to most anything that touches 

it, another approach must be followed.  Obtain a representative sub-sample aliquot from 

the center or middle section of the sample container 

 

 

6. Place an aluminum pie pan on the balance and zero it.  Calibrate balance with ASTM class-1 

Troemner weights or equivalent, bracketing desired weight (50g, 20g, 10g, 5g, 1g).  Record 

calibration in the Extraction calibration/temperature logbook. Using a spatula, transfer the 

appropriate weight, {10-20 grams depending upon client or project specific Detection 

Limits (DL) and/or Reporting Limits (RL)}, of a representative sample to the nearest 0.1 

gram. Normally 10 or 15 gram sample weights are used.  Record this amount on your label.  Put 

your label on the side of the 400-mL beaker.  For spiking purposes, weigh 3 aliquots of the 

appropriate sample.  Pick a sample with a good matrix, one that mixes well, non-oily, etc. 
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7. Add ~ 20 grams of sodium sulfate to the aluminum pie pan. Using a spatula and/or a glass rod, 

mix the sample thoroughly with the sodium sulfate until it becomes a sandy texture.  If necessary, 

add additional sodium sulfate.  When removing the spatula or glass rod from the mixed sample, 

leave behind all the sample possible.   Cover the aluminum pie pan with foil and continue to 

weigh up the remaining samples.  For the method blank and LCS, simply weigh up 15 grams of 

sodium sulfate. The matrix used for the method blank and LCS must be free of the analytes of 

interest and processed through the same analytical steps as the samples. 

 

8.  Transfer the sample and its label to a soxtherm beaker, which has been prepared using a glass rod 

to place glass wool in and over the hole at the bottom side.  

  

 

9.    Make up 1:1 Methylene Chloride/Acetone (for BNAs) or 1:1 Hexane/Acetone (for Pest/PCBs) 

by mixing 2000ml of methylene chloride or hexane with 2000 ml of acetone in a 4000ml amber 

jug.  Add 120 mL of this mixture to the soxtherm beaker for each sample, method blank, and 

spike - add boiling chips.   

 

10. Verify the amount of surrogate/spike to add to the sample prior to addition.  It can change if a 

different detection limit is required or the volume of sample being analyzed changes. Set out the 

surrogate/spike at least ten minutes before use to allow it to warm to room temperature. Someone 

must verify that the surrogate/spike has been added by placing a check mark on the label as it is 

added.   

 

NOTE:  Surrogate and spike should be added just prior to setting on the Soxtherm.  

 

Using the 1-mL glass syringe designated for BNA surrogate, add 0.5 mL of BNA surrogate to 

each sample, spike, and blank. (For low level PAHs use 1.0 ml of the 1.0 µg/mL BN Surrogate 

spiking solution.) or using the 1.0-mL glass syringe marked TCMX/DCB surrogate, add 0.5 mL 

of TCMX/DCB surrogate to each sample, blank and spike.  

 

For the BNA sample in each analytical batch selected for spiking, use the 1.0-mL glass syringe 

marked Base Neutral Acid Spiking to add 0.5 mL of the Base Neutral Acid Spiking solution. .  

(For low level PAHs use 1.0 ml of the 1.0µg/mL PAH spiking solution.) 

For Pest/PCB samples, determine if the sample will require a Pesticide Spike and/or a PCB 

Spike.  Proceed as follows: 

Pesticide and PCB - set up two LCS’s  – one for Pesticide getting a MIX A&B spike and one 

for PCB which should be spiked with PCB 1660.  In addition to the LCSs, a matrix spike/matrix 

spike duplicate is necessary for the pesticide.  Prepare a PCB matrix spike/ matrix spike duplicate 

if requested by the client.  

Pesticide only – To the sample in each analytical batch selected for spiking, add 0.5 mL of 

Pesticide Spike (Mix A&B) with a glass syringe dedicated for Pesticide Spike.  

PCB only - To the sample in each analytical batch selected for spiking, add 0.5 mL of PCB 

1016/1260 (unless otherwise specified, 1248 for BB&L) using a 1.0 mL glass syringe dedicated 

to that PCB. Add 20 grams of Na2SO4. 
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11. Automated Soxhlet: The Soxtherm will extract any number of samples up to six per run.   

Generally, we set up to complete four sets of six a day or/as sample load permits with required 

QC.  Each extraction cycle takes 1-2 hours.   Reference O.I. Analytical Operator’s Manual for 

programming and making adjustments to extraction cycle settings.  

 

• The extraction thimbles are placed into the  respective extraction thimble holders(the open end of 

the thimble is nearly flush with the upper edge of the metal ring.  Transfer the sample into the 

extraction thimble. The appropriate spiking solution should be added at this point (surrogates, 

MS/MSD or LCS etc…).  (Placing a small piece of glass wool sufficient to cover the diameter of 

the thimble will help hold the sample mixture in the thimble.) 

 

• Place 1-2 boiling chips in each extraction beaker and place each extraction thimble into the 

appropriate labeled beaker then add 120 mLs of the appropriate extraction solvent. (1:1 

Acetone/Hexane for Pest/PCBs or 1:1 Acetone/Methylene Chloride for BNAs.) 

 

• For loading samples on the Soxtherm, the condensers should be in their raised position.  If Viton 

gaskets are to be used, install them in the extraction beakers so that a good seal will form 

between the extraction beaker and the Teflon extraction cylinder.  Install the extraction beakers 

by depressing the holding clamp and carefully sliding the beaker onto or off the bottom of the 

Teflon fitting that is situated below the glass condenser.  After the extraction beakers containing 

the samples have been loaded on the Soxtherm, push all beakers against the rear limit stop of the 

hot plate. 

 

• The Soxtherm is now ready to run with one of the programs listed below (remember to check 

the sight glass on the front of the Extraction Unit to see if the solvent collection tank is near 

full and should be drained). 

 

Pest/PCB Extraction Program 

 

Temperature    = 165°C (Maximum temperature 200°C) 

Boiling Time    = 30 minutes 

Solution Reduction A   = 5x15 ml 

Extraction Time    = 30 minutes 

Solution Reduction B   = 0 minutes 

Solution Cooling    = 0 minutes 

Solution Reduction Interval   = 2.5 minutes 

Solution Reduction Pulse   = 2 seconds 

 

BNA Extraction Program 

 

Temperature                                                   = 160°C (Maximum temperature 200°C)  

Boiling Time    = 30 minutes 

Solution Reduction A   = 5x15ml 

Extraction Temperature   = 30 minutes 

Solution Reduction B   = 0 minutes 
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Solution Cooling    = 0 minutes 

Solution Reduction Interval   = 2.5 minutes 

Solution Reduction Pulse   = 2 seconds 

 

• At the end of Solution Cooling time the condensers and extraction beaker assemblies are 

automatically raised off the heating block and the process completion message appears on the 

display.  Remove the beakers to a hood and continue with the process as listed below. 

 

13. Enter the following information in the BNA, Pesticide and/or PCB extractions logbook: Client 

name, Lab #, date extracted, initial weight, final volume, soxtherm position, and anything 

unusual that may have occurred with this sample. Enter the ID# of the surrogate and spike used 

and the initials of the person that verified their addition to the sample in the appropriate logbook. 

Also record the vendor and lot number of the methylene chloride or hexane and acetone used. 

 

14.  Dry the sample by either of the following methods: 

 

14A. Get a ring stand with a double burette clamp attached to it.  Cover the burette clamp ends 

with aluminum foil to prevent the possibility of solvent touching the plastic coated ends 

and dripping into the extract.  Place a drying column into the burette clamp and transfer a 

small amount of glass wool to the top of it.  Tamp it to the bottom with a glass rod so 

that it adequately covers the hole at the bottom.  Add approximately 10 cm of Sodium 

Sulfate to the column.  Rinse with 20 to 30 mL of methylene chloride or hexane and 

discard this rinse into the appropriate waste container (make certain that methylene 

chloride waste goes in the chlorinated solvent waste container in the hood).  

 

14B.  Set up a ring stand with funnels.  Place a small amount of glass wool in the bottom of it.  

Add ~2” sodium sulfate to the column and rinse with 20-30 mL methylene chloride or 

hexane for Pest/PCBs.  Discard this rinse. 

 

 

15. TURBO-VAP CONCENTRATION  
  

 A. Turn on the TurboVap and set the temperature at 40°C -50°C.  This temperature is 

necessary to evaporate the acetone.  Adjust pressure of nitrogen gas tank to >30 psi.  

Make sure the tank has 200 psi or more on the main valve.  

 

B. Rinse a Turbo-Vap tube and arrange it underneath a rinsed, packed drying 

column/funnel.  Pour the extract through the column/funnel so that it will collect in 

the tube.  Total volume in the glass evaporator tube should not exceed 200 mLs to 

avoid splattering on the lid of the Turbo-Vap.  Therefore the process cannot be 

completed in one step.  Pour enough of the extract from the 400 mL beaker to reach 

the 200 mL level mark on the Turbo-Vap tube. To help prevent cross contamination, 

cover the turbovap tube with aluminum foil and punch a small hole in the top of it.   
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        A portion of the extract will remain in the beaker.  This should be set aside with the 

funnel used to dry the first portion of the sample placed in the mouth of the beaker. 

 

C. Record the Turbo-Vap tube number, the vendor and lot number of hexane used in 

the appropriate extraction logbook.  

 

D. Place the glass evaporator tube in the Turbo-Vap.  Be sure to push tube down so the 

tip slides into the sensor well.  Close the lid to start concentration.  Check that each 

position with a tube has an orange light showing.  If the orange light is not steady, 

bubbles may be in the sensor and need removal.  (See Turbo-Vap manual). 

 

E. When the extract has been concentrated to ~1.0 mL, remove it from the Turbo-Vap 

and find the remaining extract.  Reuse the original funnel and pour the remaining 

extract through it so that it drains into the turbovap tube.  Rinse the 400 mL beaker 

twice with 10 -20 mLs of methylene chloride or hexane for Pest/PCBs transferring 

the rinse to the funnel each time. Finally rinse the funnel with ~ 10 mLs of solvent.  

Place a piece of aluminum foil over the tube and with a sharpie mark an “X” on the 

aluminum foil. Remove the tube to a metal holder.  Concentrate as before.  

 

F. When the beep sounds indicating the end of concentration, the extract will be at 

approximately one half mL, remove the tube from the bath.  The extracts are ready 

to be transferred into their appropriate vials.  

  

•    For Pest/PCB Completion:  Hold the tube and the sample vial in one hand at about 

a 45° angle.  Use a 9" pasteur pipette to draw up the sample and transfer it to the 

10 mL vial.  Be careful not to spill any sample during the transfer because one drop 

represents 5% of the sample and is a critical loss. 

•    Fill a 10 mL graduated cylinder with 9.5 mL of hexane.  Add 1/2 of the hexane to the 

tube.  Draw into the pipette and rinse down the conical portion of the tube several 

times.  Transfer this rinse to the 10 mL vial.  Add the remaining hexane and repeat 

this rinsing process.  Cover the extract with a Teflon-sealed screw cap.   

 

•     BNA Completion:  When the volume has been reduced to 1-0.5(~0.4)mL, remove 

the tube from the Turbo-Vap and place in a metal holder.  

•    Use a 9" Pasteur pipette to transfer the extract to a 2 mL amber vial.  THIS IS THE 

MOST CRITICAL PART OF THE ENTIRE OPERATION!!!  A single drop 

represents about 10 percent of the total sample.  Before you move the tip of the 

pipette from the tube to the vial, be sure that a drop will not form on the end and fall 

off.   

•    Draw ~0.20 mL of methylene chloride into a 0.50 mL syringe and add ~ half of this 

aliquot to the tube.  Draw the methylene chloride into a pipette and rinse the sides of 

the tube several times.  Transfer this rinse to the 2 mL vial.  Add methylene chloride 

from the syringe and repeat the rinsing process until you have ~ 1 mL in the sample 

extract vial.   
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•     Compare this volume  to a 2 mL dummy vial containing 1 mL of solvent to insure 

that you have not exceeded 1 mL. For low level PAHs the final volume is 0.5mL.  

The methylene chloride rinse volume must be adjusted to achieve this final volume.   

 

 

Compare the volume to a 2mL dummy vial containing 0.5 mL of solvent to insure that 

you have not exceeded 0.5 mL.  The GC/MS operator will adjust the sample to the 

desired final volume and add internal standard just prior to analyses. Cover the extract 

with a Teflon-sealed screw cap and transfer the label to the vial. 

 

 

NOTE: If the final extract is yellow or dark in color or the matrix is oily and viscous, 

further cleanup may be desired.  Refer to SOPs 307 to 309 and 330, 331, 333 for further 

cleanup information.  Discuss cleanup possibilities with the analyst and/or your 

supervisor. 

 

The extract obtained above may now be analyzed.  Refrigerate at 4°C or carry directly to  

the analyst.   Samples must be signed into the Sample Extract refrigerator.  On log 

provided, enter the sample numbers, your initials, and the date and time the samples were 

placed into the refrigerator. 

 

 

             Determination of % Dry Weight – Weigh 5-10 grams of the sample from the bulk jar 

used for dry weight analysis in a tared crucible or aluminum pan. Dry overnight  at 

105°C. Allow to cool in a dessicator before weighing. Calculate % dry weight as 

follows: 

 

   % dry weight = g of dry sample  x 100 

                                                                       g of sample 

 

 

 

VIII.          DOCUMENTATION OF CAPABILITY ( DOC) 

 

Each analyst must perform a DOC to demonstrate proficiency with this method. Refer to 

SOP-413 for guidance. 

 

 

 

IX.            WASTE MANAGEMENT AND POLLUTION PREVENTION 

 

  Please see Waste Disposal SOP-405 for the proper disposal of waste generated from this area. 
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                Quantity of chemicals purchased should be based on expected usage during its 

shelf-life and the disposal cost of unused material. Actual reagent preparation 

volumes should reflect anticipated usage and reagent stability. 

 
X.             METHOD PERFORMANCE 

 

                   Refer to SOP-201 and  SOP-211 for method performance. 

 

 

XI.             REFERENCES 

 

                1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods,    

SW-846;   Third Edition (Update III); Method 3541. 
 

 

 

DEFINITIONS 

 

BNA -    Base/ Neutral/Acid  

°C -        degrees centigrade 

COC -    chain of custody 

DL -       detection limit 

g -          grams 

KD -       kuderna danish 

LCS -      laboratory control sample 

µg/L -     micrograms per liter 

µL -        microliter 

µg/ml -    micrograms per milliliter 

ml -         milliliter 

mm -       millimeter 

MS -       matrix spike 

MSD -    matrix spike duplicate 

PAH -     polynuclear aromatic hydrocarbons 

PCBs -    polychlorinated biphenyls 

Pest -      pesticides 

RL -        reporting limit 

SOP -     standard operating procedure 

TCMX - tetrachloro-m-xylene 

v/v -        volume to volume 

 

Refer to SOP-431  for further definitions 
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LABORATORY SAMPLE RECEIVING, LOG IN AND STORAGE 

 

 

This SOP lists in as much detail as possible our daily procedures for sample receiving, log in and 

storage of laboratory samples.  Keep in mind that there may be project specific requirements that are 

more strict or different than our routine procedures.  In these instances, the project specific 

requirements must be met and followed.  Although a few project specific requirements are detailed in 

this SOP, i.e. USACE certification issues, not every situation can be addressed.  If there is ever any 

uncertainty on what procedures must be followed, please see the Testing Coordinator immediately.  If 

ever in doubt, always go with the more stringent requirements.  This document will constantly be 

reviewed and revised as necessary. 

SAMPLE ACCEPTANCE CRITERIA 
 

A sample may be rejected for compliance purposes if it does not meet the following criteria.  

Analyses may only proceed after notification and approval to proceed from the client or from the 

laboratory manager. 

 

1. Sample must be properly preserved and in  the proper container for the requested analysis. 

2. Sample integrity must be maintained.  The container shall be intact without cracks, leaks, or 

broken seals. 

3. Adequate sample volume must be received for the requested analysis, including volume for any    

requested QA/QC (MS/MSD). 

4. The sample ID on the bottle label  must match the sample ID listed on the chain of custody. 

5. The sample container label and the chain of custody must be completed with indelible ink.  The 

sample label must be intact and list all necessary information; to include: sample date, sample 

time, sampler, and sample ID/location.  The chain of custody shall also indicate sample date and 

time, requested analyses, and all necessary client information. 

6. Sample temperature must be less than 6°C or received on ice. 

7. Sample must be within holding time for the requested analysis. 

 

These issues are discussed in more detail below under the “Sample Receiving” section of this 

document. 

 

I. Sample Receiving 

 

 A. Samples are received at the Empirical Laboratories on French Landing Drive in Nashville, 

TN. 

 

  1. The majority of samples are shipped in coolers by couriers such as Federal Express and 

UPS.  All couriers are generally received in the Empirical Laboratories Sample 

Receiving (SR) area on the fifth floor.  The laboratory is located close to the Federal 

Express (FedEx) distribution station, therefore we often pick up our coolers at the FedEx 
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location and transport them back directly to the laboratory.  Some coolers and/or 

samples are delivered directly to the SR area by the sampler and/or client.   

 

  2. Some coolers and/or samples may be received directly by Empirical Laboratories 

Sample Receiving personnel.  If samples are hand delivered by the client make sure that 

necessary paperwork is included and that you sign and date the chain of custody.  If the 

Empirical Laboratories Chain of Custody [Attachment II] is used the white and yellow 

copy of the chain of custody is retained and the pink copy must be given to the client.   

 

 B. When going through the required steps for Sample Receiving and Sample Log In, keep in 

mind that a Corrective Action Report (CAR) for Sample Receiving [Attachment III] must be 

completed to document any problems, discrepancies, project changes, etc. encountered during 

the process.  This includes but is not limited to incorrect sample containers, improper 

preservatives [chemical and temperature], chain of custody discrepancies, sample 

descriptions, etc.  A CAR may be completed just to keep a record of a situation, which is not 

actually "out of compliance."   

 

  1. Make sure that all information on the CAR is stated clearly and very detailed.  Many times 

it is necessary to refer to these documents a year or more after they were completed.  

Document all correspondence including name, date, company and response. 

 

  2. The CAR forms must be numbered starting with No. 001 at the beginning of the year (e.g. 

01-001).  No two forms should have the same number.  All CARs must be forwarded to 

the Project Manager and/or receiving manager for approval and distribution.  THIS MUST 

BE DONE ASAP OF WHEN THE PROBLEM/SITUATION IS DISCOVERED.   

 

 C. Visually inspect all coolers for tampering, custody seals present and intact (if applicable) 

leakage, etc.  If a cooler has been damaged beyond repair, unpack the samples and discard the 

cooler as to not reuse it.  If you suspect a cooler may be damaged or is extremely dirty this 

cooler must not be reused.  If coolers were sent by Federal Express, examine the Federal 

Express airbills for the number of packages in the shipment and make sure that all the 

packages (coolers, boxes etc.) in a group have been received.  If there are any problems the 

Project Manager must be contacted immediately.  If anything looks unusual, take the time to 

check it out and document the situation and findings. 

 

 D. Open each cooler in order to quickly inspect the contents and to locate the chain of custody.  

Sample Receiving personnel should wear the following personal protection equipment: 

gloves, safety glasses and a laboratory coat.  All coolers received from projects with the US 

Army Corps of Engineering (USACE) and AFCEE projects should be opened under the 

hood in the sample storage room.  Sign, and list the date and time received on the chain of 

custody.  The time received must reflect the actual time the samples were received even 

though they may be logged into the system at a later time.  Samples received on Saturday may 

be processed on the following Monday morning, or samples received late in the day during 

the week may be processed the next morning.  All cooler(s) must be opened, examined for 

leakage, breakage etc., the temperature measured and the chain of custody signed and dated to 



 EMPIRICAL LABORATORIES, LLC SOP-404 

 Revision: 12 

 Date: 01/05/09 

 Page 4 of 23 

 

V:\LAB\QA QC\SOP\SOP-404REV12.doc 

reflect the actual date and time which they were received.  The samples must be delivered to 

the appropriate analytical department or put in cold storage as soon as possible. 

 

  1. Attach any shipping receipts, work orders, etc. to the chain of custody.   

 

  2. If a chain of custody or other paperwork is not sent, the client must be contacted and the 

samples temporarily placed on hold in cold storage.  In some instances the log-in person 

may complete a chain of custody.  The required information may be found on the sample 

containers or it may be necessary to call the client to get the missing information (i.e. 

sample ID, collection date and time, etc.).  Note on the chain of custody that it was 

completed by laboratory personnel and record the name of the person with whom you 

spoke.  All attempts to encourage our customers to complete a chain of custody or submit 

written information for samples must be made. 

 

  3. Project specific paperwork may be required.  For all projects, a Cooler Receipt Form 

[Attachment IV] must be completed for each cooler received.  Sample receiving personnel 

must begin completing this form as soon as a cooler is received and complete this form as 

samples go through the log in process. 

 

E. The temperature of each cooler or set of samples must be measured as quickly as possible 

using a thermometer with 0.1°C increments.  This thermometer must be calibrated against a 

NIST certified thermometer once a year and this information recorded in a bound notebook.  

The Certificate of Calibration for the NIST thermometer is kept on file at the QAO’s desk.  

The thermometer must be tagged with the unique identification number of SR#1 and serial #; 

(Sample Receiving #1), the date calibrated and the correction factor.  This information must 

also be recorded in a bound notebook.  Only this thermometer can be used for recording the 

temperature of sample coolers upon receipt.  

 

  1. To measure the temperature, open the temperature control blank if supplied, point the IR 

thermometer at the liquid surface, wait 30 seconds for temperature to stabilize. Read the 

temperature to the nearest 0.1 °C.  The corrected value temperature must also be recorded 

on the chain of custody.  (This value will also be recorded into the LIMS at a later point.).  

All regulatory compliance samples received from North Carolina that do not meet the 

temperature requirement will be segregated and the client will be notified of the non-

compliance.  The samples will not be analyzed until we receive client notification to 

proceed with analyses. 

 

  2.  If the temperature exceeds 6°C for any sample, the Project Manager or Sample Receiving 

personnel must contact the client immediately.  There may be tighter temperature control 

limits for specific project requirements. The customer must make the decision to either 

continue with the analyses or resample.   Make sure the client is aware that if the samples 

are analyzed, the following qualifier is normally included on the final report:  "The 

shipping cooler temperature exceeded 6°C upon receipt to Empirical Laboratories.  This 

may have an impact on the analytical results.  The concentration may be considered as 
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estimated."  Not all samples for the project will be flagged, just those samples received 

above 6°C.   

 

   Many times we are not able to get in touch with the client quickly and the best judgment 

on how to handle the samples must be made after discussion with the Testing Coordinator 

and/or Laboratory Director or Technical Director.  The samples may still need to go 

through the log in process although it may be eventually determined that the samples will 

not be analyzed or the samples may temporarily be placed on hold and not logged in.  

Above all do not allow the samples to set out at room temperature for an extended period 

of time while waiting for a decision.  A CAR outlining the problem and all 

correspondence must be completed. 
 

   The only exceptions to the 6°C rule are: 

 

    a. Water samples for all Metals, (except Chrome 6+ and mercury) that have been 

preserved with HNO3 to a pH of < 2.  Keep in mind that non-aqueous sample for 

Metals must be cooled. 

 

    b. Samples for Fluoride, Chloride and Bromide. 

 

    c. Waste/Product samples for all parameters. 

 

    d. Samples generated in the Aquatic Toxicology laboratories and brought directly to 

Sample Receiving after they are collected.  Sample receiving personnel should 

place these in cold storage as soon as possible. 

 

    e. Samples collected locally by Empirical Laboratories personnel or local customers 

that hand deliver their samples.  In some instances these samples may not have had 

time to cool down, however, these samples should have been placed on ice in an 

attempt to cool them to the proper temperature.  It should be noted if samples are 

“Received On Ice” (ROI). 

    f.   Samples that are received on ice and it is evident that the client made a good faith 

attempt to properly cool the samples. 

 

 F. If several coolers are received at once, they must be inspected to determine the order in which 

the samples should be unpacked and logged in.  The following priorities should be given: 

 

  1. Any analyses, which have a 24-72 hour holding, time.  It is the log-in person's 

responsibility to notify the department manager or section group leader of such samples 

via e-mail and verbally.  In addition to notifying the analyst of samples with short holding 

times, log-in personnel must log this information into a separate record book daily.  It is 

the analysts' responsibility to review this information and initial each page at the end of 

each day. 
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  2. Any sample which has almost exceeded its' holding time. (Especially watch for this with 

waters organic extractions, Solids and Sulfides, all of which have only 7 days).  A list of 

parameters and holding times is posted in the log-in room.   

 

   a. If a sample is received already out of holding time, the project manager must be 

contacted.  The sample can be analyzed at the client's request, but it will be qualified 

on the final report as being analyzed out of holding time.  The project manager must 

inform you of the client’s need. 

 

   b. If a sample is received with limited holding time remaining for any parameter it may 

be necessary to contact the project manager so that he/she can contact the client.  If the 

sample has to be analyzed on a rush basis to meet the holding time a rush charge may 

apply.  Also it may not be possible to analyze the sample within the holding time due 

to sample load, etc.  A CAR must be completed. 

 

  3. Samples requiring rush turnaround. 

 

   a. If sample(s) require 24-hour turnaround they will take first priority.  Other rush 

requests also have high priority. 

 

   b. The Project Manager and/or Section Manager must be contacted for approval 

concerning any unscheduled rush requests.   

 

 G. Unpack all samples from the cooler.  If there are any known or suspected hazards this must be 

done  under a hood.  All coolers from USACE projects should be unpacked under a hood.  It 

may be necessary to rinse off the outside of the containers in the sink and/or wipe them off 

with a paper towel.   

 

  1. Visually inspect them for tampering and custody seals (if applicable).  Sort and inventory 

the samples against the chain of custody by arranging them in  the same order as they are 

listed on the chain of custody.  Normally samples are assigned log numbers in the same 

order as they are listed on the chain of custody but for certain projects or situations it is 

acceptable to arrange them in a manner which will make them easiest to log in.   

 

  2. Check for leakage as this could compromise the sample integrity.  If any spillage occurred 

in the cooler make sure this is noted.  Also list all the other samples in the cooler as cross 

contamination could occur.  A CAR must be completed and the Project Manager and/or 

the customer may need to be notified in these situations.  It may be necessary to resample. 

 

 H. Check the chain of custody information against the information recorded on the containers.  If 

these do not agree, contact appropriate person (s) -  Project Manager, sampler, client, etc.  All 

problems must be documented with a CAR. 
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  1. If major changes are made on the chain of custody received from an engineering job, then 

the PE should submit written confirmation of these changes or make the corrections and 

initial them directly on the chain of custody.   

 

2. Any error found on the chain of custody must be marked through with one line, initialed 

and dated and the correction written in.   

 

 I. Note any unusual requests, methodology, hazards (known or suspected) to the Project 

Manager and/or Laboratory Section Manager or analysts before the samples are actually 

logged in.  Keep notes of any problems (improper containers, preservatives, temperature, or 

descriptions, etc.)  A CAR must be completed and the analyst or manager should be notified 

immediately.  If ever in doubt, fill one out! 

 

II. Sample Log In 

 

 A. After samples have been unpacked, sorted and reviewed, they are then ready to be assigned 

log numbers and continue through the log in process.  Make sure that the parameters for the 

samples are clearly marked on the chain of custody.  If we prepared the sample kits there 

should be a sample kit work order form.  Contact the Project Manager if there are any 

questions, problems, etc. 

 

 B. Assign a work-order and sample number to each individual sample and record it on each 

sample container and the chain of custody. 

 

  1. All containers with the same description must have the same sample number even if they 

have different preservatives and require different tests.  However, each different fraction 

(bottle type and/or preservative) should be designated with a letter (A, B, C, etc.)   

 

  2. Grab and composite samples from the same sample location must be considered as 

separate samples.  It may be necessary to use "grab" or "composite" as part of the sample 

description to distinguish between the samples.  Only assign different log numbers to 

them if the parameters are clearly marked as grab and as composite.  Do not assume that 

VOC must be analyzed from grab samples so therefore the client must have taken a grab 

sample. 

 

  3. Sample numbers must begin with 001 at the beginning of each year (e.g. 0101001).   

 

   

 C. Check the following items and record this information on the cooler receipt form to further 

ensure sample integrity.  A CAR must be completed if any of the following requirements are 

not met and it may be necessary to contact the client.  We can perform the analyses in most 

cases and will do so with the client's approval, however the results may be qualified in some 

manner on the final report.   
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 Preserving sample integrity throughout the log in procedure must be one of our section's top 

priorities.  This includes not only ensuring that the proper chemical preservatives have been 

added but also that the samples are received and maintained at the proper temperature.  When 

samples are unpacked they must be placed in cold storage as soon as possible even if they 

have not been through the entire log in procedure.  All samples for NPDES compliance 

monitoring from North Carolina will be stored at a temperature range of 1.0 to 4.4°C.  All 

other NPDES samples will be stored at 4.0 ± 2.0°C.  On the days we receive a large volume 

of samples, or are short handed, etc., we may not be able to completely log in all samples until 

late in the day or even the next day.  Samples should not set out at room temperature if there 

is a delay.  The samples must temporarily be placed in cold storage until you are able to 

complete the log in procedure.  This should also be done when we take lunch breaks.  

 

  [Make sure the VOC containers are not temporarily stored in a non designated VOC only 

storage area.] 

 

  1. Determine if the samples were received at the proper temperature. (See section IC) 

 

  2. The sample descriptions on the bottle should match those on the chain of custody. (See 

section 1H) 

 

  3. Check to determine if the proper chemical preservatives were added to adjust the sample 

to the correct pH.  All regulatory compliance samples received from North Carolina that 

do not meet the preservation requirement will be segregated and the client will be notified 

of non-compliance.  The samples will not be analyzed until notification to proceed with 

analyses is received from the client.  A list of parameters and the required chemical 

preservatives is posted in the log-in room.  The verification of this preservation will be 

recorded on the Cooler Receipt Form for all projects.  If Empirical Laboratories prepared 

and shipped out the sample containers they will have been pre-preserved unless instructed 

otherwise by the client.  Complete traceability of the preservatives used to pre-preserve 

the sample containers and to preserve samples in the log-in area is required.  A bound 

notebook must be used to  trace this information and must include the following: Lot #, 

Type of preservative, Date Prepped, Amount and Analyst Name.  This information must 

also be labeled on each container, re-pipetter, etc. that the preservative is stored in.  Each 

lot of HNO3 used for Metals preservation must be tested prior to using them for 

preservation.  These analyses are kept on file. 

 

a. The pH of each container (except VOA vials) which requires pH preservation must be 

checked.  Do not open and check the pH of VOA vials in sample receiving/log-in.   

 

b. The pH of preserved samples is checked and confirmed using pH narrow range 

indicator paper. When the client request pH analysis on samples and they must be 

reported and measured for pH using the narrow range paper, rather then a pH meter, 

the accuracy of each batch of indicator paper must be calibrated to the nearest tenth 

versus certified pH buffer and recorded into a bound logbook in accordance with 

SW846 method 9041A pH Paper method.   
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   c. When taking the pH reading, DO NOT PUT THE pH PAPER DIRECTLY INTO THE 

SAMPLE CONTAINER.  Pour up a small aliquot and dispose of this volume after the 

pH is taken.  For some samples (wastes) the indicator paper may not be accurate due 

to interferences.  The observation of the appropriate color change is a strong indication 

that no interferences have occurred.  If it appears as if there is interference, the pH 

must be measured using the pH meter.  [See SOP ATSD-187 pH , Electrometric.] 

 

  4. The following guidelines must be followed to check pH preservation:   

 

   a. Water samples for Cyanide analyses must be preserved to a pH of >12 with NaOH 

upon collection.  If the pH of these samples is between 11.0-12.0 upon receipt, and the 

samples are at the proper temperature and not over 48 hours old it will not be 

necessary to complete a CAR, however the sample should be adjusted to >12.0 unless 

project/client specific requirements are to contact the client first. 

 

  b. Water samples for Metals analyses must be preserved to a pH of <2.0 with HNO3 

upon collection.  If the pH of these samples is between 2.0-.3.0 upon receipt, and the 

samples are not over 48 hours old it will not be necessary to complete a CAR, 

however the sample should be adjusted to <2.0. unless project/client specific 

requirements are to contact the client first. 

 

   c. Samples requiring analyses which are preserved with H2SO4 (i.e., Nitrogen 

compounds, Total Phenolics, Oil and Grease, Total Phosphorus, etc.) can be accepted 

up to a pH of 2.5 without a CAR, however the sample should be adjusted <2.0 unless 

project/client specific requirements are to contact the client first. Samples for sulfide 

analysis must have a pH >9.   

 

   d. If a sample is not properly preserved, log-in personnel must either do the following: 

 

    • To meet project specific requirements, including all USACE projects, the client 

must be notified before preserving or adding additional preservative to the sample 

unless otherwise instructed.  If the client instructs us to add chemical preservatives 

to a sample, complete traceability of the preservatives used is required (See section 

IIC, #3).  A CAR must be completed. 

  

    • For other projects it may be acceptable to preserve the sample accordingly before 

the sample is placed in storage.  Complete traceability of the preservatives used is 

required (See section IIC, #3).  A CAR outlining the project and the steps taken 

must be completed. 

 

• All metals samples preserved upon receipt must be held 24 hours before 

proceeding with analysis. These samples must be entered into the Unpreserved 

Metals Log and a CAR generated and the client notified to see if the lab is to 

proceed with analysis. 
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   e. In some instances it may not be possible to adjust the sample to the proper pH due to 

matrix problems which cause excessive foaming or require an unusually large amount 

of acid.  Do not continue to add acid if a few mL's of acid does not lower the pH.  

Notify the Project Manager, Metals Manager and/or analyst.  They will make the 

decision if the sample will be diluted, not analyzed, etc.  A CAR must be completed in 

these situations.  Make sure you note on the container and in the LIMS notes that the 

sample is not at the proper pH as well as any useful information (i.e., foaming, strong 

odor, etc.). 

 

   f. A CAR may not be required for samples generated in the Aquatic Toxicology 

Laboratories and brought directly to Sample Receiving after they are collected but 

before they are preserved.  Log-in personnel must preserve the samples accordingly 

before they are placed in storage.  Complete traceability of the preservatives used is 

required (See section IIC, #3).  A CAR outlining the project and the steps taken must 

be completed. 

 

  5. Check to make sure samples are in proper containers and that there is adequate volume for 

all the parameters requested and no leakage. 

 

6. If VOA vials are present, each vial must be inverted and checked for head space.  "Pea-

sized" bubbles (i.e. bubbles not exceeding 1/4 inch or 6 mm in diameter) are acceptable 

and should be noted, however, a CAR is not required.  Large bubbles or head space is not 

acceptable and a CAR must be completed.  If this occurs, the client must be contacted.  

The samples can be analyzed with their approval, however the report will be qualified and 

the data may be questionable.  All VOA vials will be preserved with Na2S2O3 (0.2g) 

when chlorine is known to be, or suspected to be present. 

 

7. All pesticide samples to be analyzed by method 608 will be checked by the sample 

receiving personnel for the correct pH range of 5.0 to 9.0.  The pH of the sample(s) will be 

communicated via E-mail to the Section Manager and appropriate analyst. 

 

8. All chlorinated effluent samples received for Cyanide must be checked for residual 

chlorine.  The one liter sample container should initially contain 1 to 2g/L of Ascorbic 

Acid. Potassium Iodide starch indicator paper will be used for detecting the presence of 

residual chlorine.  DO NOT PUT THE TEST PAPER DIRECTLY INTO THE SAMPLE 

CONTAINER.  Pour up a small aliquot, neutralize, test and dispose of this volume after 

the sample is checked.  If the test paper turns blue, the sample must be treated for residual 

chlorine.  Add Ascorbic Acid, approximately 0.6g at a time and recheck the sample until 

there is no residual chlorine present.  If the sample required this treatment this information 

must be included in the LIMS notes. This must be done by log-in personnel before leaving 

the receiving area.  It may be necessary to notify the Inorganic Manager and/or analyst. 

 

  9. Be aware of holding time requirements.  (See section 1D) 
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 D. Once sample containers have been numbered, they must be checked by another laboratory 

individual to ensure that the log number on the container matches the log number and sample 

ID on the Chain of Custody.  A Sample Receiving Custody and Disposal Form [Attachment 

VII] must be completed each day.  Samples should not leave the log-in area until this has 

been completed.  [see IIC; it may be necessary to temporarily store samples in cold storage 

until the samples can be second checked, the amount of time that the samples are at room 

temperature must be minimized as much as possible.] The original is to remain in Sample 

Receiving until the samples are disposed of.  Once the document is complete, the original will 

be kept on file. The following information must be logged onto this form: 

    

  1. Client and Log #s 

 

  2. Date/Time Unpacked 

 

  3. Logged In/Numbered By (Initials) 

 

  4. 2nd Checked By (Initials) 

 

  5. Date/Time Placed in Cold Storage 

 

  6. Storage Area (Walk In, VOC Cooler, Quarantined Soils, Quarantined-VOC, Other) 

 

  7. Disposed of By/Date 

 

  8. Method of Disposal 

 

 E. Notify the proper analyst if samples have been logged in for analyses which have a 24-

48 hour holding time or if a 1-2 day turnaround has been requested.  The log number and 

description on sample (s) must be second checked before it is released to the analyst.  (The 

analyst can second check the sample, but must initial the custody form.) 

 

III. Sample Storage 

 

 A. After samples have been correctly logged in they are then transferred to one of the following 

cold storage areas and arranged in numerical order by the assigned log in/LIMS sample 

number.  Note that aqueous VOC samples must be segregated from all other samples.   

 

  1.  The Blue Air  refrigerator in Sample Storage Room: All aqueous VOC’s must be stored in 

this refrigerator. Storage blanks consisting of organic free water from the laboratory may 

be required for specific projects.  These will be analyzed for VOCs only. Storage blanks 

are required for all DOD projects. 

 

  2. Walk In Refrigerator in Sample Storage Room: All aqueous samples for all analyses must 

be stored in this refrigerator. 
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  3. Soil Walk-In Refrigerator in back BC Laboratory:  All quarantined and non-quarantined 

soil samples for all analyses must be stored in this refrigerator. 

 

 

 B. Quarantined soils are those quarantined by the US Department of Agriculture.  These soil 

samples must be segregated from other soil samples during storage.  A separate disposal log 

must be maintained for these soils including the location, date and quantity of the soil 

received and processed.  Soil residues from quarantined samples must be treated according to 

regulations after testing (see Sample Disposal SOP).  Quarantined soils are defined as: 

 

  1. Soil taken from much of the southeastern US and parts of New York and Maryland at a 

depth of three feet or less.  Soils from three feet or more are not regulated provided they 

are stored separately.   A map of the regulated areas in the United States entitled Soil 

Movement Regulations [Attachment VIII] is posted in the log-in room. 

 

2. All soils taken from foreign sources, US. territories and Hawaii . 

 

 NOTE:  All soils are treated as quarantined soils and are disposed of in accordance with USDA    

regulations. Above for information purposes only. 

 

 C. All samples must be stored in one of the three refrigerators detailed above with the following 

exceptions: 

 

  1. Matrices that may be adversely affected by the cold temperature.  (e.g. surfactant samples, 

multi-phase samples)  

 

  2. Highly contaminated waste or product type samples that could jeopardize the integrity of 

other samples in the walk in cooler.  Often these can be stored at room temperature.  If 

these require refrigeration see the Project Manager for other options. 

 

 D. The temperature of each sample refrigerator must be monitored and recorded each day by Wet 

Chem personnel by the following method. A Mercury thermometer or digital min/max 

thermometer with 1° increments must be used.  Each thermometer must be calibrated against 

a NIST certified thermometer once a year(digital thermometers quarterly) and this 

information recorded in a bound notebook.  The Certificate of Calibration for the NIST 

thermometer is kept on file at the QAO’s desk.  The thermometers must be tagged with a 

unique identification, the date calibrated and the correction factor.  

 The tolerance range for all refrigerators is 1 to 6°C.  This range and the range using the corrected 

reading must be posted on the outside of each cooler.  If the temperature exceeds this range, 

corrective action measures must be put in place immediately.  A CAR must be completed 

specifically noting the date and time the problem was discovered.  The Project Manager, 

Laboratory Director and Technical Director will be notified in order to assess the situation.  It 

may be necessary to put a service call in to the refrigeration repair service. 
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 E. All personnel removing samples from any refrigerator must sign them in and out.  This is 

done by completing the Sample Custody Form [Attachment IX] which is attached to the 

door of each refrigerator.  These completed forms are kept on file [see section III, #4F] 

 

 F. The water walk in refrigerator in the sample room is the largest refrigerator and stores a 

large majority of the samples.  A back up compressor is hooked into the system and 

scheduled to automatically come on if the main compressor fails. There is a digital min/max 

thermometer, which monitors the temperature 7 days a week. This thermometer will be 

calibrated quarterly against the NIST thermometer. 

 

 G. As stated above the temperatures for all refrigerators that samples are stored are checked 

each day Monday-Friday and monitored seven days a week with min/max thermometers.  

Pay close attention to these readings and watch for signs of possible problems. 

 

 H. A temperature maintenance record book is kept for each refrigerator. 

 

 I. Samples must be held for a minimum of 30 days after the final report unless specified 

otherwise.  For USACE projects, samples must be held for a minimum of 60 days after the 

final report unless otherwise specified.  See SOP ATSD 405 entitled Analytical Laboratory 

Waste Disposal SOP for guidance on disposal of samples. 

 

 

 

IV. Laboratory Information Management System (LIMS) 

 

 A. Log the sample information into the LIMS for each sample.  Every attempt should be made to 

get every sample logged into the LIMS by the end of the day.  All information entered should 

be clearly stated and recorded on the COC provided.  After opening the main menu of the 

LIMS, select the ‘Work Orders’ tab from the ‘Sample Control’ drop down menu.  Now click 

on the ‘Add’ button to create a new Work Order.  You will see the following: 

 

 1. Client:  

 

    Select the client I.D. by clicking on the pull-down and choosing from the client list.  

This list is in alphabetical order.  If the desired client is not on the list, a new client 

must be created by the project manager or I.T. director. 

  

 2. Projects: 

 

    Click on ‘Projects’ and choose the project I.D.  The projects will be client specific.  

After the project is chosen the “project information” areas should fill in.  The ‘Project 

Name,’ ‘Project Number,’ ‘TAT,’ ‘Client Project Manager,’ ‘Lab Project Manager,’ 

and ‘Comments’ information should also appear.  If there are no applicable project 

choices, a project must be created by the project manager or I.T. director.  There are 

two types of projects: 
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    a. Internal -- Empirical Laboratories projects; 

 

      b. External -- direct laboratory clients.  

  

 

 3. Comments: 

 

   This area is to be used to note any information from the project manager for all work 

orders of this project.  It can also be used to list any work order specific notes; this 

includes but is not limited to information concerning rush turnaround, deliverables or 

other QC requirements, analyte concentrations, safety issues, quarantined soils, CAR 

#s, preservation or matrix problems, etc. 

 

 4. Received By: 

 

   Enter the name of the person who received the samples. 

 

 5.    Logged In By: 

         

Enter the name of the person who logged in the samples. 

 

 6. Received: 

 

Enter the date and time received separated by a space and using military time. 

   Example: 08/02/2008 08:30      

 

 7. Project/Package Date Due: 

 

After the date and time received have been entered, the date due for both of these 

fields will be calculated.  If this information is not correct or needs to be amended 

later, check with the project manager before doing so. 

 

 8. Shipping Containers: 

  

Click on the ‘Coolers’ button and enter the temperature and condition upon receipt.  If 

more than one cooler was received, each cooler must be assigned a different name.  

For example, if these came in by dedicated courier, enter the last four numbers of the 

Tracking Number as the name.  After all of a cooler’s information has been entered, 

click the ‘Save’ button.  If more than one cooler was received, click the ‘Add’ button 

and repeat the process above, then click ‘Done’ after all the coolers’ info has been 

saved. 

 

 9. COC Number: 
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If an identifiable COC number is listed, record that ID here. 

 

 10.   Shipped By: 

  

Enter the courier used to deliver the samples.  If the samples were picked up by a lab 

employee or dropped of by the client/representative, enter ‘Hand-Delivered.’ 

 

After these items have been completed, click ‘Save,’ then the ‘Samples’ button to continue. To 

begin entering information for a sample, click the ‘Add’ button on the bottom of the Samples 

screen. 

 

 

 11.   Sample Name: 

  

   a. Only abbreviate if description is too long for the spaces allotted in the LIMS.  This 

information should come directly from the chain of custody. The sample ID entered 

into the LIMS will be the sample ID on the final report.  

 

   b. If no sample ID is provided, or is indistinguishable from other samples listed, contact 

the project manager to ascertain distinction in the samples. Include date as part of the 

description if this is the only way to differentiate the samples.  

 

       c. When logging in trip blanks that do not have an ID assigned by the client, list them as 

"Trip Blank # _____".  This information should be on the containers.  A log book 

must be kept in the sample kit room which lists all trip blanks and the date they were 

filled.  This will ensure consistency with the descriptions for trip blanks.  Make sure 

you record the trip blank on the chain of custody if it is not listed.  

 

 12.   Collection Date: 

 

     Enter the date and time the sample was collected. You must use military time and 

separate by a space.  Often the time collected is not given.  Although this is a sampling 

requirement, this information may not be crucial unless a parameter with a short 

holding time or a data deliverables package is required.  All attempts should be made 

to get all our clients to supply this information. 

 

13.   Lab/Report Matrix: 

  

Click on pull down and select matrix. Many times it is difficult to discern the matrix if 

it is not specified on the COC, and log-in personnel must use their best judgment with 

regard to analytes/methods requested.  Keep in mind that the detection limits and units 

on the LIMS reports are linked to the matrix.  In some cases it may be necessary to ask 

the Section Managers about the matrix selection. 

 

14.   Sample Type: 
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This is used to differentiate between special types of samples (i.e. Field Duplicates, 

Equipment Blanks, Trip Blanks, etc.).  If there is no definite way to determine that a 

sample should be classified as something else, then “SAMP-Client Sample” will be 

selected as the sample type.  Do not list a sample as anything other than a Client 

Sample unless noted on the COC of are instructed by the client to do so. 

 

 15.   Container: 

  

Click on the drop down list and select the appropriate bottle type.  If multiple bottles 

are received for the same sample, then move down to the next line and select all other 

containers as required.  Repeat this process until all containers for the sample are 

listed.  As each container is entered, an individual number is assigned to it by the 

LIMS system.  This number is also listed on the container labels that are printed from 

the LIMS, and is placed on the corresponding bottle for container tracking purposes. 

 

 16.   Fraction: 

 

When more than one container is sent with the same preservation/analysis (i.e. 

Volatiles & Extractables), the sample containers can be grouped together using a 

fraction code.  This is simply an alphabetical notation added to each container to allow 

analysts to verify the preservative and proper sample volume to use when performing 

analysis.  This should be in no way used to record the sample volume used during 

analysis or reporting, as these codes are entered by log-in personnel on an as needed 

basis, and do not provide an individual container designation by which to track any 

given container.  

 

17. pH (Container Preservative): 

 

Use this to document the pH check information taken during sample unpacking.  If no 

preservative was used, then nothing is required in this field. 

 

 18.   Comments: 

 

    Enter any information that is applicable at the sample level. 

 

19.   Field Analysis:  

  

 Click on field analysis tab and enter field information when provided.  

 

 20.   Work Analyses:  

  

  Select all parameters requested for the sample from this list.  
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  a. If the required test code is not listed, and the sample matrix is not a 

contributing factor, click the Work Analyses tab to open the All Analyses list.  

When selecting from this expanded list, be careful to select the proper method 

as all methods available for the current matrix will be selectable. 

 

   b. If any analyses are selected from the All Analyses list, the Project Manager in 

charge should be notified so that the correctness of methods and pricing can be 

checked and updated as needed. 

 

   c. All preparation codes for analytes are entered and stored by the system 

independently of the test codes selected, except in the cases of Dry Weight 

analysis, and TCLP/SPLP preparation (tumbling).  In the case of the 

TCLP/SPLP prep codes, these are entered alongside the other required 

analyses automatically by the LIMS when a TCLP/SPLP analyte is selected.  

As for Dry Weight, it is required for all solids testing except in the cases of 

TCLP/SPLP analysis, Explosives only analysis, and/or any pure product/non-

soil based sample when specified by the client.  

 

 21.   Analyses Comments: 

 

  These comments should be used for any notes that only apply to that particular test 

code. 

  

 22.   RTAT: 

 

If the Rush Turn-Around Time for this sample is known at the time of log-in, this 

information should be updated here. 

      

23. Save: 

 

Once all applicable information is entered for a sample, click the save button.  At this 

time the LIMS applies the Laboratory Sample ID to the sample.  This is a four part ID 

code composed of the following: 

 

a. A 2-digit numeral of the year. Example (0811248-06) 

 

b. A 2-digit numeral of the month.  Example (0811248-06) 

 

c. A 3-digit numeral of the work order number.  This number reset to 001 at the 

beginning of each month.  Example (0811248-06) 

 

d. A 2-digit numeral of the sample number separated by a dash. Example (0811248-

06). This number is different for each sample in a work order, and a single work 

order cannot contain more than 99 samples.  If more sample numbers are needed, a 

new work order number will have to be assigned to the applicable set of sample.    
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24. Add/Edit/Copy: 

 

Use these selections to add more samples to the work order, or to change existing 

information prior to label printing. 

 

 

Once all the tests have been selected and all samples have been added in the work order, a work 

order summary and all container labels are printed.  Labels are checked for accuracy against the 

containers while being labeled. At this point log-in of this group of samples is complete.   

 

B. After log-in of a work order is complete, the COC can then be scanned into the system, attached to 

the work order on the Work Order screen, and the work order can be updated to Available status 

so as to be seen by the analysts. 

 

 

 

 

 

V.  Daily Follow Up for Sample Receiving/Log In 

 

 A. Wipe out the inside of coolers and return all Empirical Laboratories coolers to the sample kit 

room.  Discard any coolers that are cracked, broken or filthy.  

 

 B. Complete the short holding times log book as required.  This must be done as early in the day 

as possible. 

 

 C. If any samples were received for RUSH turnaround, then a RUSH SHEET [Attachment XII]  

must be completed and distributed to all laboratory personnel via e-mail. If ever in doubt of 

which analysts should be notified, pass them out to everyone.  Always give copies to the 

Laboratory Director, Administrative Assistant and Section Managers.  It may be necessary to 

send out two RUSH sheets per day (one around mid-day and the other at the end of the day).  

 

 D. Complete any required CARs.   

 

 E. At the end of the day organize all paperwork received and generated for the day.  The 

following should be given to the Project Manager (section supervisor):   

 

  1. The original chains of custody and yellow original or copy of each.  The CRF will 

accompany the CoC for the project. 

 

  2. Any information (letters, regulatory limits, etc.) from a client which was received with 

any samples.  

 

   3. All CARs. 
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   4. LIMS sample receiving logs.   

 

   5. Copies of any RUSH sheets which have been distributed 

 

   6. Sample Receiving Custody and Disposal Form. 

 

   7. Cooler receipt form. 

 

 G. All the above information from the day will be reviewed as soon as possible.   

 

  1. All LIMS logs must be 2nd checked by a different person than the person entering the 

information into the LIMS.  Each set of logs must be initialed dated by the person 2nd 

checking.  These will be kept on file at the Project Manager desk. 

  

  2. If any corrections or changes are required, all laboratory personnel will be notified by 

distributing a Sample Log Change Form [Attachment XIII] through email distribution.  

A Sample Log Change Form by the project manager will also be sent out if a client adds 

or deletes any parameters, changes sample IDs, etc.   

 

 H. The Testing Coordinator will distribute the following after they have been through the 2nd 

QA check: 

 

  1. Copies of the LIMS receiving reports to necessary laboratory personnel. 

 

  2. Original (white copy) chains of custody are given to the Project Manager.  These will be 

sent with the final report to the client. 

 

  3. Finalized/approved CARs must be sent to the: 

 

   a. Organic Manager 

 

   b. Inorganic Manager 

 

   c. Laboratory Manager 

 

   d. Laboratory Director {optional} 

 

   e. Quality Assurance Officer  

 

   f. Administrative Assistant 

 

   g. Client {optional} 

 

  4. Copies of any project/sample specific information to the Section Manager and analysts. 
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 I. Information will be filed as follows: 

 

  1. Chains of custody: 

  

   a. Original (white copy) is returned to the customer with the final report along with the 

CRF. 

 

   b. Yellow copy originals or photo copies will be filed by client and kept in the Sample 

Receiving Room. 

 

   c. Photo copies will be kept in a notebook in numerical order in the Sample Receiving 

Room. 

 

   d. Pink copies should be retained by the sampler. 

 

  2. CARs 

 

   a. CARs can be found at V:\LAB\log-in\login(year)\logcar(year). 

 

  3. Sample Change Forms and RUSH Sheets 

 

   a. Sample Change Forms are distributed by email. 

 

    b.  RUSH Sheets are found at V:\LAB\login\Rushsheets 

 

  4. At the end of each year, files for that year are boxed and archived.  Make sure files are 

labeled properly and place them in banker's boxes. Complete a storage box file form 

with as much detailed information as possible.  The Laboratory Administrative Assistant 

will label and number the boxes and incorporate the storage boxes into the laboratory 

file archive system.  Boxes containing files from Sample Receiving are kept on site for 

1-2 years and then may be moved to off site storage upon release from the Project 

Manager. 

 

VI.  Miscellaneous 

 

 A. All projects which require deliverables or other QC requirements should be listed in the notes 

section of the LIMS.   

 

B. If samples are received from a new client or a new job number that is not in the LIMS, a new 

client code must be set up. This information should be on the chain of custody or it may be 

necessary to contact the customer if the information is incomplete. 
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 C. Samples from the Aquatic Toxicity Laboratory (ATL) are logged into the LIMS for billing 

and long-term tracking purposes.  The receiving information and proper assignment of test’s 

are reviewed by the ATL Manager.  The samples are then logged in by ATL personnel. 

 

 D. A flow chart outlining sample receiving and the flow of data, reporting and invoicing is 

attached as Attachment XIV. 

 

 E. A Telephone Conversation Log [Attachment XV] may be required to document information 

and may be attached to or used as a CAR. 

 



 EMPIRICAL LABORATORIES, LLC SOP-404 

 Revision: 12 

 Date: 01/05/09 

 Page 22 of 23 

 

V:\LAB\QA QC\SOP\SOP-404REV12.doc 

 F. All log books used in the Sample Receiving and Sample Storage Areas are numbered.  The 

following log books are presently maintained.  All log books must be "Z"ed out.  The Testing 

Coordinator will review the log books each week to check for completeness. 

 

Log Book ID 

 

Log Book Description 

SRLB #3 pH Paper Calibration 

SRLB #4 Tracking of VOC Trip Blanks, Organic Free Water and Chemical 

Preservation  
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Attachments to SOP 404 

 

II   Chain of Custody Record 

III   Corrective Action Report for Sample Receiving/Log In 

IV   Cooler Receipt Form  

V   List of Short Holding Time (Immediate-72 hrs.) Parameters 

VII  Sample Receiving Custody and Disposal Form 

VIII  Map of Quarantined Soil Areas in the US. 

IX   Laboratory Sample Custody Form for Walk In Refrigerator 

X   Container Codes for the LIMS 

XI   Routine NPDES Clients 

XII  RUSH Sheet 

XIII  Sample Log Change Form (Green Sheet) 

XIV  Flow Chart, Laboratory Sample Tracking System 

 

 

[Attachments I and VI were removed during the editing process and not added to the SOP.] 
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Analytical Laboratory Waste Disposal 

Standard Operating Procedure  
 

I.  SCOPE AND APPLICATION: 

 

 Empirical Laboratories, LLC laboratory waste includes excess client sample waste 

and waste that are generated while performing an array of analytical services, some 

of which are hazardous.  These wastes must be disposed of in a manner that is safe, 

cost efficient and in accordance with hazardous waste regulations. 

 

A.  Wastes can be broken down into the following categories: 

 

  1. Unused portions of actual samples received from outside clients.  

 

   a. Unused aliquots of completed water samples. 

 

   b. Unused aliquots of completed non-aqueous samples. 

 

  2. Soils from quarantined areas 
 

  3. All other soils, sediments, building debris, wipes etc. 

 

4. Hazardous waste generated within the laboratory as part of numerous analytical 

procedures. 

 

II.  SUMMARY OF PROCEDURES: 

 

A. There are four options for disposing of unused sample portions: 
 

1. Return completed samples and any generated waste from these samples to the 

client. 

 

2. Throw the sample away after confirming that it is non-hazardous. 

 

3. Disposal through a waste vendor in either a sealed drum or lab pack.  This is 

normally done twice a year. 
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4. Treat the sample to make it non-hazardous and dispose of it as such.  (Aqueous 

pH  neutralization only.) 

 

 

B. There are two options for disposing of laboratory generated waste: 

 

1. Disposal through a waste vendor in either a sealed drum or lab pack.  This is 

normally done twice a year.  The waste must be stored properly until the waste is 

transported off site.   

 

For example: Solvent waste must be stored in the vented flammable cabinet. 

 

2. Treat the waste to make it non-hazardous and dispose of it as such.  (Aqueous pH  

neutralization only.) 

 

III.  EQUIPMENT/APPARATUS: 

 

A. Proper safety equipment in good working condition.  This includes 

gloves, lab coat and safety glasses/goggles (voluntary use of cartridge 

respirator allowed see area manager or QAO). 

 

B. USDOT approved drums for storing and shipping hazardous waste.   

 

C. Fume hood vented outside the building. 

 

D. Flammable storage cabinet which is vented to the outside 

 

IV. PROCEDURE 
 

Waste disposal is done under the management and coordination of the Sample 

Receiving Manager, Section Managers and the Health and Safety  Officer. 

  

A. Disposal of completed aqueous samples: 

 

Completed samples are kept in cold storage for approximately three weeks after the 

final report has been mailed.  Engineering support projects involving CLP work, 

litigation cases etc. may be saved for longer than three weeks at the request of the 

project manager.   
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No samples should be disposed of without approval from the responsible area 

manager or analyst.  At this point the area manager and/or analyst will 

communicate information about samples deemed as hazardous.     

 

1. The majority of the water samples (ground, surface and drinking) are non-

hazardous and are disposed of by pouring them down the sink. 

 

a. This must be done under the hooded area located near the walk in cooler next to 

the extraction lab.  Make sure that the sash is closed far enough to produce sufficient 

ventilation.  The tap water should be turned on to supply copious wash for sample 

disposal. 

   

b. Proper safety equipment must be used including safety glasses (face shield if 

necessary), lab coat and gloves. 

 

c. Be alert to potential problems: for example, separate Cyanide waste from 

acid waste.  Neutralize acid waste that will be poured down the acid drain 

and don't mix waste/samples thought to contain Cyanide with samples that 

are acidified. Also, look for things such as phase separation, odd color, odor 

etc.  Check with the area manager or Health and Safety Officer before 

disposing of any questionable samples.   

 

d. Tap water must be running during the time samples are poured out and for 

approximately 10 minutes after so sufficient flushing and dilution takes place.   

 

e. All containers must be rinsed out, all identifying markings defaced or removed, 

and thrown into the trash. 

 

f. All samples disposed of in this manner must be documented in the bound disposal 

log.  

 

2. If water samples are hazardous (known or suspected), one of the following steps 

must be taken. 

 

a.  Samples may be returned to the client.  If you plan to ship the unused portion 

back to the client check with shipping and receiving to make sure that the material 

can be shipped in accordance with USDOT regulations. If the samples are not 

returned to the client they must be stored properly until picked up by a 

waste vender. 
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b. Treat the sample to make it non-hazardous.  One example of this is if the sample 

is highly corrosive, the pH may be adjusted. 

 

c. Store the sample properly until either a sealed drum or lab pack is sent out.   

 

d. All samples disposed of in this manner must be documented in the bound disposal 

log. 

 

B. Disposal of completed non-aqueous samples: 
 

The majority of non-aqueous samples are soils or sediments, although there may also 

be building debris, wipes, oils,  and occasionally product type samples. 
 

1. If samples are non-hazardous they must have all identifying markings defaced or 

removed, and thrown into the trash.  On specific projects we may also opt to return 

the unused portions to the client even if they are non-hazardous. 

 

2. If non-aqueous samples are hazardous (known or suspected), one of the following 

steps must be taken. 

 

a. Samples may be returned to the client.  If you plan to ship the unused portion 

back to the client check with shipping and receiving to make sure that the material 

can be shipped in accordance with USDOT regulations.  If the samples are not 

returned to the client they must be stored properly until picked up by a 

waste vender. 

 

b. Store the sample properly until a lab pack is sent out.   

 

3. Soil samples taken at a depth of three feet or less from areas, which have been 
quarantined by the US Department of Agriculture (USDA), must first be treated at 

the laboratory to prevent the spread of any plant pests.  The USDA has detailed 

proper treatment procedures of which we use the following: 

 

a. The sample is heated to 180°C(356°F)in a vented oven for one hour. 
b. After the heating the samples are placed close to a hood to cool and are marked as 
being ready for disposal. 

 

4.  Once the samples have undergone treatment they can then be disposed of by one 

of the procedures for non-aqueous samples.  All samples disposed of in this 
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manner must be documented in the bound disposal logbook with the 

following information: 

 

a. Client 

b. Sample #s 

c. Date(s) treated 

d. Treatment method used 

 

C. Disposal of laboratory generated waste: 

 

Generated waste is stored in satellite areas until a waste pick up occurs.  These 

satellite areas must be maintained properly.   

 

1.  Waste handling and disposal within each laboratory section: 

 

Each laboratory analyst and section manager is responsible to assure that handling 

operations within their area are being followed according to the laboratory 

requirement.   

  

a. General Chemistry/Inorganic 
 

Each analyst performining specific laboratory tests that generates waste is 

responsible to handle and dispose of the waste in a safe manner and under the 

guidelines listed below.  If you have any questions left unanswered regarding waste 

disposal within your specific area contact the inorganic manager or the safety officer. 

 

• Concentrated acid waste, (>2% by volume) and dilute mercury waste (mercury, 

chemical oxygen demand, total kjeldahl nitrogen and chloride analyses waste) are 

poured into the Acid Satellite Waste drum in the general chemistry laboratory.  

Document the type and amount of waste in the acid waste logbook, then 

initial and date the entry.   

• Dilute acid waste (<2% by volume or less) are neutralized and poured down an 

acid drain with copious amounts of tap water. 

• All other non-hazardous sample waste, reagents and standards are 

poured down the drain with copious amounts of tap water.   

 

 

b. Metals 
 



  SOP-405 

  Revision:  4 

  Date: 9/26/03 

  Page 7 of 10 
 

V:\LAB\QA QC\SOP\SOP-405REV4.doc 

Each analyst performining specific laboratory tests that generates waste is 

responsible to handle and dispose of the waste in a safe manner and under the 

guidelines listed below.  If you have any questions left unanswered regarding waste 

disposal within your specific area contact the inorganic manager or the safety officer. 

 

• Concentrated acid waste, aqueous sample waste digestates and old unused 

calibration standards (>2% by volume) are poured into the Acid Satellite Waste 

drum in the general chemistry laboratory. 

• Non-aqueous sample digestate wastes are decanted off the soil/solid samples into 

the Acid Satellite Waste drum in the General Chemistry Laboratory.  Rinse the 

soil/solid with tap water several times and discard the first rinsate into the 

Acid Satellite Waste drum and the sequential rinsates decant down an acid 

drain with copious amounts of tap-water.   

• Throw the soil/solids in the trash once the acid has been rinsed free. 

• Cr6 digestates as with all concentrated metal/acid waste are poured into 

the Acid Satellite Waste drum. 

 

c. Organic Extraction Laboratory Area 
 

Each analyst performining specific laboratory tests that generates waste is 

responsible to handle and dispose of the waste in a safe manner and under the 

guidelines listed below.  If you have any questions left unanswered regarding waste 

disposal within your specific area contact the organic manager or the safety officer. 

 

• Concentrated acid waste is discarded into the Acid Satellite Waste drum in the 

General Chemistry Laboratory. 

• Non-chlorinated solvent waste (Acetone, Ether, Hexane, Methanol ….etc…) pour 

into the Non-Chlorinated Waste labeled bottle located in the hood in the Organic 

Extraction Laboratory. 

• Chlorinated solvent waste (Methylene Chloride, Chloroform, chlorinated standard 

and spike waste) pour into the Chlorinated Waste labeled bottle located in the hood 

in the Organic Extraction Laboratory. 

 

**Note: Laboratory generated solvent waste is transferred to the 

appropriate Satellite Solvent Waste Drum (chlorinated or non-chlorinated) 

weekly or as deemed necessary.  Disposal of solvent waste is done under the 

direction of the organic laboratory manager.  These drums are located in 

the chemical reagent storage room and only authorized laboratory staff are 

allowed to add waste solvent to these drums.  The date of addition to the 
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drum , type and quantity of solvent is entered into the ‘Organic Solvent 

Waste Logbook’ located on the shelf next to the drums. 

 

• Aqueous sample waste from extracted samples (once the extraction 

solvent has been removed) is poured down the drain and flush with copious 

amount of tap water. 

• Non-aqueous sample waste and sodium sulfate waste is dumped into a waste 

container under an extraction laboratory hood and left overnight or until the solvent 

is evaporated and then the waste is discarded into the trash. 

 

d. Gas Chromatography (GC)/High Performance Liquid Chromatography (HPLC) 
Laboratory 

 

• Autosampler vials are discarded into the appropriately labeled box located under 

the table in the GC/HPLC Laboratory. 

 

PCB Box – all samples/standards 

Pesticide Box – all samples/standards 

Herbicide Box – all samples/standards 

8330 Box – all samples/standards 

Methylene Chloride Box-  all samples/standards that contain methylene chloride 

(Diesel Range Organics, DRO) 

 

• Sample and spike extract vials are separated according to the contents in the vial.  

Acid cleaned extracts are combined into a separatory funnel and the acid layer 

separated from the solvent.  The acid portion is discarded into the Acid Satellite 

Waste drum in the general chemistry laboratory.  The solvent waste is discarded into 

the appropriate solvent waste bottle (chlorinated/non-chlorinated waste) located in 

the hood in the organic extraction laboratory. 

 

After the mercury has been recovered from the mercury cleaned samples, the 

extracts are discarded into the proper waste solvent bottle (chlorinated/non-

chlorinated waste) in the hood in the organic extraction laboratory.  The mercury 

waste is consolidated and discarded into the mercury waste container located in the 

vented hood in the chemical storage room.  Mercury used for removing sulfur 

from samples has been discontinued in our laboratory. 

 

Unused stock and working standards are discarded into the chlorinated solvent 

waste bottle located in the organic extraction laboratory.  The empty vials are rinsed 
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several (3) times with solvent and the solvent rinsate poured into the solvent waste 

and the vials with labels removed are discarded into the glassware waste container. 

             

e. Gas Chromatography/Mass Spectrometry 
 

• Volatile sample, standard and reagent waste 

 

Waste from the instrument - Aqueous sample waste is collected in waste bottles 

via waste lines from the instrument.  The bottles are emptied into buckets and 

poured down the drain(pH  is < 2% by volume).  A small amount of methanol used to 

clean glassware is also dumped into the bucket and poured down the drain.  While 

disposing of sample waste always run the cold tap water 10-15 minutes.  Non-

aqueous waste from sample analyses is retained and dispose of in the samey as the 

unused sample.  Unused sample is held for sample disposal by the sample receiving 

area, see A and B listed above. 

 

Standards - Unused stock and working standards are discarded into the 

chlorinated solvent waste bottle located in the organic extraction laboratory.  The 

empty vials are rinsed several (3) times with solvent and the solvent rinsate poured 

into the solvent waste and the vials with labels removed are discarded into the 

glassware waste container. 

 

In conjunction with section managers, the sample receiving area disposes of solid 

sample waste and unused aqueous and solid samples, see procedures A and B listed 

above. 

 

• Semivolatile sample and standard waste disposal 

 

Methylene chloride waste solvent and standard waste in vials are poured into the 

chlorinated waste bottle in the hood in the organic extraction laboratory.  The empty 

vials are rinsed with solvent and the solvent poured into the waste solvent bottle.  

The vials with labels removed are discarded into the glassware waste disposal 

container. 

 

Auto sampler vials are collected in buckets and stored under the hood in the organic 

extraction laboratory.  Periodically the vials are consolidated in lab packs for 

disposal by a licensed waste disposal company.  

 

f. Bioassay Laboratory 
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• Aqueous sample waste and a small amount of methanol are poured down the 

drain with copious amounts of tap water.  Larger amounts of methanol used for 

glassware cleaning are collected in beakers and evaporated at room temperature. 

 

• Hazardous or product samples are returned to the client. 

 

D.   Consolidation of satellite waste for contractor disposal: 

                    

In conjunction with the Safety Officer, the sample revieving supervisor is responsible 

to coordinate waste disposal operations with outside waste disposal contractors.                    

 

1.   Solvent waste from the areas discussed above is periodically consolidated into two 

drums located in the Chemical Storage room (c. Organic Extraction Laboratory Area, 

* Note).  A drum designated either chlorinated  or non-chlorinated solvent waste is 

available to receive the appropriate solvent waste.  When the drums become full 

(fluid surface six  inches below the top of the drum), an authorized hazardous waste 

contractor will be scheduled to remove them to proper waste disposal. 

 

2. The Acid Satellite Waste drum is also disposed through the authorized hazardous 
waste contractor once the drum is full to the level of  six inches below the top of the 

drum.  

 

3. Consolidated autosampler and standard vials are periodically Lab-Packed in 
drums and disposed through the authorized hazardous waste contractor. 

 

4. The Laboratory Health and Safety Officer will administer the Waste Disposal 

Program and maintain current information to track quantities of waste generated 

and stored on-site. 

 

It is the continuous objective of our laboratory to find ways to decrease the 

amount of waste generated. 
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STANDARD OPERATING PROCEDURE (SOP) FOR 

LABORATORY SAMPLE STORAGE, SECURE AREAS 

AND SAMPLE CUSTODY 
 

 

Empirical Laboratories, LLC is located on the fifth floor of a building which is locked 

and monitored by a guard after normal business hours.  No unauthorized personnel 

are permitted within the facility without a proper escort and a visitor’s badge.  During 

non business hours, all doors to the building are locked and the elevators are security 

coded (i.e. a code must be entered in order to get the elevator to open on the fifth 

floor.)  All stairway doors are locked and only Empirical Laboratories, LLC personnel 

have a key to the fifth floor stairway door. The doors to the lab in the hallway have a 

key code. There is a buzzer at the door to Login to allow entry for sample and supply 

deliveries. 

 

 

The majority of samples are shipped in coolers by couriers such as Federal Express 

and UPS.  All couriers are generally received in the Shipping/Sample Receiving (SR) 

area on the fifth floor.  The laboratory is located close to Federal Express (FedEx) 

distribution station, therefore we pick up our coolers at the FedEx location on 

Saturdays and transport them directly to the laboratory.  Some coolers and/or samples 

are delivered directly to the SR area by the sampler and/or client.  The SR personnel 

must not leave any packages/cooler without authorized receipt from laboratory 

personnel.  Samples must be accompanied by some type of chain of custody record.  

Sample receiving personnel sign, and list the date and time received on the chain of 

custody.  The time received must reflect the actual time or validation date and time of 

receipt for the samples although they may be placed in cold storage and logged into 

the system at a later time.  The method of delivery is listed on the cooler receipt 

form(CRF).  The tracking # (if available) is attached to the chain of custody. 

 

 

Once sample containers have been assigned a laboratory ID number, they must be 

checked by another laboratory individual to ensure that the log number on the 

container matches the log number and sample ID on the Chain of Custody.  A Sample 

Receiving Custody and Disposal Form (attached) must be completed each day.  

Samples should not leave the log-in area until this has been completed.  A copy of 

this form must be given to the Testing Coordinator at the end of the day.  The original 

is to remain in Sample Receiving until the samples are disposed.  Once the document 

is complete, the original will be kept on file.  The following information must be 

logged onto this form: 
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• Client and Log #s 

• Date/Time Unpacked 

• Logged In/Numbered By (Initials) 

• 2
nd

 Checked By (Initials) 

• Date/Time Placed in Cold Storage 

• Storage Area (Walk In, Blue Air-VOCs, Quarantined Soils, Quarantined-

VOC, Other) 

• Disposed of By/Date 

• Method of Disposal 

 

Original samples are stored in following areas of the laboratory.   

 

 

1. Blue Air Refrigerator in Sample Storage Room:  All water VOCs must be 

stored in the refrigerator.  

 

2. Walk In Refrigerator in Sample Storage Room:  All waters for all analyses 

except VOCs must be stored in this refrigerator. 

 

4. Soil Walkin Refrigerator for all soils. 

 

 

All soils are treated as quarantined. 

 

 

All samples must be stored in one of the three refrigerators detailed above with the 

following exceptions: 

 

1. Matrices that may be adversely affected by the cold temperature.  (e.g. 

surfactant samples, multi-phase samples) 

 

2. Highly contaminated waste or product type samples which could jeopardize 

the integrity of other samples in the walk in cooler.  Often these can be stored 

at room temperature.  If these require refrigeration see the Testing Coordinator 

for other options. 

 

Any person removing samples from the storage areas listed above, must sign them out 

on a laboratory custody sheet (attached).  The individual performing the processing 

becomes responsible for the samples at this point.  The samples are maintained in the 
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secure possession of the individual processing the samples.  When the processing is 

completed, the samples are returned and signed back into the appropriate storage area.  

It must be noted if the entire sample volume was used and that the container was 

discarded. 

 

Sample extracts and digestates are stored in the following areas: 

 

1. All metals digestates are stored in the metals instrument laboratory.  The 

transfer from the digestion analysts to the ICAP analysts is documented in the 

metals digestion log book. 

 

2. Non - ZHE TCLP extracts are returned to the refrigerator in which the original 

samples are stored.  For ZHE samples, the extract is returned to the 

refrigerator in which the original VOC sample containers are stored. 

 

 

3. Extracts from medium level VOC analyses are also stored in the Soill Walk – 

in or VOC sample freezer in the VOC Lab. 

 

4. All Organic extracts are stored in a Beverage Air side by side refrigerator in 

the organic extraction laboratory. 

 

 

The generation of all sample extracts/digests and their movement through the 

laboratory will also be tracked on a laboratory custody sheet or in a log book.  The 

individual performing the processing becomes responsible for the samples at this 

point.  The samples are maintained in the secure possession of the individual 

processing the samples.  When the processing is completed, the extracts are returned 

and signed back into the appropriate storage area.  The metals digestates are not 

removed from the metals instrument laboratory. 

 

After the analytical results have been reported, the original samples, sample extracts, 

and digestates will remain in secure storage until they are disposed of in accordance 

with the Waste Disposal Standard Operating Procedure.  Samples will be held for a 

minimum of 30 days after the final report unless specified otherwise.  Sample extracts 

and digestates are held for a minimum of 60 days after the final report unless project 

specific requirements state otherwise.  See SOP No. 405 entitled Laboratory Waste 

Disposal SOP for guidance on disposal of samples. 
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The following personnel as of September 08, 2008 have access to all sample storage 

areas: 

 

    Chandra Arthur                       Herbie Johnson 

                        Ashley Bester                          Dahae Kim                                            

     Roger Burr     Dustin Lynch 

    Tanisha Custer     Marcia McGinnity 

                        Rick Davis                               Badeen Mekael                

    Barbara Dawson          AntonioMontiero 

    Betty DeVille                   Ashley Morris                                                                                 

    Amanda Fei                   Gino Moore 

    Kendra Gentry                  E. J. Overby 

         Jason Goodman     Brenton Powers 

     Sonya Gordon               Brian Richard 

    Gwen Hallquist                   Franklin Rivers                    

    Andrew Holder                   William Schwab          

    Jade Holliman     Christy Thompson 

         John Hughes     Renee Vogel   

    Karu Huka      Randy Ward     

                                                                         

                                

                               

 

 

In the event that an employee is terminated, the supervisor is responsible for 

collecting the employee’s keys. 

 

For additional information see SOP No. 404 entitled Laboratory Sample Receiving, 

Log-In and Storage. 

  

 

 

 

 

 

  

 



QC Limits

Explosives

Compound Water Limits Soil  Limits
1,3,5-Trinitrobenzene 55-125 70-120
1,3-Dinitrobenzene 65-145 85-130
2,4,6-Trinitrotoluene 60-130 45-140
2,4-Dinitrotoluene 60-140 75-130
2,6-Dinitrotoluene 60-130 65-130
2-Amino-4,6-dinitrotoluene 60-135 60-125
2-Nitrotoluene 35-135 65-130
3-Nitrotoluene 45-130 65-130
4-Amino-2,6-dinitrotoluene 55-140 30-175
4-Nitrotoluene 55-130 65-130
HMX 55-140 75-140
Nitrobenzene 35-130 20-145
RDX 60-145 80-120
Tetryl 10-170 55-150

Nitroglycerin 60-120 60-120

PAHs SIM (AFCEE 4.0)

Compound Water  Limits Soil  Limits
Naphthalene 39-125 29-106
2-Methylnaphthalene 36-121 30-111
1-Methylnaphthalene 35-131 30-111
Acenaphthene 41-132 28-110
Acenaphthylene 43-140 23-126
Fluorene 40-140 27-116
Phenanthrene 46-144 32-127
Anthracene 50-139 28-136
Fluoranthene 47-158 30-142
Pyrene 39-158 28-130
Benzo(a)anthracene 58-141 31-146
Chrysene 51-155 39-134
Benzo(b)fluoranthene 42-156 30-139
Benzo(k)fluoranthene 49-165 42-129
Benzo(a)pyrene 31-142 28-128
Indeno[1,2,3-cd]pyrene 20-167 17-164
Dibenzo(a,h)anthracene 28-153 30-138
Benzo(g,h,i)perylene 12-171 21-149



Metals

Compound Water  Limits Soil  Limits
Aluminium 80-120 80-120
Arsenic 80-120 80-120
Boron 80-120 80-120
Barium 80-120 80-120
Beryllium 80-120 80-120
Calcium 80-120 80-120
Cadmium 80-120 80-120
Cobalt 80-120 80-120
Chromium 80-120 80-120
Copper 80-120 80-120
Iron 80-120 80-120
Potassium 80-120 80-120
Magnesium 80-120 80-120
Manganese 80-120 80-120
Molybdenum 80-120 80-120
Silver 80-120 80-120
Sodium 80-120 80-120
Nickel 80-120 80-120
Lead 80-120 80-120
Selenium 80-120 80-120
Antimony 80-120 80-120
Tin 80-120 80-120
Titanium 80-120 80-120
Thallium 80-120 80-120
Vanadium 80-120 80-120
Zinc 80-120 80-120
Mercury 80-120 80-120

Nitrate/Nitrite 300

Compound Water  Limits
Nitrate 90-110
Nitrite 90-110

TCLP Organics

Compound Water  Limits
Benzene 75-125
Carbon tetrachloride 75-135
Chlorobenzene 75-120
Chloroform 75-125
1,2-Dichloroethane 70-135
1,1-Dichloroethene 70-125
2-Butanone 65-145
Tetrachloroethene 70-125
Trichloroethene 80-125
Vinyl chloride 65-140



o-Cresol 40-110
m-Cresol 40-110
p-Cresol 40-110
1,4-Dichlorobenzene 25-110
2,4-Dinitrotoluene 65-110
Hexachlorobenzene 65-110
Hexachloro-1,3-butadiene 15-110
Hexachloroethane 15-110
Nitrobenzene 40-110
Pentachlorophenol 50-145
Pyridine 10-110
2,4,5-Trichlorophenol 60-105
2,4,6-Trichlorophenol 55-105
Chlordane 45-119
Endrin 45-140
Heptachlor 30-115
Heptachlor epoxide 45-140
Lindane 30-150
Methoxychlor 40-140
Toxaphene 41-126
2,4-D 25-120
2,4,5-TP (silvex) 20-110



ATTACHMENT 1-E 
  

MRP SITE VISIT SUPPORT DOCUMENTATION 




































































































































































































































































































































































































































































































































































	SITE INSPECTION (SI) WORK PLAN MUNITIONS CONSTITUENTS AT THREE MUNITIONS RESPONSE
	SIGNATURE PAGE
	SIGNED CERTIFICATION
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES

	ACRONYMS
	1.0  INTRODUCTION
	1.1 PROJECT OBJECTIVES
	1.2 WP ORGANIZATION

	2.0  MRP SITE DESCRIPTIONS
	2.1 OVERVIEW
	2.2 MACHINE GUN BORESIGHT RANGE
	2.3 SKEET RANGE
	2.4. TOPSHAM ANNEX SKEET RANGE
	2.5 CONTAMINANTS OF CONCERN
	TABLE 2-1 - ANALYSES AT THREE MRP SITES
	FIGURE 2-1 - SITE LOCATION MAP
	FIGURE 2-2 - MACHINE GUN BORESIGHT RANGE 
	FIGURE 2-3 - SKEET RANGE
	FIGURE 2-4 - TOPSHAM ANNEX SKEET RANGE

	3.0  SCOPE OF WORK
	3.1 PA
	3.2 STAKEHOLDER MEETINGS
	3.3 SI FIELDWORK
	3.3.1 MC Field and Data Evaluation Activities
	TABLE 3-1 - SUMMARY OF MC SI ACTIVITIES
	TABLE 3-2 - SAMPLE SUMMARY TABLE

	3.4 SI REPORT

	4.0  HEALTH AND SAFETY
	5.0  PROJECT MANAGEMENT
	5.1 PROJECT SCHEDULE
	TLBE 5-1 - PROJECT SCHEDULE
	5.2 PROJECT PERSONNEL
	5.2.1 Navy and Regulatory Project Personnel
	TABLE 5-2 - NAVY AND REGULATORY PERSONNEL
	5.2.2 Project Personnel
	TABLE 5-3 - PROJECT PERSONNEL


	6.0  PROJECT DELIVERABLES
	APPENDIX A - SAMPLING AND ANALYSIS PLAN (SAP)
	SAMPLING AND ANALYSIS PLAN
	TABLE OF CONTENTS
	TABLES

	ACRONYMS
	1.0  INTRODUCTION
	2.0  PROJECT ORGANIZATION AND RESPONSIBILITIES
	3.0  PROJECT SCOPE AND OBJECTIVES
	TABLE 3-1 - SAMPLE SUMMARY TABLE
	3.1 DATA QUALITY OBJECTIVES AND CRITERIA
	3.1.1 Data Quality Objectives

	3.2 DATA REVIEW, VERIFICATION AND VALIDATION 
	3.2.1 Field Data Verification
	3.2.2 Laboratory Data Verification
	3.2.3 Laboratory Data Validation
	3.2.4 Data Reporting Requirements


	4.0  FIELD ACTIVITIES
	4.1 RATIONALE/DESIGN
	4.2 STAKEHOLDER MEETING
	4.3 MUNITIONS CONSTITUENTS INVESTIGATIVE ACTIVITIES
	4.3.1 Machine Gun Boresight Range
	4.3.2 Skeet Range
	4.3.3 Topsham Annex Skeet Range

	4.4 SAMPLING OVERVIEW
	4.5 SITE UTILITY CLEARANCE AND DIGGING PERMIT
	4.6 INVESTIGATION EQUIPMENT AND PROCEDURES
	4.6.1 Direct-Push Methods for Surface and Subsurface Soil
	4.6.2 Temporary Monitoring Point Installation
	4.6.3 Surface Water and Sediment Sampling
	4.6.4 XRF Sampling of Lead in Soil

	4.7 GROUNDWATER FIELD ACTIVITIES
	4.7.1 Groundwater Purging
	4.7.2 Temporary Monitoring Well Sampling
	4.7.3 Water-Level Measurements 
	4.7.4 Temporary Well Abandonment
	4.7.5 Temporary Well Completion to Permanent Well

	4.8 SAMPLE HANDLING AND MANAGEMENT
	4.8.1 Sample Custody
	4.8.2 Field Custody
	4.8.3 Transfer of Custody
	4.8.4 Sample Shipment Procedures
	4.8.5 Laboratory Sample Custody

	4.9 EQUIPMENT DECONTAMINATION 
	4.10 INVESTIGATIVE-DERIVED WASTE MANAGEMENT
	4.11 FIELD ANALYTICAL METHOD REQUIREMENTS
	4.11.1 Water Quality Meters
	4.11.2 XRF Spectrometer

	4.12 FIELD EQUIPMENT AND MAINTENANCE
	4.13 SURVEYING
	4.14 FIELD DOCUMENTATION AND DOCUMENTATION RESPONSIBILITIES
	4.15 FIELD EQUIPMENT
	TABLE 4-1 - FIELD EQUIPMENT
	4.16 LABORATORY ANALYSIS
	4.17 QUALITY ASSURANCE (QA) / QUALITY CONTROL (QC) SAMPLES
	4.17.1 QC Samples
	4.17.2 QA Samples
	TABLE 4-2 - QUANTITIES OF ANALYSIS FOR THE MACHINE GUN BORESIGHT RANGE
	TABLE 4-3 - QUANTITIES OF ANALYSES FOR THE SKEET RANGE
	TABLE 4-4 - QUANTITIES OF ANALYSES FOR THE TOPSHAME ANNEX SKEET RANGE

	4.18 SAMPLING EQUIPMENT DECONTAMINATION

	5.0  FIELD OPERATIONS DOCUMENTATION
	5.1 DQCR
	5.2 FIELD NOTES
	5.3 SAMPLE NUMBERING SCHEME
	5.4 SAMPLE LABELS
	5.5 COC 

	6.0  SAMPLE PACKAGING AND SHIPPING REQUIREMENTS
	7.0  INVESTIGATIVE-DERIVED WASTE
	ATTACHMENT 1:  QUALITY ASSURANCE PROJECT PLAN
	ATTACHMENT 1-A - UFP-QAPP WORKSHEETS
	ATTACHMENT 1-B - FIELD SOPs
	ATTACHMENT 1-C - FIELD FORMS
	ATTACHMENT 1-D - ANALYTICAL LABORATORY SOPs
	ATTACHMENT 1-E - MRP SITE VISIT SUPPORT DOCUMENTATION


	APPENDIX B - MACHINE GUN BORESIGHT RANGE XRF RESULTS
	APPENDIX C - SUPPLEMENTAL HISTORICAL INFORMATION
	APPENDIX D - RESPONSES TO STAKEHOLDER COMMENTS



