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EXECUTIVE SUMMARY 
 

Tetra Tech NUS, Inc. (Tetra Tech) has prepared this Sampling and Analysis Plan (SAP) for the landfill 
delineation study at Site 3 at the Naval Air Station Joint Reserve Base (NAS JRB) Willow Grove, 
Pennsylvania under Contract Task Order  (CTO) No. 412, Contract N62467-04-D-0055, Comprehensive 
Long-Term Environmental Action-Navy (CLEAN). Figure 1 shows the locations of the NAS JRB Willow 
Grove facility and of the Site 3 Ninth Street Landfill (Site 3).   
 
The preliminary draft Remedial Investigation (RI) report for Site 3, reviewed by the Navy in January 2007, 
concluded that Site 3 soils do not pose a threat to public health or the environment.  However, the Navy 
considered that the soil analytical data generated during the RI up to that time may not have been 
representative of actual site conditions.  In order to be certain that the conclusion of the preliminary draft 
RI report regarding site soils was correct, the Navy decided to perform additional test pit excavations to 
document site conditions.  Significant quantities of buried waste material at several Site 3 locations were 
encountered during a subsurface soil test pit and soil sampling investigation performed in April/May 2007. 
 
In April/May 2007, Tetra Tech excavated fourteen test pits as part of the Test Pit Investigation.  Test pit 
locations were chosen in potential historical landfill operations areas based on analysis of historical aerial 
photography of the site as shown in Figure 3.  Five of the fourteen test pits encountered buried charred 
waste materials consisting of general refuse, shop waste, military refuse and construction debris.  Soil 
samples associated with some of the buried waste contained elevated levels of semivolatile compounds 
(SVOCs), pesticides, polychlorinated biphenyls (PCBs), dioxin, and metals.   
 
The purpose of the Landfill Delineation investigation described in this SAP is to delineate the extent of the 
buried waste and soil contamination discovered during the Test Pit Investigation and to further 
characterize the soil contamination.  This information will be used in the remedial decision process.  The 
Landfill Delineation investigation will include electromagnetic induction (EM) geophysical surveys, 
additional test pits and soil samples, as well as surface soil samples for ecological screening.  Up to eight 
test pits will be excavated.  Eight surface and eight subsurface soil samples will be collected to 
characterize the nature and extent of the contamination from test pits, and an additional 12 surface soil 
samples will be collected for analysis and comparison to ecological screening criteria.  The overall goal is 
to support updated human health and ecological risk assessments. 
 
The SAP contained herein was generated for and will comply with applicable Uniform Federal Policy for 
Quality Assurance Project Plans (UFP-QAPP), and United States Environmental Protection Agency 
(EPA) Region 3 requirements, regulations, guidance, and technical standards as appropriate. 
 
This SAP outlines the organization, project management, objectives, planned activities, measurement, 
data acquisition, assessment, oversight, and data review procedures associated with the planned 
investigations at Site 3. 
 
The Landfill Delineation investigation will employ EM geophysical surveying to delineate the extent of 
each known or suspected landfill zone within Site 3.  A tight grid pattern will be used around landfill areas 
discovered during the test pit investigation.  A wider grid pattern will be used in areas where no evidence 
of past landfill operations is apparent.  Based on the findings from the EM survey, up to eight test pits will 
be excavated.  The locations of the test pits will be chosen to confirm presence of buried waste where the 
EM survey indicates buried waste is present, as well as to confirm that no waste is present where the EM 
survey indicates no waste.  Test pits will provide visual confirmation of the presence or absence of buried 
waste.  Where buried waste is encountered, it will be photographed, sampled and a log will be kept to 
help characterize the nature and extent of the waste for reporting purposes.   
 
Eight surface and eight subsurface soil samples will be collected and analyzed for volatile organic 
compounds (VOCs), SVOCs, pesticides, PCBs, metals, and cyanide.  The samples will be chosen based 
on direct (visual or olfactory) evidence of contamination, or on the highest photoionization detector (PID) 
screening responses.  All surface soil samples will be analyzed by analytical methods sufficient to provide 
the detection limits required for comparison of results to typical ecological risk screening values.  One 
subsurface dioxin sample and duplicate will be collected from an area showing evidence of charred 
waste.   
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Protocols for sample collection, handling, and storage, chain-of-custody, laboratory and field analyses, 
data validation, and reporting are also addressed in this SAP.  The investigation procedures utilized will 
comply with Tetra Tech standard operating procedures (SOPs), which are included in Appendix A of this 
SAP or other procedure if applicable.  The fieldwork and sampling are scheduled to begin in April 2008.  
A complete schedule is detailed in SAP Worksheet #16. 
 
The field activities conducted under this SAP shall meet the requirements of the NAS JRB Willow Grove 
Site-Specific Health and Safety Plan (Tetra Tech, 2008). 
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Acronyms 
 
°C  Degrees Celsius 
%  Percent 
BRAC   Base Realignment and Closing 
BTAG  Biological Technical Assistance Group 
CA  Corrective Action  
CCC  Calibration Check Compound 
CCV  Continuing Calibration Verification 
CLEAN  Comprehensive Long-term Environmental Action Navy 
CTO  Contract Task Order 
DAF  Dilution Attenuation Factor 
DoD   Department of Defense 
DON  Department of the Navy 
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DQI   Data Quality Indicator 
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MSC  Medium Specific Concentration 
NA  Not Applicable 
NAS JRB Naval Air Station Joint Reserve Base 
NAVFAC Naval Facilities Engineering Command 
NELAP  National Environmental Laboratory Accreditation Program 
NFESC  Naval Facilities Engineering Service Center 
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ppm  Parts Per Million 
PQOs   Project Quality Objectives 
PT   Proficiency Testing (previously known as performance evaluation (PE) sample) 
PWD  Public Works Detachment 
QA   Quality Assurance 
QAM  Quality Assurance Manager 
QAO  Quality Assurance Officer 
QAPP   Quality Assurance Project Plan 
QC   Quality Control 
QL   Quantitation Limit 
RBC  Risk Based Concentration 
REG  Regional Environmental Group 
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ROICC  Resident Officer in Charge of Construction 
RPD   Relative Percent Difference 
RPM   Remedial Project Manager 
RSD   Relative Standard Deviation 
SAP   Sampling and Analysis Plan 
SDG   Sample Delivery Group 
SGS  SGS Environmental Services, Inc. 
SQL  Structured Query Language 
SOP   Standard Operating Procedure 
SOW  Statement of Work 
SSO  Site Safety Officer 
SVOC   Semivolatile Organic Compounds 
TAL  Target Analyte List 
TBD  To Be Determined 
TCE  Trichloroethene 
TCL  Target Compound List 
Tetra Tech Tetra Tech NUS, Inc. 
UFP   Uniform Federal Policy 
VOA   Volatile Organic Analytes 
VOC  Volatile Organic Compounds 
WS  Worksheet 
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SAP Worksheet #2 -- SAP Identifying Information 
(UFP-QAPP Manual Section 2.2.4) 
 
Site Name/Number: Site 3 – Ninth Street Landfill       
Operable Units:   OU 5 (Soil), OU 10 (Groundwater)     
Contractor Name:   Tetra Tech NUS, Inc. (Tetra Tech) 
Contract Number:   N62467-04-D-0055 
Contract Title:   CLEAN 
Work Assignment Number:  CTO 412 
 
1. This SAP was prepared in accordance with the requirements of the Uniform Federal Policy for Quality 
Assurance Plans (UFP-QAPP) (U.S. EPA 2005) and EPA Guidance for Quality Assurance Project Plans, 
EPA QA/R-5, EPA QA/G-5, QAMS (U.S. EPA 2002).  
 
2.  Identify regulatory program:  Department of Defense Installation Restoration Program (CERCLA). 
 
3.  This SAP is a project-specific SAP.  
 
4.  List dates of scoping sessions that were held:  
 
Scoping Session       Date 
Project Planning and Field Sampling Preparation  March 2007 
Project Planning and Field Sampling Preparation  June 21, 2007 
Team Meeting/Project Planning and Field Sampling 
Preparation  September 19, 2007 

   
 
5.  List dates and titles of any SAP documents written for previous site work that are relevant to the 
current investigation.  
 
     Title         Date     
QAPP for Test Pit Investigation (Rev. 0)  April 2007 
Phase II RI/FS Work Plan for NAS JRB Willow Grove  October 1996 
Final Plan of Action for Extended Site Inspections and RI  August 1991 

 
6.   List organizational partners (stakeholders) and connection with lead organization:   
EPA (regulatory oversight), PADEP (regulatory oversight), BRAC PMO (property owner), Tetra Tech, 
NUS, Inc. (Navy IRP contractor)     
 
              
 
              
 
7. Lead organization: NAVFAC   
 
8. If any required SAP elements or required information are not applicable to the project or are provided 

elsewhere, then note the omitted SAP elements and provide an explanation for their exclusion below:  
 
              
 
              
 
 
 
UFP-QAPP 
Worksheet # 

Required Information Crosswalk to Related 
Information 
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UFP-QAPP 
Worksheet # 

Required Information Crosswalk to Related 
Information 

A. Project Management  
Documentation 
1 Title and Approval Page Not Applicable; Worksheet used 
2 Table of Contents 

SAP Identifying Information 
Not Applicable; Worksheet used 

3 Distribution List Not Applicable; Worksheet used 
4 Project Personnel Sign-Off Sheet Not Applicable; Worksheet used 
Project Organization 
5 Project Organizational Chart Not Applicable; Worksheet used 
6 Communication Pathways Not Applicable; Worksheet used 
7 Personnel Responsibilities and Qualifications 

Table 
Not Applicable; Worksheet used 

8 Special Personnel Training Requirements Table Information provided in the 
Health and Safety Plan 

Project Planning/ Problem Definition 
9 Project Planning Session Documentation 

(including Data Needs tables) 
Project Scoping Session Participants Sheet 
 

Not Applicable; Worksheet used 

10 Problem Definition, Site History, and 
Background.  
Site Maps (historical and present) 

Not Applicable; Worksheet used 

11 Site-Specific Project Quality Objectives  Not Applicable; Worksheet used 
12 Measurement Performance Criteria Table Not Applicable; Worksheet used 
13 Sources of Secondary Data and Information 

Secondary Data Criteria and Limitations Table 
Not Applicable; Worksheet used 

14 Summary of Project Tasks Not Applicable; Worksheet used 
15 Reference Limits and Evaluation Table Not Applicable; Worksheet used 
16 Project Schedule/Timeline Table Not Applicable; Worksheet used 
B.  Measurement Data Acquisition 
Sampling Tasks 
17 Sampling Design and Rationale Not Applicable; Worksheet used 
18 Sampling Locations and Methods/ SOP 

Requirements Table 
Sample Location Map(s) 

Not Applicable; Worksheet used 

19 Analytical Methods/SOP Requirements Table Not Applicable; Worksheet used 
20 Field Quality Control Sample Summary Table Not Applicable; Worksheet used 
21 Project Sampling SOP References Table 

Sampling SOPs 
Not Applicable; Worksheet used 

22 Field Equipment Calibration, Maintenance, 
Testing, and Inspection Table 

Not Applicable; Worksheet used 

Analytical Tasks 
23 Analytical SOPs 

Analytical SOP References Table 
Not Applicable; Worksheet used 

24 Analytical Instrument Calibration Table Not Applicable; Worksheet used 
25 Analytical Instrument and Equipment 

Maintenance, Testing, and Inspection Table 
Not Applicable; Worksheet used 

Sample Collection 
26 Sample Handling System, Documentation 

Collection, Tracking, Archiving and Disposal  
Sample Handling Flow Diagram 

Not Applicable; Worksheet used 

27 Sample Custody Requirements, 
Procedures/SOPs Sample Container 
Identification 
Example Chain-of-Custody Form and Seal 

Not Applicable; Worksheet used 
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UFP-QAPP 
Worksheet # 

Required Information Crosswalk to Related 
Information 

Quality Control Samples 
28 QC Samples Table 

Screening/Confirmatory Analysis Decision Tree 
Not Applicable; Worksheet used 

Data Management Tasks 
29 Project Documents and Records Table Not Applicable; Worksheet used 
30 Analytical Services Table 

Analytical  and Data Management SOPs 
Not Applicable; Worksheet used 

C.  Assessment Oversight 
31 Planned Project Assessments Table 

Audit Checklists 
Not Applicable; Worksheet used 

32 Assessment Findings and Corrective Action 
Responses Table  

Not Applicable; Worksheet used 

33 QA Management Reports Table Not Applicable; Worksheet used 
D. Data Review 
34 Verification (Step I) Process Table Not Applicable; Worksheet used 
35 Validation (Steps IIa and IIb) Process Table Not Applicable; Worksheet used 
36 Validation (Steps IIa and IIb) Summary Table Not Applicable; Worksheet used 
37 Usability Assessment Not Applicable; Worksheet used 
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SAP Worksheet #3 -- Distribution List 
(UFP-QAPP Manual Section 2.3.1) 
  

 
Name of SAP 

Recipients 
 

Title/Role 
 

Organization 

 
Telephone 

Number 
(Optional) 

 
E-mail Address or Mailing 

Address  

 
Document 

Control 
Number 

(Optional) 
Curtis Frye Remedial Project Manager NAVFAC Mid-Atlantic (215) 897-4914 curtis.frye@navy.mil NA 
Bob Lewandowski Environmental Coordinator BRAC PMO NE (215) 897-4908 robert.f.lewandowski@navy.mil NA 
Dave Barclift Technical Manager NAVFAC Atlantic (215) 897-4913 david.barclift@navy.mil  

Gloria Abarca Facility Contact Regional Environmental 
Group (REG) (215) 773-2106 gloria.abarca@navy.mil NA 

Lt. Commander Suzanne 
Montgomery PWD Coordinator Public Works Department  (215) 443-6221 suzanne.montgomery@navy.mil NA 

Lisa Cunningham EPA Regional Project Manager EPA Region 3 (215) 814-3363 cunningham.lisa@epamail.gov NA 
Charles Clark PADEP Project Manager PADEP (484)-250-5731 tsheehan@state.pa.us NA 
Russell Turner Project  Manager (PM) Tetra Tech (610) 382-1534 russ.turner@tetratech.com NA 

Tom Johnston CLEAN Quality Assurance 
Manager (QAM) Tetra Tech (412) 921-8615 tom.johnston@tetratech.com NA 

Don Whalen Field Operations Leader 
(FOL)/Site Safety Officer(SSO) Tetra Tech (610) 382-1536 don.whalen@tetratech.com NA 

Megan Ritchie Project Chemist Tetra Tech (610) 382-1527 megan.ritchie@tetratech.com NA 
Gordon Araujo Project Engineer Tetra Tech (610) 382-1168 gordon.araujo@tetratech.com NA 

Sherri Eng NAVFAC Quality Assurance 
Officer (QAO) NAVFAC Atlantic (410) 305-2746 sherri.eng@navy.mil NA 

Mark Ross Project Manager CompuChem Labs, Inc. 
(CompuChem) (919) 379-4006 markross@compuchemlabs.com NA 

Chris Cornwell Project Manager SGS Environmental 
Services, Inc. (SGS) (910) 350-1903 chris.cornwell@sgs.com NA 

 
CLEAN Comprehensive Long-Term Environmental Action Navy 
EPA Environmental Protection Agency 
FOL Field Operations Leader 
NA Not applicable 
NAVFAC Naval Facilities Engineering Command 
PADEP Pennsylvania Department of Environmental Protection 
PWD Public Works Detachment 
QAM Quality Assurance Manager 

QAO Quality Assurance Officer 
REG Regional Environmental Group 
ROICC Resident Officer in Charge of Construction 
TBD To be determined 
Tetra Tech Tetra Tech NUS, Inc. 
SGS SGS Environmental Services, Inc. 
SSO Site Safety Officer 
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SAP Worksheet #4 -- Project Personnel Sign-Off Sheet 
(UFP-QAPP Manual Section 2.3.2) 
 
Signatories to this worksheet will have a complete copy of the section they are attesting to have reviewed, before they provide their signature in the worksheet.   
Signatures will be provided on a copy of the Worksheet # 4 that will either be scanned and transmitted via email or transmitted via facsimile to the Tetra Tech 
Project Manager to maintain on file. 
 

Name  Organization/Title/Role 

Telephone 
Number 
(optional) Signature/email receipt 

SAP Section 
Reviewed 

Date SAP 
Read 

Russell Turner Tetra Tech PM (610) 382-1534    

Don Whalen Tetra Tech FOL/SSO (610) 382-1536    

Tom Johnston Tetra Tech QAM (412) 921-8615    

Joe Samchuck Tetra Tech DVM (412) 921-8510    

Megan Ritchie Tetra Tech Project Chemist (610) 382-1527    

Sherri Eng NAVFAC QAO (410) 305-2746    

Lisa Cunningham EPA Regional Project Manager (215) 814-3363    

Charles Clark PADEP Project Manager (484) 250-5731    

Curtis Frye Remedial Project Manager (215) 897-4914    

Dave Barclift Technical Manager (215) 897-4913    

Gloria Abarca Facility Contact (215) 773-2106    

Lt. Commander Suzanne Montgomery PWD Coordinator (215) 443-6221    

TBD Test Pit Excavating Subcontractor TBD    

TBD Geophysics Subcontractor  TBD    
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Name  Organization/Title/Role 

Telephone 
Number 
(optional) Signature/email receipt 

SAP Section 
Reviewed 

Date SAP 
Read 

Mark Ross CompuChem  (919) 379-4006    

Chris Cornwell SGS  (910) 350-1903    
 
DVM Data Validation Manager 
FOL Field Operations Leader 
PM Project Manager 
QAM Quality Assurance Manager 
SGS SGS Environmental Services, Inc. 
SSO Site Safety Officer 
TBD To be determined 
Tetra Tech Tetra Tech NUS, Inc.
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SAP Worksheet #5 -- Project Organizational Chart 
(UFP-QAPP Manual Section 2.4.1) 
 

Lines of Authority:   Lines of Communication:     
         

    Navy BRAC PMO Northeast 
Robert Lewandowski - BEC     

               

NAVY NAVFAC Midlant        USEPA 
Curtis Frye - RPM             Lisa Cunningham 

Remedial Project Manager        Region 3 RPM 

                

                

           Gloria Abarca - REG POC 
Lt. Com Suzanne Montgomery - PWC-DET 

Coord.             PADEP 

        Charles Clark 

               
               

Tetra Tech  Tetra Tech  Tetra Tech 

Health and Safety  / Sr. CIH   Program  Manager   CLEAN QAM 

Project H&S Officer  John Trepanowski  Tom Johnston  

Matt Soltis  - HSO              
Jim Laffey              

     Tetra Tech        
      Project Manager      
     Russell Turner  Tetra Tech 

Tetra Tech          Project Chemist 
Support Staff          Megan Ritchie 

Data Validation Manager  Tetra Tech      
(Joe Samchuck)  Field Operations Leader      

Chemists  Site Safety Officer      
Env. Engineers  Site QA Advisor  Analytical Laboratories 

Geologists  Don Whalen  CompuChem – Mark Ross 
    Megan Ritchie   SGS – Chris Cornwell  
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SAP Worksheet #6 -- Communication Pathways 
(UFP-QAPP Manual Section 2.4.2) 

 

Communication Drivers Responsible Affiliation Name 
Phone 

Number 
and/or e-mail

Procedure  

Regulatory Agency review EPA RPM 
PADEP RPM 

Lisa 
Cunningham 
Charles Clark 

(215) 814-3363 
(484)-250-5731 Review Technical Documents 

Field Task Modification Request 
(FTMR) Tetra Tech FOL Don Whalen (610) 382-1536 Immediately gets approval from Tetra Tech PM 

Document via FTMR form 

QAPP Amendments Navy RPM 
NAVFAC QAO 

Cutis Frye 
Sherri Eng 

(215) 897-4914 
 (410) 305-2746 

Immediately informs Tetra Tech PM 
Document via FTMR form 
QAPP Amendments submitted to NAVFAC for 
review and approval 
 

Changes in Schedule Tetra Tech PM Russell Turner (610) 382-1534 Informs Navy via schedule impact letter as soon 
as impact is realized 

Issues in the field that result in 
changes in scope of field work 

Tetra Tech FOL 
Tetra Tech PM 

Don Whalen 
Russell Turner 

(610) 382-1536 
(610) 382-1534 

FOL informs PM; PM informs RPM; RPM issues 
scope change if warranted; Scope change to be 
implemented before work is executed. 

Recommendations to stop work and 
initiate work upon corrective action 

Tetra Tech FOL 
Tetra Tech PM 
Tetra Tech QAM 
Tetra Tech HSM 
Navy RPM 

Don Whalen 
Russell Turner 
Tom Johnston 
Matt Soltis 
Curtis Frye 

(610) 382-1536 
(610) 382-1534 
(412) 921-7273 
(412) 921-8912 
(215) 897-4914 

Responsible Party immediately informs 
subcontractors, the Navy, and Project Team 

Analytical data quality issues          

CompuChem 
SGS 
Tetra Tech Project Chemist 
 

Mark Ross 
Chris Cornwell 
Megan Ritchie 
 

(919) 379-4006 
(910) 350-1903 
(610) 382-1527 

 

Immediately notify Tetra Tech Project Chemist 
 
Notify Data Validation Staff and Tetra Tech PM if 
necessary        

  
FOL Field Operations Leader 
FTMR Field Task Modification Request 
PM Project Manager 
QAM Quality Assurance Manager 
QAPP Quality Assurance Project Plan 
RPM Remedial Project Manager 
SGS SGS Environmental Services, Inc. 
TBD To be determined 
Tetra Tech Tetra Tech NUS, Inc.
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SAP Worksheet #7 -- Personnel Responsibilities and Qualifications Table 
(UFP-QAPP Manual Section 2.4.3) 

 

 
Name 

 
Title/Role 

 
Organizat

ional 
Affiliation

 
Responsibilities 

 
Education and/or Experience 

Qualifications (Optional) 

Russell Turner PM  TtNUS Oversees project, financial, schedule, and technical 
day to day management of the project. 

• Ensures timely resolution of project-related 
technical, quality, and safety questions 
associated with TtNUS operations. 

• Functions as the primary TtNUS interface 
with the Navy RPM, NASJRB Willow Grove, 
TtNUS field and office personnel, and 
laboratory points of contact. 

• Ensures that TtNUS health and safety issues 
related to this project are communicated 
effectively to all personnel and off-site 
laboratories. 

• Monitors and evaluates all TtNUS 
subcontractor performance. 

• Coordinates and oversees work performed 
by TtNUS field and office technical staff 
(including data validation, data 
interpretation, and report preparation). 

• Coordinates and oversees maintenance of all 
TtNUS project records. 

• Coordinates and oversees review of TtNUS 
project deliverables. 

• Prepares and issues final TtNUS 
deliverables to the Navy.   

B.A. Natural Sciences, 30 years 
environmental experience 

Don Whalen FOL, SSO TtNUS Supervises, coordinates, and performs field 
sampling activities 

• Ensures that health and safety requirements 
are implemented. 

• Functions as the on-site communications link 

B.A. Geology, M.S. Marine Studies, 
17 years environmental experience 
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Name 

 
Title/Role 

 
Organizat

ional 
Affiliation

 
Responsibilities 

 
Education and/or Experience 

Qualifications (Optional) 

between field staff members, the SSO, NAS 
JRB Willow Grove, and TtNUS PM. 

• Alerts off-site analytical laboratories of any 
special health and safety hazards 
associated with environmental samples. 

• Oversees the mobilization and 
demobilization of all field equipment and 
subcontractors. 

• Coordinates and manages the field technical 
staff. 

• Adheres to the work schedules provided by 
the TtNUS PM. 

• Ensures the proper maintenance of site 
logbooks, field logbooks, and field 
recordkeeping. 

• Initiates field task modification requests (field 
change orders) when necessary. 

• Identifies and resolves problems in the field, 
resolving difficulties via consultation with 
the NASJRB Willow Grove POC, 
implementing and documenting corrective 
action procedures, and providing 
communication between the field team and 
project management. 

 

Tom 
Johnston, PhD 

QAM TtNUS Reviews QAPP, oversees preparation of lab scope, 
coordinates with lab, and data quality review.  
Ensures Quality aspects of the CLEAN program. 
• Develops, maintains, and monitors QA policies 

and procedures. 
• Provides training to TtNUS staff in QA/QC 

policies and procedures. 
• Conducts systems and performance audits to 

monitor compliance with environmental 

PH.D Analytical Chemistry, 30 years 
environmental experience 
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Name 

 
Title/Role 

 
Organizat

ional 
Affiliation

 
Responsibilities 

 
Education and/or Experience 

Qualifications (Optional) 

regulations, contractual requirements, QAPP 
requirements, and corporate policies and 
procedures. 

• Audits project records. 
• Monitors subcontractor quality controls and 

records. 
• Assists in the development of corrective action 

plans and ensuring correction of non-
conformances reported in internal or external 
audits. 

• Ensures that this SAP meets TtNUS, Navy, and 
PADEP requirements. 

• Oversees the responsibilities of the TtNUS 
Project QA/QC Advisor. 

• Prepares QA reports for management. 
 

Megan Ritchie Lead Chemist  TtNUS Coordinates analyses with lab chemists, ensures 
the scope is followed, QA data packages, 
communicates with TtNUS staff. 

• Ensures that the project meets objectives 
from the standpoint of laboratory 
performance  

• Provides technical advice to the TtNUS team 
on matters of project chemistry. 

• Monitors and evaluates subcontractor 
laboratory performance. 

• Ensures timely resolution of laboratory-
related technical, quality, or other issues 
effecting project goals. 

• Functions as the primary interface with the 
subcontracted laboratory and the TtNUS 
PM. 

• Coordinates and oversees work performed 
by the subcontracted laboratory. 

B.S. Biology/Environmental Studies, 
11 years environmental experience 
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Name 

 
Title/Role 

 
Organizat

ional 
Affiliation

 
Responsibilities 

 
Education and/or Experience 

Qualifications (Optional) 

• Oversees the completion of TtNUS data 
validation. 

• Coordinates and oversees review of 
laboratory deliverables. 

• Recommends appropriate laboratory 
corrective actions. 

Joseph 
Samchuck 

DVM TtNUS Quality assurance of data validation deliverables. B.S. Chemistry, MBA, M.S. Finance, 
23 years environmental experience 

Matt Soltis HSM  TtNUS Oversees CLEAN Program Health and Safety  
Program       
• Provides technical advice to the TtNUS PM on 

matters of health and safety. 
• Oversees the development and review of the 

Health and Safety Plan (HASP). 
• Conducts health and safety audits. 
• Prepares health and safety reports for 

management. 
 

B.S. Industrial Safety Sciences, 24 
years environmental experience 

Curt Frye RPM NAVFAC Oversees project, financial, and schedule, of the 
project. 

B.S. Engineering, P.E. 

Bob 
Lewandowski 

Environmental 
Coordinator 

BRAC 
PMO NE 

Oversight officer for BRAC program. B.S. Engineering, P.E. 

Sherri Eng QAO NAVFAC Reviews project SAP.  Ensures quality aspects of 
the Navy and UFP-QAPP guidance. 

 

Dave Barclift Technical 
Manager NAVFAC Reviews project SAP.  Ensures technical 

completeness.  
 

Lisa 
Cunningham 

RPM EPA 
Region 3 

Regulatory review of technical documents.  

Charles Clark PM PADEP Regulatory review of technical documents.  
TBD Test Pit 

Excavating 
Subcontractor 
PM 

TBD Ensures that project specific requirements are 
communicated to field personnel. 
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Name 

 
Title/Role 

 
Organizat

ional 
Affiliation

 
Responsibilities 

 
Education and/or Experience 

Qualifications (Optional) 

TBD Geophysics 
Subcontractor 
PM 

TBD Ensures that project specific requirements are 
communicated to field personnel 

 

 
B.A. Bachelor of Arts 
B.S. Bachelor of Science 
CLEAN  Comprehensive Long-Term Environmental Action Navy  
DVM Data Validation Manager 
FOL Field Operations Leader 
HSM Heath and Safety Manager 
MBA Masters of Business Administration 
M.S. Masters of Science 
PADEP Pennsylvania Department of Environmental Protection 
PM Project Manager 
QA Quality Assurance 
QAM Quality Assurance Manager 
QAPP Quality Assurance Project Plans 
SGS SGS Environmental Services, Inc. 
SSO Site Safety Officer 
Tetra Tech Tetra Tech NUS, Inc. 
NAVFAC Naval Facilities Engineering Command 
 
In some cases one person may be designated responsibilities for more than one position.  For example, the FOL may also be responsible for SSO duties.  This 
action will be performed only as credentials, experience, and availability permits. 

 
Additional responsibilities are as follows: 
 

Laboratory Responsibilities 
The subcontracted laboratory for the SI is responsible for analyzing all samples in accordance with the analytical methods and additional requirements specified in 
this SAP.  It will also be the analytical laboratory’s responsibility to properly dispose of unused sample aliquots.  Responsibilities of key laboratory personnel are 
outlined in the following paragraphs. 
 
Laboratory Project Managers 
The Laboratory PM will interface directly with the TtNUS Project Chemist, TtNUS PM, and TtNUS QA Advisor and will perform the following tasks: 
 
• Ensure that methods and project-specific requirements are properly communicated and understood by laboratory personnel. 
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• Ensure that all laboratory resources are available on an as-required basis. 
• Ensure compliance with analytical and project QA requirements. 
• Review data packages for completeness, clarity, and compliance with project requirements. 
• Inform the TtNUS PM of project status and any sample receipt or analytical problems. 
•   Oversee the preparation of and approving final analytical reports before submittal to TtNUS. 
 
Laboratory Operations Manager  
Responsibilities of the Laboratory Operations Manager include the following: 
 
• Supporting the QA program within the laboratory 
• Providing management overview of both production- and quality-related laboratory activities 
• Maintaining adequate staffing to meet project analytical and quality objectives 
• Approving all laboratory SOPs and QA documents 
• Supervising in-house chain-of-custody documentation 
 
Laboratory Quality Assurance Officer 
The Laboratory QA Officer (QAO) will report directly to the Laboratory Operations Manager and will be independent of laboratory production management to 
ensure that laboratory quality performance is assessed without schedule and cost considerations.  Responsibilities of the Laboratory QAO include the following: 
 
• Defining appropriate laboratory QA procedures and monitoring overall laboratory QA. 
• Stopping work if a condition adverse to the quality of work is encountered, if QA or QC procedures are not followed, or if analytical out-of-control events are 

encountered that have not been corrected. 
• Approving and maintaining document control of all QA documents and SOPs. 
• Performing and/or implementing internal system and performance audits and verifying completion of corrective actions cited in audits. 
• Directing laboratory participation in laboratory accreditation and certification programs. 
• Reviews overall data packages and case narratives for completeness according to project requirements and analytical methods. 
 
Laboratory Sample Custodian  
The Laboratory Sample Custodian will report to the Laboratory Operations Manager.  Responsibilities of the Laboratory Sample Custodian include the following: 
• Receiving and inspecting the incoming sample containers. 
• Recording conditions of incoming sample containers. 
• Signing appropriate documents. 
• Verifying chain-of-custody records. 
• Notifying the Laboratory PM of sample receipt and inspection. 
• Assigning a unique identification number and customer number and entering each into the sample receiving log. 
• With the help of the Laboratory PM, initiating transfer of the samples to appropriate laboratory sections. 
• Controlling and monitoring access/storage of samples and extracts. 
 
Laboratory Technical Staff 
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The laboratory technical staff will be responsible for sample analyses based on the analytical methods and requirements specified in this SAP. 
 
Site QA/QC Advisor 
The FOL (or designee) will act as the Site QA/QC Advisor and will be responsible for ensuring adherence to all QA/QC requirements as defined in this SAP.  Strict 
adherence to these procedures is critical to the collection of acceptable and representative data.  The following is a summary of the Site QA/QC Advisor's 
responsibilities: 
 
• Ensuring that field QC samples are collected at the proper frequencies. 
• Ensuring that additional volumes of sample are supplied to the analytical laboratory with the proper frequency to accommodate laboratory QA/QC analyses. 
 
• Ensuring that measuring and test equipment are calibrated, used, and maintained in accordance with applicable procedures and technical standards. 
• Acting as liaison between site personnel, laboratory personnel, and the QAM. 
• Managing bottle ware shipments and overseeing field preservation. 
• Preparing a daily log of all work being performed. 
 
Site Safety Officer (SSO).  The SSO will be responsible for training and monitoring site conditions.  The SSO reports to the Company Health and Safety Officer 
(CHSO) and indirectly to the FOL and TtNUS PM.  Details of the SSO’s responsibilities are presented in the HASP and include: 
 
• Controlling specific health and safety-related field operations such as personnel decontamination, monitoring of worker heat or cold stress, and distribution of 

safety equipment. 
• Conducting and documenting a daily health and safety briefing each day while on site. 
• Assuring that field personnel comply with all procedures established in the HASP. 
• Identifying assistant SSOs in their absence. 
• Terminating work in an imminent safety hazard, emergency situation, or other potentially dangerous situation is encountered. 
• Assuring the availability and the condition of health and safety monitoring equipment. 
• Coordinating with FOL and PM to institute and document any necessary HASP modifications. 
• Ensuring that facility personnel and subcontractors are adequately advised and kept clear of potentially contaminated materials. 
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SAP Worksheet #8 -- Special Personnel Training Requirements Table 
(UFP-QAPP Manual Section 2.4.4) 
 
This worksheet is used to identify and describe any specialized/non-routine project specific training requirements or certifications needed by personnel in order to 
successfully complete the project or task. OPNAV 5090.1 instructions are not considered specialized training; the OPNAV training requirements represent routine, 
minimum requirements that are mandatory for all Department of Navy (DON) projects.   
No specialized training is required for this project.  Each site worker will be required to have completed a 40-hour course (and 8-hour refresher, if applicable) in 
Health and Safety Training as described under Occupational Safety and Health Administration (OSHA) 29 CFR 1910.120(b)(4).  Additional information about 
Health and Safety Training can be found in the site-specific Health and Safety Plan (HASP). 
 
CompuChem and SGS have successfully completed the laboratory evaluation process required as part of the Naval Facilities Engineering Service Center 
(NFESC) Quality Assurance Program and described in the Department of Defense Quality Systems Manual (DoD QSM) (January 2006) and are additionally 
certified by the National Environmental Laboratory Accreditation Program (NELAP), which is the recognized certifying authority for the state of Pennsylvania.  The 
Navy certification letters are included in Appendix B. 
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SAP Worksheet #9 -- Project Scoping Session Participants Sheet 
(UFP-QAPP Manual Section 2.5.1) 
 
 
 

Project Name: NAS JRB Willow Grove Site 3 
 
Projected Date(s) of Sampling:  
 April 14 through May 15, 2008 
 
Project Manager: Russell Turner 

Site Name: NAS JRB Willow Grove 
 
Site Location: Willow Grove, Pennsylvania 

Date of Session: June 21, 2007 
Scoping Session Purpose: Preliminary Scoping Meeting 
Name Title Affiliation Phone # E-mail Address Project Role 
Russell Turner PM Tetra Tech (610) 382-1534 russ.turner@tetratech.com Management 

Don Whalen FOL Tetra Tech (610) 382-1536 don.whalen@tetratech.com Task 
Management 

Kevin Kilmartin Geologist Tetra Tech (610) 382-1173 kevin.kilmartin@tetratech.com Lead Geologist 
Megan Ritchie Project Chemist Tetra Tech (610) 382-1527 megan.ritchie@tetratech.com Chemist 

 
Comments/Decisions: Discussed physical findings from Test Pit investigation.  Reviewed test pit logs.  
Discussed the steps for the Landfill Delineation investigation.     
 
Action Items: Write implementation plan for Landfill Delineation Study. 
 
Consensus Decisions:  
 
 

Project Name: NAS JRB Willow Grove Site 3 
Projected Date(s) of Sampling:  
 April 14 through May 15, 2008 
 
Project Manager: Russell Turner 

Site Name: NAS JRB Willow Grove 
 
Site Location: Willow Grove, Pennsylvania 

Date of Session: September 19, 2007 
Scoping Session Purpose: Team Meeting.  Discussed Site 3 Landfill delineation planning options. 
Name Title Affiliation Phone # E-mail Address Project Role 
Russell Turner PM Tetra Tech (610) 382-1534 russ.turner@tetratech.com Management 

Curtis Frye RPM NAVFAC 
Mid-Atlantic (215) 897-4914 curtis.frye@navy.mil RPM 

Lisa Cunningham RPM EPA (215) 814-3363 lisa.cunningham@epa.gov RPM 
Bernice Pasquini Hydrogeologist EPA (215) 814 -3326 bernice.pasquini@epa.gov Hydrogeologist 
Linda Watson Risk Assessor EPA (215) 814-3116 linda.watson@epa.gov Risk Assessor 

Bob 
Lewandowski 

BRAC 
Environmental 
Coordinator 

Navy BRAC 
PMO N.E. (215) 897-4908 robert.f.lewandowski@navy.mil 

BRAC 
Environmental 
Coordinator 

Dave Barclift Technical 
Manager 

NAVFAC 
Atlantic (215) 897-4913 david.barclift@navy.mil Tech Manager 

Kevin Kilmartin Senior 
Geologist Tetra Tech (610) 491-9688 kevin.kilmartin@tetratech.com Geologist 

Megan Ritchie Project Chemist Tetra Tech (610) 382-1527 megan.ritchie@tetratech.com Chemist 
 
Comments/Decisions: Test Pit sampling results were discussed. 
 
Action Items: Prepare Statement of Work (SOW) and this UFP SAP based on meetings.  Propose 
sampling locations. 
 
Consensus Decisions:  Tetra Tech assigned task to prepare preliminary draft UFP-SAP.
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SAP Worksheet #10 -- Problem Definition 
(UFP-QAPP Manual Section 2.5.2) 
 

10.1 LOCATION 
 
NAS JRB (Base), Willow Grove, Pennsylvania is located in Horsham Township, Montgomery County in 
southeastern Pennsylvania, approximately 20 miles north of the city of Philadelphia.  The Ninth Street 
Landfill occupies about 9 acres immediately north of Ninth Street along the western boundary of NAS JRB 
Willow Grove (Figure 1).    
 
10.2 SITE HISTORY 
 
The Ninth Street Landfill (Site 3) was active from 1960 to 1967.  Reportedly, Site 3 was used for landfill 
activities by the Public Works Department and also as an open disposal ground by various operations at 
the Base.  An aerial photograph taken in 1964 shows a fenced area measuring approximately 500 feet by 
600 feet immediately northwest of Ninth Street (EPA, 1995).  This area, shown on Figure 2, is presumed 
to be the landfill.  The landfill method consisted of burning the refuse and burying the residue in trenches.  
Reportedly, the landfill waste consisted mainly of general refuse, but also included paint wastes; paint 
stripper; trichloroethene (TCE); sewage sludge; petroleum, oils and lubricants; and industrial pretreatment 
plant sludge.  After closure of the landfill, a salvage yard operated in the eastern portion of the Site 3.  
Between 1980 and 1983, clean fill and construction debris were deposited in the area southwest of the 
storm water retention basin. 
 
10.3 PHYSICAL SETTING 
 
10.3.1 Surface Features 
 
The Base is comprised of flat to slightly rolling terrain and is generally bounded by State Route 611 to the 
east, State Route 463 to the southwest, and Keith Valley Road to the north.  Site 3 is located in an 
undeveloped area between Ninth Street and Dawes Road.  The ground surface is well vegetated with a 
mixture of grass and woody vegetation.  The ground surface slopes north toward a wetland area, 
intermittent stream, and storm water retention basin located approximately 200 feet from what historical 
information indicates was the northern limit of waste disposal.  Surface recreational facilities including a 
pavilion, playground, and baseball diamond are located in the northeastern portion of Site 3. 
 
10.3.2 Soils 
 
The Soil Survey of Montgomery County (United States Department of Agriculture, 1967) indicates that five 
major soil series are mapped within the boundaries of four primary Base Installation Restoration (IR) sites.  
The soil series include the Lansdale, Lawrenceville, Chalfont, and Readington silt loams and the Lansdale 
loam.  Minor areas of other soil series, composed chiefly of silt loam materials, are developed in small, low-
lying areas.  In general, these soils have a moderate to slow permeability that encourages rapid runoff 
during normal precipitation events.   
 
Most of the soil within the Base has been disturbed.  In addition, large areas have been filled with shale and 
sandstone mixed earth materials.  These soils, known as made land, vary widely in depth and drainage 
potential.  Soil borings collected from the Base during the Site Investigation (SI) and RI were comprised of  
fine grained soils consisting of clayey silt to sandy silt.  The depth to bedrock generally ranges from 5 feet to 
15 feet below ground surface. 
 
10.4 PREVIOUS ENVIRONMENTAL INVESTIGATIONS 
 
10.4.1 Initial Assessment Study 
 
An Initial Assessment Study (IAS) of the Site was completed in 1986 (NEESA, 1986). The report 
identified two areas, which it designated “A” and “B”, where most of the waste disposal was believed to 
have occurred (Figure 2).  “Area A”, referred to as the primary disposal area, is in the eastern portion of 
the site and corresponded to an area used as a salvage yard following the closure of the landfill.  It is 
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within the fenced area indicated by the 1964 aerial photograph and partially overlaps the present location 
of the baseball diamond.  “Area B” is a larger, rectangular area in the western portion of the site.  Area “B” 
is southwest of the 1964 fenced area.  It is possible that historic waste disposal was not necessarily 
confined to these two locations, but extended over a much larger portion of the area between Ninth Street 
and the southeastern boundary of the Base.  
 
The landfill method consisted of burning the refuse and burying the residue in trenches.  Reportedly, the 
waste disposed of in the landfill consisted mainly of general refuse, but also included paint wastes; paint 
stripper; trichloroethene (TCE); sewage sludge; petroleum, oils and lubricants; and industrial pretreatment 
plant sludge.   
 
10.4.2 Site Inspection 
 
The SI was completed in 1991 (EA Engineering and Science, May 1990).  Prior to the field sampling 
event, an electromagnetic (EM) survey and a soil vapor contaminant assessment (SVCA) were 
performed.  The EM survey was conducted on a grid pattern to assess the distribution of fill material.  
Several EM anomalies and SVCA positive detections were observed. The SVCA positive detections were 
low (less than 1 ppm) and were attributable to tetrachloroethylene (PCE).  Several of the EM anomalies 
corresponded with SVCA positive detections.  Six soil borings (B-1 through B-6) were advanced to 
investigate the subsurface material in the vicinity of the electromagnetic survey and soil gas anomalies.  
The locations of these borings are shown on Figure 3.  One discrete subsurface soil sample 
corresponding to the highest headspace reading was collected from each boring and submitted for 
volatile organic compound (VOC) analysis.  One composite sample from each boring was submitted for 
analysis of semivolatile organic compounds (SVOCs), pesticides/polychlorinated biphenyls (PCBs), 
metals, total organic carbon (TOC), total petroleum hydrocarbon (TPH), and cyanide.  One of the borings, 
9SLB-3, consisted of glass and metal fragments and tar at depths of 2 feet to the total depth of 10 feet.  
This boring was located approximately 100 feet west of monitoring well cluster 03MW01.  The discrete 
soil sample from this boring contained low levels of toluene (180 ug/kg) and 1,1,1,-trichloroethane (22J 
ug/kg) and the composite sample contained low concentrations of several SVOCs.  The samples from the 
baseball diamond area contained various polycyclic aromatic hydrocarbons (PAHs) at concentrations 
ranging from 2 mg/kg to 16.6 mg/kg and dieldrin at concentrations ranging from 89 ug/kg to 1300 ug/kg, 
with infrequent detections of other pesticides and volatile organic compounds.  Cyanide was detected in 
both surface and subsurface samples.    
  
10.4.3 Remedial Investigation 
 
The purpose of the RI soils investigation was to to further define the nature and extent of shallow soil 
contamination discovered in the baseball field during the SI, and to identify other potential sources of 
contamination within Site 3. 
  
Surface soil 
 
During the RI (1991), surface soil samples were obtained from 16 locations (corresponding to boring 
locations 03SB01 through 03SB16) in the baseball diamond area to further investigate the presence of 
dieldrin and cyanide detected during the SI (Figure 3).  The samples were analyzed for full target 
compound list (TCL) and target analyte list (TAL) parameters.  During the 1997 RI activities, locations 
03SS01 through 03SS12 were again sampled and analyzed for TAL metals, TCL SVOCs, and TCL 
pesticide/PCBs.  Samples 03SS04 and 03SS08 were also analyzed for dibenzofuran and dibenzodioxins.  
There was one surface soil sample collected during the follow-on activities in March 2006, 03SB18-0002.   
 
No VOCs were detected in Site 3 surface soil samples, and none of the SVOCs detected had 
concentrations statistically greater than background concentrations.  Among the semivolatile compounds 
detected in the Site 3 surface soils, the PAHs benzo(a)pyrene, benzo(b)fluoranthene, and 
dibenz(a,h)anthracene were detected at levels exceeding screening criteria.  
 
Dieldrin was detected in the majority of samples, frequently at levels exceeding screening criteria; 
however, ranges were within background levels.  Low levels of dibenzodioxin and dibenzofuran 
compounds were detected in both Site 3 surface soil samples analyzed for these compounds.  No 
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background samples were analyzed for these compounds.  Both samples exceeded the most stringent 
screening criteria (risk-based concentrations (EPA Region 3) for total tetrachlorodibenzodioxin (TCDD) 
equivalents, and one of them also exceeded the Pennsylvania Department of Environmental Protection 
(PADEP) Medium Specific Concentration (MSC) for residential soils; however, the levels were below all 
other screening criteria. 
 
Arsenic was found in the majority of surface soil samples at levels exceeding screening criteria; however, 
concentrations were within background levels.  Iron was detected at levels exceeding screening criteria 
and above background at three locations (03SS04, 24,200 mg/kg; 03SS09, 23,400 mg/kg; and 03SS11, 
27,200 mg/kg).   
 
Subsurface soil 
 
During 1991 RI activities, shallow subsurface samples (maximum depth of 3 feet) were obtained from 16 
locations (03SB01 through 03SB16) in the baseball diamond area.  In addition, eight samples were 
obtained from four test pits (TP-1 through TP-4) excavated at Site 3 (Figure 3).  Each test pit was 
approximately 100 feet long and a maximum of 10 feet deep.  The test pits were located in areas that 
corresponded to the soil gas and EM anomalies observed during the SI, in accordance with the Draft Plan 
of Action (EA Engineering, 1991).  Samples were analyzed for full TAL metals and TCL organic 
parameters.  During the 1997 RI investigation, three subsurface samples were obtained from location 
03SB01 at depths of 2 to 4 feet (03SB01-0204), 6 to 8 feet (03SB01-0608), and 14 to 16 feet (03SB01-
1416).  These samples were analyzed for TCL VOCs.  During the follow-on activities in March 2006, 10 
soil borings were completed upgradient of the landfill to investigate possible upgradient sources of the 
observed groundwater VOC contamination.   
 
Neither the test pit excavations nor the soil borings collected during the 1991 RI contained any waste 
materials.     
 
Arsenic was detected at levels exceeding screening criteria at all sample locations; these levels were not 
above background, however.  Iron exceeded background and the RBC ARAR of 23,000 mg/kg in 18 
samples.   
 
No VOCs statistically above background or screening criteria were detected.  Benzene (3J ug/kg), 
chlorobenzene (2J ug/kg), toluene (2J ug/kg), and TCE (2J ug/kg) were detected at low levels in 03SB02.  
2-Butanone (14J ug/kg) and acetone (71J ug/kg) were detected at 03SB01-0608. 
 
Three pesticides were detected in subsurface soil at Site 3.  Dieldrin exceeded screening criteria at 14 
locations but was within background levels.  Endosulfan I was detected at two locations (03SB11, 23 
ug/kg and 03SB13, 30 ug/kg).  Endrin was detected in 03TP02-1 at 25 ug/kg.  Neither endosulfan I nor 
endrin was detected in background samples.  
 
Aroclor 1254 was detected above screening criteria at 03TP02-1 (490 ug/kg) and 03TP02-2 (810 ug/kg).  
This compound was not detected in background; however, statistical analysis does not indicate this as a 
site-related compound. 
 
Several SVOCs were detected at Site 3 below regulatory criteria but not in background.  PAHs above 
background levels were detected at 03SB01, 03SB03 through 03SB06, 03SB14, 03SB19, 03TP02-2, and 
03TP04-3.  Screening criteria were exceeded for five polycyclic aromatic hydrocarbon (PAH) compounds, 
although only anthracene, benz(a)anthracene, and pyrene are considered site-related.  The highest PAH 
levels were associated with 03SB06. 
 
10.4.4 Test Pit Investigation 
 
The preliminary draft Remedial Investigation (RI) for Site 3 concluded that site soils do not pose a threat 
to public health or the environment.  The subsurface soil investigation, however, did not encounter 
significant quantities of buried waste material, which historical information indicates may be present at the 
site.  The Navy concluded, therefore, that soil analytical data generated during the RI may not have been 
representative of actual site conditions.  In order to test that the conclusion of the RI regarding site soils is 



Project-Specific SAP Title: SAP for Landfill Delineation at Site 3 – Ninth Street Landfill  
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0  
Site Location: Willow Grove, Pennsylvania Revision Date: November 2008 
 

L/DOCUMENTS/NAVY/00845/22059 Page 28 of 107 
 CTO 412 

correct, the Navy decided to perform additional test pit excavations to conclusively document actual site 
conditions.   
 
Tetra Tech prepared the QAPP for Test Pit Investigation and Soil Sampling at Site 3 at NAS JRB, Willow 
Grove, Pennsylvania under CTO No. 003 under the CLEAN Contract N62472-03-D-0057.   
 
The field investigation performed from April 30 to May 8, 2007 consisted of the excavation of fourteen test 
pits and the collection of twenty-six subsurface soil samples plus an additional four field duplicate 
samples for QA/QC purposes.  Figure 4 shows the test pit and soil sample locations.  Tables 1 and 2 
summarize the test pit details and soil samples collected.  Eight test pits were originally scoped and 
planned.  Six additional test pits were subsequently excavated to delineate the waste discovered in the 
planned test pits.  Field procedures followed Tetra Tech SOPs as presented in the QAPP (Rev. 0) for 
Test Pit Investigation, Site 3 – Ninth Street Landfill (April 2007).  Tetra Tech personnel performed all 
sample collection, sample handling, and sample management throughout the investigation.  Berner 
Construction, Inc., of Gap, Pennsylvania, performed the excavation at Site 3 as a subcontractor to Tetra 
Tech; Berner Construction provided the excavation equipment and equipment operation.  All sampling 
data were recorded on sample log sheets and in the site log book by the Tetra Tech geologist. 
 
The initial eight test pits, 03TP05 through 03TP12, were approximately 50 feet long and 2.5 feet wide and 
approximately 10 feet deep (or less if bedrock was encountered).  At least two, and as many as four, 
subsurface soil samples were collected from each of these eight test pits (a total of 19 samples) and 
analyzed for full TCL/TAL parameters.  Two of the samples were also analyzed for dioxin.  The samples 
were chosen based on direct (visual or olfactory) evidence of contamination, or on the highest PID 
screening responses.  If no evidence of contamination was observed, the samples were collected from 
mid-depth at locations approximately equally spaced along the length of the excavation.  The dioxin 
samples were collected from areas showing evidence of charred waste.   
 
Six additional test pits (03TP13 through 03TP18) were excavated to delineate the extent of the waste 
encountered in the eight initial test pits.  These test pits varied in length from 17 feet to 27 feet and varied 
in depth from 5 feet to 9 feet.  One subsurface soil sample was collected from each of these test pits and 
analyzed for full TCL/TAL parameters. 
 
Field Results and Observations from Test Pit Investigation 
 
Of the 14 test pits completed, four test pits (03TP05, 03TP06, 03TP08, and 03TP18) contained charred 
waste, three test pits (03TP11, 03TP12, and 03TP14) contained scattered debris, and the remaining 
seven test pits (03TP07, 03TP09, 03TP10, 03TP13, 03TP15, 03TP16, and 03TP17) contained only 
native soil.  Bedrock was encountered during each test pit excavation except 03TP14, which was 
excavated on the slope northwest of the baseball field and only 6 feet deep. The depth to bedrock ranged 
from 4 feet in test pit 03TP16 to 10 feet in test pits 03TP05, 03TP08, and 03TP09.  Photographs of the 
test pits are included as Appendix C. 
  
Test pits 03TP05 and 03TP06 (see Figure 4) were excavated in “Area B”. Both of these test pits 
contained charred waste and miscellaneous trash.  The location of the waste in the two test pits 
corresponds with a surface topographic swale (see Figure 4) oriented northwest to southeast.  Test pit 
03TP05, which was excavated roughly perpendicular to the swale, encountered approximately 25 feet of 
waste, and test pit 03TP06, which was excavated at an oblique angle to the swale, encountered 
approximately 35 feet of waste.  These two test pits appeared to intercept a former trench into which 
waste, some of it burned, had been deposited and then buried.  (According to the IAS report, burning 
waste and burying the residue in trenches was the disposal method used at the Ninth Street Landfill.)   At 
both locations, waste extended to the top of bedrock, which was encountered at 10 feet in 03TP05 and 
8.5 feet in 03TP06.  The buried waste consisted of a variety of materials, including general refuse (soda 
and beer bottles, eating utensils, china fragments), shop waste (engine parts, scrap metal, wire, cables, 
chains, saw blade, oil filter, auto parts, crushed empty drums), military refuse (temporary tarmac), and 
construction debris (cinder blocks, steel posts, asphalt).  Much of the debris was charred or otherwise 
showed evidence of having been burned (some of the bottles were partially melted), and there was ash 
mixed with the soil.  There were no potentially hazardous materials encountered.  There was one 
elevated PID reading of approximately 150 ppm from a small area (approximately one square foot) of the 
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excavated soil pile from the southern end of 03TP06.  Sample 03TP06-0304-01 was collected from this 
soil.  The soil was not wet or stained and exhibited only a faint odor.  Although the soil was near a jet 
engine manifold, the manifold did not appear to be the source of the reading, since there were no 
additional elevated readings in its immediate vicinity.  
 
Test pits 03TP15, 03TP16, and 03TP17 were excavated to delineate the lateral extent of the landfill.  Test 
pit 03TP15 was excavated approximately 60 feet south of test pit 03TP06, test pit 03TP16 approximately 
90 feet west of test pit 03TP06, and test pit 03TP17 approximately 60 feet west of test pit 03TP05.  None 
of these test pits contained buried waste; each were comprised of native soil to the depth of bedrock, 
which was 9 feet in 03TP15, 4 feet in 03TP16, and 5 feet in 03TP17. 
 
Test pit 03TP18 was excavated approximately 60 feet northeast of test pit 03TP06 in a wooded area 
characterized by an uneven, hummocky ground surface.  Weathered bedrock was encountered during 
the excavation of the test pit at a depth of approximately 3 feet.  Buried waste consisting of charred 
debris, ash, wire, concrete, and metal and glass fragments was encountered at the northern end of the 
test pit.  Excavation activities were halted when what appeared to be potential ordnance object was 
uncovered.  The Base contact was notified, and security personnel and the Base fire department were 
called to secure the site.  Explosive Ordnance Disposal (EOD) personnel from Fort Monmouth, New 
Jersey were called to the site.  An inspection by EOD personnel revealed that the object was a 200 lb. 
“practice bomb” – an empty steel shell that could be filled with sand and used for training.  The training 
device could be fitted with a black powder charge to produce smoke for spotters to see.  The EOD 
personnel removed the object from the excavation and took it off-site for disposal.  The excavation of test 
pit 03TP18 was ended at that point per NAS JRB direction, and the excavation was backfilled according 
to clearance from the EOD specialists.  
 
Test pits 03TP07 and 03TP08 were excavated in the area corresponding to an area of disturbed ground 
noted on a 1964 aerial photograph (USEPA, 1995).  Test pit 03TP07, which was excavated in a generally 
flat, wooded area, was made of undisturbed native soil to the depth of bedrock, which was approximately 
5 feet bgs.  Test pit 03TP08 was excavated in a flat clearing adjacent to a short, steep slope that marks 
the edge of the raised land on which the baseball field is located.    Approximately 18 feet of waste was 
encountered in the southeastern half of the test pit, which intercepted the slope.  The waste was similar to 
waste found in test pits 03TP05 and 03TP06, consisting of miscellaneous trash, charred debris, and ash.  
The area of waste was approximately 18 feet long by 5 feet deep.  Bedrock was encountered at a depth 
of 6 feet in the portion of the test pit below the slope.  The buried waste did not extend beyond the top of 
the slope in the up-slope direction.   
 
Test pits 03TP10, 03TP11, and 03TP12 were excavated within or near the area referred to as “Area A” or 
the “Old Supply Scrapyard” in the IAS report, which was reportedly one of the main disposal areas.  The 
area is currently a recreation field used for baseball.  03TP10 encountered undisturbed native soil to the 
depth of bedrock, approximately 8 feet.  Test pits 03TP11 and 03TP12 encountered fill to depths of 
approximately two feet and three feet, respectively, along their entire lengths.  The former grade was 
marked by a layer of partially decomposed grass at both locations.  The fill consisted of silty clay mixed 
with scattered miscellaneous debris consisting of metal and glass fragments, wire, and automobile parts.  
Underneath the former grade was undisturbed native soil.  Bedrock was encountered at depths of 7 feet 
to 9 feet in both of the test pits.  
 
Test pits 03TP13 and 03TP14 were excavated approximately 50 feet and 200 feet northeast of 03TP08, 
respectively, to determine the lateral extent of waste along the slope.  03TP13 encountered native soil to 
the depth of bedrock, approximately 5 feet.  The soil profile of test pit 03TP14 was similar to 03TP11 and 
03TP12:  fill to a depth of 3 feet, decomposed grass at the former grade, and native soil beneath.  The fill 
consisted of silty clay and miscellaneous debris (metal, glass, and ceramic fragments).  Neither of the two 
test pits contained the type of charred waste that was found in test pit 03TP08. 
 
Test Pit Investigation Analytical Results 
 
The analytical results were compared to EPA Region 3 RBCs and PADEP MSCs for residential soil.  
SVOCs, pesticides, PCBs, dioxins, and metals were identified at concentrations above these screening 
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levels.  Table 3 summarizes the positive detections from the analytical results and compares them to 
RBCs and MSCs.  Figure 5 shows the locations of the samples containing screening level exceedances.  
 
SVOCs were detected at concentrations above screening levels in four test pits: 03TP06, 03TP08, 
03TP12, and 03TP14.  Benzo(a)pyrene was the only SVOC that exceeded screening levels in test pits 
03TP08 and 03TP14.  The highest concentrations of SVOCs were detected in sample 03TP12-0102-03 
from test pit 03TP12, which was excavated in an area of the baseball field in which elevated levels of 
PAHs were detected in shallow subsurface soils during the Site 3 RI.  Sample 03TP12-0102-03 contained 
benzo(a)anthracene (15,000J [J = estimated] ug/kg), benzo(a)pyrene (8,800J ug/kg), 
benzo(b)fluoranthene (8,600J ug/kg), benzo(k)fluoranthene (4,400J ug/kg) and indeno(1,2,3-cd)pyrene 
(7,400J ug/kg) at concentrations above screening levels.  This sample was collected from the fill 
encountered in the upper two feet of the test pit.   
 
Pesticides were detected at concentrations above screening levels in five test pits: 03TP05, 03TP06, 
03TP08, 03TP12, and 03TP14.  Dieldrin was the only pesticide detected above screening levels in test 
pits 03TP05, 03TP08, 03TP12, and 03TP14.  The highest concentrations of pesticides were detected in 
sample 03TP06-0607-04 from test pit 03TP06.  This sample contained heptachlor epoxide (390J ug/kg), 
dieldrin (10,000 ug/kg), DDE (8,700 ug/kg), DDD (72,000) and DDT (270,000 ug/kg) at concentrations 
above screening levels.    
 
PCBs were detected at concentrations exceeding screening levels in one test pit: 03TP06.  Aroclor-1254 
and aroclor-1260 were detected in sample 03TP06-0708-02 at 450 ug/kg and 550 ug/kg, respectively, 
and in sample 03TP06-0809-03 at 620 ug/kg and 600 ug/kg, respectively.   
 
Arsenic was detected at concentrations exceeding screening levels in all of the test pits.  The arsenic 
concentrations ranged from 2L (L = biased low) mg/kg (in sample 03TP10-0304-02) to 10.7L mg/kg (in 
sample 03TP06-0607-04).  Metals other than arsenic were detected at concentrations exceeding 
screening levels in five test pits: 03TP05, 03TP06, 03TP08, 03TP10, and 03TP18.  Except for 03TP10, 
these were the test pits in which charred waste was encountered.  The following metals exceeded 
screening levels: antimony (up to 113 mg/kg), cadmium (up to 155 mg/kg), chromium (up to 133 mg/kg), 
iron (up to 113,000 mg/kg), lead (up to 4,640 mg/kg), and manganese (up to 20,000 mg/kg).  
 
Dioxin was detected in both soil samples analyzed for dioxin at concentrations that exceeded screening 
levels.  Sample 03TP05-0910-02 contained total 2,3,7,8-TCDD toxicity equivalents at 244 ng/kg and 
sample 03TP06-0809-03 contained 272 ng/kg. 
 
The following contaminants were detected at concentrations exceeding the soil to groundwater RBCs 
(dilution attenuation factor (DAF) = 20):  chromium, manganese, silver,  benzo(a)pyrene, 
benzo(b)fluoranthene, carbazole, DDD, DDT, aldrin, dieldrin, gamma-BHC, and heptachlor epoxide.  
 
10.5 SITE CONCEPTUAL MODEL 
 
Contaminant Sources 
The RI concluded that the principal classes of contaminants detected in site soils were PAHs and metals.  
Concentrations of these substances in site soils were, in general, comparable to background levels.  The 
Test Pit Investigation discovered buried waste and associated soil contamination not found during the RI.  
The contaminants consisted of SVOCs, pesticides, PCBs, dioxins, and metals.  The characterization of 
this newly discovered contamination is the purpose of the work described in this SAP. 
 
Groundwater in the vicinity of Site 3 has been impacted by VOCs and metals.  PCE was detected in 
downgradient wells but also in wells upgradient of the site.  PCE has not been detected in surface or 
subsurface soil samples collected to date.  Although the source of the groundwater PCE contamination 
has not been identified, based on the current hydrogeological interpretation, Site 3 cannot be ruled out as 
a contributing source of the contamination in the unconfined groundwater zone wells downgradient of the 
landfill.   
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Migration Pathways 
 
The contaminant release pathways from the source areas include wind erosion, overland runoff, and 
infiltration.  Contaminated fugitive dust can be generated during ground-disturbing activities, such as 
construction or excavation.  The contaminants could then be dispersed in the surrounding environment 
and transported to downwind locations where they could repartition to surface soil, surface water, or 
sediment through gravitational settling, precipitation, and deposition.  However, the turf grass and weeds 
serve to minimize the airborne contaminant transport pathway.  In addition, precipitation runoff can carry 
contaminants via overland runoff to the pond and drainage ditches to the northwest.  An unnamed 
intermittent tributary of Park Creek is located off Base approximately 100 feet northwest of Site 3.  Park 
Creek is a tributary of Little Neshaminy Creek.  Infiltrating precipitation can cause the contamination of 
subsurface soil and groundwater. Chemicals with a stronger tendency to adsorb to organic matter in soil 
(e.g., PAHs, dioxins, etc.) are expected to migrate at a slower rate than volatile organics.  Upon entering 
the water column, a chemical is carried with the flow of groundwater to downgradient locations.  
Contaminants can be deposited subsequently in sediment or surface water. 
 
Exposure Pathways 
 
HUMAN HEALTH RISK 
 
Soil, groundwater, surface water, and sediment at the site may be contacted by human receptors 
engaged in activities associated with either current or future exposure scenarios.  The exposure pathways 
for soil consist of ingestion, dermal absorption, and inhalation of fugitive dust or ambient air VOCs; for 
groundwater, ingestion, dermal absorption, and inhalation of VOCs; and for surface water and sediment, 
ingestion and dermal absorption   
 
ECOLOGICAL RISK 
 
Terrestrial animals at Site 3 can be exposed to soil contaminants through the ingestion of contaminated 
food items.  In addition, animals can incidentally ingest soil while grooming fur, preening feathers, digging, 
grazing close to the soil, or feeding on items that are covered with soil (such as roots and tubers).  
Terrestrial vegetation can be exposed to contaminants through direct aerial deposition and root 
translocation.  Aerial deposition, however, is presently minimal due to the presence of vegetation on the 
site.  Terrestrial receptors can also come into contact with contaminants in surface water by using it for 
drinking, although this exposure route generally represents a negligible portion of total exposure for most 
receptors.  Aquatic and semi-aquatic organisms can be exposed to contaminants through direct contact 
with surface water and sediments, incidental ingestion of surface water and sediments, and consumption 
of contaminated food items.  Exposure to contaminants in the soil via dermal contact can occur but is 
unlikely to represent a major exposure pathway because fur, feathers, and chitinous exoskeletons 
minimize the transfer of contaminants across dermal tissue. 
 
Potential Receptors 
 
HUMAN RECEPTORS 
 
Anticipated exposure scenarios include residential, industrial, construction worker, and limited 
recreational situations.  With the anticipated closure of the base under the Department of Defense (DOD) 
Base Realignment and Closure (BRAC) process, future land use is expected to remain similar to the 
current industrial and recreational land usage.   
 
ECOLOGICAL RECEPTORS 
 
The wooded area, shrubby old field, and lake-side areas provide habitat for a variety of terrestrial 
receptors, although these habitats are isolated to a great extent by surrounding developed areas (golf 
course, runways, etc.).  Terrestrial receptors at the site consist of mammals such as rabbits, raccoons, 
squirrels, and various rodents (including woodchucks), deer, and foxes.  Reptiles and amphibians utilize 
some portions of the site, particularly the pond and intermittent stream.  The old field provides forage 
(seeds, insects, worms, etc.) for a variety of bird species.  Arboreal birds utilize the wooded area and 
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shrub thickets.  Avian raptors are expected to utilize all habitats at the site.  The intermittent stream 
provides no permanent aquatic habitat at the site. 
 
10.6 PROBLEM DEFINITION 
 
During the Test Pit Investigation, buried waste and associated soil contamination were discovered at Site 
3.  The existence of this contamination was not known at the time of the Site 3 RI.  Since potentially 
complete pathways exist for the transport of contaminants to human and ecological receptors under the 
current land use as well as any potential future land use, the contaminants could present risks to human 
and ecological receptors. The nature and extent of the soil contamination need to be determined to revise 
the risk assessment performed for the Site 3 RI. The size of the landfill needs to be determined in the 
event that land use controls are considered as a remedial alternative. 
 
The environmental questions being asked:   
• What is the areal extent of buried waste at Site 3? 
• What is the nature and extent of the soil contamination associated with the buried waste? 
 
A synopsis of secondary data or information from site reports:  
See previous paragraphs and test pit investigation discussion. 
 
The possible classes of contaminants and the affected matrices:  
VOCs, SVOCs, pesticides, PCBs, Dioxin/Furans, metals (including mercury), and cyanide in soil. 
 
The rationale for inclusion of chemical and non-chemical analyses:   
All possible analytical fractions are included to cover items that my have been disposed of in the landfill.  
See test pit investigation results discussed previously.  VOCs have not been detected in site soil samples 
collected thus far; however, the groundwater underlying the site contains VOC contamination.  Although 
this contamination appears to be originating from a source upgradient of Site 3, the Site cannot be ruled 
out as a possible contributing source of the groundwater contamination.  VOCs are therefore included in 
the sample analyses. 
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SAP Worksheet #11 -- Project Quality Objectives/Systematic Planning Process 
Statements 
(UFP-QAPP Manual Section 2.6.1) 
  
The following are steps 2 through 7 of the DQO planning process. 
 
Step 2 - DECISIONS TO BE MADE 
The primary goal of this investigation is to obtain environmental data for use in making the following 
decision: 
 
1. Determine whether the landfill boundary and the nature and extent of soil contamination at Site 3 

have been fully delineated.   
 
Step 3 - INPUTS REQUIRED TO MAKE THE DECISION 
Data and information that will be required to make this decision include the following: 
 
1. Electromagnetic (EM) survey data to determine the locations of the test pits. Figure 6 shows the 

proposed EM survey area.  A geophysical subcontractor will be procured to perform the EM survey.  
It is anticipated that an EM-31 terrain conductivity meter will be used.  EM instruments measure the 
electrical conductivity and the relative metallic content of subsurface materials. Electrical 
conductivities are typically higher in areas containing buried waste.  To perform the survey, a grid of 
parallel profile lines will be established across the site.  The EM instrument will be moved along each 
of the lines and measurements of terrain conductivity will be recorded at fixed distance intervals.  The 
acquired data will then be contoured and overlain onto an existing base map of the site.  This map will 
be used to identify terrain conductivity anomalies of the type commonly associated with landfills.  
Location control will be provided using a global positioning system (GPS). TtNUS SOP GH-3.1, which 
describes EM survey procedures, is included in Appendix A.  

  
 In general, test pits will be excavated at locations where the following conditions apply: 

 
• The EM survey results indicate that buried waste is likely to be present. 
• The excavation of a test pit will help to delineate the landfill boundaries or will help provide 

adequate coverage of the suspected landfill area. 
  
   A total of up to eight (8) test pits may be excavated based on the EM survey results.  
 
 
2. Concentrations in surface and subsurface soils of TCL parameters plus dioxin to determine if these 

contaminants are present at concentrations greater than PALs (see Worksheet 15).  SVOC and 
pesticide concentrations will also be compared to background concentrations presented in the 
preliminary draft Site 3 Remedial Investigation Report (TtNUS, 2007).  The 95% Upper Tolerance 
Level (UTL) from the background study will be used for comparisons. 

 
 Concentrations in surface and subsurface soils of TAL metals and cyanide to determine if these 

contaminants are present in soils at concentrations greater than background and screening levels.  
Background soil concentrations for metals are presented in the Site 3 Remedial Investigation Report 
(TtNUS, 2007).  The 95% UTL from the background study will be used for comparisons. 

 
3. Laboratory reporting limits less than screening levels.  Data quality must be sufficient to support a 

HHRA. 
 
See Worksheets 14, 17, and 18. 
Test pit soil sample locations (8) will be determined in the field according to what is encountered in each 
test pit.  The remaining twelve surface soil locations will be marked in the field in agreement among Tetra 
Tech, the Navy and regulatory agencies if they wish, based upon historical records of reported activities 
to provide roughly equal distribution across the site.  The subsurface soil samples will be chosen based 
on direct (visual or olfactory) evidence of contamination, or on the highest PID screening responses.  The 
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dioxin sample will be collected from an area showing evidence of charred waste. The test pit confirmation 
surface soil samples will be collected from areas known to contain buried waste, and will be biased 
towards areas where exposed waste or staining is present.  
 
Twenty surface soil samples (plus one duplicate sample for QC purposes) and eight subsurface soil 
samples (plus one duplicate sample for QC purposes) will be collected and analyzed for VOCs, SVOC, 
pesticides, PCBs, metals, mercury, and cyanide.  One (1) subsurface soil sample plus one duplicate 
sample for QC purposes will be collected and analyzed for dioxins/furans.  Concentrations are expected 
to be low to medium. 
 
EM survey data and reporting will be verified by physical/visual confirmation in the field using confirmation 
test pit excavation.   
 
Chemical data will undergo 100% validation.  The analytical data will get the fullest level of QC and 
documentation in accordance with Navy guidance.  The laboratory must hold a current National 
Environmental Laboratory Accreditation Program (NELAP) accreditation in Pennsylvania and comply with 
the requirements of NFESC in analytical results reporting and QA/QC.  The data quality must be sufficient 
to support human health assessment and ecological risk screening. 
 
 Step 4 - DELINEATION OF STUDY BOUNDARY 
1. The horizontal boundary for the EM study is defined as the area where possible landfill operations 

took place, based upon historical information, as shown on Figure 15.  Test pits will be excavated and 
soil samples collected in areas where the EM survey indicates that buried waste is likely to be found 
and that were not investigated during the Test Pit Investigation.   

 
2. The depth of interest for test pits is from 0 to approximately 10 feet below ground surface, which is 

the approximate depth of bedrock. 
 
3. Each test pit will be from approximately 20 feet to 50 feet in length, approximately 3 feet wide (the 

width of the backhoe bucket), and approximately 10 feet deep (the limit of a standard backhoe).  The 
exact length of each test pit will be determined in the field based upon observations of the subsurface 
conditions encountered at each location.  Surface soil samples will be collected from a depth of 0 to 6 
inches.  The depths of the subsurface soil samples will be determined based on observations of 
subsurface conditions.  The objective will be to sample soil that is likely to be contaminated.  

 
Step 5 - DEFINITION OF RULES FOR DECISION MAKING 
1. The PALs for the EM survey are specified in the procedures for implementation of the EM survey, 

evaluation and reporting.  The EM survey team, equipment, and procedures, such as equipment 
calibration, data collection, data evaluation and verification/reporting will follow Navy and Tetra Tech 
procedures, and will be clearly specified in a SOW for EM survey.  Equipment sensitivity, data 
collection methods and reporting will be specified such that the landfill delineation mapping step will 
be sufficient to map known areas, and to provide clear evidence to delineate areas where historical 
landfill operations can be ruled out.  All EM survey activities shall adhere, at a minimum, to the 
requirements of the associated Tetra Tech SOP.  

 
 The chemical PAL’s for Site 3 surface soils are derived from USEPA Region 3 RBCs including SSLs 

for groundwater migration (4/2007), Ecological Soil Screening Levels (Eco-SSLs) established by 
USEPA (2005),  and  USEPA Region 3 Biological Technical Assistance Group (BTAG) soil screening 
levels (USEPA, 1995).  The chemical PAL’s for Site 3 subsurface soils are derived from USEPA 
Region 3 RBC Screening Values (4/2007) and the Office of .Solid Waste and Emergency Response 
(OSWER) for lead only.  Specifically, the most stringent of these values for each analyte is used to 
determine the PAL for that compound or analyte. 

 
2. If contaminants are detected in any soil sample at concentrations greater than background 

concentrations (SVOCs, pesticides, metals) and PALs (metals and organics), then the risk 
assessment will be revised under conditions set in a future UFP-SAP.  
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Step 6 - PERFORMANCE CRITERIA 
Because this is a screening investigation and depends heavily on biased sampling, probability limits for  
false decision errors were not established. 
 
Step 7 - PLANS FOR OBTAINING THE DATA  
Sample Collection and Analyses 
1. Sample Collection  

- Eight surface soil samples will be collected at 0 to 0.5 feet bgs in areas where buried waste is 
present.  The exact locations will be determined based upon the results of the EM survey and 
field observations. 

- Twelve surface soil samples will be collected at 0 to 0.5 feet bgs in other areas.  The exact 
locations will be determined by a meeting of the project team based upon EM survey results. 

- Eight subsurface soil samples will be collected from test pit excavations where buried waste is 
encountered. The exact sample locations and depths will be determined based upon the results 
of the EM survey and field observations. (For instance, where the EM report shows conductivity 
indicative of waste fill, a test pit may be installed to further investigate the subsurface condition at 
that location.  If waste debris is encountered in the excavated soil it will be noted and a soil 
sample may be collected at that location.  PID readings will be used to help choose biased 
contaminant soil sample locations as well as to further eliminate contaminant concern at 
excavations where no waste disposal is encountered. 

2. Analyses 
- Surface and subsurface soil samples will be analyzed for TCL/TAL parameters.  In addition, one 

surface and one subsurface soil sample will be analyzed for dioxins/furans.  
 
Data Generation, Validation, Reporting, and Archiving 
The samples will be analyzed and data generated at a fixed base laboratory(s).  The laboratory will report 
the data to TtNUS where the data will be validated.  Full data validation (IIb) will be performed on 100% of 
the data.  The validated data will be included in the Final Remedial Investigation Report.  Laboratory data 
deliverables and hard copy reports produced by TtNUS will be archived in the TtNUS docketing and filing 
system. 
 
Tetra Tech field personnel will collect soil samples as described on Worksheet 18.  A chain of custody will 
accompany all soil samples sent to the laboratory.  The laboratory will analyze the soil sample in 
accordance with this SAP and provide paper and electronic deliverables of the data to Tetra Tech. 
 
The electronic data will be added to the Structured Query Language (SQL) database stored on the Tetra 
Tech server.  A PDF copy of the data will be maintained by Tetra Tech. 
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SAP Worksheet #12 -- Measurement Performance Criteria Table   
(UFP-QAPP Manual Section 2.6.2) 

 

QC Sample Analytical Group1 Frequency Data Quality Indicators 
(DQIs) 

Measurement Performance 
Criteria 

QC Sample Assesses Error 
for Sampling (S), Analytical 

(A) or both (S&A) 

Trip Blank VOC 1 per cooler Bias / Contamination 
No target analytes ≥ QL; with 
the exception of common 
field/laboratory contaminants 

S & A 

Field Duplicates     All analytical groups 1 per 10 samples Precision 

Values > 5X QL:  ±  50% 
Values < 5X QL: absolute 
difference must be within ± 2X 
QL 

S & A 

Field Blanks    VOC, SVOC, Pesticides, 
PCBs, Dioxin/Furan  1 per 20 samples Bias / Contamination   

No target analytes ≥ QL; with 
the exception of common 
field/laboratory contaminants 

S 

Field Blanks    Metals, Mercury, Cyanide 1 per 20 samples Bias / Contamination   

No target analytes ≥QL; with 
the exception of common 
field/laboratory contaminants 
and/or Na, K, and Ca 

S 

Cooler Temperature 
Indicators All analytical groups 1 per cooler Accuracy / 

Representativeness Between 2 and 6 °C          S 
1If information varies within an analytical group, separate by individual analyte. 
 
*Equipment rinsate blanks are not expected to be collected because all the collection equipment will either be dedicated or disposable. 
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 SAP Worksheet #13 -- Secondary Data Criteria and Limitations Table 
(UFP-QAPP Manual Section 2.7) 
 

Secondary Data 
Data Source 

(originating organization, report    
title and date) 

Data Generator(s) 
(originating organization, data 

types, data generation / 
collection dates) 

How Data Will Be Used Limitations on Data Use 

Aerial Photographs  Aerial Photographic Site 
Analysis, Willow Grove Naval 
Air Station, Willow Grove, 
Pennsylvania 

USEPA, Characterization 
Research Division, June 
1995 

Data will be used to generate 
approximate landfill location 
on topographic or 
geographical infirmation 
system maps and to select 
proposed test pit locations at 
Site 3. 

None 

RI Phase I Analytical 
Data 

RI Report for Sites 1, 2, 3, and 
5, Naval Air Station Willow 
Grove, Pennsylvania 

Halliburton NUS 
Environmental Corporation, 
February 1993 

Data may be used to 
recalculate environmental 
risks 

None, the data were fully 
validated. 

RI Phase II Analytical 
Data 

Draft Phase II RI Report for 
NAS JRB Willow Grove 

Brown and Root 
Environmental, 1997 

Data may be used to 
recalculate environmental 
risks 

None, the data were fully 
validated. 

Test Pit Soil 
Investigation 

Test Pit Soil Sampling Report 
Site 3 – Ninth Street Landfill, 
NAS JRB Willow Grove 

Tetra Tech, NUS, Inc., 2007 Planning for Landfill 
Delineation Investigation.  
Jointly, the Test Pit 
Investigation and Landfill 
Delineation data may be 
used to recalculate human 
and environmental risks 

None 
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SAP Worksheet #14 -- Summary of Project Tasks 
(UFP-QAPP Manual Section 2.8.1)   
 
14.1 FIELD INVESTIGATION TASK PLAN 
 
The field activities include mobilization and demobilization, utility clearance, EM surveying, test pit excavation and soil sampling, surface soil 
sampling, surveying, and IDW management.  The following sections provide additional details regarding these subtasks. 
 
14.1.1 Mobilization/Demobilization 
 
Mobilization shall consist of the delivery of all equipment, materials, and supplies to the site, the complete assembly in satisfactory working order 
of all such equipment at the site, and the satisfactory storage at the site of all such materials and supplies.  TtNUS will coordinate with the Base to 
identify locations for the storage of equipment and supplies.  Mobilization activities shall also include construction of a temporary decontamination 
pad.  Site-specific Health and Safety Training to all TtNUS subcontractors will be provided as part of the site mobilization. 
 
Demobilization shall consist of the prompt and timely removal of all equipment, materials, and supplies from the site following completion of the 
work.  Demobilization includes the cleanup and removal of waste generated during the conduct of the investigation (i.e., IDW).   
 
14.1.2 Utility Clearance 
 
Prior to the commencement of any intrusive activities, TtNUS will coordinate with the Base to identify and mark-out utilities that may be present 
within the proposed excavation areas.  Subsurface utilities will also be cleared by the excavation subcontractor by notifying the Pennsylvania One-
Call utility clearing service. 
 
14.1.3 EM Survey 
 
Figure 6 shows the proposed EM survey area.  A geophysical subcontractor will be procured to perform the EM survey.  It is anticipated that an 
EM-31 terrain conductivity meter will be used.  EM instruments measure the electrical conductivity and the relative metallic content of subsurface 
materials. Electrical conductivities are typically higher in areas containing buried waste.  To perform the survey, a grid of parallel profile lines will 
be established across the site.  The EM instrument will be moved along each of the lines and measurements of terrain conductivity will be 
recorded at fixed distance intervals.  The acquired data will then be contoured and overlain onto an existing base map of the site.  This map will be 
used to identify terrain conductivity anomalies of the type commonly associated with landfills.  Location control will be provided using a global 
positioning system (GPS).  Appropriate profile line spacing will be chosen to provide sufficient resolution for delineation of areas of buried waste.  
It is expected that relatively narrow line spacing will be used in two areas: the area of buried waste discovered during the 2007 test pit 
investigation, and in the vicinity of test pit TP-09 (see Figure 6).  TP-09 was excavated at the location of SI boring B-3, in which waste materials, 
consisting of metal wire and glass fragments, were encountered.  TP-09, however, did not encounter buried waste.  A possible explanation for the 
discrepancy is that the location of TP-09 did not correspond exactly with that of boring B-3.  The EM survey will be used to determine the location 
of any buried waste in this area.  TtNUS SOP GH-3.1, which describes EM survey procedures, is included in Appendix A.   
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14.1.4 Surface Soil Sampling 
 
A total of twenty surface soil samples will be collected and analyzed for full TCL/TAL parameters.  The samples will be collected from landfill 
areas: eight from new test pit locations and 12 from areas to be designated by the project team after the EM survey.  The samples will be collected 
from a depth of 0 to 6 inches.  Test pit soil sample locations will be chosen based upon visual evidence of contamination, such as exposed waste 
or soil staining.  If no evidence of contamination is observed, then the sample locations will be chosen in order to provide representative coverage 
of the landfill area.   
 
The soil will be described by the site geologist and will be screened for evidence of contamination with a PID.  Any qualitative visual signs of 
potential contamination (such as soil staining) will be noted.  Soil sampling procedures are discussed in TtNUS SOP SA-1.3, soil logging 
procedures are documented in TtNUS SOP GH-1.5, and the use of the PID is discussed in TtNUS SOP ME-12.  These SOPs are included in 
Appendix A of this work plan.   
 
The VOC samples will be obtained with EnCore™ sampling equipment, preserved and prepared at the laboratory through SW-846 Method 5035, 
and analyzed through SW-846 Method 8260B.  Field and laboratory QC samples will also be collected. 
 
14.1.5 Test Pit Investigation 
 
A total of up to eight test pits will be excavated to visually characterize the buried waste at the site and to provide a means for the collection of 
subsurface soil samples to investigate the nature and extent of soil contamination.  The results of the EM survey will be used as a guide in selecting the 
locations of the test pits.  Test pits will be excavated in areas that the EM survey indicates are probable locations of buried waste.  Test pits will also be 
used to confirm the conclusions of the EM survey regarding areas where waste is not indicated. 
 
Each test pit will be from approximately 20 feet to 50 feet in length, approximately 3 feet wide (the width of the backhoe bucket), and 
approximately 10 feet deep (the limit of a standard backhoe).  The exact length of each test pit will be determined in the field based upon 
observations of the subsurface conditions encountered at each location.  All excavated materials will be used as backfill at the conclusion of the 
excavation activities at each location.  If potentially hazardous material is encountered, such as drums or liquid waste, work will halt and the Navy 
facility contact will be notified.  A plan for segregation and disposal will then be formulated.  Each test pit will be excavated and backfilled during 
the same day to prevent leaving an open excavation overnight.  Under no circumstances will anyone be allowed to enter a test pit during the 
excavation activities.  The Health and Safety procedures and protocols for test pit excavation (included in the attached addendum) will be strictly 
enforced.   
 
A total of eight subsurface soil samples will be collected from the eight test pits.  The samples will be analyzed for full TCL/TAL parameters.  One 
of the samples will also be analyzed for dioxin.  The samples will be chosen based on direct (visual or olfactory) evidence of contamination, or on 
the highest PID screening responses.  For the dioxin sample, preference will be given to areas that show evidence of charred waste.  Soil samples 
will only be collected from test pits in which buried waste or other evidence of possible soil contamination is encountered.   
 
The samples will be obtained from excavated material either directly from the backhoe bucket or after it has been deposited on the ground.  
Alternatively, a remote sampling device such as that described in SOP SA-1.3 may be used to collect samples.  Entry into the excavation pit is 
strictly forbidden.  The soil will be described by the site geologist and will be screened for evidence of contamination with a PID.  Any qualitative 
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visual signs of potential contamination (such as soil staining) will be noted.  Soil sampling procedures for test pits are discussed in TtNUS SOP 
SA-1.3, soil logging procedures are documented in TtNUS SOP GH-1.5, and the use of the PID is discussed in TtNUS SOP ME-12.  These SOPs 
are included in Appendix A of this work plan.   
 
The VOC samples will be obtained with EnCore™ sampling equipment, preserved and prepared at the laboratory through SW-846 Method 5035, 
and analyzed through SW-846 Method 8260B.  Field and laboratory QC samples will also be collected. 
 
 14.2 SAMPLE DESIGNATION SYSTEM 
 
Each sample collected for analysis will be assigned a unique sample tracking number.  This number will consist of a two-segment alphanumeric 
code that identifies the site, the sample type [sample medium or quality control (QC) sample designation], the sample location, and the sample 
depth indicator.  TtNUS SOP CT-04 addresses sample nomenclature (Appendix A).  The alphanumeric coding system to be used is as follows: 
 
Site Identifier: 

 
03 = Site 3 

 
Sample Medium: 
 

TP = Test Pit Sample 
SS = Surface Soil Sample  

 
Quality Assurance/Quality Control (QA/QC) Sample Designation: 
 

TB = Trip Blank   
FB = Field Blank   

 
Sample Location: 
 

Each test pit will be assigned a two digit consecutive number in the order of installation.  Sample locations within a given test pit will be 
assigned a two digit consecutive number in the order of collection. 
Surface soil samples will be assigned a two digit consecutive number in the order of collection. 
 
The sample depth will be indicated by a four digit number.  The first two digits will represent the upper limit of the sample depth interval 
(rounded to the nearest foot) and the bottom two digits will represent the lower limit of the depth interval. 
 

 
 
 
QC Sample Number: 
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All QC samples will be assigned a sequential sample number.  The field duplicate, matrix spike (MS), and matrix spike duplicate (MSD) 
samples will be collected from the same station.  For example, the first trip blank will be assigned the tracking number 03-TB-01. 
 

The field duplicate will be given the same type of sample designation as the samples so that it will be “blind” to the laboratory.  The sampling time 
recorded on the Chain-of-Custody (COC) Form, labels and tags for the duplicate samples will be 0000.  Notes detailing the sample number, time, 
date, and type will be recorded on the routine sample log sheets and will document the location of the duplicate sample (sample log sheets are not 
provided to the laboratory).   

 
All pertinent information regarding sample identification will be recorded in the field logbooks and on sample log sheets where appropriate. 
 
14.4 EQUIPMENT/SAMPLE CONTAINERS CLEANING AND DECONTAMINATION PROCEDURE 
 
Sample containers will be provided certified-clean from the analytical laboratories.  Decontamination of sampling equipment will not be necessary 
for this project because dedicated and disposable hand trowels will be used.  However, if decontamination is necessary, these requirements will 
apply.  Decontamination of sampling equipment (e.g., non-disposable hand trowels, hand augers) will be conducted prior to and between sampling 
at each location.  At each site, an abbreviated decontamination procedure consisting of a soapy water (laboratory-grade detergent) rinse followed 
by a deionized water rinse will be performed.  However, if free product is encountered, a more elaborate decontamination of equipment will be 
conducted in accordance with TtNUS SOP SA-7.1. 
 
Decontamination of the excavator bucket will be performed over the completed, backfilled test pit using a high pressure spray washer with water 
supplied by the Air Station.  All decontamination water will be allowed to infiltrate to the test pit.  In the event that free product is encountered, the 
excavator bucket wash water will be captured and containerized for sampling and appropriate disposal according to analysis. 
 
14.5 FIELD DOCUMENTATION PROCEDURES 
 
Field documentation will be performed in accordance with SOP SA-6.3 presented in Appendix A. 
 
A summary of all field activities will be properly recorded in a bound logbook with consecutively number pages that cannot be removed.  Logbooks 
will be assigned to field personnel and will be stored in a secured area when not in use.   
 
At a minimum, the following information will be recorded in the site logbook: 

• Name of the person to whom the logbook is assigned. 
• Project name. 
• Project start date. 
• Names and responsibilities of on-site project personnel including subcontractor personnel. 
• Arrival/departure of site visitors. 
• Arrival/departure of equipment. 
• Sampling activities and sample log sheet references. 
• Description of subcontractor activities. 
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• Sample pick-up information including COC numbers, air bill numbers, carrier, time, and date. 
• Description of borehole or monitoring well installation activities and operations. 
• Health and safety issues. 
• Description of photographs including date, time, photographer, roll and picture number, location, and compass direction of photograph. 

 
All entries will be written in ink and no erasures will be made.  If an incorrect entry is made, striking a single line through the incorrect information 
will make the correction; the person making the correction will initial and date the change. 
 
14.6 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 performance monitoring tasks.  Detailed and accurate documentation is necessary to ensure data integrity, 
authenticity, and defensibility. 
 
14.6.1 Sample Collection Documentation 
 
Samples will be collected following procedures outlined in Appendix A.  The equipment used to collect the sample will be noted in the logbook, 
along with date and time of sampling, sampler’s name, sample description, depth at which the sample was collected, and the volume and number 
of containers collected.  QC sample information will be appropriately recorded.  Measurements made will be recorded.  All instruments used to 
make measurements will be identified, along with the date of calibration. 
 
Standard log sheets will be used to record data and will include: 

• Test Pit log; 
• Soil sample log; and 
• COC record. 

 
Log sheets will include entries in every blank, with appropriate use of the abbreviations NA (not applicable) and NR (not recorded).  All “NR” 
entries should be accompanied by and explanation.  All entries will be recorded in waterproof ink and signed and dated by the person making the 
entry.  No erasures will be made.  If an incorrect entry is made, the information will be crossed out with a single strike mark, the correct entry 
recorded, and the change initialed and dated by the person making the correction. 
 
14.6.2 Sample Handling and Tracking System 
 
The following subsections outline the procedures that will be used by field and laboratory personnel to document sample collection activities during 
the performance monitoring sampling event.  Detailed and accurate documentation is necessary in order to ensure data integrity. 
 
14.6.2.1 Sample Handling 
 
Sample handling is described in Worksheet #26. 
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14.6.2.2 Sample delivery 
 
The shipment of samples to the laboratory will be made by a shipping courier service (e.g., Federal Express), unless the laboratory is close 
enough to the site to provide a pickup service.  After samples have been collected, they will be sent to the laboratory within 24 to 72 hours 
depending on the analyte holding time.  Under no circumstances will sample holding times be exceeded.   
 
14.6.3 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 COC form.  The chain of custody begins at the time of sample collection.  
The laboratory will provide forms that will be used for chain of custody documentation.   
 
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.  Each page of the form is signed and dated by the recipient of a sample or portion of sample.  The person releasing the sample 
and the person receiving the sample will each 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 analytical report.  Sample custody is described in Worksheet #27. 
 
The 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 shipping courier.  When transferring samples, the individuals relinquishing and receiving the samples will each sign the chain-of-
custody form and the date and time will be recorded to document the sample custody transfer from the sampler to the shipping courier, and finally 
to the laboratory.  Upon arrival at the laboratory, internal sample custody procedures will be followed as defined in the laboratory SOPs included in 
Appendix B. 
 
14.7 INVESTIGATION DERIVED WASTE MANAGEMENT 
 
Solid or semi-solid IDW (i.e., soil, sediment, etc.) will not be generated during this field activity during the test pit excavation.  Soils will be replaced 
into the test pit where the soils where excavated.  The only solid IDW anticipated is personal protective equipment (PPE), which will be bagged 
and deposited in an appropriate facility waste container.   
 
Equipment decontamination fluids will be generated during the test pit activities.  The backhoe will be cleaned after each test pit.  The 
decontamination water will be discharged to the ground surface over the corresponding back filled test pit. 
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14.8 SURVEYING 
 
A Pennsylvania licensed surveyor will be subcontracted by Tetra Tech to survey the horizontal location and dimensions of each of the test pit 
excavation and surface soil location.  The horizontal measurements shall be accurate to 0.1 foot.  Each of the locations will be surveyed relative to 
the coordinates of established site benchmarks. 
 
14.9 DATA HANDLING AND MANAGEMENT 
 
The data-handling procedures to be followed by the laboratories will meet the requirements in the laboratory subcontract.  All analytical and field 
data will be maintained in the project files.  The project files will contain copies of the COC forms, sample log forms, sample location maps, and 
documentation of quality assurance of data manipulation. 
 
14.9.1 Data Tracking and Control 
 
A “cradle-to-grave” sample tracking system will be used from the beginning to the end of the sampling event.  Before field mobilization, the FOL 
will coordinate/initiate the sample tracking process.  Sample jar labels will be hand-written in the field.  
 
The labels will be reviewed for 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. 
 
When field sampling is underway, the FOL forwards the COC forms to the PM or designee and the laboratory for each day that samples are 
collected.  The PM or designee will confirm that the COC 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 field team is mobilized.  After successful 
completion of all requested analyses, the laboratory will submit an electronic deliverable for every sample delivery group (SDG).  When all 
electronic deliverables have been received from the laboratory, the PM or designee 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. 
 
14.9.2  Sample Information 
 
Data from field measurements will be recorded using the appropriate log sheets.   
 
Reduction of field data entails the summarization and presentation of these data in tabular form.  The reduction of laboratory data entails 
manipulation of raw data instrument output into reportable results.  Field data (e.g., photo-ionization detection) 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. 
 
For field data, the FOL will coordinate with the geographical information system (GIS) lead to ensure that all survey technical specifications are 
consistent with the underlying coordinate system in the GIS. 
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Electronic data arriving from the laboratory will pass through to the 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 PM will ensure that the analytical data are 
incorporated into the project database. 
 
14.9.3  Project Data Compilation 
 
The analytical laboratory 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 the SAP will be incorporated into the NAS JRB Willow Grove database 
and GIS.  All data, such as units of measure and chemical nomenclature, will be manipulated to maintain consistency with the project database.  
 
14.9.4  Geographical Information System  
 
Data management systems consist of a relational database and GIS that are being used to manage environmental information pertaining to NAS 
JRB Willow Grove.  The relational database stores chemical, geological, hydrogeologic, 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. 
 
Upon compilation of sample, chemical, biological, and positional data, the data will be compiled and incorporated into the NAS JRB Willow Grove 
GIS.  The GIS system can be used to generate various maps for NAS JRB Willow Grove data including site location maps, sample location maps, 
and contaminant tag maps, as needed.  The GIS software that is used will be documented in performance monitoring reports. 
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SAP Worksheet #15 -- Reference Limits and Evaluation Table 
(UFP-QAPP Manual Section 2.8.1) 
 
Matrix: Surface Soil 
Analytical Group: Volatile Organic Compounds (VOCs) 
 

 
 

Project Action 
Limit 

Laboratory-specific 2 

 

Project 
Quantitation 
Limit Goal 3 

(μg/kg) 
Analyte CAS 

Number 

(μg/kg) 

Project Action 
Limit Reference 1 

(μg/kg) QLs MDLs 
Dichlorodifluoromethane 75-71-8 1.10E+04  SSL Soil to GW 5 5 0.53 
Chloromethane 74-87-3 9.30E+02  SSL Soil to GW 5 5 1.09 
Vinyl chloride 75-01-4 1.20E-01  SSL Soil to GW 1.2 5 0.7 
Bromomethane 74-83-9 4.10E+01  SSL Soil to GW 5 5 2.44 
Chloroethane 75-00-3 1.90E+01  SSL Soil to GW 5 5 0.59 
Trichlorofluoromethane 75-69-4 2.30E+04  SSL Soil to GW 5 5 0.8 
1,1-Dichloroethene 75-35-4 2.90E+03  SSL Soil to GW 5 5 0.79 
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 2.30E+06  SSL Soil to GW 5 5 1.12 
Acetone 67-64-1 2.20E+04  SSL Soil to GW 12.05 12.05 7.06 
Carbon disulfide 75-15-0 1.90E+04  SSL Soil to GW 5 5 0.66 
Methyl acetate 79-20-9 2.50E+04  SSL Soil to GW 5 5 1.2 
Methylene chloride 75-09-2 1.90E+01  SSL Soil to GW 5 5 0.6 
trans-1,2-Dichloroethene 156-60-5 7.20E-01  SSL Soil to GW 5 5 0.77 
Methyl tert-butyl ether 1634-04-4 1.20E+01  SSL Soil to GW 5 5 0.53 
1,1-Dichloroethane 75-34-3 300  Region 3 BTAG 5 5 0.63 
cis-1,2-Dichloroethene 156-59-2 300  Region 3 BTAG 5 5 0.55 
2-Butanone 78-93-3 2.90E+04  SSL Soil to GW 12.5 12.5 1.62 
Bromochloromethane 74-97-5 ---  --- 5 5 0.80 
Chloroform 67-66-3 9.10E-01  SSL Soil to GW 5 5 0.54 
1,1,1-Trichloroethane 71-55-6 3.24E+04  SSL Soil to GW 5 5 0.62 
Cyclohexane 108-94-1 1.20E+06  SSL Soil to GW 5 5 0.92 
Carbon tetrachloride 56-23-5 2.10E+00  SSL Soil to GW 5 5 0.98 
Benzene 71-43-2 1.90E+00  SSL Soil to GW 5 5 0.51 
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Project Action 
Limit 

Laboratory-specific 2 

 

Project 
Quantitation 
Limit Goal 3 

(μg/kg) 
Analyte CAS 

Number 

(μg/kg) 

Project Action 
Limit Reference 1 

(μg/kg) QLs MDLs 
1,2-Dichloroethane 107-06-2 1.00E+00  SSL Soil to GW 5 5 0.78 
Trichloroethene 79-01-6 2.60E-01  SSL Soil to GW 2.6 5 0.56 
Methylcyclohexane 108-87-2 ---  --- 5 5 1.13 
1,2-Dichloropropane 78-87-5 3.41E+00  SSL Soil to GW 5 5 1.02 
Bromodichloromethane 75-27-4 1.10E+00  SSL Soil to GW 5 5 0.74 
cis-1,3-Dichloropropene 10061-01-5 3.10E+00  SSL Soil to GW 5 5 0.22 
4-Methyl-2-pentanone 108-10-1 5.90E+04  SSL Soil to GW 12.5 12.5 1.77 
Toluene 108-88-3 100  Region 3 BTAG 5 5 0.00 
trans-1,3-Dichloropropene 10061-02-6 3.10E+00  SSL Soil to GW 5 5 0.80 
1,1,2-Trichloroethane 79-00-5 7.80E-01  SSL Soil to GW 5 5 0.95 
Tetrachloroethene 127-18-4 4.70E+00  SSL Soil to GW 5 5 1.64 
2-Hexanone 591-78-6 ---  --- 12.5 12.5 2.86 
Dibromochloromethane 124-48-1 8.30E-01  SSL Soil to GW 5 5 0.82 
1,2-Dibromoethane 106-93-4 6.00E-02  SSL Soil to GW 0.6 5 0.87 
Chlorobenzene 108-90-7 100  Region 3 BTAG 5 5 0.81 
Ethylbenzene 100-41-4 100  Region 3 BTAG 5 5 1.11 
o-Xylene 95-47-6 100  Region 3 BTAG 5 5 0.53 
m,p-Xylene 179601-23-1 100  Region 3 BTAG 5 5 0.53 
Styrene 100-42-5 100  Region 3 BTAG 5 5 1.02 
Bromoform 75-25-2 6.70E+01  SSL Soil to GW 5 5 0.71 
Isopropylbenzene 98-82-8 6.40E+04  SSL Soil to GW 5 5 1.33 
1,1,2,2-Tetrachloroethane 79-34-5 6.80E-04  SSL Soil to GW 5 5 0.74 
1,3-Dichlorobenzene 541-73-1 2.90E+02  SSL Soil to GW 5 5 0.94 
1,4-Dichlorobenzene 106-46-7 3.41E+00  SSL Soil to GW 5 5 1.00 
1,2-Dichlorobenzene 95-50-1 100  Region 3 BTAG 5 5 1.14 
1,2-Dibromo-3-chloropropane 96-12-8 3.70E-03  SSL Soil to GW 0.04 5 1.52 
1,2,4-Trichlorobenzene 120-82-1 2.40E+03  SSL Soil to GW 5 5 0.87 
1,2,3-Trichlorobenzene 87-61-6 ---  --- 5 5 1.28 
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1 SSL Soil to GW – EPA Region 3 Soil Screening Levels for groundwater migration (10/2007); Region 3 BTAG – EPA Region 3 BTAG Soil Screening Levels (8/95) 
2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method.  
3 It is recognized that some QLs are greater than the compound PALs.  For many of these, the QLs meet an elevated RBC (increased by a factor of ten for carcinogens) to 

correspond to a single-chemical risk of 10-5.  For those compounds that do not meet this elevated criterion, it is not anticipated that this will  be a problem for planned data use. 
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Matrix: Surface Soil 
Analytical Group: Semivolatile Organic Compounds (SVOCs) 
 

Laboratory-specific 
2 

(μg/kg) 
Project Quantitation 

Limit Goal 3 Analyte CAS Number 
Project Action 

Limit 
(μg/kg) 

Project Action 
Limit Reference 1 

(μg/kg) 
QLs MDLs 

Benzaldehyde 100-52-7 7.8E+06  HH-Region 3 RBC 170 170 113.28 
Phenol 108-95-2 100  Region 3 BTAG 100 170 113.28 
Bis(2-chloroethyl) ether 111-44-4 4.40E-02  SSL Soil to GW 0.4 170 114.81 
2-Chlorophenol 95-57-8 100  Region 3 BTAG 100 170 94.75 
2-Methylphenol 95-48-7 100  Region 3 BTAG 100 170 103.72 
2,2'-Oxybis(1-chloropropane) 108-60-1 1.70E+00  SSL Soil to GW 17 170 126.86 
Acetophenone 98-86-2 3.20E+03  SSL Soil to GW 170 170 67.70 
4-Methylphenol 106-44-5 3.90E+05  HH-Region 3 RBC 330 330 87.81 
N-Nitroso-di-n propylamine 621-64-7 4.70E-02  SSL Soil to GW 0.5 170 111.18 
Hexachloroethane 67-72-1 3.60E+02  SSL Soil to GW 170 170 113.14 
Nitrobenzene 98-95-3 2.30E+01  SSL Soil to GW 2.3 170 92.81 
Isophorone 78-59-1 4.10E+02  SSL Soil to GW 170 170 108.35 
2-Nitrophenol 88-75-5 ---  --- 170 170 114.04 
2,4-Dimethylphenol 105-67-9 100  Region 3 BTAG 100 170 95.48 
Bis(2-chloroethoxy) methane 111-91-1 ---  --- 170 170 100.73 
2,4-Dichlorophenol 120-83-2 1.20E+03  SSL Soil to GW 170 170 88.74 
4-Chloroaniline 106-47-8 9.70E+02  SSL Soil to GW 170 170 107.11 
Hexachlorobutadiene 87-68-3 8.20E+03  HH-Region 3 RBC 170 170 141.97 
Caprolactam 105-60-2 3.90E+07  HH-Region 3 RBC 330 330 34.54 
4-Chloro-3-methylphenol 59-50-7 ---  --- 170 170 88.62 
Hexachlorocyclopentadiene 77-47-4 4.70E+05  HH-Region 3 RBC 170 170 TBD 
2,4,6-Trichlorophenol 88-06-2 100  Region 3 BTAG 100 170 93.06 
2,4,5-Trichlorophenol 95-95-4 100  Region 3 BTAG 100 170 91.77 
1,1'-Biphenyl 92-52-4 9.60E+04  SSL Soil to GW 330 330 49.54 
2-Chloronaphthalene 91-58-7 3.20E+04  SSL Soil to GW 170 170 115.22 
2-Nitroaniline 88-74-4 ---  --- 170 170 87.45 
Dimethylphthalate 131-11-3 ---  --- 170 170 85.36 
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Laboratory-specific 
2 

(μg/kg) 
Project Quantitation 

Limit Goal 3 Analyte CAS Number 
Project Action 

Limit 
(μg/kg) 

Project Action 
Limit Reference 1 

(μg/kg) 
QLs MDLs 

2,6-Dinitrotoluene 606-20-2 2.50E+02  SSL Soil to GW 170 170 86.74 
3-Nitroaniline 99-09-2 ---  --- 170 170 TBD 
2,4-Dinitrophenol 51-28-5 ---  --- 170 170 133.44 
4-Nitrophenol 100-02-7 100  Region 3 BTAG 100 170 TBD 
Dibenzofuran 132-64-9 7.82E+01  HH-Region 3 RBC 7.8 170 94.24 
2,4-Dinitrotoluene 121-14-2 5.70E+02  SSL Soil to GW 170 170 86.43 
Diethylphthalate 84-66-2 4.50E+05  SSL Soil to GW 170 170 74.47 
4-Chlorophenyl-phenyl ether 7005-72-3 ---  --- 170 170 77.00 
4-Nitroaniline 100-01-6 ---  --- 170 170 67.01 
4,6-Dinitro-2-methylphenol 534-52-1 ---  --- 170 170 117.68 
N-Nitrosodiphenylamine 86-30-6 7.60E+02  SSL Soil to GW 170 170 69.32 
1,2,4,5-Tetrachlorobenzene 95-94-3 6.60E+02  SSL Soil to GW 170 170 95.92 
4-Bromophenyl-phenylether 101-55-3 ---  --- 170 170 73.54 
Hexachlorobenzene 118-74-1 4.00E+02  HH-Region 3 RBC 170 170 TBD 
Atrazine 1912-24-9 8.80E+00  SSL Soil to GW 88 330 35.87 
Pentachlorophenol 87-86-5 100  Region 3 BTAG 100 170 104.40 
Carbazole 86-74-8 4.70E+02  SSL Soil to GW 170 170 TBD 
Di-n-butylphthalate 84-74-2 5.00E+06  SSL Soil to GW 170 170 160.12 
Butylbenzylphthalate 85-68-7 1.60E+07  HH-Region 3 RBC 170 170 104.53 
3,3'-dicholorobenzidine 91-94-1 4.90E+00  SSL Soil to GW 49 170 TBD 
Bis(2-ethylhexyl) phthalate 117-81-7 4.60E+04  HH-Region 3 RBC 170 170 166.37 
Di-n-octylphthalate 117-84-0 ---  --- 170 170 TBD 
2,3,4,6-Tetrachlorophenol 58-90-2 2.30E+06  HH-Region 3 RBC 170 170 88.20 
Naphthalene 91-20-3 100  Region 3 BTAG 100 170 112.69 
2-Methylnaphthalene 91-57-6 1.10E+03  Eco SSL 170 170 102.89 
Acenaphthylene 208-96-8 1.00E+05  SSL Soil to GW 170 170 99.29 
Acenaphthene 83-32-9 100  Region 3 BTAG 100 170 89.77 
Fluorene 86-73-7 100  Region 3 BTAG 100 170 80.44 
Phenanthrene 85-01-8 100  Region 3 BTAG 100 170 79.50 
Anthracene 120-12-7 100  Region 3 BTAG 100 170 73.67 
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Laboratory-specific 
2 

(μg/kg) 
Project Quantitation 

Limit Goal 3 Analyte CAS Number 
Project Action 

Limit 
(μg/kg) 

Project Action 
Limit Reference 1 

(μg/kg) 
QLs MDLs 

Fluoranthene 206-44-0 100  Region 3 BTAG 100 170 78.40 
Pyrene 129-00-0 100  Region 3 BTAG 100 170 83.69 
Benzo(a)anthracene 56-55-3 100  Region 3 BTAG 100 170 76.63 
Chrysene 218-01-9 100  Region 3 BTAG 100 170 69.44 
Benzo(b) fluoranthene 205-99-2 100  Region 3 BTAG 100 170 146.93 
Benzo(k) fluoranthene 207-08-9 100  Region 3 BTAG 100 170 68.58 
Benzo(a) pyrene 50-32-8 2.20E+01  HH-Region 3 RBC 170 170 79.12 
Indeno(1,2,3,-cd) pyrene 193-39-5 100  Region 3 BTAG 100 170 89.33 
Dibenzo(a,h) anthracene 53-70-3 2.20E+01  HH-Region 3 RBC 170 170 78.62 
Benzo(g,h,i) perylene 191-24-2 ---  --- 170 170 94.12 

1 HH-Region 3 RBC – EPA Region 3 Risk Based Concentration Tables (10/2007); SSL Soil to GW - Region 3 Soil Screening Levels for groundwater migration (10/2007); Region 3 
BTAG – EPA Region 3 BTAG Soil Screening Levels (8/95); Eco SSL – EPA Ecological Soil Screening Levels (OSWER Directive, 8/07) 

2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method. 
3 It is recognized that some QLs are greater than the compound PALs.  For many of these, the QLs meet an elevated RBC (increased by a factor of ten for carcinogens) to 

correspond to a single-chemical risk of 10-5.  For those compounds that do not meet this elevated criterion, it is not anticipated that this will  be a problem for planned data use.  
For many compounds, including PAHs, if they are not detected at levels above the QL, then they will be reanalyzed using the 8270-SIM method. 
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Matrix: Surface Soil 
Analytical Group: SVOCs by SIM 
 

Laboratory-specific 2

(μg/kg) Project Quantitation 
Limit Goal 3 Analyte CAS Number 

Project Action 
Limit 

(μg/kg) 
Project Action 

Limit Reference 1 
(μg/kg) 

QLs MDLs 

2-Chlorophenol 95-57-8 100  Region 3 BTAG 21.3 21.3 9.38 
2-Methylphenol 95-48-7 100  Region 3 BTAG 21.3 21.3 16.53 
N-Nitroso-di-n propylamine 621-64-7 4.70E-02  SSL Soil to GW 0.5 10.7 2.15 
2,4-Dimethylphenol 105-67-9 100  Region 3 BTAG 21.3 21.3 1.58 
2,4,6-Trichlorophenol 88-06-2 100  Region 3 BTAG 21.3 21.3 6.35 
2,4,5-Trichlorophenol 95-95-4 100  Region 3 BTAG 21.3 21.3 6.14 
4-Nitrophenol 100-02-7 100  Region 3 BTAG 64 64 14.52 
Pentachlorophenol 87-86-5 100  Region 3 BTAG 21.3 21.3 9.59 
3,3'-dicholorobenzidine 91-94-1 4.90E+00  SSL Soil to GW 10.7 10.7 2.44 

 
1 SSL Soil to GW - Region 3 Soil Screening Levels for groundwater migration (10/2007); Region 3 BTAG – EPA Region 3 BTAG Soil Screening Levels (8/95).  
2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method. 
3 The QL for N-Nitroso-di-n propylamine is greater than the PAL.  For 3,3'-dicholorobenzidine, the QL meets an elevated RBC (increased by a factor of ten for carcinogens) to 

correspond to a single-chemical risk of 10-5.  It is not anticipated that this will  be a problem for planned data use.     
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Matrix: Surface Soil 
Analytical Group: PAHs by SIM 
 

Laboratory-specific 2

(μg/kg) Project Quantitation 
Limit Goal Analyte CAS Number 

Project Action 
Limit 

(μg/kg) 
Project Action 

Limit Reference 1 
(μg/kg) 

QLs MDLs 

Naphthalene 91-20-3 100  Region 3 BTAG 8.3 8.3 0.27 
2-Methylnaphthalene 91-57-6 3.10E+03  HH-Region 3 RBC 8.3 8.3 0.57 
Acenaphthylene 208-96-8 100  Region 3 BTAG  8.3 8.3 0.4 
Acenaphthene 83-32-9 100  Region 3 BTAG 8.3 8.3 0.62 
Fluorene 86-73-7 100  Region 3 BTAG 8.3 8.3 0.36 
Phenanthrene 85-01-8 100  Region 3 BTAG 8.3 8.3 0.31 
Anthracene 120-12-7 100  Region 3 BTAG 8.3 8.3 0.28 
Fluoranthene 206-44-0 100  Region 3 BTAG 8.3 8.3 0.31 
Pyrene 129-00-0 100  Region 3 BTAG 8.3 8.3 0.24 
Benzo(a)anthracene 56-55-3 100  Region 3 BTAG 8.3 8.3 0.23 
Chrysene 218-01-9 100  Region 3 BTAG 8.3 8.3 0.23 
Benzo(b) fluoranthene 205-99-2 100  Region 3 BTAG 8.3 8.3 0.31 
Benzo(k) fluoranthene 207-08-9 100  Region 3 BTAG 8.3 8.3 0.29 

Benzo(a) pyrene 50-32-8 2.20E+01  HH-Region 3 RBC 8.3 8.3 0.24 

Indeno(1,2,3,-cd) pyrene 193-39-5 100  Region 3 BTAG 8.3 8.3 0.32 
Dibenzo(a,h) anthracene 53-70-3 2.20E+01  HH-Region 3 RBC 8.3 8.3 0.3 
Benzo(g,h,i) perylene 191-24-2 ---  --- 8.3 8.3 0.31 

 
1 HH-Region 3 RBC – EPA Region 3 Risk Based Concentration Table (10/2007); SSL Soil to GW - Region 3 Soil Screening Levels for groundwater migration (10/2007); Region 3 

BTAG – EPA Region 3 BTAG Soil Screening Levels (8/95); Eco SSL – EPA Ecological Soil Screening Levels (OSWER Directive, 8/07) 
2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method. 
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Matrix: Surface Soil 
Analytical Group: Pesticides 
 

Laboratory-specific2 
(μg/kg) Project Action 

Level 
Project Action 

Limit Reference1

Project 
Quantitation 
Limit Goal QLs MDLs Analyte CAS Number 

(μg/kg)  (μg/kg)   
alpha-BHC  319-84-6 8.90E-01  SSL Soil to GW 0.42 0.42 0.09 
beta-BHC  319-85-7 3.10E+00  SSL Soil to GW 0.83 0.83 0.44 
delta-BHC  319-86-8 ---  --- 0.42 0.42 0.17 
gamma-BHC (Lindane)  58-89-9 4.30E+00  SSL Soil to GW 0.42 0.42 0.07 
Heptachlor  76-44-8 1.40E+02  HH-Region 3 RBC 0.42 0.42 0.14 
Aldrin  309-00-2 7.70E+00  SSL Soil to GW 0.42 0.42 0.35 
Heptachlor epoxide  1024-57-3 2.50E+01  SSL Soil to GW 0.42 0.42 0.23 
Endosulfan I  959-98-8 2.00E+04  SSL Soil to GW 0.83 0.83 0.05 
Dieldrin  60-57-1 2.20E+00  SSL Soil to GW 0.83 0.83 0.30 
4,4'-DDE  72-55-9 100  Region 3 BTAG 0.83 0.83 0.12 
Endrin  72-20-8 5.40E+03  SSL Soil to GW 1.67 1.67 0.09 
Endosulfan II  33213-65-9 2.00E+04  SSL Soil to GW 1.67 1.67 0.11 
4,4'-DDD  72-54-8 100  Region 3 BTAG 1.67 1.67 0.09 
Endosulfan sulfate  1031-07-8 2.00E+04  SSL Soil to GW 1.67 1.67 0.18 
4,4'-DDT  50-29-3 21  Eco SSL 2.5 2.5 0.12 
Methoxychlor  72-43-5 3.10E+05  SSL Soil to GW 4.17 4.17 0.64 
Endrin ketone  53494-70-5 5.40E+03  SSL Soil to GW 4.17 4.17 0.11 
Endrin aldehyde  7421-93-4 5.40E+03  SSL Soil to GW 1.67 1.67 0.12 
alpha-Chlordane  5103-71-9 9.20E+02  SSL Soil to GW 0.83 0.83 0.10 
gamma-Chlordane  5103-74-2 9.20E+02  SSL Soil to GW 0.42 0.42 0.08 
Toxaphene  8001-35-2 5.80E+02  HH-Region 3 RBC 83 83 25.50 

1 HH-Region 3 RBC – EPA Region 3 Risk Based Concentration Tables (10/2007) SSl Soil to GW – EPA Region 3 soil-to-groundwater Soil Screening Level, DAF=20 (10/2007); 
Region 3 BTAG – EPA Region 3 BTAG Soil Screening Levels (8/95); Eco SSL – EPA Ecological Soil Screening Levels (OSWER Directive, 8/07) 

2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method.  
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 CTO 412 

 
Matrix: Surface Soil 
Analytical Group: Polychlorinated Biphenyls (PCBs) 
 

Laboratory-specific2 Project Action 
Limit 

 

Project Action 
Limit Reference1 

Project 
Quantitation 
Limit Goal (μg/kg) 

   QLs MDLs 
Analyte CAS Number 

(μg/kg)  (μg/kg)   
Aroclor-1016  12674-11-2 100 Region 3 BTAG 31 31 11.78 
Aroclor-1221  11104-28-2 100 Region 3 BTAG 42 42 20.27 
Aroclor-1232  11141-16-5 100 Region 3 BTAG 31 31 7.51 
Aroclor-1242  53469-21-9 100 Region 3 BTAG 21 21 11.22 
Aroclor-1248  12672-29-6 100 Region 3 BTAG 21 21 7.52 
Aroclor-1254  11097-69-1 100 Region 3 BTAG 21 21 NA 
Aroclor-1260  11096-82-5 100 Region 3 BTAG 31 31 5.00 

1 Region 3 BTAG – EPA RegionIII BTAG Soil Screening Levels (8/95) 
2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method.  
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Matrix: Surface Soil 
Analytical Group: Dioxin/Furans 
 

Laboratory-
specific 2 

Project Action 
Limit 

 
Project Action Limit 

Reference 1 
Project 

Quantitation 
Limit Goal (μg/kg) Analyte CAS Number 

(μg/kg)  (μg/kg) QLs MDLs 
2,3,7,8-TCDD 1746-01-6 4.30E-03 HH-Region 3 RBC 0.001 0.001 0.00006 
1,2,3,7,8-PeCDD 40321-76-4 2.20E-03 HH-Region 3 RBC 0.005 0.005 0.000288 
1,2,3,6,7,8-HxCDD 57653-85-7 4.30E-04 HH-Region 3 RBC 0.005 0.005 0.000276 
1,2,3,4,7,8-HxCDD 39227-28-6 4.30E-04 HH-Region 3 RBC 0.005 0.005 0.000187 
1,2,3,7,8,9-HxCDD 19408-74-3 4.30E-04 HH-Region 3 RBC 0.005 0.005 0.000288 
1,2,3,4,6,7,8-HpCDD 35822-46-9 4.30E-05 HH-Region 3 RBC 0.005 0.005 0.000293 
OCDD 3268-87-9 4.30E-06 HH-Region 3 RBC 0.01 0.01 0.000644 
2,3,7,8-TCDF 51207-31-9 4.30E-04 HH-Region 3 RBC 0.001 0.001 0.000162 
1,2,3,7,8-PeCDF 57117-41-6 2.20E-04 HH-Region 3 RBC 0.005 0.005 0.000367 
2,3,4,7,8-PeCDF 57117-31-4 2.20E-03 HH-Region 3 RBC 0.005 0.005 0.000247 
1,2,3,6,7,8-HxCDF 57117-44-9 4.30E-04 HH-Region 3 RBC 0.005 0.005 0.000153 
1,2,3,7,8,9-HxCDF 72918-21-9 4.30E-04 HH-Region 3 RBC 0.005 0.005 0.000304 
1,2,3,4,7,8-HxCDF 70648-26-9 4.30E-04 HH-Region 3 RBC 0.005 0.005 0.000336 
2,3,4,6,7,8-HxCDF 60851-34-5 4.30E-04 HH-Region 3 RBC 0.005 0.005 0.00105 
1,2,3,4,6,7,8-HpCDF 67562-39-4 --- --- 0.005 0.005 0.000604 
1,2,3,4,7,8,9-HpCDF 55673-89-7 4.30E-05 HH-Region 3 RBC 0.005 0.005 0.000257 
OCDF 39001-02-0 4.30E-06 HH-Region 3 RBC 0.01 0.01 0.000694 

1 HH-Region 3 RBC – EPA Region 3 Risk Based Concentration Tables (10/2007) 
2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method.  
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 CTO 412 

Matrix: Surface Soil 
Analytical Group: Inorganic Compounds 
 

Laboratory-specific2 
(mg/kg) 

Project 
Action Limit 

 

Project 
Quantitation 
Limit Goal Analyte CAS 

Number 
(mg/kg) 

Project Action 
Limit 

Reference1 
(mg/kg) 

QLs MDLs 

Aluminum  7429-90-5 1  Region 3 BTAG 1 20 3.495 
Antimony  7440-36-0 0.27  Eco SSL 0.27 1 0.150 
Arsenic  7440-38-2 2.60E-02  SSL Soil to GW 0.026 1 0.202 
Barium  7440-39-3 4.40E+02  Region 3 BTAG 20 20 0.096 
Beryllium  7440-41-7 2.00E-03  Region 3 BTAG 0.002 0.5 0.037 
Cadmium  7440-43-9 0.36  Eco SSL 0.36 0.5 0.023 
Calcium 7440-70-2 ---  --- 500 500 4.214 
Chromium  7440-47-3 7.50E-03  Region 3 BTAG 0.008 1 0.033 
Cobalt  7440-48-4 1.00E-01  Region 3 BTAG 0.1 0.5 0.037 
Copper  7440-50-8 1.50E+01  Region 3 BTAG 0.5 0.5 0.141 
Iron 7439-89-6 1.20E-02  Region 3 BTAG 0.01 10 1.241 
Lead  7439-92-1 1.00E-02  Region 3 BTAG 0.01 0.3 0.114 
Magnesium 7439-95-4 4.4  Region 3 BTAG 4.4 500 0.392 
Manganese  7439-96-5 220  Eco SSL 1 1 0.042 
Mercury  7439-97-6 5.80E-03  Region 3 BTAG 0.006 0.2 0.042 
Nickel  7440-02-0 2  Region 3 BTAG 2 4.0 0.062 
Potassium 7440-9-7 ---  --- 500 500 0.963 
Selenium  7782-49-2 0.52  Eco SSL 0.5 0.5 0.297 
Silver  7440-22-4 9.80E-03  Region 3 BTAG 0.01 0.5 0.053 
Sodium 7440-23-5 ---  --- 500 500 17.816 
Thallium  7440-28-0 1.00E-03  Region 3 BTAG 0.001 1.0 0.766 
Vanadium  7440-62-2 0.5  Region 3 BTAG 0.5 2.0 0.020 
Zinc  7440-66-6 10  Region 3 BTAG 2 2.0 0.192 
Cyanide  57-12-5 5.00E-03  Region 3 BTAG 0.005 10 0.14 

1 HH-Region 3 RBC – EPA Region 3 Risk Based Concentration Tables (10/2007); SSL Soil to GW - Region 3 Soil Screening Levels for groundwater migration (10/2007); Region 3 
BTAG – EPA Region 3 BTAG Soil Screening Levels (8/95); Eco SSL – EPA Ecological Soil Screening Levels (OSWER Directive, 8/07) 

2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method.  
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 CTO 412 

Matrix: Subsurface Soil 
Analytical Group: VOCs 
 

Laboratory-specific 2 Project 
Quantitation 
Limit Goal 3 (μg/kg) 

Analyte CAS 
Number 

 
 

Project Action 
Limit 

 
(μg/kg) 

Project Action Limit 
Reference1 

(μg/kg) QLs MDLs 

Dichlorodifluoromethane 75-71-8 1.10E+04  SSL Soil to GW 5 5 0.53 
Chloromethane  74-87-3 9.30E+02  SSL Soil to GW 5 5 1.09 
Vinyl chloride  75-01-4 1.20E-01  SSL Soil to GW 1.2 5 0.7 
Bromomethane 74-83-9 4.10E+01  SSL Soil to GW 5 5 2.44 
Chloroethane  75-00-3 1.90E+01  SSL Soil to GW 5 5 0.59 
Trichlorofluoromethane 75-69-4 2.30E+04  SSL Soil to GW 5 5 0.8 
1,1-Dichloroethene  75-35-4 2.90E+03  SSL Soil to GW 5 5 0.79 
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 2.30E+06  SSL Soil to GW 5 5 1.12 
Acetone  67-64-1 2.20E+04  SSL Soil to GW 12.05 12.05 7.06 
Carbon disulfide  75-15-0 1.90E+04  SSL Soil to GW 5 5 0.66 
Methyl acetate 79-20-9 2.50E+04  SSL Soil to GW 5 5 1.2 
Methylene chloride  75-09-2 1.90E+01  SSL Soil to GW 5 5 0.6 
trans-1,2-Dichloroethene 156-60-5 7.20E-01  SSL Soil to GW 5 5 0.77 
Methyl tert-butyl ether  1634-04-4 1.20E+01  SSL Soil to GW 5 5 0.53 
1,1-Dichloroethane  75-34-3 5.10E+03  SSL Soil to GW 5 5 0.63 
cis-1,2-Dichloroethene  156-59-2 7.80E+05  HH-Region 3 RBC 5 5 0.55 
2-Butanone  78-93-3 2.90E+04  SSL Soil to GW 12.5 12.5 1.62 
Bromochloromethane 74-97-5 ---  --- 5 5 0.80 
Chloroform  67-66-3 9.10E-01  SSL Soil to GW 5 5 0.54 
1,1,1-Trichloroethane  71-55-6 3.24E+04  SSL Soil to GW 5 5 0.62 
Cyclohexane 108-94-1 1.20E+06  SSL Soil to GW 5 5 0.92 
Carbon tetrachloride  56-23-5 2.10E+00  SSL Soil to GW 5 5 0.98 
Benzene 71-43-2 1.90E+00  SSL Soil to GW 5 5 0.51 
1,2-Dichloroethane  107-06-2 1.00E+00  SSL Soil to GW 5 5 0.78 
Trichloroethene  79-01-6 2.60E-01  SSL Soil to GW 2.6 5 0.56 
Methylcyclohexane 108-87-2 ---  --- 5 5 1.13 
1,2-Dichloropropane  78-87-5 3.41E+00  SSL Soil to GW 5 5 1.02 
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Laboratory-specific 2 Project 
Quantitation 
Limit Goal 3 (μg/kg) 

Analyte CAS 
Number 

 
 

Project Action 
Limit 

 
(μg/kg) 

Project Action Limit 
Reference1 

(μg/kg) QLs MDLs 

Bromodichloromethane  75-27-4 1.10E+00  SSL Soil to GW 5 5 0.74 
cis-1,3-Dichloropropene  10061-01-5 3.10E+00  SSL Soil to GW 5 5 0.22 
4-Methyl-2-pentanone 108-10-1 5.90E+04  SSL Soil to GW 12.5 12.5 1.77 
Toluene  108-88-3 2.70E+04  SSL Soil to GW 5 5 0.00 
trans-1,3-Dichloropropene 10061-02-6 3.10E+00  SSL Soil to GW 5 5 0.80 
1,1,2-Trichloroethane  79-00-5 7.80E-01  SSL Soil to GW 5 5 0.95 
Tetrachloroethene  127-18-4 4.70E+00  SSL Soil to GW 5 5 1.64 
2-Hexanone  591-78-6 ---  --- 12.5 12.5 2.86 
Dibromochloromethane  124-48-1 8.30E-01  SSL Soil to GW 5 5 0.82 
1,2-Dibromoethane  106-93-4 6.00E-02  SSL Soil to GW 0.6 5 0.87 
Chlorobenzene  108-90-7 6.80E+02  SSL Soil to GW 5 5 0.81 
Ethylbenzene  100-41-4 1.50E+04  SSL Soil to GW 5 5 1.11 
o-Xylene  95-47-6 3.00E+03  SSL Soil to GW 5 5 0.53 
m,p-Xylene  179601-23-1 3.00E+03  SSL Soil to GW 5 5 0.53 
Styrene  100-42-5 5.70E+04  SSL Soil to GW 5 5 1.02 
Bromoform  75-25-2 6.70E+01  SSL Soil to GW 5 5 0.71 
Isopropylbenzene 98-82-8 6.40E+04  SSL Soil to GW 5 5 1.33 
1,1,2,2-Tetrachloroethane  79-34-5 6.80E-04  SSL Soil to GW 5 5 0.74 
1,3-Dichlorobenzene  541-73-1 2.90E+02  SSL Soil to GW 5 5 0.94 
1,4-Dichlorobenzene  106-46-7 3.41E+00  SSL Soil to GW 5 5 1.00 
1,2-Dichlorobenzene  95-50-1 4.60E+03  SSL Soil to GW 5 5 1.14 
1,2-Dibromo-3-chloropropane  96-12-8 3.70E-03  SSL Soil to GW 5 5 1.52 
1,2,4-Trichlorobenzene 120-82-1 2.40E+03  SSL Soil to GW 5 5 0.87 
1,2,3-Trichlorobenzene 87-61-6 2.40E+03  SSL Soil to GW 5 5 1.28 

1 HH-Region 3 RBC – EPA Region 3 Risk Based Concentration Tables (10/2007); SSL Soil to GW - Region 3 Soil Screening Levels for groundwater migration (10/2007)  
2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method.  
3 It is recognized that some QLs are greater than the compound PALs.  For many of these, the QLs meet an elevated RBC (increased by a factor of ten for carcinogens) to 

correspond to a single-chemical risk of 10-5.  For those compounds that do not meet this elevated criteria, it is not anticipated that this will  be a problem for planned data use. 
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 CTO 412 

Matrix: Subsurface Soil 
Analytical Group: SVOCs 
 

Laboratory-
specific2 
(μg/kg) 

Project Quantitation 
Limit Goal 

(μg/kg) Analyte CAS Number 
Project Action 

Limit 
(μg/kg) 

Project Action 
Limit Reference1 

 
QLs MDLs 

Benzaldehyde 100-52-7 7.8E+06  HH-Region 3 RBC 170 170 113.28 
Phenol 108-95-2 6.7E+04  SSL Soil to GW 170 170 113.28 
Bis(2-chloroethyl) ether 111-44-4 4.4E-02  SSL Soil to GW 0.4 170 114.81 
2-Chlorophenol 95-57-8 3.9E+05  HH-Region 3 RBC 170 170 94.75 
2-Methylphenol 95-48-7 3.9E+06  HH-Region 3 RBC 170 170 103.72 
2,2'-Oxybis(1-chloropropane) 108-60-1 1.7E+00  SSL Soil to GW 17 170 126.86 
Acetophenone 98-86-2 3.2E+03  SSL Soil to GW 170 170 67.70 
4-Methylphenol 106-44-5 3.9E+05  HH-Region 3 RBC 170 330 87.81 
N-Nitroso-di-n propylamine 621-64-7 4.7E-02  SSL Soil to GW 0.5 170 111.18 
Hexachloroethane 67-72-1 3.6E+02  SSL Soil to GW 170 170 113.14 
Nitrobenzene 98-95-3 2.3E+01  SSL Soil to GW 2.3 170 92.81 
Isophorone 78-59-1 4.1E+02  SSL Soil to GW 170 170 108.35 
2-Nitrophenol 88-75-5 ---  --- 170 170 114.04 
2,4-Dimethylphenol 105-67-9 6.7E+03  SSL Soil to GW 170 170 95.48 
Bis(2-chloroethoxy) methane 111-91-1 ---  --- 170 170 100.73 
2,4-Dichlorophenol 120-83-2 1.2E+03  SSL Soil to GW 170 170 88.74 
Naphthalene 91-20-3 1.5E+02  SSL Soil to GW 150 170 112.69 
4-Chloroaniline 106-47-8 9.7E+02  SSL Soil to GW 170 170 107.11 
Hexachlorobutadiene 87-68-3 8.2E+00  HH-Region 3 RBC 170 170 141.97 
Caprolactam 105-60-2 3.9E+07  HH-Region 3 RBC 330 330 34.54 
4-Chloro-3-methylphenol 59-50-7 ---  --- 170 170 88.62 
2-Methylnaphthalene 91-57-6 4.4E+00  SSL Soil to GW 4.4 170 102.89 
Hexachlorocyclopentadiene 77-47-4 4.7E+05  HH-Region 3 RBC 170 170 TBD 
2,4,6-Trichlorophenol 88-06-2 5.8E+04  HH-Region 3 RBC 170 170 93.06 
2,4,5-Trichlorophenol 95-95-4 7.8E+06  HH-Region 3 RBC 170 170 91.77 
1,1'-Biphenyl 92-52-4 9.6E+04  SSL Soil to GW 330 330 49.54 
2-Chloronaphthalene 91-58-7 3.2E+04  SSL Soil to GW 170 170 115.22 
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Laboratory-
specific2 
(μg/kg) 

Project Quantitation 
Limit Goal 

(μg/kg) Analyte CAS Number 
Project Action 

Limit 
(μg/kg) 

Project Action 
Limit Reference1 

 
QLs MDLs 

2-Nitroaniline 88-74-4 ---  --- 170 170 87.45 
Dimethylphthalate 131-11-3 ---  --- 170 170 85.36 
2,6-Dinitrotoluene 606-20-2 2.5E+02  SSL Soil to GW 170 170 86.74 
Acenaphthylene 208-96-8 1.0E+05  SSL Soil to GW 170 170 99.29 
3-Nitroaniline 99-09-2 ---  --- 170 170 TBD 
Acenaphthene 83-32-9 1.0E+05  SSL Soil to GW 170 170 89.77 
2,4-Dinitrophenol 51-28-5 1.6E+05  HH-Region 3 RBC 170 170 133.44 
4-Nitrophenol 100-02-7 ---  --- 170 170 TBD 
Dibenzofuran 132-64-9 7.82E+01  HH-Region 3 RBC 7.8 170 94.24 
2,4-Dinitrotoluene 121-14-2 5.7E+02  SSL Soil to GW 170 170 86.43 
Diethylphthalate 84-66-2 4.5E+05  SSL Soil to GW 170 170 74.47 
Fluorene 86-73-7 1.4E+05  SSL Soil to GW 170 170 80.44 
4-Chlorophenyl-phenyl ether 7005-72-3 ---  --- 170 170 77.00 
4-Nitroaniline 100-01-6 ---  --- 170 170 67.01 
4,6-Dinitro-2-methylphenol 534-52-1 ---  --- 170 170 117.68 
N-Nitrosodiphenylamine 86-30-6 7.6E+02  SSL Soil to GW 170 170 69.32 
1,2,4,5-Tetrachlorobenzene 95-94-3 6.6E+02  SSL Soil to GW 170 170 95.92 
4-Bromophenyl-phenylether 101-55-3 ---  --- 170 170 73.54 
Hexachlorobenzene 118-74-1 4.0E+02  HH-Region 3 RBC 170 170 TBD 
Atrazine 1912-24-9 8.8E+00  SSL Soil to GW 88 330 35.87 
Pentachlorophenol 87-86-5 5.3E+03  HH-Region 3 RBC 170 170 104.40 
Phenanthrene 85-01-8 ---  --- 170 170 79.50 
Anthracene 120-12-7 4.7E+05  SSL Soil to GW 170 170 73.67 
Carbazole 86-74-8 4.7E+02  SSL Soil to GW 170 170 TBD 
Di-n-butylphthalate 84-74-2 5.0E+06  SSL, Soil to GW 170 170 160.12 
Fluoranthene 206-44-0 3.1E+06  HH-Region 3 RBC 170 170 78.40 
Pyrene 129-00-0 6.8E+05  SSL Soil to GW 170 170 83.69 
Butylbenzylphthalate 85-68-7 1.6E+07  HH-Region 3 RBC 170 170 104.53 
3,3'-dicholorobenzidine 91-94-1 4.9E+00  SSL Soil to GW 49 170 TBD 
Benzo(a)anthracene 56-55-3 2.2E+02  HH-Region 3 RBC 170 170 76.63 
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Laboratory-
specific2 
(μg/kg) 

Project Quantitation 
Limit Goal 

(μg/kg) Analyte CAS Number 
Project Action 

Limit 
(μg/kg) 

Project Action 
Limit Reference1 

 
QLs MDLs 

Chrysene 218-01-9 2.2E+04  HH-Region 3 RBC 170 170 69.44 
Bis(2-ethylhexyl) phthalate 117-81-7 4.6E+04  HH-Region 3 RBC 170 170 166.37 
Di-n-octylphthalate 117-84-0 ---  --- 170 170 TBD 
Benzo(b) fluoranthene 205-99-2 2.2E+02  HH-Region 3 RBC 170 170 146.93 
Benzo(k) fluoranthene 207-08-9 2.2E+03  HH-Region 3 RBC 170 170 68.58 
Benzo(a) pyrene 50-32-8 2.2E+01  HH-Region 3 RBC 170 170 79.12 
Indeno(1,2,3,-cd) pyrene 193-39-5 2.2E+02  HH-Region 3 RBC 170 170 89.33 
Dibenzo(a,h) anthracene 53-70-3 2.2E+01  HH-Region 3 RBC 170 170 78.62 
Benzo(g,h,i) perylene 191-24-2 ---  --- 170 170 94.12 
2,3,4,6-Tetrachlorophenol 58-90-2 2.3E+06  HH-Region 3 RBC 170 170 88.20 

1 HH-Region 3 RBC – EPA Region 3 Risk Based Concentration Tables (10/2007); SSL Soil to GW - Region 3 Soil Screening Levels for groundwater migration (10/2007) 
2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method. 
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 CTO 412 

Matrix: Subsurface Soil 
Analytical Group: SVOCs by SIM 
 

Laboratory-specific 2

(μg/kg) 
Project Quantitation 

Limit Goal 3  
(μg/kg) Analyte CAS Number 

Project Action 
Limit 

(μg/kg) 
Project Action 

Limit Reference 1 
 

QLs MDLs 

2-Chlorophenol 95-57-8 3.9E+05  HH-Region 3 RBC 21.3 21.3 9.38 
2-Methylphenol 95-48-7 3.9E+06  HH-Region 3 RBC 21.3 21.3 16.53 
N-Nitroso-di-n propylamine 621-64-7 4.70E-02  SSL Soil to GW 0.5 10.7 2.15 
2,4-Dimethylphenol 105-67-9 6.7E+03  SSL Soil to GW 21.3 21.3 1.58 
2,4,6-Trichlorophenol 88-06-2 5.8E+04  HH-Region 3 RBC 21.3 21.3 6.35 
2,4,5-Trichlorophenol 95-95-4 7.8E+06  HH-Region 3 RBC 21.3 21.3 6.14 
4-Nitrophenol 100-02-7 ---  --- 64 64 14.52 
Pentachlorophenol 87-86-5 5.3E+03  HH-Region 3 RBC 21.3 21.3 9.59 
3,3'-dicholorobenzidine 91-94-1 4.90E+00  SSL Soil to GW 10.7 10.7 2.44 

 
1 HH-Region 3 RBC – EPA Region 3 Risk Based Concentration Table (10/2007); SSL Soil to GW - Region 3 Soil Screening Levels for groundwater migration (10/2007)  
2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method. 
3 The QL for N-Nitroso-di-n propylamine is greater than the PAL.  For 3,3'-dicholorobenzidine, the QL meets an elevated RBC (increased by a factor of ten for carcinogens) to 

correspond to a single-chemical risk of 10-5.  It is not anticipated that this will  be a problem for planned data use. 
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Matrix: Subsurface Soil 
Analytical Group: PAHs by SIM 
 

Laboratory-specific 2

(μg/kg) 
Project Quantitation 

Limit Goal 
(μg/kg) Analyte CAS Number 

Project Action 
Limit 

(μg/kg) 
Project Action 

Limit Reference 1 
 

QLs MDLs 

Naphthalene 91-20-3 1.5E+02  SSL Soil to GW 8.3 8.3 0.27 
2-Methylnaphthalene 91-57-6 4.4E+00  SSL Soil to GW 8.3 8.3 0.57 
Acenaphthylene 208-96-8 1.00E+05  SSL Soil to GW 8.3 8.3 0.4 
Acenaphthene 83-32-9 1.0E+05  SSL Soil to GW 8.3 8.3 0.62 
Fluorene 86-73-7 1.4E+05  SSL Soil to GW 8.3 8.3 0.36 
Phenanthrene 85-01-8 ---  --- 8.3 8.3 0.31 
Anthracene 120-12-7 4.7E+05  SSL Soil to GW 8.3 8.3 0.28 
Fluoranthene 206-44-0 3.1E+06  HH-Region 3 RBC 8.3 8.3 0.31 
Pyrene 129-00-0 6.8E+05  SSL Soil to GW 8.3 8.3 0.24 
Benzo(a)anthracene 56-55-3 2.2E+02  HH-Region 3 RBC 8.3 8.3 0.23 
Chrysene 218-01-9 2.2E+04  HH-Region 3 RBC 8.3 8.3 0.23 
Benzo(b) fluoranthene 205-99-2 2.2E+02  HH-Region 3 RBC 8.3 8.3 0.31 
Benzo(k) fluoranthene 207-08-9 2.2E+03  HH-Region 3 RBC 8.3 8.3 0.29 
Benzo(a) pyrene 50-32-8 2.2E+01  HH-Region 3 RBC 8.3 8.3 0.24 
Indeno(1,2,3,-cd) pyrene 193-39-5 2.2E+02  HH-Region 3 RBC 8.3 8.3 0.32 
Dibenzo(a,h) anthracene 53-70-3 2.2E+01  HH-Region 3 RBC 8.3 8.3 0.3 
Benzo(g,h,i) perylene 191-24-2 ---  --- 8.3 8.3 0.31 

 
1 HH-Region 3 RBC – EPA Region 3 Risk Based Concentration Table (10/2007); SSL Soil to GW - Region 3 Soil Screening Levels for groundwater migration (10/2007)  
2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method. 
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Matrix: Subsurface Soil 
Analytical Group: Pesticides 
 

Laboratory-specific2 
(μg/kg) Project Action 

Level 
Project Action 

Limit Reference1

Project 
Quantitation 
Limit Goal QLs MDLs Analyte CAS Number 

(μg/kg)  (μg/kg)   
alpha-BHC  319-84-6 8.9E-01  SSL, Soil to GW 0.42 0.42 0.09 
beta-BHC  319-85-7 3.1E+00  SSL, Soil to GW 0.83 0.83 0.44 
delta-BHC  319-86-8 ---  --- 0.42 0.42 0.17 
gamma-BHC (Lindane)  58-89-9 4.3E+00  SSL, Soil to GW 0.42 0.42 0.07 
Heptachlor  76-44-8 1.4E+02  HH-Region 3 RBC 0.42 0.42 0.14 
Aldrin  309-00-2 7.7E+00  SSL Soil to GW 0.42 0.42 0.35 
Heptachlor epoxide  1024-57-3 2.5E+01  SSL Soil to GW 0.42 0.42 0.23 
Endosulfan I  959-98-8 2.0E+04  SSL Soil to GW 0.83 0.83 0.05 
Dieldrin  60-57-1 2.2E+00  SSL Soil to GW 0.83 0.83 0.30 
4,4'-DDE  72-55-9 1.9E+03  HH-Region 3 RBC 0.83 0.83 0.12 
Endrin  72-20-8 5.4E+03  SSL Soil to GW 1.67 1.67 0.09 
Endosulfan II  33213-65-9 2.0E+04  SSL Soil to GW 1.67 1.67 0.11 
4,4'-DDD  72-54-8 2.7E+03  HH-Region 3 RBC 1.67 1.67 0.09 
Endosulfan sulfate  1031-07-8 2.0E+04  SSL Soil to GW 1.67 1.67 0.18 
4,4'-DDT  50-29-3 1.2E+03  SSL Soil to GW 2.5 2.5 0.12 
Methoxychlor  72-43-5 3.1E+05  SSL Soil to GW 4.17 4.17 0.64 
Endrin ketone  53494-70-5 2.3E+04  HH-Region 3 RBC 4.17 4.17 0.11 
Endrin aldehyde  7421-93-4 2.3E+04  HH-Region 3 RBC 1.67 1.67 0.12 
alpha-Chlordane  5103-71-9 1.8E+03  HH-Region 3 RBC 0.83 0.83 0.10 
gamma-Chlordane  5103-74-2 1.8E+03  HH-Region 3 RBC 0.42 0.42 0.08 
Toxaphene  8001-35-2 5.8E+02  HH-Region 3 RBC 83 83 25.50 

1 HH-Region 3 RBC – EPA Region 3 Risk Based Concentration Table (10/2007),  SSL Soil to GW – EPA Region 3 Soil Screening Level for groundwater migration, (10/2007) 
2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method.  
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Matrix: Subsurface Soil 
Analytical Group: Polychlorinated Biphenyls (PCBs) 
 

Laboratory-specific2 Project Action 
Limit 

 

Project Action 
Limit Reference1 

Project 
Quantitation 
Limit Goal (μg/kg) 

(μg/kg)  (μg/kg) QLs MDLs 
Analyte CAS Number 

     
Aroclor-1016  12674-11-2 4.2E+03 SSL Soil to GW 31 31 11.78 
Aroclor-1221  11104-28-2 3.2E+02 HH-Region 3 RBC 42 42 20.27 
Aroclor-1232  11141-16-5 3.2E+02 HH-Region 3 RBC 31 31 7.51 
Aroclor-1242  53469-21-9 3.2E+02 HH-Region 3 RBC 21 21 11.22 
Aroclor-1248  12672-29-6 3.2E+02 HH-Region 3 RBC 21 21 7.52 
Aroclor-1254  11097-69-1 3.2E+02 HH-Region 3 RBC 21 21 NA 
Aroclor-1260  11096-82-5 3.2E+02 HH-Region 3 RBC 31 31 5.00 

1 HH-Region 3 RBC – EPA Region 3 Risk Based Concentration Screening Values (10/2007), SSL Soil to GW – EPA Region 3 Soil Screening Level for groundwater migration, 
(10/2007). 

2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method.  
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Matrix: Soil 
Analytical Group: Dioxin/Furans 
 

Laboratory-
specific 2 

Project Action 
Limit 

 
Project Action Limit 

Reference 1 
Project 

Quantitation 
Limit Goal (μg/kg) Analyte CAS Number 

(μg/kg)  (μg/kg) QLs MDLs 
2,3,7,8-TCDD 1746-01-6 4.3E-03 HH-Region 3 RBC 0.001 0.001 0.00006 
1,2,3,7,8-PeCDD 40321-76-4 2.2E-03 HH-Region 3 RBC 0.005 0.005 0.000288 
1,2,3,6,7,8-HxCDD 57653-85-7 4.3E-04 HH-Region 3 RBC 0.005 0.005 0.000276 
1,2,3,4,7,8-HxCDD 39227-28-6 4.3E-04 HH-Region 3 RBC 0.005 0.005 0.000187 
1,2,3,7,8,9-HxCDD 19408-74-3 4.3E-04 HH-Region 3 RBC 0.005 0.005 0.000288 
1,2,3,4,6,7,8-HpCDD 35822-46-9 4.3E-05 HH-Region 3 RBC 0.005 0.005 0.000293 
OCDD 3268-87-9 4.3E-06 HH-Region 3 RBC 0.01 0.01 0.000644 
2,3,7,8-TCDF 51207-31-9 4.3E-04 HH-Region 3 RBC 0.001 0.001 0.000162 
1,2,3,7,8-PeCDF 57117-41-6 2.2E-04 HH-Region 3 RBC 0.005 0.005 0.000367 
2,3,4,7,8-PeCDF 57117-31-4 2.2E-03 HH-Region 3 RBC 0.005 0.005 0.000247 
1,2,3,6,7,8-HxCDF 57117-44-9 4.3E-04 HH-Region 3 RBC 0.005 0.005 0.000153 
1,2,3,7,8,9-HxCDF 72918-21-9 4.3E-04 HH-Region 3 RBC 0.005 0.005 0.000304 
1,2,3,4,7,8-HxCDF 70648-26-9 4.3E-04 HH-Region 3 RBC 0.005 0.005 0.000336 
2,3,4,6,7,8-HxCDF 60851-34-5 4.3E-04 HH-Region 3 RBC 0.005 0.005 0.00105 
1,2,3,4,6,7,8-HpCDF 67562-39-4 --- --- 0.005 0.005 0.000604 
1,2,3,4,7,8,9-HpCDF 55673-89-7 4.3E-05 HH-Region 3 RBC 0.005 0.005 0.000257 
OCDF 39001-02-0 4.3E-06 HH-Region 3 RBC 0.01 0.01 0.000694 

1 HH-Region 3 RBC – EPA Region 3 Risk Based Concentration Table (10/2007), 

 2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method.  
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Matrix: Subsurface Soil 
Analytical Group: Inorganic Compounds 
 

Laboratory-specific 2 
(mg/kg) 

Project 
Action Limit 

 

Project 
Quantitation 
Limit Goal Analyte CAS 

Number 
(mg/kg) 

Project Action 
Limit 

Reference1 
(mg/kg) 

QLs MDLs 

Aluminum  7429-90-5 7.82E+04  HH-Region 3 RBC 20 20 3.495 
Antimony  7440-36-0 1.3E+01  SSL Soil to GW 1 1 0.150 
Arsenic  7440-38-2 2.6E-02  SSL Soil to GW 0.002 1 0.202 
Barium  7440-39-3 6.0E+03  SSL Soil to GW 20 20 0.096 
Beryllium  7440-41-7 1.6E+02  HH-Region 3 RBC 0.5 0.5 0.037 
Cadmium  7440-43-9 2.7E+01  SSL Soil to GW 0.5 0.5 0.023 
Calcium 7440-70-2 ---  --- 500 500 4.214 
Chromium  7440-47-3 4.2E+01  SSL Soil to GW 1 1 0.033 
Cobalt  7440-48-4 ---  --- 0.5 0.5 0.037 
Copper  7440-50-8 3.1E+03  HH-Region 3 RBC 0.5 0.5 0.141 
Iron 7439-89-6 5.5E+04  HH-Region 3 RBC 10 10 1.241 
Lead  7439-92-1 4.0E+02  OSWER 0.3 0.3 0.114 
Magnesium 7439-95-4 ---  --- 500 500 0.392 
Manganese  7439-96-5 9.5E+02  SSL Soil to GW 1 1 0.042 
Mercury  7439-97-6 7.8E+00  HH-Region 3 RBC 0.2 0.2 0.042 
Nickel  7440-02-0 1.6E+03  HH-Region 3 RBC 4 4.0 0.062 
Potassium 7440-9-7 ---  --- 500 500 0.963 
Selenium  7782-49-2 1.9E+01  SSL Soil to GW 0.5 0.5 0.297 
Silver  7440-22-4 3.1E+01  SSL Soil to GW 0.5 0.5 0.053 
Sodium 7440-23-5 ---  --- 500 500 17.816 
Thallium  7440-28-0 3.6E+00  SSL Soil to GW 1 1.0 0.766 
Vanadium  7440-62-2 7.8E+01  HH-Region 3 RBC 2 2.0 0.020 
Zinc  7440-66-6 1.4E+04  SSL Soil to GW 2 2.0 0.192 
Cyanide  57-12-5 1.5E+02  SSL Soil to GW 10 10 0.14 

1 HH-Region 3 RBC – EPA Region 3 Risk Based Concentration Table (10/2007) 

 2 Laboratory-specific MDLs and QLs are limits that an individual laboratory can achieve when performing a specific analytical method.  
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DAF – Dilution Attenuation Factor 
GW - Groundwater 
MDL – Method Detection Limit 
QL – Quantitation Limit 
RBC – Risk Based Concentration 
TBD – To Be Determined 
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SAP Worksheet #16 -- Project Schedule / Timeline Table (optional format) 
(UFP-QAPP Manual Section 2.8.2) 
 

Dates (MM/DD/YY) 
Phase Activities Organization Anticipated 

Date(s)  
of Initiation 

Anticipated 
Date of 

Completion 

Deliverable Deliverable Due Date 

I Test Pits and Soil 
Sampling Tetra Tech 4/30/2007 5/11/2007 

Test Pit Soil 
Investigation Report 
Site 3 – Ninth Street 
Landfill 

7/30/2007 (draft) 
11/16/2007 (final) 

II EM Survey TBD 04/07/2008 04/11/2008 EM Report of Field 
Activities 

Daily reports and final 
cumulative report due 
one week after 
completion 

II Test Pits and Soil 
Sampling Tetra Tech 04/21/2008 05/02/2008 

Landfill Delineation 
Report Site 3 – Ninth 
Street Landfill 

6/18/2008 
(draft) 
8/13/2008 
(final) 

 
EM - Electromagnetic  
TBD – To Be Determined
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SAP Worksheet #17 -- Sampling Design and Rationale 
(UFP-QAPP Manual Section 3.1.1) 
 
Describe and provide a rationale for choosing the sampling approach (e.g., grid system, biased statistical approach): 
 
The test pit locations will be chosen with a bias to correspond with areas likely to contain buried waste, based upon the results of the Test Pit Investigation and the 
EM survey from this SAP.  Up to eight test pits will be excavated.   Eight subsurface soil samples will be collected from the eight test pits and analyzed for VOCs, 
SVOCs, pesticides, PCBs, metals (including mercury), and cyanide.  The samples will be chosen based on direct (visual or olfactory) evidence of contamination, or 
on the highest PID screening responses.  One (1) of the eight (8) test pits will be sampled for Dioxin/Furans where evidence of charred waste is observed.   
 
Test pit soil sample locations will be chosen based on a biased sampling approach based on the results of the EM survey and field observations.  The intent will be 
to sample those areas that are likely to be the most contaminated.  
 
The surface soil samples will be collected from areas containing buried waste that are judged most likely to be contaminated based on direct (visual or olfactory) 
evidence of contamination.  If no direct evidence of surface contamination is observed, then the sample locations will be chosen in order to provide representative 
coverage of the landfill area.   The samples will be analyzed for VOCs, SVOCs, pesticides, PCBs, metals (including mercury), and cyanide.  
 
Describe the sampling design and rationale in terms of what matrices will be sampled, what analytical groups will 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 SAP Worksheet 18 and sampling location map in Figure 15.  
The goal of the sampling will be to use the data for both human health and ecological risk assessment purposes. 

 
• Eight surface soil samples will be collected at 0 to 1.0 feet bgs in areas where buried waste is present.  The exact locations will be determined based upon the 

results of the EM survey and field observations. 
 
• Twelve surface soil samples will be collected at 0 to 0.5 feet bgs in other areas.  The exact locations will be determined by the project team based upon results 

of the EM survey . 
 
• Eight subsurface soil samples will be collected from test pit excavations where buried waste is encountered. The exact sample locations and depths will be 

determined based upon the results of the EM survey, PID readings, and field observations.  
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SAP Worksheet #18 -- Sampling Locations and Methods/SOP Requirements Table 
(UFP-QAPP Manual Section 3.1.1) 
 
 

Sampling Location ID Number Matrix Depth 
(feet) Analytical Group 

Number of Samples 
(identify field 
duplicates) 

Sampling 
SOP 

Reference1 
VOCs 2 
SVOCs 2 
Pesticides 2 
PCBs 2 
Dioxin/Furans4 TBD 

SS17 03SS17-01 Soil 0 – 0.5 

Metals/Cyanide 2 

SA-1.3, CT-04, 
SA-6.1, SA-6.3 

VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 
Dioxin/Furans4 TBD 

SS18 03SS18-01 Soil 0 – 0.5 

Metals/Cyanide 1 

SA-1.3, CT-04, 
SA-6.1, SA-6.3 

VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 
Dioxin/Furans4 TBD 

SS19 03SS19-01 Soil 0 – 0.5 

Metals/Cyanide 1 

SA-1.3, CT-04, 
SA-6.1, SA-6.3 

VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 
Dioxin/Furans4 TBD 

SS20 03SS20-01 Soil 0 – 0.5 

Metals/Cyanide 1 

SA-1.3, CT-04, 
SA-6.1, SA-6.3 

VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 
Dioxin/Furans4 TBD 

SS21 03SS21-01 Soil 0 – 0.5 

Metals/Cyanide 1 

SA-1.3, CT-04, 
SA-6.1, SA-6.3 
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Sampling Location ID Number Matrix Depth 
(feet) Analytical Group 

Number of Samples 
(identify field 
duplicates) 

Sampling 
SOP 

Reference1 
VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 
Dioxin/Furans4 TBD 

SS22 03SS22-01 Soil 0 – 0.5 

Metals/Cyanide 1 

SA-1.3, CT-04, 
SA-6.1, SA-6.3 

VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 
Dioxin/Furans4 TBD 

SS23 03SS23-01 Soil 0 – 0.5 

Metals/Cyanide 1 

SA-1.3, CT-04, 
SA-6.1, SA-6.3 

VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 
Dioxin/Furans4 TBD 

SS24 03SS24-01 Soil 0 – 0.5 

Metals/Cyanide 1 

SA-1.3, CT-04, 
SA-6.1, SA-6.3 

VOCs 2 
SVOCs 2 
Pesticides 2 
PCBs 2 
Dioxin/Furans4 TBD 

03TP19-XXXX2-01 
and 
03-DUP-013 

Soil TBD 

Metals/Cyanide 2 
VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 
Dioxin/Furans4 TBD 

Site 3 Test Pit 19 

03TP19-XXXX2-02 Soil TBD 

Metals/Cyanide 1 

SA-1.3, CT-04, 
SA-6.1, SA-6.3 

VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 

Site 3 Test Pit 20 03TP20-XXXX2-01 Soil TBD 

Dioxin/Furans4 TBD 

SA-1.3, CT-04, 
SA-6.1, SA-6.3 
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Sampling Location ID Number Matrix Depth 
(feet) Analytical Group 

Number of Samples 
(identify field 
duplicates) 

Sampling 
SOP 

Reference1 
03TP20-XXXX2-01 Soil TBD Metals/Cyanide 1 

VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 
Dioxin/Furans4 TBD 

Site 3 Test Pit 20 
03TP20-XXXX2-02 Soil TBD 

Metals/Cyanide 1 
VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 
Dioxin/Furans4 TBD 

03TP21-XXXX2-01 Soil TBD 

Metals/Cyanide 1 
VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 
Dioxin/Furans4 TBD 

Site 3 Test Pit 21 

03TP21-XXXX2-02 Soil TBD 

Metals/Cyanide 1 

SA-1.3, CT-04, 
SA-6.1, SA-6.3 

VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 
Dioxin/Furans4 TBD 

03TP22-XXXX2-01 Soil TBD 

Metals/Cyanide 1 
VOCs 1 
SVOCs 1 
Pesticides 1 
PCBs 1 

Site 3 Test Pit 22 

03TP22-XXXX2-02 Soil TBD 

Dioxin/Furans4 TBD 

SA-1.3, CT-04, 
SA-6.1, SA-6.3 

1 Standard operating procedure (SOP) or worksheet that describes the sample collection procedures. 
2 XXXX represents depth of the sample.  Depth will be determined in the field.  For example is sample is collected from 5 to 6 feet the depth will be recorded as 0506. 
3 Field duplicate locations may change in the field based on visual and olfactory observations and PID readings. 
4 Only one location (plus 1 field duplicate) will be chosen for dioxin analysis based on the presence of burnt waste material. 
TBD – To Be Determined
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SAP Worksheet #19 -- Analytical SOP Requirements Table 
(UFP-QAPP Manual Section 3.1.1) 
 

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 Volatiles SW-846 5035/8260B 
CompuChem 1.3.2.4 3 – 5g Encores 15g Cool to 4 degrees C; 

no headspace 
48 hours for preparation; 14 days 
to analysis 

Soil SVOCs SW-846 3550B/8270C 
CompuChem 2.5.2.3/2.5.2.7/2.4.4.5 (SIM) 

Soil Pesticides SW-846 3550B/8081A 
CompuChem 2.2.4.2/2.2.4.10 

Soil PCBs SW-846 3550B/8082 
CompuChem 2.2.5.2/2.2.5.3 

1 – 8oz wide-mouth 
glass jar 250g Cool to 4 degrees C 14 days to extraction; 40 days 

analysis 

Soil Dioxins/Furans SW-846 8290 
SGS 

1 – 8oz wide-mouth 
amber glass jar 10g Cool to 4 degrees C 30 days to extraction; 45 days to 

analysis 

Soil Metals SW-846 3050B/ 6010B 
CompuChem 3.2.1.6/3.2.1.7 180 days to analysis 

Soil  Mercury SW-846 7471A 
CompuChem 3.3.2/3.3.4 28 days to analysis 

Soil Cyanide SW-846 9012A 
CompuChem 3.4.5/3.4.6 

1 – 8oz wide-mouth 
glass jar 250g Cool to 4 degrees C 

14 days to analysis 

Aqueous (Blank) Volatiles SW-846 8260B 
CompuChem 1.3.2.4 

3 – 40mL clear glass 
vials 120mL Cool to 4 degrees C; 

HCl to pH < 2 14 days to analysis 

Aqueous (Blank) SVOCs SW-846 3550B/8270C 
CompuChem 2.5.2.3/2.5.2.7 

Aqueous (Blank) Pesticides SW-846 3550B/8081A 
CompuChem 2.2.4.2/2.2.4.10 

Aqueous (Blank) PCBs SW-846 3550B/8082 
CompuChem 2.2.5.2/2.2.5.3 

4 – 1L amber glass 
bottles 4L Cool to 4 degrees C 7 days for preparation; 40 days to 

analysis 

Aqueous (Blank) Dioxins/Furans SW-846 8290 
SGS Sec. 4 8290  

2 – 1L amber glass 
bottles 2L Cool to 4 degrees C 7 days for preparation; 40 days to 

analysis 
Aqueous (Blank) Metals SW-846 3050B/ 6010B 

CompuChem 3.2.1.6/3.2.1.7 180 days to analysis 

Aqueous (Blank) Mercury SW-846 7470A 
CompuChem 3.3.2/3.3.4 

1 – 1L plastic bottle 1L Cool to 4 degrees C; 
HNO3 to pH < 2 28 days to analysis 

Aqueous (Blank) Cyanide SW-846 9012A 
CompuChem 3.4.5/3.4.6 1 – 1L plastic bottle 1L Cool to 4 degrees C; 

NaOH to pH > 10 14 days to analysis 
1 Specify 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.
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SAP Worksheet #20 -- Field Quality Control Sample Summary Table 
(UFP-QAPP Manual Section 3.1.1) 
 
  

Matrix Analytical 
Group 

No. of 
Sampling 

Locations2 
No. of Field 
Duplicates 

No. of 
MS/MSDs1 

No. of Field 
Blanks 

No. of 
Equip. 
Blanks 

No. of 
VOA Trip 
Blanks 

No. of PT 
Samples3 

Total No. of 
Samples to 

Lab 
Soil VOC 8 1 1 1 0 3 0 13 
Soil SVOC 8 1 1 1 0 0 0 10 
Soil Pesticides 8 1 1 1 0 0 0 10 
Soil PCBs 8 1 1 1 0 0 0 10 
Soil Dioxin/Furans 1 1 1 1 0 0 0 3 
Soil Metals 8 1 1 1 0 0 0 10 
Soil  Mercury 8 1 1 1 0 0 0 10 
Soil Cyanide 8 1 1 1 0 0 0 10 

1Although the Matrix Spike/Matrix Spike Duplicate (MS/MSD) is not typically considered a field QC it is included here because location determination is often established in 
the field.  The MS/MSD is not included in the Total No. of Samples to Lab. 
2If samples will be collected at different depths at the same location, count each discrete sampling depth as a separate sampling location or station. 
3The number of Batch or Project-specific proficiency testing (PT) samples are optional but highly recommended. 
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SAP Worksheet #21 -- Project Sampling SOP References Table 
(UFP-QAPP Manual Section 3.1.2) 
 
 

Reference 
Number 

Title, Revision Date and / or 
Number 1 

Originating 
Organization of 
Sampling SOP 

Equipment Type 
Modified for 

Project Work? 
(Y/N) 

Comments 

CT-04 Sample Nomenclature 
Rev. 1, September 2003 Tetra Tech NA Y 

Although samples will be soils, the 
abbreviation “TP” will be used in 
place of “SB” 

CT-05 Database Records and Quality Assurance 
Rev. 2, January 29, 2001 Tetra Tech NA N  

DV-02 
Data Validation – Non-CLP Organics for 
Solid Matrices 
Rev. 0, August 13, 2001 

Tetra Tech NA N  

DV-04 
Data Validation – Non-CLP Inorganics for 
Solid and Aqueous Matrices 
Rev. 0, August 13, 2001 

Tetra Tech NA N  

DV-06 

Data Validation – Polychlorinated 
Dibenzodioxins and Polychlorinated 
Dibenzofurans for Solid and Aqueous 
Matrices 

Tetra Tech NA N  

GH-3.1 Resistivity and Electromagnetic Induction 
Rev. 1, June 1999 Tetra Tech Terrain conductivity meter N  

HS-1.0 Utility Locating and Excavation Clearance 
Rev. 2, December 2003 Tetra Tech NA N  

ME-12 Photovac 2020 Photo-Ionization Air Monitor 
Rev. 1, June 1999 Tetra Tech Calibration and operation N  

SA-1.3 Soil Sampling 
Rev. 7, September 2003 Tetra Tech Sampling Procedures, Methods N  

SA-6.1 Non-radiological Sample Handling 
Rev. 3, February 2004 Tetra Tech Sample Bottle ware, Packaging 

Material, Shipping Materials N  

SA-6.3 Field Documentation 
Rev. 2, September 2003 Tetra Tech Field Logbook, Field Sample 

Forms, Boring Logs N  

SA-7.1 Decontamination of Field Equipment 
Rev. 3, September 2003 Tetra Tech 

Decontamination  Equipment 
(scrub brushes, phosphate free 
detergent, de-ionized water) 

Y 

Decontamination of sampling 
equipment is not anticipated however 
if required, Nitric acid removed from 
decontamination procedure.  
Isopropyl Alcohol to be used if field 
conditions warrant  

1 The Tetra Tech SOPs are currently in review.  Tetra Tech will review, update, or revise these SOPs on a periodic basis. (e.g., every two to three years). 
NA – Not Applicable  SOP – Standard Operating Procedure
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SAP Worksheet #22 -- Field Equipment Calibration, Maintenance, Testing, and Inspection Table 
(UFP-QAPP Manual Section 3.1.2.4) 
 
 

Field Equipment Activity1 Frequency Acceptance Criteria Corrective 
Action 

Respsible 
Person 

SOP 
Reference2 Comments 

PID Calibration Daily Manufacturer’s 
Guidance Replace FOL ME-12  

Backhoe / Excavating 
Machinery Inspection Daily Equipment Inspection 

Sheet Criteria Replace FOL SA-1.3  

Disposable Hand 
Trowel Inspection Per Use NA Replace FOL SA-1.3  

Terrain conductivity 
meter Calibration Daily Manufacturer’s 

Guidance Replace TBD GH-3.1  

1 Activities may include: calibration, verification, testing, maintenance, and/or inspection. 
2 Specify the appropriate reference letter or number from the Project Sampling SOP References table (Worksheet #21). 

 
 FOL – Field Operations Leader 
 NA – Not Applicable 
 PID – Photoionization Detector 
 SOP – Standard Operating Procedure 
 TBD – To Be Determined
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SAP Worksheet #23 -- Analytical SOP References Table 
(UFP-QAPP Manual Section 3.2.1) 
 
  

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) 

1.3.2.4 

GC/MS Analysis of Low Concentration 
Volatiles in Soil/Sediment/Sludge 
Samples by SW-846 and NYSASP 
(Revision 10, 2/8/05) 

Definitive Soil – VOC GC/MS CompuChem N 

2.5.2.3 

Preparation of 
Soil/Sediment/Sludge/Samples for the 
Analysis of Semivolatiles by SW-846 
and NYSASP 
(Revision 10, 1/15/06) 

Definitive Soil – SVOC NA CompuChem N 

2.5.2.7 

GC/MS Analysis of Extractible 
Semivolatiles in Water and Soild 
Sample Extracts by SW-846 
(Revision 11, 12/15/06) 

Definitive Soil – SVOC GC/MS CompuChem N 

2.4.4.5 

GC/MS Selected Ion Monitoring (SIM) 
Semivolatile Analyses of Aqueous and 
Soil Samples using SW-846 and EPA 
CLP Methodologies (OLC03.2 and 
OLM04.3) 

Definitive Soil-SVOC GC/MS CompuChem N 

2.2.4.10 
GC/ECD Analysis of Organochlorine 
Pesticides in Water and Soil Extracts 
by SW-846 

Definitive Soil – Pesticides GC CompuChem N 

2.2.4.2 

Low-Level Preparation for Analysis of 
Pesticides/PCBs in 
Soil/Sediment/Sludge by SW-846 and 
NYSASP (Revision 10, 10/11/07) 

Definitive Soil-Pesticides GC CompuChem N 

2.2.5.2 

Low-Level Preparation for Analysis of 
PCBs only in Soil/Sediment/Sludge by 
SW-846 and NYSASP (Revision 8, 
2/18/07) 

Definitive Soil-PCBs GC CompuChem 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) 

2.2.5.3 
GC/ECD Analysis of Polyclorinated 
Biphenyls (PCBs) as Aroclors in Water 
and Soil Extracts (Revision 7, 2/20/08) 

Definitive Soil-PCBs GC CompuChem N 

3.2.1.6 
Inductively Coupled Plasma Atomic 
Emission Spectroscopy by SW-846 
and NYSASP (Revision 15, 8/4/06) 

Definitive Soil – Metals ICP-AES CompuChem N 

3.2.1.7 

Digestion Block Preparation of Solid 
Samples for ICP-MS Determination of 
Total Metals by SW-846 (Revision 0, 
9/20/06) 

Definitive Soil – Metals ICP-AES CompuChem N 

3.3.2 
Solid Sample Mercury Digestion by 
SW-846 and NYSASP (Revision 15, 
5/18/06) 

Definitive Soil – Mercury CVAA CompuChem N 

3.3.4 
Automated Cold Vapor Determination 
for Mercury by CLP, SW-846, and 
NYSASP (Revision 21, 7/23/07) 

Definitive Soil – Mercury CVAA CompuChem N 

3.4.5 
Cyanide Analysis of Water and 
Soil/Sediment/Distillates by CLP, 
MCAWW 

Definitive Soil-Cyanide Spectrometer CompuChem N 

3.5.6 
Solid Sample for Total and Free 
Cyanide Midi-Distillation by SW-846 
and NYSASP (Revision 3, 8/25/06) 

Definitive Soil-Cyanide Spectrometer CompuChem N 

Section 4 
8290 

Section 4: 8290 Data Analysis & 
Reporting Paradigm Analytical Labs - 
Standard Operating Procedure 

Definitive Soil – Dioxin/Furans HRGC/HRMS SGS N 

 

1 If yes, then specify the modification that has been made.  Note that any analytical SOP modification made relative to project specific needs must be 
reviewed and approved by the Navy QAO. 
 
CVAA – Cold Vapor Atomic Absorption 
GC/MS – Gas Chromatograph/Mass Spectrometer 
GC/ECD - Gas Chromatograph/Electron Capture Detector 
HR – High Resolution 
ICP-AES – Inductively Coupled Plasma/Atomic Emission Spectroscopy 
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SAP Worksheet #24 -- Analytical Instrument Calibration Table  
(UFP-QAPP Manual Section 3.2.2) 
  

Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective 

Action (CA) 
Person 

Responsible 
for CA2 

SOP 
Reference1 

GC/MS Tuning Beginning of 12 hour 
analytical sequence 

Must meet the ion abundance criteria 
required by the method 

Manual tuning; 
replacement of the ion 
source of filament 

Area supervisor 
or manager 

1.3.2.4 
2.5.2.7 

GC/MS Initial 
Calibration 

After major 
maintenance;  upon 
2nd consecutive failure 
of CCV standard 

Must meet the minimum average RRF 
value and maximum % RSD criteria 
required by the DOD-QSM 

Recalibrate Area supervisor 
or manager 

1.3.2.4 
2.5.2.7 

GC/MS Continuing 
Calibration 

Beginning of 12 hour 
analytical sequence 
after the analysis of 
the tuning standard 

Must meet the minimum % Difference or % 
drift criteria required by the DOD-QSM 

Reanalyze;  
recalibration and 
reanalyze upon failure 
of reanalysis 

Area supervisor 
or manager 

1.3.2.4 
2.5.2.7 

GC Initial 
Calibration 

After major instrument 
maintenance; upon 
failure of 2nd 
consecutive CCV 

Must meet all resolution, retention time, 
breakdown, and % RSD criteria by DOD-
QSM on both analytical columns 

Recalibrate Area supervisor  
or manager 

2.2.4.10 
2.2.5.3 

GC Continuing 
Calibration 

Beginning of 
analytical sequence; 
after each 10 field 
samples; at the end of 
the analytical 
sequence 

Must meet all resolution, retention time, 
breakdown, and % difference, % drift 
criteria by DOD-QSM on both analytical 
columns 

Recalibrate Area supervisor  
or manager 

2.2.4.10 
2.2.5.3 

ICP-AES Initial 
Calibration 

Daily prior to sample 
analysis 

None; only one standard analyzed N/A Area supervisor 
or manager 

3.2.1.6 

ICP-AES Continuing 
Calibration 

Every 10 samples and 
at the end of the 
analytical sequence 

± 10% of the expected value Reanalyzed;  
recalibrate, if 
reanalysis fails 

Area supervisor 
or manager 

3.2.1.6 

CVAA Initial 
Calibration 

Daily prior to sample 
analysis 

The correlation coefficient must be ≥ 0.995 Recalibrate Area Supervisor 
or manager 

3.3.4 

CVAA Continuing 
Calibration 

Every 10 samples and 
at the end of the 
analytical sequence 

± 20% of the expected value Recalibrate Area supervisor  
or manager 

3.3.4 

Spectrometer Initial 
Calibration 

Daily prior to sample 
analysis 

The correlation coefficient must be ≥ 0.995 Recalibrate Area supervisor 
or manager 

3.4.5 
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Instrument Calibration 
Procedure 

Frequency of 
Calibration Acceptance Criteria Corrective 

Action (CA) 
Person 

Responsible 
for CA2 

SOP 
Reference1 

Spectrometer Calibration 
verification 

After each initial 
calibration 

± 15% of the expected value Reanalyzed;  
recalibrate, if 
reanalysis fails 

Area supervisor 
manager 

3.4.5 

HRGC/HRMS Mass 
Resolution 

Beginning of every 12 
hour run window 

Mass resolution must be at 10,000 as 
estimated from a printout of a PFK peak. 

MS maintenance. Area supervisor 
manager 

Section 4 8290 

HRGC/HRMS Initial 
Calibration 

Annually Mean RFs must be within ±20% 
RSD must be within ±30% 
Signal to noise ratio ≥10 
Ion abundance ratios within limits on Table 
3 of Method 

Recalibrate when 
continuing calibration 
is not met. 

Area supervisor 
manager 

Section 4 8290 

HRGC/HRMS Continuing 
Calibration 
(CCAL) 

Every 12 hour run 
window 

20/30%.  Average CCALs if no more then 2 
unrelated compounds above 20/30% but 
less than 25/35% on the back end. 

Acceptable bracketing 
CCALs must be 
established before 
sample reporting may 
begin. 

Area supervisor 
manager 

Section 4 8290 

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. 

 
CVAA – Cold Vapor Atomic Absorption  GC/MS – Gas Chromatograph/Mass Spectrometer  GC/ECD - Gas Chromatograph/Electron Capture Detector 
HR – High Resolution    ICP-AES – Inductively Coupled Plasma-Atomic Emission Spectroscopy 
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SAP Worksheet #25 -- Analytical Instrument and Equipment Maintenance, Testing, and Inspection Table  

(UFP-QAPP Manual Section 3.2.3) 
  

Instrument /  
Equipment Maintenance Activity Testing 

Activity 
Inspection 

Activity Frequency Acceptance 
Criteria 

Corrective 
Action 

Responsible 
Person2 

SOP 
Reference1 

GC/MS Replace/clean ion source; 
clean injector ;replace liner; 
replace/clip capillary column 
 
Flush/replace tubing on purge 
and trap devise; replace trap 

QC 
standards 

Ion source, 
injector liner, 
column, column 
flow, purge 
lines, purge 
flow, trap 

As needed See SOP See SOP  Area 
supervisor  or 
manager 

1.3.2.4 
2.5.2.7 

GC/ECD ECD maintenance; replace/clip 
capillary column 

QC 
standards 

ECD, injector, 
injector liner, 
column flow 

As needed See SOP  See SOP Area 
supervisor  or 
manager 

12.2.4.10 
2.2.5.3 

ICP-AES Clean plasma torch; clean 
filters; clean spray and 
nebulizer chambers; replace 
pump tubing 

QC 
standards 

Torch, filters, 
nebulizer 
chamber, pump, 
pump tubing 

As needed See SOP See SOP Area 
supervisor  or 
manager 

3.2.1.6 

CVAA Clean/replace dehydrator 
tubing and sample mixing coil 
tubing; replace sample probe; 
replace pump tubing; clean 
optical cell 

QC 
standards 

Tubing, sample 
probe, optical 
cell 

As needed See SOP See SOP Area 
supervisor or 
manager 

3.3.4 

Spectrometer Flush/replace tubing QC 
standards 

Tubing As needed See SOP See SOP Area 
supervisor or 
manager 

3.4.5 

HRGC/HRMS 

Replace/clean ion source; 
clean injector ;replace liner; 
replace/clip capillary column 
 
Flush/replace tubing on purge 
and trap devise; replace trap 

Mass 
Resolution 
and 
Calibration 

Ion source, 
injector liner, 
column, column 
flow, purge 
lines, purge 
flow, trap 

As needed See SOP See SOP Area 
supervisor or 
manager 

Section 4 8290 

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. 
 
CVAA – Cold Vapor Atomic Absorption   
GC/MS – Gas Chromatograph/Mass Spectrometer   
GC/ECD - Gas Chromatograph/Electron Capture Detector 
HR – High Resolution  
ICP-AES – Inductively Coupled Plasma-Atomic Emission Spectroscopy 
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SAP Worksheet #26 -- Sample Handling System 
(UFP-QAPP Manual Appendix A) 
 
 

SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

Sample Collection (Personnel/Organization):  Don Whalen / Tetra Tech 

Sample Packaging (Personnel/Organization):  Don Whalen / Tetra Tech 

Coordination of Shipment (Personnel/Organization):  Don Whalen / Tetra Tech 

Type of Shipment/Carrier:  Overnight courier service (Federal Express) 

SAMPLE RECEIPT AND ANALYSIS 

Sample Receipt (Personnel/Organization):  Sample custodians / TBD 

Sample Custody and Storage (Personnel/Organization):  Sample custodians / TBD 

Sample Preparation (Personnel/Organization):  Preparation laboratory staff / TBD 

Sample Determinative Analysis (Personnel/Organization):  GC/MS, ICP, GC/ECD, HRGC/HRMS, Spectrophotometer / TBD 

SAMPLE ARCHIVING 

Field Sample Storage (No. of days from sample collection):  30 days from submittal of final report 

Sample Extract/Digestate Storage (No. of days from extraction/digestion):  30 days from submittal of final report 

Biological Sample Storage (No. of days from sample collection):  Not Applicable 

SAMPLE DISPOSAL 

Personnel/Organization:  Sample custodians / TBD 

Number of Days from Analysis:  30 days from submittal of final report 
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SAP Worksheet #27 – Sample Custody Requirements Table  
(UFP-QAPP Manual Section 3.3.3) 
 
 
Field Sample Custody Procedures (sample collection, packaging, shipment, and delivery to laboratory):  

Following sample collection into the appropriate bottle ware, 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 bottle ware 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° centigrade (degrees C) until delivery to the laboratories.  Proper custody procedures will be followed throughout all phases of sample 
collection and handling.  Chain of custody 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 would eliminate possible tampering.  Samples for the 
laboratory will be packaged and shipped in accordance with Tetra Tech SOP SA-6.1.   

 
Laboratory Sample Custody Procedures (receipt of samples, archiving, disposal):  

 CompuChem SOP 4.1 and 4.6 (Sample Receiving and Sample Storage) 
 SGS Standard Operating Procedure for the Login and Storage of Samples and Sample Processing 
 

Sample Identification Procedures:  
Sample nomenclature will be conducted in general accordance with the procedures outlined in Tetra Tech SOP CT-04 (Sample Nomenclature).  Sample 
nomenclature put forth for this field event has been selected based on historical usage.  The sample nomenclature for each tracking number includes the site 
being investigated, sample media identifier, and sample location number.  The standard sample matrix and type codes used for this field event are as follows:  
“TP” for test pit samples obtained from the test pits.  Duplicate samples will be submitted to the laboratory as blind duplicates.  Therefore duplicate codes will 
be reflective of the standard sample matrix code followed by a “DUP” tag and sequentially listed.  Due to the blind nature of the duplicate samples, no sample 
depth or date will be listed with the duplicated sample.  An example of a duplicate sample would be “03DUP001”.  The QA/QC type codes used for this field 
event are as follows:  TB for Trip Blanks and FB for field blanks.  Trip blanks and field blanks will be labeled sequentially followed by the date (i.e., 
TB20070430, FB20070501).  Samples to be used for matrix spikes and matrix spike duplicates will be labeled MS/MSD on the bottle label and noted on the 
chain-of-custody, as required in the laboratory QA Plan; however, “MS/MSD” will not be part of the unique sample identifier in order to maintain consistency 
with the project database.  Additional information regarding protocol for sample labeling is contained in Tetra Tech SOP SA-6.3.  

 
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. 
(CompuChem SOP 4.1 and SGS Sample Processing SOP) 
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SAP Worksheet #28 -- Laboratory QC Samples Table 
(UFP-QAPP Manual Section 3.4) 
 
 
QC Samples Table 
Matrix Soil/Aqueous Blanks      
Analytical Group VOCs      
Analytical Method/ 
SOP Reference 

SW-846 8260B  
CompuChem 1.3.2.4 

        

Quality Control 
Sample: Frequency/Number 

Method/SOP Quality 
Control Acceptance 

Limits 
Corrective Action 

Person(s) 
Responsible for 

Corrective Action 

Data Quality  
Indicator (DQI) 

Measurement 
Performance  

Criteria 

Trip Blank 
One per cooler of VOC 
samples shipped to 
laboratory 

No target analytes ≥QL; 
with the exception of 
common field/laboratory 
contaminants 

No corrective action by 
laboratory.  Flag associated 
samples in batch. 

Data Validator Bias / 
Contamination 

No target analytes ≥QL; 
with the exception of 
common field/laboratory 
contaminants 

Method Blank One every 12 hours 
prior to sample analysis 

No target compounds 
≥QL except common lab 
contaminants which 
should be < 2x QL  

Re-clean, retest, re-extract, 
reanalyze, and/or qualify 
data. 
Flag associated samples. 

Analyst, Laboratory 
Supervisor  
 
Data Validator 

Bias / 
Contamination 

No target compounds 
≥QL except common lab 
contaminants which 
should be < 2x QL  

Surrogates 4 per sample 

Dibromofluoromethane 
33 – 150% 
1,2-Dichloroethane-d4 
43 – 145% 
Toluene-d8 
55 – 125% 
Bromofluorobenzene-4 
46 – 150% 

Re-prep and reanalyze for 
confirmation of matrix 
interference when 
appropriate. 
 
Flag samples with outliers. 

Analyst, Laboratory 
Supervisor  
 
 
 
 
Data Validator 

Accuracy / Bias 50 – 150% 

Laboratory 
Control  
Sample (LCS) 

One per batch of 20 or 
less 

1,1-Dichloroethene 
75 – 138% 
Trichloroethene 
75 – 121% 
Benzene 
75 – 129% 
Toluene 
76 – 119% 
Chlorobenzene 
78 – 122% 

Evaluate and reanalyze if 
possible   If an MS/MSD was 
performed in the same 12 
hour clock and acceptable 
narrate.  
If the LCS recoveries are high 
but the sample results are 
<QL narrate otherwise re-
prep and reanalyze. 
No qualification for LCS 
alone. 

Analyst, Laboratory 
Supervisor  
 
 
 
 
 
 
 
 
 
Data Validator 

Precision / 
Accuracy / Bias 70 – 130% 
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QC Samples Table 
Matrix Soil/Aqueous Blanks      
Analytical Group VOCs      
Analytical Method/ 
SOP Reference 

SW-846 8260B  
CompuChem 1.3.2.4 

        

Quality Control 
Sample: Frequency/Number 

Method/SOP Quality 
Control Acceptance 

Limits 
Corrective Action 

Person(s) 
Responsible for 

Corrective Action 

Data Quality  
Indicator (DQI) 

Measurement 
Performance  

Criteria 

Internal Standards 
(IS) 3 per sample 

Retention time + 30 
seconds; EICP area 
within -50% to +100% of 
last calibration 
verification (12 hours) for 
each IS. 

Inspect mass spectrometer or 
GC for malfunctions; 
mandatory reanalysis of 
samples analyzed while 
system was malfunctioning. 
 
Flag samples with outliers. 

Analyst, Laboratory 
Supervisor  
 
 
 
 
 
Data Validator 

Precision / 
Accuracy / Bias 

Retention time + 30 
seconds; EICP area 
within -50% to +100% of 
last calibration 
verification (12 hours) for 
each IS. 

MS/MSD One per SDG or every 
20 samples 

1,1-Dichloroethene 
59 – 172% RPD 22% 
Trichloroethene 
62 – 137%  RPD 24% 
Benzene 
66 – 142%  RPD 21% 
Toluene 
59 – 139%  RPD 21% 
Chlorobenzene 
78 – 122%  RPD 21% 
All others  
50 – 150%  RPD 25% 
 

CA 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 re-prep the 
samples and QC. 
 
No qualification on MS/MSD 
alone. 

Analyst, Laboratory 
Supervisor  
 
 
 
 
 
 
 
 
Data Validator 

Precision / 
Accuracy / Bias 

Recovery criteria same 
as laboratory. 
 
RPD ≤20% 

 



Project-Specific SAP Title: SAP for Landfill Delineation at Site 3 – Ninth Street Landfill  
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0  
Site Location: Willow Grove, Pennsylvania Revision Date: November 2008 
 

L/DOCUMENTS/NAVY/00845/22059 Page 88 of 107 
 CTO 412 

 
Matrix Soil/Aqueous Blanks      
Analytical Group SVOCs      
Analytical Method/ 
SOP Reference 

SW-846 8270C 
CompuChem 
2.5.2.7/2.4.4.5 (SIM) 

         

Quality Control 
Sample: Frequency/Number 

Method/SOP Quality 
Control 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 
except common lab 
contaminants which should 
be < 5x QL. 

Re-clean, retest, re-extract, 
reanalyze, and/or qualify data. 

Analyst, Laboratory 
Supervisor and Data 
Validator 

Bias / 
Contamination 

No target compounds 
≥QL except common 
lab contaminants which 
should be < 5x QL. 

Surrogates 6 per sample 

Phenol-d5 
40 – 100% 
2-fluorobiphenyl 
45 – 105% 
Terphenyl-d14 
30 – 125% 
2,4,6-Tribromophenol 
35 – 125% 
2-Fluorophenol 
35 – 105% 
Nitrobenzene-d5 
35 – 100% 

Re-prep and reanalyze for 
confirmation of matrix 
interference when appropriate. 
 
Flag samples with more than 2 
outliers. 

Analyst, Laboratory 
Supervisor  
 
 
Data Validator 

Accuracy / Bias 50 – 150 % 

LCS One per batch of 20 or 
less 

All target compounds, see 
laboratory limits in 
Attachment 6 of Method 
2.5.2.7. 

Evaluate and reanalyze if 
possible    
If an MS/MSD was performed 
in the same 12 hour clock and 
acceptable narrate.  
If the LCS recoveries are high 
but the sample results are <QL 
narrate otherwise re-prep and 
reanalyze. 
 
No qualification for LCS alone. 

Analyst, Laboratory 
Supervisor  
 
 
 
 
 
 
 
 
Data Validator 

Precision / 
Accuracy / Bias 50 – 150% 

IS 6 per sample 

Retention time + 30 seconds; 
EICP area within -50% to 
+100% of last calibration 
verification (12 hours) for 
each IS. 

Inspect mass spectrometer or 
GC for malfunctions; 
mandatory reanalysis of 
samples analyzed while 
system was malfunctioning. 
Flag samples with outliers. 

Analyst, Laboratory 
Supervisor  
 
 
 
Data Validator 

Precision / 
Accuracy / Bias 

Retention time + 30 
seconds; EICP area 
within -50% to +100% 
of last calibration 
verification (12 hours) 
for each IS. 
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Matrix Soil/Aqueous Blanks      
Analytical Group SVOCs      
Analytical Method/ 
SOP Reference 

SW-846 8270C 
CompuChem 
2.5.2.7/2.4.4.5 (SIM) 

         

Quality Control 
Sample: Frequency/Number 

Method/SOP Quality 
Control Acceptance 

Limits 
Corrective Action 

Person(s) 
Responsible for 

Corrective Action 

Data Quality  
Indicator (DQI) 

Measurement 
Performance  

Criteria 

MS/MSD 
One per sample 
delivery group or every 
20 samples 

All target compounds, see 
laboratory limits in 
Attachment 6 of Method 
2.5.2.7. 
 
RPD ≤30% 

CA 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 re-prep the 
samples and QC. 
 
No qualification on MS/MSD 
alone. 

Analyst, Laboratory 
Supervisor  
 
 
 
 
 
Data Validator 

Precision / 
Accuracy / Bias 

Recovery criteria same 
as laboratory. 
 
RPD ≤30% 



Project-Specific SAP Title: SAP for Landfill Delineation at Site 3 – Ninth Street Landfill  
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0  
Site Location: Willow Grove, Pennsylvania Revision Date: November 2008 
 

L/DOCUMENTS/NAVY/00845/22059 Page 90 of 107 
 CTO 412 

 
Matrix Soil/Aqueous Blanks      
Analytical Group Pesticides      
Analytical Method/ 
SOP Reference 

SW-846 8081A 
CompuChem 2.2.4.10 

         

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  
Data Validator 

Bias / 
Contamination 

No target 
compounds ≥1/2 QL 

Surrogates 2 per sample 

Decachlorobiphenyl 
55 - 130% 
Tetrachloro-m-
xylene 
70 - 125% 
 

If both surrogates are out on both 
columns, re-extract and reanalyze. 
 
Qualify if more than 2 outliers. 

Analyst, Laboratory 
Supervisor  
 
Data Validator 

Accuracy / Bias 50 – 150% 

LCS 
One per sample 
delivery group or every 
20 samples 

50 – 150% for 
compounds listed in 
Attachment 3 of 
Method 2.2.4.10 

Evaluate and reanalyze all 
associated samples. 
 
No qualification on LCS data 
alone.    
 

Analyst, Laboratory 
Supervisor  
 
Data Validator 

Precision / 
Accuracy / Bias 50 – 150% 

MS/MSD 
One per sample 
delivery group or every 
20 samples 

50 – 150%  and 
RPD ≤40% for 
compounds listed in 
Attachment 3 of 
Method 2.2.4.10 

CA will not be taken for samples 
when recoveries are outside limits 
and surrogate and LCS criteria are 
met. 
No qualification on MS/MSD alone.

Analyst, Laboratory 
Supervisor  
 
 
Data Validator 

Precision / 
Accuracy / Bias 

50 – 150% 
RPD ≤40% 
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Matrix Soil/Aqueous Blanks      
Analytical Group PCBs      
Analytical Method/ 
SOP Reference 

SW-846 8082 
CompuChem 2.2.5.2 

         

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 
≥ QL  

Re-clean, retest, re-extract, 
reanalyze, and/or qualify data. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Bias / 
Contamination 

No target compounds 
≥ QL  

Surrogates 1 per sample 
Decachlorobiphenyl 
60 - 125% 
 

If both surrogates are out on 
both columns, re-extract and 
reanalyze. 
 
Qualify if recovery exceedance. 

Analyst, Laboratory 
Supervisor  
 
Data Validator 

Accuracy / Bias 50 – 150% 

LCS  
One per sample 
delivery group or every 
20 samples 

Aroclor 1260 
40 – 140% 
Aroclor 1016 
60 – 130% 

Evaluate and reanalyze all 
associated samples. 
 
No qualification on LCS data 
alone.   

Analyst, Laboratory 
Supervisor  
 
Data Validator 

Precision / 
Accuracy / Bias 50 – 150% 

MS/MSD 
One per sample 
delivery group or every 
20 samples 

Same control limits as 
LCS 
RPD ≤30% 

CA will not be taken for samples 
when recoveries are outside 
limits and surrogate and LCS 
criteria are met. 
No qualification on MS/MSD 
alone. 

Analyst, Laboratory 
Supervisor  
 
 
Data Validator 

Precision / 
Accuracy / Bias 

50 – 150% 
RPD ≤30% 
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Matrix Soil/Aqueous Blanks      
Analytical Group Dioxin/Furans      
Analytical Method/ 
SOP Reference 

SW-846 8290 
SGS   

         

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 extraction 
batch of 20 or less 

No PCDD/Furan > RL and 
must be < 10% level in 
sample. 

Re-extract, reanalyze, and/or 
qualify data. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Bias / 
Contamination 

No PCDD/Furan > RL 
and must be < 10% level 
in sample. 

Extraction Standard 9 standards, see 
Method Table 4 40 – 135% Recovery 

Re-prep and reanalyze for 
confirmation of matrix 
interference when appropriate. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Accuracy / Bias 25 – 150% Recovery 

Clean-up Standard 5 standards, see 
Method Table 4 No criteria. 

Re-prep and reanalyze for 
confirmation of matrix 
interference when appropriate. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Accuracy / Bias 25 – 150% Recovery 

Injection Standards 2 standards, see 
Method Table 4 No criteria. 

Re-prep and reanalyze for 
confirmation of matrix 
interference when appropriate. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Accuracy / Bias 25 – 150% Recovery 

LCS/LCSD One per extraction 
batch of 20 or less 

70 – 130% Recovery 
RPD ≤20% 

Re-extract and reanalyze if low 
recovery. 
Flag associated samples. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Precision / 
Accuracy / Bias 

70 – 130% Recovery 
RPD ≤20% 

MS/MSD One per extraction 
batch of 20 or less 

70 – 130% Recovery 
RPD ≤20% 

Narrate.  No qualifiers based on 
MS/MSD alone. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Precision / 
Accuracy / Bias 

70 – 130% Recovery 
RPD ≤20% 
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 Matrix Soil/Aqueous Blanks      
Analytical Group Metals      
Analytical Method/ 
SOP Reference 

SW-846 6010B 
CompuChem 3.2.1.6 

         

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 

Target analytes ≤ 1/2 
QL Flag samples. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Bias / 
Contamination Target analytes ≤ 1/2 QL 

Interference Check 
Sample 

One per digestion batch 
of 20 or fewer samples 

80 – 120% Recovery 
Non-spiked analytes < 
2x MDL 

Terminate analysis and recalibrate 
instrument. 
Determine if interference qualifies 
the sample results. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Accuracy / Bias 

80 – 120% Recovery 
Non-spiked analytes <  
MDL and interferents in 
sample within order of 
magnitude of spike 
concentration. 

Low Range 
Standard 

One per digestion batch 
of 20 or fewer samples 80 - 120% Recovery 

Reanalyze. 
Determine if results near QL are 
affected. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Accuracy / 
Sensitivity 

80 – 120%, check 
results near QL 

LCS One per digestion batch 
of 20 or fewer samples 80 – 120% 

Investigate source of problem. 
Re-digest and reanalyze all 
associated samples. 
Flag associated samples. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Accuracy / Bias / 
Contamination 80 – 120% 

Duplicate Sample One per digestion batch 
of 20 or fewer samples 

RPD ≤20, if result > 
10 x MDL Flag results. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Precision RPD ≤20, if result > 10 x 
MDL 

MS/MSD One per digestion batch 
of 20 or fewer samples 

75 – 125%, if sample 
< 4x spike added. 

Prepare post digestion spike for 
analytes outside limits. 
Flag results. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Accuracy / Bias 75 – 125%, if sample < 
4x spike added. 

ICP Serial Dilution One per digestion batch 

If original sample 
result is at least 50x 
IDL, 5-fold dilution 
must agree within ± 
10% of the original 
result. 

Flag result or dilute and 
reanalyzed sample to eliminate 
interference. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Accuracy / Bias 

If original sample result 
is at least 50x IDL, 5-fold 
dilution must agree 
within ± 10% of the 
original result. 
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 Matrix Soil/Aqueous Blanks      
Analytical Group Mercury      
Analytical Method/ 
SOP Reference 

SW-846 7471A 
CompuChem 3.3.4 

         

QC Sample: Frequency/Number 
Method/SOP 

QC 
Acceptance 

Limits 

Corrective Action 
Person(s) 

Responsible for 
Corrective Action 

Data Quality  
Indicator (DQI) 

Measurement 
Performance  

Criteria 

Preparation Blank One per prep batch No analyte 
detected > ½ QL 

 Reanalyze sample batch with new 
preparation blank. 
Flag samples affected by prep. 
blank. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Bias Contamination No analyte detected > 
½ QL 

LCS One per prep batch 
 

80-120 %R 
 

 Redigest and/or reanalyze as 
necessary. 
Flag associated samples. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Accuracy / Bias 80-120 %R 
 

Duplicate Sample One sample duplicate 
per 20 samples RPD ≤20 % 

Report original result with notation 
or narration. 
Flag associated sample. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Precision RPD ≤20 % 

MS 
One for every set of 20 
samples  
 

80-120 %R 
 

Narrate exceedances. 
Flag associated samples. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Accuracy / Bias 80-120 %R 
 

Serial Dilution 
One for every set of 20 
samples  
 

If sample result 
>25 MDL, then 85 
– 115% Recovery

Narrate. 
Flag associated sample. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Accuracy / Bias 
If sample result >25 
MDL, then 85 – 115% 
Recovery 
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Matrix Soil/Aqueous Blanks      
Analytical Group Cyanide      
Analytical Method/ 
SOP Reference 

SW-846 9012A 
CompuChem 3.4.5 

         

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 >QL  

Re-clean, retest, re-extract, 
reanalyze, and/or qualify data. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Bias / 
Contamination 

 No target 
compounds >QL  

QL Check Standard One per 20 samples or 
less 70 – 130% 

Narrate. 
Determine if results near QL are 
affected.  

Analyst, Laboratory 
Supervisor  
Data Validator 

Accuracy / 
Sensitivity 70 – 130% 

LCS  One per 20 samples or 
less 80 – 120% Re-prepare and reanalyze samples. 

Flag associated samples. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Precision / 
Accuracy / Bias 80 – 120% 

Duplicate Sample One per 20 samples or 
less RPD ≤20% Narrate. 

Flag associated samples. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Precision RPD ≤20% 

MS One per 20 samples or 
less 75-125%   Narrate. 

Flag associated samples. 

Analyst, Laboratory 
Supervisor  
Data Validator 

Precision / 
Accuracy / Bias 75-125% 

 
%R – Percent Recovery  EICP – Extracted Ion Current Profile  GC – Gas chromatograph   IDL – Instrument Detection Limit  LCS – Laboratory Control Sample 
MS/MSD – Matrix Spike/Matrix Spike Duplicate   QC – Quality Control  QL – Quantitation Limit   RL – Reporting Limit  RPD – 
Relative Percent Difference      SDG – Sample Delivery Group 
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SAP Worksheet #29 -- Project Documents and Records Table 
(UFP-QAPP Manual Section 3.5.1) 

 
Document Where Maintained 
Field Documents 
Field Logbook 
Field Sample Forms  
COC Records 
Air bills 
Sampling Instrument Calibration Logs 
Sampling Notes  
Drilling Logs 
Photographs         
Field Task Modification Forms 
This SAP 
Health and Safety Plan 

Field documents will be maintained in the project file located in 
the TtNUS King of Prussia office. 

Laboratory Documents 
Sample receipt, custody, and tracking record 
Standards traceability logs 
Equipment calibration logs 
Sample preparation logs 
Analysis Run logs 
Equipment maintenance, testing, and inspection logs 
Corrective action forms 
Reported field sample results 
Reported results for standards, QC checks, and QC samples 
Sample storage and disposal records 
Telephone logs 
Extraction/clean-up records 
Raw data 
Data Completeness checklist     

Laboratory documents will be included in the hardcopy and PDF 
deliverables from the laboratory.  Laboratory data deliverables 
will be maintained in the TtNUS King of Prussia project file and in 
long-term data package storage at a third-party professional 
document storage firm. 
 
Electronic data results will be maintained in a database on a 
password protected SQL server. 

Assessment Findings 
Field Sampling Audit Checklist (if conducted) 
Analytical Audit Checklist (if conducted) 
Data Validation Memoranda (includes tabulated data summary forms) 

All assessment documents will be maintained in the TtNUS King 
of Prussia project file.  

Reports 
Site 3 Landfill Delineation Report 

All reports for the Site 3 Landfill Delineation will be stored in 
hardcopy in the TtNUS King of Prussia project file and 
electronically in the server library. 

 



Project-Specific SAP Title: SAP for Landfill Delineation at Site 3 – Ninth Street Landfill  
Site Name/Project Name: NAS JRB Willow Grove Revision Number: 0  
Site Location: Willow Grove, Pennsylvania Revision Date: November 2008 
 

L/DOCUMENTS/NAVY/00845/22059 Page 97 of 107 
 CTO 412 

 
COC – Chain of Custody 
QC – Quality Control 
SAP – Sampling and Analysis Plan 
SQL – Structured Query Language 
TtNUS – Tetra Tech NUS 
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SAP Worksheet #30 -- Analytical Services Table 
(UFP-QAPP Manual Section 3.5.2.3) 

 
 

Matrix Analytical 
Group 

Sample 
Locations/ID 
Number 

Analytical 
Method 

Data Package 
Turnaround Time 

Laboratory / 
Organization1 

(name and address, 
contact person and  
telephone number) 

Backup 
Laboratory / 

Organization1 

(name and 
address, contact 

person and 
telephone number) 

Soil and Aqueous 
(Blank) Volatiles See worksheet 

18 SW-846 5035/8260B 21 days CompuChem NA 

Soil and Aqueous 
(Blank) SVOCs See worksheet 

18 SW-846 3540/8270C 21 days  NA 

Soil and Aqueous 
(Blank) Pesticides See worksheet 

18 SW-846 3540/8081A 21 days  NA 

Soil and Aqueous 
(Blank) PCBs See worksheet 

18 SW-846 3540/8082 21 days  NA 

Soil and Aqueous 
(Blank) Metals See worksheet 

18 SW-846 3050/ 6010B 21 days  NA 

Soil and Aqueous 
(Blank) Mercury See worksheet 

18 SW-846 7471A 21 days  NA 

Soil and Aqueous 
(Blank) Cyanide See worksheet 

18 SW-846 9012A 21 days  NA 

Soil and Aqueous 
(Blank) Dioxins/Furans See worksheet 

18 SW-846 8290 21 days SGS NA 

 
1 If the laboratory is not known at time of SAP submission, put “TBD” in the column as a placeholder.  A backup laboratory is not expected for this project.  If 
circumstances arise where the contracted laboratories cannot perform the analysis, other laboratories will be procured at that time.   
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SAP Worksheet #31 -- Planned Project Assessments Table 
(UFP-QAPP Manual Section 4.1.1) 
 

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) 

Health and 
Safety 

1 per 
contract 
year           

Internal  Tetra Tech        TBD           PM           Auditor and HSM HSM Matt Soltis 

Laboratory 
Systems Audit     

Every 18 
months          External  NFESC          TBD           Laboratory QA Manager     Laboratory QA 

Manager            
Laboratory QA 
Manager           

Field Sampling 
Systems Audit     

1 per 
contract 
year           

Internal  Tetra Tech       TBD           PM           Auditor and QAM       QAM Tom Johnston      

 
HSM – Health and Safety Manager 
NFESC – Naval Facilities Engineering Service Center 
PM – Project Manager 
QA – Quality Assurance 
QAM – Quality Assurance Manager 
TBD – To Be Determined 
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SAP Worksheet #32 -- Assessment Findings and Corrective Action Responses 
(UFP-QAPP Manual Section 4.1.2) 
 

Assessment 
Type 

Nature of 
Deficiencies 

Documentation 

Individual(s) 
Notified of 
Findings  

(name, title, 
organization) 

Timeframe of 
Notification 

Nature of 
Corrective Action 

Response 
Documentation  

Individual(s) 
Receiving 

Corrective Action 
Response  
(name, title, 

organization) 

Timeframe for 
Response 

Health and 
Safety Audit 

Audit checklist and 
written audit finding 
summary         

Tetra Tech PM, 
FOL, and 
Program 
Manager 

Dependant on 
findings, if major a 
stop work maybe 
issued immediately, 
however if minor 
within 1 week of 
audit          

Written memo           
Tetra Tech HSM, 
Auditor, and Program 
Manager 

Within 48 hours 
of notification       

Field sampling 
system audit        

Audit checklist and 
written audit finding 
summary         

Tetra Tech PM, 
FOL, and 
Program 
Manager  

Dependant on 
findings, if major a 
stop work maybe 
issued immediately, 
however if minor 
within 1 week of 
audit          

Written memo           
Tetra Tech QAM, 
Auditor, and Program 
Manager  

Within 48 hours 
of notification       

Laboratory 
systems Audit Written audit report    Laboratory QA 

Manager          
Not specified by 
NFESC           Letter           NFESC           Specified by 

NFESC           
 
 
FOL – Field Operations Leader 
HSM – Health and Safety Manager 
NFESC – Naval Facilities Engineering Service Center 
PM – Project Manager 
QA – Quality Assurance 
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SAP Worksheet #33 -- QA Management Reports Table 
(UFP QAPP Manual Section 4.2) 
 

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 sample delivery group 
Within two weeks after 
receiving the data from the 
laboratory 

Tetra Tech DVM or 
designee Tetra Tech PM, project file 

Major analysis problem 
identification (Internal 
Memorandum) 

When persistent analysis 
problems are detected Immediately Tetra Tech QAM 

Tetra Tech PM, QAM, 
Program Manager, project 
file  

Project monthly progress 
report 

Monthly for duration of the 
project Monthly Tetra Tech PM  Navy, project file 

Field progress reports           Daily, oral, during the 
course of sampling           

Everyday that field 
sampling is occurring Tetra Tech FOL  Tetra Tech PM 

Laboratory QA Report           

When significant plan 
deviations result from 
unanticipated 
circumstances           

Immediately 

Subcontracted laboratories 
will contact the TtNUS 
QAM or project chemist.  
The project chemist and 
TtNUS PM will discuss a 
solution.  If necessary, the 
Navy RPM will be included 
in the decision process. 

TtNUS PM, QAM, project 
chemist, project file 

 
DVM – Data Validation Manager 
FOL – Field Operations Leader 
PM – Project Manager 
QAM – Quality Assurance Manager 
SDG – Sample Delivery Group 
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SAP Worksheet #34 -- Verification (Step I) Process Table 
(UFP-QAPP Manual Section 5.2.1) 

   

Verification Input Description Internal /  
External 

Responsible for Verification 
(name, organization) 

Sample Tables Proposed samples verified to have been collected Internal Tetra Tech FOL or designee  

Chain of custody 

Chain of custody records will be reviewed internally by the 
Project Manager or designee and compared against sample 
tables listing the proposed samples to verify that all planned 
samples have been collected. 

Internal 

Tetra Tech PM or designee  

 Sample Coordinates 
Sample locations have been verified to be correct and in 
accordance with the SAP (overlay maps proposed locations 
against actual locations) 

Internal 
Tetra Tech FOL, PM, or designee 

Electronic Data 

Verify that all sample results are included in the Electronic 
Data Deliverable from the laboratory. Verify the samples 
against the Chain-of-Custody.  Upload the data into the SQL 
database for the data validators. 

Internal 
Laboratory Project Managers and 
TtNUS Sample Management 
Coordinator 

Analytical Data Package 

The analytical data will be verified for completeness by the 
laboratory performing the work.  The laboratory shall complete 
an appropriate form documenting the organization and 
complete contents of each data package. 

External Valgena Respass, CompuChem 
Chris Cornwell, SGS  

Data package           
Verify that the data package contains all the elements 
required by NFESC and the scope of work, this occurs as part 
of the data validation process.   

Internal 
Tetra Tech Data validator  

Sample log sheets 
Log sheets completed as samples are collected in the field 
are verified for completeness and are maintained at the 
project office. 

Internal 
Tetra Tech PM or designee  

EM Study data 
Log sheets completed as samples are collected in the field 
are verified for completeness and are maintained at the 
project office. 

External EM Contractor, TBD 

 
EM - Electromagnetic 
FOL – Field Operations Leader 
PM – Project Manager 
TBD – To Be Determined 
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SAP Worksheet #35 -- Validaton (Steps IIa and IIb) Process Table  
(UFP-QAPP Manual Section 5.2.2) (Figure 37 UFP-QAPP Manual) (Table 9 UFP-QAPP Manual) 
 

Step IIa / IIb1 Validation Input Description Responsible for Validation 
(name, organization) 

IIa Field SOPs Ensure that the sampling SOPs were followed. Tetra Tech FOL 

IIa Analytical SOPs Ensure that all laboratory analytical SOPs were followed. Valgena Respass, CompuChem 
Chris Cornwell, SGS  

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. 

Tetra Tech Data Validator 

IIa Field logs/sample 
coordinates 

Verify that the sampling plan was implemented and carried out as 
written and any deviations are documented Tetra Tech PM  

IIa  Electronic Data Verify all data have been transferred correctly and completely to the 
final SQL data base 

Tetra Tech PM, Data Validator, or 
designee  

IIa / IIb 

SAP Worksheet 
12, Field 
SOPs/Field Logs, 
COCs  

Verify that deviations have been documented and MPCs have been 
achieved for field QC samples.  

Tetra Tech FOL, PM, Data 
Validator or designee  

IIa / IIb 

SAP Worksheet 
28, Laboratory 
SOPs, Data 
Package 

Verify that deviations have been documented and MPCs have been 
achieved for laboratory data including environmental sample results 
and laboratory QC.  

Tetra Tech Data Validator  

 
1 IIa=compliance with methods, procedures, and contracts [see Table 10, page 117, UFP-QAPP manual, V.1, March 2005.] 
  IIb=comparison with measurement performance criteria in the SAP [see Table 11, page 118, UFP-QAPP manual, V.1, March 2005] 
 
FOL – Field Operations Leader 
MPC – Measurement Performance Criteria 
PM – Project Manager 
SOP – Standard Operating Procedure 
SQL – Structured Query Language 
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SAP Worksheet #36 -- Analytical Data Validation (Steps IIa and IIb) Summary Table 
(UFP-QAPP Manual Section 5.2.2.1) 
 

Step IIa / IIb Matrix Analytical 
Group Validation Criteria 

Data Validator 
(title and organizational 

affiliation) 
IIa and IIb Soil Volatiles TtNUS SOP DV-02 and SAP Worksheets 12 and 28. Tetra Tech Data Validator  
IIa and IIb  Soil Metals/Mercury TtNUS SOP DV-04 and SAP Worksheets 12 and 28. Tetra Tech Data Validator  
IIa and IIb Soil Cyanide TtNUS SOP DV-04 and SAP Worksheets 12 and 28. Tetra Tech Data Validator  
IIa and IIb Soil Semivolatiles TtNUS SOP DV-02 and SAP Worksheets 12 and 28. Tetra Tech Data Validator  
IIa and IIb Soil Pesticides TtNUS SOP DV-02 and SAP Worksheets 12 and 28. Tetra Tech Data Validator  
IIa and IIb Soil PCBs TtNUS SOP DV-02 and SAP Worksheets 12 and 28. Tetra Tech Data Validator  
IIa and IIb Soil Dioxin/Furan TtNUS SOP DV-06 and SAP Worksheets 12 and 28. Tetra Tech Data Validator  
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SAP Worksheet #37 -- Usability Assessment 
(UFP-QAPP Manual Section 5.2.3) 
 
A data usability assessment will be conducted by the planning team, including the TtNUS PM, project chemist, and technical staff.  If significant data usability 
limitations are encountered the planning team will be expanded to include the Navy RPM and Navy technical staff.   
 
The data validation procedure (Worksheets 35 and 36) will be used to help determine which data are usable.  Qualifiers will be applied to each value based on the 
results of the data validation.  Rejected values (qualified with “R”) and blank qualified values (“B”) will be eliminated from further consideration.  Estimated and 
biased values (J [estimated], K [biased high], and L [biased low]) will be used as the reported value.  The quantitation limits from the data will be evaluated for 
sensitivity to the project action levels.  Limitations on the use of the data due to lack of project-required sensitivity will be discussed.  In addition, the data will be 
reviewed to evaluate if samples were collected from the intended locations and are representative of site conditions. 
 
After data validation and an overall review of data quality indicators, the data will be reconciled with measurement performance criteria (MPCs) to determine 
whether sufficient data of acceptable quality are available for decision making.  A series of checks will be performed to estimate several of the data set 
characteristics.  Simple summary statistics for target analytes may be presented, such as the maximum concentration, minimum concentration, number of samples 
exhibiting no detectable analyte, the number of samples exhibiting detectable analytes, and the proportion of samples with detectable and undetectable analytes.   
Rejected values and significant deviations form planning documents, if any, will be identified so the planning team can assess their impacts to the attainment of 
project objectives. Project assumptions will also be evaluated to determine their validity.  If assumptions are shown to be invalid the team will assess the impact of 
the invalid assumption and take actions necessary to mitigate the impact.  In extreme cases, a revision of DQOs may be necessary. 
 
The quantitative bias and precision data quality indicators will be reviewed to determine whether any significant bias or significant imprecision exist in the data.  A 
significant bias is a bias greater than +/- 30 percent for aqueous samples and +/- 50 percent for solid samples (corresponding to consistent analyte recoveries of 
70 to 130 percent in LCSs, MSs, or surrogate compound concentrations).  Laboratory precision and field precision (based on RPD values from duplicate samples) 
will be compared to ensure that laboratory precision is not significantly worse (i.e., exhibits greater RPD values) than field precision.   At the discretion of the 
project manager correlations may also be assessed among various parameters as a cross-check to ensure that results appear to be reasonable.  Although bias 
and precision indicators can be assessed quantitatively, evaluations will involve professional judgment which will consider site conditions, the normal analytical 
performance for the analytes in question, and other factors that affect the precision and agreements among analyte concentrations.  The intent will be to identify 
any deviations or anomalies that adversely affect the ability to attain project objectives and to document how these characteristics were handled by the team to 
complete the project. 
 
RPD and Percent Recovery values will be computed as follows: 
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SAP Worksheet #37 -- Usability Assessment 
(UFP-QAPP Manual Section 5.2.3) 
 
The %R for a spiked sample will be calculated by using the following formula: 
 

% 

 
The %R calculation for LCSs and surrogate spikes will be as follows: 
 

% 

 
 
Potential data outliers will also be investigated to determine whether they represent unanticipated site conditions or they are true outliers.  No statistical outlier will 
be removed from a data set unless a physical reason can be assigned to the datum to demonstrate that it is not representative of the intended population. 
 
The comparability among data sets will be evaluated to ensure it is satisfactory.  For example, if comparability problems are anticipated because of poor analyte 
precision or bias, this will be noted so that subsequent data generators or project planners can take these potential data deficiencies into account.  Comparability 
and representativeness assessments will be based on professional judgment with consideration of the quantitative quality indicators such as precision, accuracy, 
and completeness of data sets. 
 
Data Limitations and Actions from Usability Assessment  
 
After all data evaluations are completed, any limitations on the use of data will be known to the planning team 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.  
The data usability assessments for each stage of the bioremediation pilot study will be summarized in the final report for that phase.  
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APPENDIX A 

TETRA TECH NUS, INC. 
STANDARD OPERATING PROCEDURES 

CT -04 Sample Nomenclature 

CT -05 Database Records and Quality Assurance 

DV-02 Data Validation - Non-CLP Organics for Solid Matrices 
, ' 

DV-04 Data Validation - Non-CLP Inorganics for Solid and Aqueous Matrices 

DV-06 Data Validation - Polychorinated Dibenzodioxins and Polychorinated 

Dibenzofurans For Solid and Aqueous Matrices 

GH-3.1 Resistivity and Electromagnetic Induction 

HS-1.0 Utility Locating and Excavation Clearance 

ME-12 Photovac 2020 Photoionization Air Monitor 

SA-1.3 Soil Sampling 

SA-6.1 Non-Radiological Sample Handling 

SA-6.3 Field Documentation 

SA-7.1 Decontamination of Field Equipment 
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The purpose of this document is to specify a consistent sample nomenclature system that will facilitate 
subsequent data management in a cost-effective manner. The sample nomenclature system has been 
devised such that the following objectives can be attained: 

A or N 
3- or 4-Characters 

Site Identifier 

0 

0 

0 

0 

Sorting of data by matrix. 
Sorting of data by depth. 
Maintenance of consistency (field, laboratory, and data base sample numbers). 
Accommodation of all project-specific requirements. 
Accommodation of laboratory sample number length constraints (maximum of 20 characters). 

AAA Aor N 
2- or 3-Characters 3- to 6-Characters 

Sample Type Sample Location 

2.0 SCOPE 

The methods described in this procedure shall be used consistently for all projects requiring electronic data. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

Program Manager - It shall be the responsibility of the Program Manager (or designee) to inform contract- 
specific Project Managers of the existence and requirements of this Standard Operating Procedure. 

Proiect Manager - It shall be the responsibility of the Project Manager to determine the applicability of this 
Standard Operating Procedure based on: (1 ) program-specific requirements, and (2) project size and 
objectives. It shall be the responsibility of the Project Manager (or designee) to ensure that the sample 
nomenclature is thoroughly specified in the relevant project planning document (e.g., sampling and analysis 
plan) and is consistent with this Standard Operating Procedure if relevant. It shall be the responsibility of 
the project manager to ensure that the Field Operations Leader is familiar with the sample nomenclature 
system. 

Field Operations Leader - It shall be the responsibility of the Field Operations Leader to ensure that all 
field technicians or sampling personnel are thoroughly familiar with this Standard Operating Procedure and 
the project-specific sample nomenclature system. It shall be the responsibility of the Field Operations 
Leader to ensure that the sample nomenclature system is used during all project-specific sampling efforts. 

5.0 PROCEDURES 

5.1 Introduction 

The sample identification (ID) system can consist of as few as 8 but not more than 20 distinct alpha- 
numeric characters. The sample ID will be provided to the laboratory on the sample labels and chain-of- 
custody forms. The basic sample ID provided to the lab has three segments and shall be as follows where 
"A" indicates "alpha," and "N" indicates "numeric": 
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I Site Identifier I SampleType I Sample Location I Sample Depth 

A or N 
3- or 4-Characters 
Site Identifier 

(2) Aqueous (groundwater or surface water) Sample ID 

AAA Aor N NN -A 

Sample type Sample Location Round Number Filtered Samde onlv 
2- or 3-Characters 3- to 6-Characters 2-Characters 

A or N AAA Aor N AA I NNN 
3- or 4-Characters 
Site Identifier 

5.2 Sample Identification Field Requirements 

2- or 3-Characters 3- to 6-Characters 2-Characters 3-C haracters 
Sample Type Sample Location Species Sample Group 

Identifier Number 

The various fields in the sample ID will include but are not limited to the following: 

Site Identifier 
Sample Type 
Sample Location 
Sample Depth 
Sampling Round Number 
Filtered 
Species Identifier 
Sample Group Number 

The site identifier must be a three- or four-character field (numeric characters, alpha characters, or a 
mixture of alpha and numeric characters may be used). A site number is necessary since many 
facilitieskites have multiple individual sites, SWMUs, operable units, etc. Several examples are presented 
in Section 5.3 of this SOP. 

The sample type must be a two- or three-character alpha field. 
Section 5.3 of this SOP. 

Suggested codes are provided in 

The sample location must be at least a three-character field but may have up to six-characters (alpha, 
numeric, or a mixture). The six-characters may be useful in identifying a monitoring well to be sampled or 
describing a grid location. 

The sample depth field is used to note the depth below ground surface (bgs) at which a soil or sediment 
sample is collected. The first two numbers of the four-number code specify the top interval, and the third 
and fourth specify the bottom interval in feet bgs of the sample. If the sample depth is equal to or greater 
than 100, then only the top interval would be represented and the sampling depth would be truncated to 
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A two-digit round number will be used to track the number of aqueous samples taken from a particular 
aqueous sample location. The first sample collected from a location will be assigned the round identifier 
01, the second 02, etc. This applies to both existing and proposed monitoring wells and surface water 
locations. 

Aqueous samples that are field filtered (dissolved analysis) will be identified with an "-F" in the last field 
segment. No entry in this segment signifies an unfiltered (total) sample. 

The species identifier must be a two-character alpha field. Several suggested codes are provided in 
Section 5.3 of this SOP. 

The three digit sample group number will be used to track the number of biota sample groups (a particular 
group size may be determined by sample technique, media type, the number of individual caught, weight 
issues, time, etc.) by species and location. The first sample group of a particular species collected from a 
given location will be assigned the sample group number 001 and the second sample group of the same 
species collected from the same location will be assigned the sample group number 002. 

5.3 Example Sample Field Desianations 

Examples of each of the fields are as follows: 

Site Identifier - Examples of site numbers/designations are as follows: 

A01 - Area of Concern Number 1 
125 - Solid Waste Management Unit Number 125 
000 - Base or Facility Wide Sample (e.g., upgradient well) 
BBG - Base Background 

The examples cited are only suggestions. Each Project Manager (or designee) must designate appropriate 
(and consistent) site designations for their individual project. 

Sample Tvpe - Examples of sample types are as follows: 

AH - 
AS - 
BM - 
BSB - 
BSF - 
CP - 
cs - 
DS - 
DU - 
FP - 
IDW - 
LT - 
MW - 
OF - 
RW - 
SB - 
SD - 
sc - 

Ash Sample 
Air Sample 
Building Material Sample 
Biota Sample Full Body 
Biota Sample Fillet 
Composite Sample 
Chip Sample 
Drum Sample 
Dust Sample 
Free Product 
Investigation Derived Waste Sample 
Leachate Sample 
Monitoring Well Groundwater Sample 
Outfall Sample 
Residential Well Sample 
Soil Boring Sample 
Sediment Sample 
Scrape Sample 

01 961 1/P Tetra Tech NUS, Inc. 
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SG - 
SL - 
SP - 
ss - 
ST - 
sw - 
TP - 
TW - 
wc - 
WP - 
ws - 
ww - 

Number Page 

Revision Effective Date 

CT-04 5 of 6 

1 09/03 

Soil Gas Sample 
Sludge Sample 
Seep Sample 
Surface Soil Sample 
Storm Sewer Water Sample 
Surface Water Sample 
Test Pit Sample 
Temporary Well Sample 
Well Construction Material Sample 
Wipe Sample 
Waste/Solid Sample 
Wastewater Sample 

Sample Location - Examples of the location field are as follows: 

001 - Monitoring Well 1 
N32E92 - Grid location 32 North and 92 East 
DO96 - Investigation derived waste drum number 96 

Species Identifier - Examples of species identifier are as follows: 

BC - Blue Crab 
GB - Blue Gill 
co - Corn 
SB - Soybean 

5.4 Examples of Sample Nomenclature 

The first round monitoring well groundwater sample collected from existing monitoring well 001 at SWMU 
16 for a filtered sample would be designated as 01 6MW00101 -F. 

The second round monitoring well groundwater sample collected from existing monitoring well C20P2 at 
Site 23 for an unfiltered sample would be designated as 023MWC20P202. 

The second surface water sample collected from point 01 at SWMU 130 for an unfiltered sample would be 
designated as 130SW00102. 

A surface soil sample collected from grid location 32 North and 92 East at Site 32 at the 0- to 2-foot 
interval would be designated as 032SSN32E920002. 

A subsurface soil sample from soil boring 03 at SWMU 32 at an interval of 4 to 5 feet bgs would be 
designated as 032SB0030405. 

A sediment sample collected at SWMU 19 from 0 to 6 inches at location 14 would be designated as 
019SD0140001. The sample data sheet would reflect the precise depth at which this sample was 
collected. 

During biota sampling for full body analysis the first time a minnow trap was checked at grid location A25 
of SWMU 1415 three small blue gills were captured, collected and designated with the sample ID of 
141 5BSBA25BG001. The second time blue gill were collected at the same location (grid location A25 at 
SWMU 141 5) the sample ID designation given was 141 5BSBA25BG002. 

Note: 
The "F" used for a filtered aqueous sample is preceded by a dash "-F". 

No dash (-) or spacing is used between the segments with the exception of the filtered segment. 
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AA NNNNNN NN 
QC Type Date Sequence Number 

(Per day) 

The QC types are identified as: 

-F 
Filtered 

(aqueous only, if needed) 

TB = Trip Blank 
RB = Rinsate Blank (Equipment Blank) 
FD = Field Duplicate 
AB = Ambient Conditions Blank 
WB = Source Water Blank 

The sampling time recorded on the Chain-of-Custody Form, labels, and tags for duplicate samples will be 
0000 so that the samples are "blind" to the laboratory. Notes detailing the sample number, time, date, and 
type will be recorded on the routine sample log sheets and will document the location of the duplicate 
sample (sample log sheets are not provided to the laboratory). Documentation for all other QC types (TB, 
RB, AB, and WB) will be recorded on the QC Sample Log sheet (see SOP on Field Documentation). 

5.6 Examples of Field QNQC Sample Nomenclature 

The first duplicate of the day for a filtered ground water sample collected on June 3, 2000 would be 
designated as FD06030001 -F. 

The third duplicate of the day taken of a subsurface soil sample collected on November 17, 2003 would be 
designated as FDl 1 170303. 

The first trip blank associated with samples collected on October 12, 2000 would be designated as 
TB10120001. 

The only rinsate blank collected on November 17, 2001 would be designated as RBI 1 1701 01 

6.0 DEVIATIONS 

Any deviation from this SOP must be addressed in detail in the site specific planning documents. 
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The purpose of this document is to specify a consistent procedure for the quality assurance review of 
electronic and hard copy databases. This SOP outlines the requirements for establishment of a Database 
Record File, Quality Assurance review procedures, and documentation of the Quality Assurance Review 
Process. 

2.0 SCOPE 

The methods described in this Standard Operating Procedure (SOP) shall be used consistently for all 
projects managed by Tetra Tech NUS (TtNUS). 

3.0 GLOSSARY 

Chain-of-Custodv Form - A Chain-of-Custody Form is a printed form that accompanies a sample or a 
group of samples from the time of sample collection to the laboratory. The Chain-of-Custody Form is 
retained with the samples during transfer of samples from one custodian to another. The Chain-of- 
Custody Form is a controlled document that becomes part of the permanent project file. Chain-of-Custody 
and field documentation requirements are addressed in SOP SA-6.1. 

Electronic Database - A database provided on a compact laser disk (CD). Such electronic databases will 
generally be prepared using public domain software such as DBase, RBase, Oracle, Visual FoxPro, 
Microsoft Access, Paradox, etc. 

Hardcow Database - A printed copy of a database prepared using the software discussed under the 
definition of an electronic database. 

Form I - A printed copy of the analytical results for each sample. 

Samde Trackina Summary - A printed record of sample information including the date the samples were 
collected, the number of samples collected, the sample matrix, the laboratory to which the samples were 
shipped, the associated analytical requirements for the samples, the date the analytical data were 
received from the laboratory, and the date that validation of the sample data was completed. 

4.0 RESPONSIBILITIES 

Database Records Custodian - It shall be the responsibility of the Database Records Custodian to 
update and file the Sample Tracking Summaries for all active projects on a weekly basis. It shall be the 
responsibility of the Database Records Custodian to ensure that the most recent copies of the Sample 
Tracking Summaries are placed in the Database Records file. It shall be the responsibility of the 
Database Records Custodian to ensure that a copy of all validation deliverables is provided to the Project 
Manager (for placement in the project file). It shall be the responsibility of the Database Records 
Custodian to ensure that photocopies of all validation deliverables and historical data and reports (as 
applicable) are placed in the Database Records file. 

Data Validation Coordinator - It shall be the responsibility of the Data Validation Coordinator (or 
designee) to ensure that the Sample Tracking Summaries are maintained by the Database Records 
Custodian. It shall be the responsibility of the Data Validation Coordinator (or designee) to ensure that 
photocopies of all data validation deliverables are placed in the applicable Database Records file by the 
Database Records Custodian. 
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- FOL - It shall be the responsibility of the FOL (FOL) of each project to ensure that all field technicians or 
sampling personnel are thoroughly familiar with this SOP, specifically regarding provision of the Chain-of- 
Custody Forms to the Database Records Custodian. Other responsibilities of the FOL are described in 
Sections 5.4 and 5.5. 

Management Information Systems (MIS) Manacler - It shall be the responsibility of the MIS Manager to 
ensure that copies of original electronic deliverables (CDs) are placed in both the project files and the 
Database Records File. It shall be the responsibility of the MIS Manager (or designee) to verify the 
completeness of the database (presence of all samples) in both electronic and hardcopy form in the 
Database Records File. It shall be the responsibility of the MIS Manager to ensure that Quality Assurance 
Reviews are completed and are attested to by Quality Assurance Reviewers. It shall be the responsibility 
of the MIS Manager to ensure that records of the Quality Assurance review process are placed in the 
Database Records File. It shall be the responsibility of the MIS Manager to ensure that both electronic 
and hardcopy forms of the final database are placed in both the project and the Database Record File. It 
shall be the responsibility of the MIS Manager to ensure that data validation qualifiers are entered in the 
database. 

Furthermore, it shall be the responsibility of the MIS Manager to participate in project planning at the 
request of the Project Manager, specifically with respect to the generation of level of effort and schedule 
estimates. To support the project planning effort, the MIS Manager shall provide a copy of the MIS 
Request From included as Attachment A to the project manager. It shall be the responsibility of the MIS 
Manager to generate level of effort and budget estimates at the time database support is requested if a 
budget does not exist at the time of the request. The MIS Request Form shall be provided to the Project 
Manager at the time of any such requests. It shall be the responsibility of the MIS Manager to notify the 
Project Manager of any anticipated level of effort overruns or schedule noncompliances as soon as such 
problems arise along with full justification for any deviations from the budget estimates (provided they 
were generated by the MIS Manager). It shall be the responsibility of the MIS Manager to document any 
changes to the scope of work dictated by the Project Manager, along with an estimate of the impact of the 
change on the level of effort and the schedule. 

Program/Department Managers - It shall be the responsibility of the Department and/or Program 
Managers (or designees) to inform their respective department's Project Managers of the existence and 
requirements of this SOP. 

Proiect Manager - It shall be the responsibility of each Project Manager to determine the applicability of 
this SOP based on: (1) program-specific requirements, and (2) project size and objectives. It shall be the 
responsibility of the Project Manager (or designee) to ensure that the FOL is familiar with the requirements 
regarding Chain-of-Custody Form provision to the Database Records Custodian. It shall be the 
responsibility of the Project Manager (or designee) to determine which, if any, historical data are relevant 
and to ensure that such data (including all relevant information such as originating entity, sample 
locations, sampling dates, etc.) are provided to the Database Records Custodian for inclusion in the 
Database Records File. It shall be the responsibility of the Project Manager to obtain project planning 
input regarding the level of effort and schedule from the MIS Manager. It shall be the responsibility of the 
Project Manager to complete the database checklist (Attachment A) to support the level of effort and 
schedule estimate and to facilitate database preparation and subroutine execution. 

Risk Assessment Department Manager - It shall be the responsibility of the Risk Assessment 
Department Manager to monitor compliance with this Standard Operating Procedure, to modify this SOP 
as necessary, and to take corrective action if necessary. Monitoring of the process shall be completed on 
a quarterly basis. 
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Qualitv Assurance Reviewers - It shall be the responsibility of the Quality Assurance Reviewers to verify 
the completeness of the sample results via review of the Chain-of-Custody Forms and Sample Tracking 
Summaries. It shall be the responsibility of the Quality Assurance Reviewers to ensure the correctness of 
the database via direct comparison of the hardcopy printout of the database and the hardcopy summaries 
of the original analytical data (e.g., Form Is provided in data validation deliverables). Correctness includes 
the presence of all relevant sample information (all sample information fields), agreement of the laboratory 
and database analytical results, and the presence of data validation qualifiers. 
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Qualitv Manaqer - It shall be the responsibility of the Quality Manager to monitor compliance with this 
Standard Operating Procedure via routine audits. 

5.0 PROCEDURES 

5.1 Introduction 

Verification of the accuracy and completeness of an electronic database can only be accomplished via 
comparison of a hardcopy of the database with hardcopy of all relevant sample information. The primary 
purposes of this SOP are to ensure that 1) all necessary hardcopy information is readily available to 
Quality Assurance Reviewers; 2) ensure that the Quality Assurance review is completed in a consistent 
and comprehensive manner, and; 3) ensure that documentation of the Quality Assurance review process 
is maintained in the project file. 

5.2 File Establishment 

A Database Record file shall be established for a specific project at the discretion of the Project Manager. 
Initiation of the filing procedure will commence upon receipt of the first set of Chain-of-Custody documents 
from a FOL or sampling technician. The Database Record Custodian shall establish a project-specific file 
for placement in the Database Record File. Each file in the Database Record File shall consist of 
standard components placed in the file as the project progresses. Each file shall be clearly labeled with 
the project number, which shall be placed on the front of the file drawer and on each and every hanging 
file folder relevant to the project. The following constitute the minimum components of a completed file: 

0 Electronic Deliverables 
0 Sample Tracking Forms 
0 Chain-of-Custody Forms 
0 Data Validation Letters 
0 Quality Assurance Records 

5.3 Electronic Deliverables 

The format of electronic deliverables shall be specified in the laboratory procurement specification and 
shall be provided by the laboratory. The integrity of all original electronic data deliverables shall be 
maintained. This shall be accomplished via the generation of copies of each electronic deliverable 
provided by the laboratory. The original electronic deliverable shall be provided to the project manager for 
inclusion in the project file. A copy of the original electronic deliverable shall be placed in the Database 
Record File. The second copy shall be maintained by the MIS Manager (or designee) to be used as a 
working copy. 
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5.4 Sample Tracking Forms 

Updated versions of the sample tracking form for each relevant project shall be maintained by the 
Database Record Custodian. The Sample Tracking Forms shall be updated any time additional Chain-of- 
Custody Forms are received from a FOL or sampling technician, or at any time that data are received from 
a laboratory, or at any time that validation of a given data package (sample delivery group) is completed. 
The Data Validation Coordinator shall inform the Database Record Custodian of the receipt of any data 
packages from the laboratory and of completion of validation of a given data package to facilitate updating 
of the Sample Tracking Form. The Database Record Custodian shall place a revised copy of the Sample 
Tracking Form in the Database Record File anytime it has been updated. Copies of the updated Sample 
Tracking Form shall also be provided to the project manager to apprise the project manager of sample 
package receipt, completion of validation, etc. 

5.5 Chain-of-Custodv Forms 

The Chain-of-Custody Forms for all sampling efforts will be used as the basis for (1) updating the Sample 
Tracking Form, and (2) confirming that all required samples and associated analyses have been 
completed. It shall be the responsibility of the FOL (or sample technician) to provide a photocopy of all 
Chain-of-Custody Forms to the Database Record Custodian immediately upon completion of a sampling 
effort. The Database Record Custodian shall then place the copies of the Chain-of-Custody Form(s) in 
the Database Record File. Upon receipt of a sample data package from an analytical laboratory, the Data 
Validation Coordinator shall provide a copy of the laboratory Chain-of-Custody Form to the Database 
Record Custodian. The Database Record Custodian shall use this copy to update the Sample Tracking 
Summary and shall place the copy of the laboratory-provided Chain-of-Custody Form in the Database 
Record File. The photocopy of the laboratory-provided Chain-of Custody Form shall be stapled to the 
previously filed field copy. Upon receipt of all analytical data, two copies of the Chain-of-Custody will 
therefore be in the file. Review of the Chain-of-Custody Forms will therefore be a simple mechanism to 
determine if all data have been received. Chain-of-Custody is addressed in SOP SA-6.1. 

5.6 Data Validation Letters 

All data validation deliverables (or raw data summaries if validation is not conducted) shall be provided for 
inclusion in both the Database Record File and the project file. If USEPA regional- or client-specific 
requirements are such that Form Is (or similar analytical results) need not be provided with the validation 
deliverable, copies of such results must be appended to the deliverable. It is preferable, although not 
essential that the validation qualifiers be hand-written directly on the data summary forms. The data 
validation deliverables (and attendant analytical summaries) will provide the basis for direct comparison of 
the database printout and the raw data and qualifiers. 

5.7 Historical Data 

At the direction of the Project Manager, historical data may also be included in a project-specific analytical 
database. In the event that historical data are germane to the project, hardcopy of the historical data must 
be included in the Database Record File. Historical data may be maintained in the form of final reports or 
as raw data. The information contained in the historical data file must be sufficient to identify its origin, its 
collection date, the sample location, the matrix, and any and all other pertinent information. All available 
analytical data, Chain-of-Custody Forms, boring logs, well construction logs, sample location maps, shall 
be photocopied by the Project Manager (or designee) and placed in one or more 3-ring binders. All 
information shall be organized chronologically by matrix. It shall be the responsibility of the Project 
Manager (or designee) to ensure that all inconsistencies between analytical data, Chain-of-Custody 
Forms, boring logs, sample log sheets, and field logbooks are identified and corrected. The Project 
Manager (or designee) shall decide which nomenclature is appropriate and edit, initial and date all 
relevant forms. Data entry may only be performed on information that has undergone the aforementioned 
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6.0 RECORDS 

Records regarding database preparation and quality assurance review include all those identified in the 
previous section. Upon completion of the database task, records from the file will be forwarded to the 
Project Manager for inclusion in the project file, or will be placed in bankers boxes (or equivalent) for 
storage. The final records for storage shall include the following minimum information on placards placed 
on both the top and end of the storage box: 

Database Record File 
PROJECT NUMBER: - 
SITE NAME: 
DATE FILED: / / 
SUMMARY OF CONTENTS ENCLOSED 
BOX - OF - 

Project- or program-specific record keeping requirements shall take precedence over the record keeping 
requirements of this SOP. 
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lRl MIS'REQUEST FORM 

;elm Tech NUS, Inc. 

Project Name: Request Date: 
CTO 
Project Manager: 
Requestor: Database Lead 
ProgradClient: GIS Lead: 
State/EPA Region: Statistics Lead: 

Risk Lead: 
Site Name@) (Area, OU, etc.): 
Sampling Date($: 
Matrix: u GW u SO u S D  u SW 1 I Other: 

Date Data Available for Production: 
Request in Support of: 

-abels: Labels needed for an upcoming sampling event Total # of Samples 
Estimated Hours ' Additional Instructions: 
Due Date 

Complete ETS Charge No. 
FOL 

3ata Entry: 
0 Chemical data needs to be entered from hardcopy 
0 Chemical data needs to be forhated electronically 
0 Field analytical data needs to $e entered from hardcopy 
0 Geologic data needs to be entbred from hardcopy 

Hydrology data needs to be eritered from hardcopy 
Estimated Hours Additional Instructions: 
Due Date 

Estimated # of Samples 

Complete ETS Charge No. 

rables: Full Data Printout 
Summary of Positive Hits 
Occurance and Distribution I I withcriteria 
Sam ling Analytical Summary ' 

0 0th:: 
Estimated Hours Additional Instructions: 
Due Date 

Complete ETS Charge No. 

GIs: General Facility Location 
0 Site Location 

0 Sample Location Proposed ~ 

0 Sample Location Existing 
0 Tag Map Single Round 
0 Tag Map Multiple Round 
0 lsoconcentrations 

ChartMap 
0 3D Visualization 
0 EGISCD 
0 Other: 

o n  

I 

Estimated Hours Additional Instructions: 
Due Date 

Complete ETS Charge No. 
. . . . . . . . . . . . . . . . . . . .  
Statistlcs: Yes 

Estimated Hours Additional Instructions: 
Due Date 

Complete ETS Charge No. 
_________________--- a---------------------------------------------------------------------------------------------------------- 
Geostatlstlcs: Yes 

Estimated Hours Additional Instructions: 
Due Date 

Complete ETS Charge No. 
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1.0 SW-846 ORGANICS BY GC/MS

1.1 Volatiles (Method 8260B)

1.1.1 Applicability

Method 8260B is used to determine volatile organic compounds in most waste matrices including
groundwater, sludges, caustic liquors, acid liquors, waste solvents, oily wastes, mousses, tars, fibrous
wastes, polymeric emulsions, filter cakes, spent carbons, spent catalysts, soils, and sediments.

Method 8260B analyte list includes of the volatile CLP 3/90 Target Compound List (TCL) (Section 1.1.1)
plus the following compounds*:

Acetonitrile trans-1,2-Dichloroethene
Acrolein Ethyl methacrylate
Acrylonitrile Iodomethane
Allyl chloride Methacrylonitrile
Chloropropene Methyl methacrylate
1,2-Dibromo-3-chloropropane 2-Picoline
1,2-Dibromoethane Pyridine
Dibromomethane Trichlorofluoromethane
trans-1,4-Dichloro-2-butene 1,2,3-Trichloropropane
Dichlorodifluoromethane Vinyl acetate

* Appendix IX target compounds

Method 8260B is based upon a purge-and-trap, gas chromatographic/mass spectrometric (GC/MS)
procedure.  Prior to analysis, samples must be prepared by Method 5030.

1.1.2 Interferences

Samples can be contaminated by diffusion of volatile organics (particularly chlorofluorocarbons and
methylene chloride) through the sample container septum during shipment and storage.  Associated field
quality control blanks are analyzed in order to monitor this.

Contamination by carryover can occur whenever high-level and low-level samples are sequentially
analyzed.  To reduce carryover, the sample syringe or purging device is rinsed out between samples with
reagent water.  Whenever an unusually concentrated sample is encountered, it should be followed by an
analysis of reagent water to check for cross contamination.

If sample or matrix interferences are encountered, a secondary or alternate analytical column may be
used to resolve the compounds of interest.

1.1.3 General Laboratory Practices

A method blank consisting of organic free water spiked with surrogates and internal standards should be
analyzed immediately following each daily calibration and also after the analysis of every high
concentration sample.

Matrix Spike/Matrix Spike Duplicate (MS/MSD) analyses should be conducted to determine the effects of
sample matrix upon the compounds of interest.
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1.1.4 Sample Preparation

Method 5030 is a purge-and-trap procedure performed to prepare and extract volatile compounds from
samples and introduce those compounds into the GC/MS.

For highly volatile matrices, direct injection preceded by dilution should be used to prevent gross
contamination of the instrumentation.  For pastes, dilution of the sample until it becomes free-flowing is
used to ensure adequate interfacial area.  The success of this method depends on the level of
interferences in the sample; results may vary due to the large variability and complicated matrices of solid
waste samples.

1.1.5 Data Overview Prior to Validation

Before commencing validation, the reviewer must preview the associated Chain-of-Custody (COC) reports
to determine:

•  If the appropriate number of samples are present in the data package and if each sample was
correctly analyzed for the parameters and methods specified.

•  The identity of all associated field quality control blanks and field duplicate pairs.

Because many samples may have required dilutions, re-extractions and/or re-analyses, the validator
should preview the data package contents to determine which analyses represent the better quality data.

Unless specifically directed by client protocol, never annotate the laboratory data package.  Before
beginning evaluation, prepare working copies (i.e., photocopies) of all Form I reports (including those for
samples, laboratory method blanks and MS/MSD analyses) and all laboratory quality control summary
forms (including all initial and continuing calibration summary statistics).

1.1.6 Technical Evaluation Summary

All data evaluations must be conducted in accordance with applicable USEPA Regional protocols and/or
specific client contract requirements.  The applicable documents must be referenced during the data
evaluation process as this S.O.P. is only intended as a general procedure for the data validation tasks.

General parameters such as Data Completeness, Overall System Performance, Chromatographic Quality,
Detection Limits and Compound Identification are evaluated concurrently with the parameters discussed in
the following subsections.

1.1.6.1 Holding Times

Holding times are evaluated by reviewing the COC reports, the individual sample Form I reports, and the
associated laboratory raw data.  Holding times are calculated from date of collection to date of analysis.

The technical maximum holding time allowance for aqueous samples preserved with hydrochloric acid
(HCL) is 14 days.

No technical holding times for solid matrices have been promulgated; a 14-day maximum holding time
allowance is currently being used.

For unpreserved aqueous samples, generally a 7-day maximum holding time allowance for aromatic
compounds, along with a 14-day maximum holding time allowance for chlorinated hydrocarbons is used.
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Positive results in affected samples are generally qualified as estimated (J); nondetects (UJ).  These
results are biased low.  Some USEPA Regions apply the bias qualifiers, L and UL, instead.  If the holding
times are exceeded by a factor of 2 or more, the holding time exceedance is considered to be gross and
positive results are generally qualified as estimated (J): nondetects are generally considered to be
unreliable and are qualified (R).  Results for which the holding time was grossly exceeded are biased low.

1.1.6.2 Calibration

Check that an initial calibration was performed for each instrument used for analysis and that all
calibrations were performed at all appropriate concentration levels within 12 hours of the associated
instrument tuning.

Review the data package Form Vs (tuning) using the applicable USEPA Regional Functional Guidelines,
and qualify the data as appropriate.

Review initial calibration Form VIs and the associated laboratory raw data.  Determine which compounds
have average Relative Response Factors (RRFs) <0.050 and which compounds have Percent Relative
Standard Deviations (%RSDs) >50% and between 30% and 50%.  Circle these noncompliances on your
working copies of these Forms.  Spot-check (i.e., recalculate) a few of the RRFs and %RSDs to verify the
laboratory's computation.

Determine which samples are affected by reviewing the continuing calibration Form VIIs.  Check the initial
calibration date(s) noted in the headings of the Form VIIs to determine which continuing calibrations are
associated with which initial calibrations.  Next, review the sample listings given on the data package
Form Vs.  Match the indicated continuing calibration run with the appropriate Form VII by matching the
laboratory file ID numbers.  Write the affected samples (those listed on the matched Form V) on your
working copies of the appropriate Form VI and VII.  Spot-check (i.e., recalculate) a few of the RRFs and
%Ds to verify the laboratory's computation.

Review the continuing calibration Form VIIs and the associated laboratory raw data.  Determine which
compounds have RRFs <0.050 and which compounds have Percent Differences (%Ds) >25%; circle the
noncompliances on your working copies of these Forms.

Generally, affected positive results for compounds whose RRFs are <0.050 are qualified as estimated (J);
nondetects are rejected (R).  In accordance with some USEPA Regional protocol, the (L) qualifier may be
used instead of (J), when qualifying positive results.  Bias for these results is low.

Generally, positive results for compounds for which %RSD exceeds 50% or %D exceeds 25% are
qualified as estimated (J); nondetects (UJ).  Check the specific applicable data validation protocol for
further guidance as there are some protocol which reject nondetects if the %RSD or %D is excessive.
Bias for these results cannot be determined.

Generally, positive results for compounds for which %RSD is between 30%-50% are qualified as
estimated (J).  Qualification of nondetects is protocol-specific.  Follow the rules given in the appropriate
validation protocol.

1.1.6.3 Blank Contamination

When using the information given below and in the appropriate USEPA Regional Functional
Guidelines, keep in mind that the validation action levels derived are sample-specific and must be
adjusted for dilution, sample aliquot used for analysis,  and sample moisture content (when
applicable).
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The rules for qualifying data based on the occurrence of blank contamination vary based on regional
protocols.  The guidelines provided in the appropriate protocol should be followed.

Generally the blank contamination review process is completed by first considering the maximum amount
of a particular contaminant occurring in the laboratory method blanks.  (Do not consider lab blanks run
after high concentration samples for purposes of determining carryover as laboratory method blanks!)
Then repeat the process for contaminants occurring in the associated field quality control blanks.  Action
levels for qualification (10X or 5X depending upon whether or not the contaminant is a common
contaminant) are then set.  The list of common contaminants may vary among protocols.  Additionally,
some hierarchy among the field quality control blanks apply, and the manner in which the qualifiers are
applied vary [i.e. use of (U) or (B); replacement by CRQL, etc.].  Refer to appropriate protocol for specific
guidance.

1.1.6.4 Surrogates

Surrogates are evaluated by reviewing the laboratory data package Form II reports and the laboratory raw
data.  The quality control ranges are given on the laboratory data package Form IIs; circle any
noncompliances on your working copies of these Forms.

Results for all compounds in an affected sample are qualified if any one of the surrogate spike
compounds fail to meet the quality control criteria provided.  Generally, for samples having a surrogate
recovery <10%, positive results are qualified as estimated (J), nondetects are rejected (R).  These results
are biased low.  For samples having a surrogate recovery which is low but >10%, positive results are
generally qualified as estimated (J); nondetects (UJ).  The bias qualifiers (L, UL) may be used instead,
depending upon the specific USEPA Regional guidance.  For samples having a surrogate recovery which
is high, positive results are generally qualified as estimated (J, K) based on regional guidance, nondetects
are not qualified based on high surrogate recovery.

1.1.6.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD)

Generally, no data are qualified based upon MS/MSD results alone.  If qualification does occur, generally
only the result for that particular noncompliant compound is qualified in the original unspiked sample.
Refer to the applicable data validation protocol for specific procedures for appropriately evaluating
MS/MSD analyses.

1.1.6.6 Internal Standards

Internal standards are evaluated by reviewing the data package Form VIIIs and the laboratory raw data.
The quality control ranges are given on the Form VIIIs.  Circle any noncompliances on your working
copies of these forms; evaluate and qualify as stipulated in the appropriate data validation protocol.

1.1.6.7 Tentatively Identified Compounds (TICs)

TICs are evaluated using the laboratory data package Form I VOA-TIC reports and the laboratory raw
data.  The guidance given in the March 1990 National Functional Guidelines for USEPA Region III is very
concise; use the information in this document to evaluate and qualify accordingly.

1.1.6.8 Other Considerations

Laboratory precision can be evaluated by comparing the unspiked sample results with MS/MSD analyses
results for unspiked compounds.  Consider nondetects and results reported at concentrations less than
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the Contract Required Quantitation Limit (CRQL) to be in agreement.  Use professional judgment in
determining whether to qualify sample results based on the comparison.

Likewise, compare the positive compound results for field duplicate samples.  Generally, the Relative
Percent Difference (RPD) between field duplicate results for the aqueous matrix should be <35%; for soil
matrix results, <50%.  Qualification of the sample data is limited to the specific field duplicate pair.
Positive results for compounds showing imprecision are qualified as estimated (J); nondetects (UJ).  Bias
for these results cannot be determined.

In some USEPA Regions, a "Percent Solids" rule applies.  For example, if a sediment sample contains
<50% solids in USEPA Region II, all associated data are considered to be estimated and are qualified
accordingly.  Follow the appropriate protocol guidance when applicable.

1.1.6.9 Quantitation

Verify and record the quantitation of at least one compound per analytical fraction.  If no positive results
are reported, use the MS/MSD data to confirm proper computation by the laboratory.  Validator and
laboratory quantitations must agree within 10 percent.

1.1.7 Deliverables Guidance

In addition to any specific USEPA Regional requirements (e.g. data validation memorandum, data
summary spreadsheets, Regional worksheets), all laboratory data package quality control summary
forms, sample Form I reports, method blank Form Is, and the Chain-of-Custody report must be given to
the Data Validation Quality Assurance Officer (DV/QAO) for quality assurance review.

The validator should ensure that the format of the data validation deliverable is complete and correct (in
accordance with the appropriate USEPA Regional or client requirements) and that the validation narrative
is free of transcription and typographical errors before submitting all requested items for DV/QAO review.

1.2 Semivolatiles (Method SW8250A, 8270C)

1.2.1 Applicability

Methods are applicable to most types of samples, regardless of water content, including groundwater,
aqueous sludges, caustic liquors, acid liquors, waste solvents, oily wastes, mousses, tars, fibrous wastes,
polymeric emulsions, filter cakes, spent carbons, spent catalysts, soils, and sediments.

These methods can be used to quantify most neutral, acidic, and basic organic compounds that are
soluble in methylene chloride and capable of elution without derivatization as sharp peaks from a gas
chromatographic column.  Such compounds include polynuclear aromatic hydrocarbons, chlorinated
hydrocarbons and pesticides, phthalate esters, organophosphate esters, nitrosamines, haloethers,
aldehydes, ethers, ketones, anilines, pyridines, quinolines, aromatic nitro compounds, and phenols,
including nitrophenols.
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The above methods specifically analyze for the semivolatile Target Compound List (TCL) (Section 1.1.2)
plus the following compounds*:

Acetophenone Hexachlorophene N-nitrosodimethylethylamine
Aniline Hexachloropropene N-nitroso-di-n-butylamine
Benzyl alcohol Isodrin N-nitrosomorpholine
Bis(2-chloroisopropyl)ether Isosafrole N-nitrosopiperidine
Chlorobenzilate Kepone Pentachlorobenzene
Diallate Methapyrilene Pentachloronitrobenzene
2,6-Dichlorophenol 3-Methylcholanthrene Phenacetin
Dimethoate Methyl methanesulfonate p-Phenylenediamine
p-Dimethylaminoazobenzene 3-Methylphenol Phorate
7,12-Dimethylbenz(a)anthracene 1,4-Naphthoquinone 2-Picoline
3,3'-Dimethylbenzidine 4-Nitroquinoline-1-oxide Pronamide
a,a-Dimethylphenylamine 1-Naphthylamine Safrole
1,3-Dinitrobenzene 2-Naphthylamine 1,2,4,5-Tetrachlorobenzene
Diphenylamine 5-Nitro-o-toluidine Thionazin
Ethyl methanesulfonate N-nitrosodiethylamine o,o,o-Triethylphosphorothioate
Famphur N-nitrosodimethylamine 1,3,5-Trinitrobenzene

* Appendix IX target compounds

The preceding methods are based upon solvent extractions followed by gas chromatographic/mass
spectrometric (GC/MS) procedures, Method 8270C uses GC/MS capillary column technique.

1.2.2 Interferences

Solvents, reagents, glassware, and other sample processing hardware may yield discrete artifacts and/or
elevated baselines causing misinterpretation of chromatograms.  All these materials  must be
demonstrated to be free from interferences under the conditions of the analysis by running method blanks.
The use of high purity reagents and solvents helps to minimize interference problems; purification of
solvents by distillation in all-glass systems may be required.

Interferences co-extracted from the samples will vary considerably from source to source, depending upon
the diversity of the industrial complex or waste being sampled.

1.2.3 General Laboratory Practices

An extraction blank should be prepared with each batch of samples extracted.

Matrix Spike/Matrix Spike Duplicate (MS/MSD) analyses should be conducted to determine the effects of
sample matrix upon the compounds of interest.

1.2.4 Sample Preparation

Prior to analysis, the samples must be extracted using the appropriate techniques.  Aqueous samples are
extracted at the appropriate pH with methylene chloride as a solvent using a separatory funnel
(Method 3510) or a continuous liquid-liquid extractor (Method 3520).  Both neat and diluted organic liquids
may be analyzed by direct injection.  Solid samples are extracted at the appropriate pH with methylene
chloride using either Soxhlet Extraction (Method 3540) or sonication (Method 3550) procedures.
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1.2.5 Data Overview to Validation

Before commencing validation, the reviewer must preview the associated Chain-of-Custody (COC) reports
to determine:

•  If the appropriate number of samples are present in the data package and if each sample was
correctly analyzed for the parameters and methods specified.

•  The identity of all associated field quality control blanks and field duplicate pairs.

Because many samples may have required dilutions, re-extraction and/or reanalyses, the data validator
should preview the data package contents to determine which analyses represent the better quality data.

The data package should never be annotated unless specifically directed by client protocol.  All Form I
reports (including those for samples, laboratory method blanks, and MS/MSD analyses) and all laboratory
quality control summary forms (including all initial and continuing calibration summary statistics) should be
photocopied for use as working copies.

1.2.6 Technical Evaluation Summary

All data evaluations must be conducted in accordance with the appropriate USEPA Regional protocols
and/or specified client contract requirements.  The applicable documents must be referenced during the
data validation process as this S.O.P. is only intended as a general procedure for all data validation tasks.

General parameters such as Data Completeness, Overall System Performance, Chromatographic Quality,
Detection Limits and Compound Identification are evaluated concurrently with the parameters discussed in
the following subsections.

1.2.6.1 Holding Times

Holding times are evaluated by reviewing the COC reports, the individual sample Form I reports, and the
associated laboratory raw data.  Holding times for extraction are calculated from date of collection to date
of extraction.

The technical holding times for aqueous and solid matrices are as follows:

•  Extraction:
Water samples: 7 days
Solid samples: 14 days

•  Analysis: 40 days from date of extraction

Affected positive results are generally qualified as estimated (J), nondetects (UJ).  Alternately, the L or UL
bias qualifiers may be used dependent upon the applicable USEPA Regional Guidance.  If the sample
was extracted beyond 14 days from collection (28 days for solid samples),  the holding time exceedance is
considered to be gross and positive results are qualified as estimated (J) or (L); nondetects are rejected
(R).  Generally, if the holding time until extraction is exceeded, the affected sample results are considered
to be biased low.  If the holding time until analysis has been exceeded (and potentially, some of the extract
may have evaporated), the affected sample results may be considered to be biased high.  Follow the
qualification guidance given in the appropriate data validation protocol.
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1.2.6.2 Calibration

Check that an initial calibration was performed for each instrument used for analysis and that all
calibrations were performed at all appropriate concentration levels within 12 hours of the associated
instrument tuning.

Review the data package Form Vs (tuning) using the applicable USEPA Regional Functional Guidelines,
and qualify the data as appropriate.

Review initial calibration Form VIs and the associated laboratory raw data.  Determine which compounds
have average Relative Response Factors (RRFs) <0.050 and which compounds have Percent Relative
Standard Deviations (%RSDs) >50% and between 30% and 50%.  Circle these noncompliances on your
working copies of these Forms.  Spot-check (i.e., recalculate) a few of the RRFs and %RSDs to verify the
laboratory's computation.

Determine which samples are affected by reviewing the continuing calibration Form VIIs.  Check the initial
calibration date(s) noted in the headings of the Form VIIs to determine which continuing calibrations are
associated with which initial calibrations.  Next, review the sample listings given on the data package
Form Vs.  Match the indicated continuing calibration run with the appropriate Form VII by matching the
laboratory file ID numbers.  Write the affected samples (those listed on the matched Form V) on your
working copies of the appropriate Form VI and VII.  Spot-check (i.e., recalculate) a few of the RRFs and
%Ds to verify the laboratory's computation.

Review the continuing calibration Form VIIs, and the associated laboratory raw data.  Determine which
compounds have RRFs <0.050 and which compounds have Percent Differences (%Ds) >30%; circle the
noncompliances on your working copies of these Forms.

Generally, affected positive results for compounds for which RRFs are <0.050 are qualified as estimated
(J); nondetects are rejected (R).  In accordance with some USEPA Regional protocol, the (L) qualifier may
be used instead of (J) when qualifying positive results.  Bias for these results is low.

Generally, positive results for compounds for which %RSD exceeds 50% or %D exceeds 30%, are
qualified as estimated (J); nondetects (UJ).  Check the specific applicable data validation protocol for
further guidance as there are some protocol which reject nondetects if the %RSD or %D is excessive.
Bias for these results cannot be determined.

Generally, positive results for compounds for which %RSD is between 30%-50% are qualified as
estimated (J).  Qualification of nondetects is protocol-specific.  Follow the rules given in the appropriate
validation protocol.

1.2.6.3 Blank Contamination

Note that unlike VOA fraction analyses, a laboratory method blank does not have to be analyzed
after every continuing calibration standard.  Be very sure, however, that one semivolatile method
blank was extracted for each day that associated samples were extracted (with a maximum of 20
samples per batch).

The action levels for qualification are 10X the maximum amount of phthalates found in the blanks
(phthalates are common contaminants) and 5X the maximum amount of other contaminants found in the
blanks.  The actual action level applied is sample-specific and must be adjusted for dilution, sample
aliquot used for analysis, and moisture content.  The type and manner in which the qualifiers are applied
vary with protocol [i.e., use of (U) or (B); replacement by CRQL, etc.].  Refer to appropriate data validation
protocol for specific guidance.
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1.2.6.4 Surrogates

Surrogates are evaluated by reviewing the laboratory data package Form II reports and the associated
laboratory raw data.  The quality control ranges are given on the laboratory data package Form IIs; circle
any noncompliances on your working copies of these Forms.

Semivolatile compounds are divided into two classes, base-neutral compounds and acid-extractable
compounds.  Each class of compounds has its own associated surrogates.  If the recovery is <10% for
any one surrogate, positive results for all compounds in that class in the affected sample are qualified as
estimated, (J) or (L), and nondetects are rejected, (R).  These results are biased low.

No qualification actions are taken for samples having any one surrogate recovery which is noncompliant
but >10%.

If the recoveries for any two surrogates of the same class are noncompliant but above 10%, all sample
results for that class of compounds in the affected sample are qualified.  If the recoveries are low, positive
results are generally qualified as estimated (J); nondetects (UJ).  In some Regions, the bias qualifiers, L
and UL, may be used instead.  If the recoveries for any two surrogates of the same class are high, positive
results for all compounds in that class in the affected sample are qualified, J or K, depending upon the
appropriate USEPA Regional guidance; nondetects are not qualified based on high surrogate recoveries.

1.2.6.5 Matrix Spike/Matrix Spike Duplicates

Generally, no data are qualified based upon MS/MSD results alone.  If qualification does occur, generally
only the result for that particular noncompliant compound is qualified in the original unspiked sample
analysis.  Refer to the appropriate validation guidelines for specific procedures for evaluating MS/MSD
analyses.

1.2.6.6 Internal Standards

Internal standards are evaluated by reviewing the data package Form VIIIs and the laboratory raw data.
The quality control ranges are given on the Form VIIIs.  Circle any noncompliances on your working
copies of these forms; evaluate and qualify as stipulated in the appropriate protocol.

1.2.6.7 Tentatively Identified Compounds (TICs)

TICs are evaluated using the laboratory data package Form I BNA-TIC reports and the laboratory raw
data.  The guidance given in the 3/90 National Functional Guidelines for USEPA Region III is very concise;
evaluate and qualify accordingly.

1.2.6.8 Other Considerations

Laboratory precision can be evaluated by comparing MS/MSD sample results for unspiked compounds
with the unspiked sample results.  Consider nondetects and results reported at concentration levels less
than the Contract Required Quantitation Limit (CRQL) to be in agreement.  Use professional judgment in
determining whether to qualify sample results based on the comparison.

Likewise, compare the positive compound results for field duplicate samples.  Generally the Relative
Percent Difference (RPD) between field duplicate results for the aqueous matrix should be less than 35%;
for soil matrix results, less than 50%.  Qualification of sample data is limited to that specific field duplicate
pair.  Positive results for compounds showing imprecision are qualified as estimated (J); and nondetects
(UJ).  Bias for these results cannot be determined.
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In some USEPA regions a "Percent Solids" rule applies.  For example, if a sediment contains less than
50% solids in USEPA Region II, all associated data are considered to be estimated and are qualified
accordingly.  Follow the appropriate protocol guidance when applicable.

1.2.6.9 Quantitation

Verify and record quantitation of at least one compound per analytical fraction.  If no positive results are
reported, use the MS/MSD data to confirm proper computation by the laboratory.  Validator and laboratory
quantitations must agree within 10 percent.

1.2.7 Deliverables Guidance

In addition to any specific USEPA Regional requirements (e.g., data validation memorandum, data
summary spreadsheets, USEPA Regional worksheets), all laboratory data package quality control
summary forms, sample Form I reports, method blank Form Is, and the Chain-of-Custody report, must be
given to the Data Validation Quality Assurance Officer (DV/QAO) for quality assurance review.

The validator should ensure that the format of the data validation deliverable is complete and correct (in
accordance with the appropriate USEPA Regional or client requirements) and that the validation narrative
is free of transcription and typographical errors before submitting all requested items for DV/QAO review.

2.0 SW846 NON-CLP ORGANICS BY GAS CHROMATOGRAPHY

2.1 Volatiles (SW 5030/SW 8011/8015B/8021A/8031)

2.1.1 Applicability

Method 8011 is used to determine the concentration of the following halogenated volatile organic
compounds in groundwater, liquid, and solid matrices:

1,2-Dibromoethane (EDB)
1,2-Dibromo-3-chloropropane (DBCP)

Method 8021A is used to determine the concentration of the following halogenated volatile organic
compounds in groundwater, liquid, and solid matrices:

Allyl chloride
Benzyl chloride
Bis (2-chloroethoxy)methane
Bis (2-chloroisopropyl)ether
Bromoacetone
Bromobenzene
Bromodichloromethane
Bromoform
Bromomethane
Carbon tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethanol
Chloroform
1-Chlorohexane
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2-Chloroethyl vinyl ether
Chloromethane
Chloromethyl methyl ether
Chloroprene
4-Chlorotoluene
Dibromochloromethane
1,2-Dibromo-3-chloropropane
Dibromomethane
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethylene (Vinylidene chloride)
trans-1,2-Dichloroethylene
Dichloromethane
1,2-Dichloropropane
1,3-Dichloro-2-propanol
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Epichlorhydrin
Ethylene dibromide
Methyl iodide
1,1,2,2-Tetrachloroethane
1,1,1,2-Tetrachloroethane
Tetrachloroethylene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane
1,2,3-Trichloropropane
Vinyl chloride
Benzene
Chlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Toluene
Ethyl benzene
Xylenes (Dimethyl benzenes)

Method 8015B is used to determine the concentration of the following nonhalogenated volatile organic
compounds in groundwater, liquid, and solid matrices:

Diethyl ether Acrolein n-butyl Alcohol
Ethanol Acetonitrile t-butyl Alcohol
Methyl ethyl ketone (MEK) Acetone Methanol
Methyl isobutyl ketone (MIBK) Allyl Alcohol 1,4-Dioxane

Method 8031 is used to determine the concentration of the following volatile organic compound in
groundwater, liquid, and solid matrices:

Acrylonitrile
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All of the above Methods are gas chromatographic (GC) only (i.e., no mass spectrometer detector is
employed).  Method 8021A analyzes for halogenated and aromatic volatile organics via GC/HECP and
GC/PID (Electro Conductivity Detector and Photoionization detector), Method 8015B analyzes for
nonhalogenated volatile organics via GC/FID (Flame Ionization Detector), and Method 8031 analyzes for
the compounds acrylonitrile using GC/FID.  Samples can be analyzed by these methods using direct
injection, the headspace method (Method 5021) or the purge-and-trap method (Method 5030B and 5035).
Groundwater samples should be determined using Method 5030B.

2.1.2 Interferences

Samples can be contaminated by diffusion of volatile organics (particularly chlorofluorocarbons and
methylene chloride) through the sample container septum during shipment and storage.  Associated field
quality control blanks are analyzed in order to monitor this.

Contamination by carryover can occur whenever high-level and low-level samples are sequentially
analyzed.  To reduce carryover, the sample syringe or purging device is rinsed with reagent water
between samples.  Whenever an unusually concentrated sample is encountered, it should be followed by
an analysis of reagent water to check for cross contamination.

If sample or matrix interferences are encountered, a secondary or alternate analytical column may be
used to resolve the compounds of interest.

2.1.3 General Laboratory Practices

A method blank consisting of organic free water spiked with surrogates and internal standards should be
analyzed immediately following each daily calibration, and also after the analysis of every high
concentration sample.

Matrix Spike/Matrix Spike Duplicate (MS/MSD) analyses should be conducted to determine the effects of
sample matrix upon the compounds of interest.

2.1.4 Sample Preparation

Method 5020 is a static headspace technique for extracting volatile organic compounds in pastes, solids,
and liquids.  Because of the large variability and complicated matrices of waste samples detection limits
for this method may vary widely among samples.

Method 5030 is a purge-and-trap method applicable to nearly all types of samples, regardless of water
content, including aqueous sludges, caustic liquors, acid liquors, waste solvents, oily wastes, groundwater,
mousses, tars, fibrous wastes, polymeric emulsions, filter cakes, spent carbons, spent catalysts, soils, and
sediments.

Method 5035 is a purge-and-trap method applicable to nearly all types of soil samples, regardless of water
content, including oily wastes, soils, and sediments.

For highly volatile matrices, direct injection preceded by dilution should be used to prevent gross
contamination of the instrumentation.  For pastes, dilution of the sample until it becomes free-flowing is
used to ensure adequate interfacial area.  The success of this method depends on the level of
interferences in the sample; results may vary due to the large variability and complicated matrices of solid
waste samples.
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2.1.5 Data Overview Prior to Validation

Before commencing validation, the reviewer must preview the associated Chain-of-Custody (COC) reports
to determine:

•  If the appropriate number of samples are present in the data package and if each sample was
correctly analyzed for the parameters and methods specified.

•  The identity of all associated field quality control blanks and field duplicate pairs.

Because many samples may have required dilutions, re-extractions and/or re-analyses, the validator
should preview the data package contents to determine which analyses represent the better quality data.

Unless specifically directed by client protocol, never annotate the laboratory data package.  Before
beginning evaluation, prepare working copies (i.e. photocopies) of all Form I reports (including those for
samples, laboratory method blanks and MS/MSD analyses) and all laboratory quality control summary
forms (including all initial and continuing calibration summary statistics).

2.1.6 Technical Evaluation Summary

All data evaluations must be conducted in accordance with applicable USEPA Regional protocols and/or
specific client contract requirements.  The applicable documents must be referenced during the data
evaluation process as this S.O.P. is only intended as a general procedure for the data validation tasks.

General parameters such as Data Completeness, Overall System Performance, Chromatographic Quality,
Detection Limits and Compound Identification are evaluated concurrently with the parameters discussed in
the following subsections.

2.1.6.1 Holding Times

Holding times are evaluated by reviewing the COC reports, the individual sample Form I reports, and the
associated laboratory raw data.  Holding times are calculated from date of collection to date of analysis.

The technical maximum holding time allowance for aqueous samples preserved with hydrochloric acid
(HCL) is 14 days.

No technical holding times for solid matrices have been promulgated; a 14-day maximum holding time
allowance is currently being used.

For unpreserved aqueous samples, generally a 7-day maximum holding time allowance for aromatic
compounds, along with a 14-day maximum holding time allowance for chlorinated hydrocarbons is used.

Positive results in affected samples are generally qualified as estimated (J); nondetects (UJ).  These
results are biased low.  Some USEPA Regions apply the bias qualifiers, L and UL, instead.  If the holding
times are exceeded by a factor of 2 or more, the holding time exceedance is considered to be gross and
positive results are generally qualified as estimated (J); nondetects are generally considered to be
unreliable and are qualified (R).  Results for which the holding time was grossly exceeded are biased low.

2.1.6.2 Calibration

Check that an initial calibration was performed for each instrument used for analysis and that all
calibrations were performed at all appropriate concentration levels.
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In general, either the correlation coefficient (R) or the Percent Relative Standard Deviation (%RSD) is
evaluated in the data validation.  If the correlation coefficient is chosen by the laboratory, the calibration
curve should be checked for linearity.  Generally, associated sample data are qualified as estimated (J,
UJ) if the calibration curve correlation coefficient is <0.995.  Professional judgment should be used to
qualify sample data in cases when sample results fall outside the linear portion of the calibration curve.  If
the %RSD is used, determine which compounds have Percent Relative Standard Deviations (%RSDs)
>40% and between 20%-40%.  Circle these noncompliances on your working copies of these Forms.
Spot-check (i.e., recalculate) a few of the %RSDs to verify the laboratory's computation.

Determine which samples are affected by reviewing the continuing calibration forms.  Determine which
continuing calibrations are associated with which initial calibrations.  Write the affected samples on your
working copies of the appropriate continuing calibration forms.  Spot-check (i.e., recalculate) a few of the
%Ds to verify the laboratory's computation.

Review the continuing calibration form and the associated laboratory raw data.  Determine which
compounds have Percent Differences (%Ds) >30% and between 15%-30%; circle the noncompliances on
your working copies of these forms.

Generally, positive results for compounds for which %RSD or %D exceeds 40% or 30%, respectively, are
qualified as estimated (J); nondetects (UJ).  Check the specific applicable data validation protocol for
further guidance as there are some protocol which reject nondetects if the %RSD or %D is excessive.
Bias for these results cannot be determined.

Generally, positive results for compounds for which %RSD is between 20%-40% or %D is between 15%-
30% are qualified as estimated (J).  Qualification of nondetects is protocol-specific.  Follow the rules
provided in the appropriate validation protocol.

2.1.6.3 Blank Contamination

When using the information given below and in the appropriate USEPA Regional Functional
Guidelines, keep in mind that the validation action levels derived are sample-specific and must be
adjusted for dilution, sample aliquot used for analysis, and sample moisture content (when
applicable).

The rules for qualifying data based on the occurrence of blank contamination vary based on regional
protocols; the guidelines provided in the appropriate protocol should be followed.

Generally the blank contamination review process is completed by first considering the maximum amount
of a particular contaminant occurring in the laboratory method blanks. (Do not consider lab blanks run
after high concentration samples for purposes of determining carryover as laboratory method blanks!).
Then repeat the process for contaminants occurring in the associated field quality control blanks.  Action
levels for qualification (10X or 5X depending upon whether or not the contaminant is a common
contaminant) are then set.  The list of common contaminants may vary among protocols.  Additionally,
some hierarchy among the field quality control blanks apply and the manner in which the qualifiers are
applied vary [i.e. use of (U) or (B); replacement by CRQL, etc.].  Refer to appropriate protocol for specific
guidance.

2.1.6.4 Surrogates

Surrogates are evaluated by reviewing the laboratory data package Form II reports and the laboratory raw
data.  The quality control ranges are given on the laboratory data package Form IIs; circle any
noncompliances on your working copies of these Forms.



Number
DV-02

Page
17 of 32

Subject

DATA VALIDATION - NON-CLP 
ORGANICS FOR SOLID MATRICES

Revision
0

Effective Date
08/13/01

019611/P Tetra Tech NUS, Inc.

All results for all compounds in an affected sample are qualified if any one of the surrogate spike
compounds fails to meet the quality control criteria provided.  Generally, for samples having a surrogate
recovery <10%, positive results are qualified as estimated (J), nondetects are rejected (R).  These results
are biased low.  For samples having a surrogate recovery which is low but >10%, positive results are
generally qualified as estimated (J); nondetects (UJ).  The bias qualifiers (L, UL) may be used instead,
depending upon the specific USEPA Regional guidance.  For samples having a surrogate recovery which
is high, positive results are generally qualified as estimated (J, K) based on regional guidance; these
results are biased high.  Nondetects are not qualified based on high surrogate recoveries.

2.1.6.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD)

Generally, no data are qualified based upon MS/MSD results alone.  If qualification does occur, generally
only the result for that particular noncompliant compound is qualified in the original unspiked sample
analysis.  Refer to the applicable data validation protocol for specific procedures for evaluating MS/MSD
analyses.

2.1.6.6 Other Considerations

Laboratory precision can be evaluated by comparing the unspiked sample results with MS/MSD analyses
results for unspiked compounds.  Consider nondetects and results reported at concentrations less than
the Contract Required Quantitation Limit (CRQL) to be in agreement.  Use professional judgment in
determining whether to qualify sample results based on the comparison.

Likewise, compare the positive compound results for field duplicate samples.  Generally, the Relative
Percent Difference (RPD) between field duplicate results for the aqueous matrix should be <35%; for soil
matrix results, <50%.  Qualification of the sample data is limited to the specific field duplicate pair.
Positive results for compounds showing imprecision are qualified as estimated (J); nondetects (UJ).  Bias
for these results cannot be determined.

In some USEPA Regions, a "Percent Solids" rule applies.  For example, if a sediment sample contains
<50% solids in USEPA Region II, all associated data are considered to be estimated and are qualified
accordingly.  Follow the appropriate protocol guidance when applicable.

2.1.6.7 Quantitation

Verify and record the quantitation of at least one compound per analytical fraction.  If no positive results
are reported, use the MS/MSD data to confirm proper computation by the laboratory.  Validator and
laboratory quantitations must agree within 10 percent.

2.1.7 Deliverables Guidance

In addition to any specific USEPA Regional requirements (e.g. data validation memorandum, data
summary spreadsheets, Regional worksheets), all laboratory data package quality control summary
forms, sample Form I reports, method blank Form Is, and the Chain-of-Custody report must be given to
the Data Validation Quality Assurance Officer (DV/QAO) for quality assurance review.

The validator should ensure that the format of the data validation deliverable is complete and correct (in
accordance with the appropriate USEPA Regional or client requirements) and that the validation narrative
is free of transcription and typographical errors before submitting all requested items for DV/QAO review.
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2.2 Semivolatiles (SW8041/8061A/8091/8310)

2.2.1 Applicability

Method 8041 is used to determine the concentration of the following phenolic compounds in groundwater,
liquid, and solid matrices:

Phenol
2-Chlorophenol
2,4-Dichlorophenol
2,6-Dichlorophenol
Trichlorophenols
Tetrachlorophenols
Pentachlorophenol
Cresols (methyl phenols)
4-Chloro-3-methylphenol
2,4-Dimethylphenol
2-Nitrophenol
4-Nitrophenol
2,4-Dinitrophenol
2-sec-Butyl-4,6-dinitrophenol (DNBP)
2-Cyclohexyl-4,6-dinitrophenol
2-Methyl-4,6-dinitrophenol

Method 8061A is used to determine the concentration of the following phthalate esters in groundwater,
liquid, and solid sample matrices:

Benzyl butyl phthalate
Bis(2-ethylhexyl)phthalate
Di-n-butyl phthalate
Di-n-octyl phthalate
Diethyl phthalate
Dimethyl phthalate

Method 8091 is used to determine the concentration of the following nitroaromatic and cyclic ketone
compounds in groundwater, liquid, and solid sample matrices:

Nitrobenzene
Dinitrobenzene
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Isophorone
Naphthoquinone

Method 8310 is used to determine the concentration of the following polynuclear aromatic hydrocarbons
(PAHs) in liquid and solid sample matrices:

Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
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Benzo(ghi)perylene
Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

All of the above methods are gas chromatographic (GC), with the exception of Method 8310 which is a
High Performance Liquid Chromatography (HPLC) technique, only (i.e., no mass spectrometer detector is
employed).  These methods use either an electron capture detector (ECD), a flame ionization detector
(FID), a ultraviolet detector (UV), or a fluorescence detector.

2.2.2 Interferences

Solvents, reagents, glassware, and other sample-processing hardware may yield discrete artifacts and/or
elevated baselines causing misinterpretation of gas chromatograms.  All these materials must be
demonstrated to be free from interferences under the conditions of the analysis by running method blanks.
Specific selection of reagents and purification of solvents by distillation in all-glass systems may be
required.

Interferences co-extracted from samples will vary considerably from source to source depending upon the
waste being sampled.  While general cleanup techniques such as Method 3530 are provided as part of
these methods, unique samples may require additional cleanup.

If sample or matrix interferences occur, a secondary column may be employed in addition to the primary
column so as to resolve any questionable compound results.

2.2.3 General Laboratory Practices

An extraction blank should be prepared with each batch of samples extracted.

Matrix Spike/Matrix Spike Duplicate (MS/MSD) analyses should be conducted to determine the effects of
sample matrix upon the compounds of interest.

2.2.4 Sample Preparation

Prior to analysis, the samples must be extracted using the appropriate techniques.  Aqueous samples are
extracted at the appropriate pH with methylene chloride as a solvent using Method 3510 (separatory
funnel extraction) or Method 3520 (continuous liquid-liquid extraction).  Both neat and diluted organic
liquids may be analyzed by direct injection.  Solid samples are extracted at the appropriate pH with
methylene chloride using either Soxhlet Extraction (Method 3540) or Sonication (Method 3550)
procedures.

2.2.5 Data Overview Prior to Validation

Before commencing validation the reviewer must preview the associated Chain-of-Custody (COC) reports
to determine:



Number
DV-02

Page
20 of 32

Subject

DATA VALIDATION - NON-CLP 
ORGANICS FOR SOLID MATRICES

Revision
0

Effective Date
08/13/01

019611/P Tetra Tech NUS, Inc.

•  If the appropriate number of samples are present in the data package and if each sample was
correctly analyzed for the parameters and methods specified.

•  The identity of all associated field quality control blanks and field duplicate pairs.

Because many samples may have required dilutions, re-extractions and/or reanalyses, the data validator
should preview the data package contents to determine which analyses represent the better quality data.

The data package should never be annotated unless specifically directed by client protocol.  All Form I
reports (including those for samples, laboratory method blanks, and MS/MSD analyses) and all laboratory
quality control summary forms (including all initial and continuing calibration summary statistics) should be
photocopied for use as working copies.

2.2.6 Technical Evaluation Summary

All data evaluations must be conducted in accordance with the appropriate USEPA Regional protocols
and/or specified client contract requirements.  The applicable documents must be referenced during the
data validation process as this S.O.P. is only intended as a general procedure for the data validation
tasks.

General parameters such as Data Completeness, Overall System Performance, Chromatographic Quality,
Detection Limits and Compound Identification are evaluated concurrently with the parameters discussed in
the following subsections.

2.2.6.1 Holding Times

Holding times are evaluated by reviewing the COC reports, the individual sample Form I reports, and the
associated laboratory raw data.  Holding times for extraction are calculated from date of collection to date
of extraction.

The technical holding times for aqueous and solid matrices are as follows:

•  Extraction:
Water samples: 7 days
Solid samples: 14 days

•  Analysis: 40 days from date of extraction

Generally, positive results affected by noncompliances are qualified as estimated (J); nondetects (UJ).
These results are considered to be biased low.  Alternately, the bias qualifiers L and UL may be used.
Nondetects may be rejected (R) when the sample was extracted after 14 days (28 days for solid samples).
If the holding time until analysis has been exceeded (and potentially, some of the extract may have
evaporated), the affected sample results may be considered to be biased high.  Refer to the appropriate
data validation protocol for specific guidance.

2.2.6.2 Calibration

Check that an initial calibration was performed for each instrument used for analysis and that all
calibrations were performed at all appropriate concentration levels.

In general, either the correlation coefficient (R) or the Percent Relative Standard Deviation (%RSD) is
evaluated in the data validation.  If the correlation coefficient is chosen by the laboratory, the calibration
curve should be checked for linearity.  Generally, associated sample data are qualified as estimated (J,
UJ) if the calibration curve correlation coefficient is <0.995.  Professional judgment should be used to
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qualify sample data in cases when sample results fall outside the linear portion of the calibration curve.  If
the %RSD is used, determine which compounds have Percent Relative Standard Deviations (%RSDs)
>40% and between 20%-40%.  Circle these noncompliances on your working copies of these Forms.
Spot-check (i.e., recalculate) a few of the %RSDs to verify the laboratory's computation.

Determine which samples are affected by reviewing the continuing calibration forms.  Determine which
continuing calibrations are associated with which initial calibrations.  Write the affected samples on your
working copies of the appropriate continuing calibration forms.  Spot-check (i.e., recalculate) a few of the
%Ds to verify the laboratory's computation.

Review the continuing calibration form and the associated laboratory raw data.  Determine which
compounds have Percent Differences (%Ds) >30%, and between 15%-30%; circle the noncompliances on
your working copies of these forms.

Generally, positive results for compounds for which %RSD or %D exceeds 40% or 30%, respectively, are
qualified as estimated (J); nondetects (UJ).  Check the specific applicable data validation protocol for
further guidance as there are some protocol which reject nondetects if the %RSD or %D is excessive.
Bias for these results cannot be determined.

Generally, positive results for compounds for which %RSD is between 20%-40% or whose %D is between
15%-30% are qualified as estimated (J).  Qualification of nondetects is protocol-specific.  Follow the rules
provided in the appropriate validation protocol.

2.2.6.3 Blank Contamination

When using the information given below and in the appropriate USEPA Regional Functional
Guidelines, keep in mind that the validation action levels derived are sample-specific and must be
adjusted for dilution, sample aliquot used for analysis,  and sample moisture content (when
applicable).

The rules for qualifying data based on the occurrence of blank contamination vary based on regional
protocols; the guidelines provided in the appropriate protocol should be followed.

Generally the blank contamination review process is completed by first considering the maximum amount
of a particular contaminant occurring in the laboratory method blanks.  (Do not consider lab blanks run
after high concentration samples for purposes of determining carryover as laboratory method blanks!)
Then repeat the process for contaminants occurring in the associated field quality control blanks.  Action
levels for qualification (10X or 5X depending upon whether or not the contaminant is a common
contaminant) are then set.  The list of common contaminants may vary among protocols.  Additionally,
some hierarchy among the field quality control blanks apply and the manner in which the qualifiers are
applied vary [i.e. use of (U) or (B); replacement by CRQL, etc.].  Refer to appropriate protocol for specific
guidance.

2.2.6.4 Surrogates

Surrogates are evaluated by reviewing the laboratory data package Form II reports and the laboratory raw
data.  The quality control ranges are given on the laboratory data package Form IIs; circle any
noncompliances on your working copies of these Forms.

All results for all compounds in an affected sample are qualified if any one of the surrogate spike
compounds fails to meet the quality control criteria provided. Generally, for samples having a surrogate
recovery <10%, positive results are qualified as estimated (J), nondetects are rejected (R).  These results
are biased low.  For samples having a surrogate recovery which is low but >10%, positive results are
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generally qualified as estimated (J); nondetects (UJ).  The bias qualifiers (L, UL) may be used instead,
depending upon the specific USEPA Regional guidance.  For samples having a surrogate recovery which
is high, positive results are generally qualified as estimated (J, K) based on regional guidance; these
results are biased high.  Nondetects are not qualified based on high surrogate recovery.

2.2.6.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD)

Generally, no data are qualified based upon MS/MSD results alone.  If qualification does occur, generally
only the result for that particular noncompliant compound is qualified in the original unspiked sample.
Refer to the applicable data validation protocol for specific procedures for evaluating MS/MSD analyses.

2.2.6.6 Other Considerations

Laboratory precision can be evaluated by comparing the unspiked sample results with MS/MSD analyses
results for unspiked compounds.  Consider nondetects and results reported at concentrations less than
the Contract Required Quantitation Limit (CRQL) to be in agreement.  Use professional judgment in
determining whether to qualify sample results based on the comparison.

Likewise, compare the positive compound results for field duplicate samples.  Generally, the Relative
Percent Difference (RPD) between field duplicate results for the aqueous matrix should be <35%; for soil
matrix results, <50%.  Qualification of the sample data is limited to the specific field duplicate pair.
Positive results for compounds showing imprecision are qualified as estimated (J); nondetects (UJ).  Bias
for these results cannot be determined.

In some USEPA Regions, a "Percent Solids" rule applies.  For example, if a sediment sample contains
<50% solids in USEPA Region II, all associated data are considered to be estimated, and are qualified
accordingly.  Follow the appropriate protocol guidance when applicable.

2.2.6.7 Quantitation

Verify and record the quantitation of at least one compound per analytical fraction.  If no positive results
are reported, use the MS/MSD data to confirm proper computation by the laboratory.  Validator and
laboratory quantitations must agree within 10 percent.

2.2.7 Deliverables Guidance

In addition to any specific USEPA Regional requirements (e.g. data validation memorandum, data
summary spreadsheets, Regional worksheets), all laboratory data package quality control summary
forms, sample Form I reports, method blank Form Is, and the Chain-of-Custody report, must be given to
the Data Validation Quality Assurance Officer (DV/QAO) for quality assurance review.

The validator should ensure that the format of the data validation deliverable is complete and correct (in
accordance with the appropriate USEPA Regional or client requirements), and that the validation narrative
is free of transcription and typographical errors before submitting all requested items for DV/QAO review.
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2.3 Organochlorine Pesticides and Polychlorinated Biphenyls (PCBs),
Organophosphorous Pesticides, Chlorinated Herbicides (SW 8081A/8082/8141A/
8151A)

2.3.1 Applicability

Methods 8081A/8082 are used to determine the concentration of the following organochlorine pesticides
and polychlorinated biphenyls (PCBs) in groundwater, liquid, and solid sample matrices:

Aldrin
alpha-BHC
beta-BHC
delta-BHC
gamma-BHC (Lindane)
Chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan sulfate
Endrin
Endrin aldehyde
Heptachlor
Heptachlor epoxide
Methoxychlor
Toxaphene
Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248
Aroclor-1254
Aroclor-1260

Similarly, Method 8141A is used to determine the following pesticides in groundwater and waste samples:

Azinphos methyl
Bolstar (Sulprofos)
Chlorpyrifos
Coumaphos
Demeton-O
Demeton-S
Diazinon
Dichlorvos
Disulfoton
Ethoprop
Fensulfothion
Fenthion
Merphos
Mevinphos
Naled
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Parathion methyl
Phorate
Ronnel
Stirophos (Tetrachlorvinphos)
Tokuthion (Prothiofos)
Trichloronate

Note that when Method 8141A is used to analyze unfamiliar samples, compound identifications should be
supported by at least one additional qualitative technique if mass spectroscopy is not employed.

Method 8151A is used to determine the following chlorinated acid herbicides in groundwater and waste
samples:

2,4-D
2,4-DB
2,4,5-T
2,4,5-TP (Silvex)
Dalapon
Dicamba
Dichloroprop
Dinoseb
MCPA
MCPP
4-Nitrophenol
Pentachlorophenol

Since these compounds are produced and used in various forms (i.e., acid, salt, ester, etc.),
Method 8151A includes a hydrolysis step to convert the herbicide to the acid form prior to analysis.  When
Method 8151A is used to analyze unfamiliar samples, compound identifications should be supported by at
least one additional qualitative technique.  This method describes analytical conditions for a second gas
chromatographic column that can be used to confirm measurements made with the primary column;
alternately, the compounds of interest can be confirmed by detection via a mass spectrometer.

All of the above Methods are Gas Chromatographic (GC) in which sample extracts are analyzed by direct
injection.  Methods 8081A and 8082 analyze for organochlorine pesticide compounds and PCBs via
GC/ECD (Electron Capture Detector; an equivalent Halogen-Specific Detector may also be used).
Method 8141A analyzes for organophosphorous pesticide compounds via GC/FID (Flame Ionization
Detector), and Method 8151A analyzes for chlorinated herbicide compounds via GC/ECD (alternately, a
Microcoulometric Detector or Hall Electrolytic Conductivity Detector may be used).

2.3.2 Interferences

The sensitivity of these methods usually depends on the level of interferences rather than on instrumental
limitations.  Solvents, reagents, glassware, and other sample processing hardware may yield discrete
artifacts and/or elevated baselines causing misinterpretation of gas chromatograms.  The use of high
purity reagents and solvents helps to minimize these interference problems.  Extraction blanks are
analyzed as method blanks in order to monitor the occurrences of interferences.

Interferences co-extracted from the sample will vary considerably, and will dictate the nature and extent of
clean-up procedures used.  Phthalate esters are a common interference to organochlorine pesticide
analyses; phenols and organic acids may act as interferents when analyzing for chlorinated herbicides.
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2.3.3 General Laboratory Practices

Matrix Spike/Matrix Spike Duplicate (MS/MSD) analyses should be conducted to determine the effects of
sample matrix upon the compounds of interest.

Standard quality assurance practices such as the analyses of field replicate and laboratory duplicates
should also be employed.

Note that herbicides, being strong organic acids, react readily with alkaline substances and may be lost
during analysis.  Therefore, when performing Method 8151A, glassware and glass wool must be acid-
rinsed and sodium sulfate must be acidified with sulfuric acid prior to use to avoid this possibility.

2.3.4 Sample Preparation

Prior to the use of Methods 8081, 8082, and 8141A, aqueous samples are extracted at a neutral pH with
methylene chloride as a solvent using a separatory funnel (Method 3510) or a continuous liquid- liquid
extractor (Method 3520).  Solid samples are extracted with hexane:acetone (1:1) using either the Soxhlet
extraction (Method 3540) or sonication (Method 3550) procedures.

Method 8151A provides its own specific preparation procedures for aqueous and solid samples which
include extraction with acetone and diethyl ether followed by esterification using diazomethane as a
derivatizing agent.

2.3.5 Data Overview Prior to Validation

Before commencing validation, the reviewer must preview the associated Chain-of-Custody (COC) reports
to determine:

•  If the appropriate number of samples are present in the data package and if each sample was
correctly analyzed for the parameters and methods specified.

•  The identity of all associated field quality control blanks and field duplicate pairs.

Because many samples may have required dilutions, re-extractions and/or re-analyses, the validator
should preview the data package contents to determine which analyses represent the better quality data.

Unless specifically directed by client protocol, never annotate the laboratory data package.  Before
beginning evaluation, prepare working copies (i.e., photocopies) of all Form I reports (including those for
samples, laboratory method blanks and MS/MSD analyses) and all laboratory quality control summary
forms.

2.3.6 Technical Evaluation Summary

All data evaluations must be conducted in accordance with applicable USEPA Regional protocols and/or
specific client contract requirements.  The applicable documents must be referenced during the data
evaluation process as this S.O.P. is only intended as a general procedure for the data validation tasks.

General parameters such as Data Completeness, Overall System Performance, Chromatographic Quality,
Detection Limits, and Compound Identification are evaluated concurrently with the parameters discussed
in the following subsections.
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2.3.6.1 Holding Times

Holding times are evaluated by reviewing the COC reports, the individual sample Form I reports, and the
associated laboratory raw data.  Holding times for extraction are calculated from date of collection to date
of extraction.

The technical holding times for aqueous and solid matrices are as follows:

•  Extraction:
Water samples: 7 days
Solid samples: 14 days

•  Analysis: 40 days from date of extraction

When the holding time criteria are not met, positive results in affected samples are generally qualified as
estimated (J); nondetects (UJ).  These results are biased low.  Some USEPA Regions apply the bias
qualifiers, L and UL, instead.  If the holding times are exceeded by a factor of 2 or more, the holding time
exceedance is considered to be gross and positive results are generally qualified as estimated (J);
nondetects are generally considered to be unreliable and are rejected (R).  These results are biased very
low.

2.3.6.2 Calibration

Data pertaining to the initial calibration (i.e., evaluation check for linearity) is found on the data package
Form VIs or equivalent.  Check that an initial calibration was performed for each instrument used and at all
appropriate concentration levels.

In general, either the correlation coefficient (R) or the Percent Relative Standard Deviation (%RSD) is
evaluated in the data validation.  If the correlation coefficient is chosen by the laboratory, the calibration
curve should be checked for linearity.  Generally, associated sample data are qualified as estimated (J,
UJ) if the calibration curve correlation coefficient is <0.995.  Professional judgment should be used to
qualify sample data in cases when sample results fall outside the linear portion of the calibration curve.  If
the %RSD is used, determine which compounds have Percent Relative Standard Deviations (%RSDs)
>40% and between 20%-40%.  Circle these noncompliances on your working copies of these Forms.
Spot-check (i.e., recalculate) a few of the %RSDs to verify the laboratory's computation.

Determine which samples are affected by reviewing the continuing calibration forms.  Determine which
continuing calibrations are associated with which initial calibrations.  Write the affected samples on your
working copies of the appropriate continuing calibration forms.  Spot-check (i.e., recalculate) a few of the
%Ds to verify the laboratory's computation.

Review the continuing calibration form and the associated laboratory raw data.  Determine which
compounds have Percent Differences (%Ds) >30% and between 15%-30%; circle the noncompliances on
your working copies of these forms.

Generally, positive results for compounds for which %RSD or %D exceeds 40% or 30%, respectively, are
qualified as estimated (J); nondetects (UJ).  Check the specific applicable data validation protocol for
further guidance as there are some protocol which reject nondetects if the %RSD or %D is excessive.
Bias for these results cannot be determined.

Generally, positive results for compounds for which %RSD is between 20%-40% or %D is between 15%-
30% are qualified as estimated (J).  Qualification of nondetects is protocol-specific.  Follow the rules
provided in the appropriate validation protocol.
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Method 8081A requires analysis of a DDT/Endrin breakdown check standard.  The DDT/Endrin
Breakdown should not exceed 20%.  Generally, if % breakdown for DDT exceeds 20%, estimate (J) all
positive results for DDT, DDE and DDD following the in-last control standard until the next in-control
standard (see analytical sequence).  If there are no positive results for DDT but there are positive results
for DDD or DDE then reject (R) nondetects for DDT in associated samples.  Generally, if Endrin %
Breakdown exceeds 20%, estimate (J) positive results for Endrin, Endrin Aldehyde, and Endrin Ketone in
all samples following the last in-control standard until the next acceptable standard.  If there are positive
results for Endrin Aldehyde or Endrin Ketone but none for Endrin, reject (R) nondetect Endrin results.

2.3.6.3 Blank Contamination

When using the information provided below and in the appropriate USEPA Regional Functional
Guidelines, keep in mind that the validation action levels derived are sample-specific, and must be
adjusted for dilution, sample aliquot used for analysis, and sample moisture content (when applicable).

The rules for qualifying data based on the occurrence of blank contamination vary based on regional
protocols; guidelines provided in the appropriate data validation protocol should be followed.

An action level of 5X the maximum amount of contaminant found is used to evaluate the sample data.
The manner in which the qualifiers are applied vary [i.e. use of (U) or (B); replacement by CRQL, etc.].
Refer to appropriate validation protocol for specific guidance.

2.3.6.4 Surrogates

Surrogates are evaluated by reviewing the laboratory data package Form II reports and the associated
laboratory raw data.  The advisory limits are given on the laboratory data package Form IIs; circle any
recoveries outside these limits on your working copies of these Forms.

No qualifications are made for surrogates which show zero recoveries because they were "diluted out."
Generally, positive results affected by low surrogate recovery are qualified as estimated (J) or the (L) bias
qualifier is used when applicable; nondetects are qualified (UJ) or (UL), accordingly.  If a positive sample
result is affected by high surrogate recovery, the result is qualified as estimated (J) or the (K) bias qualifier
is used when applicable; nondetects are not qualified based on high surrogate recovery.  Because the
surrogate recovery limits for these fractions are advisory, generally no results are rejected.

The pesticide/PCB surrogates decachlorobiphenyl (DCB) and tetrachloro-m-xylene (TCX) retention times
found on data package Form VIII or equivalent must be �0.10 for DCB and �0.05 for TCX.  If DCB and
TCX retention time criteria are not met, the raw data must be checked for misidentified GC peak.  The
validator's professional judgment for qualifications should be used.

2.3.6.5 Matrix Spike/Matrix Spike Duplicates

Generally, no data are qualified based upon MS/MSD results alone.  If qualification does occur, generally
only the result for that particular noncompliant compound is qualified in the original unspiked sample
analysis.  Refer to the appropriate data validation guidelines for specific procedures for evaluating
MS/MSD analyses.

2.3.6.6 Other Considerations

Laboratory precision can be evaluated by comparing the unspiked sample results with MS/MSD analyses
results for unspiked compounds.  Consider nondetects and results reported at concentrations less than
the Contract Required Quantitation Limit (CRQL) to be in agreement.  Use professional judgment in
determining whether to qualify sample results based on the comparison.
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Likewise, compare the positive compound results for field duplicate samples.  Generally, the Relative
Percent Difference (RPD) between field duplicate results for the aqueous matrix should be <35%; for soil
matrix results, <50%.  Qualification of the sample data is limited to the specific field duplicate pair.
Positive results for compounds showing imprecision are qualified as estimated (J); nondetects (UJ).  Bias
for these results cannot be determined.

In some USEPA Regions, a "Percent Solids" rule applies.  For example, if a sediment sample contains
<50% solids in USEPA Region II, all associated data are considered to be estimated and are qualified
accordingly.  Follow the appropriate protocol guidance when applicable.

2.3.6.7 Quantitation

Verify and record the quantitation of at least one compound per analytical fraction.  If no positive results
are reported, use the MS/MSD data to confirm proper computation by the laboratory.  Validator and
laboratory quantitations must agree within 10%.

2.3.7 Deliverables Guidance

In addition to any specific USEPA Regional requirements (e.g. data validation memorandum, data
summary spreadsheets, USEPA Regional worksheets), all laboratory data package quality control
summary forms, sample Form I reports, method blank Form Is, and the Chain-of-Custody report, must be
given to the Data Validation Quality Assurance Officer (DV/QAO) for quality assurance review.

The validator should ensure that the format of the data validation deliverable is complete and correct (in
accordance with the appropriate USEPA Regional or client requirements), and that the validation narrative
is free of transcription and typographical errors before submitting all requested items for DV/QAO review.

2.4 Explosives/Nitroaromatics/Nitroamines(SW 8330)

2.4.1 Applicability

Method 8330 is used to determine the concentration of the following explosives, nitroaromatics, and
nitroamines in water, soil, or sediment matrices:

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX)
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX)
1,3,5-Trinitrobenzene (1,3,5-TNB)
1,3-Dinitrobenzene (1,2-DNB)
Methyl-2,4,6-trinitrophenylnitramine (Tetryl)
Nitrobenzene (NB)
2,4,6-Trinitrotoluene (2,4,6-TNT)
4-Amino-2,6-dinitrotoluene (4-Am-DNT)
2-Amino-4,6-dinitrotoluene (2-Am-DNT)
2,4-Dinitrotoluene (2,4-DNT)
2,6-Dinitrotoluene (2,6-DNT)
2-Nitrotoluene (2-NT)
3-Nitrotoluene (3-NT)
4-Nitrotoluene (4-NT)
Nitroguanidine
Nitroglycerin
Pentaerythritol Tetranitrate (PETN)
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The analysis of the compounds listed above is conducted by High Performance Liquid Chromatography
equipped with a 254 nm Ultra Violet (UV) detector.  This method is capable of determining part per billion
(ppb) detection levels in water and soil matrices.

The method requires the use of both a primary (C-18 reverse phase) and a confirmation (CN reverse
phase) column.

2.4.2 Interferences

The sensitivity of this method usually depends on the level of interferences rather than on instrumental
limitations.  Solvents, reagents, glassware, and other sample processing hardware may yield discrete
artifacts and/or elevated baselines causing misinterpretation of gas chromatograms.  The use of high
purity reagents and solvents helps to minimize these interference problems.  Extraction blanks are
analyzed as method blanks in order to monitor the occurrences of interferences.

2,4-Dinitrotoluene and 2,6-dinitrotoluene may co-elute.  High concentrations of one of the two isomers
may cause interference of the other isomer.  In instances where this is applicable, both isomers should be
reported as one.  Baseline resolution should be present for all compounds.

Decomposition of Tetryl occurs rapidly and when exposed to heat.  Samples expected to contain Tetryl
should not be exposed to temperatures above room temperature.

2.4.3 General Laboratory Practices

Method blanks and instrumentation blanks should be conducted to access laboratory contamination.

Matrix spike/Matrix Spike Duplicate (MS/MSD) analyses should be conducted to determine the effects of
sample matrix upon the compounds of interest.

Standard quality assurance practices such as the analyses of field and laboratory duplicates may also be
employed.

2.4.4 Sample Preparation

Method 8330 provides its own specific preparation procedures for aqueous and solid samples which
include extraction with acetonitrile and a salting-out procedure for aqueous samples.  Soil samples are air
dried prior to preparation, thus percent moisture is not a consideration when calculating compound
concentrations.

2.4.5 Data Overview Prior to Validation

Before commencing validation, the reviewer must preview the associated Chain-of-Custody (COC) reports
to determine:

•  If the appropriate number of samples are present in the data package.
•  If each sample was correctly analyzed and identified for the specified parameters.
•  The identity of all associated field quality control blanks and field duplicate pairs.

Because many samples may have required dilutions, re-extractions and /or re-analyses, the validator
should preview the data package contents to determine which analyses represent the best data quality.
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Unless specifically directed by the client, never annotate the laboratory data package.  Before beginning
evaluation, prepare working copies(i.e. photocopies) of all Form I reports ( including those for samples,
laboratory method blanks and MS/MSD analyses) and all laboratory quality control summary forms.

2.4.6 Technical Evaluation Summary

All data evaluations must be conducted in accordance with applicable USEPA Regional protocols, method
requirements, and/or specific client contract requirements.  The applicable documents must be referenced
during the data evaluation process as this SOP is only intended as a general procedure for the data
validation task.

Deficiencies, omissions, and/or other anomalies noted during the review require the data validator to
contact the laboratory.

General parameters such as Data Completeness, Overall System Performance, Chromatographic Quality,
Detection Limits, and Compound Identification are evaluated concurrently with the parameters discussed
in the following subsections.

2.4.6.1 Holding Times

Holding times are evaluated by reviewing the COC reports, the individual sample Form I reports, and the
associated laboratory raw data.  Holding times for extraction are calculated form the date of collection to
the date of extraction.

The technical holding times for aqueous and solid matrices are as follows:

•  Extraction:
Water Samples:7 days
Solid Samples: 14 days

•  Analysis: 40 days from date of extraction

When the holding times criteria are not met, positive results in affected samples are generally qualified as
estimated, (J); nondetected results, (UJ).  These results are considered biased low.  Some USEPA
Regions apply the bias qualifiers, L and UL, instead.  If holding times are exceeded by a factor of two or
more, the holding time exceedance is considered to be gross and positive results are generally qualified
as estimated (J); nondetects are generally considered to be unreliable and are rejected, (R).  These
results are considered to be biased very low.

2.4.6.2 Calibrations

Data pertaining to the initial calibration (i.e. evaluation check for linearity) is found on the data package
Form VIs or equivalent.  Check that an initial calibration was performed for each instrument used and at all
appropriate concentration levels.  The initial calibration should consist of a minimum of five concentration
levels for each compound of interest.

In general, either the correlation coefficient (r) or the Percent Relative Standard Deviation (%RSD) is
evaluated in the data validation.  If the correlation coefficient is chosen the laboratory, the calibration curve
should be checked for linearity.  Generally, associated sample data are qualified as estimated (J, UJ) if the
calibration curve correlation coefficient is < 0.995.  Professional judgment should be used to qualify
sample data in cases when sample results fall outside the linear portion of the calibration curve.  If the
%RSD is used, determine which compounds have %RSDs greater than 20%.   Generally, associated data
are qualified as estimated (J/UJ) if the calibration %RSD is >20%.  Circle these noncompliances on
working copies of calibration forms.
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Determine which samples are affected by reviewing the continuing calibration forms.  Determine which
continuing calibrations are associated with each initial calibration by instrument.  Write the affected
samples on working copies of the appropriate continuing calibration forms.  Spot-check(i.e. recalculate) a
few of the %Ds to verify the laboratory's computation.

A continuing calibration or daily calibration must be performed at the beginning, midpoint and end of the
analytical sequence.  The continuing calibration response factor for each analyte must be compared to the
response factor of the initial calibration.  The continuing calibration response factor must agree within 15%
of the initial response factor.  Generally, positive and nondetected results are qualified as estimated (J/UJ)
if the Percent Difference (%D) is >15%.

2.4.6.3 Blank Contamination

A review of all method and instrument blanks (if provided) is conducted to evaluate laboratory
contaminants.  An additional review of all relevant field quality control blanks is also conducted.
Contaminants, if present, are summarized and the maximum concentration of each contaminant is
selected and used to establish blank action levels.

An action level of 5X the maximum amount of each contaminant is used to evaluate sample data.  Blank
action levels must consider the aliquot used for analysis and sample dilution.  Positive results less than
the action level are qualified as false positives.  The manner in which the qualifiers are applied varies [i.e.,
use of (U) or (B); replacement by the Reporting Limit].  General regional guidance procedures dictate the
most appropriate validation action qualification.

2.4.6.4 Surrogates

Surrogates are evaluated by reviewing the laboratory data package Form II or equivalent and the
associated laboratory raw data.  The advisory limits are given on the laboratory data package Form IIs.
Circle any recoveries outside these limits on working copies.

Generally, positive results affected by low surrogate recoveries are estimated, (J) or (L), indicating low
bias; nondetected results are qualified, (UJ) or (UL), accordingly.  If a positive sample result is affected by
high surrogate recovery, the result is qualified as estimated, (J), or the bias qualifier (K), is used when
applicable.  Nondetected results are not qualified based upon high surrogate recoveries.  It should be
noted that consideration of interferences may affect surrogate recoveries.  If a trend of noncompliance is
noted, an evaluation of sample chromatograms should be conducted when surrogate recoveries are
noncompliant and a matrix effect is suspected.

No qualifications are made for surrogates which have been diluted out.

Generally, positive results associated with surrogate recoveries <10% are qualified as estimated, (J) or
biased low (L).  Nondetected results associated with surrogate recoveries <10 are considered unreliable
and are qualified rejected (R).

2.4.6.5 Matrix Spike/Matrix Spike Duplicates

Generally, no data are qualified based upon MS/MSD results alone.  If qualification does occur, generally
only the result for that particular noncompliant compound is qualified in the unspiked sample.  Typically,
Percent Recoveries (%Rs) and the Relative Percent Difference (RPD) are evaluated based upon the
laboratory provided control limits.
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2.4.6.6 Other Considerations

Laboratory precision can be evaluated by comparing the unspiked samples results with MS/MSD analyses
result for unspiked compounds.  Consider nondetected results and results reported at concentrations less
than the reporting limit to be in agreement.  Use professional judgment in determining whether to qualify
sample results based upon the comparison.  The comparison may be presented in terms of a %RSD or
an RPD.

Likewise, compare positive compound results for field duplicate samples.  Generally, an RPD between
field duplicate results for the aqueous matrix should be <35%; for soil matrix results <50%.  Qualification
of the sample data is limited to specific field duplicate pair.  Positive results for compounds showing
imprecision are qualified as estimated (J); nondetected results (UJ)

2.4.6.7 Quantitation

Verify and record the quantitation of at least one compound per fraction.  If no positive results are
reported, use the MS/MSD data to confirm proper computation by the laboratory.  The validator and
laboratory quantitations must agree within 10%.  If quantitation differences are significant, the laboratory
must be contacted to investigate and resolve the discrepancy.  

2.2.4.7 Deliverable Guidance

In addition to any specific USEPA Regional requirements (i.e., data validation memorandum, data
summary spreadsheets, USEPA Regional Worksheets), all laboratory data package quality summary
forms, sample Form I reports method blank results and the Chain of Custody records must be included in
the validation report.

The validator should ensure that the format of the data validation deliverable is complete and correct (in
accordance with the appropriate USEPA Regional or client requirements) and that the narrative is free of
transcription and typographical errors before submitting all requested items for quality assurance review.
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1.0 INORGANICS (SW-846 6010B/7470A/7471A/9010A&B/7470/9010)

Inductively Coupled Plasma Emission Spectroscopy (ICP) - Analytes commonly analyzed using ICP
include: aluminum, barium, beryllium, cadmium, calcium, chromium, cobalt, copper, iron, magnesium,
manganese, nickel, potassium, silver, sodium, vanadium, and zinc.

Graphite Furnace Atomic Absorption Spectroscopy (GFAA) - Analytes commonly analyzed using
GFAA include: antimony, arsenic, lead, selenium, and thallium.

Cold Vapor Methodology - Mercury is commonly analyzed using cold vapor methodology.

Automated Colorimetric Technique - Cyanide is commonly analyzed using automated colorimetric
methodology.

1.1 Applicability

These methods are applicable to a large number of matrices including EP extracts, TCLP extracts,
industrial wastes, soils, groundwater, aqueous samples, sludges, sediments, and other solid wastes.  All
matrices require digestion prior to analysis.

Detection limits for analytes are established on a quarterly basis and are both laboratory and instrument
specific.

1.2 Data Overview Prior to Validation Process

1.2.1 Data Completeness

The data reviewer must initially verify that all forms are present and complete (i.e., Forms 1 through 14
must be provided).  Areas of special attention when accounting for required forms will include:

Verify at least one Initial and Continuing Calibration Verification (ICV/CCV) Percent Recovery (%R)
calculation as noted on the Calibration Summary (Form 2A or equivalent).

Verify that a matrix-specific laboratory generated preparation blank has been analyzed for each respective
matrix as noted on the blank summary (Form 3 or equivalent) (note, filtered and unfiltered aqueous
matrices are to be treated as distinctly different matrices).

Verify that all ICP analytes are present in both ICSA and ICSAB solutions.  Also, verify from the raw data
that the laboratory reported all analytes present in solution A to the nearest whole number.  It is not
uncommon for laboratories to incorrectly report "zeros" or simply leave blank the appropriate solution A
columns.

Check that one matrix spike was analyzed for each particular matrix per analytical batch.  Laboratories
typically will not include an aqueous matrix for waters if the only aqueous samples contained in the SDG
are field quality control blanks (i.e., equipment rinsate blanks and/or field blanks).  This is generally
accepted without data validation letter text comment.  Additionally, the data reviewer may want to verify
spiking levels.

Verify that laboratory duplicate analyses were performed for each matrix.  NOTE: Field quality control
blanks are never to be designated for quality control analyses.
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Check that one Laboratory Control Sample (LCS) was analyzed for each batch of samples per matrix
within an SDG. NOTE: An aqueous LCS is not required for mercury and cyanide analysis.

The Method of Standard Additions (MSA) (Form 8 or equivalent) may or may not be present as dictated by
Post Digestion Spike (PDS) %Rs.  See Section 4.1.3.11 for further details.

Verify that at least one ICP serial dilution analysis was performed for each matrix within an SDG.  NOTE:
Typically one serial dilution will serve to monitor a given set of samples within an SDG.  However, special
contractual requirements may necessitate one serial dilution analysis per sample.  Ascertain atypical serial
dilution frequency requirements through the project manager.

Simply check that the Form 11 ICP Interelement Correction Factors (Annually) is present.

Verify that all ICP analytical results fall within the ICP Quarterly Linear Ranges provided on the Form 12
(or equivalent).  Verify that no GFAA analytical results exceed the highest standard in the associated
GFAA calibration.

Verify that the Preparation Log accounts for aqueous/soil ICP, AA, mercury, and cyanide
digestions/distillation as applicable.

Examine the Form 14s (or equivalent) to verify that one and only one "X" flag has been used to signify
each reported field sample result or quality control sample result.  Laboratories are often careless when
entering the "X" flag.  The validator must verify reported results in instances of discrepancies, amend
appropriate forms, and mention in letter text.

Actions - Notify the appropriate laboratory contact of required resubmittals when discrepancies are noted
on the forms discussed above.

1.3 Technical Evaluation Summary

All data evaluations must be conducted in accordance with current and applicable USEPA Regional
protocols and/or specific client contractual requirements and obligations.  The applicable documents must
be referenced to during the data evaluation process as this Standard Operating Procedure (S.O.P) is
intended as proprietary in-house guidance for general inorganic validation practices only.

General parameters such as Data Completeness, Overall System Performance, and Detection Limits
must be evaluated concurrently with the parameters discussed below.

1.3.1 Holding Times

Holding times are calculated from date of sample collection to date of sample analysis.  The date of
sample collection must be obtained from the Chain-of-Custody (COC) form.  The date of sample analysis
is best retrieved from the raw data but may also be obtained from the Form 14.

Sample preservation and holding time requirements are as follows:

Metals  - 6 months; pH  <2
Mercury - 28 days;  pH  <2
Cyanide - 14 days;  pH >12

Preservation requirements as noted above are applicable to aqueous samples only.  Solid samples do not
receive preservative but require maintenance at 4�C (�2�C) during shipment and storage.
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The above holding times do not apply to leachate analyses.  It is suggested that the data reviewer
reference SW-846 Method 1311 for any questions regarding TCLP quality control requirements and
analytical procedural requirements; these vary significantly from non-TCLP analyses.

Actions - Holding time exceedances result in potentially low-biased results; thus, positive results and
nondetects shall be qualified as estimated, (J) and (UJ), respectively.   NOTE: Gross holding time
noncompliances are defined as holding times which are exceeded by a factor or 2X.  In these extreme
cases, it is practice to reject (R) nondetects while positive results are qualified based upon professional
judgment regarding the reliability of the associated data.

1.3.2 Initial Calibration Requirements

Calibration must be initiated daily and prior to sample analysis.  The following calibration standard
requirements must be verified:

•  ICP analyses - must employ a blank and at least one standard

•  GFAA analyses - must employ a blank and at least three standards.  Additionally, the calibration
correlation coefficient (r) must be checked for linearity for each GFAA analysis performed (i.e. r =
0.995 or greater)

•  Mercury analyses - must employ a blank and at least three standards (r = 0.995 or greater).

•  Cyanide analyses - must employ a blank and at least three standards (r = 0.995 or greater).  NOTE:
At least two additional standards (a high or low) must be distilled and compared to similar values on
the curve.  Values of distilled standards should agree within �10% of undistilled standards.

1.3.3 Initial and Continuing Calibration Verification (ICV/CCV)

The ICV/CCV %R quality control limits are 90-110% for ICP metals, 80-120% for GFAA metals and
mercury, and 85-115% for cyanide.

Actions - If ICV/CCV %Rs are low, qualify as estimated, (J) positive results and (UJ) nondetects.  If
ICV/CCV %Rs are high, qualify as estimated (J) positive results; nondetects remain unaffected.  NOTE:
Qualify results of only those samples associated with the noncompliant ICV or CCV (generally, those
samples immediately preceding or following the noncompliant standard until the nearest in-control
standard).

1.3.4 Laboratory Method and Field Quality Control Blanks

Verify that a preparation blank was analyzed for each matrix and for each batch of 20 samples or each
sample batch digested, whichever is more frequent.  Continuing Calibration Blanks (CCBs) must be run at
a frequency of 10% or every 2 hours which ever is more frequent.

The data reviewer will select the maximum contaminant level for each analyte in a particular matrix from
which shall be calculated an "action level."  The action level shall be established as 5X the maximum
contaminant level but must be adjusted for dilution factor, moisture content, and sample weight prior to
application.

ICB/CCB contamination shall be applied to all samples within an SDG.  Preparation blank contamination
shall be applied to samples of the same matrix only.  Common practice shall be to qualify as nondetected
(U) any contaminant present in a sample which is considered a laboratory artifact (i.e., < the established
action level).  Professional judgment must be employed when discerning the validity of a concentration
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present in a field quality control blank.  In many instances, contamination present in these blanks can be
attributable to "dirty" laboratory practice and not actual field contaminant conditions.

Negative concentrations detected in the laboratory method blanks are indicative of instrumental problems
and base-line drifting.  Generally, any negative concentration > IDL shall warrant estimation [(J) positives
and (UJ) nondetects] of the associated sample data regardless of matrix.  Action levels shall not be
established for negative concentration levels.

Actions - Qualify as nondetected (U) any positive result within the action level.  Qualify as estimated (J)
positive results and (UJ) nondetects for analytes for which negative concentrations were noted in the
laboratory method blanks (i.e., ICBs, CCBs, and/or preparation blanks).

1.3.5 ICP Interference Check Sample Results

Verify that all recoveries for the ICP ICS solution fall within the 80-120% quality control window established
for the ICS AB solution.

Actions - For ICS %Rs <80%, qualify as estimated (J) positive results and (UJ) nondetects in affected
samples.  For ICS %Rs >120%, qualify as estimated (J) positive results in affected samples; nondetects
are unaffected by high ICS solution AB recovery.  NOTE:  Affected samples include all samples analyzed
between the initial and final solutions or within the eight hour working shift whichever occurs more
frequently) which contain Al, Ca, Fe, or Mg at levels >50% of the respective concentration of Al, Ca, Fe, or
Mg in the ICS True Solution A.

Next, review concentrations of the four common interfering analytes (aluminum, calcium, iron, and
magnesium) in the environmental samples.  Any aforementioned interferant present in the environmental
samples at concentrations which exceed those present in the ICS solution for that same analyte will
require calculation of estimated elemental interference stemming from high interfering analyte
concentration.  If the previous condition is met; review the ICP/ICS Form 4 or equivalent and note any
analytes present in the ICS solution A at levels which exceed the IDL and which are not present in the ICS
True solution A.  Positive results in the ICS solution A indicate potentially elevated results for this analyte
in the affected sample, while negative results in the ICS solution A indicate potentially suppressed results
for this analyte in the affected sample.

Next, an estimated elemental interference must be calculated for each analyte > IDL present in the ICS
solution A which is not present in the ICS True solution A.  The following equation shall be employed:

A Soln ICS in Conc. tInterferen
Sample] [Conc. nt][Interfere x ] A Soln ICS in analyte affected [Conc. = intf. elemental Estimated

It is advisable, although not necessary, to routinely choose the lowest concentration for the interferant
level in the ICS so as to calculate the highest estimated interference possible.  This method lends itself to
a more conservative overall data quality review.

Estimated interferences for each affected analyte > IDL in the ICSA solution must now be compared to the
reported environmental sample result for that particular analyte.

Actions - For estimated interferences <10% of the reported sample concentration for a particular affected
analyte, take no action; interference is considered negligible.  For estimated interferences >10% of the
reported sample concentration for a particular affected analyte, qualify (J) positive result and/or (UJ)
nondetect for affected analyte in affected sample.  (NOTE: Calculation of an estimated positive (potentially
elevated) interference will have no effect on a reported nondetect; thus, no action is necessary).
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1.3.6 Matrix Spike Sample Analysis (Pre-digestion)

Verify that at least one matrix spike was performed for each matrix for a given set of samples (maximum
of 20 samples) within an SDG.  NOTE:  Filtered and unfiltered samples are to be treated as distinctly
different sample matrices and qualified accordingly.  Any deviations from the referenced method shall be
noted and require laboratory contact for correction.

Aqueous and soil Matrix Spike (MS) recoveries must be within the 75-125% quality control window in
instances where the initial sample result is <4X amount spiked.  If the initial sample result is >4X the
amount spiked and the MS %R is noncompliant, no actions shall be taken.

Actions - For MS %Rs <30%, qualify as estimated (J) positive results and reject (R) nondetects in affected
samples.  For MS %Rs <75% but >30%, qualify as estimated (J) positive results and (UJ) nondetects in
affected samples.  For MS %Rs >125%, qualify as estimated (J) positive results in affected samples;
nondetects are not compromised by high MS recovery; thus, no actions are warranted.

1.3.7 Laboratory Duplicate Precision

Verify that one duplicate sample analysis was performed for each group of samples (maximum of 20
samples) of a similar matrix within an SDG.  Control criteria used to evaluate the aqueous laboratory
duplicates are as follows:

•  a control limit of �20% for relative percent difference when sample and duplicate results are >5X
CRDL

•  a control limit of �1X CRDL for the difference between the sample values when sample and/or
duplicate results are <5X CRDL

Control criteria used to evaluate solid laboratory duplicates are as follows:

•  a control limit of �35% for relative percent difference when sample and duplicate results are >5X
CRDL

•  a control limit of �2X CRDL for the difference between the sample values when sample and/or
duplicate results are <5X CRDL

NOTE: Review Duplicate Summary (Form 6 or equivalent) carefully and verify that the laboratory has in
fact reported a %RPD of 200% and not simply recorded the %RPD as noncalculable (in instances where
the sample result is positive but the duplicate result is nondetect).  Overlooking this minor point may result
in incomplete sample data qualification in some instances.

Actions - For any situation involving laboratory duplicate imprecision, qualify as estimated (J) positive
results and (UJ) nondetects in affected samples.  NOTE: It is important to note in the letter text the cause
of laboratory duplicate imprecision (i.e., noncompliant %RPD or noncompliant difference between sample
and duplicate results).

1.3.8 Field Duplicate Precision

Field duplicates can be determined via Project Manager informational documents (i.e., sampling logs) or
obtained from Chain-of-Custody (COC) forms.  Field duplicates are generally identified as samples having
identical sample collection times and dates.  In instances were field duplicate samples are included with
the sample data set, the following control criteria are generally used to evaluate aqueous field duplicates:
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•  a control limit of �30% for relative percent difference when sample and duplicate results are >5X
CRDL

•  a control limit of �2X CRDL for the difference between the sample values when sample and/or
duplicate results are <5X CRDL

Similarly, the following control criteria are generally used to evaluate solid field duplicates:

•  a control limit of �50% for relative percent difference when sample and duplicate results are >5X
CRDL

•  a control limit of �4X CRDL for the difference between the sample values when sample and/or
duplicate results are <5X CRDL

NOTE: The %RPD should reflect a difference of 200% and should not simply be recorded as
noncalculable in instances where the sample result is positive but the field duplicate result is nondetect.
Overlooking this minor point may result in incomplete sample data qualification in some instances.

Actions - For any situation involving field duplicate imprecision, qualify as estimated (J) positive results
and (UJ) nondetects in affected samples.  NOTE: It is important to note in the letter text the cause of field
duplicate imprecision (i.e., noncompliant %RPD or noncompliant difference between sample and duplicate
results).  Furthermore, field duplicate data qualifications, as per Brown & Root Environmental convention,
shall be matrix-specific but otherwise "across-the-board" for TAL inorganic analyses.

1.3.9 Laboratory Control Sample Results

Verify that an LCS was analyzed for each matrix and for each batch of twenty samples or batch of
samples digested (whichever is more frequent) within an SDG.  The quality control criteria established for
evaluation of aqueous LCS analyses are 80-120%.  NOTE: An aqueous LCS is not required for mercury
and cyanide analysis.  Verify that all solid "found values" fall within the EPA established control limits for
soils.

Actions - Aqueous LCS:  In instances where aqueous LCS %R <80%, qualify as estimated (J) positive
results and (UJ) nondetects, If aqueous LCS %R >120, qualify as estimated (J) positive results.  Solid
LCS:  In instances where solid found value is below lower quality control limit, qualify as estimated (J)
positive results and (UJ) nondetects.  If solid LCS found value exceeds EPA upper limit for soils, qualify as
estimated (J) positive results.

1.3.10 Method of Standard Additions (MSA)

Review MSA Form 8 or equivalent and verify instrument linearity by checking that all calibration correlation
coefficients (r) are greater than or equal to 0.995.  MSAs for a particular analyte in a particular sample
may be run more than once.  Check reanalyses in instances where initial MSA analysis yields (r) <0.995.
It is good practice to review one or two GFAA post-digestion spike (PDS) %Rs via reviewing unspiked and
spiked sample concentrations and associated PDS recovery to verify that the Furnace Atomic Absorption
Analysis Scheme has been followed as per directional guidance in the method.

Actions - If calibration correlation coefficient (r) <0.995, qualify as estimated (J) positive result and/ or (UJ)
nondetect in affected sample.
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1.3.11 ICP Serial Dilution Analysis

Verify that all ICP analytes are included on the Form 9 (or equivalent) with corresponding recovery
calculations.  Check the calculated Percent Difference (%D) column in instances where the diluted sample
result is nondetected.  In this situation, the laboratory should report a %D of 100% and not simply list the
%D as noncalculable.  Overlooking this minor point may result in incomplete sample data qualification in
some instances.  Amend the Form 9 if necessary.  All %Ds for ICP serial dilution analyses should be
<10% when concentrations of corresponding analytes in the original (undiluted) sample are minimally a
factor of 50X IDL.

Actions - If %D >10% for an analyte, and the corresponding sample concentration is >50 IDL, qualify as
estimated (J) positive results for that analyte in all samples of the same matrix.  NOTE: The possibility of
suppressed results exists when the ICP serial dilution %D >10% and the diluted sample result is
significantly > original (undiluted) sample result.  Qualify as estimated (J) positive results and (UJ)
nondetects in such instances.

1.3.12 Analysis Run Logs Form 14

The Form 14 or equivalent serves several useful functions.  It can be used to obtain sample analysis
dates as noted in the heading of the page.  Secondly, it is used to record any dilutions as applicable to
ICP, GFAA, mercury, and cyanide analyses.  And finally, it can be used to verify GFAA PDS percent
recoveries within the 85-115% quality control limits.  Additionally, the data reviewer should be careful to
note that one and only one "X" flag has been used to indicate each reported sample result or quality
control sample result; this can be an area of frequent laboratory error.

Actions - If the PDS %R is <85%, qualify as estimated (J) the corresponding positive result and/or (UJ)
nondetect in affected sample.  If the PDS %R is >115%, qualify as estimated (J) the corresponding
positive result in the affected sample; nondetects are not qualified based on high PDS % R.

1.3.13 Further GFAA Evaluations

It is necessary to review the raw data for GFAA analyses and verify that all Coefficients of Variation
Relative Standard Deviations (%RSDs) are <20% for reported sample results which exceed the CRDL.

Actions - If the CV or %RSD exceeds 20% and the reported sample result is > CRDL, qualify as estimated
(J) positive result in affected sample.

1.4 Deliverables Guidance

In addition to any specific USEPA Regional requirements (e.g., data validation memorandum, data
summary spreadsheets, USEPA Regional worksheets), all laboratory data package quality control
summary forms, sample Form I reports, method blank Form Is, and the Chain-of-Custody report must be
given to the Data Validation Quality Assurance Officer (DV/QAO) for quality assurance review.

The validator should ensure that the format of the data validation deliverable is complete and correct (in
accordance with the appropriate USEPA Regional or client requirements) and that the validation narrative
is free of transcription and typographical errors before submitting all requested items for DV/QAO review.
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1.0 CLP DFLM 1.1/SW-846 METHODS 8280/8290

1.1 Applicability

Methods 8280, 8290 and CLP SOW DFLM1.1 are applicable for the determination of the tetra-, penta-,
hexa-, hepta-, and octachlorinated congeners of dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs)
(by Gas Chromatography/Mass Spectrometry (GC/MS) via selective ion monitoring) in chemical wastes
including fuel oils, sludges, fly ash, still bottoms, reactor residues, soil, and water.  Methods 8280 and
DFLM1.1 are low resolution GC/MS techniques while Method 8290 is a high resolution GC/MS technique.

1.2 Dioxin Data Package Deliverable Minimum Requirements

The following information must be present in data package prior to the validation effort:

•  Appropriate Chain-of-Custody (COC) Form(s)
•  Laboratory Case Narrative documenting any particular analytical anomalies encountered and sample

description information (i.e., sample cross-reference identifications)
•  Calibration Summaries
•  Laboratory Control Sample and Duplicate forms
•  Single Control Samples and Method Blank Results
•  Matrix Spike/Matrix Spike Duplicates
•  Retention Time Marker Solutions
•  Internal and Recovery Standard Area Summaries

The appropriate laboratory liaison must be contacted immediately if any of the above items have been
omitted from the data package.

1.3 Technical Data Evaluation

NOTE: Analysis of a fortified standard and blank may be submitted as evidence of compliant Performance
Evaluation (PE) analyses as per region-specific requirements.  The fortified standard will contain 2,3,7,8-
TCDD at a known quantity while the fortified blank will contain 1,2,3,4-TCDD plus other known
interferents.  The recovery for 2,3,7,8-TCDD recognition must be within the EPA's 99% confidence
interval.

1.4 Quality Control

1.4.1 Holding Times and Sample Preservation

All samples are to be extracted within 30 days of sample collection, and all subsequent analyses are to be
conducted within 45 days from the date of collection.  NOTE: Data qualification based upon holding time
noncompliances is rare due to the minor effect of extended storage time on PCDD/PCDF quantitation
resulting from the inherent persistence and known stability of these compounds.  However, estimation of
associated sample data based on holding time shall be subject to the professional judgment of the data
validator.

Sample preservation shall be checked by referencing the appropriate Chain-of-Custody (COC) form(s)
and verifying that all samples receiving PCDD/PCDF analysis were cooled to and stored at 4�C.
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1.4.2 Initial Calibration Verification

Review the average Relative Response Factors (RRFs) for all dioxin congeners by recalculating
approximately 10% of the reported RRFs while also verifying proper use of quantitation ions.  The
following ions are specified for selective ion monitoring for PCDDs and PCDFs:

Analyte Quantitation
Ion

Confirmation
Ions

PCDDs Tetra 322 320
Penta 356 354; 358
Hexa 390 388; 392
Hepta 424 422; 426
Octa 460 458

PCDFs Tetra 306 304
Penta 340 338; 342
Hexa 374 372; 376
Hepta 408 406; 410
Octa 444 442

Internal Standards

Analyte Quantitation
Ion

Confirmation
Ion

13C12-2,3,7,8-TCDD 334 332
13C12-1,2,3,6,7,8-HxCDD 404 402
13C12-OCDD 472 470
13C12-2,3,7,8-TCDF 318 316
13C12-1,2,3,4,6,7,8-HpCDF 420 422

Recovery Standards

Analyte Quantitation
Ion

Confirmation
Ion

13C12-1,2,3,4-TCDD 334 332
13C12-1,2,3,7,8,9-HxCDD 404 402

Next verify the acceptability of isotopic ratios as outlined in the following table:

Analyte Selected Ions Relative m/z
PCDDs Tetra 320/322 0.65-0.89

Penta 356/358 1.24-1.86
Hexa 390/392 1.05-1.43
Hepta 424/426 0.88-1.20
Octa 458/460 0.76-1.02

PCDFs Tetra 304/306 0.65-0.89
Penta 340/342 1.24-1.86
Hexa 374/376 1.05-1.43
Hepta 408/410 0.88-1.20
Octa 442/444 0.76-1.02
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Internal Standards

Analyte Selected Ions Relative m/z
13C12-2,3,7,8-TCDD 332/334 0.65-0.89
13C12-1,2,3,6,7,8-HxCDD 402/404 1.05-1.43
13C12-OCDD 470/472 0.76-1.02
13C12-2,3,7,8-TCDF 316/318 0.65-0.89
13C12-1,2,3,4,6,7,8-HpCDF 420/422 0.88-1.20

Recovery Standards

Analyte Selected Ions Relative m/z
13C12-1,2,3,4-TCDD 332/334 0.65-0.89
13C12-1,2,3,7,8,9-HxCDD 402/404 1.05-1.43

Typically, the data reviewer can expect to associate the following congeners with their associated internal
standards as follows:

Internal Standard #1 (13C12-2,3,7,8-TCDD) TCDD, PeCDD
Internal Standard #2 (13C12-1,2,3,6,7,8-HxCDD) HxCDD, HpCDD
Internal Standard #3 (13C-OCDD) OCDD, OCDF
Internal Standard #4 (13C12-TCDF) TCDF, PeCDF
Internal Standard #5 (13C12-HpCDF) HxCDF, HpCDF

Additionally, verify that the Relative Standard Deviation (%RSD) for all target compounds and internal
standards is �15%.

Actions - Qualify as estimated, (J) positive results and (UJ) nondetects in affected samples if RSD is
>15%.

Window Defining Mix

This is a retention time check which must be run prior to the continuing calibration.  The composition of
the window defining mix may or may not be known.  Review the following criteria:

•  Peak separation must be �25% valley criterion for TCDD isomers
•  Peak separation must be � the 50% valley criterion for HxCDD isomers
•  Multiple ion detection mass chromatograms and reconstructed ion chromatograms should be present

for the window defining mix

Actions - Professional judgment (weighted primarily upon chromatographic expertise) must be employed
when assigning data qualifications.

1.4.3 Continuing Calibration Verification

Evaluation of the CCV involves evaluating the Daily Standard (which is a standard that contains the
required target compounds plus internal standards), versus the initial standard.

Verify that a Continuing Calibration Verification (CCV) was analyzed prior to sample analysis and at the
beginning of each subsequent 12-hour period.  A CCV must also be analyzed at the end of the final
analysis period.
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The Signal-to-Noise ratio (S/N) for all internal standards must be >10:1.  No quality control criteria exist to
govern internal standard recovery; however, internal standard advisory recovery limits of 40-120% were
established in earlier EPA validation protocol.

Verify that the internal standard area count in the sample is -50% to +100% of the internal standard area
count in the associated daily standard.

Complete one Percent Recovery (%Ris) calculation for an internal standard as outlined in equation A
below:

Equation A: 100  x  
)Q( )RRF( )A(

)Q( )A(  =  R%
isisrs

rsis
is

where: Ais = area of the quantitation ion of the internal standard
Ars = area of the quantitation ion of the recovery standard
Qis = ng of internal standard
Qrs = ng of recovery standard
RRFis = Relative Response Factor for the internal standard as determined

from the associated continuing calibration

An RRF shall be calculated for each congener in the CCV solution.  A Percent Difference (%D) of 30%
from the average RRF must be accomplished for the CCV.  NOTE: Recalculate some (approximately
10%) of the continuing calibration RRFs for thoroughness.

Actions - Qualify associated sample data as estimated, i.e., (J) positive results and (UJ) nondetects in
affected samples in instances where CCV %D >30%.  Qualify as rejected (R) all associated sample data
in instances where the internal standard S/N ratio <10:1.

1.4.4 Laboratory Method Blank Evaluations

Verify that a laboratory generated method blank was analyzed prior to sample analysis and for each matrix
and extraction batch for all samples within an SDG.  The laboratory method blanks should be free from
contamination and/or interferences stemming from glassware involved in sample preparation and
subsequent analytical procedures, associated reagents and solvents, etc.  The following criteria shall be
employed for evaluation of contaminant levels present in laboratory method blanks:

•  The signal of any confirmed analyte present in a method blank must be <2% of the signal of the
associated internal standard (based on peak height or peak area).  Comparison of contaminants
present in the blanks at levels below the calibration range (i.e., contaminants present at levels which
constitute <2% of the respective internal standard) shall not require reanalyses as stipulated by the
method.

•  An action level of 5X the maximum contaminant level shall be used in instances of positive detections.

•  The data reviewer should complete a detection limit verification calculation.

•  Detection limits are sample-specific dependent upon the concentration of a given analyte to produce a
signal with a peak height �2.5 X the background signal.

•  The data reviewer shall consider all applicable sample weight, moisture content, and dilution factors
prior to application of the aforementioned action level.
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•  The data reviewer shall recalculate at least one Detection Limit (DL) using equation B as follows:

Equation B:
) (W )RRF( )A(

)Q( )H( (2.5)  =  DL
Ais

isx

where: Ais = area of the quantitation ion of the internal standard
Qis = ng of internal standard
Hx = peak height of noise for the analyte's quantitation ion
RRFis = Relative Response Factor for the analyte as determined from

the associated continuing calibration
W = dry weight of the sample (g)

Actions - Effects on sample data and subsequent data qualifications shall be upon the professional
judgment of the data reviewer, but the following general qualifying guidance shall be employed; Qualify as
nondetected (U) any positive result less than the corresponding action level.

1.4.5 Duplicate Control Samples

The Duplicate Control Sample (DCS) is a well-characterized matrix which is spiked and analyzed at
approximately 10% of the sample load in order to establish method-specific quality control limits.  The
DCS spike recovery quality control limits of 60-140% shall be employed.  Additionally, the RPDs between
control sample and duplicate shall be below 50%.

Actions - Qualify as estimated (J) positive results in affected samples when DCS spike recoveries are
>140%.  Qualify as estimated (J) positive results and (UJ) nondetects in affected samples when DCS
spike recoveries are <60%.  Qualify as estimated (J) positive results and (UJ) nondetects in affected
samples when %RPD between control and duplicate sample exceeds 50%.

1.4.6 Matrix Spike/Matrix Spike Duplicate Review

Verify that a matrix spike has been analyzed for each matrix and batch of samples within an SDG.

Verify that the  %RSD between matrix spike and duplicate injections is �50%.  Additionally, the following
recovery limits shall be employed for the respective congeners:

Congener Recovery Limits
TCDD 50-150%
PCDD 50-150%
HxCDD 50-150%
HpCDD 50-150%
OCDD 50-150%
TCDF 50-150%
PeCDF 50-150%
HxCDF 50-150%
HpCDF 50-150%
OCDF 50-150%

Actions - Qualify as estimated (J) only positive results in affected samples when the recovery exceeds the
upper quality control limit.  Qualify as estimated, (J) positive results and (UJ) nondetects in affected
samples when the recovery is below the lower quality control limit.
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1.4.7 Chromatographic Performance and Evaluation

Verify that the recovery standard area counts are within -50% to +100%  of the area counts in the
respective daily check standard.

Examine chromatographic acceptability by checking the chromatographic base-line for fluctuation (i.e.,
raising or lowering), peak shape and resolution.  Proper peak resolution between 13C-2,3,7,8-TCDD and
13C-1,2,3,4-TCDD (or 13C-2,3,7,8-TCDD and its closest eluting isomer), shall be attained at a threshold
acceptability level of <25%.

Actions - Data qualification shall be based upon the professional judgment of the data reviewer.

1.4.8 Sample Quantitation

Confirm the quantitation of at least one Estimated Maximum Positive Concentration (EMPC).  The
laboratory will report an EMPC as opposed to a confirmed, definite positive hit in instances where the S/N
�2.5 for both the quantitation ion and confirmation ion for a given target isomer/analyte.   The following
equation shall be used to verify at least one EMPC calculation:

) (W )RRF( )A(
)Q( )A(  =  EMPC

Ais

isx

where: Ax = area of the quantitation or confirmation ion, whichever is lower
Qis, Ais, RRFA, and W are defined in the previous equation.

The data reviewer will also confirm at least one positive detection using the following equation:

) (W )RRF( )A(
)Q( )A(  =  C

Ais

isA
A

where: Ais, Qis, RRFA, and W are defined in previous equations
CA = analyte concentration (ng/g or ug/kg)
AA = analyte quantitation ion area

NOTE: EMPC values are estimates by definition.  If these values are used for risk assessment, it must be
understood that an EMPC value is "less certain" that positive results which are qualified (J), since the
qualified results meet identification criteria while EMPCs do not.

1.5 Deliverables

In addition to any work-request requirements (e.g., data validation memorandum), all laboratory data
package quality control summary forms, laboratory summaries of sample results and laboratory method
blanks, and COCs must be provided to the Data Validation Quality Assurance Officer (DV/QAO) for quality
assurance review.

The validator should ensure that the format of the data validation deliverable is complete and correct, and
that the validation narrative is free of transcription and typographical errors before submitting all requested
items for DV/QAO review.
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The purpose of this guideline is to provide a general description of, and technical management guidance 
on, the use of Resistivity and Electromagnetic Induction (Ground Conductivity) surveys during hazardous 
waste site investigations. 

2.0 SCOPE 

This guideline provides a description of the principles of operation, instrumentation, applicability, and 
implementability of geophysical methods used during hazardous waste site investigations to determine 
subsurface resistivity or conductivity. Measurements of subsurface conductivity or resistivity can' be used 
to determine the presence and approximate extent of subsurface contaminants, buried drums, and metal 
containers. In addition, the depth to the water table, and structural characteristics of the subsurface 
environment can be determined. 

This document is intended to help develop a sufficient understanding of each method to assist in proper 
work plan development and scheduling, resource planning, subcontractor procurement and evaluation, 
and manipulation and use of the technical data during remedial investigations and feasibility studies. This 
guidance is not intended to provide a detailed description of methodology and operation. The highly 
specialized nature of these methods requires inclusion of project-specific, site-specific, and subcontractor
specific information prior to development of detailed operating procedures. Specialized expertise during 
both planning and execution of these geophysical methods is also required. 

The description focuses on methods and equipment that are readily available and typically applied; it is 
not intended to provide a complete discussion of the state of the art. 

3.0 GLOSSARY 

Apparent Conductivity - The quantity measured during an electromagnetic induction survey; proportional 
to the actual conductivities of subsurface materials. 

Apparent Resistivity - The quantity actually deduced during a resistivity survey; proportional to the actual 
resistivities of subsurface materials. . 

Conductivity - Intrinsic property of a substance, equal to the reCiprocal of resistivity. 

Current - The quantity of charge transmitted per unit time. 

Electromagnetic (EM) Induction Survey - A geophysical exploration method whereby electromagnetic 
fields are induced in the ground and the resultant secondary electromagnetic fields are detected as a 
measure of ground conductivity. 

Potential - Intrinsic property of electrical fields, equating to the ability to do work. A potential field can 
induce a potential difference (voltage) between two electrodes. 

Resistivity - Intrinsic property of a substance, equal to the resistance of a body multiplied by its cross
sectional area and divided by its length. 

Resistivity Survey - A geophysical exploration method whereby an electrical current is transmitted into the 
ground and the resultant potential field is measured to deduce the apparent subsurface resistivity. 
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Project Manager - responsible for the scoping of geophysical surveys during development of the Work 
Plan, with the help of the Field Operations Leader, site geologist, and site geophysicist. 

Field Operations Leader (FOL) - Responsible for overall management and coordination of the field work. 

Site Geophysicist - as' a specialist in this field, the site geophysicist plays a central role in determining the 
appropriateness of these techniques for providing necessary data. Field work for these surveys is 
supervised by the site geophysicist. 

5~ PROCEDURES 

5.1 Electromagnetics 

The electromagnetic induction (EM) method provides a means of measuring the electrical conductivity of 
subsurface soil, rock, and groundwater. Electrical conductivity is a function of the type of soil and rock, its 
porosity, its permeability, and the fluid composition and saturation. In most cases the conductivity of the 
pore fluids will be responsible for the measurement. Accordingly, the EM method applies both to 
assessment of natural geohydrologic conditions and to mapping of many types of contaminant plumes. In 
addition, trench boundaries, buried wastes, drums, and utility lines can be located with EM techniques. 

5.1.1 Applicability 

Although EM is not a definitive technique, it is useful for several reasons. First, an EM survey can be 
conducted over an entire site very quickly. In addition, EM methods are generally inexpensive, even for 
coverage of large areas. Often, 100 acres or more may be surveyed in just a few days time (depending 
on desired detail). More importantly, EM data can be used to focus the more expensive phases of an 
investigative project, potentially resulting in a large cost savings. For example, rather than drilling several 
dozen monitoring wells while searching for groundwater contamination, an EM conductivity unit may be 
used to survey for a conductive (or resistive) plume. Several EM survey lines may be run to provide 
definition of the plume and an indication of its source area, reducing the number of exploratory wells 
required and potentially resulting in better well placement providing a potentially significant cost savings. 
Another reason why EM should be considered is to fill in data gaps and to reduce the risk of missing a 
facet of the investigation, such as the presence of undetected refuse trenches, buried drums, ,or changing 
hydrologic conditions. 

Electromagnetic methods may be used in many situations for a variety of purposes. The following list 
includes major uses related to investigations of hazardous waste sites: 

• Defining the location of a contaminant plume [This could lead to the identification of downgradient 
receptors, source areas, and flow directions if the conductivity of the plume (target) is distinct in 
comparison to the host (background), hydrogeologie setting.] 

• Locating buried metal objects (e.g., drums, tanks, pipelines, cables, monitoring wells). 

• Addressing the presence or location of bedrock faulUfracture systems (This is important for 
identification of groundwater preferential pathways in bedrock.) 

• Mapping grain size distributions in unconsolidated sediments. 

019611/P Tetra Tech NUS, Inc, 
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• Determining the rate of plume movements by conducting multiple surveys over time. 

The above list is only partial; in fact, EM methods may be used wherever a significant change in 
conductance can be measured. EM should be considered for use when a suspected target is anticipated 
to have a conductivity significantly different from background values. Factors such as cost, site-specific 
conditions, and equipment availability should also be evaluated before deciding to proceed with an EM 
survey. 

5.1.2 General 

5.1.2.1 Objectives 

The site geophysicist should evaluate the objectives of the site investigation in light of EM capabilities. If 
the purpose of the site investigation is to confirm the presence of contaminants with minimal effort, EM 
methods may provide too much detail and no direct evidence. Direct methods, on the other hand, such as 
installing monitoring wells with limited sampling, may be more suitable. If a site is to be characterized in 
detail and if assessment of hydrogeologic conditions and identification of all source areas, plumes, and 
receptors are a priority, then EM (and other geophysical methods) may be a more cost-effective way of 
selecting strategic locations for monitoring wells, directing test pit operations, effiCiently selecting 
sampling pOints, and providing information between site sampling points. 

5.1.2.2 Existing Data 

If EM equipment is identified as a viable alternative for providing the type of information desired, the user 
should further evaluate the equipment to determine whether it is appropriate for use under the conditions 
found at a particular site. Evaluation of existing data can identify problems that may be encountered in 
the field: 

• Variations in hydrogeologic conditions (e.g., varied water table conditions or changes in rock or 
sediment) can result in a conductivity range that envelopes the response of the target (e.g., plume) 
and effectively masks or blocks out any signals. 

• Scattered, near-surface metal may mask buried targets such as drums or trenches. 

• Anthropogenic features such as overhead powerlines, buried metallic pipes, etc., may decrease the 
signal to noise ratio making the technique ineffective. 

An analysis of the site history might more closely define a survey area, thereby cutting survey costs by 
reducing the size of the survey. Deep targets may be out of the penetration range for many EM units, and 
specialized equipment may be required. It is difficult for EM systems to detect a groundwater contaminant 
plume through 100 feet of unsaturated overburden. A site reconnaissance should be conducted to identify 
other site conditions that may affect the data. Drastic topography changes can affect the quality of EM 
data obtained with some systems, and this possibility should be considered at each site. 
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Once the EM survey objectives have been defined, existing information has been reviewed, and 
reconnaissance of the site has been conducted, attention should be given to the design of the geophysical 
survey. The detail required of an EM survey is a primary factor in designing and planning fieldwork. If the 
purpose of performing EM work on site is to define a large geologic feature, then a grid using a wide (100-
to 1,OOO-foot) line spacing may be needed. Some instruments are capable of providing a continuous data 
profile, which makes it less likely to miss small conductors than the typical discrete measurement EM 
instruments. The importance of designing and implementing a grid system tied into existing "permanent" 
features (such as roads and buildings) cannot be overstated. This permanent feature wi" allow the grid to 
be re-established in the field at a later time in order to place drill holes and monitoring wells. Furthermore, 
additional surveys may be conducted on the site over time using other geophysical techniques or the 
same technique to provide an indication of plume movement. These surveys will help in orienting maps 
and diagrams that are produced later and in defining targets. 

5.1.3.1 Background Noise 

Background noise can be a significant factor in the success of an EM survey. Evaluation of existing data 
and a site reconnaissance will help to identify the probable background noise level. A high noise level 
can make interpretation difficult and may actually cause an anomaly to be overlooked. It is difficult to 
delineate a conductive contaminant plume contained in overburden that has a wide natural variation in 
conductivity. 

Noise can be divided into two groups: (1) natural, such as changing grain size distributions, steeply 
dipping strata, undetected mafic dikes, karstic topography, unexpected fault zones; and (2) cultural, such 
as power lines, houses, railroads, surface metal debris, cars, radio transmission towers, and other metal 
objects which are not intended to be located by the survey. Some instruments are more sensitive to 
certain types of noise sources than others. Because there is little published information on this subject, 
appropriate experience is essential. 

5.1.3.2 Limitations 

All EM instruments have varying limitations with regard to sensitivity and penetration. Published 
references, operator's manuals, and field experience should be used to evaluate instrumentation versus 
capability. Table 1 lists several commercially available instruments along with operator requirements and 
productivity estimates. 

5.1.3.3 Instrumentation 

Table 2 provides guidance for EM equipment selection. These instruments may not be suitable to specific 
site conditions and investigation objectives. The decision to use a specific instrument is dependent upon 
site factors. 

Electromagnetic techniques have also been adapted for downhole applications. These techniques can be 
useful in defining the vertical extent of a contaminant zone. Some systems work inside polyvinyl chloride 
(PVC) or Teflon monitoring well casings (see SOP GH-3.5, Borehole Geophysical Surveys). 
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TABLE 1 

COMMON EM AND RESISTIVITY EQUIPMENT 

Instrument Manufacturer Minimum Typical Daily Notes 
No. of Line Miles 

Operators (50-ft readings) 
EM-16-R Geonics 2 2 2 
EM-38 Geonics 1 3-4 2 
EM-31-D Geonics 1 3-4 2 
EM-34-3 Geonics 2 2 2 
PROTEM47P Geonics 2 0.25 1 
EM-61 Geonics 1 3-4 3 
T-VLF Iris Inst. 1 3-4 2 
CEM Crone 2 2 1 
Max Min II Apex 2 3 1 
Syscal Resistivity Iris Inst. 2 0.5 2 
Meter 

Notes: 
1. Primarily useful for geologic features only. 
2. Useful for geologic and cultural features. 
3. Primarily useful for mapping buried metals. 

Designations such as EM-31 or EM-61 are the manufacturer's model numbers 
and do not imply equipment complexity or capability. 
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Electrical resistivity surveys provide information about the subsurface distribution of the ground resistivity. 
The information can be used to infer groundwater quality, lithologic, and geologic information. Both 
horizontal and vertical changes in ground resistivity can be mapped by resistivity surveys. In practice, 
resistivity surveys are mostly used to determine the vertical resistivity changes. Lateral resistivity 
changes are more easily mapped by electromagnetic surveys. 

5.2.1 Applicability 

Electrical resistivity (ER) data are subject to interpretation; therefore, ER field results should be checked 
periodically and confirmed by direct methods, such as sampling or drilling. 

Although ER is not a definitive technique, the data are useful for several reasons. Typical productivity 
with conventional resistivity equipment is several thousand line-feet per day. This high productivity rate 
allows a large amount of useful data to be collected in a relatively short period of time. For example, 
rather than drilling several dozen monitoring wells or test borings to develop a complete picture of the site 
stratigraphy and structure, a few wells can be drilled (for control) and information about the rest of the site 
can be obtained by using reSistivity methods. Method integration such as this can reduce the amount of 
time and the costs required for a project. 

Resistivity methods may be used in a wide array of situations and for a variety of purposes. The following 
is a partial list of major uses related to investigations of hazardous waste sites: 

• Definition of a contaminant plume. (This could lead to the identification of downgradient receptors and 
source areas.) 

• Waste pit delineation. 

• Definition of bedrock fault/fracture systems. 

• Water table mapping (for contour maps). 

• Stratigraphic mapping of soil layers (particularly useful in overburden, discriminating clays from sands 
and establishing their thicknesses). 

• Defining bedrock topography (valleys). 

Resistivity methods may be used whenever the feature to be mapped has a contrasting resistivity with the 
background material. 

5.2.2 General 

Electrodes are typically arranged in one of several patterns, called electrode arrays, depending on the 
desired information. Electrical resistiVity techniques can determine the vertical subsurface reSistivity 
distribution beneath a point. In this type of survey, called vertical electrical soundings, the electrode array 
is expanded systematically and symmetrically about a point. For each set of electrode spacings, apparent 
resistivity is determined from measurements of potential and input current. The resultant plot of apparent 
resistivity versus electrode spacing is interpreted to provide the subsurface resistivity with depth 
distribution at that one particular point. Examples of three common arrays are given in Figure 1. The 
Wenner and Schlumberger arrays are somewhat more common than the Dipole-Dipole and other arrays. 
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These arrays (Wenner, Schlumberger) start with a small electrode spacing that is increased to permit 
deeper penetration for sounding. 

The manner in which the apparent resistivity changes with the electrode separation can be used to 
determine formation conductivity and layer thickness. To increase accuracy, the user should evaluate the 
interpretation of resistivity data against the existing subsurface information. With any set of apparent 
resistivity readings, a number of solutions are possible, so existing data must be used to select the one 
that fits best. A formation resistivity may be assigned, but without geological control the material is not 
known. Resistivity electrode arrays can also be used with constant inner-electrode spacing to develop a 
lateral picture of the site through profiles. Stratigraphic control is even more important when mapping 
lateral changes with constant electrode spacings, because layer thickness changes alone can cause 
changes in apparent resistivity. The desired resolution is a major factor in deciding how closely to space 
measurements for a given survey. 

In practical application, a resistivity survey target (such as a plume or clay lens) should have a resistivity 
contrast (positive or negative) of 20 percent from background. This change in resistivity should be 
50 percent or more to provide proper detection and delineation. For example, if a resistivity survey were 
conducted to delineate a groundwater contaminant plume (in overburden) with a resistivity of 200 ohm
meters, a background, saturated overburden resistivity of over 400 ohm-meters (for a conductive plume) 
or under 100 ohm-meters (for a resistive plume) would probably allow detection of the plume, providing 
other factors (such as depth) are not detrimental. 

When depth sounding, resolution of individual layers has an accuracy generally around 20 percent; 
accuracy can be substantially more or less depending on the site conditions and operator expertise. 
Vertical resistivity sounding is usually less accurate than seismic refraction work, which is often conducted 
within a 10 percent error tolerance. However, geologic units may be distinguishable (by geophysics) only 
with the use of resistivity methods at some sites. 

5.2.3 Survey Design 

Data can be collected at randomly located stations or along survey lines. If vertical electrical soundings 
are performed to obtain resistivity changes with depth, then the soundings are positioned where the 
information is most useful. If measurements are made to map lateral resistivity changes, then the survey 
is best performed on a grid or on survey lines. The station spacing will be determined from the target 
size. 

5.2.3.1 Background Noise 

Evaluation of existing data and a site reconnaissance will help to identify the possible background noise 
level. A background high noise level can make interpretation difficult and may mask an anomaly. It would 
be difficult to delineate a slightly conductive contaminant plume contained in overburden that has wide 
natural variations in conductivity. Noise can be divided into two groups: natural, such as discontinuous 
clay layers, undetected mafic dikes, karstic topography, unexpected fault zones, variable water table, and 
lightning; and cultural, such as power lines, railroad tracks, and radio transmission towers. Since there is 
little published information on instrument noise sensitivity, appropriate experience is essential. 
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5.2.3.2 Depth of Investigation 

As a rule of thumb when a lateral resistivity survey is being conducted , the array should be spaced four 
or five times the distance from the ground surface down to the desired target. For vertical sounding, this 
suggested spacing should be about ten times the anticipated target depth. These suggestions should be 
used only as general guidance. 

5.2.4 Miscellaneous Considerations 

5.2.4.1 I nstru mentation 

For most shallow work at hazardous waste sites, most resistivity systems will suffice. Generally, 
equipment capability becomes important only when the desired investigative depth exceeds 70 to 
100 feet. Larger power sources are needed to provide a measurable electrical potential with a wider 
electrode spacing. Some newer resistivity units are capable of electronic data storage, and other 
features. Often, the peripheral capabilities of an ER system may be the deciding factor when purchase is 
considered. 

Borehole resistivity equipment has been used (in fluid filled uncased boreholes) to determine relative 
formation porosity and other factors. For more information on this equipment, the reader should refer to 
the borehole geophysics subsection of this compendium. 

5.2.4.2 Calibration 

ER equipment requires calibration, either in the field or in the laboratory; dated records of this calibration 
should be kept in the equipment management file and in the appropriate project file. Calibration is used to 
establish the reliability and accuracy of the equipment; calibration typically includes an internal circuit 
check or actual field trials (e.g., tests over a known target). Equipment that historically exhibits 
fluctuations in calibration should not be used. The equipment serial number should be recorded on the 
calibration records. If the manufacturer recalls equipment, this fact should be explained and documented 
for instrument maintenance in the proper file. The current source and potentiometer must be calibrated on 
any type of resistivity equipment. The instrument's current source may be calibrated by placing a 
reference ammeter in series with the electrode cables. The reading obtained on the reference ammeter is 
compared with the value read from the instrument's current source ammeter. The current source 
ammeter is then adjusted accordingly. 

The potentiometer is calibrated by either of two methods. The preferred field method, which is similar to 
the calibration of the current source, is done by comparing the instrument's indicated potential to that 
potential measured with an independent voltmeter. An alternative means of calibration, which can be 
performed in the laboratory, involves placing a precision resistor of a known value in series with the 
current load. A potentiometer is then placed across the resistor. The potential measured should be equal 
to the product of the known resistance and indicated current. 

5.2.4.3 Data Reduction 

Direct current (DC) and low frequency alternating current (AC) resistivity meters measure two values: 

(1 ) 
(2) 

019611/P 

the amount of current injected into the subsurface via the current and sink electrodes; and, 
the potential (voltage) between two or more electrodes that are separated a known distance apart 
(a-spacing). 

Tetra Tech NUS, Inc. 



Subject Number Page 
GH-3.1 13 of 17 

RESISTIVITY AND 
ELECTROMAGNETIC INDUCTION 

Revision Effective Date 
06/99 

The resistance (ohms) can be calculated from these known values using Ohm's law. 

Ohm's law states the following: 

where: 

v 
i 
r 

= 
= 
= 

v = ir or rearranged: r = vii 

voltage (volts) 
current (amperes) 
resistance (ohms) 

Resistivity is a measurement of resistance across a distance and over a cross-sectional area. Resistivity 
is calculated by the following equation that assumes that the resistor is a rectangular block: 

where: 

R 
r 
a 
l 

= 
= 
= 
= 

R = rail 

resistivity (commonly expressed in units of ohm-meters or ohm-feet) 
resistance (vII, in units of ohms) 
cross-sectional area of the resistor 
length of the resistor 

When calculating resistivity in the three-dimensional earth, the resistor becomes hemispherical. Ohm's 
law becomes the following: 

where: 

r = 
2IId 2 = 
d = 

resistance (ohms) 

surface area of a hemisphere 
diameter of sphere 

The value for the diameter of the sphere is analogous to the distance between the potential electrodes. 
This distance is referred to as the "a-spacing" when using the Wenner resistivity array and is measured in 
units of meters or feet. 

Apparent resistivity (p) is determined from a single measurement because the earth is heterogeneous, 
and horizontal layers of earth act as a circuit with resistors in parallel. True resistivity is found by 
performing a resistivity sounding. Resistivity soundings are produced by determining the apparent 
resistivity across successively increasing electrode separation distances. The results of the resistivity 
soundings are plotted on semi-log paper. Apparent resistivity values re plotted on a linear scale and the 
potential electrode separation distance is plotted on a log scale for the Wenner array. The resulting curve 
is then matched to a master set of curves to determine true resistivity. Alternatively, a mathematical 
model can be used to determine the true resistivity of each layer that is within the depth of investigation of 
the instrument. 
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Most modern resistivity meters contain a data logger that records voltage, amperes, and a-spacing 
values. These resistivity meters often contain processors that calculate apparent resistivity (p) and 
monitor levels of signal noise that are due to anthropogenic features or changes in geology across the 
measurement area. Apparent resistivity values calculated with these instruments should also be spot 
checked to ensure the data quality. 

Several forward and inverse modeling software packages (e.g., RESIXTM) exist that can be used to 
calculate the true resistivity of the subsurface layers. These computer models require some knowledge of 
the geology of the site where data collection occurs. Electric log records or estimates of the 
corresponding geologic layers' electrical resistivity are also required for calibration of the computer model. 
Typical resistivity values for various types of soil and rock are published in most geophysical textbooks. 

6.0 REFERENCES 

6.1 Electromagnetic Induction 

6.1.1 Electromagnetic (EM) Theory and Interpretation Textbooks 

Grant, F. S., and G. F. West. Interpretation Theory in Applied Geophysics. McGraw-Hili Book Company. 
1955. 

Griffiths, D. H., and R. F. King. Applied Geophysics for Geologists and Engineers. Pergamon Press. 
1981. 

McNeill, J. D. "Electrical Conductivity of Soils and Rock." Technical Note NO.5. Mississauga, Canada: 
Geonics Limited. 1980. 

McNeill, J. D. "Electromagnetic Terrain Conductivity Measurement at Low Induction Numbers." Technical 
Note NO.6. Mississauga, Canada: Geonics Limited. 1980. 

McNeill, J. D. "Interpretative Aids for Use with Electromagnetic (Non-Contacting) Ground Resistivity 
Mapping." Paper presented at European Association of Exploration Geophysicists Annual Meeting. 
Hamburg, Germany. 1979. 

Parasins, D. S. Principles of Applied Geophysics (3rd Edition). Chapman and Hall Publishers. 1979. 

Telford, W. M., L. P. Geldard, R. E. Sheriff, and D. A Kays. Applied Geophysics. Cambridge University 
Press. 

Wait, J. R. "A Note on the Electromagnetic Response of a Stratified Earth." Geophysics, Vol. 21, 
pp.382-385. 

Wait, J. R. Geo-Electromagnetism. Academic Press. 1982. 

Zohdy, Adel AR. "The Use of Dar Zarrouk Curves in the Interpretation of Vertical Electrical Sounding 
Data." Bulleting 1313-D, USGS. 1979. 

019611/P Tetra Tech NUS, Inc. 



Subject 

RESISTIVITY AND 
ELECTROMAGNETIC INDUCTION 

6.1.2 EM General Manuals 

Number 

Revision 

GH-3.1 

1 

Page 

15 of 17 

Effective Date 

06/99 

Benson, R. C., R. A. Glaccum, and M. F. Noel. "Geophysical Techniques for Sensing Buried Wastes and 
Waste Migration." U.S. Environmental Protection Agency, Environmental Monitoring Systems Laboratory. 
Las Vegas, Nevada. 1983. 

Jordan, T. E., and D. Constantini. "The Use of Non-Invasive Electromagnetic (EM) Techniques for 
Focusing Environmental Investigations." The Professional Geologist. Vol. 32, No.7, 1995. 

Jordan, T. E., et al. "The Use of High Resolution Electromagnetic Methods for Reconnaissance Mapping 
of Buried Wastes." The Proceedings of the Fifth National Outdoor Action Conference, Surface 
Geophysical Methods, National Water Well Association, Las Vegas, NV. 1991. 

McNeill, J. D. "Electromagnetic Resistivity Mapping of Contaminant Plumes." Presented at the National 
Conference on Management of Uncontrolled Hazardous Waste Sites--contact HMCRI. Silver Spring, 
Maryland. 

Rudy, R. J., and J. A. Caoile. "Utilization of Shallow Geophysical Sensing at Two Abandoned 
Municipal/Industrial Waste Landfills on the Missouri River Floodplain." Ground Water Monitoring Review. 
Fall issue, 1984. 

Siaine, D. D., and J. P. Greenhouse. "Case Studies of Geophysical Contaminant Mapping at Several 
Waste Disposal Sites." Presented at the NWWA Second National Symposium on Aquifer Restoration and 
Ground Water Monitoring. 
Columbus, Ohio. 1982. 

Steward, M. T. "Evaluation of Electromagnetic Methods for Rapid Mapping of Salt-Water Interfaces in 
Coastal Aquifers." Groundwater, Vol. 20. September-October 1982. 

6.1.3 Manufacturers 

Aerodat Limited 
3883 Nashua Drive 
Mississauga, Ontario L$V 1 R3 
416/671-2446 (airborne EM systems) 
systems} 

Crone Geophysics Limited 
3607 Wolfedale Road 
Mississauga, Ontario L5C 1V8 
416/270-0096 (surface EM systems) 
systems} 

Geonics Limited 
1745 Meyerside Drive 
Mississauga, Ontario L5T 1 C5 
416/676-9580 (borehole and surface EM systems) 
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Phoenix Geophysics Limited 
200 Yorkland Boulevard 
Willowdale, Ontario M2J 1 R5 
416/493-6350 (surface EM 

Scintrex 
222 Snidercroft Road 
Concord, Ontario L4K 1 B5 
416/669-2280 (surface EM 
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6.2.1 Electrical Resistivity (ER) Theory and Interpretation Textbooks 

Griffith, D. H., and R F. King. Applied Geophysics for Geologists and Engineers. Pergamon Press. 
1981. 

Grant, F. S., and F. G. West. Interpretation Theory in Applied Geophysics. McGraw-HilI. 1965. 

Telford, W. M., et al. Applied Geophysics. Cambridge University Press. 1976. 

6.2.2 Journals 

Zohdy, A A R "Automatic Interpretation of Schlumberger Sounding Curves Using Modified Dar Zarrovk 
Functions." U.S. Geological Survey Bulletin, 1313 E., Washington, D.C. 1975. 

6.2.3 ER General Manuals 

Benson, RD., R S. Glaccum, and M. R Noel. Geophysical Techniques for Sensing Buried Wastes and 
Waste Migration. U.S. Environmental Monitoring Systems Laboratory. Las Vegas, Nevada. 1983. 

Costello, R L. Identification and Description of Geophysical Techniques. Prepared by D'Appolonia 
Corporation for the U.S. Army Toxic and Hazardous Materials Agency. Aberdeen Proving Ground, 
Maryland. 1980. 

Greenhouse, J. P. Surface Geophysics in Contaminant Hydrogeology. Manual for the Hydrology Field 
School through the University of Waterloo, Ontario, Canada. 1982. 

Peffer, J. R, and P. G. Robelen. Affordable: Overburden Mapping Using New Geophysical Techniques. 
Pit and Quarry. August 1983. 

Technos, Incorporated. Application Guidelines for Selected Contemporary Techniques for Subsurface 
Investigations. (No publication date given.) 

6.2.4 ER Case Histories and Examples Journals 

Bradbury, K. R, and R W. Taylor. "Determination of the Hydrologic Properties of Lakebeds Using 
Offshore Geophysical Surveys." Ground Water, Vol. 22, NO.6. 1984. 

Evans, R B., and G .E. Schweitzer. "Assessing Hazardous Waste Problems." Environmental Science 
Technology, Vol. 18, NO.11. 1984. 

Pennington, D. "Selection of Proper Resistivity Techniques and Equipment for Evaluation of Groundwater 
Contamination." Presented at the NWWA Conference on Surface and Borehole Geophysical Methods in 
Groundwater Investigation. Fort Worth, Texas. February 1985. 

Ringstad, C. A, and D. C. Bugenig. "Electrical Resistivity Studies to Delimit Zones of Acceptable Ground 
Water Quality." Ground Water Monitoring Review. Fall 1984. 
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Taylor, R. W., and A. H. Fleming. "Characterizing Jointed Systems by Aqimuthal Resistivity Surveys." 
Ground Water. V. 26, No.4, 1988. 

Underwood, J. W., K. J. Laudon, and T. S. Laudon. "Seismic and Resistivity Investigations near Norway, 
Michigan." Ground Water Monitoring Review. Fall 1984. 

6.2.5 Manufacturers 

ABEM-Atlas Copco 
Distributed by Geotronic Corp. 
10317 McKalia Place 
Austin, Texas 78758 

Bison Instruments, Inc. 
570-8 West 36th Street 
Minneapolis, Minnesota 55416 

BRGM-Syscal 
Distributed by EDA Instruments 
5151 Ward Road 
Wheat Ridge, Colorado 80033 

7.0 RECORDS 

The following information will be recorded in the field log book. 

• Date 
• Equipment operators 
• Name and project number of site 
• Position and instrument readings 
• Position-specific information 

Phoenix Geophysics Limited 
200 Yorkland Boulevard 
Willowdale, Ontario M2J 1 R5 

Scintrex Limited 
222 Snidercroft Road 
Concord (Toronto), Ontario L4K 1 B5 
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1 .o PURPOSE 

Utilities such as electric service lines, natural or propane gas lines, water and sewage lines, 
telecommunications, and steam lines are very often in the immediate vicinity of work locations. Contact 
with underground or overhead utilities can have serious consequences including employee injury/fatality, 
property and equipment damage, substantial financial impacts, and loss of utility service to users. 

The purpose of this procedure is to provide minimum requirements and technical guidelines regarding the 
appropriate procedures to be followed when performing subsurface and overhead utility locating services. 
It is the policy of Tetra Tech NUS, Inc. (TtNUS) to provide a safe and healthful work environment for the 
protection of our employees. The purpose of this Standard Operating Procedure (SOP) is to aid in 
achieving the objectives of this policy, to present the acceptable procedures pertaining to utility locating 
and excavation clearance activities, and to present requirements and restrictions relevant to these types of 
activities. This SOP must be reviewed by any employee potentially involved with underground or 
overhead utility locating and avoidance activities. 

2.0 SCOPE 

This procedure applies to all TtNUS field activities where there may be potential contact with underground 
or overhead utilities. This procedure provides a description of the principles of operation, instrumentation, 
applicability, and implementability of typical methods used to determine the presence and avoidance of 
contact with utility services. This procedure is intended to assist with work planning and scheduling, 
resource planning, field implementation, and subcontractor procurement. Utility locating and excavation 
clearance requires site-specific information prior to the initiation of any such activities on a specific project. 
This SOP is not intended to provide a detailed description of methodology and instrument operation. 
Specialized expertise during both planning and execution of several of the methods presented may also 
be required. 

3.0 GLOSSARY 

Electromaqnetic Induction (EMI) Survev - A geophysical exploration method whereby electromagnetic 
fields are induced in the ground and the resultant secondary electromagnetic fields are detected as a 
measure of ground conductivity. 

Maqnetometer - A device used for precise and sensitive measurements of magnetic fields. 

Maanetic Survey - A geophysical survey method that depends on detection of magnetic anomalies 
caused by the presence of buried ferromagnetic objects. 

Metal Detection - A geophysical survey method that is based on electromagnetic coupling caused by 
underground conductive objects. 

Vertical Gradiometer - A magnetometer equipped with two sensors that are vertically separated by a fixed 
distance. It is best suited to map near surface features and is less susceptible to deep geologic features. 

Ground Penetratinq Radar - Ground Penetrating Radar (GPR) involves specialized radar equipment 
whereby a signal is sent into the ground via a transmitter. Some portion of the signal will be reflected from 
the subsurface material, which is then recorded with a receiver and electronically converted into a graphic 
picture. 
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4.0 RESPONSIBILITIES 

Proiect Manaqer (PM)/Task Order Manaqer (TOM) - Responsible for ensuring that all field activities are 
conducted in accordance with this procedure. 

Site Manaqer (SM)/Field Operations Leader (FOL) - Responsible for the onsite verification that all field 
activities are performed in compliance with approved SOPS or as otherwise directed by the approved 
project plan(s). 

Site Health & Safetv Officer CSHSO) - Responsible to provide technical assistance and verify full 
compliance with this SOP. The SHSO is also responsible for reporting any deficiencies to the Corporate 
Health and Safety Manager (HSM) and to the PM/TOM. 

Health & Safety Manaaer (HSM) - Responsible for preparing, implementing, and modifying corporate health 
and safety policy and this SOP. 

Site Personnel - Responsible for performing their work activities in accordance with this SOP and the TtNUS 
Health and Safety Policy. 

5.0 PROCEDURES 

This procedure addresses the requirements and technical procedures that must be performed to minimize 
the potential for contact with underground and overhead utility services. These procedures are addressed 
individually from a buried and overhead standpoint. 

5.1 Buried Utilities 

Buried utilities present a heightened concern because their location is not typically obvious by visual 
observation, and it is common that their presence and/or location is unknown or incorrectly known on 
client properties. This procedure must be followed prior to beginning any subsurface probing or 
excavation that might potentially be in the vicinity of underground utility services. In addition, the Utility 
Clearance Form (Attachment 3) must be completed for every location or cluster of locations where 
intrusive activities will occur. 

Where the positive identification and de-energizing of underground utilities cannot be obtained and 
confirmed using the following steps, the PM/TOM is responsible for arranging for the procurement of a 
qualified, experienced, utility locating subcontractor who will accomplish the utility location and 
demarcation duties specified herein. 

1. A comprehensive review must be made of any available property maps, blue lines, or as-builts 
prior to site activities. Interviews with local personnel familiar with the area should be performed 
to provide additional information concerning the location of potential underground utilities. 
Information regarding utility locations shall be added to project maps upon completion of this 
exercise. 

2., A visual site inspection must be performed to compare the site plan information to actual field 
conditions. Any findings must be documented and the site plan/maps revised. The area(s) of 
proposed excavation or other subsurface activities must be marked at the site in white paint or pin 
flags to identify those locations of the proposed intrusive activities. The site inspection should 
focus on locating surface indications of potential underground utilities. Items of interest include 
the presence of nearby area lights, telephone service, drainage grates, fire hydrants, electrical 
service vaults/panels, asphaltkoncrete scares and patches, and topographical depressions. Note 
the location of any emergency shut off switches. Any additional information regarding utility 
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locations shall be added to project maps upon completion of this exercise and returned to the 
PMTTOM. 

3. If the planned work is to be conducted on private property (e.g., military installations, 
manufacturing facilities, etc.) the FOL must identify and contact appropriate facility personnel 
(e.g., public works or facility engineering) before any intrusive work begins to inquire about (and 
comply with) property owner requirements. It is important to note that private property owners 
may require several days to several weeks advance notice prior to locating utilities. 

4. If the work location is on public property, the state agency that performs utility clearances must be 
notified (see Attachment 1). State "one-call" services must be notified prior to commencing 
fieldwork per their requirements. Most one-call services require, by law, 48- to 72-hour advance 
notice prior to beginning any excavation. Such services typically assign a "ticket" number to the 
particular site. This ticket number must be recorded for future reference and is valid for a specific 
period of time, but may be extended by contacting the service again. The utility service will notify 
utility representatives who then mark their respective lines within the specified time frame. It 
should be noted that most military installations own their own utilities but may lease service and 
maintenance from area providers. Given this situation, "one call" systems may still be required to 
provide location services on military installations. 

5. Utilities must be identified and their locations plainly marked using pin flags, spray paint, or other 
accepted means. The location of all utilities must be noted on a field sketch for future inclusion on 
project maps. Utility locations are to be identified using the following industry-standard color code 
scheme, unless the property owner or utility locator service uses a different color code: 

white excavation/subsurface investigation location 
red electrical 

yellow gas, oil, steam 
orange telephone, communications 

blue water, irrigation, slurry 
green sewer, drain 

6. Where utility locations are not confirmed with a high degree of confidence through drawings, 
schematics, location services, etc., the work area must be thoroughly investigated prior to 
beginning the excavation. In these situations, utilities must be identified using safe and effective 
methods such as passive and intrusive surveys, or the use of non-conductive hand tools. Also, in 
situations where such hand tools are used, they should always be used in conjunction with 
suitable detection equipment, such as the items described in Section 6.0 of this SOP. Each 
method has advantages and disadvantages including complexity, applicability, and price. It also 
should be noted that in some states, initial excavation is required by hand to a specified depth. 

7. At each location where trenching or excavating will occur using a backhoe or other heavy 
equipment, and where utility identifications and locations cannot be confirmed prior to 
groundbreaking, the soil must be probed using a device such as a tile probe which is made of 
non-conductive material such as fiberglass. If these efforts are not successful in clearing the 
excavation area of suspect utilities, hand shoveling must be performed for the perimeter of the 
intended excavation. 

8. All utilities uncovered or undermined during excavation must be structurally supported to prevent 
potential damage. Unless necessary as an emergency corrective measure, TtNUS shall not 
make any repairs or modifications to existing utility lines without prior permission of the utility 
owner, property owner, and Corporate HSM. All repairs require that the line be 
locked-outltagged-out prior to work. 
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5.2 Overhead Power Lines 

If it is necessary to work within the minimum clearance distance of an overhead power line, the overhead 
line must be de-energized and grounded, or re-routed by the utility company or a registered electrician. If 
protective measures such as guarding, isolating, or insulating are provided, these precautions must be 
adequate to prevent employees from contacting such lines directly with any part of their body or indirectly 
though conductive materials, tools, or equipment. 

The following table provides the required minimum clearances for working in proximity to overhead power 
lines. 

Nominal Voltaqe Minimum Clearance 
0 -50 kV 10 feet, or one mast length; whichever is greater 

50+ kV 10 feet plus 4 inches for every 10 kV over 50 kV or 1.5 
mast lengths; whichever is greater 

6.0 UNDERGROUND LOCATING TECHNIQUES 

A variety of supplemental utility locating approaches are available and can be applied when additional 
assurance is needed. The selection of the appropriate method(s) to employ is site-specific and should be 
tailored to the anticipated conditions, site and project constraints, and personnel capabilities. 

6.1 Geophysical Methods 

Geophysical methods include electromagnetic induction, magnetics, and ground penetrating radar. 
Additional details concerning the design and implementation of electromagnetic induction, magnetics, and 
ground penetrating radar surveys can be found in one or more of the TtNUS SOPS included in the 
References (Section 8.0). 

Electromagnetic Induction 

Electromagnetic Induction (EMI) line locators operate either by locating a background signal or by locating 
a signal introduced into the utility line using a transmitter. A utility line acts like a radio antenna, producing 
electrons, which can be picked up with a radiofrequency receiver. Electrical current carrying conductors 
have a 60HZ signal associated with them. This signal occurs in all power lines regardless of voltage. 
Utilities in close proximity to power lines or used as grounds may also have a 60HZ signal, which can be 
picked up with an EM receiver. A typical example of this type of geophysical equipment is an EM-61. 

EM1 locators specifically designed for utility locating use a special signal that is either indirectly induced 
onto a utility line by placing the transmitter above the line or directly induced using an induction clamp. 
The clamp induces a signal on the specific utility and is the preferred method of tracing since there is little 
chance of the resulting signals being interfered with. A good example of this type of equipment is the 
SchonstedtB MAC-51 B locator. The MAC-51 B performs inductively traced surveys, simple magnetic 
locating, and traced nonmetallic surveys. 

When access can be gained inside a conduit to be traced, a flexible insulated trace wire can be used. 
This is very useful for non-metallic conduits but is limited by the availability of gaining access inside the 
pipe. 
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Magnetic locators operate by detecting the relative amounts of buried ferrous metal. They are incapable 
of locating or identifying nonferrous utility lines but can be very useful for locating underground storage 
tanks (UST's), steel utility lines, and buried electrical lines. A typical example of this type of equipment is 
the Schonstedto GA-52Cx locator. The GA-52Cx is capable of locating 4-inch steel pipe up to 8 feet 
deep. 

Non-ferrous lines are often located by using a typical plumbing tool (snake) fed through the line. A signal 
is then introduced to the snake that is then traced. 

Ground Penetrating Radar 

Ground Penetrating Radar (GPR) involves specialized radar equipment whereby a signal is sent into the 
ground via a transmitter. Some portion of the signal will be reflected from the subsurface material, which 
is then recorded with a receiver and electronically converted into a graphic picture. In general, an object 
which is harder than the surrounding soil will reflect a stronger signal. Utilities, tunnels, UST's, and 
footings will reflect a stronger signal than the surrounding soil. Although this surface detection method 
may determine the location of a utility, this method does not specifically identify utilities (i.e., water vs. gas, 
electrical vs. telephone); hence, verification may be necessary using other methods. This method is 
somewhat limited when used in areas with clay soil types or with a high water table. 

6.2 Passive Detection Survevs 

Acoustic Surveys 

Acoustic location methods are generally most applicable to waterlines or gas lines. A highly sensitive 
Acoustic Receiver listens for background sounds of water flowing (at joints, leaks, etc.) or to sounds 
introduced into the water main using a transducer. Acoustics may also be applicable to determine the 
location of plastic gas lines. 

Thermal Imaging 

Thermal (i.e., infrared) imaging is a passive method for detecting the heat emitted by an object. 
Electronics in the infrared camera convert subtle heat differentials into a visual image on the viewfinder or 
a monitor. The operator does not look for an exact temperature; rather they look for heat anomalies 
(either elevated or suppressed temperatures) characteristic of a potential utility line. 

The thermal fingerprint of underground utilities results from differences in temperature between the 
atmosphere and the fluid present in a pipe or the heat generated by electrical resistance. In addition, 
infrared scanners may be capable of detecting differences in the compaction, temperature and moisture 
content of underground utility trenches. High-performance thermal imagery can detect temperature 
differences to hundredths of a degree. 

6.3 Intrusive Detection Survevs 

Vacuum Excavation 

Vacuum excavation is used to physically expose utility services. The process involves removing the 
surface material over approximately a 1 ' x 1 ' area at the site location. The air-vacuum process proceeds 
with the simultaneous action of compressed air-jets to loosen soil and vacuum extraction of the resulting 
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When the identification and location of underground utilities cannot be positively confirmed through 
document reviews and/or other methods, borings and excavations may be cleared via the use of non- 
conductive hand tools. This should always be done in conjunction with the use of detection equipment. 
This would be required for all locations where there is a potential to impact buried utilities. The minimum 
hand-excavation depth that must be reached is to be determined considering the geographical location of 
the work site. This approach recognizes that the placement of buried utilities is influenced by frost line 
depths that vary by geographical region. Attachment 2 presents frost line depths for the regions of the 
contiguous United States. At a minimum, hand excavation depths must be at least to the frost line depth 
(see Attachment 2) plus two (2) feet, but never less than 4 feet below ground surface (bgs). For hand 
excavation, the hole created must be reamed large enough to be at least the diameter of the drill rig auger 
or bit prior to drilling. For soil gas surveys, the survey probe shall be placed as close as possible to the 
cleared hand excavation. It is important to note that a post-hole digger must not be used in this type of 
hand excavation activity. 

Tile Probe Surveys 

For some soil types, site conditions, and excavation requirements, non-conductive tile probes may be 
used. A tile probe is a ‘T-handled rod of varying lengths that can be pushed into the soil to determine if 
any obstructions exist at that location. Tile probes constructed of fiberglass or other nonconductive 
material are readily-available from numerous vendors. Tile probes must be performed to the same depth 
requirements as previously specified. As with other types of hand excavating activities, the use of a non- 
conductive tile probe, should always be in conjunction with suitable utility locating detection equipment. 

7.0 INTRUSIVE ACTIVITIES SUMMARY 

The following list summarizes the activities that must be performed prior to beginning subsurface 
activities: 

1. Map and mark all subsurface locations and excavation boundaries using white paint or markers 
specified by the client or property owner. 

2. Notify the property owner and/or client that the locations are marked. At this point, drawings of 
locations or excavation boundaries shall be provided to the property owner and/or client so they 
may initiate (if applicable) utility clearance. 

Note: Drawings with confirmed locations should be provided to the property owner and/or client 
as soon as possible to reduce potential time delays. 

3. Notify “One Call” service. If possible, arrange for an appointment to show the One Call 
representative the surface locations or excavation boundaries in person. This will provide a better 
location designation to the utilities they represent. You should have additional drawings should 
you need to provide plot plans to the One Call service. 

Implement supplemental utility detection techniques as necessary and appropriate to conform 
utility locations or the absence thereof. 

4. 

I 
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5. Complete Attachment 3, Utility Clearance Form. This form should be completed for each 
excavation location. In situations where multiple subsurface locations exist within the close 
proximity of one another, one form may be used for multiple locations provided those locations 
are noted on the Utility Clearance Form. Upon completion, the Utility Clearance Form and 
revised/annotated utility location map becomes part of the project file. 

8.0 REFERENCES 

OSHA Letter of Interpretation, Mr. Joseph Caldwell, Attachment 4 
OSHA 29 CFR 1926(b)(2) 
OSHA29 CFR 1926(b)(3) 
TtNUS Utility Locating and Clearance Policy 
TtNUS SOP GH-3.1; Resistivity and Electromagnetic Induction 
TtNUS SOP GH-3.2; Magnetic and Metal Detection Surveys 
TtNUS SOP GH-3.4; Ground-penetrating Radar Surveys 
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ATTACHMENT 1 
LISTING OF UNDERGROUND UTILITY CLEARANCE RESOURCES 

American Public Works Assoclatlon 

Phone (816) 472-6100 Fax (816) 472-1610 
Web www.apwa.net E-mail apwa@apwa.net 

2345 Grand Boulevard, Suite 600, Kansas City, MO 64108-2625 

Alabama 
Alabama One-Call 

Alaska 
Locate Call Center of Alaska, Inc. 
1-800-478-3121 

Mzona 
Arizona Blue Stake 

Arkansas 
Arkansas One Call System, Inc 

Callfornla 
Underground Service Alert North 

Underground Service Alert of Southern 

1-800-292-8525 

1-800-782-5348 

1-800-482-8998 

1-800-227-2800 

California 
1-800-227-2600 

Coloado 
Utility NoMcstion Center of Coiarado 
1-800-922-1987 

Connecticut 
Call Before You Dig 

Delaware 
Miss Utlllty of Delmarva 

Florida 
Sunshine State One-Call of Florida, Inc 

Georgla 
Underground Protection Center, Inc. 

Hawall 
Underground Service Alert Norfh 

Idaho 
Dig Line Inc. 
1-800-342-1 585 
Kootenal County One-Calf 
f-800-428-4950 
Shoshone + Benewah OneJ2alf 

Illinois 
JULIE, lnc. 

Digger (Chicago Utility Alert Network) 
312-744-7000 

Indiana 
Indiana Underground Plant Protection 

1-800-922-4455 

1-800-282-8555 

1-800-432-4370 

f -800-282-741 1 

1-800-227-2600 

~00-39a325!j 

1-800-892-0123 

Service 
1-800-382-5544 

ONE-CALL SYSTEMS INTERNATIONAL 
CONDENSED DlliECTORY 

Iowa 
Iowa OneCell 
1-800-292-8989 

Kansas 
KanGLOne-Ca~ system, Inc. 
1-900-344-7233 

Kentucky 
Kentucky Underground ProteCtlon Inc. 

Louisiana 
Louisiana OneCall System, Inc 

Mane 
Dig Safe System, lnc. 
1-888-344-7233 

Maryland 
Mss Utiliy 
1-800-257-7777 
Mfss Utility of Delrnarva 

Massachusetts 
Dig Safe System, Inc. 

1-800-752-5007 

1-800-272-3020 

1-800-282-8555 

1-888-344-7233 

Michigan 
Miss Dig System, Inc. 
1-800-482-7171 

Minnesota 
Gopher State One Call 
1-800-252-1 166 

Mk3sisslppi 
Mississlppl One-Call System, Im 
1800-227-6477 

Missouri 
Missouri One-Call System. Inc 

Montana 
Utilities Underground Protection Center 

Montana One Call Center 

Nebraska 
Diggers Hotline of Nebraska 
1-800-331-5666 

Nevada 
Underground Service Afert North 

New Wampshlre 
Dig Safe System, Inc. 

1-800-344-7483 

1-800-424-5555 

1-800-551 -8344 

1-800-227-2600 

1-888-344-7233 

New jersey 
New Jersey One Call 

New Mexico 
New Mexico One Call System, Inc. 
1-800321-2537 
La6 Crucas- Dona Ana Blue Stakes 
1-888-528-0400 

New York 
Dig Safely New York 

New York City- Long Island One Call 

1-800-272-1 003 

14300-962-7962 

Center 

North Carolina 
m e  North Carollna One-Call Center. 

1-800-272-4480 

Ino. 
1-800-632-4949 

No& Dakota 
NoNt Dakota OneCall 
1-800-795-0555 

Ohio 
Ohio Utilities Protection Sewice 

Oil &Gas Producers Underground 

1-800-925-0Q88 

Oklahoma 

1-800-362-2764 

Protect'n Svc 

can ow 
1-800-522-6543 

Oregon 
Oregon Utility NotificaKon Center/One 

Call Concepts 
1-800-332-2344 

Pennsylvania 
Pennsylvania One Call System, Inc. 
1-800-242-1 776 

RRode Island 
Dig Safe System, Inc. 

South Carollna 
Palmetto Utility Protection Sewice Inc. 
I-8aa721-7877 

South Dakota 
Sovth Dakota One Call 
I -800-781-7474 

Tennessee 
Tennessee OneCall System, Inc 

1-888-344-7233 

1 -800.351 - 1 1 i 1 
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Texas 
Texas One Call System 

Texas Excavation Safety System, Inc. 
I -8oo-w-a3n 
Lone Star NoMicatlon Center 

1 -8Os.245-4545 

1-800-669-8344 

Utah 
Blue Stakes of Utah 
1-800-682-411 1 

VtWlllOnt 
Dig Safe System, Inc. 

Virginia 
Miss Utility of Virginia 

Miss Utility (Northern Virglnia) 

1-88~4-7233 

1-800-552-7001 

f 800-257-7777 

ATTACHMENT 1 (Continued) 

Washington 
Utilities Underground Localton Center 
1-800-424-5555 
Northwest Utilily Notifcatin Center 
1-800-553-4344 
Inland Empire Utility Coordinating 

Councll 
509-456-8000 

West Virginia 
Miss Utility of West Virginia, Inc. 
?-SO@-2454848 

Wlsconsln 
Diggers Hotline, Inc. 

Wyoming 
Wyoming One-Call System, Inc. 
1 -800-3481(Mo 
Call Before You Dg of Wyoming 
3-800-849-2476 

1-800-242-851 1 

Distrlct of Columbia 
Ml6S Utility 
t-800-257-7777 

Alberta 
Alberta One-Call Corporation 

Brittsh Cotumbla 
BC One Call 

Ontarlo 
Ontario One-Call System 

Quebec 
InbExcavation 

1-800-242-3447 

f-800-474-6886 

f-800-400-2255 

1-800-663-9228 
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ATTACHMENT 3 
UTILITY CLEARANCE FORM 

Client: Project Name: 
Project No.: Completed By: 
Location Name: Work Date: 
Excavation Methodloverhead Equipment: 

1. Underground Utilities Circle One 

a) Review of existing maps? yes no N/A 

b) Interview local personnel? yes no NIA 

c) Site visit and inspection? yes no N/A 

d) Excavation areas marked in the field? yes no N/A 

e) Utilities located in the field? yes no N/A 

f) Located utilities markedladded to site maps? yes no NIA 

9) Client contact notified yes no NIA 

9) State One-Call agency called? yes no NIA 

Name Telephone: Date: 

Caller: 
Ticket Number: Date: 

Geophysical survey performed? yes no NIA 
Survey performed by: 
Method: Date: 

h) 

Hand excavation performed (with concurrent use of utility yes no NIA 
detection device)? 
Completed by: 
Total depth: feet Date: 

Trenchlexcavation probed? yes no NIA 
Probing completed by: 
Depth/frequency: Date: 

2. Overhead Utilities Present Absent 

Determination of nominal voltage yes no NIA 
Marked on site maps yes no NIA 
Necessary to lockoutlinsulatelre-route yes no NIA 
Document procedures used to lockoutlinsulate/re-route yes no NIA 
Minimum acceptable clearance (SOP Section 5.2): 

a) 
b) 
c) 
d) 
e) 

3. Notes: 

Approval: 

Site ManagerIField Operations Leader Date 
c: PM/Project File 

Program File 
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Re: Use of hydro-vacuum or non-conductive hand tools to locate underground utilities. 

Dear Mr. Ualdwelf: 

In a letter dated July 7,2003, we responded to your inquiry of September 18,2002, regarding the 
use of hydro-vacuum equipmcnt to locate underground utilities by excavation. After our letter to 
you was posted on the OSHA website, we received numerous inquiries that make it apparent that 
aspects of our July 7 letter are being misunderstood. In addition, a number of industry 
st&eholders, including the National Utility Contractors Association (NUCA), have provided new 
information regarding equipment that is available for this work. 

To clarify these issues, we are withdrawing our July 7 letter and issuing this replacement 
response to your inquiry. 

Question: Section 1926.651 contains several requirements that relate to the safety of employees 
engaged in excavation work. Specifically, paragraphs (b)(2) and (b)(3) rehte in part to the 
safety of the means used to locate underground utility installations that, if damaged during an 
uncovering operation, could pose serious hazards to employees. 

Under these provisions, what constitutes an acceptable method of uncovering underground 
utility lines, and further, would the use of hydro-vacuum excavation be acceptable mder  the 
stundard ? 

Answer 

Background 

Two sections of 29 CFR 1926 Subpat P (Excavations), 1926.651(Specific excavation 
requirements), govern methods for uncovering underground uti8ty installations. Specifically, 
paragraph (b)(2) states: 

When utility companies or owners cannot respond to a request to locate underground utility 
installations within 24 hours * * * or cannot establish the exact location of these installations, the 
employer may proceed, provided [he employer does so with caution, and provided detection 
equipment or other acceotable means to locate utility installations are used. (emphasis added). 

Paragraph @>(3) provides: 
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When excavation operations approach the estimated location of underground installations, the 
exact location of the installations shall be determined by safe and acceotable means. (emphasis 
added). 

Therefore, “acceptable means” must be used where the location of the underground utilities have 
not been identified by the utility companies and detection equipment is not used. 

Subpart P does not contain a definition of either “other acceptable means” or “safe and 
acceptable means.” The preambles to both the proposed rule and the final rule discussed the 
rationale behind the wordmg at issue. For example, the preamble to the proposed rule, 52 Fed. 
Reg. 12301 (April 15,1987), noted that a 1972 version of this standard contained language that 
specified “carefi11 probing or hand digging” as the means to uncover utilities. The preamble then 
noted that an amendment to the 1972 standard later deleted that language “to allow other, equally 
eflecttive means of Iocating such installations.” The preamble continued that in the 1987 
proposed rule, OSHA again proposed using language in section (b)(3) that would provide another 
example of an acceptable method of uncovering utilities that could be used where the utilities 
have not Been marked and defection equiDrnent is not being used - “probing with hand-held 
tools.” This method was rejected in the final version of 29 CFR 1826. As OSHA explained in 
the preamble to the final rule, 54 Fed. Reg. 45916 (October 31, 1989): 

OSHA received two comments * * * and input from ACCSH [OSHA’s Advisory Committee on 
Construction Safety and Health] * * * on this provisiofi. All commenters recommended dropping 
‘such as probing with hand-held tools’ fiom the proposed provision, because this could create a 
hazard to employecs by damaging the instalIation or its insulation. 

In other words, the commenters objected to the use of hand tools being used unless detection 
equipment was used in conjunction with them. OSHA then concluded its discussion relative to 
this provision by agreeing with the commentators and ultimately not including any examples of 
“acceptable means” in the final provision. 

Non-conductive hand tools are peimitted 

This raises the qucstion of whether the standard pennits the use of hand tools alone -- without 
also using detection equipment. W C A  and other industry stakeholders have recently informed 
us that non-conductive hand tools that are appropriate to be used to locate underground utilities 
are now commonly available. 

Such tools, such as a “shooter” (which has a non-conductive handle and a snub nose) and non- 
conductive or insulated probes were not discussed in the rufemaklng. Since they were not 
considered at that time, they were not part of tfic class of equipment that was thought to be unsafe 
for this purpose. Therefore, we conclude that the use of these types of hand took, when used with 
appropriate caution, is an “acceptable means” for locating underground utilities. 
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Hydro-vacuum excavation 

It is our understanding that some hydro-vacuum excavation equipment can be adjusted to use a 
minimum mount of water and suction pressure. When appropriately adjusted so that the 
equipment will not damage underground utilities (especially utilities that are particularly 
vulnerable to damage, such as electrical lines), use of such equipment would be considered a 
“acceptable means” of locating underground utilities. However, if the equipment cannot be 
sufficiently adjusted, then this method would not be acceptable under the standard. 

Other technologies 

We are not suggesting that these are the only devices that would be “acceptable means” under the 
standard. Industry stakeholders have informed us that there are other types of special excavation 
equipment designed for safely locating utilities as welI. 

We apologize for any confusion our July 7 letter may have caused. If you have further concerns 
or questions, please feel free lo contact us again by fax at: U.S. Department of Labor, OSHA, 
Directorate of Construction, Office of Construction Standards and Compliance Assistance, fax # 
202-693- 1589. You can dso contact us by mail at the above office, Room N3468,200 
Constitution Avenue, N.W., Washington, D.C. 20210, although there will be a delay in our 
receiving correspondence by mail. 

Sincerely, 

Russell B. Swanson, Director 
Directorate of‘ Construction 

NOTE: OSHA requirements are set by statute, standards and regulations. Our interpretation 
letters explain these requirements and how they apply to particular circumstances, but they 
cannot create additional employer obligations. This letter constitutes USPIA=s interpretation 
of the requirements discussed. Note that our enforcement guidance may be affected by 
changes to OSHA rules. Also, from time to time we update our guidance in response to new 
information. To keep apprised of such developments, you can consult OSHA’s website at 
http:f /~.osha.go% 
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To establish procedures for the use, maintenance, and calibration of the Photovac 2020 Photoionization 
Air Monitor. 

2.0 SCOPE 

Applies to each usage of the Photovac 2020 Photoionization Air Monitor by TtNUS personnel. 

3.0 GLOSSARY 

Electron volt (eV) - A unit of energy equal to the energy acquired by an electron when it passes through a 
potential difference of 1 volt in a vacuum. It is equal to 1.602192±0.000007 x 1O~19 volts. 

Intrinsically Safe (I.S.) - Based on wiring, configuration, design, operation, gasketing, construction, this 
instrument may be employed within locations in which flammable gases and/or vapors may exist. 

Ionization Potential (I.P.) - The energy required to remove an electron from a molecule yielding a 
positively charged ion and a negatively charged free electron. The instrument measures this energy level. 

Photoionization Detector (PI D) - Photoionization detector employed as general reference to air monitors of 
this type. PIDs detection method employs ultraviolet (UV) radiation as an energy source. As air and 
contaminant are drawn through the ionization chamber the UV light source causes the contaminant with 
ionization potentials equal to or less than the UV source to break into positive and negatively charge ions. 
The created ions are subjected to an electrostatic field. The voltage difference is measured in proportion 
to the calibration reference and the concentration of the contaminant. 

Ultraviolet Radiation (UV) - Ultraviolet radiation is the energy source employed by the instrument to ionize 
collected sample gas streams. The UV lamp source is required to be equal to or greater than the 
ionization potential of the substance drawn through the instrument in order to create separate ionized 
species. 

4.0 RESPONSIBILITIES 

Office Managers - Office Managers are responsible for ensuring that personnel under their direction who 
may use this device are first provided with adequate training and information. 

Project Managers - Project Managers are responsible for ensuring that appropriate health and safety 
requirements and resources are addressed for their assigned projects. 

Health and Safety Manager (HSM) - The HSM shall ensure that appropriate training is available to users 
of the Photovac 2020 instrument. 

Equipment Manager - The Equipment Manager shall ensure all air monitoring instrumentation slated for 
field activities has been operationally checked out, fully charged, and calibrated prior to issuing any 
instrument for field service. Maintenance deficiencies identified by the Equipment Manager will require 
those instruments to be pulled from service until repairs can be facilitated. 

Field Operations Leader (FOL)/Field Team Leader (FTL) - The FOLIFTL shall ensure all field team 
members employing the monitoring instruments as part of their assigned duties are adequately trained in 
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the operation and limitations of this instrument. The FOLIFTL shall ensure that the air monitoring 
instruments are employed as directed by site guidance documents (i.e., Work Plan, Health and Safety 
Plan, etc.). Additionally, the FOLIFTL shall ensure that the appropriate documentation and recordkeeping 
requirements are fulfilled including Documentation of Calibration and Direct Reading Instrument 
Response Data Sheets for air monitoring activities. On projects where a dedicated SSO is not assigned, 
the FOLIFTL is responsible for assuming the duties of that position. 

Health and Safety Officer (HSO) - The HSO is responsible for determining air monitoring requirements for 
the site activities, and providing direction for air monitoring during specific site activities. This 
identification of types of air monitoring and direction for use are indicated within the Site-Specific Health 
and Safety Plan (HASP). 

Site Safety Officer (SSO) - The SSO shall ensure the instruments identified are employed in the manner 
directed by the HSO, and that any action levels specified are observed for the application of engineering 
controls, personal protective equipment (PPE) use, and administrative controls. Additionally, he/she shall 
ensure the instruments are properly maintained and calibrated prior to use in the field. The SSO, during 
specific air monitoring applications including STEL and TWA mode measurements, will be responsible for 
the operation and application of this specialty air monitoring device. The SSO is also responsible for 
addressing relevant Hazard Communication requirements (e.g., MSDS, chemical inventories, labeling, 
training, etc.) on each assigned project. 

5.0 PROCEDURES 

5.1 Principle of Operation 

Direct-reading instruments such as a photoionization detector are typically used to monitor for airborne 
releases that could present an inhalation threat to personnel, and to screen and bias environmental 
samples. Proper use of these instruments by trained, qualified personnel is essential to the validity of any 
acquired results. Also essential is that the devices are properly calibrated according to manufacturers 
instructions (and the specifications of this SOP), and that users of the instrument properly document 
results. 

The Photovac portable photoionizer detects many organic (and a few inorganic) vapors. The basis for 
detection of this instrument is the ionization of components of captured gaseous streams. The incoming 
gas molecules are subjected to ultraviolet (UV) radiation, which is energetic enough to ionize many 
gaseous compounds. Molecules are transformed into charged-ion pairs, creating a current between two 
electrodes. Each molecule has a characteristic ionization potential, which is the energy required to 
remove an electron from the molecule, yielding a positively-charged ion and the free electron. The 
instrument measures this energy level. 

This instrument measures the concentration of airborne photoionizable gases and vapors and 
automatically displays and records these concentrations. It does not distinguish between individual 
substances. Readings displayed represent the total concentration of all photoionizable chemicals present 
in the sample. This instrument is factory set to display concentration in units of ppm or mg/m3

. 

The 2020 instrument is easy to operate. The meter display updates itself once per second. 
Concentrations are directly displayed on the readout. 

The 2020 instrument also performs short-term exposure limit (STEL), time-weighted average (TWA) and 
PEAK calculations. Any of these results can be viewed, but only one mode may be viewed at a time. 
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2020 has 6 keys for alphanumeric entry and for accessing multiple functions. The keys are used to set up 
and calibrate the 2020 instrument. They allow for the manipulation of the data in various ways. 

All information entered with the keys and stored in the instrument's memory. This is retained when the 
instrument is switched off. The clock and calendar continue to operate and do not need to be set each 
time the instrument is turned on. 

5.1.1 Displays 

The 2020 instrument has a meter display for reporting detected concentration, and a display used to 
indicate status information and guide the user through configuration options. All functions of the 
instrument will be controlled or reported using one of these displays. 

5.1.1.1 Meter Display 

The meter has a 4-digit display. It will always be used for reporting detected concentrations. When the 
detector and pump are off, the meter display will be blank. 

In order to accommodate the entire range of concentrations the 2020 can detect, the instrument has 2 
resolution settings. The 0.1 resolution setting should be used for concentrations below 100 ppm, and the 
1 resolution setting should be used for concentrations above 100 ppm. 

5.1.1.2 Status Display 

The status display is a 2 line by 16 character display. The top line is used to display status information 
and prompts the user for information. The bottom line is used for soft key names. Up to 3 names can be 
displayed for the 3 soft keys. If a name does not appear for a soft key, then the soft key has no 
associated function. 

5.1.2 Keys 

5.1.2.1 Fixed Keys 

The three round keys below the soft keys each have a fixed function. The first key is the ON/OFF key, the 
middle key is the EXIT key, and the last key is the ENTER key. 

The ON/OFF key is used both to turn power on to the 2020 as well as to turn the power off. To turn on 
2020, press the ON/OFF key. To turn the power off, press the ON/OFF key and hold it down for 2 
seconds, and then release it. This is done to prevent an accidental power off. 

The EXIT key provides a way of returning to the default display. In the functional map, the soft keys allow 
the user to advance and the EXIT key provides a way to go back. At the initial entry of the menu, EXIT 
will return the user to the default display. 

The ENTER key has a context sensitive function. When operating or navigating through the function map, 
the ENTER key is used to exit the functions and return to the default display. When entering data such as 
a name, number, date, or time, ENTER is used to confirm the entry. 
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The three soft keys on the 2020 are located directly below the status display. Each key has varying 
functions for configuring the 2020, editing the data logger, and controlling the display. Since only three 
soft keys are available, each function is broken down into a path. 

5.1.2.3 Entering Text With the Soft Keys 

For all information that must be entered, the left, center, and right soft keys correspond to the up, down, 
and right arrow. 

The up and down arrows are used to change the character highlighted by the cursor. The right arrow is 
used to advance the cursor to the next character to the right. When the cursor is advanced past the right 
most character, it wraps around to the first character again. To accept the changes, press the ENTER 
key. To ignore the change, press the EXIT key. 

Formatting characters, such as the colon (:) in the time, the decimal (.) in a concentration, and the slash 
(I) in the date are skipped when advancing the cursor. 

All inputs 8 characters long, which is displayed on the right side of the status display line. The prompt, 
describing the input, occupies the left side of the top line. The soft keys are defined on the bottom line of 
the status display. 

5.2 Default Display 

The meter display shows the detected concentration. The resolution of the display automatically changes 
with the magnitude of the reading. A reading of 0 to 99.9 will be displayed with a resolution of 0.1 ppm or 
mg/m3

. A reading greater than 99.9 will be shown with a resolution of 1 ppm or mg/m3
. The meter will 

display concentrations up to 2000 ppm or 2(XX) mg/m3
. 

The status display is used to indicate the instrument status, date, time, units, and active soft keys. 

The default display provides the following information: instrument status, current detected concentration, 
time, date, and measurement units. The status display toggles between showing time and units and then 
the date. 

When the display mode is MAX, the date and time correspond to the date and time the MAX concentration 
was recorded. In TWA mode, the time represents the number of hours and minutes during which the 
TWA has been accumulating. For PEAK and STEL monitoring, the date and time correspond to the 
current date and time. 

5.3 Monitoring 

5.3.1 Use and Documentation of Results 

As with any direct-reading instrument, understanding not only how - but when to use this instrument is 
essential to gathering relevant and valid data. This device will only respond to volatile substances in 
sampled air that have ionization potentials below the UV lamp strength. Inappropriate instrument 
selection, or use/interpretation of instrument results by an unqualified user not only can yield inaccurate 
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results, but could place personnel at risk of exposure to hazardous agents. Only personnel who are 
properly trained and authorized to use this device will be permitted to operate it. 

It is essential that instrument operators understand and comply with the requirements to document 
results. This includes the need to document calibration results as well as operational readings. 
Calibration results must be recorded using Figure 5-1. Operational results can be recorded in several 
ways, including: 

• Direct-Reading Instrument Response Data (Figure 5-2) - preferred method 
• Boring Log Forms (Figure 5-3) 
• Test Pit Log Forms (Figure 5-4) 
• Log book entries 

When using direcHeading instruments, it is important to monitor the air near the source of potential 
releases (e.g., drilling boreholes, tank entrances, drum openings, etc.) and at worker breathing zone 
areas. All readings should be recorded, including readings noted where background levels were not 
exceeded. 

5.3.2 Instrument Status 

The instrument status is shown on the left side of the first line of the status display and on the Table and 
Graph outputs. Each status has an assigned priority assigned to it. If more than one status is in effect, 
then the status with the highest priority is displayed until the condition is corrected or until the option is 
turned off. 

5.3.3 Alarms 

While operating the instrument, anyone of three audible alarm conditions can occur. To accurately 
identify the source of the alarm, each type of alarm has been given a unique status. 

The 2020 also has an audible alarm and a visual alarm LED. To conserve power, the 2020 alternates 
between these two alarm indicators, rather than operating both concurrently. Different alarms are 
identified by the frequency at which the 2020 alternates as follows: PEAK alarm-5 times per second; 
STEL alarm-2.5 times per second; and TWA alarm-1.25 times per second. 

The left soft key is used for acknowledging alarm conditions, and is named "Ack." If no alarm conditions 
exist, then the "Ack" key is not shown. To clear an alarm, press the !lAck" key. Once acknowledged, the 
alarm indicators are cleared. The alarm status will remain until the alarm condition clears. 

The 2020 updates the peak concentration once every second. Following every update, the peak 
concentration is compared to the peak alarm level, and if exceeded, an alarm is triggered. 

If the 15 minute average exceeds the selected STEL, a STEL alarm is generated. 

The TWA alarm is generated when the current average of concentration, since the TWA was last cleared, 
has exceeded the TWA exposure limit. . 
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During calibration, all alarms are disabled. Once the calibration is complete the alarms are re-enabled. 

5.4 STEL, TWA, MAX, and PEAK Operation 

The 2020's display can be configured to show one of four values: STEL, TWA, PEAK, and MAX. 

5.4.1 Short-term Exposure Limit (STEL) Mode 

The Short-term Exposure Limit (STEL) mode displays the concentration as a 15 minute moving average. 
The 2020 maintains 15 samples, each representing a one-minute averaging interval. 

Once every minute, the oldest of the 15 samples is replaced with a new one minute average. This moving 
average provides a 15-minute average of the last 15 minutes with a one-minute update rate. Since the 
average is calculated using 15 one-minute averages, the meter display will only update once every 
minute. 

STEL is set to zero each time the instrument is turned on. Since STEL is a 15-minute moving average, 
there is no need to clear or reset the STEL. 

STEL calculations are always being performed by the 2020. The results of the calculations can be 
displayed by selecting STEL as the Display mode. 

5.4.2 Time-weighted Average (TWA) Mode 

The TWA accumulator sums concentrations every second until 8 hours of data have been combined. If 
this value exceeds the TWA alarm setting, a TWA alarm is generated. The TWA is not calculated using a 
moving average. Once 8 hours of data have been summed, the accumulation stops. In order to reset the 
TWA accumulator, press the "Clr" key. 

This sum will only be complete after 8 hours, so the meter displays the current sum divided by 8 hours. 
While in the TWA mode, the time on the status display will show the number of minutes and hours of data 
that TWA data has been accumulated. When the sample time reaches 8 hours, the 2020 stops 
accumulating data and the TWA is complete. 

TWA calculations are always being performed by the 2020. The results of the calculations can be 
displayed by selecting TWA as the Display mode. When the sampling period is less than 8 hours, record 
the TWA readout along with the sampling duration displayed on the meter. 

5.4.3 MAX Mode 

The MAX mode displays the maximum signal, with the date and time that it was recorded. 2020 
continues to log data according to the selected averaging interval, but only the maximum detected 
concentration is shown on the meter display. 

The right soft key is used to clear the meter when displaying MAX. The "Clr" key only affects the reading 
that the meter is displaying. For example, if you display the MAX reading, and you press "Clr," only the 
MAX value is cleared. The TWA is still accumulating in the background. 
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The PEAK mode displays the current detected concentration. The reading is updated every second. In 
the background, the 2020 data logger is sampling the concentration and measuring minimum, maximum, 
and average concentrations for the selected averaging interval. At the end of every interval, one entry is 
placed in the data logger until the data logger is full. Typically, the instrument is operated in the PEAK 
mode. Operation within the other specialized modes are the responsibility of the SSO. 

5.5 Set Functions 

Pre-set functions are used to setup the 2020. There are three functions which can be used: Calibration, 
Pump and Clock. 

5.5.1 Pump 

The Pump function is used to control the pump. After selecting Set Pump, the 2020 responds by 
displaying the new pump status. 

The detector is also turned off when turning the pump off. This prevents the detector from being damaged 
when there is no sample flowing through the detector. 

When the pump and the detector are off, the meter display will be blank. Turn the pump and detector off 
when concentration measurements are not necessary, and the 2020 will only be used for reviewing data 
or generating reports. Operating the instrument with the pump and detector turned off will conserve the 
lives of the battery and ultraviolet (UV) lamp. 

1. Press the ENTER key. The top line of the status display changes to "Select?". The bottom line 
displays 3 soft key names: "Set," "Log," and "Disp." 

2. Press the soft key below "Set." 

3. The names of the soft keys change to reflect the Set options. The display now shows 3 devices 
which can be set: "Clock," "Pump," and "CaL" Press the "Pump" key. 

4. If the pump is off, pressing the "Pump" key will turn the pump on. 

5. A message will be displayed showing the status of the pump. The display reverts back to the 
previous menu after a few seconds. 

6. To return to the default display, press the ENTER key. 

5.5.2 Clock 

The Clock function is used to set both the current date and time. 

1. Press the ENTER key. 

2. Press the "Set" key. 

3. When the names of the soft keys change, press the "Clock" key. 
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The up and down arrows are used to change the character underlined by the cursor. The right 
arrow is used to advance the cursor to the next character to the right. When the cursor is 
advanced past the right-most character, it wraps around to the first character again. 

Formatting characters, such as the colon (:) in the time and the slash (I) in the date are skipped 
when advancing the cursor. 

4. Use the "arrow keys" to enter the correct time. The time is formatted as Hour:Minute:Second. 

5. Press the ENTER key to confirm the time and move to the date option. 

6. When setting the date, the 2020 prompts the user to input the current date formatted as 
Year/Month/Day. Use the "arrow keys" to enter the correct date. 

7. Press the ENTER key to confirm the date and return to the Set options. 

5.5.3 Calibration (Cal) 

The Cal function allows the user to setup and calibrate the 2020. Three options are available under the 
Cal function: "Zero," Span," and "Mem." 

A calibration memory consists of a name, a response factor, and PEAK, TWA, and STEL alarm levels. 

The "Zero" and "Span" keys are covered in detail in the manufacturer's operations manual for the 
instrument. 

To edit the calibration memory, select "Mem" and then "Chng." The 2020 prompts the user with two new 
soft keys: "User" and "Lib." 

5.5.4 Library (Lib) 

Library selections simplify Cal Memory programming, and provide standard response factors for 
approximately 70 applications. "Lib" allows you to select an entry from a pre-programmed library. The 
name, response factor, and three alarm levels are all set from the library. To select a library entry to 
program the selected Cal Memory: 

1. Select "Set," "Cal," "Mem," "Chng," and "Lib." 

2. Use the "Next" and "Prev" keys to scroll through the list. See the manufacturer's manual for a list 
of the library entries. 

5.6 Preparing for Field Operation of the Photovac 2020 

Turning 2020 On 

1. 

2. 
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Turn the 2020 on by pressing the ON/OFF key. 

The instrument will display the software version number. Wait for the 2020 to proceed to the 
default display. 
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3. Allow 10 minutes for the instrument to warm up and stabilize. 

4. Press the "Enter" Key. The default display will provide 3 soft key selections: "Set," "Log," and 
"Display." 

5. Press "Set." From this option 3 other soft key selections will be offered: "Pump," "Clock," and 
"Cal." 

6. Press "Cal." This will begin the calibration sequence. The first selection is to Zero the 
instrument. 

7. Press "Enter," zeroing will begin. (Note: When employing zero gas attach and activate zero gas 
supply at this time.) 

8. The next selection is for Span determination. Press "Enter" and the concentration will be 
requested. The isobutylene calibration gas employed under general service will be marked on the 
side of the container. Use the soft keys to toggle into position and to log the concentration. Once 
the concentration is logged press "Enter." The direction or status display will indicate spanning. 
At this time hook up the span gas with a regulator to the Photovac 2020, and open it to supply 
enough flow to elevate the flow rate indicator to the green indicator line (1/8" from the rest 
position). 

9. Once spanning is complete, the alarms which have been disabled during calibration will activate 
indicating that calibration is complete. 

10. Document this calibration procedure using a Documentation of Calibration form as illustrated in 
Figure 5-1. . 

This instrument is ready for use. 

Calibration is to be performed daily or prior to each use in accordance with Sections 5.6 and 5.7 of this 
SOP, and with manufacturer's recommendations. 

5.7 Maintenance and Calibration Schedule 

Function Frequency 
Routine Calibration Prior to each use. Complete Figure 5-4 for each 

calibration. 
Factory Inspection and Calibration Once a year, or when malfunctioning 
Wipe Down the Outer Casing of the Unit After each use 
Clean UV Light Source Every 24 hours of operation 
Sample Inlet Filter Change on a weekly basis or as required by level of 

use 
Battery charging After each use 
Clean ionization chamber Monthly 

5.7.1 Cleaning the UV Light Source Window 

1. Turn the FUNCTION switch to the OFF position. Use the instrument's multi-tool and remove lamp 
housing cover. 
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2. Tilt the lamp housing with one hand over the opening, slide the lamp out of the housing. 

3. The lamp window may now be cleaned with any of the following compounds using lens paper: 

a. 11.7 eV Lamp - Dry Aluminum Oxide Powder (3.0 micron powder) 
b. All other lamps - HPLC Grade Methanol 

Observe manufacturer's MSDS requirements when handling these substances. 

4. Following cleaning, reassemble by first sliding the lamp back into the lamp housing. Replace 
o-ring as necessary, reinstall lamp housing cover, tighten using the multi-tool. (Do not over 
tighten). 

5. Recalibrate as per Section 5.6. 

5.7.2 Cleaning the Ionization Chamber 

1. Turn the FUNCTION switch to the OFF position and remove the lamp housing cover and lamp as 
per Section 5.7.1. 

2. Using a gentle jet of compressed air, gently blowout any dust or debris. 

3. Following cleaning, reassemble by first sliding the lamp back into the lamp housing. Replace 
o-ring as necessary, reinstall lamp housing cover, tighten using the multi-tool. (Do not over 
tighten). 

4. Recalibrate as per Sections 5.6 and 5.7. 

5.8 Instrument Advantages 

The Photovac 2020 is easy to use in comparison to many other types of monitoring instrumentation. Its 
detection limit is in the low parts-per-million range. Response time quickly reaches 90 percent scale of 
the indicated concentration (less than 3 seconds for benzene). This instrument's automated performance 
covers multiple monitoring functions simultaneously, and incorporates data logging capabilities. 

5.9 Limitations of the Photovac 2020 Photoionization Monitor 

• Since the 2020 is a nonspecific total gas/vapor detector, it cannot be used to identify unknown 
chemicals; it can only quantitate them in relationship to a calibration standard (relative response 
ratio). 

• For appropriate application of the 2020, ionization potentials of suspected contaminants must be 
known. 

• Because the types of compounds that the 2020 can potentially detect are only a fraction of the 
chemicals possibly present at a hazardous waste site, a background or zero reading on this 
instrument does not necessarily signify the absence of air contaminants. 

• The 2020 instrument can monitor only certain vapors and gases in air. Many nonvolatile liquids, toxic 
solids, particulates, and other toxic gases and vapors cannot be detected. 
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• PID's are generally not compound-specific. Their response to different compounds is relative to the 
calibration gas used. This is generally referred to as the relative response ratio. Instrument readings 
may be higher or lower than the true concentration. This can be especially serious when monitoring 
for total contaminant concentrations if several different compounds are being detected at once. 

• The 2020 is a small, portable instrument which cannot be expected to yield results as accurately as 
laboratory instruments. 

5.9.1 Variables Affecting Monitoring Data 

Monitoring hazardous waste site environments can pose a significant challenge in assessing airborne 
concentrations and the potential threats to site personnel. Several variables may influence both 
dispersion and the instrument's ability to detect actual concentrations. Some of the variables which may 
impact these conditions are as follows: 

• Temperature Pressure - changes in temperature and/or pressure will influence volatization, and effect 
airborne concentrations. Additionally, an increase or decrease in temperature ranges may have an 
adverse effect on the instrument's ability to detect airborne concentrations. Significant changes in 
temperature or pressure from the time of calibration to the time of sample measurement may result in 
erroneous results. 

• Humidity - excessive levels of humidity may interfere with the accuracy of monitoring results. 

• Rainfall - through increased barometric pressure and water may influence dispersion pathways 
effecting airborne emissions. 

• Electromagnetic interference - high voltage sources, generators, other electrical equipment may 
interfere with the operation and accuracy of direct-reading monitoring instruments. 

6.0 TROUBLESHOOTING 

6.1 Fault Messages 

When the "Fault" status is displayed, the 2020's operation is comprised. 

Fault 1: Signal from zero gas is too high. 

Cause: If another fault occurred while the 2020 was setting its zero point, then this fault is displayed. 

Action: Ensure no faults are occurring and calibrate the 2020 again. 

Cause: Contamination of sample line, sample probe or fittings before the detector. 

Action: Clean or replace the sample line, sample probe or the inlet filter. 

Cause: Span gas and zero air are mixed up. 

Action: Ensure clean air is used to zero the 2020. If you are using Tedlar bags, mark the 
calibration and zero gas Tedlar bags clearly. 
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Action: If the quality of ambient air is unknown, use a supply of commercial zero grade air. 

Fault 2: Signal from span gas is too small. 

Cause: Operator may have incorrectly used the span gas for the zero air source. 

Action: Ensure clean air is used to zero the 2020. If you are using Tedlar bags, mark the 
calibration and zero gas Tedlar bags clearly. 

Action: Ensure the span gas is of a reliable concentration. 

Cause: UV lamp window is dirty. 

Note: Do not remove the detector lamp in a hazardous location. 

Action: Clean the UV lamp window. 

Cause: UV lamp is failing. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: Install a new UV lamp. 

Cause: Incompatible application. 

Action: The concentration and sample gas are incompatible for use with the 2020. 

Fault 3: UV lamp fault. UV lamp has not started. 

Cause: UV lamp has not started immediately. 

Action: This fault may be seen momentarily when the 2020 is first turned on. Allow 30 to 60 
seconds for the UV lamp to start and the fault to clear. 

Cause: UV lamp serial number label is blocking the photocell. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: The UV lamp has a white serial number label, it is possible that the label is blocking the 
photocell. Rotate the lamp approximately 90 degree and then try to start the 2020 again. 
If the fault persists, replace the lamp. 

Cause: UV lamp not installed. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: Install a UV lamp. 
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Cause: UV lamp has failed. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: Install a new UV lamp. 

Cause: Electronic problem. 

Action: If a new UV lamp still generates this fault, then contact the Photovac Service Department. 

Fault 4: Pump current too low or too high. 

Cause: If the pump sounds labored, then the pump is operating beyond normal operating parameters. 

Action: Check for an obstruction in the sample line. Make sure sample line, sample probe or inlet 
filter are not plugged. 

Note: Do not replace the inlet filter in a hazardous location. 

Action: Replace the inlet filter. 

Action: Ensure the sample outlet, located on the underside of the 2020, is not obstructed. 

Cause: UV lamp is too wide, causing flow to be restricted. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: If the UV lamp has a white serial number label, it is possible that the lamp is too wide for 
the lampholder. Contact the Equipment Manager. 

Cause: The 2020 has been exposed to a solvent that can pass through the inlet filter and liquid has been 
aspirated. 

Action: Contact the Equipment Manager. 

Cause: The pump has failed. 

Action: Contact the Equipment Manager. 

6.2 Specific Problems 

Problem: Very low or no instrument response detected, yet compounds are suspected to be 
present. 

Cause: The 2020 has not been calibrated properly. 

019611/P 

Action: Ensure the calibration gas is of a reliable concentration and then calibrate the instrument 
as outlined in the User's Manual. 
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After the instrument has been calibrated, sample the bag of calibration gas. A reading 
equivalent to the calibration gas should be displayed. If not, contact the Equipment 
Manager. 

Note: Do not remove or recharge the battery pack in a hazardous location. 

Action: Disconnect the battery charger before calibrating the 2020. 

Cause: Calibration Memories have not been programmed correctly. 

Action: Program all the calibration memories required for the intended application. You must use 
the correct calibration gas and concentration for each Cal Memory. 

Cause: Response factor has been set to zero. 

Action: Enter the correct response factor. Refer to the list of response factors. If the compound 
is not listed or you are measuring gas mixtures, then enter a value of 1.0. See User's 
Manual. 

Cause: Not using the correct Cal Memory. 

Action: Select the correct Cal Memory for the intended application. 

Note: It does not matter which Cal Memory is selected or which response factor is entered. The 2020's 
response is not specific to anyone compound. The reading displayed represents the total 
concentration of all ionizable compounds in the sample. 

Cause: Detector is leaking. A decrease in sensitivity may be due to a leak in the detector. 

Note: Do not remove or replace the detection lamp in a hazardous location. 

Action: Ensure the UV lamp has been installed correctly. 

Action: Ensure the lamp cover has been tightened. Do not overtighten the cover. 

Action: Ensure the o-ring seal on the lamp cover is positioned correctly. 

Cause: UV lamp is too long, causing flow to be restricted. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: If the UV lamp has a white serial number label, it is possible that the lamp is too long for 
the lampholder. Replace the lamp and contact the Equipment Manager. 

Cause: UV lamp is too wide, causing flow to be restricted. 
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Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: If the UV lamp has a white serial number label, it is possible that the lamp is too wide for 
the lampholder. Contact the Equipment Manager. 
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Cause: Sampling environment is extremely humid. 

Action: Water vapor is not ionized by the PID, but it does scatter and absorb the light and results 
in a lower reading. 

The 2020 detector has been designed to operate under high humidity conditions. Under 
extreme humidity conditions, there may be a decreased response. 

Cause: UV lamp is failing. 

Action: Replace UV lamp. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Cause: High concentration of non-ionizable compounds suspected. 

Action: Chemical compounds, such as methane, with IPs greater than the 10.6 eV scatter and 
absorb the UV light. Sensitivity may be decreased significantly. 

Application with high backgrounds of such materials, may be incompatible with the 2020. 
Contact the Photovac Applications Group for more information. 

Problem: Erroneously high readings. 

Cause: Sampling environment is extremely humid. 

Action: Water vapor may contain mineral salts which conduct a charge. The water vapor 
becomes an electrolytic solution which becomes ionized when it enters the detector. 

Atmospheric water in areas around the sea or stagnant water may produce a response in 
the absence of contaminants. The same effect may be seen when conducting ground 
water investigations in areas where the water contains a significant concentration of 
minerals. 

Cause: The 2020 has not been calibrated properly. 

Action: Ensure the calibration gas is of a reliable concentration and then calibrate the 
instrument as outlined in Sections 5.6 and 5.7. 

After the instrument has been calibrated, sample the bag of calibration gas. A 
reading equivalent to the calibration gas should be displayed. If not contact the 
Equipment Manager. 

Cause: Cal Memories have not been programmed correctly. 

Action: Program all the Cal Memories required for the intended application. The correct 
calibration gas and concentration must be used for each Cal Memory. See the User's 
Manual. 

Cause: Notusing the correct Cal Memory. 
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Action: Select the correct Cal Memory for the intended application. See the User's Manual. 

Note: It does not matter which Cal Memory is selected or which response factor is entered. The 2020's 
response is not specific to anyone compound. The reading displayed represents the total 
concentration of all ionizable compounds in the sample. 

Cause: Detector has been short circuited by foreign matter in the detector cell. 

Note: Do not service the 2020 in a hazardous location. 

Action: Do not touch the wire grid inside the detector cell. Use a gentle jet of compressed air to 
remove any dust in the detector cell. 

Warning: Do not insert any object, other than the UV lamp, into the lampholder. 

Cause: There is an undetermined problem. 

Action: Contact the Equipment Manager. 

Problem: Date and time settings are not retained. 

Cause: The battery pack was removed before the 2020 was turned off. 

Note: Do not remove or recharge the battery pack in a hazardous location. 

Action: Replace the battery pack and reset the time and date. Ensure that the 2020 has been 
turned off before removing the battery pack. 

Cause: The 2020 has not been used for 3 months or more and the internal battery (not the external 
battery pack) has discharged. 

Note: Do not remove or recharge the battery pack in a hazardous location. 

Action: Connect the 2020 to the AC adapter and turn the instrument on. Turn the pump off. 
While the 2020 is running the internal battery is charging. Leave the instrument running 
for approximately 24 hours. 

Problem: Instrument status shows "Over." 

Cause: High concentrations of gases and vapors will cause a rapid change in signal level. The detector 
and associated electronics may become temporarily saturated. 

Action: Wait a few seconds for the status to return to normal. PIDs are designed to detect 
relatively low concentrations of gases and vapors. Exposure to very high concentrations 
may result in a very high or maximum response. 

Cause: The detector has become saturated. 
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Action: Move the 2020 to a location where it can sample clean air. Sample clean air until the 
reading stabilizes around O. 
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Action: Do not touch the wire grid inside the detector cell. Use a gentle jet of compressed air to 
remove any dust or dirt in the detector cell. 

Warning: Do not insert any object, other than the UV lamp, into the lampholder. 

Cause: There is an undetermined problem. 

Action: Contact the Equipment Manager. 

Problem: Display is blank. 

Cause: Battery pack is critically low. 

Note: Do not remove or recharge the battery pack in a hazardous location. 

Action: Replace the battery pack or connect the 2020 to the AC adapter. 

Cause: The battery pack is not connected to the instrument correctly. 

Action: Ensure the battery pack connector is securely attached to the connector on the 2020. 

Cause: There is an undetermined problem. 

Action: Reset the 2020. Leave the instrument on while disconnecting the battery pack. This will 
reset the instrument. Reconnect the battery pack and close the battery hatch. Turn on 
the 2020, set the time and date and program all the calibration mem<;>ries. 

Action: Contact the Equipment Manager. 

Problem: Sample flow rate is less than 300 ml/min. 

Cause: Inlet filter is plugged. 

Note: Do not replace the inlet filter in a hazardous location. 

Action: Replace inlet filter. 

Cause: Inlet filter has not been installed properly. 

Action: Ensure that the inlet filter has been installed correctly. 

Cause: UV lamp is too long, causing flow to be restricted. 

Note: Do not remove or replace the detector lamp in a hazardous location. 

Action: If the UV lamp has a white serial number label, it is possible that the lamp is too long for 
the lamp holder. Replace the lamp and contact the Equipment Manager. 
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Action: If the UV lamp has a white serial number label, it is possible that the lamp is too wide for 
the lampholder. Contact the Equipment Manager. 

Cause: The 2020 has been exposed to a solvent that can pass through the inlet filter and liquid has been 
aspirated. 

Action: Contact the Equipment Manager. 

Cause: Sample outlet is obstructed. 

Action: Ensure the sample outlet is not obstructed in any way. 

Cause: Pump has been damaged. 

Action: Contact the Equipment Manager. 

Problem: Liquid has been aspirated. 

Cause: The 2020 has been exposed to a solvent that can pass through the inlet filter. 

Action: Contact the Equipment Manager. 

Problem: Corrosive gases and vapors have been sampled. 

Cause: The 2020 has been exposed to corrosive gases and vapors. 

Action: Corrosive gases and vapors can affect the electrodes within the detector as well as the 
lamp window. Prolonged exposure to corrosive materials may result in permanent 
fogging or etching of the window. If the 2020 is exposed to corrosive material, contact the 
Equipment Manager. 

7.0 SHIPPING 

• The Photovac may be shipped as cargo or carried on as luggage provided that there is no calibration 
gas cylinder accompanying the kit. When shipping or transporting the calibration gas, a Hazardous 
Materials (Dangerous Good) Airbill, including the information as stipulated in Figure 5-5 will be 
prepared. Only personnel who have been properly trained are permitted to offer a hazardous 
material for shipment. The "Shipping Hazardous Materials" course offered by Tetra Tech NUS is 
considered acceptable training for this purpose. Specific instructions on packaging, labeling, and 
otherwise preparing a hazardous material shipment are presented in the Student Manual that 
accompanies the course. 

8.0 REFERENCES 

Photovac 2020 Photo ionization Monitor User's Manual, 1995. 

Student Manual from "Shipping Hazardous Materials" course, Tetra Tech NUS, 1999. 
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This procedure discusses the methods used to collect surface, near surface, and subsurface soil 
samples. Additionally, it describes the method for sampling of test pits and trenches to determine 
subsurface soil and rock conditions, and recover small-volume or bulk samples. 

2.0 SCOPE 

This procedure is applicable to the collection of surface, near surface and subsurface soils for laboratory 
testing, which are exposed through hand digging, hand augering, drilling, or machine excavating at 
hazardous substance sites. 

3.0 GLOSSARY 

Composite Sample - A composite sample exists as a combination of more than one sample at various 
locations and/or depths and times, which is homogenized and treated as one sample. This type of sample 
is usually collected when determination of an average waste concentration for a specific area is required. 
Composite samples are not to be collected for volatile organics analysis. 

Grab Sample - One sample collected at one location and at one specific time. 

Non-Volatile Sample - A non-volatile sample includes all other chemical parameters (e.g., semivolatiles, 
pesticides/PCBs, metals, etc.) and those engineering parameters that do not require undisturbed soil for 
their analysis. 

Hand Auqer - A sampling device used to extract soil from the ground in a relatively undisturbed form. 

Thin-Walled Tube Sampler - A thin-walled metal tube (also called a Shelby tube) used to recover relatively 
undisturbed soil samples. These tubes are available in various sizes, ranging from 2 to 5 inches outside 
diameter (OD) and from 18 to 54 inches in length. 

Split-Barrel Sampler - A steel tube, split in half lengthwise, with the halves held together by threaded 
collars at either end of the tube. Also called a split-spoon sampler, this device can be driven into resistant 
materials using a drive weight mounted in the drilling string. A standard split-barrel sampler is typically 
available in two common lengths, providing either 20-inch or 26-inch longitudinal clearance for obtaining 
18-inch or 24-inch-long samples, respectively. These split-barrel samplers commonly range in size from 
2-inch OD to 3-1/2 inch OD. The larger sizes are commonly used when a larger volume of sample 
material is required. 

Test Pit and Trench - Open, shallow excavations, typically rectangular (if a test pit) or longitudinal (if a 
trench), excavated to determine the shallow subsurface conditions for engineering, geological, and soil 
chemistry exploration and/or sampling purposes. These pits are excavated manually or by machine (e.g., 
backhoe, clamshell, trencher excavator, or bulldozer). 

Confined Space - As stipulated in 29 CFR 1910.146, a confined space means a space that: 1) is large 
enough and so configured that an employee can bodily enter and perform assigned work; 2) has limited or 
restricted means for entry or exit (for example tanks, vessels, silos, storage bins, hoppers, vaults, pits, 
and excavations); and 3) is not designed for continuous employee occupancy. TtNUS considers all 
confined space as permit-required confined spaces. 
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Proiect Manaqer - The Project Manager is responsible for determining sampling objectives, as well as, the 
field procedures used in the collection of soil samples. Additionally, in consultation with other project 
personnel (geologist, hydrogeologist, etc.), the Project Manager establishes the need for test pits or 
trenches, and determines their approximate locations and dimensions. 

Site Safetv Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the technical 
support necessary to implement the project Health and Safety Plan. This will include (but not be limited 
to) performing air quality monitoring during sampling, boring and excavation activities, and to ensure that 
workers and offsite (downwind) individuals are not exposed to hazardous levels of airborne contaminants. 
The SSO/designee may also be required to advise the FOL on other safety-related matters regarding 
boring, excavation and sampling, such as mitigative measures to address potential hazards from unstable 
trench walls, puncturing of drums or other hazardous objects, etc. 

Field Operations Leader (FOL) - The FOL is responsible for finalizing the location of surface, near surface, 
and subsurface (hand and machine borings, test pitdtrenches) soil samples. He/she is ultimately 
responsible for the sampling and backfilling of boreholes, test pits and trenches, and for adherence to 
OSHA regulations during these operations. 

Proiect GeoloqistlSampler - The project geologistkampler is responsible for the proper acquisition of soil 
samples and the completion of all required paperwork (i.e., sample log sheets, field notebook, boring 
logs, test pit logs, container labels, custody seals, and chain-of-custody forms). 

Competent Person - A Competent Person, as defined in 29 CFR 1929.650 of Subpart P - Excavations, 
means one who is capable of identifying existing and predictable hazards in the surroundings, or working 
conditions which are unsanitary, hazardous, or dangerous to employees, and who has authorization to 
take prompt corrective measures to eliminate them. 

5.0 PROCEDURES 

5.1 Overview 

Soil sampling is an important adjunct to groundwater monitoring. Sampling of the soil horizons above the 
groundwater table can detect contaminants before they have migrated into the water table, and can 
establish the amount of contamination sorbed on aquifer solids that have the potential of contributing to 
groundwater contamination. 

Soil types can vary considerably on a hazardous waste site. These variations, along with vegetation, can 
affect the rate of contaminant migration through the soil. It is important, therefore, that a detailed record 
be maintained during the sampling operations, particularly noting the location, depth, and such 
characteristics as grain size, color, and odor. Subsurface conditions are often stable on a daily basis and 
may demonstrate only slight seasonal variation especially with respect to temperature, available oxygen 
and light penetration. Changes in any of these conditions can radically alter the rate of chemical reactions 
or the associated microbiological community, thus further altering specific site conditions. As a result, 
samples must be kept at their at-depth temperature or lower, protected from direct light, sealed tightly in 
approved glass containers, and be analyzed as soon as possible. 

The physical properties of the soil, its grain size, cohesiveness, associated moisture, and such factors as 
depth to bedrock and water table, will limit the depth from which samples can be collected and the method 
required to collect them. Often this information on soil properties can be obtained from published soil 
surveys available through the U.S. Geological Surveys and other government or farm agencies. It is the 
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5.2 Soil Sample Collection 

5.2.1 Procedure for Collecting Soil Samples for Volatile Organic Compounds 

The above described traditional sampling techniques, used for the collection of soil samples for volatile 
organic analysis, have recently been evaluated by the scientific community and determined to be 
ineffective in producing accurate results (biased low) due to the loss of volatile organics in the sampling 
stages and microbial degradation of aromatic volatiles. One of the newly adopted sampling procedures 
for collecting soil samples includes the field preservation of samples with methanol or sodium bisulfate to 
minimize volatilization and biodegradation. These preservation methods may be performed either in the 
field or laboratory, depending on the sampling methodology employed. 

Soil samples to be preserved by the laboratory are currently being performed using method SW-846, 
5035. Laboratories are currently performing low level analyses (sodium bisulfate preservation) and high 
level analyses (methanol preservation) depending on the end users needs. 

It should be noted that a major disadvantage of the methanol preservation method is that the laboratory 
reporting limits will be higher than conventional testing. The reporting levels using the new method for 
most analytes are 0.5 pg/g for GC/MS and 0.05 pg/g for GC methods. 

The alternative preservation method for collecting soil samples is with sodium bisulfate. This method is 
more complex to perform in the field and therefore is not preferred for field crews. It should also be noted 
that currently, not all laboratories have the capabilities to perform this analysis. The advantage to this 
method is that the reporting limits ( 0.001 pg/g for GC/PID or GC/ELCD, or 0.010 for GC/MS) are lower 
than those described above. 

The following procedures outline the necessary steps for collecting soil samples to be preserved at the 
laboratory, and for collecting soil samples to be preserved in the field with methanol or sodium bisulfate. 

5.2.1.1 Soil Samples to be Preserved at the Laboratory 

Soil samples collected for volatile organics that are to be preserved at the laboratory will be obtained using 
a hermetically sealed sample vial such as an EncoreTM sampler. Each sample will be obtained using a 
reusable sampling handle provided with the EncoreTM sampler. The sample is collected by pushing the 
EncoreTM sampler directly into the soil, ensuring that the sampler is packed tight with soil, leaving zero 
headspace. Using this type of sampling device eliminates the need for field preservation and the shipping 
restrictions associated with preservatives. A complete set of instructions is included with each EncoreTM 
sampler shipment by the manufacturer. 

Once the sample is collected, it should be placed on ice immediately and shipped to the laboratory within 
48 hours (following the chain-of-custody and documentation procedures outlined in SOP SA-6.1). 
Samples must be preserved by the laboratory within 48 hours of sample collection. 

If the lower detection limits are necessary, an option would be to collect several EncoreTM samplers at a 
given sample location. Send all samplers to the laboratory and the laboratory can perform the required 
preservation and analyses. 
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Soil samples preserved in the field may be prepared for analyses using both the low-level (sodium 
bisulfate preservation) method and medium-level (methanol preservation) method. 

Methanol Preservation (Medium Level): 

Soil samples to be preserved in the field with methanol will utilize 40-60 mL glass vials with septum lids. 
Each sample bottle will be filled with 25 mL of demonstrated analyte-free purge and trap grade methanol. 
Bottles may be prespiked with methanol in the laboratory or prepared in the field. 

Soil will be collected with the use of a decontaminated (or disposable), small-diameter coring device such 
as a disposable tube/plunger-type syringe with the tip cut off. The outside diameter of the coring device 
must be smaller than the inside diameter of the sample bottle neck. 

A small electronic balance or manual scale will be necessary for measuring the volume of soil to be added 
to the methanol preserved sample bottle. Calibration of the scale should be performed prior to use and 
intermittently throughout the day according to the manufacturers requirements. 

The sample should be collected by pulling the plunger back and inserting the syringe into the soil to be 
sampled. The top several inches of soil should be removed before collecting the sample. Approximately 
10 grams 229 (8-12 grams) of soil should be collected. The sample should be weighed and adjusted until 
obtaining the required amount of sample. The sample weight should be recorded to the nearest 0.01 
gram in the field logbook and/or sample log sheet. The soil should then be extruded into the methanol 
preserved sample bottle taking care not to contact the sample container with the syringe. The threads of 
the bottle and cap must be free of soil particles. 

After capping the bottle, swirl the sample (do not shake) in the methanol and break up the soil such that all 
of the soil is covered with methanol. Place the sample on ice immediately and prepare for shipment to the 
laboratory as described in SOP SA-6.1. 

Sodium Bisulfate Preservation (Low Level): 

Samples to be preserved using the sodium bisulfate method are to be prepared as follows: 

Add 1 gram of sodium bisulfate to 5 mL of laboratory grade deionized water in a 40-60 mL glass vial with 
septum lid. Bottles may be prespiked in the laboratory or prepared in the field. The soil sample should be 
collected in a manner as described above and added to the sample container. The sample should be 
weighed to the nearest 0.01 gram as described above and recorded in the field logbook or sample log 
sheet. 

Care should be taken when adding the soil to the sodium bisulfate solution. A chemical reaction of soils 
containing carbonates (limestone) may cause the sample to effervesce or the vial to possibly explode. 

When preparing samples using the sodium bisulfate preservation method, duplicate samples must be 
collected using the methanol preservation method on a one for one sample basis. The reason for this is 
because it is necessary for the laboratory to perform both the low level and medium level analyses. Place 
the sample on ice immediately and prepare for shipment to the laboratory as described in SOP SA-6.1. 

If the lower detection limits are necessary, an option to field preserving with sodium bisulfate would be to 
collect 3 EncoreTM samplers at a given sample location. Send all samplers to the laboratory and the 
laboratory can perform the required preservation and analyses. 

01 961 1 IP  Tetra Tech NUS, Inc. 



Number 
SA-1.3 

Subject 

SOIL SAMPLING Revision 
7 

Effective Date 
09/03 

5.2.2 Procedure for Collecting Non-Volatile Soil Samples 

Non-volatile soil samples may be collected as either grab or composite samples. The non-volatile soil 
sample is thoroughly mixed in a stainless steel or disposable, inert plastic tray, using a stainless steel 
trowel or other approved tool, then transferred into the appropriate sample container(s). Head space is 
permitted in a non-volatile soil sample container to allow for sample expansion. 

5.2.3 Procedure for Collecting Undisturbed Soil Samples (ASTM D1587-83) 

When it is necessary to acquire undisturbed samples of soil for purposes of engineering parameter 
analysis (e.g., permeability), a thin-walled, seamless tube sampler (Shelby tube) will be employed. The 
following method will be used: 

1. 

2. 

3. 

4. 

5. 

6. 

Remove all surface debris (e.g., vegetation, roots, twigs, etc.) from the specific sampling location and 
drill and clean out the borehole to the sampling depth, being careful to minimize the chance for 
disturbance of the material to be sampled. In saturated material, withdraw the drill bit slowly to 
prevent loosening of the soil around the borehole and to maintain the water level in the hole at or 
above groundwater level. 

The use of bottom discharge bits or jetting through an open-tube sampler to clean out the borehole 
shall not be allowed. Use of any side-discharge bits is permitted. 

A stationary piston-type sampler may be required to limit sample disturbance and aid in retaining the 
sample. Either the hydraulically operated or control rod activated-type of stationary piston sampler 
may be used. Prior to inserting the tube sampler into the borehole, check to ensure that the sampler 
head contains a check valve. The check valve is necessary to keep water in the rods from pushing 
the sample out the tube sampler during sample withdrawal and to maintain a suction within the tube to 
help retain the sample. 

To minimize chemical reaction between the sample and the sampling tube, brass tubes may be 
required, especially if the tube is stored for an extended time prior to testing. While steel tubes coated 
with shellac are less expensive than brass, they're more reactive, and shall only be used when the 
sample will be tested within a few days after sampling or if chemical reaction is not anticipated. With 
the sampling tube resting on the bottom of the hole and the water level in the boring at groundwater 
level or above, push the tube into the soil by a continuous and rapid motion, without impacting or 
twisting. In no case shall the tube be pushed farther than the length provided for the soil sample. 
Allow about 3 inches in the tube for cuttings and sludge. 

Upon removal of the sampling tube from the hole, measure the length of sample in the tube and also 
the length penetrated. Remove disturbed material in the upper end of the tube and measure the 
length of sample again. After removing at least an inch of soil from the lower end and after inserting 
an impervious disk, seal both ends of the tube with at least a 1/2-inch thickness of wax applied in a 
way that will prevent the wax from entering the sample. Clean filler must be placed in voids at either 
end of the tube prior to sealing with wax. Place plastic caps on the ends of the sample tube, tape the 
caps in place, and dip the ends in wax. 

Affix label(s) to the tube as required and record sample number, depth, penetration, and recovery 
length on the label. Mark the "up" direction on the side of the tube with indelible ink, and mark the 
end of the sample. Complete Chain-of-Custody (see SOP SA-6.3) and other required forms 
(including Attachment A of this SOP). Do not allow tubes to freeze, and store the samples vertically 
with the same orientation they had in the ground, (i.e., top of sample is up) in a cool place out of the 
sun at all times. Ship samples protected with suitable resilient packing material to reduce shock, 
vibration, and disturbance. 
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Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soil to be 
sampled. Often, very loose and/or wet samples cannot be retrieved by the samplers, and soils with a 
consistency in excess of very stiff cannot be penetrated by the sampler. Devices such as Dennison or 
Pitcher core samplers can be used to obtain undisturbed samples of stiff soils. Using these devices 
normally increases sampling costs, and therefore their use shall be weighed against the need for acquiring 
an undisturbed sample. 

5.3 Surface Soil Sampling 

The simplest, most direct method of collecting surface soil samples (most commonly collected to a depth 
of 6 inches) for subsequent analysis is by use of a stainless steel trowel. Surface soils are considered 
0-1 2 inches bgs. 

In general, the following equipment is necessary for obtaining surface soil samples: 

Stainless steel or pre-cleaned disposable trowel. 
Real-time air monitoring instrument (e.g., PID, FID, etc.). 
Latex gloves. 
Required Personal Protective Equipment (PPE). 
Required paperwork (see SOP SA-6.3 and Attachment A of this SOP). 
Required decontamination equipment. 
Required sample container(s). 
Wooden stakes or pin flags. 
Sealable polyethylene bags (i.e., Ziplod baggies). 
Heavy duty cooler. 
Ice. 
Chain-of-custody records and custody seals. 

When acquiring surface soil samples, the following procedure shall be used: 

1. 

2. 

3. 

4. 

5. 

Carefully remove vegetation, roots, twigs, litter, etc., to expose an adequate soil surface area to 
accommodate sample volume requirements. 

Using a decontaminated stainless steel trowel, follow the procedure cited in Section 5.2.1 for 
collecting a volatile soil sample. Surface soil samples for volatile organic analysis should be collected 
from 6-12 inches bgs only. 

Thoroughly mix (in-situ) a sufficient amount of soil to fill the remaining sample containers and transfer 
the sample into those containers utilizing the same stainless steel trowel employed above. Cap and 
securely tighten all sample containers. 

Affix a sample label to each container. Be sure to fill out each label carefully and clearly, addressing 
all the categories described in SOP SA-6.3. 

Proceed with the handling and processing of each sample container as described in SOP SA-6.2. 

5.4 Near-Surface Soil Sampling 

Collection of samples from near the surface (depth of 6-1 8 inches) can be accomplished with tools such 
as shovels and stainless steel or pre-cleaned disposable trowels. 
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0 Clean shovel. 
0 

0 Handauger. 
The equipment listed under Section 5.3 of this procedure. 

To obtain near-surface soil samples, the following protocol shall be observed: 

1. With a clean shovel, make a series of vertical cuts to the depth required in the soil to form a square 
approximately 1 foot by 1 foot. 

2. Lever out the formed plug and scrape the bottom of the freshly dug hole with a decontaminated 
stainless steel or pre-cleaned disposable trowel to remove any loose soil. 

3. Follow steps 2 through 5 listed under Section 5.3 of this procedure. 

5.5 Subsurface Soil Sampling With a Hand Auqer 

A hand augering system generally consists of a variety of all stainless steel bucket bits (i.e., cylinders 
6-1/2" long, and 2-3/4", 3-1/4", and 4" in diameter), a series of extension rods (available in 2', 3', 4' and 5' 
lengths), and a cross handle. A larger diameter bucket bit is commonly used to bore a hole to the desired 
sampling depth and then withdrawn. In turn, the larger diameter bit is replaced with a smaller diameter bit, 
lowered down the hole, and slowly turned into the soil at the completion depth (approximately 6 inches). 
The apparatus is then withdrawn and the soil sample collected. 

The hand auger can be used in a wide variety of soil conditions. It can be used to sample soil both from 
the surface, or to depths in excess of 12 feet. However, the presence of rock layers and the collapse of 
the borehole normally contribute to its limiting factors. 

To accomplish soil sampling using a hand augering system, the following equipment is required: 

0 

0 Stainless steel mixing bowls. 
0 

To obtain soil samples using a hand auger, the following procedure shall be followed: 

1. Attach a properly decontaminated bucket bit to a clean extension rod and further attach the cross 
handle to the extension rod. 

2. Clear the area to be sampled of any surface debris (vegetation, twigs, rocks, litter, etc.). 

3. Begin augering (periodically removing accumulated soils from the bucket bit) and add additional rod 
extensions as necessary. Also, note (in a field notebook, boring log, and/or on standardized data 
sheets) any changes in the color, texture or odor of the soil. 

4. After reaching the desired depth, slowly and carefully withdraw the apparatus from the borehole. 

5. Remove the soiled bucket bit from the rod extension and replace it with another properly 
decontaminated bucket bit. The bucket bit used for sampling is commonly smaller in diameter than 
the bucket bit employed to initiate the borehole. 

Complete hand auger assembly (variety of bucket bit sizes). 

The equipment listed under Section 5.3 of this procedure. 
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7. Slowly turn the apparatus until the bucket bit is advanced approximately 6 inches. 

8. Discard the top of the core (approximately l"), which represents any loose material collected by the 
bucket bit before penetrating the sample material. 

9. Fill volatile sample container(s), using a properly decontaminated stainless steel trowel, with sample 
material directly from the bucket bit. Refer to Section 5.2.1 of this procedure. 

10. Utilizing the above trowel, remove the remaining sample material from the bucket bit and place into a 
properly decontaminated stainless steel mixing bowl and thoroughly homogenize the sample material 
prior to filling the remaining sample containers. Refer to Section 5.2.2 of this procedure. 

11. Follow steps 4 and 5 listed under Section 5.3 of this procedure. 

5.6 Subsurface Soil Samplinq With a Split-Barrel Sampler (ASTM D1586-84) 

Split-barrel (split-spoon) samplers consist of a heavy carbon steel or stainless steel sampling tube that 
can be split into two equal halves to reveal the soil sample (see Attachment B). A drive head is attached 
to the upper end of the tube and serves as a point of attachment for the drill rod. A removable tapered 
nosepiece/drive shoe attaches to the lower end of the tube and facilitates cutting. A basket-like sample 
retainer can be fitted to the lower end of the split tube to hold loose, dry soil samples in the tube when the 
sampler is removed from the drill hole. This split-barrel sampler is made to be attached to a drill rod and 
forced into the ground by means of a 140-lb. or larger casing driver. 

Split-barrel samplers are used to collect soil samples from a wide variety of soil types and from depths 
greater than those attainable with other soil sampling equipment. 

The following equipment is used for obtaining split-barrel samples: 

0 

0 

Drilling equipment (provided by subcontractor). 

Split-barrel samplers (O.D. 2 inches, I.D. 1-3/8 inches, either 20 inches or 26 inches long); 
O.D. samplers are available if a larger volume of sample is needed. 

Drive weight assembly, 140-lb. weight, driving head and guide permitting free fall of 30 inches. 0 

0 Stainless steel mixing bowls. 

0 

The following steps shall be followed to obtain split-barrel samples: 

Equipment listed under Section 5.3 of this procedure. 

.arger 

1. Remove the drive head and nosepiece, and open the sampler to reveal the soil sample. Immediately 
scan the sample core with a real-time air monitoring instrument (e.g., FID, PID, etc.). Carefully 
separate the soil core, with a decontaminated stainless steel knife or trowel, at about 6-inch intervals 
while scanning the center of the core for elevated readings. Also scan stained soil, soil lenses, and 
anomalies (if present), and record readings. 

2. Collect the volatile sample from the center of the core where elevated readings occurred. If no 
elevated readings where encountered the sample material should still be collected from the core's 
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3. Using the same trowel, remove remaining sample material from the split-barrel sampler (except for 
the small portion of disturbed soil usually found at the top of the core sample) and place the soil into a 
decontaminated stainless steel mixing bowl. Thoroughly homogenize the sample material prior to 
filling the remaining sample containers. Refer to Section 5.2.2 of this procedure. 

4. Follow steps 4 and 5 listed under Section 5.3 of this procedure. 

5.7 Subsurface Sol Sampling Usinn Direct Push Technologv 

Subsurface soil samples can be collected to depths of 40+ feet using direct push technology (DPT). DPT 
equipment, responsibilities, and procedures are described in SOP SA-2.5. 

5.8 Excavation and Sampling of Test Pits and Trenches 

5.8.1 App I icab i lity 

This subsection presents routine test pit or trench excavation techniques and specialized techniques that 
are applicable under certain conditions. 

During the excavation of trenches or pits at hazardous waste sites, several health and safety concerns 
arise which control the method of excavation. No personnel shall enter any test pit or excavation over 
4feet deep except as a last resort, and then only under direct supervision of a Competent Person (as 
defined in 29 CFR 1929.650 of Subpart P - Excavations). Whenever possible, all required chemical and 
lithological samples should be collected using the excavator bucket or other remote sampling apparatus. 
If entrance is still required, all test pits or excavations must be stabilized by bracing the pit sides using 
specifically designed wooden or steel support structures. Personnel entering the excavation may be 
exposed to toxic or explosive gases and oxygen-deficient environments. Any entry may constitute a 
Confined Space and must be done in conformance with all applicable regulations. In these cases, 
substantial air monitoring is required before entry, and appropriate respiratory gear and protective clothing 
is mandatory. There must be at least two persons present at the immediate site before entry by one of the 
investigators. The reader shall refer to OSHA regulations 29 CFR 1926, 29 CFR 1910.120, 
29 CFR 191 0.134, and 29 CFR 191 0.1 46. 

Excavations are generally not practical where a depth of more than about 15 feet is desired, and they are 
usually limited to a few feet below the water table. In some cases, a pumping system may be required to 
control water levels within the pit, providing that pumped water can be adequately stored or disposed. If 
data on soils at depths greater than 15 feet are required, the data are usually obtained through test 
borings instead of test pits. 

In addition, hazardous wastes may be brought to the surface by excavation equipment. This material, 
whether removed from the site or returned to the subsurface, must be properly handled according to any 
and all applicable federal, state, and local regulations. 

5.8.2 Test Pit and Trench Excavation 

These procedures describe the methods for excavating and logging test pits and trenches excavated to 
determine subsurface soil and rock conditions. Test pit operations shall be logged and documented (see 
Attachment C). 
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0 The chemicals of concern. 

The purpose and extent of the exploration. 
The space required for efficient excavation. 

The economics and efficiency of available equipment. 

Equipment 

Trenching machine 

Test pits normally have a cross section that is 4 to 10 feet square; test trenches are usually 3 to 6 feet 
wide and may be extended for any length required to reveal conditions along a specific line. The following 
table, which is based on equipment efficiencies, gives a rough guide for design consideration: 

Typical Widths, in Feet 

2 
~ 

Backhoe 2-6 

Track dozer 10 

I Track loader I 10 I 
I Excavator I 10 I 
I Scraper I 20 I 

The lateral limits of excavation of trenches and the position of test pits shall be carefully marked on area 
base maps. If precise positioning is required to indicate the location of highly hazardous waste materials, 
nearby utilities, or dangerous conditions, the limits of the excavation shall be surveyed. Also, if precise 
determination of the depth of buried materials is needed for design or environmental assessment 
purposes, the elevation of the ground surface at the test pit or trench location shall also be determined by 
survey. If the test pivtrench will not be surveyed immediately, it shall be backfilled and its position 
identified with stakes placed in the ground at the margin of the excavation for later surveying. 

The construction of test pits and trenches shall be planned and designed in advance as much as possible. 
However, field conditions may necessitate revisions to the initial plans. The final depth and construction 
method shall be determined by the field geologist. The actual layout of each test pit, temporary staging 
area, and spoils pile will be predicated based on site conditions and wind direction at the time the test pit is 
made. Prior to excavation, the area can be surveyed by magnetometer or metal detector to identify the 
presence of underground utilities or drums. 

As mentioned previously, no personnel shall enter any test pit or excavation except as a last resort, and 
then only under direct supervision of a Competent Person. If entrance is still required, Occupational 
Safety and Health Administration (OSHA) requirements must be met (e.g., walls must be braced with 
wooden or steel braces, ladders must be in the hole at all times, and a temporary guardrail must be placed 
along the surface of the hole before entry). It is emphasized that the project data needs should be 
structured such that required samples can be collected without requiring entrance into the excavation. For 
example, samples of leachate, groundwater, or sidewall soils can be taken with telescoping poles, etc. 

Dewatering may be required to assure the stability of the side walls, to prevent the bottom of the pit from 
heaving, and to keep the excavation dry. This is an important consideration for excavations in 
cohesionless material below the groundwater table. Liquids removed as a result of dewatering operations 
must be handled as potentially contaminated materials. Procedures for the collection and disposal of 
such materials should be discussed in the site-specific project plans. 
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5.8.3 Sampling in Test Pits and Trenches 

5.8.3.1 General 

Test pits and trenches are usually logged as they are excavated. Records of each test pivtrench will be 
made as presented in Attachment C. These records include plan and profile sketches of the test 
pivtrench showing materials encountered, their depth and distribution in the pivtrench, and sample 
locations. These records also include safety and sample screening information. 

Entry of test pits by personnel is extremely dangerous, shall be avoided unless absolutely necessary, and 
can occur only after all applicable Health and Safety and OSHA requirements have been met. 

The final depth and type of samples obtained from each test pit will be determined at the time the test pit 
is excavated. Sufficient samples are usually obtained and analyzed to quantify contaminant distribution as 
a function of depth for each test pit. Additional samples of each waste phase and any fluids encountered 
in each test pit may also be collected. 

In some cases, samples of soil may be extracted from the test pit for reasons other than waste sampling 
and chemical analysis, for instance, to obtain geotechnical information. Such information would include 
soil types, stratigraphy, strength, etc., and could therefore entail the collection of disturbed (grab or bulk) 
or relatively undisturbed (hand-carved or pushed/driven) samples, which can be tested for geotechnical 
properties. The purposes of such explorations are very similar to those of shallow exploratory or test 
borings, but often test pits offer a faster, more cost-effective method of sampling than installing borings. 

5.8.3.2 Samplinq Equipment 

The following equipment is needed for obtaining samples for chemical or geotechnical analysis from test 
pits and trenches: 

0 Backhoe or other excavating machinery. 

0 Shovels, picks, hand augers, and stainless steel trowels/disposable trowels. 

0 Sample container - bucket with locking lid for large samples; appropriate bottleware for chemical or 
geotechnical analysis samples. 

0 Polyethylene bags for enclosing sample containers; buckets. 

0 Remote sampler consisting of 10-foot sections of steel conduit (1 -inch-diameter), hose clamps and 
right angle adapter for conduit (see Attachment D). 

5.8.3.3 Samplinq Methods 

The methods discussed in this section refer to test pit sampling from grade level. If test pit entry is 
required, see Section 5.8.3.4. 

0 Excavate trench or pit in several depth increments. After each increment, the operator will wait while 
the sampler inspects the test pit from grade level to decide if conditions are appropriate for sampling. 
(Monitoring of volatiles by the SSO will also be used to evaluate the need for sampling.) Practical 
depth increments range from 2 to 4 feet. 
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Any fluid phase or groundwater seepage is encountered in the test pit. 
Any drums, other potential waste containers, obstructions or utility lines are encountered. 
Distinct changes of material are encountered. 

This action is necessary to permit proper sampling of the test pit and to prevent a breach of safety 
protocol. Depending upon the conditions encountered, it may be required to excavate more slowly and 
carefully with the backhoe. 

For obtaining test pit samples from grade level, the following procedure shall be followed: 

Remove loose material to the greatest extent possible with backhoe. 

Secure walls of pit if necessary. (There is seldom any need to enter a pit or trench which would justify 
the expense of shoring the walls. All observations and samples should be taken from the ground 
surface.) 

Samples of the test pit material are to be obtained either directly from the backhoe bucket or from the 
material once it has been deposited on the ground. The sampler or Field Operations Leader directs 
the backhoe operator to remove material from the selected depth or location within the test pitltrench. 
The bucket is brought to the surface and moved away from the pit. The sampler and/or SSO then 
approaches the bucket and monitors its contents with a photoionization or flame ionization detector. 
The sample is collected from the center of the bucket or pile and placed in sample containers using a 
decontaminated stainless steel trowel or disposable spatula. 

If a composite sample is desired, several depths or locations within the pitltrench are selected and a 
bucket is filled from each area. It is preferable to send individual sample bottles filled from each 
bucket to the laboratory for compositing under the more controlled laboratory conditions. However, if 
compositing in the field is required, each sample container shall be filled from materials that have 
been transferred into a mixing bucket and homogenized. Note that homogenization/compositing is not 
applicable for samples to be subjected to volatile organic analysis. 

Using the remote sampler shown in Attachment D, samples can be taken at the desired depth from 
the side wall or bottom of the pit. The face of the pit/trench shall first be scraped (using a long- 
handled shovel or hoe) to remove the smeared zone that has contacted the backhoe bucket. The 
sample shall then be collected directly into the sample jar, by scraping with the jar edge, eliminating 
the need to utilize samplers and minimizing the likelihood of cross-contamination. The sample jar is 
then capped, removed from the assembly, and packaged for shipment. 

Complete documentation as described in SOP SAr6.3 and Attachment C of this SOP. 

5.8.3.4 In-Pit Samplinq 

Under rare conditions, personnel may be required to enter the test pitltrench. This is necessary only when 
soil conditions preclude obtaining suitable samples from the backhoe bucket (e.g., excessive mixing of 
soils or wastes within the test pitltrench) or when samples from relatively small discrete zones within the 
test pit are required. This approach may also be necessary to sample any seepage occurring at discrete 
levels or zones in the test pit that are not accessible with remote samplers. 

In general, personnel shall sample and log pits and trenches from the ground surface, except as provided 
for by the following criteria: 
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0 The Site Safety Officer and Competent Person determines that such action can be accomplished 
without breaching site safety protocol. This determination will be based on actual monitoring of the 
pitltrench after it is dug (including, at a minimum, measurements of volatile organics, explosive gases 
and available oxygen). 

0 A Company-designated Competent Person determines that the pitltrench is stable or is made stable 
(by grading the sidewalls or using shoring) prior to entrance of any personnel. OSHA requirements 
must be strictly observed. 

If these conditions are satisfied, one person will enter the pitltrench. On potentially hazardous waste sites, 
this individual will be dressed in safety gear as required by the conditions in the pit. He/she will be affixed 
to a safety rope and continuously monitored while in the pit. 

A second individual will be fully dressed in protective clothing including a self-contained breathing device 
and on standby during all pit entry operations. The individual entering the pit will remain therein for as 
brief a period as practical, commensurate with performance of hidher work. After removing the smeared 
zone, samples shall be obtained with a decontaminated trowel or spoon. As an added precaution, it is 
advisable to keep the backhoe bucket in the test pit when personnel are working below grade. Such 
personnel can either stand in or near the bucket while performing sample operations. In the event of a 
cave-in they can either be lifted clear in the bucket, or at least climb up on the backhoe arm to reach 
safety. 

5.8.3.5 Geotechnical Samplinq 

In addition to the equipment described in Section 5.8.3.2, the following equipment is needed for 
geotechnical sampling: 

Soil sampling equipment, similar to that used in shallow drilled boring (i.e., open tube samplers), which 
can be pushed or driven into the floor of the test pit. 

0 Suitable driving (i.e., a sledge hammer) or pushing (i.e., the backhoe bucket) equipment which is used 
to advance the sampler into the soil. 

0 Knives, spatulas, and other suitable devices for trimming hand-cawed samples. 

0 Suitable containers (bags, jars, tubes, boxes, etc.), labels, wax, etc. for holding and safely transporting 
collected soil samples. 

0 Geotechnical equipment (pocket penetrometer, torvane, etc.) for field testing collected soil samples 
for classification and strength properties. 

Disturbed grab or bulk geotechnical soil samples may be collected for most soils in the same manner as 
comparable soil samples for chemical analysis. These collected samples may be stored in jars or plastic- 
lined sacks (larger samples), which will preserve their moisture content. Smaller samples of this type are 
usually tested for their index properties to aid in soil identification and classification, while larger bulk 
samples are usually required to perform compaction tests. 

Relatively undisturbed samples are usually extracted in cohesive soils using open tube samplers, and 
such samples are then tested in a geotechnical laboratory for their strength, permeability and/or 
compressibility. The techniques for extracting and preserving such samples are similar to those used in 
performing Shelby tube sampling in borings, except that the sampler is advanced by hand or backhoe, 
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A sledge hammer or the backhoe may be used to drive or push the sampler or tube into the ground. 
Place a piece of wood over the top of the sampler or sampling tube to prevent damage during 
driving/pushing of the sample. Pushing the sampler with a constant thrust is always preferable to driving it 
with repeated blows, thus minimizing disturbance to the sample. If the sample cannot be extracted by 
rotating it at least two revolutions (to shear off the sample at the bottom), hand-excavate to remove the 
soil from around the sides of the sampler. If hand-excavation requires entry of the test pit, the 
requirements in Section 5.8.3.4 of this procedure must be followed. Prepare, label, pack and transport the 
sample in the required manner, as described in SOP SA-6.3 and SA-6.1. 

5.8.4 Backfilling of Trenches and Test Pits 

All test pits and excavations must be either backfilled, covered, or otherwise protected at the end of each 
day. No excavations shall remain open during non-working hours unless adequately covered or otherwise 
protected. 

Before backfilling, the onsite crew shall photograph all significant features exposed by the test pit and 
trench and shall include in the photograph a scale to show dimensions. Photographs of test pits shall be 
marked to include site number, test pit number, depth, description of feature, and date of photograph. In 
addition, a geologic description of each photograph shall be entered in the site logbook. All photographs 
shall be indexed and maintained as part of the project file for future reference. 

After inspection, backfill material shall be returned to the pit under the direction of the FOL. 

If a low permeability layer is penetrated (resulting in groundwater flow from an upper contaminated flow 
zone into a lower uncontaminated flow zone), backfill material must represent original conditions or be 
impermeable. Backfill could consist of a soil-bentonite mix prepared in a proportion specified by the FOL 
(representing a permeability equal to or less than original conditions). Backfill can be covered by "clean" 
soil and graded to the original land contour. Revegetation of the disturbed area may also be required. 

5.9 Records 

The appropriate sample log sheet (see Attachment A of this SOP) must be completed by the site 
geologistlsampler. All soil sampling locations should be documented by tying in the location of two or 
more nearby permanent landmarks (building, telephone pole, fence, etc.) or obtaining GPS coordinates; 
and shall be noted on the appropriate sample log sheet, site map, or field notebook. Surveying may also 
be necessary, depending on the project requirements. 

Test pit logs (see Attachment C of this SOP) shall contain a sketch of pit conditions. In addition, at least 
one photograph with a scale for comparison shall be taken of each pit. Included in the photograph shall 
be a card showing the test pit number. Boreholes, test pits and trenches shall be logged by the field 
geologist in accordance with SOP GH-1.5. 

Other data to be recorded in the field logbook include the following: 

0 

0 

Name and location of job. 
Date of boring and excavation. 
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Approximate surface elevation. 
Total depth of boring and excavation. 
Dimensions of pit. 
Method of sample acquisition. 
Type and size of samples. 
Soil and rock descriptions. 
Photographs. 
Groundwater levels. 
Organic gas or methane levels. 
Other pertinent information, such as waste material encountered. 

6.0 REFERENCES 

American Society for Testing and Materials, 1987. ASTM Standards D1587-83 and D1586-84. ASTM 
Annual Book of Standards. ASTM. Philadelphia, Pennsylvania. Volume 4.08. 

NUS Corporation, 1986. Hazardous Material Handling Training Manual. 
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OSHA, Excavation, Trenchinq and Shorinq 29 CFR 1926.650-653. 

OSHA, Confined Space Entry 29 CFR 191 0.1 46. 
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ATTACHMENT A 
SOIL & SEDIMENT SAMPLE LOG SHEET 

Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET 

Page- of - 

Project Site Name: 
Project No.: Sample Locanon: 

Sample ID No.: 

Sampled By 
0 SurfacaSoil C.0 C No.: 
1 Subsurface Soil 
0 Sediment Type of Sample: 
I] Other. 0 Low Concentration 
I] QA Sample Type: 0 High Concentration 

rime: 
dethod. 
donitor Reading Wm). 

r - -  I I I 

I I I 
I I I 

I I I 
I I I 
I I I 
I I I 
I I I 

K4SllASD Duplicate ID No.: I 
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ATTACHMENT C 
TEST PIT LOG 

TEST PIT LOG Page - of I [Tt] Tetra Tech NUS, Inc. 

PROJECT NAME: TEST PIT No.: 
PROJECT NUM8ER: DATE 
LOCATION: GEOLOGIST: 

I I I MATERIAL DESCRIPTION I I  PlDmD READING 

REMARKS: 

PHOTO LOG: 
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REMOTE SAMPLE HOLDER FOR TEST PlTmRENCH SAMPLING 
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RIGHT-ANGLE 

HOSE CLAMP 

STEEL 
I CONOUlT CLAMP 
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The purpose of this Standard Operating Procedure (SOP) is to provide information on sample 
preservation, packaging, and shipping procedures to be used in handling environmental samples 
submitted for chemical constituent, biological, or geotechnical analysis. Sample chain-of-custody 
procedures and other aspects of field documentation are addressed in SOP SA-6.3. Sample identification 
is addressed in SOP CT-04. 

2.0 SCOPE 

This procedure describes the appropriate containers to be used for samples depending on the analyses to 
be performed, and the steps necessary to preserve the samples when shipped off site for chemical 
analysis. 

3.0 GLOSSARY 

Hazardous Material - A substance or material which has been determined by the Secretary of 
Transportation to be capable of posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated. Under 49CFR, the term includes 
hazardous substances, hazardous wastes, marine pollutants, and elevated temperature materials, as well 
as materials designated as hazardous under the provisions of S172.101 and 91 72.1 02 and materials that 
meet the defining criteria for hazard classes and divisions in Part 173. With slight modifications, IATA has 
adopted DOT "hazardous materials" as IATA "Dangerous Goods." 

Hazardous Waste - Any substance listed in 40 CFR, Subpart D (~261.30 et seq.), or otherwise 
characterized as ignitable, corrosive, reactive, or toxic (as defined by Toxicity Characteristic Leaching 
Procedure, TCLP, analysis) as specified under 40 CFR, Subpart C (~261.20 et seq.), that would be 
subject to manifest requirements specified in 40 CFR 262. Such substances are defined and regulated by 
EPA. 

Markinq - A descriptive name, identification number, instructions, cautions, weight, specification or UN 
marks, or combination thereof required on outer packaging of hazardous materials. 

n.o.i - Not otherwise indicated (may be used interchangeably with n.0.s.). 

n.0.s. - Not otherwise specified. 

Packaqinq - A receptacle and any other components or materials necessary for compliance with the 
minimum packaging requirements of 49 CFR 174, including containers (other than freight containers or 
overpacks), portable tanks, cargo tanks, tank cars, and multi-unit tank-car tanks to perform a containment 
function in conformance with the minimum packaging requirements of 49 CFR 173.24(a) & (b). 

Placard - Color-coded, pictorial sign which depicts the hazard class symbol and name and which is placed 
on the side of a vehicle transporting certain hazardous materials. 

Common Preservatives: 

0 Hydrochloric Acid - HCI 
-0 Sulfuric Acid - H2S04 
0 Nitric Acid - HN03 
0 Sodium Hydroxide - NaOH 
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0 Zinc Acetate 
0 Sodium Thiosulfate - Na2S203 

Normalitv (N) - Concentration of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing 1 gram-atom of replaceable hydrogen or its equivalent. 

ReDortable Quantitv [RQ) - For the purposes of this SOP, means the quantity specified in column 3 of the 
Appendix to DOT 49 CFR S172.101 for any material identified in column 1 of the appendix. A spill greater 
than the amount specified must be reported to the National Response Center. 

Sample - A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions at the location and time of collection. 

4.0 RESPONSIBILITIES 

Field Operations Leader - Directly responsible for the bottling, preservation, labeling, packaging, shipping, 
and custody of samples up to and including release to the shipper. 

Field Samplers - Responsible for initiating the Chain-of-Custody Record (per SOP SA-6.3), implementing 
the packaging and shipping requirements, and maintaining custody of samples until they are relinquished 
to another custodian or to the shipper. 

5.0 PROCEDURES 

Sample identification, labeling, documentation, and chain-of-custody are addressed by SOP SA-6.3. 

5.1 Sample Containers 

Different types of chemicals react differently with sample containers made of various materials. For 
example, trace metals adsorb more strongly to glass than to plastic, whereas many organic chemicals 
may dissolve various types of plastic containers. Attachments A and B show proper containers (as well as 
other information) per 40 CFR 136. In general, the sample container shall allow approximately 
5-1 0 percent air space ("ullage") to allow for expansion/vaporization if the sample warms during transport. 
However, for collection of volatile organic compounds, head space shall be omitted. The analytical 
laboratory will generally provide certified-clean containers for samples to be analyzed for chemical 
constituents. Shelby tubes or other sample containers are generally provided by the driller for samples 
requiring geotechnical analysis. Sufficient lead time shall be allowed for a delivery of sample container 
orders. Therefore, it is critical to use the correct container to maintain the integrity of the sample prior to 
analysis. 

Once opened, the container must be used at once for storage of a particular sample. Unused but opened 
containers are to be considered contaminated and must be discarded. Because of the potential for 
introduction of contamination, they cannot be reclosed and saved for later use. Likewise, any unused 
containers which appear contaminated upon receipt, or which are found to have loose caps or a missing 
Teflon liner (if required for the container), shall be discarded. 

5.2 Sample Preservation 

Many water and soil samples are unstable and therefore require preservation to prevent changes in either 
the concentration or the physical condition of the constituent(s) requiring analysis. Although complete and 
irreversible preservation of samples is not possible, preservation does retard the chemical and biological 
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5.2.1 Overview 

Dilution 

The preservation techniques to be used for various analytes are listed in Attachments A and B. Reagents 
required for sample preservation will either be added to the sample containers by the laboratory prior to 
their shipment to the field or be added in the field (in a clean environment). Only high purity reagents shall 
be used for preservation. In general, aqueous samples of low-concentration organics (or soil samples of 
low- or medium-concentration organics) are cooled to 4°C. Medium-concentration aqueous samples, 
high-hazard organic samples, and some gas samples are typically not preserved. Low-concentration 
aqueous samples for metals are acidified with HN03, whereas medium-concentration and high-hazard 
aqueous metal samples are not preserved. Low- or medium-concentration soil samples for metals are 
cooled to 4"C, whereas high-hazard samples are not cooled. 

Concentration Estimated 
Amount 

Required for 
Preservation 

The following subsections describe the procedures for preparing and adding chemical preservatives. 
Attachments A and B indicate the specific analytes which require these preservatives. 

1 part concentrated H2S04: 1 part 
double-distilled, deionized water 
Undiluted concentrated HN03 
400 grams solid NaOH dissolved in 
870 mL double-distilled, deionized 
water; yields 1 liter of solution 

The FOL is responsible for ensuring that an accurate Chemical Inventory is created and maintained for all 
hazardous chemicals brought to the work site (see Section 5 of the TtNUS Health and Safety Guidance 
Manual). Furthermore, the FOL must ensure that a corresponding Material Safety Data Sheet (MSDS) is 
collected for every substance entered on the site Chemical Inventory, and that all persons using/handling/ 
disposing of these substances review the appropriate MSDS for substances they will work with. The 
Chemical Inventory and the MSDSs must be maintained at each work site in a location and manner where 
they are readily-accessible to all personnel. 

18N 2 - 5 m L  

16N 2 - 5 m L  
1 ON 2 mL 

5.2.2 Preparation and Addition of Reagents 

Addition of the following acids or bases may be specified for sample preservation; these reagents shall be 
analytical reagent (AR) grade or purer and shall be diluted to the required concentration with deionized 
water before field sampling commences. To avoid uncontrolled reactions, be sure to Add Acid to water 
(not vice versa). A dilutions guide is provided below. 

AcidIBase 

Hydrochloric Acid (HCI) 

Sulfuric Acid (H2S04) 

Nitric Acid (HNOJ 
Sodium Hydroxide 
(NaOH) 

I 6N I 5-10 mL 1 part concentrated HCI: 1 part 
double-distilled, deionized water 

The amounts required for preservation shown in the above table assumes proper preparation of the 
preservative and addition of the preservative to one liter of aqueous sample. This assumes that the 
sample is initially at pH 7, is poorly buffered, and does not contain particulate matter; as these conditions 
vary, more preservative may be required. Consequently, the final sample pH must be checked using 
narrow-range pH paper, as described in the generalized procedure detailed below: 
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0 Add about one-half of the estimated preservative required to the original sample bottle. Cap and 
invert gently several times to mix. Check pH (as described above) using medium range pH paper (pH 
0-6 or pH 7.5-1 4, as applicable). 

Cap sample bottle and seal securely. 

Additional considerations are discussed below: 

0 To test if ascorbic acid must be used to remove oxidizing agents present in the sample before it can 
be properly preserved, place a drop of sample on KI-starch paper. A blue color indicates the need for 
ascorbic acid addition. 

If required, add a few crystals of ascorbic acid to the sample and retest with the KI-starch paper. 
Repeat until a drop of sample produces no color on the KI-starch paper. Then add an additional 
0.6 grams of ascorbic acid per each liter of sample volume. 

Continue with proper base preservation of the sample as described above. 

0 Samples for sulfide analysis must be treated by the addition of 4 drops (0.2 mL) of 2N zinc acetate 
solution per 100 ml of sample. 

The 2N zinc acetate solution is made by dissolving 220 grams of zinc acetate in 870 mL of double- 
distilled, deionized water to make 1 liter of solution. 

The sample pH is then raised to 9 using the NaOH preservative. 

0 Sodium thiosulfate must be added to remove residual chlorine from a sample. To test the sample for 
residual chlorine use a field test kit specially made for this purpose. 

If residual chlorine is present, add 0.08 grams of sodium thiosulfate per liter of sample to remove the 
residual chlorine. 

Continue with proper acidification of the sample as described above. 

For biological samples, 10% buffered formalin or isopropanol may also be required for preservation. 
Questions regarding preservation requirements should be resolved through communication with the 
laboratory before sampling begins. 

5.3 Field Filtration 

At times, field-filtration may be required to provide for the analysis of dissolved chemical constituents. 
Field-filtration must be performed prior to the preservation of samples as described above. General 
procedures for field filtration are described below: 

0 The sample shall be filtered through a non-metallic, 0.45-micron membrane filter, immediately after 
collection. The filtration system shall consist of dedicated filter canister, dedicated tubing, and a 
peristaltic pump with pressure or vacuum pumping squeeze action (since the sample is filtered by 
mechanical peristalsis, the sample travels only through the tubing). 
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0 To perform filtration, thread the tubing through the peristaltic pump head. Attach the filter canister to 
the discharge end of the silicon tubing (note flow direction arrow); attach the aqueous sample 
container to the intake end of the silicon tubing. Turn the peristaltic pump on and perform filtration. 
Run approximately 100 ml of sample through the filter and discard prior to sample collection. 
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0 Continue by preserving the filtrate (contained in the filter canister), as applicable and generally 
described above. 

5.4 Sample Packauinu and Shipping 

Only employees who have successfully completed the TtNUS “Shipping Hazardous Materials” training 
course are authorized to package and ship hazardous substances. These trained individuals are 
responsible for performing shipping duties in accordance with this training. 

Samples collected for shipment from a site shall be classified as either environmental or hazardous 
material samples. Samples from drums containing materials other than Investigative Derived Waste 
(IDW) and samples obtained from waste piles or bulk storage tanks are generally shipped as hazardous 
materials. A distinction must be made between the two types of samples in order to: 

0 Determine appropriate procedures for transportation of samples (if there is any doubt, a sample shall 
be considered hazardous and shipped accordingly.) 

0 Protect the health and safety of transport and laboratory personnel receiving the samples (special 
precautions are used by the shipper and at laboratories when hazardous materials are received.) 

Detailed procedures for packaging environmental samples are outlined in the remainder of this section. 

5.4.1 Environmental Samples 

Environmental samples are packaged as follows: 

0 Place properly identified sample container, with lid securely fastened, in a plastic bag (e.g. Ziploc 
baggie), and seal the bag. 

0 Place sample in a cooler constructed of sturdy material which has been lined with a large, plastic bag 
(e.g. “garbage” bag). Drain plugs on coolers must be taped shut. 

0 Pack with enough cushioning materials such as bubble wrap (shoulders of bottles must be iced if 
required) to minimize the possibility of the container breaking. 

0 If cooling is required (see Attachments A and B), place ice around sample container shoulders, and on 
top of packing material (minimum of 8 pounds of ice for a medium-size cooler). 

Seal (i:e., tape or tie top in knot) large liner bag. 0 

0 The original (top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and 
taped inside the lid of the shipping cooler. If multiple coolers are sent but are included on one COC 
form, the COC form should be sent with the cooler containing the vials for VOC analysis. The COC 
form should then state how many coolers are included with that shipment. 

0 Close and seal outside of cooler as described in SOP SA-6.3. Signed custody seals must be used 
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Coolers must be marked as containing "Environmental Samples." The appropriate side of the container 
must be marked "This End Up" and arrows placed appropriately. No DOT marking or labeling is required; 
there are no DOT restrictions on mode of transportation. 
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Sample Type and Concentration Container") Sample Size 

Organics 
(GC&GC/MS) 

Preservation(" Holding Time") 

lnorganics 

Cool to 4°C 

Cool to 4°C 

Cool to 4°C 

Cool to 4°C 

None 

None 

None 

Organic/ 
Inorganic 

48 hours to lab 
preservation 

14 days to extraction; 
40 days after extraction 

14 days to extraction; 
40 days after extraction 

6 months 
(Hg - 28 days) 
Cyanide (1 4 days) 

NA 

35 days until 
extraction; 
40 days after extraction 

7 days until 
preparation; analysis 
as per fraction 

voc Low Borosilicate glass 

voc 

Extractables (Low 
SVOCs and 
pesticideslPCBs) 

Extractables (Medium 
SVOCs and 
pesticides/PCBs) 

Low/Medium 

High Hazard 

All 

Extractables (Low Amber glass 
SVOCs and 
pesticide/PCBs) 

Extractables (Medium Amber glass 
SVOCs and 
pesticide/PCBs) 

Metals Low High-density polyethylene 

Medium Wide-mouth glass 

Cyanide Low High-density polyethylene 

Cyanide Medium Wide-mouth glass 

High Hazard Wide-mouth glass 

Encore Sampler 

Wide-mouth glass 

Wide-mouth glass 

Wide-mouth glass 

Wide-mouth glass 

Wide-mouth glass 

HCI to s 2 

40 days after extractior 

All 

2x2 Lor  4x1 L 

Wide-mouth glass 

None 7 days to extraction; 
40 days after extractior 

Volatile 
Organics 

1 L  HN03 to pH s2 6 months (Hg-28 days: 

1602. None 6 months 

1 L  NaOH to pHz12 14 days 

16 oz. None 14 days 

8 oz. None 14 days 

Low/Medium Charcoal tube -- 7 cm long, 100 L air Cool to 4°C 5 days recommended 
6 mm OD, 4 mm ID 

SOIL 
Organics 
(GC&GC/MS) 

lnorganics 

Organic/lnorga 
nic 

Dioxin/Furan 

TCLP 

Al R 

(3) 5 g Samplers 

8 oz. 

8 oz. 

8 oz. 

8 oz. 

4 02. 

8 oz. 
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ATTACHMENT B 

Acidity P, G 

Alkalinity P, G 
Ammonia - Nitrogen P, G 
Biochemical Oxygen Demand (BOD) P, G 

Bromide P, G 
Chemical Oxygen Demand (COD) P, G 
Chloride P, G 
Chlorine, Total Residual P, G 
Color P, G 

Cyanide, Total and Amenable to P, G 
Chlorination 

Cool, 4°C 
Cool, 4°C 

Cool, 4°C; HzS04 to pH 2 
Cool. 4°C 
None required 
Cool, 4°C; H2S04 to pH 2 

14 days 

I 
48 hours 

28 days 

28 days I 
None required 
None required 
Cool, 4°C 
Cool, 4°C; NaOH to pH 12; 
0.6 g ascorbic acid(5) 

28 days 
Analyze immediately 

I 
48 hours 

28 days . 

48 hours 
28 days 

28 days 

48 hours 
Analyze immediately 
8 hours 
28 days 

28 days I 
7 days 

7 days 
7 days 

28 days 
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I I 28days Mercury (Hg) P, G I HN03 to pH 2 
Metals, except Chromium VI and Mercury I P, G I HN03 to pH 2 I 6 months 

Parameter Number/Name Container” ) 

ORGANIC TESTS?’ 

P rese rvat io n“”” Maximum Holding 
Time(4) 

Purgeable Halocarbons 

Purgeable Aromatic Hydrocarbons 

Sulfide 

Sulfite 
Turbidity 

Acrolein and Acrylonitrile 

P, G Cool, 4°C; add zinc acetate 7days 
plus sodium hydroxide to pH 9 

P, G None required Analyze immediately 
P, G Cool, 4°C 48 hours 

Phenols”’) 

Benzidines” ‘12’ 

Phthalate esters‘”’ 

Nitrosamines(”’* (14’ 

PCBs(”’ 

Nitroaromatics & Isophorone‘”’ 

Polynuclear Aromatic Hydrocarbons 
(PAH~)(I 1 ),(I 4) 

Haloetherd’ ‘ I  

Dioxin/Furan (TCDDTTCDF)” ’I 
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(1) Polyethylene (P): generally 500 ml or Glass (G): generally 1 L. 
(2) Sample preservation should be performed immediately upon sample collection. For composite chemical samples each 

aliquot should be preserved at the time of collection. When use of an automated sampler makes it impossible to preserve 
each aliquot, then chemical samples may be preserved by maintaining at 4°C until compositing and sample splitting is 
completed. 

(3) When any sample is to be shipped by common carrier or sent through the United States Mail, it must comply with the 
Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). 

(4) Samples should be analyzed as soon as possible after collection. The times listed are the maximum times that samples 
may be held before analysis and still be considered valid. Samples may be held for longer periods only if the permittee, or 
monitoring laboratory, has data on file to show that the specific types of samples under study are stable for the longer 
periods, and has received a variance from the Regional Administrator. 

(5) Should only be used in the presence of residual chlorine. 
(6) Maximum holding time is 24 hours when sulfide is present. Optionally, all samples may be tested with lead acetate paper 

before pH adjustments are made to determine if sulfide is present. If sulfide is present, it can be removed by the addition 
of cadmium nitrate powder until a negative spot test is obtained. The sample is filtered and then NaOH is added to pH 12. 

(7) Samples should be filtered immediately on site before adding preservative for dissolved metals. 
(8) Guidance applies to samples to be analyzed by GC, LC, or GC/MS for specific compounds. 
(9) Sample receiving no pH adjustment must be analyzed within 7 days of sampling. 
(10) The pH adjustment is not required if acrolein will not be measured. Samples for acrolein receiving no pH adjustment must 

be analyzed within 3 days of sampling. 
(1 1) When the extractable analytes of concern fall within a single chemical category, the specified preservative and maximum 

holding times should be observed for optimum safeguard of sample integrity. When the analytes of concern fall within two 
or more chemical categories, the sample may be preserved by cooling to 4"C, reducing residual chlorine with 0.008% 
sodium thiosulfate, storing in the dark, and adjusting the pH to 6-9; samples preserved in this manner may be held for 
7 days before extraction and for 40 days after extraction. Exceptions to this optional preservation and holding time 
procedure are noted in footnote 5 (re: the requirement for thiosulfate reduction of residual chlorine) and footnotes 12, 13 
(re: the analysis of benzidine). 

(12) If 1,2-diphenylthydrazine is likely to be present, adjust the pH of the sample to 4.0*0.2 to prevent rearrangement to 
benzidine. 

(13) Extracts may be stored up to 7 days before analysis if storage is conducted under an inert (oxidant-free) atmosphere. 
(14) For the analysis of diphenylnitrosamine, add 0.008% Naps203 and adjust pH to 7-10 with NaOH within 24 hours of 

(15) The pH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are extracted 
sampling. 

within 72 hours of collection. For the analysis of aldrin, add 0.008% Na2S203. 
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The purpose of this Standard Operating Procedure (SOP) is to identify and designate the field data record 
forms, logs and reports generally initiated and maintained for documenting Tetra Tech NUS field activities. 

2.0 SCOPE 

Documents presented within this procedure (or equivalents) shall be used for all Tetra Tech NUS field 
activities, as applicable. Other or additional documents may be required by specific client contracts or 
project planning documents. 

3.0 GLOSSARY 

None 

4.0 RESPONSIBILITIES 

Proiect Manaqer (PM) - The Project Manager is responsible for obtaining hardbound, controlled- 
distribution logbooks (from the appropriate source), as needed. In addition, the Project Manager is 
responsible for placing all field documentation used in site activities (i.e., records, field reports, sample 
data sheets, field notebooks, and the site logbook) in the project's central file upon the completion of field 
work. 

Field Operations Leader (FOL) - The Field Operations Leader is responsible for ensuring that the site 
logbook, notebooks, and all appropriate and current forms and field reports illustrated in this guideline 
(and any additional forms required by the contract) are correctly used, accurately filled out, and completed 
in the required time-frame. 

5.0 PROCEDURES 

5.1 Site Loqbook 

5.1 .I General 

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major onsite 
activities are documented. At a minimum, the following activities/events shall be recorded or referenced 
(daily) in the site logbook: 

All field personnel present 
ArrivaVdeparture of site visitors 
Time and date of H&S training 
ArrivaVdeparture of equipment 
Time and date of equipment calibration 
Start and/or completion of borehole, trench, monitoring well installation, etc. 
Daily onsite activities performed each day 
Sample pickup information 
Health and Safety issues (level of protection observed, etc.) 
Weather conditions 

A site logbook shall be maintained for each project. The site logbook shall be initiated at the start of the 
first onsite activity (e.g., site visit or initial reconnaissance survey). Entries are to be made for every day 
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that onsite activities take place which involve Tetra Tech NUS or subcontractor personnel. 
completion of the fieldwork, the site logbook must become part of the project's central file. 

Upon 

The following information must be recorded on the cover of each site logbook: 

0 Project name 
0 

0 Sequential book number 
0 Start date 
0 End date 

Tetra Tech NUS project number 

Information recorded daily in the site logbook need not be duplicated in other field notebooks (see Section 
5.2), but must summarize the contents of these other notebooks and refer to specific page locations in 
these notebooks for detailed information (where applicable). An example of a typical site logbook entry is 
shown in Attachment A. 

If measurements are made at any location, the measurements and equipment used must either be 
recorded in the site logbook or reference must be made to the field notebook in which the measurements 
are recorded (see Attachment A). 

All logbook, notebook, and log sheet entries shall be made in indelible ink (black pen is preferred). No 
erasures are permitted. If an incorrect entry is made, the entry shall be crossed out with a single strike 
mark, and initialed and dated. At the completion of entries by any individual, the logbook pages used must 
be signed and dated. The site logbook must also be signed by the Field Operations Leader at the end of 
each day. 

5.1.2 Photographs 

When movies, slides, or photographs are taken of a site or any monitoring location, they must be 
numbered sequentially to correspond to logbookhotebook entries. The name of the photographer, date, 
time, site location, site description, and weather conditions must be entered in the logbookhotebook as 
the photographs are taken. The 
photographer is not required to record the aperture settings and shutter speeds for photographs taken 
within the normal automatic exposure range. However, special lenses, films, filters, and other image- 
enhancement techniques must be noted in the logbookhotebook. If possible, such techniques shall be 
avoided, since they can adversely affect the accuracy of photographs. Chain-of-custody procedures 
depend upon the subject matter, type of camera (digital or film), and the processing it requires. Film used 
for aerial photography, confidential information, or criminal investigation require chain-of-custody 
procedures. Once processed, the slides of photographic prints shall be consecutively numbered and 
labeled according to the logbookhotebook descriptions. The site photographs and associated negatives 
and/or digitally saved images to compact disks must be docketed into the project's central file. 

A series entry may be used for rapid-sequence photographs. 

5.2 Field Notebooks 

Key field team personnel may maintain a separate dedicated field notebook to document the pertinent 
field activities conducted directly under their supervision. For example, on large projects with multiple 
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain a 
separate field notebook. Where several drill rigs are in operation simultaneously, each site geologist 
assigned to oversee a rig must maintain a field notebook. 
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All Tetra Tech NUS field forms (see list in Section 6.0 of this SOP) can be found on the company's 
intranet site (http:/htranet.ttnus.com) under Field Log Sheets. Forms may be altered or revised for 
project-specific needs contingent upon client approval. Care must be taken to ensure that all essential 
information can be documented. Guidelines for completing these forms can be found in the related 
sampling SOP. 

5.3.1 Sample Collection, Labeling, Shipment, Request for Analysis, and Field Test Results 

5.3.1.1 Sample Loq Sheet 

Sample Log Sheets are used to record specified types of data while sampling. The data recorded on 
these sheets are useful in describing the sample as well as pointing out any problems, difficulties, or 
irregularities encountered during sampling. A log sheet must be completed for each sample obtained, 
including field quality control (QC) samples. 

5.3.1.2 Sample Label 

A typical sample label is illustrated in Attachment B. Adhesive labels must be completed and applied to 
every sample container. Sample labels can usually be obtained from the appropriate Program source 
electronically generated in-house, or are supplied from the laboratory subcontractor. 

5.3.1.3 Chain-of-Custody Record Form 

The Chain-of-Custody (COC) Record is a multi-part form that is initiated as samples are acquired and 
accompanies a sample (or group of samples) as they are transferred from person to person. This form 
must be used for any samples collected for chemical or geotechnical analysis whether the analyses are 
performed on site or off site. One carbonless copy of the completed COC form is retained by the field 
crew, one copy is sent to the Project Manager (or designee), while the original is sent to the laboratory. 
The original (top, signed copy) of the COC form shall be placed inside a large Ziploc-type bag and taped 
inside the lid of the shipping cooler. If multiple coolers are sent but are included on one COC form, the 
COC form should be sent with the cooler containing vials for VOC analysis or the cooler with the air bill 
attached. The air bill should then state how many coolers are included with that shipment. An example of 
a Chain-of-Custody Record form is provided as Attachment C. Once the samples are received at the 
laboratory, the sample cooler and contents are checked and any problems are noted on the enclosed 
COC form (any discrepancies between the sample labels and COC form and any other problems that are 
noted are resolved through communication between the laboratory point-of-contact and the Tetra Tech 
NUS Project Manager). The COC form is signed and copied. The laboratory will retain the copy while the 
original becomes part of the samples' corresponding analytical data package. 

5.3.1.4 Chain-of-Custody Seal 

Attachment D is an example of a custody seal. The Custody seal is an adhesive-backed label. It is part of 
a chain-of-custody process and is used to prevent tampering with samples after they have been collected 
in the field and sealed in coolers for transport to the laboratory. The COC seals are signed and dated by 
the sampler(s) and affixed across the lid and body of each cooler (front and back) containing 
environmental samples (see SOP SA-6.1). COC seals may be available from the laboratory; these seals 
may also be purchased from a supplier. 
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Field Analytical Log Sheets are used to record geochemical and/or natural attenuation field test results. 

5.3.2 Hydrogeological and Geotechnical Forms 

5.3.2.1 Groundwater Level Measurement Sheet 

A Groundwater Level Measurement Sheet must be filled out for each round of water level measurements 
made at a site. 

5.3.2.2 Data Sheet for Pumpinq Test 

During the performance of a pumping test (or an in-situ hydraulic conductivity test), a large amount of data 
must be recorded, often within a short time period. The Pumping Test Data Sheet facilitates this task by 
standardizing the data collection format for the pumping well and observation wells, and allowing the time 
interval for collection to be laid out in advance. 

5.3.2.3 Packer Test Report Form 

A Packer Test Report Form must be completed for each well upon which a packer test is conducted. 

5.3.2.4 Borinq Loq 

During the progress of each boring, a log of the materials encountered, operation and driving of casing, 
and location of samples must be kept. The Summary Log of Boring, or Boring Log is used for this 
purpose and must be completed for each soil boring performed. In addition, if volatile organics are 
monitored on cores, samples, cuttings from the borehole, or breathing zone, (using a PID or FID), these 
readings must be entered on the boring log at the appropriate depth. The "Remarks" column can be used 
to subsequently enter the laboratory sample number, the concentration of key analytical results, or other 
pertinent information. This feature allows direct comparison of contaminant concentrations with soil 
characteristics. 

5.3.2.5 Monitorinq Well Construction Details Form 

A Monitoring Well Construction Details Form must be completed for every monitoring well, piezometer, or 
temporary well point installed. This form contains specific information on length and type of well riser pipe 
and screen, backfill, filter pack, annular seal and grout characteristics, and surface seal characteristics. 
This information is important in evaluating the performance of the monitoring well, particularly in areas 
where water levels show temporal variation, or where there are multiple (immiscible) phases of 
contaminants. Depending on the type of monitoring well (in overburden or bedrock, stick-up or flush 
mount), different forms are used. 

5.3.2.6 Test Pit Log 

When a test pit or trench is constructed for investigative or sampling purposes, a Test Pit Log must be 
filled out by the responsible field geologist or sampling technician. 
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5.3.2.7 Miscellaneous Monitorinq Well Forms 

Monitoring Well Materials Certificate of Conformance should be used as the project directs to document 
all materials utilized during each monitoring well installation. 

The Monitoring Well Development Record should be used as the project directs to document all well 
development activities. 

5.3.2.8 Miscellaneous Field Forms - QA and Checklists 

Container Sample and Inspection Sheet should be used as the project directs each time a container 
(drum, tank, etc.) is sampled and/or inspected. 

QA Sample Log Sheet should be used at the project directs each time a QA sample is colleted, such as 
Rinsate Blank, Source Blank, etc. 

Field Task Modification Request (FTMR) will be prepared for all deviations from the project planning 
documents. The FOL is responsible for initiating the FTMRs. Copies of all FTMRs will be maintained with 
the onsite planning documents and originals will be placed in the final evidence file. 

The Field Project Daily Activities Check List and Field Project Pre-Mobilization Checklist should be used 
during both the planning and field effort to assure that all necessary tasks are planned for and completed. 
These two forms are not a requirement but a useful tool for most field work. 

5.3.3 Equipment Calibration and Maintenance Form 

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure the 
proper operation and response of the equipment, to document the accuracy, precision or sensitivity of the 
measurement, and determine if correction should be applied to the readings. Some items of equipment 
require frequent calibration, others infrequent. Some are calibrated by the manufacturer, others by the 
user. 

Each instrument requiring calibration has its own Equipment Calibration Log which documents that the 
manufacturer's instructions were followed for calibration of the equipment, including frequency and type of 
standard or calibration device. An Equipment Calibration Log must be maintained for each electronic 
measuring device used in the field; entries must be made for each day the equipment is used or in 
accordance with the manufacturer's recommendations. 

5.4 Field Reports 

The primary means of recording onsite activities is the site logbook. Other field notebooks may also be 
maintained. These logbooks and notebooks (and supporting forms) contain detailed information required 
for data interpretation or documentation, but are not easily useful for tracking and reporting of progress. 
Furthermore, the field logbookhotebooks remain onsite for extended periods of time and are thus not 
accessible for timely review by project management. 

5.4.1 Daily Activities Report 

To provide timely oversight of onsite contractors, Daily Activities Reports are completed and submitted as 
described below. 
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The Daily Activities Report (DAR) documents the activities and progress for each day's field work. This 
report must be filled out on a daily basis whenever there are drilling, test pitting, well construction, or other 
related activities occurring which involve subcontractor personnel. These sheets summarize the work 
performed and form the basis of payment to subcontractors. The DAR form can be found on the TtNUS 
intranet site. 
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5.4.1.2 Responsibilities 

It is the responsibility of the rig geologist to complete the DAR and obtain the driller's signature 
acknowledging that the times and quantities of material entered are correct. 

5.4.1.3 Submittal and Approval 

At the end of the shift, the rig geologist must submit the Daily Activities Report to the Field Operations 
Leader (FOL) for review and filing. The Daily Activities Report is not a formal report and thus requires no 
further approval. The DAR reports are retained by the FOL for use in preparing the site logbook and in 
preparing weekly status reports for submission to the Project Manager. 

5.4.2 Weekly Status Reports 

To facilitate timely review by project management, photocopies of logbookhotebook entries may be made 
for internal use. 

It should be noted that in addition to summaries described herein, other summary reports may also be 
contractually required. 

All Tetra Tech NUS field forms can be found on the company's intranet site at http://intranet.ttnus.com 
under Field Log Sheets. 

6.0 LISTING OF TETRA TECH NUS FIELD FORMS FOUND ON THE TTNUS INTRANET 
SITE. HTTP://INTRANET.TTNUS.COM CLICK ON FIELD LOG SHEETS 

Groundwater Sample Log Sheet 
Surface Water Sample Log Sheet 
SoiVSediment Sample Log Sheet 
Container Sample and Inspection Sheet 
Geochemical Parameters (Natural Attenuation) 
Groundwater Level Measurement Sheet 
Pumping Test Data Sheet 
Packer Test Report Form 
Boring Log 
Monitoring Well Construction Bedrock Flush Mount 
Monitoring Well Construction Bedrock Open Hole 
Monitoring Well Construction Bedrock Stick Up 
Monitoring Well Construction Confining Layer 
Monitoring Well Construction Overburden Flush Mount 
Monitoring Well Construction Overburden Stick Up 
Test Pit Log 
Monitoring Well Materials Certificate of Conformance 
Monitoring Well Development Record 
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Daily Activities Record 
Field Task Modification Request 
Hydraulic Conductivity Test Data Sheet 
Low Flow Purge Data Sheet 
QA Sample Log Sheet 
Equipment Calibration Log 
Field Project Daily Activities Checklist 
Field Project Pre-Mobilization Checklist 
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START TIME: DATE: 

SITE LEADER: 
PERSONNEL: 

TtNUS DRILLER SITE VISITORS 

WEATHER: Clear, 68"F, 2-5 mph wind from SE 

ACTIVITIES: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Steam jenney and fire hoses were set up. 

Drilling activities at well - resumes. Rig geologist was . See Geologist's 
Notebook, No. 1, page 29-30, for details of drilling activity. Sample No. 123-21 -S4 collected; 
see sample logbook, page 42. Drilling activities completed at 11 :50 and a 4-inch stainless 
steel well installed. See Geologist's Notebook, No. 1, page 31, and well construction details 
forwell . 

Drilling rig No. 2 steam-cleaned at decontamination pit. Then set up at location of 
well 

Well drilled. Rig geologist was . See Geologist's Notebook, 
No. 2, page - for details of drilling activities. Sample numbers 123-22-51, 123-22-S2, 
and 123-22-S3 collected; see sample logbook, pages 43, 44, and 45. 

Well was developed. Seven 55-gallon drums were filled in the flushing stage. The well 
was then pumped using the pitcher pump for 1 hour. At the end of the hour, water pumped 
from well was "sand free." 

EPA remedial project manger arrives on site at 14:25 hours. 

Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up 

Test pit dug with cuttings placed in dump truck. Rig geologist was 
See Geologist's Notebook, No. 1, page 32, for details of test pit 

activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to 
shallow groundwater table, filling in of test pit - resulted in a very soft and wet area. A 
mound was developed and the area roped off. 

Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at 
1750 hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked. 

over test pit 

. 

~ ~~ 

Field Operations Leader 
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Decontamination is the process of removing and/or neutralizing site contaminants that have contacted 
and/or accumulated on equipment. The objective/purpose of this SOP is intended to protect site 
personnel, general public, and the sample integrity through the prevention of cross contamination onto 
unaffected persons or areas. It is further intended through this procedure to provide guidelines regarding 
the appropriate procedures to be followed when decontaminating drilling equipment, monitoring well 
materials, chemical sampling equipment and field analytical equipment. 

2.0 SCOPE 

This procedure applies to all equipment including drilling equipment, heavy equipment, monitoring well 
materials, as well as chemical sampling and field analytical equipment decontamination that may be used 
to provide access/acquire environmental samples. Where technologically and economically feasible, 
single use sealed disposable equipment will be employed 'to minimize the potential for cross 
contamination. This procedure also provides general reference information on the control of 
contaminated materials. 

3.0 GLOSSARY 

Acid - For decontamination of equipment when sampling for trace levels of inorganics, a 10% solution of 
nitric acid in deionized water should be used. Due to the leaching ability of nitric acid, it should not be 
used on stainless steel. 

Alconox/Liauinox - A brand of phosphate-free laboratory-grade detergent. 

Decontamination Solution - Is a solution selectedhdentified within the Health and Safety Plan or Project- 
Specific Quality Assurance Plan. The solution is selected and employed as directed by the project 
chemistlhealth and safety professional. 

Deionized Water (DI) - Deionized water is tap water that has been treated by passing through a standard 
deionizing resin column. This water may also pass through additional filtering media to attain various 
levels of analyte-free status. The DI water should meet CAP and NCCLS specifications for reagent grade, 
Type I water. 

Potable Water - Tap water used from any municipal water treatment system. Use of an untreated potable 
water supply is not an acceptable substitute for tap water. 

Pressure Washinq - Employs high pressure pumps and nozzle configuration to create a high pressure 
spray of potable water. High pressure spray is employed to remove solids. 

Solvent - The solvent of choice is pesticide-grade Isopropanol. Use of other solvents (methanol, acetone, 
pesticide-grade hexane, or petroleum ether) may be required for particular projects or for a particular 
purpose (e.g. for the removal of concentrated waste) and must be justified in the project planning 
documents. As an example, it may be necessary to use hexane when analyzing for trace levels of 
pesticides, PCBs, or fuels. In addition, because many of these solvents are not miscible in water, the 
equipment should be air dried prior to use. Solvents should not be used on PVC equipment or well 
construction materials. 

Steam Pressure Washinq - This method employs a high pressure spray of heated potable water. This 
method through the application of heat provides for the removal of various organic/inorganic compounds. 
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The decontamination processes are typically employed at: 

0 Temporary Decontamination Pads/Facilities 
0 Sample Locations 
0 Centralized Decontamination Pad/Facilities 
0 Combination of some or all of the above 

The following discussion represents recommended site preparation in support of the decontamination 
process. 

5.1 Decontamination Desiqn/Constructions Considerations 

5.1.1 Temporary Decontamination Pads 

Temporary decontamination pads are constructed at satellite locations in support of temporary work sites. 
These structures are generally constructed to support the decontamination of heavy equipment such as 
drill rigs and earth moving equipment but can be employed for smaller articles. 

The purpose of the decontamination pad is to contain wash waters and potentially contaminated soils 
generated during decontamination procedures. Therefore, construction of these pads should take into 
account the following considerations 
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0 Site Location -The site selected should be within a reasonable distance from the work site but should 
avoid: 
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- PedestrianNehicle thoroughfares 
- 
- 

- Areas potentially contaminated. 

Areas where controVcustody cannot be maintained 
Areas where a potential releases may be compounded through access to storm water transport 
systems, streams or other potentially sensitive areas. 

Pad - The pad should be constructed to provide the following characteristics 

5.1.2 

Size - The size of the pad should be sufficient to accept the equipment to be decontaminated as 
well as permitting free movement around the equipment by the personnel conducting the 
decontamination. 

Slope - An adequate slope will be constructed to permit the collection of the water and potentially 
contaminated soils within a trough or sump constructed at one end. The collection point for wash 
waters should be of adequate distance that the decontamination workers do not have to walk 
through the wash waters while completing their tasks. 

Sidewalls - The sidewalls should be a minimum of 6-inches in height to provide adequate 
containment for wash waters and soils. If splash represents a potential problem, splash guards 
should be constructed to control overspray. Sidewalls maybe constructed of wood, inflatables, 
sand bags, etc. to permit containment. 

Liner - Depending on the types of equipment and the decontamination method the liner should be 
of sufficient thickness to provide a puncture resistant barrier between the decontamination 
operation and the unprotected environment. Care should be taken to examine the surface area 
prior to placing the liner to remove sharp articles (sticks, stones, debris) that could puncture the 
liner. Liners are intended to form an impermeable barrier. The thickness may vary from a 
minimum recommended thickness of 10 mil to 30 mil. Achieving the desired thickness maybe 
achieved through layering lighter constructed materials. It should be noted that various materials 
(rubber, polyethylene sheeting) become slippery when wet. To minimize this potential hazard 
associated with a sloped liner a light coating of sand maybe applied to provide traction as 
necessary. 

Wash/drying Racks - Auger flights, driIVdrive rods require racks positioned off of the ground to 
permit these articles to be washed, drained, and dried while secured from falling during this 
process. A minimum ground clearance of 2-feet is recommended. 

Maintenance - The work area should be periodically cleared of standing water, soils, and debris. 
This action will aid in eliminating slip, trip, and fall hazards. In addition, these articles will reduce 
potential backsplash and cross contamination. Hoses should be gathered when not in use to 
eliminate potential tripping hazards. 

Decontamination Activities at Drill Rigs/DPT Units 

During subsurface sampling activities including drilling and direct push activities decontamination of drive 
rods, Macro Core Samplers, split spoons, etc. are typically conducted at an area adjacent to the operation. 
Decontamination is generally accomplished using a soap/water wash and rinse utilizing buckets and 
brushes. This area requires sufficient preparation to accomplish the decontamination objectives. 
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Buckets shall be placed within mortar tubs or similar secondary containment tubs to prevent splash and 
spills from reaching unprotected media. Drying racks will be employed as directed for temporary pads to 
permit parts to dry and be evaluated prior to usehe-use. 
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5.1.3 Decontamination Activities at Remote Sample Locations 

When sampling at remote locations sampling devices such as trowels, pumpdtubing should be evacuated 
of potentially contaminated media to the extent possible. This equipment should be wrapped in plastic for 
transport to the temporary/centralized decontamination location for final cleaning and disposition. 

5.2 Equipment Decontamination Procedures 

The following represents procedures to be employed for the decontamination of equipment that may have 
contacted and/or accumulated contamination through site investigation activities. 

5.2.1 Monitoring Well Sampling Equipment 

5.2.1 .I Groundwater samplinq pumps - This includes pumps inserted into the monitorinq well such 
as Bladder pumps, Whale pumps, Redi-Flo, reusable bailers, etc. 

1) 

2) 

Evacuate to the extent possible, any purge water within the pump. 

Scrub using soap and water and/or steam clean the outside of the pump and tubing, where 
applicable. 

Insert the pump and tubing into a clean container of soapy water. Pump a sufficient amount of 
soapy water through the pump to flush any residual purge water. Once flushed, circulate soapy 
water through the pump to ensure the internal components are thoroughly flushed. 

3) 

4) Remove the pump and tubing from the container, rinse external components using tap water. 
Insert the pump and tubing into a clean container of tap water. Pump a sufficient amount of tap 
water through the pump to evacuate all of the soapy water (until clear). 

5) 

6) 

Rinse equipment with pesticide grade isopropanol 

Repeat item #4 using deionized water through the hose to flush out the tap water and solvent 
residue as applicable. 

7 )  Drain residual deionized water to the extent possible, allow components to air dry. 

8) Wrap pump in aluminum foil or a clear clean plastic bag for storage. 

5.2.1.2 Electronic Water Level Indicators/Sounders/Tapes 

During water level measurements, rinsing with the extracted tape and probe with deionized water and 
wiping the surface of the extracted tape is acceptable. However, periodic full decontamination should be 
conducted as indicated below. 

- The solvent should be employed when samples contain oil, grease, PAHs, PCBs, and other hard to 
remove materials. If these are not of primary concern, the solvent step may be omitted. In addition, do 
not rinse PE, PVC, and associated tubing with solvents. 
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Wash with soap and water 
Rinse with tap water 
Rinse with deionized water 

1) 
2) 
3) 
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Note: In situations where oil, grease, free product, other hard to remove materials are encountered 
probes and exposed tapes should be washed in hot soapy water. 

5.2.1.3 Miscellaneous Equipment 

Miscellaneous equipment including analytical equipment (water quality testing equipment) should be 
cleaned per manufacturer’s instructions. This generally includes wiping down the sensor housing and 
rinsing with tap and deionized water. 

Coolers/Shipping Containers employed to ship samples are received from the lab in a variety of conditions 
from marginal to extremely poor. Coolers should be evaluated prior to use for 

0 Structural integrity - Coolers missing handles or having breaks within the outer housing should be 
removed and not used. Notify the laboratory that the risk of shipping samples will not be attempted 
and request a replacement unit. 

0 Cleanliness - As per protocol only volatile organic samples are accompanied by a trip blank. If a 
cooler’s cleanliness is in question (visibly dirty/stained) or associated with noticeable odors it should 
be decontaminated prior to use. 

1) Wash with soap and water 
2) Rinse with tap water 
3) Dry 

If these measures fail to clean the cooler to an acceptable level, remove the unit from use as a shipping 
container and notify the laboratory to provide a replacement unit. 

5.2.2 Down-Hole Drilling Equipment 

This includes any portion of the drill rig that is over the borehole including auger flights, drill stems, rods, 
and associated tooling that would extend over the borehole. This procedure is to be employed prior to 
initiating the drilling/sampling activity, then between locations. 

1) 
2) 

3) Rinse with tap water. 
4) 
5) 
6) 

5.2.3 SoiVSediment Sampling Equipment 

Remove all soils to the extent possible using shovels, scrapers, etc. to remove loose soils. 
Through a combination of scrubbing using soap and water and/or steam cleaning remove visible 
dirt/soils. 

Rinse equipment with pesticide grade isopropanol 
To the extent possible allow components to air dry. 
Wrap or cover equipment in clear plastic until it is time to be used. 

This consists of soil sampling equipment including but not limited to hand augers, stainless steel 
trowels/spoons, bowls, dredges, scoops, split spoons, Macro Core samplers, etc. 
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0 Rinsate Blanks - It is recommended that Rinsate samples be collected to 
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- Evaluate the decontamination procedure representing different equipment applications (pumps 
versus drilling equipment) and different decontamination applications. 

- Single use disposable equipment - The number of samples should represent different types of 
equipment as well as different Lot Numbers of single use articles. 

The collection and the frequency of collection of rinsate samples are as follows: 

0 Per decontamination method 
Per disposable article/Batch number of disposable articles 

It is recommended that an initial rinsate sample. be collected early in the project to ensure that the 
decontamination process is functioning properly and in an effort to avoid using a contaminated batch of 
single use articles. It is recommended that a follow up sample be collected during the execution of the 
project to insure those conditions do not change. Lastly, rinsate samples collection may be driven by 
types of and/or contaminant levels. Hard. to remove contaminants, oildgreases, some PAHs/PCBs, etc. 
may also support the collection. of additional rinsates due to the obvious challenges to the decontamination 
process. This is a field consideration to be determined by the FOL. 
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DEPARTMENT OFTHE NAVY 
NAVAL SEA SYSTEMS COMMAND 

1333 ISAAC HULL AVE SE 
WASHINGTON N A W  YARD DC 20376-0001 

5090 
Ser 04XQ (LABS)/254 
September 25, 2007 

IN REPLY TO 

Mr. Chris Cornwell 
SGS Wilmington 
5500 Business Drive 
Wilmington, NC 28405 

Sub;: COMPLETION LETTER REPORT, SGS WILMINGTON - WILMINGTON, 
NORTH CAROLINA 

NAVSEA Laboratory Quality and Accreditation Office (LQAO) has concluded 
the assessment of SGS Wilmington located in Wilmington, North Carolina. 

The assessment was intended as a general review of analytical capability to 
support remediation projects and the laboratory's ability to meet quality assurance 
requirements of the Navy Environmental Restoration (ER) program. The specific 
methods reviewed under the assessment are summarized in the attached table. This letter 
presents the outcome of our assessment documented in the following reports: 

LQAO Itr 5090 Ser 04XQ(LABS)/080 of 3 May 06 
LQAO Itr 5090 Ser 04XQ(LABS)/146 of 26 Jun 07 
LQAO ltr 5090 Ser 04XQ(LABS)/16 1 of 28 Jun 07 
LQAO ltr 5090 Ser 04XQ(LABS)/172 of 10 Jul07 
LQAO ltr 5090 Ser 04XQ(LABS)/208 of 7 Aug 07 
LQAO ltr 5090 Ser 04XQ(LABS)/223 of 27 Aug 07 
LQAO ltr 5090 Ser 04XQ(LABS)/250 of 25 Sep 07 

- Desk Assessment: A review of laboratory supplied documentation was 
conducted. Documentation included the laboratory's quality assurance (QA) 
manual, selected standard operating procedures (SOPS) and SOP master list, list 
of major analytical instrumentation, and historical PT information. The 
documentation was reflective of a laboratory that was in a position to meet Navy 
requirements; however findings that required resolution were identified. 

- Proficiency Testing (PT) Samples: SGS Wilmington participates in a number 
of external certification and PT programs, and provided results for the past two 
years. At the time of the evaluation, the laboratory did not submit all of the 
studies needed to evaluate their capabilities. Since the original document review, 
the laboratory has provided documentation that demonstrates that they have 
successfully completed PT samples for all analyses within the scope of the 
assessment. 



5090 
Ser 04XQ (LABS)/253 
September 25, 2007 

- On-site Assessment: Existing on-site assessment documentation is available and was 
applied to this assessment. The State of Florida Environmental Laboratory Accreditation 
Program (FL ELAP) conducted an on-site assessment of the laboratory on October 31 - 
November 3, 2005. FL ELAP is a National Environmental Laboratory Accreditation 
Conference (NELAC) recognized accreditation body. The State of Florida accepted the 
corrective actions and accredited the laboratory effective July 1, 2006, expiring June 30, 
2008. The Florida assessment report and the laboratory Corrective Action Report (CAR) 
were reviewed. A Navy on-site assessment was performed on August 1-2, 2007. Overall 
the laboratory was found to be compliant with the Navy requirements; however findings 
that required resolution were identified. 

- Corrective Actions: The laboratory successfully remedied all of the Navy findings 
associated with the desk and on-site assessments with the exception of the MDL studies 
and MDL verifications for EPA Method 1668. 

It is our recommendation that the laboratory be granted acceptance for EPA Methods 
8280A and 8290. The laboratory must submit appropriate documentation for finding #16 (MDL 
studies and MDL verifications for the 12 routinely request PCB congeners) in order to be 
approved for EPA Method 1668. The parameters are summarized on the following table. If you 
have questions concerning your standing in the Navy ER QA Program, please contact Pati 
Moreno at (805)982-1659. 

E. B. HARTZOG, JR' 
Director, Laboratory Quality 

and Accreditation Office 

Copy To: NFESC (P. Moreno, Code 413) 



SGS Wilmington - Methods Reviewed 

(including parameters and matrices) 

METHOD 
8280A18290 

1668 

PARAMETER 
Dioxin and Furan 

PCB Congeners 

MATRIX 
WaterISolids 
WaterISolidsl 
Tissue 
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Instrument Procedure 1404: GC/MS Selected Ion Monitoring (SIM) Semivolatile Analyses of 

Aqueous and Soil Samples Using SW-846 and EPA CLP 
Methodologies (OLC03.2 and OLM04.3) 

 
 
 
1.0 Scope and Application 
 

This procedure is used for the determination and quantitation of low concentrations of 
semi-volatile compounds in extracts of aqueous and solid samples.  Attachment 1 
presents the compounds currently analyzed by these methodologies.  Additional 
compounds may be analyzed per client request. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary 
 

This procedure provides for the gas chromatograph mass spectrometer (GC/MS) analysis 
of aqueous and solid samples using the SW-846, Update III, Method 8270C SIM option 
and EPA SOW OLM04.3 and OLC03.2 flexibility clause protocols utilizing SIM.  
Aqueous samples are extracted prior to analysis using the SW-846 separatory funnel 
extraction, Method 3510C or continuous liquid-liquid extraction for CLP, and 
concentrated to a final volume of 1.0 mL.  Soil samples are extracted by the ultrasonic 
extraction, Method 3550B (for SW-846), and concentrated to a final volume of 1.0 mL.  
Each extract is injected into a GC equipped with a fused silica capillary column, where it 
is chromatographically separated from other extractable organic compounds.  A mass 
spectrometer detector operating in the selected ion monitoring (SIM) mode analyzes the 
eluents.  SIM analysis is performed on extracts that were prepared for scan analysis, as 
well as those prepared for SIM analysis only. 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
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is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit (RL) – The laboratory reporting limit is based on the lowest 

concentration standard in the initial calibration.  Values detected below the 
reporting limit and above the MDL may be reported, but are qualified as 
estimated concentrations. 
 
If the low level standard concentration is not at least three times higher than the 
MDL value, the standard concentration is adjusted upward in order to achieve this 
minimal ratio.  It may be adjusted higher than three times depending on the 
concentration range of the calibration curve and the ability to meet method 
linearity requirements.   

 
For CLP the reporting limit is the Contract Required Quantitation Limit (CRQL) 
for organics. 

 
3.3 Reporting Units – μg/L for water and μg/Kg for soil 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
3.5 Batch - A number of samples (not to exceed 20) processed as a unit. 

 
3.6 CCC – Calibration Check Compounds 

 
3.7 SPCC – System Performance Check Compounds 

 
3.8 AMU – atomic mass unit 

 
3.9 FC-43 - Perfluorotributylamine 

 
4.0 Interferences 
 

4.1 This method is applicable to the analysis of aqueous and solid samples containing 
low total concentrations of extractable organic compounds.  If interferences are 
detected from other sample constituents, the GC conditions may be adjusted to 
reduce or eliminate the interference.  Extract clean-up by gel permeation 
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chromatography (GPC) may be attempted following Sample Preparation 
Procedure –939, ”Gel Permeation Chromatography (GPC) Cleanup of 
Semivolatile (SV) Soil Sample Extracts by CLP, SW-846, and EPA CLP.” 

 
4.2 The client must be aware that in some cases analysis for low concentrations of 

semi-volatile compounds will not be possible because of matrix interferences. 
 
5.0 Safety 
 

5.1 The analysts and laboratory management must be aware of the proper techniques 
used to handle hazardous chemicals and samples. 

 
5.2 Appropriate protective equipment and clothing must be used under the 

assumption that all samples are potentially hazardous.  During sample 
preparation, glasses, gloves and lab coats are a minimum requirement.  The 
persistent presence of noxious odors may be indicative of failure of the laboratory 
ventilation system and must be reported to a supervisor or manager. 

 
5.3 Laboratory staff are required to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets (MSDS) for solvents and 
reagents used in the laboratory.  The MSDS are located in the Quality Assurance 
department. 

 
6.0 Equipment & Supplies 
 

6.1 Mass spectrometer 
 

6.1.1 Hewlett Packard 5972 mass selective detector (MSD) 
 

6.2 Gas Chromatograph 
 

6.2.1 Hewlett Packard 5890 Series II gas chromatograph (GC) 
 

6.3 Analytical Column 
 

6.3.1 Fused silica 30 m (length) Restek RTX-5MS, 0.25 mm (ID), 0.25 μM 
(film thickness)  

 
6.3.2 Fused silica 30 m (length) Restek RTX-5MS, 0.32 mm (ID), 0.25 μM 

(film thickness) 
 
6.4 Autosampler 
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6.4.1 Hewlett Packard 7673 Automated Liquid Sampler 
 

6.5 Data System 
 

6.5.1 A computer is interfaced to the mass spectrometer to allow the continuous 
acquisition and storage on machine-readable media of all mass spectra 
obtained throughout the duration of the chromatographic program. 

 
  6.5.1.1 For data collection, the laboratory uses Hewlett Packard 

ChemStation software. 
 

6.5.2 The data processing computer has software that searches any GC/MS data 
file for ions of a specified mass and plots ion abundances versus time or 
scan number.  This type of plot is defined as an Extracted Ion Current 
Profile (EICP).  The software integrates the abundance of any EICP 
between specified time or scan number limits.   

 
6.5.2.1 For data processing, the laboratory uses the Hewlett Packard HP 

9000 series 735 Unix Workstation employing Target3 software by 
Thru-Put Systems. 

 
6.6 Syringes 

 
6.6.1 10 μL Hamilton syringe 

 
7.0 Reagents & Standards 
 

All standards are prepared by the Organic Standards Laboratory.  Details for the 
preparation are contained in the standard operating procedures (SOP) for that area 
(Section 7.0 of the SOP collection.)  Standards are stored separately from samples at 2 - 
4o C in the laboratory when not in use.  Refer to the Standards Preparation Logbook 22 F 
for details on preparation of standards used in this procedure.   

 
7.1 Reagent water – All water used in this procedure must be equivalent to ASTM 

Type I with regard to resistivity of > 10 megohm-cm (19th and 20th Editions 
of Standard Methods, Method 1080), which is demonstrated to meet the blank 
contamination acceptance criteria contained in this Standard Operating Procedure 
(SOP).  It is referred to throughout the remainder of this SOP as DI water. 

 
7.2 Methylene Chloride 

 
7.3 Standards 
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7.3.1 Calibration standard solutions are prepared at 0.02, 0.05, 0.25, 0.50, 1.0 
and 2.0 μg/mL for the majority of compounds.  See Attachment 4 for 
details on the standard concentrations. 

 
7.3.2 Surrogate standard solution is prepared at a concentration of 1 μg/mL. 

 
7.3.3 Internal standard solution is prepared at 40 μg/mL. 

 
7.3.4 Matrix spike standard solution is prepared at 1 μg/mL. 

 
7.3.5 Standards are prepared every six months or sooner if degradation or 

evaporation occurs. 
 
8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control SOP 
4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are 
also listed. 

 
8.2 All extracts must be analyzed within 40 days of extraction. 

 
8.3 Prior to analysis, all extracts must be stored under refrigeration at 2 - 4o C in the 

reach-in storage unit in the laboratory.  After analysis, extracts are returned to 
Sample Control for long-term storage and disposal. 

 
9.0 Quality Control 
 

9.1 Surrogates 
 

9.1.1 Surrogates are added to each sample prior to extraction. 
 

9.1.2 Samples requiring scan analysis prior to SIM analysis have surrogates 
added at the scan concentration and the recoveries are assessed in the scan 
analysis. 

 
9.1.3 Samples requiring SIM analysis only have surrogates added at the SIM 

concentration and recoveries are assessed in the SIM analysis. 
 

9.1.4 The recovery of each surrogate is monitored.  Surrogate recovery criteria 
must be met or the affected sample must be re-extracted and reanalyzed.  
If surrogate recovery is not met in the method blank or LCS, the entire 
batch must be re-extracted and re-analyzed.  Surrogate recovery limits are 
presented in the following table for SW-846 analyses. 
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Compound Aqueous 
 Acceptance Limits 

Soil  
Acceptance Limits 

Nitrobenzene-d5 34-114 25-136 
2-Fluorobiphenyl 55-110 29-131 
Terphenyl-d14 53-110 34-149 
2-Fluorophenol 20-110 23-131 
Phenol-d5 16-110 25-131 
2, 4, 6-Tribromophenol 25-120 22-143 
2-Fluorophenol 20-110 23-131 

 
9.1.2.1 For the majority of CLP flexibility clause sample analyses, 

surrogate recovery criteria are met in the scan analyses 
performed prior to SIM analyses.  Alternatively, surrogate 
criteria are expressed in the appropriate flexibility clause. 

 
9.2 Internal Standards 

 
9.2.1 In each method blank, laboratory control sample (LCS), matrix spike, and 

sample run immediately after the initial calibration, the internal standard 
area responses must be greater than 50% and less than 200% of the area of 
the internal standard in the mid level initial calibration standard. 

 
9.2.2 For each method blank, LCS, matrix spike, and sample run after a 

continuing calibration verification standard, the internal standard area 
responses must be greater than 50% and less than 200% of the area of the 
internal standard in the continuing calibration verification standard. 

   
9.2.3 The retention time of each internal standard in each method blank, LCS, 

matrix spike, and sample must be within ± 0.5 minutes (30 seconds) of its 
corresponding internal standard in the calibration standard. 

 
9.2.3.1 For CLP flexibility clause analysis using the OLC03.2 SOW, the 

retention time of each internal standard must be within ± 0.33 
minutes (20 seconds) of its corresponding internal standard in the 
calibration standard. 

 
9.2.4 If the internal standard criteria are not met, the extract must be re-injected.  

When the internal standard fails in the same way in the re-injection of a 
sample, a matrix effect is confirmed. 
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9.3 Method Blank 
 

9.3.1 A method blank is prepared with each extraction batch of samples. The 
concentrations of target compounds (see Attachment 1) in the method 
blank prepared for SIM analysis only must be less than the RL for SW-
846 analyses or less than CRQL for CLP analyses.    

 
9.3.1.1 Blanks that were originally prepared for scan analysis may 

contain target compounds at concentrations above the RL or 
CRQL. 

 
9.3.2 Internal standard responses must be within acceptance windows. 

 
9.3.3 If the method blank prepared for SIM analysis only fails acceptance 

criteria for surrogate recovery or contamination, the analytical system is 
considered to be out of control.  The source of the contamination must be 
investigated and appropriate corrective measures taken and documented 
before samples are analyzed.  All samples processed with a method blank 
that is out of control must be re-extracted and reanalyzed, unless the 
method blank meets acceptance criteria upon re-injection. 

 
9.4 Laboratory Control Sample 

 
9.4.1 A laboratory control sample (LCS) is extracted with each SW-846 batch 

of samples.  An LCS is extracted for CLP only if required by the 
flexibility clause.  An LCS is spiked with a subset of the compounds listed 
in the Table from Section 9.4.2.1, unless otherwise specified by the 
project. 

 
9.4.2 The recovery of each spike analyte is monitored. 

 
9.4.2.1 If the LCS fails, all samples analyzed in the batch must be re-

extracted and reanalyzed.  LCS recovery limits are presented in the 
following table. 

 

Compound Aqueous 
Acceptance Limits 

Soil 
Acceptance Limits

Naphthalene 61-107 36-149 
2-Methylnaphthalene 58-100 31-150 
1-Methylnaphthalene 60-109 33-134 
Acenaphthylene 62-112 35-148 
Acenaphthene 65-111 34-147 
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Compound Aqueous 
Acceptance Limits 

Soil 
Acceptance Limits

Fluorene 70-116 34-150 
Phenanthrene 71-119 37-144 
Anthracene 67-112 38-146 
Fluoranthene 63-109 33-150 
Pyrene 64-108 35-144 
Benzo(a)anthracene 66-114 36-145 
Chrysene 67-111 40-140 
Benzo(b)fluoranthene 53-148 32-149 
Benzo(k)fluoranthene 51-111 30-150 
Benzo(a)pyrene 62-129 35-143 
Indeno(1,2,3-c,d)pyrene 77-125 25-112 
Dibenzo(a,h)anthracene 67-131 34-146 
Benzo(g,h,i)perylene 61-119 34-139 
Phenol 10-100 34-150 
2-Chlorophenol 35-136 32-147 
2-Methylphenol 13-100 13-100 
4-Methylphenol 13-100 14-100 
2-Nitrophenol 35-150 35-150 
2, 4-Dimethylphenol 28-150 30-150 
2, 4-Dichlorophenol 34-150 32-150 
4-Chloro-3-methylphenol 35-150 35-150 
2, 4, 6-Trichlorophenol 33-150 30-150 
2, 4, 5-Trichlorophenol 22-100 14-100 
2, 4-Dinitrophenol 10-100 10-105 
4-Nitrophenol 10-150 10-150 
4, 6-Dinitro-2-methylphenol 23-100 15-100 
Pentachlorophenol 32-150 23-150 
1, 3-dichlorobenzene 23-101 10-127 
N-Nitroso-di-n-propylamine 23-121 12-140 
2-Nitroaniline 48-109 20-132 
2, 6-Dinitrotoluene 46-117 18-131 
2, 4-Dinitrotoluene 10-117 18-128 
3, 3’-Dichlorobenzidine 20-107 10-129 
2, 2’-oxybis (1-chloropropane) 32-100 18-114 
Hexachlorobutadiene 29-107 11-137 
Hexachlorobenzene 27-101 15-148 
Bis (2-ethylhexyl) phthalate 36-114 18-125 
Nitrobenzene 35-103 18-127 

 
9.4.2.2 LCS recovery criteria are expressed in the specific EPA flexibility 

clause. 
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9.5 Matrix Spike/Matrix Spike Duplicate 
 

9.5.1 If requested by the client a matrix spike and matrix spike duplicate 
(MS/MSD) are extracted and analyzed with a SDG.   

 
9.5.2 The percent recovery limits for spiked compounds are the same as those 

for the LCS. 
 

9.5.3 The relative percent difference between the MS and the MSD should be 
less than or equal to 50.   

 
9.5.4 The objective for the MS/MSD test is for the majority of the spiked 

compounds to meet recovery and RPD criteria.  However, the 
recoverability of spiked analytes in environmental samples is very much 
influenced by the particular matrix and, therefore, these objectives may 
not be able to be met.  When recoveries do not meet the acceptance 
criteria or interference preclude proper assessment of the data, results of a 
LCS are evaluated to verify that the analytical systems are under control.  

 
If the original sample used for the MS/MSD test does not meet surrogate 
acceptance criteria, it should be reanalyzed or re-extracted/reanalyzed if 
the MS/MSD surrogate recoveries are within limits.  If the original sample 
and the MS/MSD test yield the same unacceptable surrogate recoveries, 
then the sample does not require re-extraction/ reanalysis since matrix 
interferences is confirmed. 

 
9.6 Contingency 

 
9.6.1 If due to a lab accident or to QC failures, a re-preparation and analysis are 

required for the sample and insufficient sample volume remains, the 
Project Manager must be alerted and will contact the client for direction 
on how to proceed. 

 
9.6.2 If persistent contamination occurs in the laboratory, analysis must be 

halted until the source of the contamination can be identified and isolated.  
When the contamination issue is resolved, samples analysis may proceed. 

 
9.6.3 Refer to the corresponding Data Review SOP (number will vary among 

sections) for information on how to handle reporting of data that are 
unacceptable or out-of-control. 

 
9.6.4 Any other issues that potentially effect data quality should also be 

addressed with the Project Manager. 
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10.0 Calibration & Standardization 
 

10.1 Instrument Tuning 
 

10.1.1 Tuning is done for the purpose of demonstrating proper mass axis 
alignment.  The instrument must be tuned to meet the manufacturer’s 
specifications through mass assignment of the three key ions of the tuning 
compound.  The mass drift from the true values of the major ions of FC-43 
must be no more than 0.10 AMU.  The peak width should be ±0.2 of 0.50. 

 
10.1.2 A twelve-hour tune window is observed starting from the time on the tune 

report that represents the acquisition of FC-43. 
 

10.2 Initial Calibration 
 

10.2.1 Prior to sample analysis, an initial calibration curve consisting of six 
levels of standards for SW-846 and five levels for CLP must be analyzed.  
The calibration curve consists of the following concentrations: 0.04, 0.10, 
0.50, 1.0, 2.0, and 4.0 nanograms (ηg) on column.  The 0.50 standard is 
not used for CLP. 

 
10.2.2 Initial calibration acceptance criteria for SW-846 SIM 

 
10.2.2.1 For SW-846, the %RSD for the RRFs in the initial calibration 

must be < 30% in order for the average relative response factor 
to be used for quantitation.   

 
10.2.2.1.1 If the % RSD is > 30% then an alternate method for 

quantitation, such as a linear calibration using least 
squares regression or a non-linear calibration method, 
such as quadratic fit, may be used.  When one of these 
options is used, the line must not be forced through 
the origin and the correlation coefficient of the 
equation must be 0.99 or greater for a valid 
calibration.  If a quadratic equation is used, six levels 
of standards must be used. These alternate methods of 
quantitation are available in the ThruPut system. 

 
10.2.2.2 The initial calibration may still be acceptable when some 

analytes exceed the 30% RSD criteria, if the following 
conditions are met and allowed by the client: 
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• The mean of all of the %RSD values for the analytes (grand 
mean) is ≤ 30%. 

 
• All analytes in the calibration must be included in the 

calculation. 
 

10.2.2.2.1 A summary of the initial calibration data and/or a list 
of the analytes not meeting the 30% RSD criteria and 
the actual %RSD for each of these analytes must be 
included as a deliverable to our client.  If the 
conditions in 10.2.2.1 are met, then the average 
relative response factor may be used to determine the 
concentration of analytes in samples. 

 
Note: The calibration option in 10.2.2.2 is not 

acceptable for analyses performed for 
Chrysler. 

 
10.2.2.3 The minimum RRF for all compounds is 0.010 for SW-846 

analyses. 
 
10.2.3 Initial calibration criteria for CLP analyses are expressed in the flexibility 

clause. 
 
10.2.4 If initial calibration criteria are not met, instrument maintenance may be 

required prior to recalibration. 
 

10.3 Continuing Calibration 
 

10.3.1 Samples may be analyzed immediately after a valid initial calibration if 
there is sufficient tune time remaining.  Otherwise, a continuing 
calibration verification standard must be run to demonstrate that the 
instrument is in control. 

 
10.3.2 The continuing calibration verification standard is the 1.0 ηg level.   
 
10.3.3 Continuing calibration verification acceptance criteria. 
 

10.3.3.1 For SW-846, the percent difference (%D) for the continuing 
calibration for all compounds must be ≤ 30% except for 
pentachlorophenol and 4-nitrophenol which must be ≤ 40%. 
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10.3.3.2 The minimum RRF for all compounds is 0.010 for SW-846 
analyses. 

 
10.3.4 Continuing calibration criteria for CLP is expressed in the flexibility 

clause. 
 

11.0 Procedure 
 

11.1 Documentation must follow the requirements in Quality Control SOP 13.6 
“Proper Documentation Procedures”.  Complete the instrument run log 
(Attachment 3) with the information for the tune sequence. 

 
 11.2 Define the retention time (RT) windows needed for SIM analysis, by analyzing a 

calibration standard in the scan mode first.  Switch the MS to SIM mode. Using 
the compound RTs form the scan analysis, edit the RT windows in the GC/MS 
SIM analysis method.   

 
11.3 Optimize GC conditions so that chromatographic peaks are as sharp and 

symmetrical as possible. 
 

11.4 Prior to the analysis of any calibration standards, method blanks, matrix spikes, or 
samples, the GC/MS system must be tuned by the acquisition of FC-43. This 
marks the beginning of the twelve-hour analysis period. Print a hard copy of the 
FC-43 scan. 

 
11.5 After the acquisition of FC-43, analyze the initial calibration. 

 
11.5.1 Allow standard solutions to equilibrate to room temperature.  Aliquot each 

calibration standard, 0.02, 0.05, 0.25, 0.50, 1.0, and 2.0, μg/mL, in an 
autosampler vial containing a conical insert.  The injection volume is 2.0 
μL.  This will yield a ηg on column amount of 0.04, 0.10, 0.50, 1.0, 2.0 
and 4.0 respectively, for each analyte. 

 
11.5.2 Process and review each standard analysis using the Target3 data system 

insuring that each surrogate and target compound is present in each 
standard. 

 
Note: Attachment 1 contains all of the target compounds for which the 

laboratory analyzes for by SIM.  However, only a subset of this list 
may be analyzed for at one time. 

    
11.5.3 Check that the initial calibration met acceptance criteria by reviewing the 

initial calibration summary form on the Target3 data system. 
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11.5.4 If acceptance criteria are met, print the initial calibration summary form.  

Also print the RIC, quantitation report, and EICP for each calibration 
standard used. 

 
11.5.5 If time remains in the twelve-hour period after the initial calibration has 

been analyzed, samples may be analyzed without the analysis of an 
continuing calibration standard. 

  
  11.5.6 If no samples are analyzed, complete the GC/MS run log. (Attachment 3).  

”Z” out any unused portion of the run log and have a supervisor or 
designee review and sign it.  Make a photocopy of the run log and attach it 
to the hard copy data for the tune. 

 
11.6 After the analysis and acceptance of the initial calibration, analyze the continuing 

calibration. 
 

11.6.1 Process and review the continuing calibration standard using Target3 
processing software insuring that each target compound is present in the 
analysis. 

 
11.6.2 Check that the continuing calibration standard met acceptance criteria, by 

reviewing the continuing calibration summary form on the Target3 data 
system. 

  
 11.6.4 If continuing calibration standard acceptance criteria are met print the 

continuing calibration summary form, RIC, quantitation report, and EICP. 
 
11.7 After the analysis and acceptance of the initial and continuing calibrations, 

analyze the method blanks (LCSs if required), matrix spikes, and samples.  Allow 
all extracts to equilibrate to room temperature prior to analysis.  

 
11.7.1 To prepare a method blank, LCS, matrix spike or sample extract for SW-

846 analysis, aliquot 50 μL of methylene chloride into an autosampler 
vial.  Add 50 μL of the sample extract and 2.5 μL of internal standard 
solution.  All injections must be made using the cold needle injection 
technique.  The injection volume is 2.0 µL and this will yield 2 ηg on 
column of each of the internal standards. 

 
11.7.2 To prepare a method blank, LCS, matrix spike, or sample extract for CLP 

analysis, aliquot 100 µL of the sample extract into an autosampler vial.  
Add 2.5 µL of internal standard solution. 
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11.7.3 Place each auto sampler vial on the tray on top of the GC/MS for analysis.  
Set up the analytical sequence by entering lab identifications for each 
calibration standard, method blank, matrix spike, and sample in to the 
ChemStation data system. 

 
11.7.4 Review each blank analysis, ensuring that it meets all surrogate, internal 

standard and blank contamination criteria. 
 

11.7.5 Review each LCS and matrix spike analysis, ensuring that it meets 
surrogate, internal standard, and spike recovery criteria. 

 
11.7.6 Review each sample analysis, ensuring that it meets surrogate, internal 

standard, and dilution criteria. 
 

11.7.7 At the end of the twelve-hour analysis period, complete the instrument run 
log (attachment 3). “Z” out any unused portion of the run log and have the 
supervisor or designee review and sign it.  Photocopy the run log and 
attach it to the hard copy data for the tune and calibration. 

 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the Quality Control SOP 13.4, “Numerical Data 
Reduction”. 

 
12.1 Calculation of the mean or average of a set of values: 

 

n

X
X

n

i
i∑

== 1  

 
where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  

 
12.2 Calculation of the standard deviation of a set of values: 

 

( )
1

deviation Standard 1

2

−

−
=
∑
=

n

XX
n

i
n

 

 
12.3 Calculation of percent recovery: 

 
12.3.1 LCS and surrogates: 
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100 x 
spikedAmount
foundAmount = R

 
 %  

 

12.3.2 Matrix spikes: 
 

100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%

 
 
12.4 Calculation of % RSD 

 
%RSD

X
= ⎛
⎝⎜

⎞
⎠⎟
×

Standard deviation   100  

 
 
 
 

12.5 Calculation of RPD 
 

( )RPD  =  
Value  -  Value 

Value  +  Value 
x

1 2
1 2 2

100  

 
12.6 Calculation of %Difference (%D) 

 

100 x 
value Reference

value ReferenceValue%Diff −
=  

 
 
 
12.7 Relative Response Factor 

 

CxxisA
isCxAx

RRF
)(

)(
=  

where: Ax = Area of the characteristic ion (EICP) for the compound to be 
measured 

A(is) = Area of the characteristic ion (EICP) for the specific internal 
standard  

C(is) = Concentration of the internal standard (in μg/L) 
Cx = Concentration of the compound to be measured 

 
 12.8 Linear Calibration using Least Squares Regression 
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  baxy +=  
   
  where: y = Instrument response (peak area) 
   a = Slope of the line (coefficient of x) 
   x = Concentration of the calibration standard 
   b = The intercept 

 
12.7 Concentration 

 
12.7.1 Concentration of aqueous samples by GC/MS analysis 

 

))()()((
))()()((/

ViVoRRFAis
DfVtIsAxLg =μ  

 
where: Ax = area of the characteristic ion from the EICP for the 

compound to be measured 
Ais = area of the characteristic ion for the EICP for the internal 

standard 
Is = amount of internal standard injected (ng) 

RRF = mean relative response factor from initial calibration 
standards 

Vo = volume of water extracted (mL) 
Vi = volume of extract injected (μL) 
Vt = volume of the concentrated extract (μL) 
Df = dilution factor.  If no dilution, Df = 1.0 

 
 
 
 

12.7.2 Concentration of soil samples (dry weight basis) by GC/MS 
 

))()()()((
)0.2)()()()((/

DWsViRRFAis
DfVtIsAxkgg =μ  

 
where: Ax, Ais, Is, Vt, Vi, RRF, and Df are the same as given for water 

2.0 = GPC factor (if used) 
Ws = weight of sample extracted, in grams 
D (dry weight)= 100 - % moisture 

100 
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12.7.3 Concentration of water and soil samples (dry weight basis) by GC/MS 
using quadratic (second order) fit in Target:  

 
 [ ] ( ) ( )[ ]2^21 RspmRspmbny ++=  
 
 where:  b = constant 

m1 = multiplier for the unsquared term 
m2 = multiplier for the squared term 
x = area of analyte/area of Internal Standard 
n = amount of Internal Standard 
y = concentration amount in ng on column 

   Rsp = area of analyte/area of Internal Standard 
    

Example: Area of acenapthene = 35659 
   Area of IS = 613275 
   b = -0.0909161 
   m1 = 9.605304 
   m2 = 7.132688 
   ηg of IS = 250 
   response = 35659/613275 = 0.058145 
  

Amount in ηg on column =  
 
( )[ ] gxxg ηη 9.1222^058145.0132688.7058145.0605304.90909161.0250 =++−

 

))((
))()((/)(

ViVo
VtDfyLgwaterionConcentrat =μ  

 

))()((
))()()((/)(

DWsVi
VtUfDfyKggsoilionConcentrat =μ  

 
where:  Uf = unit of correction for GPC, if used 
 

12.7.4 Concentration of soil samples (dry weight basis) by GC/MS using linear 
regression analysis:  

 

 baC
A
CA

s
is

iss
+=  
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a

b
A
CA

C is

iss

s

⎥⎦
⎤

⎢⎣
⎡ −

=  

 
where:  As = Area of the target analyte peak in the sample 
  Ais = Area of the internal standard peak 
  Cs = Concentration of the target analyte in on column the 

calibration standard 
  Cis = Concentration of the internal standard 
  a = Slope of the line (coefficient of Cs) 
  b = The intercept 
 

))((
))()((/(water) 

ViVo
VtDfCsLgionConcentrat =μ  

 

))()((
))()()((/(soil) 

DWsVi
VtUfDfCsKggionConcentrat =μ  

    
12.8 Calculating Dilutions 

 

If a sample concentration exceeds the high level standard a dilution must be 
performed.  Determine a level of dilution that will result in a value within the 
upper half of the calibration range.  This is an acceptable dilution.  A 10x dilution 
is performed by adding 100 μL of sample extract to 900 μL of methylene chloride 
for a total volume of 1000 μL.  It should be recorded on the run log as “10x (1 in 
10).” 

 
 
 
 
 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits and precision and accuracy for a single analyst.  The data are retained by the QA 
department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  Pollution prevention encompasses any technique that reduces or 
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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 thing.  See SOP 12.1, Hazardous Waste Disposal, 
regarding laboratory procedures for recycling solvent waste streams. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 are hazardous and must be handled as 
hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, SW-
846, 3rd Edition, Update III, 12/96, Method 8270C 

 
16.2 U.S. EPA CLP SOWs for Organic Analysis, Multi-Media, Multi-Concentration, 

OLC03.2 and OLM04.3 
 

16.3 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 
Edition, Method 1080 

 
16.4 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 

Procedures for Priority Pollutants” 
 

16.5 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 
American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.6 NELAC Standards, approved June 2003, plus revisions 
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16.7 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
16.8 CompuChem Quality Manual, Revision 7, Update 1, 12/13/05, plus revisions 

 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 – Listing of analytes, CAS numbers and key ions 
 

17.2 Attachment 2 – Method Reporting Limits 
 

17.3 Attachment 3 – Instrument Run Log 
 

17.4 Attachment 4 – SIM Standards Concentration 
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Attachment 1 
 

Analyte List with CAS Numbers and Key Ions 
 

Compound CAS# Primary Ion Secondary Ions

Phenol 108-95-2 94 65, 66 
2-Chlorophenol 95-57-8 128 64, 130 
2-Methylphenol 95-48-7 108 90, 107 
4-Methylphenol 106-44-5 108 107 
N-Nitroso-di-n-propylamine 621-64-7 70 42,101,130 
2-Nitrophenol 88-75-5 139 65, 92, 109 
2,4-Dimethylphenol 105-67-9 107 91, 121, 122 
2-Nitroaniline 88-74-4 65 92,138 
2,4-Dichlorophenol 120-83-2 162 98, 164 
Naphthalene 91-20-3 128 129, 127 
4-Chloro-3-methylphenol 59-50-7 107 142, 144 
1-Methylnaphthalene 90-12-0 142 141, 115 
2-Methylnaphthalene 91-57-6 142 141, 115 
2,4,6-Trichlorophenol 88-06-2 196 198, 200 
2,4,5-Trichlorophenol 95-95-4 196 198, 200 
Nitrobenzene 98-95-3 77 123, 65 
2,6-Dinitrotoluene 606-20-2 165 89, 121 
Acenaphthylene 208-96-8 152 151, 153 
Acenaphthene 83-32-9 153 154, 152 
3,3’-Dichlorobenzidine 91-94-1 252 254, 126 
2,4-Dinitrotoluene 121-14-2 165 63, 182 
2,2’-Oxybis (1-chloropropane) 108-60-1 45 77, 79 
Fluorene 86-73-7 166 165, 167 
Hexachlorobenzene 118-74-1 284 142, 249 
Pentachlorophenol 87-86-5 266 264, 268 
Phenanthrene 208-96-8 152 151, 153 
Anthracene 83-32-9 153 154, 152 
Fluoranthene 86-73-7 166 165, 167 
Pyrene 129-00-0 202 200, 203 
Benzo(a)anthracene 56-55-3 228 226, 229 
Chrysene 218-01-9 228 226, 229 
Benzo(b)fluoranthene 205-99-2 252 126, 125 
Benzo(k)fluoranthene 207-08-9 252 126, 125 
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Attachment 1 (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
* = Internal Standards 
$ = Surrogate 

 
 

NOTE:  For SIM analyses only one secondary ion is used for identification. 
 

Compound (Continued) CAS# Primary Ion Secondary Ions 

Benzidine 92-875 184 92 
Benzo(a)pyrene 50-32-8 252 126, 125 
Indeno(1,2,3-cd)pyrene 193-39-5 276 138, 227 
Dibenzo(a,h)anthracene 53-70-3 278 139, 279 
Benzo(g,h,i)perylene 191-24-2 276 138, 277 
Bis(2-ethylhexyl) phathalate 177-87-7 149 167, 279 
4-Nitrophenol 100-02-7 109 65, 139 
4,6-Dinitro-2-methylphenol 534-52-1 198 182, 77, 168 
2,4-Dinitrophenol 51-28-5 184 63, 154, 107 
1,3-Dichlorobenzene 541-73-1 146  148, 111 
Hexachlorobutadiene 87-68-3 225 227, 223 
1,4-Dichlorobenzene-d4* 2199-69-1 152 115 
Naphthalene-d8 * 1146-65-2 136 68 
Acenaphthene-d10  * 15067-26-2 164 162, 160 
Phenanthrene-d10  * 1517-22-2 188 94, 80 
Chrysene-d12  * 1719-03-5 240 120, 236 
Perylene-d12  * 1520-96-3 264 260, 265 
Nitrobenzene-d5  $ 4165-60-0 82 128, 54 
2-Fluorobiphenyl  $ 321-60-8 172 171, 174 
Terphenyl-d14  $ 98904-43-9 244 122, 212 
2-Fluorophenol $ 367-12-4 112 64 
Phenol-d5 $ 4165-62-2 99 42, 71, 91 
2,4,6-Tribromophenol $ 118-79-6 330 141, 332 
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Attachment 2 
 

C ompound 
A queous 

R eporting Lim it 
µg/L 

Soil 
R eporting Lim its 

µg/K g 
1, 3-dichlorobenzene 0.32 10.7 
1-M ethylnaphthalene 0.20 8.3 
2, 2’-oxybis (1-ch loropropane) 1.0 33 
2, 4, 5-Trich lorophenol 0.64 21.3 
2, 4, 6-Trich lorophenol 0.64 21.3 
2, 4-D ichlorophenol 0.64 21.3 
2, 4-D im ethylphenol 0.64 21.3 
2, 4-D initrophenol 1.92 64 
2, 4-D initrotoluene 0.32 10.7 
2, 6-D initrotoluene 0.32 10.7 
2-Chlorophenol 0.64 21.3 
2-M ethylnaphthalene 0.20 8.3 
2-M ethylphenol 0.64 21.3 
2-N itroaniline 0.32 10.7 
2-N itrophenol 0.64 21.3 
3, 3’-D ich lorobenzidine 0.32 10.7 
4, 6-D initro-2-m ethylphenol 1.92 64 
4-Chloro-3 -m ethylphenol 0.64 21.3 
4-M ethylphenol 0.64 21.3 
4-N itrophenol 1.9 64 
Acenaphthene 0.20 8.3 
Acenaphthylene 0.20 8.3 
Anthracene 0.20 8.3 
Benzo(a)anthracene 0.20 8.3 
Benzo(a)pyrene 0.20 8.3 
Benzo(b)fluoranthene 0.20 8.3 
Benzo(g,h,i)perylene 0.20 8.3 
Benzo(k)fluoranthene 0.20 8.3 
Benzidine 0.32 10.7 
Bis (2-ethylhexyl) phthalate 0.32 10.7 
Chrysene 0.20 8.3 
D ibenzo(a,h)anthracene 0.20 8.3 
Fluoranthene 0.20 8.3 
Fluorene 0.20 8.3 
Hexachlorobenzene 0.64 21.3 
Hexachlorobutadiene 0.20 8.3 
Indeno(1,2,3-c,d)pyrene 0.20 8.3 
N aphthalene 0.20 8.3 
N itrobenzene 1.0 33 
N -N itroso-di-n-propylam ine 0.32 10.7 
Pentach lorophenol 0.64 21.3 
Phenanthrene 0.20 8.3 
Phenol 0.64 21.3 
Pyrene 0.20 8.3  
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Attachment 3 
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Attachment 4 
 

SIM standards concentration (μg/mL) 
 
 
 Level I Level II Level III Level IV* Level V Level VI 
  Compound/ 
compound group 
Phenols 0.32 0.8   4   8 16 32 
2,4-Dintrophenol 0.96 2.4 12 24 48 96 
4,6-Dinitro-2-methylphenol 0.96 2.4 12 24 48 96 
4-Nitrophenol 0.96 2.4 12 24 48 96 
Benzidines 0.16 0.4   2   4   8 16 
Hexachlorobenzene 0.32 0.8   4   8 16 32 
1,3-Dichlorobenzene 0.16 0.4   2   4   8 16 
N-nitroso-di-n-propylamine 0.16 0.4   2   4   8 16 
2-Nitroaniline 0.16 0.4   2   4   8 16 
2,4-Dinitrotoluene 0.16 0.4   2   4   8 16 
2,6-Dinitrotoluene 0.16 0.4   2   4   8 16 
Phthalates 0.16 0.4   2   4   8 16 
PAHs 0.02 0.05   0.25   0.5   1   2 
Hexachlorobutadiene 0.02 0.05   0.25   0.5   1   2 
2,2’-oxybis(1-chloropropane) 0.10 0.25   1.25   25   5   10 
Nitrobenzene 0.10 0.25   1.25   2.5   5   10 
 
 
* Continuing Calibration Level 
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Instrument Procedure 930: Cyanide Analysis of Water and Soil/Sediment Distillates by CLP, 
MCAWW, SW-846, NYSASP, and Lachat 

 
 
1.0 Scope and Application 
 

This Standard Operating Procedure (SOP) is applicable to the determination of total and 
free cyanide in water wastes, including soils/sediments, at concentrations of 10 ppb-200 
ppb for CLP, MCAWW, Method 335.4 and 10ppb-400 ppb for SW-846 Method 9012A.  
The method detects inorganic cyanides that are present as either soluble salts or 
complexes.  The procedure for calculating cyanide amenable to chlorination is also 
included. 
 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 
 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary 
 

Total cyanide from alkaline distillates of water and soil/sediment is converted to 
cyanogen chloride, CNCl, by reaction with choramine-T at pH lower than 8.  The CNC1 
then forms a red-blue dye reacting with pyridine-barbituric acid reagent.  The color is 
read at 570 nm.  The concentration of NaOH must be the same in the standards, the 
scrubber solutions, and any dilution of the original scrubber solutions to obtain colors of 
comparable intensity. 

 
Prior to analysis samples are distilled according the Sample Preparation Procedure –072, 
“Aqueous Sample Midi-Distillation by CLP and NYSASP,” Sample Preparation 
Procedure –093, “Aqueous Sample Total and Free Cyanide Midi-Distillation by SW-846 
and NYSASP,” Sample Preparation Procedure –139, “Solid Sample for Total Cyanide 
Midi-Distillation by CLP and NYSASP,” or Sample Preparation Procedure –191, “Solid 
Sample for Total and Free Cyanide Midi-Distillation by SW-846 and NYSASP.” 

 
Amendable cyanide is calculated by subtracting the amount of cyanide determined in the 
pre-treated sample (using Sample Preparation Procedure –094, “Midi Distillation of 
Aqueous Samples for Amenable Cyanide by CLP and NYSASP” or following Sample 
Preparation Procedure –245:  Cyanide Extraction Procedure for Solids and Oils by SW-
846”) from the amount of total cyanide determined from the untreated sample distillate. 
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3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined form analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For some inorganic methods, the reporting 
limit is based on the MDL, and is usually 4 - 8 times higher than the MDL.   

 
3.3 Reporting Units – mg/Kg or µg/Kg for soil; mg/L or µg/L for water 
 
3.4 A Sample Delivery Group (SDG) is defined by the following, whichever is more 

frequent: 
 

• each 20 field samples received within a case, or 
 

• each 7 calendar day period during which field samples in a case are received 
(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The DOD-QSM and SC DHEC do not accept the SDG approach, unless 

the samples are prepared in a single batch.  When a group of up to 20 
field samples of a similar matrix are prepared as one batch, method-
specified QC samples such as a method blank, laboratory control 
sample, matrix spike, matrix spike duplicate, and matrix duplicate must 
also be prepared together.  

 
3.5 SC DHEC – South Carolina Department of Health and Environmental Control 
 
3.6 DOD-QSM – Department of Defense Quality Systems Manual 

 
 3.7 CRQL – Contract Required Quantitation Limit (ILM05.4) 
  
 3.8 CRDL – Contract Required Quantitation Limit (ILM04.1) 
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4.0 Interferences 
 

4.1 For total cyanide, most interferences are eliminated or minimized by the 
distillation procedure.  Sulfide, fatty acids, nitrate-nitrite, chlorine, thiosulfate, 
aldehydes and thiocyanates may distill over. 

 
5.0 Safety 

 
5.1 Appropriate protective equipment and clothing must be used under the 

assumption that all samples are potentially hazardous.  Safety glasses, gloves and 
lab coats are a minimum requirement.  Testing should be performed in a 
ventilated hood.  The persistent presence of noxious odors may be indicative of 
failure of the laboratory ventilation system and must be reported to a supervisor or 
manager. 

 
5.2 Laboratory staff must review the Chemical Hygiene Plan for general safety 

policies, and Material Safety Data Sheets for reagents used in the laboratory.  The 
Chemical Hygiene Plan and Material Safety Data Sheets are located in the quality 
assurance department. 

 
6.0 Equipment and Supplies 
 

6.1 Lachat QuikChem ™ Automated Continuous Flow Analyzer equipped with the 
following: 
 
6.1.1 Cyanide manifold 10.204.00.1.A 

 
6.1.2 Heating unit 

 
6.1.3 Vacuum pump 

 
7.0 Reagents and Standards 
 

All standard and reagent preparations and lot numbers must be documented on the 
Standards/QC Preparation for Cyanide Analysis by Lachat log (Attachment 1). 
 
Note: To prevent bubble formation, degas all solutions except the standards using a 

vacuum pump. 
 
7.1 Reagent Water-All water used during preparation should be reagent-grade Type I 

with regard to resistivity of > 10 megohm-cm (20th Edition of Standard Methods, 
Method 1080), and referred throughout this SOP as reagent water. 
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7.2 Reagent 1 - Carrier, 0.25M NaOH 
 

7.2.1 In a 1 L volumetric flask, dissolve 10.0 grams of NaOH in 800 mL of 
reagent water.  Dilute to volume and invert to mix. 

 
7.3 Reagent 2 - Phosphate Buffer (0.71 M) 
 

7.3.1 In a 1 L volumetric flask, dissolve 97 grams of potassium phosphate 
monobasic anhydrous (KH2PO4) in 800 mL of water.  Dilute to volume 
and invert to mix. 

 
7.4 Reagent 3 - Chloramine-T 
 

7.4.1 To a 500 mL volumetric flask, add 250 mL of water followed by 2 grams 
of chloramine-T.  Dilute to volume and invert to mix.  Prepare fresh daily. 

 
7.5 Reagent 4 - Pyridine-Barbituric Acid 
 

CAUTION - Always use a fume hood when preparing this reagent.  Always wear a 
face shield when dispensing concentrated acids.  This reagent has a six-month 
shelf - life if stored at 4 °C. 

 
7.5.1 In the fume hood, place 15.0 g of barbituric acid in a 1 L beaker and add 

100 mL of water, rinsing down the sides of the beaker to wet the barbituric 
acid.  Stir in 75 mL of pyridine (C5H5N) and mix until the barbituric acid 
dissolves.  Add 15 mL of concentrated hydrochloric acid (12M HC1) and 
mix.  Transfer to a 1 L volumetric flask, dilute to the mark, and invert 
three times. 

 
7.6 Stock Standard at 1000.0 mg CN/L: purchase 1000 ppm cyanide standard from 

NSI or equivalent supplier. 
 
7.7 Intermediate Standard at 10.0 mg CN/L 

 
7.7.1 Pipet 1.0 mL of the Stock Standard into a 100 mL volumetric flask.  Dilute 

to the mark with Reagent 1.  Invert three times.  Prepare with each day of 
sample analysis. 
 

7.8 Calibration Standards 
 
7.8.1 Five working standards are prepared daily (when samples are analyzed) at 

200, 100, 50, 20, and 10 μg CN/L for CLP, (ILM05.4). 
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7.8.1.1 To five 100 mL volumetric flasks add, respectively, 2.0, 1.0, 0.5, 
0.2, and 0.1 mL of the 10 mg/L intermediate standard.  Dilute to 
volume with Reagent 1 and invert to mix.  A zero standard (ICB) 
is also included in the calibration which contains only Reagent 1. 

 
7.8.1.2 The 100 μg CN/L standard is utilized as the continuing 

calibration verification (CCV) standard. 
 
7.8.1.3 For ILM05.4 the 10 μg CN/L standard is utilized as the CRI. 
 

7.8.2 Seven working standards are prepared daily (when samples are analyzed) 
at 400, 300, 200, 100, 40, 20, 10 μg CN/L for SW-846 and MCAWW. 

 
7.8.2.1 To seven 100 mL volumetric flasks add, respectively, 4.0, 3.0, 

2.0, 1.0, 0.4, 0.2, and 0.1 mL of the 10 mg/L intermediate 
standard.  Dilute to volume with Reagent 1 and invert to mix.  A 
zero standard (ICB) is used which contains only Reagent 1.   

 
7.9 The Initial Calibration Verification (ICV) standard is prepared from the ICV-6 

standard which is supplied by the EPA.  See the water or soil distillation SOPs for 
details on the preparation and distillation of this sample. 

 
7.10 All purchased chemicals and reagents that do not arrive with an expiration date, 

must be assigned an expiration date of three years from receipt.  All lab prepared 
reagents must be assigned an expiration date one year from preparation. 

 
8.0 Sample Preservation and Storage 
 

8.1 Oxidizing agents destroy cyanide during storage and handling.  Add ascorbic acid 
to prevent this. 

 
8.2 Because of the reactivity of cyanide, analyze samples as soon as possible after 

collection. 
 
8.3 If samples must be held, add NaOH to bring the pH to ≥ 12.  The color reaction is 

pH sensitive.  Therefore, distillates or preserved water samples and standards 
should be carefully matched with respect to NaOH concentration. 

 
8.4 Samples are preserved, and stored according to Sample Control SOPs 4.1 

“Receiving Samples” and 4.6 “Storing Samples.” 
 
8.5 Cyanide technical holding time is calculated from verified time of sampling.  The 

technical holding time is 14 days. 



Section No. 3.4.5 
Revision No. 9 
Date: December 6, 2007 
Page 7 of 19 
 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 
8.6 The holding time for EPA ILM05.4 is 12 days from the Verified Time of Sample 

Receipt (VTSR). 
 

 
9.0 Quality Control 
 

9.1 A method blank must be analyzed for each batch of up to 20 samples of a similar 
matrix.  The method blank value must not be greater than the reporting limit.  If 
the blank exceeds the CRDL/CRQL or reporting limit, analysis is stopped, the 
problem is determined and corrected, and any affected samples are reanalyzed, or 
re-prepped and reanalyzed.  Document any instrument maintenance in the 
instrument maintenance log. 

 
9.2 A laboratory control sample (LCS) must be analyzed with each batch of up to 20 

samples.  For aqueous cyanide samples, the ICV for cyanide also serves as the 
LCS).   
 
9.2.1 When analyzing CLP and SW-846 samples, the LCS recovery must agree 

within ± 20% of the true value for soils and 85-115% for waters.   
 
9.2.2 When analyzing samples for MCAWW, the LCS recovery must be within 

90 – 110 % of the true value. 
 
9.2.3 If the LCS falls outside these control limits, the problem must be corrected 

and the affected samples re-prepared and reanalyzed.  A separate LCS is 
required for soil cyanide samples.  For non-CLP work, the soil ICV could 
be utilized as the LCS, but this is not a routine practice. 

 
9.3 A matrix spike must be analyzed for each batch of up to 20 samples of a 

similar matrix for CLP and SW-846 methods.  A matrix spike must be 
analyzed for every 10 samples for Method 335.4.  

 
9.3.1 For CLP and SW-846 methods, spike recoveries should be within 75-

125%, if the sample result does not exceed 4x the spike added. If the 
sample results exceed 4x the spike added, spike the unspiked aliquot of 
the sample at 2x the indigenous level or 2x the CRDL/CRQL (reporting 
limit), whichever is greater. 

 
9.3.2 For Method 335.4 the recovery of the matrix spike should be within 

90 to 110% of the true value.  If the recovery is outside the control 
limits and the method blank and LCS meet acceptance criteria, 
matrix interference in suspected and no further action is required. 
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9.4 A duplicate sample must be analyzed for each batch of up to 20 samples of a 

similar matrix or each SDG for CLP methods.  A duplicate sample must be 
analyzed for every 10 samples for SW-826.  

 
9.4.1 For CLP methods, the RPD between the original and duplicate 

samples must be 20% for sample concentrations ≥ 5x CRDL/CRQL. If 
the sample concentration is < 5x CRDL/CRQL, the RPD should be  ± 
CRDL/CRQL.  

 
9.4.2 For SW-846 samples, the analysis of a matrix spike and matrix spike 

duplicate may fulfill the duplicate requirement.  The RPD should be 
within 20%. 

 
9.5 One to two standards are distilled with each batch of samples to ensure that 

the distillation technique is reliable.   
 

9.5.1 For CLP samples the ICV standard at a concentration at the mid-
point of the calibration range is distilled. The analyte recovery must 
be within 85 to 115% of the true value. 

 
9.5.2 For SW-846, the low and high concentration standards are distilled.  

The recoveries should be within  ±10%. 
 
9.5.3 For Method 335.4, the low and high concentration standards and the 

blank are distilled. The recoveries should be within ±10%. 
 
9.5.4   If these criteria are not met, re-analyze the standard.  If the standard still 

fails acceptance criteria, recalibrate and reanalyze.  If the standards 
continue to fail, re-distill the batch. 

 
9.6 A CRQL Check Standard (CRI) is analyzed at the beginning and end of each 

analytical sequence and every 20 samples, when analyzing CLP samples.  The 
concentration of the CRI is at the CRQL.  The acceptance range is 70-130% of the 
true value. 

 
9.7 Contingency 
 

9.7.1 If due to a lab accident or to QC failure a re-preparation is required for the 
sample and insufficient volume remains, the Project Manager must be 
alerted and will contact the client for direction on how to proceed. 
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9.7.2 If persistent contamination occurs in the laboratory, analyses must be 
halted until the source can be identified and isolated.  When the 
contamination issue is resolved, sample analyses may proceed. 

 
9.7.3 Any other issues that potentially affect data quality should be addressed 

with the Project Manager. 
 
10.0 Calibration and Standardization 
 

10.1 The instrument calibration is analyzed according to the sequence in section 11.0 
below.  The correlation coefficient of the calibration curve must be ≥ 0.995. A 
forced intercept is not used for the calibration.   

 
10.2 For Method 335.4, the Linear Calibration Range (LCR) must be determined 

initially and verified every 6 months or whenever a significant change in 
instrument response is observed or expected. 

 
10.2.1 The initial LCR determination must include enough standards to 

insure that the resulting curve is linear. 
 

10.2.2 The LCR verification must include a minimum of a blank and 3 
standards.  If the verification data exceed ± 10%, the LCR must be 
reestablished. 

 
10.3 An initial calibration verification (ICV) and initial calibration blank (ICB) must 

be analyzed.   
 

10.3.1 For CLP analysis, the distilled ICV and its associated samples must be 
analyzed together. The ICV must fall within 85-115% of the true value.  
The absolute ICB value must not be greater than the CRDL/CRQL.   

 
10.3.2 For SW-846 analyses, distilling the ICV standard is not required.  The 

control limits for the ICV are 85 to 115%.  The absolute ICB value 
must not be greater than the reporting limit. 

 
10.3.3 For Method 335.4 analyses, distilling the ICV standard is not 

required.  The control limits for the ICV are 90 to 110%. The absolute 
ICB value must not be greater than the reporting limit. 

 
10.3.4 If the ICV/ICB control limits cannot be met, determine and correct the 

problem, recalibrate and reanalyze. If the ICV/ICB still does not pass, re-
distillation of the samples and associated QC may be required.  Document 
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any instrument problems and instrument maintenance in the maintenance 
log. 

 
10.3 A continuing calibration verification (CCV) standard and a continuing 

calibration blank (CCB) must be analyzed. 
 

10.3.1 For CLP analyses, analyze the CCV/CCB at a 10% frequency or every 
2 hours throughout the analytical run.   

 
10.3.2 For SW-846 and Method 335.4, analyze the CCV/CCB at a frequency 

of 10%. 
 
10.3.3 The control limits for the ICV/ICB are the same as those for the 

ICV/ICB.  In the event of a CCV/CCB failure, determine and correct the 
problem, recalibrate the instrument, and reanalyze all samples analyzed 
after the last acceptable CCV/CCB. 

 
11.0 Procedure 

 
Documentation must follow the requirements in Quality Control SOP 13.6, “Proper 
Documentation Procedures”. 
 
11.1 Timing 

 
11.1.1 Sample throughput: 80 samples/h; 40s/samples 
 
11.1.2 Pump speed: 35 
 
11.1.3 Cycle period: 45s 
 
11.1.4 Inject to start of peak period: 28s 
 
11.1.5 Inject to end of peak period: 61s 
 
Note: The operation conditions above are recommended and may vary depending 

on instrument performance. 
 

11.2 System Notes 
 
11.2.1 Allow 15 min for heating unit to warm up to 60°C. 
 
11.2.2 Analyze distillates from water and soil/sediment preparation. 
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11.3 Operating System 
 

11.3.1 Inspect the manifold for proper connections 
 
11.3.2 Turn on the power to the instrument. 
 
11.3.3 Secure the pump cassettes and place transmission lines in the 

corresponding solutions. 
 
11.3.4 Select and download the method for cyanide (CN for SW-846 or 

CLPCN for CLP.) 
 
11.3.5 Allow the system to pump until the baseline is steady. 
 
11.3.6 Place the standards in the rack in descending order of concentration. 
 
11.3.7 “Submit and Calibrate Now” in software to begin calibration. 
 
11.3.8 Under “Edit and Identification” enter the sample laboratory numbers and 

client ID numbers. 
 
11.3.9 Once calibration is approved and sample tray is poured up, save the tray. 
 
11.3.10 When the tray is complete, rinse the lines and place in reagent water.  

The run log (Attachment 2) can now be printed for review and reporting. 
 
11.3.11 When the manifold has been flushed with reagent water, remove the 

lines and allow the system to continue pumping until all lines are dry. 
 
11.3.12 Turn off pump and remove all cassettes. 
 
11.3.13 Turn off power to the instrument. 

 
12.0 Data Analysis and Calculations 
 

Calculations must be consistent with the Quality Control SOP 13.4, “Numerical Data 
Reduction”. 

 
12.1 Calculation of the mean or average of a set of values: 
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where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  

 
 
12.2 Calculation of the standard deviation of a set of values: 
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12.3 Calculation of percent recovery: 

 
12.3.1 LCS and surrogates: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  

 
 
12.3.2 Matrix spikes: 

 

100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%

 
12.4 Calculation of % RSD 

 

%RSD
X

= ⎛
⎝⎜

⎞
⎠⎟
×

Standard deviation   100  

 
12.5 Calculation of RPD 

 

( )RPD  =  
Value  -  Value 

Value  +  Value 
x

1 2
1 2 2

100  

 
12.6 Calculation of %Difference (%D) 
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100 x 
value Reference

value ReferenceValue%Diff −
=  

 
12.7 Concentration 

 
12.7.1 Calculate the total or free cyanide in aqueous samples in μg/L as follows: 

 

)(
))()((/,

B
FDALgCN =μ  

 
Where, A = μg/L CN of sample from regression analysis 

 B = volume of original sample for distillation (0.050 L, typically) 
 D =  dilution factor 
 F = Sample receiving solution volume (0.050 L, typical) 

 
12.7.2 Calculate the total or free cyanide in soil/sediment samples in mg/Kg as 

follows: 
 

))((
))()((/,

EB
FDAKggCN =μ  

 
 
Where, A = μg/L CN of sample from regression analysis 

 B = Wet weight of original sample (Kg) 
 D = dilution factor 
 E = % solids 
 F = Sample receiving solution volume (L) 

 
12.7.3 Calculate amenable cyanide as follows: 

 
CNdchlorinateCNtotalLgCNAmenable −=/, μ  

 
12.6 Example dilution calculation 
 

Any sample with a value for total cyanide that exceeds the upper calibration 
range, must be analyzed at a dilution.  For example, if a 5x dilution is determined 
to be needed, 1 mL sample is added to 4 mL 0.25 NaOH. 

 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection limits 
and precision and accuracy for single analyst.  The data are retained in electronic form 
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on intranet QA server and in hardcopy form in the QA department or in the data 
storage room. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  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 thing. 
 

15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. See SOP 12.1, “Hazardous 
Waste Disposal”, regarding laboratory procedures for recycling solvent waste streams. 
 
Samples preserved with HCl, HNO3, NaOH, Zn Acetate, or H2SO4 to pH <2 are 
hazardous and must be handled as hazardous waste. 
 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 U.S. EPA CLP SOW ILM04.1, ILM05.4  
 
16.2 Methods for Chemical Analysis of Water and Wastes, March 1983, Method 

335.4, Revision 1.0, 1993.  
 
16.3 The New York State Analytical Services Protocol (NYSASP), 6/2000, plus 

revisions 
 

16.4 Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods, 3rd 
Edition, Update III, 12/96, Method 9010B and 9012A 

 
16.5 Lachat QuickChem AE, Method 10-204-001-1-A, November 1992 
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16.6 Quality Control SOP 13.6, “Proper Documentation Procedures” 

 
16.7 Quality Control SOP13.4, “Numerical Data Reduction” 

 
16.8 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.9 NELAC Standards, approved June 2003 

 
16.10 EPA QA-G6: Guidance for Preparing Standard Operating Procedures (SOPs) 

EPA/600/B07/001, April 2007. 
 

16.11 CompuChem Quality Manual, Revision 9, June 5, 2007 
 

17.0 Attachments as Tables, Diagrams and Flowcharts  
 

17.1 Attachment 1 – Standards/QC Preparation for Cyanide Analysis by Lachat Log 
 
17.2 Attachment 2 – Cyanide Analysis Log  
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Attachment 1 
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Attachment 1 (Continued) 
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Attachment 1 (Continued) 
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Attachment 2 
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Sample Preparation Procedure –191/-180: Solid Sample for Total and Fee Cyanide Midi 
Distillation by SW-846 and NYSASP 

 
 
1.0 Scope and Application 
 

This method is applicable to the determination of total cyanide in soils, sediments, and 
sludge by midi-distillation with a semi-automated colorimetric analysis of the distillate 
and complies with requirements in SW-846 Method 9010B and 9012A and the New York 
Analytical Services Protocol (NYSASP).  Free cyanide procedures are included from 
Standard Methods. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 
 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 
 The basis for the method includes a reflux-distillation of a known amount of sample 

releasing cyanide from its complexes in the form of hydrogen cyanide gas.  The released 
gas is drawn by vacuum and absorbed in a sodium hydroxide solution.  The cyanide is 
released from the sodium hydroxide solution by means of UV digestion and distillation 
and converted into cyanogen chloride by reaction with chloramine-T.  In this form it 
reacts with pyridine and barbituric acid to give a red-colored complex.  The intensity is 
measured colorimetrically at 578 ηm.  To obtain colors of comparable intensity, it is 
essential to have the same salt content in both the samples and the standards. 

 
3.0 Definitions 
 

3.1 Cyanide – cyanide ion and complex cyanides converted to hydrocyanic acid by 
reaction in a reflux system with mineral acid in the presence of magnesium ion. 

 
3.2 Method detection limit (MDL) – The minimum concentration of an analyte that 

can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined form analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.3 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For some inorganic methods, the reporting 
limit is based on the MDL, and is usually 4-8 times higher than the MDL.   
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3.4 Reporting units – mg/Kg for soil 

 
4.0 Interferences 
 

Interferences are eliminated or reduced by distilling the samples. 
 
5.0 Safety 
 

5.1 As with all laboratory procedures, you must wear the proper protective equipment 
(gloves, safety glasses, lab coat) when performing this procedure. 

 
5.2 Laboratory staff must review the Chemical Hygiene Plan for general safety 

policies, and Material Safety Data Sheets for reagents used in the laboratory. 
 
6.0 Equipment & Supplies 
 

6.1 Midi reflux distillation apparatus 
 
6.2 Heating block capable of maintaining 125 ± 5°C 

 
6.3 Assorted volumetric glassware, pipets, or micropipets 

 
7.0 Reagents and Standards 

 
7.1 Reagent Water- All water used in this procedure must be reagent-grade Type 

I with regard to resistivity of > 10 megohm-cm (19th and 20th Editions of 
Standard Methods, Method 1080), and is demonstrated to meet the blank 
criteria contained in this Standard Operating Procedure (SOP).  It is 
referred throughout this SOP as DI water. 

 
 7.2 Sodium hydroxide solution, 0.25 N: Dissolve 10g of NaOH in DI water, then 

dilute to 1 liter. 
 
 7.3 Magnesium Chloride Solution (for total cyanide only): Weigh 510 grams of 

MgCl2
.6H2O into a 1 L flask and dissolve it in DI water.  Dilute to 1 liter with DI 

water.  Shake the flask well to thoroughly mix. 
 

7.4 Sulfuric Acid, 50% (v/v): (for total cyanide only) carefully add a portion of 
concentrated sulfuric acid to an equal portion of DI H2O. 

 
7.5 Stock cyanide solution, 1000 ppm:  Purchase 1000 ppm cyanide standard from 

NSI Solutions, Inc. or equivalent supplier.   
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7.6 Stock intermediate cyanide solution, 10 ppm: Prepare daily.  To a 50 mL 

volumetric flask, add about 25 mL of 0.25 N sodium hydroxide.  Pipet 500 µL 
volume of stock cyanide solution into the volumetric flask.  Dilute to volume with 
0.25 N NaOH.  Mix well. 

 
Note: Use this solution for sample spikes (MS/MSD), LRS, HRS and MRS. 

 
7.7 ICV – 6 cyanide solution is supplied by EPA and must be ordered.  Maintain a 

supply of this solution and store it in a refrigerator kept at 4° C ± 2° C.  It takes 
about 2 weeks to obtain. 

 
7.8 LCS supplied by EPA as cyanide in soil QC standard. 

 
7.9 Glacial acetic acid (1:9): Mix one volume of glacial acetic acid with 9 volumes of 

DI water. 
 
7.10 Acetate buffer (for free cyanide only):  Dissolve 410 g sodium acetate trihydrate 

in 500 mL DI water.  Add glacial acetic acid (1:9) to yield a solution pH of 4.5 
(approximately 500 mL). 

 
7.11 Zinc acetate solution, 100 g/L (for free cyanide only): Using a 1 L volumetric 

flask, dissolve 120 g zinc acetate in 500 mL of DI water.  Dilute to volume with 
DI water. 

 
7.12 Methyl red indicator (for free cyanide only) 

 
7.13 Reagent and standard preparations are recorded on the Standard/QC Preparation 

Log (Attachment 1). 
 
8.0 Sample Preservation and Storage 
 

8.1 The samples should be collected in certified-clean clear or amber jars or 
glassware. 

 
8.2 No specific preservatives for cyanides in solid matrices are required; however, 

samples must be stored in a refrigerator maintained at a temperature of  
 2 – 4.4° C. 

 
8.3 Samples should be analyzed as rapidly as possible to meet holding time.  Any re-

distillation due to problems during sample analysis must be taken into 
consideration to meet these holding times. 
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Note: Samples must be distilled and analyzed within 14 days from date of 
sampling.  

 
8.4 The sample preparation technician should visually inspect all glassware before 

use.  Any glassware with residues, dust, or discoloration of any kind should be 
rejected and re-cleaned.   

 
8.5 Soap and hot water wash all glassware immediately after use.  Rinse well with DI 

water. 
 

8.6 Samples are collected, preserved, and stored according to the tables in Sample 
Control SOP 4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample 
holding times are also listed. 

 
9.0 Quality Control 
 
 9.1 Preparation Blank 
 

For every 20 samples or for each prep batch, whichever is more frequent, prepare 
a preparation blank.  A preparation blank is prepared by aliquoting 50 mL of DI 
water and distilling according to sample preparation instructions.  This blank is 
used to ascertain whether sample concentrations reflect contamination.  
 

 9.2 Sample Spike 
  

For every 20 samples or for each SDG, whichever is more frequent, at least one 
spike sample preparation must be prepared.  For sample spikes, pipet 0.5 mL of 
10 ppm stock intermediate cyanide solution before distillation into the flask 
containing the sample to be spiked.  True value of the spike is 100 ppb. 

 
 9.3 Duplicate 
 

For every 20 samples or for each SDG, whichever is more frequent, at least one 
duplicate sample must be prepared.  Samples identified as field blanks should not 
be used for sample spike or duplicate analysis. 

 
 9.4 Initial Calibration Verification (ICV) 
 

One ICV must be distilled with each day of distillation. 
 

To prepare, pipet 0.5 mL of ICV-6 cyanide solution into a distillation flask 
containing 50 mL of DI water.  Distill according to the sample preparation 
instructions. 
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9.5 High-range standard (HRS) 
 

At least one calibration standard (high-range) must be distilled with each 
analytical run to ensure that the distillation technique is reliable.  The 
concentration of the HRS is 300 ppb.  To prepare, pipet 1.5 mL of the 10 ppm 
stock intermediate cyanide solution into the distillation flask, that contains 50 
mL of DI water.  Distill according to sample preparation instructions. 

 
9.6 Low-range standards (LRS) 

 
  At least one calibration standard (low-range) must be distilled with each 

analytical run to ensure that the distillation technique is reliable.  The 
concentration of the LRS is 40 ppb.  To prepare, pipet 0.200 mL of the 10 ppm 
stock intermediate cyanide solution into the distillation flask, that contains 50 
mL of DI water.  Distill according to sample preparation instructions. 
 

9.7 Laboratory Control Sample (LCS) 
 

One solid LCS must be prepared for every 20 samples or prep batch, whichever is 
more frequent.  This solid LCS is supplied by EPA and must ordered.  To prepare, 
weigh 1.0 g of the EPA solid into a distillation flask containing 50 mL DI H2O.  
Maintain a supply of this material. 
 

9.8 Contingency 
 

9.8.1 If due to a lab accident or to QC failure a re-preparation is required for the 
sample and insufficient volume remains, the Project Manager must be 
alerted and will contact the client for direction on how to proceed. 

 
9.8.2 If persistent contamination occurs in the laboratory, analyses must be 

halted until the source can be identified and isolated.  When the 
contamination issue is resolved, sample analyses may proceed. 

 
9.8.3 Any other issues that potentially affect data quality should be addressed 

with the Project Manager. 
 
10.0 Calibration and Standardization 
 
 NA 
 
 
 
 
11.0 Procedure 
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Documentation must follow the requirements in Quality Control SOP 13.6, “Proper 
Documentation Procedures”. 

 
Mix sample well, discard any foreign objects such as sticks, stones/rocks, and leaves. 

 
11.1 Manual distillation: set up the apparatus as shown in Attachment 3. 

 
11.2 Total Cyanide Distillation 

 
Transfer 1.0 gram of solid sample weighed to the nearest 0.01 g into the 
distillation flask using DIH2O.  Add 50 mL of DI water and swirl the flask so that 
the sample is dispersed.  Add 2 to 3 boiling chips. 

 
11.2.1 Add 50 mL of 0.25 N NaOH solution to the absorber tube. 
 
11.2.2 Connect the apparatus as shown in Attachment 2. 
 
11.2.3 Adjust suction so that about 3 air bubbles/sec enters through the 

distillation flask.  This air will carry HCN gas from the flask to the 
absorber tube for collection. 

 
11.2.4 After approximately 5 minutes of vacuum flow, add 5 mL of 1:1 H2SO4 

through the inlet tube.  This volume should be sufficient to bring the pH 
of the solution to below 2. 

 
Warning: Violent reaction may occur with the acid addition.  Add 
slowly and observe the sample's response. 

 
11.2.5 Allow air to mix the contents of the distillation flask for approximately 5 

minutes. 
 

11.2.6 Add 2 mL MgCl2 reagent through the inlet tube.  Excessive foaming 
from samples containing surfactants may be quelled by the addition of 
another 2 mL MgCl2.  Rinse the tube with a small amount of DI water.  

 
11.2.7 Turn on the heating block and set at 123-125°C.  Heat the flask to rapid 

boiling.  Do not allow the solution to back up and overflow into the air 
inlet tube. 

 
11.2.8 Distill for an hour and a half and then discontinue heating, but continue 

air flow. 
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11.2.9 Cool and aerate for 15 minutes.  Disconnect absorber tube and close off 
the vacuum source. 

 
11.2.10 Carefully transfer the solution from the scrubber to a 50 mL plastic 

centrifuge tube, which is properly labeled with CompuChem number 
and “CN-” identification to ensure that the cyanide sample is not 
confused with a sample that was prepared for metals.  Replace cap. 

 
11.2.11 Record the preparation information on the Cyanide Preparation 

worksheet (Attachment 4).  All information must be properly entered, 
the sheet reviewed, signed and copied.  Samples are now ready for 
analysis by IP 930, “Total and Free Cyanide Analysis of Water and 
Soil/Sediment Distillates by CLP, MCAWW, SW-846, NYSASP & 
Lachat.” 

 
11.3 Free Cyanide Distillation 

 
11.3.1 Follow steps 11.2.1 through 11.2.3. 

 
11.3.2 After approximately 5 minutes of vacuum flow, add 2.0 mL of acetate 

buffer and 2.0 mL of zinc acetate solution through the inlet tube.  Also 
add 2 or 3 drops of methyl red indicator.  Rinse the tube with a small 
amount of DI water. 

 
11.3.3 Allow air to mix the contents of the distillation flask for approximately 5 

minutes.  If solution is not pink, add acetic acid (1:9) drop wise through 
the inlet tube until a pink color persists. 

 
11.3.4 Follow steps 11.2.7 through 11.2.11.  Record preparation information on 

the Cyanide Preparation Log worksheet (Attachment 3). 
 

12.0 Data Analysis and Calculations 
 
Calculations must be consistent with the Quality Control SOP 13.4, “Numerical Data 
Reduction”. 
 

13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits and precision and accuracy for single analyst.  The data are retained by the QA 
department. 
 

14.0 Pollution Prevention 
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The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  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 thing.  See SOP 12.1, Hazardous Waste 
Disposal, regarding laboratory procedures for recycling solvent waste streams. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required.   

 
Samples preserved with HCl or H2SO4 to pH <2 are hazardous and must be handled as 
hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 SW-846, 3rd Edition, Update III, 12/96, Methods 9012A (with the exception of 
midi-distillation) and 9010B (with the exceptions of midi-distillation and cyanide 
content determination by 9012A) 

 
16.2 New York State Analytical Services Protocol, June 2000, plus revisions  

 
16.3 Quality Control SOP 13.6, “Proper Documentation Procedures” 
 
16.4 Quality Control SOP 13.4, “Numerical Data Reduction” 
 
16.5 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.6 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
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16.7 NELAC Standards, approved June 2003, plus revisions 
 
16.8 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 

Quality-Related Operations EPA/600/R-96/027, November 1995. 
 
16.9 New York State Environmental Laboratory Approval Program, Certification 

Manual, December 25, plus revisions. 
 

16.10 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 
Edition, Method 1080 and 4500-CN I (free cyanide) 
 

16.11 CompuChem Quality Manual, Revision 7, 12/13/05, plus revisions 
 

16.12 Sample Control SOP 4.1, “Receiving Samples” 
  

16.13 Sample Control SOP 4.6, “Storing Samples” 
 

16.14 IP 930, “Total and Free Cyanide Analysis of Water and Soil/Sediment Distillates 
by CLP, MCAWW, SW-846, NYSASP & Lachat.” 

 
17.1 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 – Standards/QC Preparation for Cyanide by Lachat Logbook 
 
17.2 Attachment 2 - Cyanide Distillation Apparatus Diagram 
 
17.3 Attachment 3 - Total Cyanide Preparation Worksheet  
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Attachment 1  
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Attachment 1 (continued) 
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 Attachment 2 
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Attachment 3 
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Instrument Procedure 005: Automated Cold Vapor Determination for Mercury by CLP, SW-
846, MCAWW, and NYSASP 

 
 
1.0 Scope and Application 
 
 1.1 This Standard Operating Procedure (SOP) describes the determination 

mercury in drinking and surface waters, as well as soil and sediment samples 
after appropriate preparation.  It may be applicable also to saline waters, waste 
waters, effluents, and domestic sewages, providing potential interferences are not 
present. 

 
 1.2 The working range is 0.20 to 10.0 µg Hg/L  
 

1.3 Staff members performing the procedures described in this SOP are 
responsible for reading, understanding, and complying with the SOP 
requirements.  Supervisors are responsible for directing the analyst to the 
controlled SOP, and providing adequate explanation of the material 
contained therein. 

 
 1.4 This procedure is restricted to use by or under the supervision of analysts 

experienced in the instrumentation or preparative methods and who have 
demonstrated the ability to generate acceptable results through QC samples 
and analyst capability studies. 

 
2.0 Summary of Method 
 

2.1 The flameless AA procedure is a physical method based on the absorption of 
radiation at 253.7 ηm by mercury vapor.  The mercury is reduced to the elemental 
state and aerated from solution.  The mercury vapor passes through a cell 
positioned in the light path of an atomic absorption spectrophotometer.  
Absorbance (peak height) is measured as a function of mercury concentration. 

 
 2.2 In addition to inorganic forms of mercury, organic mercurials may also be 

present.  These organo-mercury compounds will not respond to the flameless 
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 phenyl 
mercuric acetate and methyl mercuric chloride, are only partially oxidized by the 
reagent.  Potassium persulfate has been found to give approximately 100% 
recovery when used as the oxidant for these compounds. 
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  Therefore, a persulfate oxidation step following the addition of the permanganate 
was included during digestion to ensure that organo-mercury compound(s), if 
present, will be oxidized to the mercuric ion before measurement. 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte. 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For some inorganic methods, the reporting 
limit is based on the MDL, and is usually 4-8 times higher than the MDL.  

  
3.3 Reporting Units – µg/L for water and mg/Kg for soil 
 
3.4 A Sample Delivery Group (SDG) is defined by the following, whichever is more 

frequent: 
 

• each 20 field samples received within a case, or 
 

• each 7 calendar day period during which field samples in a case are 
received (14 calendar days if requested by the client) beginning with the 
receipt of the first sample. 

 
NOTE: The DoD-QSM and SC DHEC do not accept the SDG approach, unless 

the samples are prepared in a single batch.  When a group of up to 20 
field samples of a similar matrix are prepared as one batch, method-
specified QC samples such as a method blank, laboratory control 
sample, matrix spike, matrix spike duplicate, and matrix duplicate must 
also be prepared together. If samples are batched together from different 
sites, project-specific QC must be processed. 

 
3.5 SC DHEC – South Carolina Department of Health and Environmental Control 
 
3.6 CRDL – Contract Required Detection Limit (for ILM04.1) 
 
3.7 CRQL – Contract Required Quantitation Limit (for ILM05.4) 
 
3.8 DOD-QSM – Department of Defense Quality Systems Manual 
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4.0 Interferences 
 

4.1 Some sea waters, waste waters, and sediment samples which are high in chlorides 
have shown a positive interference, probably due to the formation of free chlorine 
which will absorb radiation at 253 ηm. 

 
 4.2 Interference from certain volatile organic materials that will absorb at this 

wavelength is also possible.  A preliminary run under oxidizing conditions, 
without stannous chloride, would determine if this type of interference is present. 

 
5.0 Safety 
 

5.1 Appropriate protective equipment and clothing must be used under the 
assumption that all samples are potentially hazardous.  During sample 
preparation, glasses, gloves and lab coats are a minimum requirement.  The 
persistent presence of noxious odors may be indicative of failure of the laboratory 
ventilation system and must be reported to a supervisor or manager. 

 
5.2 Laboratory staff must review the Chemical Hygiene Plan for general safety 

policies, and Material Safety Data Sheets for reagents used in the laboratory.  The 
Chemical Hygiene Play and the MSDS are located in the Quality Assurance 
department. 

 
6.0 Equipment and Supplies 
 

6.1 Atomic Absorption Spectrophotometer:  Leeman Labs PS200 Automated 
Mercury Analyzer 

 
6.2 Volumetric flasks 

 
7.0 Reagents and Standards 
 

Record all reagent and standard preparations in the Standards/QC Preparation Log for 
Cold Vapor Mercury (Attachment 1). 

 
7.1 Reagent water- All water used during preparation should be reagent-grade Type I 

with regard to resistivity of >10 megohm-cm (20th Edition of standards Methods, 
Method 1080), and referred throughout this SOP as reagent water. 

 
 7.2 Stannous chloride (10%) - Dissolve 100 grams into 500 mL of reagent water 

contained in a 1 L volumetric flask.  Add 250 mL of concentrated HCl and  
dilute to volume with reagent water.  Pour this solution into the reductant bottle 
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and connect the reductant line from the pump.  (Stannous sulfate may be 
substituted.) 

  
 7.3 NH2OH-HCl (24%) - Dissolve 240 grams of hydroxylamine chloride and 240 

grams sodium chloride in 2000 mL reagent water.  (Sodium chloride-
hydroxylamine sulfate may be used instead.) 

 
7.4 Hydrochloric Acid (Concentrated) - J. T. Baker, "Instra-Pure" 
 

7.4.1 Hydrochloric acid (10%) - Add 200 mL concentrated HCl to a 2 L 
volumetric flask containing 1 L of reagent water.  Dilute to volume 
with reagent water. 

 
CAUTION: Always pour acid into water. 

  
 7.5 Stock Hg solution (20 ppm) - Custom standard from commercial standard 

vendors. 
 
 7.6 Intermediate Hg Standard (100 ppb) -  Pipet 0.5 mL of 20 ppm stock standard into 

a 100 mL volumetric flask.  Add 5.0 mL of concentrated HNO3 and dilute to 
volume with reagent water.  Label flask according to the naming procedure in the 
standard log.   

 
 7.7 Hg Calibration Standards: 
 

7.8.1 0.2 ppb: Pipet 0.2 mL of intermediate Hg standard into a 100 mL   
volumetric flask and dilute to 100 mL with reagent water. 

 
  7.8.2 0.5 ppb: Pipet 0.5 mL of intermediate Hg standard into a 100 mL 

volumetric flask and dilute to 100 mL with reagent water. 
 
  7.8.3 1.0 ppb: Pipet 1.0 mL of intermediate Hg standard into a 100 mL 

volumetric flask and dilute to 100 mL with reagent water. 
 
  7.8.4 5.0 ppb: Pipet 5.0 mL of intermediate Hg standard into a 100 mL 

volumetric flask and dilute to 100 mL with reagent water. 
 
  7.8.5 10.0 ppb: Pipet 10.0 mL of intermediate Hg standard into a 100 mL 

volumetric flask and dilute to 100 mL with reagent water. 
 

7.8.6 0.0 ppb:  Add 100 mL reagent water to a 100 mL volumetric flask.  
This is the calibration blank. 
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  7.8.7 The calibration standards are prepared by the inorganics sample 
preparation  technician and are digested before use, following the 
appropriate sample preparation procedure (SPP).  The soil SOP is SPP –
162, “Solid Sample Mercury Digestion by SW-846 and NYSASP.” The 
water SOP is SPP –074, “Mercury in Water, Manual Digestion Procedure 
for EPA CLP, NYSASP, and SW-846, and MCAWW.”  Standard 
preparation and concentrations are included in this procedure for 
reference. 

 
7.9 Initial Calibration Verification 
 

7.9.1 The ICV is analyzed once after each initial calibration to verify the 
standards.  The concentration of the ICV standard may vary with each 
vendor lot.  Check certificate for true value of lot used.  Certificates are 
kept in the certificate notebook and may be located by material receipt log 
number. 

 
7.10 All purchased chemicals and reagents that do not arrive with an expiration date, 

must be assigned an expiration date three years from receipt date.  All lab 
prepared regents must be assigned an expiration date one year from preparation 
date. 

 
8.0 Sample Preservation and Storage 

 
8.1 Samples preserved and stored according to the tables in Sample Control SOP 4.1, 

“Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are also 
listed. 

 
8.2 Aqueous samples should be preserved by acidification with nitric acid to a pH of 

≤ 2 at the time of collection.  If only dissolved mercury is to be determined, the 
sample should be filtered before the acid is added.  For total mercury, the 
filtration step is omitted.  Aqueous samples for all methods except ILM05.4 may 
be stored at room temperature or may be refrigerated. 

 
8.3 Aqueous samples received for analysis using the ILM05.4 statement of work 

must be refrigerated at 2 - 4.oC. 
 
8.4 For MCAWW, it is recommended that samples be sent to the lab as soon as 

possible after collection and acid preserved upon receipt.  After acidification, 
the samples should be mixed, held for 16 hours, and then the pH verified to 
be ≤ 2.  If the sample pH is > 2, repeat the process. 
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8.5 Soil samples are not preserved with acid.  The soil samples are stored at 2 - 4oC 
until sample preparation.  

 
9.0 Quality Control 
 
 9.1 Preparation Blank 
 

9.1.1 For every 20 samples or for each digestion batch, whichever is more 
frequent, analyze a preparation blank.  For SC DHEC, a blank is 
prepared every 10 water samples.  This blank is used to ascertain whether 
sample concentrations reflect contamination.   

 
9.1.1.1 For CLP the blank must not contain mercury at a level above the 

CRDL/CRQL  
 
9.1.1.2 For SW-846 the blank must not contain mercury at a level 

above the reporting limit (PQL). 
 

9.1.1.3 For the DOD-QSM the preparation blank must not contain 
mercury at a level above one half the reporting limit (PQL). 

 
9.1.1.4 For MCAWW, the blank must not contain mercury at a level 

≥ 10% of the analyte concentration determined in the sample 
or > 2.2 times the analyte MDL, whichever is greater. 

 
9.1.2 If the blank does not meet the applicable criteria above, the entire 

sample batch associated with the preparation blank must be re-prepared 
along with a new blank.   

 
9.2.2.1 The only circumstance under which the preparation blank can 

be reported with values greater than the CRDL/CRQL for CLP is 
when the concentration of mercury in the sample exceeds the 
blank concentration by a factor of 10 or more.   

 
9.1.3 Values between CRDL/CRQL and the MDL or PQL and IDL are 

reported with a “B” flag (“J” flag for ILM05.4). 
 

9.2 Matrix Spike 
 
  9.2.1 A matrix spike shall be prepared with every 20 samples or each digestion, 

whichever is more frequent.  For SC DHEC and MCAWW, the matrix 
spike is prepared every 10 water samples. 
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9.2.1.1 A matrix spike duplicate is also prepared with every 20 
samples for SW-846. For SC DHEC a duplicate is prepared at 
a 10% frequency for water samples.  The matrix spike 
duplicate fulfill this requirement.  

   
  9.2.2 The spike recovery of the matrix spike should be within 70-130% for 

MCAWW and within 75-125% for CLP and SW-846.  The relative 
percent difference (RPD) between the duplicated matrix spikes should 
be ± 20. 

 
 9.2.2.1 If the sample concentration is less than four times the amount 

spiked and the recovery of the spike is less than 75% or greater 
than 125%, the corresponding element is flagged with an "N" on 
Form I to indicate that the element did not recover the matrix 
spike acceptably. 

 
9.2.3 To meet the requirements of the DoD-QSM, the matrix spike recovery 

should meet the LCS control limits.  The RPD between the matrix spikes 
should be ≤ 20%. 

 
9.2.3.1 If the DOD-QSM acceptance limits are not met for the matrix 

spikes, contact the client for guidance. 
 

92.3.2 If the results are reported that are associated with failing matrix 
spikes, indicate the specific analytes in the original sample in the 
narrative.  Refer to the DoD-QSM “J” flag. 

 
 9.3 Sample Duplicate 
 
  9.3.1 A duplicate sample is prepared with every 20 samples or each digestion, 

whichever is more frequent.  For SC DHEC, the duplicate is prepared 
every 10 water samples. A duplicate sample is not required for 
MCAWW.  

 
  9.3.2 If the sample and duplicate do not agree within 20% RPD, then the 

affected element is flagged with an "*" on Form I to indicate poor results 
duplication. 

 
9.4 Laboratory Control Sample (LCS) 
 

9.4.1 An LCS is prepared with every 20 samples or each digestion, whichever is 
more frequent.  For SC DHEC, the LCS is prepared every 10 water 
samples.  (An LCS is not required for CLP waters.) 
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9.4.2 The solid EPA LCS/ERA PPT has special control limits, which have been 

provided by EPA/ERA.  The true value and acceptance range are subject 
to change without notice based upon the current lot purchased.  See the 
certificate of analysis or the standard preparation log for the current lot 
in use. 

 
9.4.3 For SW-846, in-house determined statistical limits are used.  The 

statistical control limits are ± 20% for aqueous LCS.  The solid LCS has 
special control limits, which have been provided by ERA.  The true value 
is subject to change without notice based upon the current lot purchased.  
See the certificate of analysis or the standard preparation log for the 
current lot in use. 

 
9.4.4 To meet the requirements for the DoD-QSM, the LCS must meet the 

recovery control limits of 80-120%. 
 

9.4.5 To meet the requirements of the MCAWW, the LCS must meet the 
recovery limits of 85-115%. In calculating the recovery results for the 
MCAWW, the analyte concentration from the preparation blank 
must be subtracted form the LCS. 

 
9.4.6 If the LCS fails acceptance criteria, re-analyze.  If the LCS continues to 

fail and no instrument malfunctions or calibration failures are detected, the 
LCS and all associated samples and QC samples are re-digested. 

 
9.5 CRQL/CRDL Check Standard (CRA/CRI) 

 
  9.5.1 Analyze the CRA (ILM04.1) and CRI (ILM05.4) at the CRDL/CRQL at 

the beginning of each sample analysis sequence to verify linearity near 
the CRDL/CRQL.   The CRA/CRI is repeated as the 20th sample, 40th 
sample, etc. 

 
  9.5.2 The acceptance criterion is ± 50% for ILM04.1 and ± 30% for ILM05.4. 
 
 

9.6 Serial Dilution 
 

9.6.1 For SW-846, perform a serial dilution (1:5) on one sample per analytical 
batch (or when a new or unusual matrix is encountered) when analyte 
concentrations are > than 25 times the MDL. 
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9.6.2 The recovery of the analyte in the diluted sample must be within ± 10% of 
that in the undiluted sample. 

 
9.6.3 If the serial dilution fails, prepare and analyze a spiked portion of the 

sample at 2.5 times the analyte level. 
 

9.6.4 If the recovery is not between 85-110%, analyze all samples in the 
batch by the method of standard additions. 

 
9.7 Contingency 
 

9.7.1 If, due to a lab accident or to QC failure, a re-preparation is required for 
the sample and insufficient volume remains, the Project Manager must be 
alerted and will contact the client for direction on how to proceed. 

 
9.7.2 If persistent contamination occurs in the laboratory, analyses must be 

halted until the source can be identified and isolated.  When the 
contamination issue is resolved, sample analyses may proceed. 

 
9.7.3 Any other issues that potentially affect data quality should be addressed 

with the Project Manager. 
 
10.0 Calibration and Standardization 
 
 10.1 Initial Calibration Verification/Initial Calibration Blank (ICV/ICB) 
 
  10.1.1 The ICV is digested with samples and prepared with each sample 

batch.  The results of the ICV must agree within 10% for SW-846, 5% 
for MCAWW, and 20% for CLP, of the "true" values.  If not, the run 
must be terminated and the instrument recalibrated.  If recalibration 
does not fix the problem, shut down the instrument, label with an 
"OUT OF CALIBRATION" tag, and request instrument service. 

 
 10.1.2 Follow the ICV with the initial calibration blank (ICB).  The mercury 

results for the blank must be less than the EPA CRDL/CRQL for 
CLP or less than the reporting limit (PQL) for SW-846.  If not, 
terminate the analysis and recalibrate.  A reanalysis of the ICB may 
be performed for SW-846 prior to recalibration.  If recalibration does 
not fix the problem, shut down the instrument, label with an "OUT 
OF CALIBRATION" tag, and request instrument service. 

 
   10.1.2.1 The DOD-QSM requires that the results for the ICB must be 

less than the MDL. 
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10.2 Continuing Calibration Verification/Continuing Calibration Blank 

(CCV/CCB) 
 

10.2.1 Verify the calibration every 10 samples and at the end of the 
analytical sequence using the 5.0 μg/L level calibration standard.  The 
results of the check standard must agree within ± 20% of the true 
value.  If not, terminate the analysis, correct the problem, and 
recalibrate the instrument. 

 
10.7.1.1  For North Carolina regulatory work and for MCAWW, the 

check standard must agree within ± 10%. 
 

 10.2.2 Follow the CCV with the continuing calibration blank (CCB).The 
results for the CCB must be less than the CRDL/CRQL for CLP or 
less than the reporting limit (PQL) for SW-846.  If not, terminate the 
analysis and recalibrate.  A reanalysis of the ICB may be performed 
for SW-846 prior to recalibration.  If recalibration does not fix the 
problem, shut down the instrument, label with an "OUT OF 
CALIBRATION" tag, and request instrument service. 

 
10.2.3.1 The DOD-QSM and the MCAWW require that the results 

for the CCB must be less than the MDL. 
 

10.3 The PS200 must be calibrated before you can run samples.  The following 
procedure is performed after the start-up (11.4) and before running samples.  
Calibration standards are digested along with samples.  

 
 10.4 To perform a standard EPA (Method 245.1 or 7470A) calibration, press the 

macro (F2) key and a "Macro:" prompt will appear at the top of the screen.  Type 
AUTOCRA and press Enter.  The calibration routine will begin.  It is assumed 
that the six standards have been loaded as standards 1-6 on the calibration 
standards screen. 

 
 10.5 To perform a calibration other than a standard EPA procedure, press the STD F6 

action key.  The standard screen appears, and a "Run standard: 1 2 3 4 5 6" 
message is displayed at the bottom of the screen.  Enter the number of the 
standard to be run (1-6) and press Enter.  A "from replicate: 1 to:" message will 
then appear at the bottom of the screen.  Enter the first number in the "from 
replicate:" field and last number in the "to:" field.  Press Enter.  The system will 
run the standards. 
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 10.6 The results of the calibration are automatically stored. To review the results, 
select “Calibration” from the main menu and then select line calibration to 
generate a display.  Below are some guidelines for determining whether the 
results are acceptable: 
 
• Do the % RSDs look acceptable for various concentrations? 
• Is the correlation coefficient larger than 0.995? 
• For ILM05.4, standards must be within 5% of true value (except the CRQL 

standard) 
• A forced intercept calibration model is not utilized. 

 
 10.7 If the calibration results are acceptable, begin running samples. 
 
 10.8 If the calibration results are unacceptable, rerun the standards to verify results.  

When an acceptable calibration is achieved, you can begin running the samples. 
 
11.0 Procedure 

 
Documentation must follow the requirements in Quality Control SOP 13.6, “Proper 
Documentation Procedures”. 

 
 11.1 Powering up the system 
 
  11.1.1 Press the green button on the lower right front of the unit to turn on the 

PS200, and press the blue button to turn on the mercury lamp.  This 
should only be done if system has been off.  The system should remain on 
at all times. 

 
  11.1.2 Press the “Power On” buttons on the printer, monitor, and computer. 
 
  11.1.3 When the system prompt appears on the monitor, type “PS” and press 

“Enter.”  The system will move the autosampler tip into the rinse tank and 
the PS200 menu will appear on the monitor. 

 
  11.1.4 Press the “F2” macro key on the keyboard, type “COLDSTRT”, and press 

“Enter.”  This begins the Coldstart procedure, which warms up the 
instrument in preparation for the initial system test.  The Coldstart 
procedure takes about 2.5 hours.  Do not attempt to use the PS200 before 
the Coldstart procedure is complete.  Performance will be significantly 
impaired. 

 
Note: This is only necessary if system has been turned off. 
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 11.2 Setting the Optics 
 
  11.2.1 Select the following options in sequence from the PS200 main menu:  

“Utility”, “Diagnostics”, and “Aperture Test.”  Press “Enter.”  A display 
will appear on the monitor. 

 
  11.2.2 Look at the aperture reading.  If the value is outside ± 100, adjust the 

aperture.  To do this, follow these steps: 
 

• Expose the aperture adjustment screws by removing the front panel 
of the PS200.  The panel is easily detached by pushing it up and 
pulling out. 

 
• Unscrew the aperture screw which is threaded in the furthest 

optical cell.  Use the proper size allen wrench to adjust this screw.  
Perform the aperture test again, taking note that the number has 
changed from the original reading.  Repeat this process until the 
value stops changing (this indicates that neither aperture is 
blocking the light). 

 
• Turn the appropriate aperture screw (top aperture screw if the 

value is positive, bottom aperture screw if the value is negative) in 
or clockwise one-eighth revolution, and press “Enter.”  Check the 
aperture reading and repeat this process until the reading is within 
± 100; an ideal reading is 0. 

 
  11.2.3 Select the “Zero Detector” option and press “Enter.”  A small screen will 

appear, divided into two sections.  On the left side of the screen there 
should be a small, flat peak.  On the right side, there should be a peak or 
peaks, the last of which should appear to tail off the screen.  The size of 
these peaks is not important, only that they tail off above the bottom of the 
screen. 

 
  11.2.4 Select the “Test Optics” option and press “Enter.”  The values that appear 

for the sample and reference intensities should be between 400,000 and 
1,200,000, and the difference between them should be no greater than 
100,000.  If these criteria are not met, then the optical cell should be 
cleaned. 

 
  11.2.5 Replace the front panel. 
 
  

11.3 Preparing the System 
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  The following procedures must be performed each morning before warming up 

the system. 
 
  11.3.1 Press the Stop (“F10”) key to stop any currently running macro. 
 
  11.3.2 Change the drying tube.  Refer to the maintenance section of the 

Instrument Operator’s Manual for instructions. 
 

  11.3.3 Release the clamps and check the pump tubing for wear.  Under normal 
use, the tubes will need to be replaced about once per week.  To replace 
tubing, refer to the maintenance section of the Instrument Operator’s 
Manual. 

 
  11.3.4 Check the reductant volume and refresh it, if needed. 
 

  11.3.5 Clean the rinse tank using standard lab cleaning practices, and add fresh 
rinse. 

 
  11.3.6 If the lamp has been off, turn on lamp power and allow the lamp to warm 

up for at least 45 minutes. 
 
  11.3.7 If the PS200 has been shut off, power up all components and perform the 

Coldstart macro.  You are now ready to start up the system. 
 
 11.4 Start-up Procedure 
 
  11.4.1 Warm Start 
 
   The warmstart macro is used to prepare the PS200 for operation if it is 

being started up from a short-term (overnight) shutdown. 
 
   To run the warmstart macro, press the macro (“F2”) key on the keyboard.  

Type “WARMSTRT” and press “Enter.”  The system will wait for several 
minutes and then turn on the pump and gas flow to protocol speed.  When 
the system is stable, a beep will sound and a "System ready" message will 
appear on screen.  The PS200 is now ready for operation. 

 
11.4.2 Cold Start 

 
   The coldstart macro procedure is used to prepare the PS200 for operation 

if the system has been shut down for an extended period of time.  This 
procedure turns on the liquid and the gas flow, and then waits until the 
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system thermally equilibrates before beeping to indicate that it is ready to 
run.  You should then perform an aperture test and make any necessary 
adjustments to the aperture before you run samples. 

 
   11.4.2.1 To run the coldstart macro, press the Macro (“F2”) key on the 

keyboard, type “COLDSTRT”, and press “Enter.”  The cold 
start procedure takes approximately 2.5 hours.  Do not attempt 
to operate the PS200 before this procedure is complete, or 
performance will be significantly impaired. 

 
   11.4.2.2 When a beep has sounded and an "Operation complete" 

message is visible on the screen (indicating the completion of 
the cold start procedure), you must check the apertures on the 
optical cell and make any necessary adjustments.  When the 
aperture adjustments are completed, the PS200 is ready for 
operation. 

 
  11.4.3 Software set-up 
 
   To run samples, you must enter all information regarding the protocol, 

sample identification, calibration values, and autosampler parameters into 
the software.  This information is entered into a series of screens that are 
accessed from the main menu.  (You can display the main menu at any 
time by pressing the menu [“F1”] key on your keyboard.) 

 
   Perform each of the steps in sequence to set up the software.  When you 

have completed these steps, the PS200 will be able to run samples 
automatically. 

 
   First you must name the protocol, or set of operating parameters that 

instruct the system how to run a determination for a specific type of 
sample.  You enter the name of the protocol to tell the PS200 how to run a 
batch of samples. 

 
   11.4.3.1 From the Main menu, select “Protocol: and then select “Get.”  

The protocol screen will appear with a list of protocols 
currently on the disk.  A "Get protocol name:" message will 
appear at the bottom of the screen. 

 
 11.4.3.2 Type “Hg2” and press “Enter.” 
 
   11.4.3.3 Press the Menu (“F1”) key to return to the main menu. 
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   Once you have named the protocol, you must open or create a 
folder to hold all data generated by running that protocol.  A 
folder is a place to store data on disks.  It is created to make 
reporting of batches of samples easier.  A folder contains data 
for standards, samples, scans, updates, and batch markers for a 
single protocol.  Whenever you copy or create a protocol, you 
must create a new folder. 

 
   11.4.3.4 From the main menu, select “Data Output” and then select 

“Open Folder.”  The folder maintenance screen appears with a 
list of available folders.  An "Enter folder name:" message will 
be displayed at the bottom of the screen. 

 
   11.4.3.5 Type a folder name (you can open an existing folder or create a 

name for a new folder) and press “Enter.”  If you type a new 
name, the prompt box will say, "Folder does not exist.  Create 
(Y or N)?"  Answer “Y” and press “Enter” to create a new 
folder.  The name of the selected folder appears in the status 
box at the top of the screen, and all data will be stored on disk 
under the folder name.  If you do not open a folder, no data 
will be stored on the disk. 

 
     Note that data cannot be transferred from one folder to another.  

When you create summary reports from stored data, you report 
from one folder at a time.  Keep this in mind when you set up 
your folders. 

 
     Each folder can store data for only one protocol, but you can 

create any number of folders for a protocol.  When you create a 
new protocol, you will be asked to open a new folder for that 
protocol. 

 
   11.4.3.6 Press the Menu (“F1”) key to return to the main menu. 
 

11.4.4 Autosampler Table Set-up 
 

11.4.4.1 From the main menu, select AUTOSAMPLER and then Rack 
entry.  The rack screen appears, and an "Enter rack name:" 
message is displayed at the bottom of the screen. 

 
11.4.4.2 Type a rack name (either new or existing) and press enter.  (If 

you enter a new name, you will be asked if you want to create a 
new rack; answer Y.) 
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11.4.4.3 Press the insert “insert” key on the keyboard.  This will allow 

for individual entry into the autosampler table. 
 
11.4.4.4 Type the CompuChem sample number under the column titled 

“Sample ID.”  Then type the client’s sample number and the 
dilution of the sample in the column titled “Additional ID.” 

 
11.4.4.5 When you have finished entering all the sample ID’s for your 

run, page up to first page, press the F3 key to print the current 
page.  Page down and print each page until all pages have been 
printed.  This will allow for analyst identification of sample 
positions for pouring up samples in autosampler rack. 

 
11.4.4.6 To define another rack, type E (EXIT) to go back to the rack 

entry menu and repeat steps 1-3. 
 
11.4.4.7 Press the menu (F1) key to return to the main menu. 
 
 Next you must define the start-to-finish sample sequence. 
 
11.4.4.8 From the main menu, select AUTOSAMPLER and then Set-

up.  Type the rack number to be run (1 or 2).  The prompt 
"Enter rack name" is displayed at the bottom of the screen. 

 
11.4.4.9 Type the rack name and press Enter.  The set-up screen for that 

rack will appear, and a "Begin cup:" prompt will appear at the 
bottom of the screen. 

 
11.4.4.10 Enter the number (cup position) of the first cup to be sampled 

and press Enter.  An "End cup:" prompt will now be displayed 
at the bottom of the screen. 

 
   11.4.4.11 Enter the number of the last cup to be sampled and press 

“Enter”. 
 
   11.4.4.12 If you are using a second rack, repeat the previous five steps. 
 
   11.4.4.13 Press the Menu (F1) key to return to the main menu. 
 
   11.4.4.14 Press N to name the standard cups.  1-ICB/CCB, 2-CCV, 3-

ICV, 4-CRA, enter (x3).  Press the menu (F1) key to return to 
the main menu. 
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11.5 Sample Analysis 

 
Prior to analysis all samples and standards are digested following the appropriate 
method sample preparation procedure (SPP).  The soil SOP is SPP –162, “Solid 
Sample Mercury Digestion by SW-846 and NYSASP.” The water SOP is SPP –
074, “Mercury in Water, Manual Digestion Procedure for EPA CLP, NYSASP, 
and SW-846, and MCAWW.”   

 
Note: The PS200 must be calibrated before you can run samples.  The 

calibration procedure is given in section 10.0.  Autosample tables 
automatically gos through the calibration process and proceeds to run the 
samples. 

 
Note:  See section 9.0 for QC samples, acceptance criteria, and corrective actions 

for QC failures. 
 
  11.5.1 Just before analysis, add 50 mL of DI water to all soil samples.  Next, add 

6 mL of hydroxylamine hydrochloride solution to reduce excess 
permanganate, and mix until the sample is clear.  The Leeman PS200 
automatically adds the appropriate amount of stannous chloride during 
analysis.  Pour standards and samples into cuvettes and load into 
autosampler racks based upon the set-up of the autotable. 

 
  11.5.2 Arrange standards in increasing concentrations and calibrate instrument. 
 

11.5.3 Analyze a solution from a different source stock than the standards for 
initial calibration verification (ICV).  Determine that the measured value 
is in agreement with the certified value.  If not, recalibrate after 
determining the problem. 

 
  11.5.4 Analyze the calibration blank and preparation blank(s). If the calibration 

blank contains mercury at a value that is greater than the reporting limit 
terminate the analysis, correct the problem, and recalibrate. 

 
  11.5.5 Analyze the CRA/CRI standard at the beginning of each sample analysis 

to verify linearity near the CRDL/CRQL. 
 
  11.5.6 Analyze samples, sample spike(s), and duplicate(s) monitoring quality 

control requirements.  A serial dilution must also be analyzed for SW-846 
methods.  This should be a dilution of one sample within each SDG, 
and/or of each sample matrix.  This dilution is 1 in 5 (5x).  
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11.5.7 Verify the calibration every 10 samples and at the end of the analytical run 
with a CCV followed by the CCB.  Samples must be bracketed by 
passing CCV/CCB samples.  Samples associated with a failing CCV or 
CCB must be re-analyzed. 

 
  11.5.8 Complete the mercury run log (Attachment 4).  When sample analysis is 

complete, the run log and original raw data is copied and placed in all 
associated SDG folders. 

 
11.6 Transferring Data 

 
 11.6.1 Select <F4> to generate the report. 

 
• Type K (disk) and it will prompt for filename. 

 
• File name must be the same as the folder name at the top of the 

screen. 
 

• Type L (PRN file). 
 

• Type G (generate). 
 

• Type K (disk) and type A:\filename.   
 

• Type L (PRN file). 
 

• Type G (generate). 
 

• Copy file to a diskette.  Load data from diskette into MARRS. 
 

11.7 Shutdown Procedure 
 
  There are two methods for shutting down the PS200.  In routine operation, where 

the system is likely to be used daily, the overnight routine is used to put the unit 
into a "sleep mode."  If the system is to be completely turned off and not used for 
an extended period of time (one week or more), or if it is to be shipped or moved, 
you must use the long-term shutdown routine instead.  These two methods are 
described below.  For weekends or periods of "sleep" greater than 24 hours it is 
recommended that you turn off the mercury lamp by pressing the blue button. 

 
  NOTE: Before shutting down the instrument, the system must have beeped to 

indicate completion of the last procedure, and the word "Idle" should 
appear in the "State" field in the top left of the displayed screen.  To 
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interrupt or stop an ongoing procedure, press the STOP (F10) key.  You 
can then shut down the instrument. 

 
  11.7.1 Short-term (overnite macro) 
 
   Press the macro (F2) key, type overnite, and press Enter.  Turn off power 

to the lamp if the instrument will not be used for longer than 24 hours.  In 
Overnite mode, the pump and gas flow will turn on every few minutes, run 
for a few seconds, and then stop.  This cycle exercises the tubes to avoid 
flat spots and fatigue, and the gas flow keeps the optical cell dry.  
IMPORTANT--if the drying tube is blocked, liquid may flow back into 
the optical cell; this will require disassembly and cleaning.  Make certain 
the drying tube has been packed loosely. 

 
  11.7.2 Long-term (Shutdown Macro) 
 
   The shutdown macro procedure is designed to flush out all lines with 

deionized water to get rid of any residual chemicals. 
 

• Lift the sample tip and remove the rinse tray.  Rinse and fill it with 
deionized water and replace the tray.  Lower the sample tip into the 
cleaned tray. 

 
• Remove the reductant bottle cap and line and carefully place the tip of 

the line in the rinse tank (rest the cap on the corner of the rinse tray). 
 

• Turn off the lamp. 
 

• Press the Macro (F2) button.  Type SHUTDOWN and press Enter.  
When you hear a beep and see the message "Disconnect optical cell" 
in the lower right corner of the screen (you will have to wait several 
minutes), release all pump clamps. 

 
• Remove the front cover of the PS200 and remove the optical cell.  

Disconnect the two gas lines on the left side of the cell, and leave them 
hanging.  Replace the optical cell and the front cover. 

 
NOTE: The next time that you start up the system, you must 

remember to reopen the front cover, remove the optical cell 
and reconnect the gas lines. 

 
• Shut off power to the computer, monitor, printer, and PS200. 
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12.0 Data Analysis and Calculations 
 
 Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 
 12.1 Linear Calibration using Least Squares Regression 
 
  baxy +=  
   
  where:  y = Instrument response (peak area) 
    a = Slope of the line (coefficient of x) 
    x = Concentration of the calibration standard 
    b = The intercept 
 

12.2 Calculations 
 

 12.2.1 Concentration of Mercury in aqueous samples = 
 

(digestion concentration (µg/L)) (digestate volume (L))(dilution factor)       
(sample volume (L)) 

 
 

12.2.2 Concentration of Mercury in soil samples = 
 

(digestion concentration (µg/L)) (digestate volume (L)) (dilution factor)       
(sample weight (g)) (% solid) 

  
 
12.3 Calculation of the mean or average of a set of values: 

 

n

X
X

n

i
i∑

== 1  

 
where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  

 
12.4 Calculation of the standard deviation of a set of values: 

 

( )
1

deviation Standard 1

2

−

−
=
∑
=

n

XX
n

i
n
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12.5 Calculation of percent recovery: 

 
12.5.1 LCS and surrogates: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  

 
12.5.2 Matrix spikes: 

 

100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%  

 
12.6 Calculation of % RSD 

 

%RSD
X

= ⎛
⎝⎜

⎞
⎠⎟
×

Standard deviation   100  

 
 
12.7 Calculation of RPD 

 

( )RPD  =  
Value  -  Value 

Value  +  Value 
x

1 2
1 2 2

100  

 
12.8 Calculation of %Difference (%D) 

 

100 x 
value Reference

value ReferenceValue%Diff −
=  

 
12.9 Dilutions 

 
12.9.1 Sample concentrations falling above the analytical range, i.e. highest 

calibration standard concentration, must be diluted. 
 
12.9.2 A sample dilution must yield a value within the upper half of the 

analytical concentration range to be acceptable. 
 
12.9.3 The level of dilution selected is determined by the detected concentration 

and the expertise of the analyst. 
 
12.9.4 Samples are analyzed undiluted unless in the analyst’s technical 

judgement a dilution is required based on the appearance of the sample, 



Section No. 3.3.4 
Revision No. 21 
Date:  July 23, 2007 
Page 23 of 27 

 

ORIGINAL              MASTER COPY               CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

prior knowledge of the client or site, instrument problems related to 
analysis of a particular sample set, etc. 

 
13.0 Method Performance 
 
 This method was validated through in-house laboratory studies of method detection 

limits and precision and accuracy for single analyst.  The data are retained by the QA 
department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  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 thing. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. See SOP 12.1, “Hazardous 
Waste Disposal”, regarding laboratory procedures for recycling solvent waste 
streams. 
 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be must 
be handled as hazardous waste. 
 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
 
16.0 References 
 
 16.1 "Leeman PS200 Set-up and Operation Manual" 
 

16.2 U.S. EPA CLP SOW for Inorganic Analysis, ILM04.1, ILM05.4 
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16.3 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 
Methods 7470A and 7471A 

 
16.4 Chemical Analysis of Water and Wastes, Method 245.1 , Revision 3.0, 1994 
 
16.5 Quality Control SOP, 13.6, “Proper Documentation Procedures” 

 
16.6 Quality Control SOP 13.4, “Numerical Data Reduction” 

 
16.7 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.8 NELAC Standards, June 2003 

 
 16.9 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 

Quality-Related Operations EPA/600/R-96/027, November 1995. 
 

16.10 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 
Edition, Method 1080 

 
16.11 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 

Procedures for Priority Pollutants” 
 

16.12 CompuChem Quality Manual, Revision 9, June 5, 2007 
 

16.13 Sample Control SOP 4.6, “Storing Samples” 
 

16.14 Department of Defense Quality Systems Manual of Environmental Laboratories, 
Version 3 Final, January 2006 

 
 16.15 New York State Analytical Services Protocol (NYSASP), 6/2000 
 
17.0 Attachments as Tables, Diagrams and Flowcharts 
 
 17.1 Attachment 1 – Standards/QC Preparation Log for Cold Vapor Mercury 
 

17.2 Attachment 2 – Mercury Run Log 



Section No. 3.3.4 
Revision No. 21 
Date:  July 23, 2007 
Page 25 of 27 

 

ORIGINAL              MASTER COPY               CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 Attachment 1 
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Attachment 2 
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Attachment 2 (continued) 
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Sample Preparation Procedure -162: Solid Sample Mercury Digestion by SW-846 and NYSASP 
 
 
 
 
1.0 Scope and Application 
 

This method is applicable to the determination of total mercury (organic and inorganic) 
in soils, sediments, bottom deposits, biota and sludge.  All samples must be exposed to a 
dissolution step prior to analysis.  If this dissolution procedure is not sufficient to 
dissolve a specific matrix type or sample, then this method is not applicable for that 
matrix. 

 
The range of the method is 0.03 – 1.7 mg/Kg.  This range may be extended above or 
below the normal range by increasing or decreasing sample size or through instrument 
and recorder adjustments. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

The cold vapor atomic absorption method is based on the absorption of radiation at the 
253.7 ηm wavelength by mercury vapor.  The mercury is reduced to the elemental state 
and aerated from solution in a closed system.  Once the sample is cooled, the mercury 
vapor passes through a cell positioned in the light path of an atomic absorption 
spectrophotometer.  Absorbance (peak height) is measured as a function of mercury 
concentration. 

 
Aqueous standards used for the calibration curve are also digested with the samples 
according to the water Sample Preparation Procedure –074, “Mercury in Water, Manual 
Digestion Procedure”.  Digested samples are then analyzed by Instrument Procedure 005, 
“Automated Cold Vapor Determination for Mercury by CLP, SW-846, MCAWW, and 
NYSASP.” 
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3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For some inorganic methods, the reporting 
limit is based on the MDL, and is usually 4-8 times higher than the MDL.   

 
If the low level standard concentration is not at least three times higher than the 
MDL value, the standard concentration is adjusted upward in order to achieve this 
minimal ratio.  It may be adjusted higher than three times depending on the 
concentration range of the calibration curve and the ability to meet method 
linearity requirements.   

 
3.3 Reporting Units – mg/Kg 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The DoD-QSM does not accept the SDG approach, unless the samples 

are prepared in a single batch.  When a group of up to 20 field samples 
of a similar matrix are prepared as one batch, method-specified QC 
samples such as a method blank, laboratory control sample, matrix 
spike, matrix spike duplicate, and matrix duplicate must also be prepared 
together at a rate of 5%.  If samples are batched together from different 
sites, project-specific QC must be processed. 

 
3.5 DOD-QSM – Department of Defense-Quality Systems Manual 

 
4.0 Interferences 
 

Potassium permanganate is added to eliminate possible interference from sulfide.  An 
excess of hydroxylamine hydrochloride reagent is added to take up free chlorine.  This is 
added prior to instrument analysis by the analyst. 

 
5.0 Safety 
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A face shield must be worn when pouring concentrated acids.  Always add acid to water 
when preparing aqueous acid solutions.  Perform all digestions in a fume hood. 

 
Appropriate protective equipment and clothing must be used under the assumption that 
all samples are potentially hazardous.  Safety glasses, gloves and lab coats are a 
minimum requirement.  The persistent presence of noxious odors may be indicative of 
failure of the laboratory ventilation system and must be reported to a supervisor or 
manager. 

 
Laboratory staff are required to review the Chemical Hygiene Plan for general safety 
policies, and Material Safety Data Sheets for reagents used in the laboratory. 

 
6.0 Equipment & Supplies 
 

6.1 BOD bottles with watch glasses 
 

6.2 Volumetric flasks, 100 mL and 1 L 
 

6.3 Commercially available turkey roaster (hot plate equivalent) – Adjustable and 
capable of maintaining a temperature of 90 - 95o C. 

 
6.4 Analytical balance capable of accurately weighing to the nearest 0.01g. 
 
6.5 Blender for homogenizing biota samples. 

 
7.0 Reagents & Standards 
 

Record all reagent and standard preparations in the Standards/QC Preparation Log for 
Cold Vapor Mercury (Attachment 1.)  Follow instructions for appropriate standard lot 
number assignment. 

 
7.1 Reagent Water - All water used during preparation should be reagent-grade Type 

I with regard to resistivity of > 10 megohm-cm (20th Edition of Standard 
Methods, Method 1080), and referred throughout this SOP as DI water. 

 
7.2 H2SO4

 – Concentrated, trace metal grade 
 
7.3 HNO3 – Concentrated, trace metal grade 
  
7.4 Potassium permanganate, J.T. Baker, mercury-free, 5% solution (w/v) or 

equivalent 
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7.4.1 Dissolve 100 g of potassium permanganate in 2000 mL of DI water. 
 
7.5 Potassium persulfate (K2S2O8), mercury-free, J.T. Baker, 5% solution (w/v) or 

equivalent 
 

7.5.1 Dissolve 50 g potassium persulfate in 1000 mL DI water. 
 

7.6 Mercury stock solution--Commercially available custom standard with a 
concentration of 20 μg/mL Hg. 

 
7.7 Mercury working standard (100 ppb Hg spiking solution) 
 

7.7.1 Make a dilution of the stock mercury solution to obtain a working 
standard containing 0.1 μg/mL. 

 
7.7.1 To a 100 mL volumetric flask add 0.5 mL of the Hg stock solution, 2.5 

mL concentrated HNO3, and bring to volume with DI water. 
 

7.7.2 Prepare a calibration curve daily.  This curve must be prepped along with 
the samples. All standards are brought to a final volume of 100 mL.  The 
standards have all reagents added to them and are prepped in the water 
bath along with the samples.  The six-point curve consists of the 
following. 

 
7.7.2.1 0 ppb – a blank consisting of 100 mL of DI water.  The (0) 

standard is used as the ICB/CCV. 
 
7.7.2.2 0.2 ppb - 200 µL of 100 ppb standard.  The (0.2) standard is used 

as the CRA. 
 
7.7.2.3 0.5 ppb - 500 µL 100 ppb standard. 
 
7.7.2.4 1.0 ppb - 1.0 mL of 100 ppb standard. 
 
7.7.2.5 5.0 ppb - 5.0 mL of 100 ppb standard.  The (5.0) standard is used 

as the CCV. 
 
7.7.2.6 10.0 ppb - 10.0 mL of 100 ppb standard. 
 

7.8 The laboratory control sample (LCS) is purchased from a separate source (EPA).   
This concentration is subject to change without notice depending upon the current 
supply and lot in use. 
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7.8.1 Prepare the LCS by weighing 0.2 g of LCS reference material and 

adding it to a BOD bottle. 
 

7.9 Prepare an ICV for each day.  The ICV is a separate source standard that is used 
to verify the validity of the calibration curve. 
 
7.9.1 (ICV) - 1.0 mL of ICV-5 standard and 99 mL of DI water. 

 
 7.10 Mercury Matrix spiking standard - 1.0 mL of the 100 ppb mercury standard is 

added to 0.60 g of the sample designated for the sample spike. 
 
7.11 Dry ice for the homogenization of biota.  Biota samples do not apply to OH VAP 

work. 
 

7.12 All purchased chemicals and reagents that do not arrive with an expiration date, 
must be assigned an expiration date three years from receipt.  All lab prepared 
reagents must be assigned an expiration date one year from preparation. 

  
8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control SOP 
4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are 
also listed. 

 
8.2 Solid samples are stored at 2.0 - 4.4°C in order to meet the regulatory requirement 

of the NC DENR. 
 

8.3 Samples must be digested and analyzed within 28 days of collection. 
 

8.4 After preparation, the raw sample is returned to the sample custodian for long-
term storage and disposal.  After analysis residual digestate is disposed of the in 
the acid waste stream. 

 
9.0 Quality Control 
 

9.1 Be careful not to contaminate samples in the laboratory.  Samples should not be 
exposed to any condition that could result in mercury contamination. 

 
9.2 Glassware to be used for mercury sample preparation should be prepared 

following Glassware Preparation SOP 10.2, “Preparing Glassware for the 
Inorganics Laboratory.” 
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9.3 The preparation technician visually inspects all glassware before use.  Any 
glassware with visible residues, dust, or discoloration is not used in preparation 
procedures. 

 
9.3.1 Immediately before use, glassware must be rinsed with 1:1 nitric acid, 

followed by DI water; then rinsed with 1:1 HCl and a finally rinsed 
with DI water. 

 
Note: The HCl rinse is not used for the BOD bottles used in mercury 

digestion 
 

CAUTION: Do not touch the inside walls of any glassware, even with 
gloves on.  Allow the glassware to drain thoroughly.  Do not 
attempt to wipe out or dry the glassware with a tissue or 
towel of any kind. 

 
9.4 Prepare one blank per sample preparation batch to monitor contamination. 

 
9.5 Prepare one duplicate sample for every 20 samples. 

 
9.6 Prepare one matrix spike/matrix spike duplicate (MS/MSD) pair for every 20 

samples. 
 
9.7 Prepare one Laboratory Control Sample (LCS) for every preparation batch. 

 
9.8 Acceptance criteria and corrective action for QC samples is detailed in the 

instrument procedure SOP, IP 005, “Automated Cold Vapor Determination for 
Mercury by CLP, SW-846, MCAWW, and NYSASP.” 

 
9.9 Contingency 
 

9.9.1 If due to a lab accident or to QC failure a re-preparation is required for the 
sample and insufficient volume remains, the Project Manager must be 
alerted and will contact the client for direction on how to proceed. 

 
9.9.2 If persistent contamination occurs in the laboratory, analyses must be 

halted until the source can be identified and isolated.  When the 
contamination issue is resolved, sample analyses may proceed. 

 
9.9.3 Any other issues that potentially affect data quality should be addressed 

with the Project Manager. 
 
10.0 Calibration & Standardization 
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Ensure the balance is calibrated for the day before weighing samples or reagents.  If not, 
follow the procedure in Quality Control SOP 13.16, “Top Loading Balance Calibration 
and Maintenance.” 

 
11.0 Procedure 

 
11.1 Documentation must follow the requirements in QC SOP: Proper Documentation 

Procedures. 
 

11.2 Request samples scheduled to be prepared that day from the sample custodian.  A 
properly completed internal chain-of-custody form (Attachment 2) is given to the 
sample custodian.  The form is placed with the samples when they are delivered 
to the preparation work area.  The form is to remain with the samples at all times 
and it must be properly signed and dated by the preparation personnel as having 
received the samples listed.  The form must be signed and dated again as samples 
are relinquished back to the sample custodian. 

 
11.3 Mix the sample thoroughly to achieve homogeneity.  Discard any foreign objects 

such as sticks, stones, and leaves.   
 

11.3.1 If the same biota samples are being prepared for other analyses that 
require homogenizing, an aliquot of the sample can be taken after 
homogenizing (but before drying) if needed.  If not, follow the steps for 
homogenizing below. 

 
11.3.2 For biota samples, weigh and record the entire sample.  Freeze the sample 

at –10o C for 2 hours prior to homogenization.  Pack the blender below the 
blades with dry ice.  Cut the frozen sample into small pieces and place in 
the blender.  Cover with dry ice and let sit for one minute to refreeze. 

 
Blend the sample.  Pour the sample into a sample container and place the 
container in the freezer at –10o C.  Leave the lid loose so the dry ice can 
sublimate overnight.  The sample will then be ready for extraction. 

 
Note: Do not air dry.  Add sodium sulfate, if necessary, to dry. 

 
   Note:  Biota samples do not pertain to OH VAP work. 
 

11.4 Weigh 0.6 – 0.69 g of sample into a 300mL BOD bottle.  Record 
the weight to the nearest 0.01g.  Add enough DI water to make a 
total volume of 10 mL.  Record weights of mercury on mercury 
preparation log (Attachment 3). 
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Note:  For QC samples, add reagents and prep in the water bath in 

the same manner as the samples following this preparation 
procedure. 

 
11.5 Add 5 mL of concentrated H2SO4 and 2.5 mL of concentrated HNO3. 

 
11.6 After the water bath has reached 95° C, heat for two minutes. 

 
11.7 Allow to cool.  Add 50 mL of DI water and 15 mL of potassium permanganate to 

each 300 mL BOD bottle.  Mix thoroughly. 
 

11.8 Place in the 95° C water bath for 30 minutes. 
 

Note:  The countdown for the 30 minute digestion period does not start until the 
temperature of the water bath has reached 95° C after placement of 
samples. 

 
11.9 Complete the ICP/Mercury Preparation Log (Attachment 3).  Be sure to note the 

time in and out of the water bath as well as the water bath temperature. 
 

11.10 Sign and date the laboratory digestate internal chain of custody form (Attachment 
4).  This form should accompany samples to the analysis laboratory. 

 
11.11 Cool the sample and observe the color of the sample.  The sample should remain 

a dark purple color from the excess potassium permanganate present in the 
solution.  If the color has faded, add more potassium permanganate solution and 
note this addition in the prep log.  Repeat steps 11.8 and 11.9. 

 
Note: If any one (or more) sample(s) require additional permanganate, that 

amount of permanganate must be added to the entire batch of samples 
being prepped, including the standards. 

 
11.12 Proceed to SOP 3.3.4, Instrument Procedure 005, “Automated Cold Vapor 

Determination for Mercury by CLP, SW-846, MCAWW, and NYSASP” for steps 
in the analysis. 

 
 
 
 

12.0 Data Analysis & Calculations 
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Calculations must be consistent with the Quality Control SOP 13.6 “Numerical Data 
Reduction”. 

 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits and precision and accuracy for a single analyst.  The data are retained by the QA 
department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  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 thing. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required.  See SOP 12.1, “Hazardous 
Waste Disposal”, regarding laboratory procedures for recycling solvent waste 
streams. 

 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 “Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,” SW-
846, 3rd edition, Update III, Method 7471A, Revision 1, 9/94 

 
16.2 New York State Analytical Services Protocol (NYSASP), June 2000, plus 

revisions 
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16.3 Quality Control SOP 13.6 “Proper Documentation Procedures” 

 
16.4 Quality Control SOP13.4 “Numerical Data Reduction” 

 
16.5 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.6 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.7 NELAC Standards, approved July 2003, plus revisions 
 

16.8 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
16.9 New York State Environmental Laboratory Approval Program, Certification 

Manual, December 2005, plus revisions. 
 

16.10 CompuChem Quality Manual, Revision 7, Update 1, 12/13/05, plus revisions 
 
16.11 Instrument Procedure 005, “Automated Cold Vapor Determination for Mercury 

by CLP, SW-846, MCAWW, and NYSASP.” 
 

16.12 Sample Preparation Procedure –074, “Mercury in Water, Manual Digestion 
Procedure” 

 
16.13 Glassware Preparation SOP, “Preparing Glassware for the Inorganics 

Laboratory.” 
 

16.14 Quality Control SOP 13.16, “Top Loading Calibration and Maintenance.” 
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17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 – Standards/QC Preparation Log for Cold Vapor Mercury 
 
17.2 Attachment 2 – Internal Chain of Custody (Raw Sample) 
 
17.3 Attachment 3 – Metals/Mercury Preparation Log  
 
17.4 Attachment 4 – Internal Chain of Custody (Mercury Digestates) 
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Attachment 1 
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Attachment 1 (Continued) 
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Attachment 1 (Continued) 
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Attachment 2 

 
 

 
 
 
 



Section No. 3.3.2 
Revision No. 15 
Date:  April 10, 2006 
Page 17 of 18 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Attachment 3 
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Attachment 4 
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Instrument Procedure 309: Inductively Coupled Plasma Atomic Emission Spectroscopy by 
SW-846 and NYSASP 

 
 
1.0 Scope and Application 
 

Inductively coupled plasma/atomic emission spectroscopy (ICP/AES) is used in the 
determination of elements in solution including metals.  The method is applicable to a 
large number of metals and wastes.  All matrices, including groundwater, aqueous 
samples, EP extracts, industrial wastes, soils, sludges, sediments, TCLP leachates, and 
other solid wastes, require digestion prior to analysis. 

 
Method 6010B is applicable to the elements listed in Attachment 1 for Trace ICP P3 and 
Attachment 2 for Trace ICP P4.  For TCLP the following elements are to be determined:  
arsenic, barium, cadmium, chromium, lead, selenium, and silver.  Detection limits, 
sensitivity, and optimum ranges of the metals will vary with the matrices and model of 
spectrometer.  The data shown in these attachments are provided from clean aqueous 
samples. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies.  Use of 
this method is restricted to spectroscopists who are knowledgeable in the correction of 
spectral, chemical, and physical interferences. 

 
2.0 Summary of Method 
 

Prior to analysis, samples must be solubilized or digested following Sample Preparation 
Procedure –1080, “Digestion Block Preparation of Aqueous Samples for the ICP 
Determination of Total or Dissolved Metals by SW-846, MCAWW, Standard Methods, 
and NYSASP” or Sample Preparation Procedure –240, “Digestion Block Preparation of 
Solid Samples for ICP Determination of Total Metals by SW-846 and NYSASP.”  TCLP 
samples must be leached following Sample Preparation Procedure –814, “Toxicity 
Characteristic Leaching Procedure (TCLP)” after which the leachates are digested as 
liquid samples using the TCLP spiking levels. 
 
Method 6010B is executed by the laboratory using the simultaneous, multielemental 
determination of elements by ICP.  The method measures element-emitted light by 
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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 analyte wavelength measured.  Background 
correction is not required in cases of line broadening where a background correction 
measurement would actually degrade the analytical result.  The possibility of additional 
interferences should also be recognized and appropriate corrections made.  Three 
exposures are averaged to obtain a final result. 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For some inorganic methods, the reporting 
limit is based on the MDL, and is usually 4-8 times higher than the MDL.  This is 
referred to as the Practical Quantitation Limit (PQL).   

 
If the low level standard concentration is not at least three times higher than the 
MDL value, the standard concentration is adjusted upward in order to achieve this 
minimal ratio.  It may be adjusted higher than three times depending on the 
concentration range of the calibration curve and the ability to meet method 
linearity requirements.  An exception to this is for CLP methods where the MDL 
is only required to be lower than the reporting limit. 

 
For CLP the reporting limit is the Contract Required Detection Limit (CRDL) for 
inorganics. 

 
3.3 Reporting Units – μg/L for water and mg/Kg for soil 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 
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• each 7 calendar day period during which field samples in a case are 
received (14 calendar days if requested by the client) beginning with the 
receipt of the first sample. 

 
NOTE: The DoD-QSM and SC DHEC do not accept the SDG approach, unless 

the samples are prepared in a single batch.  When a group of up to 20 
field samples of a similar matrix are prepared as one batch, method-
specified QC samples such as a method blank, laboratory control 
sample, matrix spike, matrix spike duplicate, and matrix duplicate must 
also be prepared together at a rate of 5% for DoD-QSM and SC DHEC 
soils while a rate of 10% is require for SC DHEC waters.  If samples are 
batched together from different sites, project-specific QC must be 
processed. 

 
3.5 Toxicity characteristics constituents and regulatory levels for TCLP 

 

Constituent 
(mg/L)  

Chronic toxicity 
reference level 

(mg/L) 

Regulatory 
level (mg/L) 

Arsenic 0.05 5.0 
Barium 1.0 100.0 

Cadmium 0.01 1.0 
Chromium 0.05 5.0 

Lead 0.05 5.0 
Mercury 0.002 0.2 
Selenium 0.01  1.0 

Silver 0.05 5.0 
 

3.6 SC DHEC – South Carolina Department of Health and Environmental Control 
 
3.7 DoD-QSM – Department of Defense Quality Systems Manual 

 
4.0 Interferences 
 

4.1 Spectral Interferences are caused by:  (1) overlap of a spectral line from another 
element;  (2) unresolved overlap of molecular band spectra; (3) background 
contribution from continuous or recombination phenomena; and (4) stray light 
from the line emission of high-concentration elements.  Spectral overlap can be 
compensated for by computerized correction of the raw data after monitoring and 
measuring the interfering element.  Unresolved overlap requires selection of an 
alternate wavelength.  Background contribution and stray light can usually be 
compensated for by a background correction adjacent to the analyte line. 
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Users of simultaneous multi-element instruments must verify the absence of 
spectral interference from an element in a sample for which there is no instrument 
detection channel.  Potential spectral interferences for the recommended 
wavelengths are given in the table in Attachment 1.  The data are intended as 
rudimentary guides for indicating potential interferences; for this purpose, linear 
relations between concentration and intensity for the analytes and the interferents 
can be assumed. 

 
4.1.1 The interference is expressed as analyte concentration equivalents (i.e., 

false analyte concentrations) arising from 100 mg/L of determined As (at 
193,696 ηm) in a sample containing approximately 10 mg/L of Al.  
According to Attachment 1, 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 A1 would result in a false signal for As equivalent to 
approximately 0.13 mg/L.  The user is cautioned that other instruments 
may exhibit somewhat different effects and must be evaluated individually 
since the intensities will vary with operating conditions, power, viewing 
height, argon flow rate, etc. 

 
4.1.2 The dashes in Attachment 1 indicate that no measurable interferences 

were observed even at higher interferent concentrations.  Generally, 
interferences were discernible if they produced peaks, or background 
shifts, corresponding to 2 to 5% of the peaks generated by the analyte 
concentrations. 

 
4.1.3 At present, information on the listed silver and potassium wavelengths is 

not available, but it has been reported that second-order energy from the 
magnesium 393.231 ηm wavelength interferes with the listed potassium 
line at 766.491 ηm. 

 
4.2 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, by using a peristaltic pump or by using the 
standard additions method.  Another problem that can occur with high dissolved 
solids is salt buildup at the tip of the nebulizer, which affects aerosol flow rate 
and causes instrumental drift.  The problem can be controlled by wetting the 
argon using a tip washer prior to nebulization or by diluting the sample.  Also, it 
has been reported that better control of the argon flow rate improves instrument 
performance; this is accomplished with the use of mass flow controllers. 
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4.3 Chemical Interferences include molecular compound formation, ionization 
effects, and solute vaporization effects.  Normally, these effects are not significant 
with the ICP technique.  If observed, they can be minimized by careful selection 
of operating conditions (incident power, observation position, and so forth), by 
buffering of the sample, by matrix matching, and by standard addition procedures.  
Chemical interferences are highly dependent on matrix type and the specific 
analyte element. 

 
4.4 The Thermo Jarrell Ash ICAP Trace Analyzer uses yttrium as an internal standard 

and takes into account any interference by ratioing the elements detected against 
the yttrium detected.  All standards, blanks, and samples are spiked with yttrium. 

 
5.0 Safety 
 

5.1 Appropriate protective equipment and clothing must be used under the 
assumption that all samples are potentially hazardous.  During sample 
preparation, glasses, gloves and lab coats are a minimum requirement.  The 
persistent presence of noxious odors may be indicative of failure of the laboratory 
ventilation system and must be reported to a supervisor or manager. 

 
5.2 Laboratory staff are encouraged to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets (MSDS) for solvents and 
reagents used in the laboratory.  The MSDS are located in the Quality Assurance 
department. 

 
6.0 Equipment & Supplies 
 

6.1 Inductively coupled argon plasma emission spectrometer 
 

6.1.1 Computer-controlled emission spectrometer with background correction 
 

6.1.2 Radio frequency generator 
 

6.1.3 Argon gas supply: Welding grade or better 
 

6.2 Operating conditions 
 

6.2.1 The analyst should follow the instructions provided by the instrument 
manufacturer. 

 
6.2.2 For operation with organic solvents, use of the auxiliary argon inlet, 

solvent-resistant tubing, increased plasma (coolant) argon flow, decreased 
nebulizer flow, and increased RF power (to obtain stable operation and 
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precise dynamic range) are recommended.  Interference effects must be 
established for each individual analyte line on that particular instrument. 

6.2.3 All measurements must be within instrument linear range where 
coordination factors are valid.  The analyst must 

 
• verify that the instrument configuration and operating conditions 

satisfy the analytical requirements 
 

• maintain quality control data confirming instrument performance and 
analytical results 

 
7.0 Reagents & Standards 
 

Refer to the Standards/QC Preparation for Trace ICP logbook (Attachment 4) for details 
of all standard preparations.  Label each standard bottle with the lot number as described 
in the logbook. 

 
7.1 Reagent Water-All water used during preparation should be reagent-grade Type I 

with regard to resistivity of > 10 megohm-cm (20th Edition of Standard Methods, 
Method 1080), and referred throughout this SOP as DI water. 

 
7.2 Concentrated acids – ultra high-purity grade 

 
7.2.1 Hydrochloric acid (HCl), Caledon, Trace Metal Grade 

 
7.2.2 Nitric acid (HNO3), J.T. Baker,  Instra-Analyzed® Reagent 

 
7.2.3 The same grade/purity of acids is to be used for all sample preparation, 

calibration standards, blanks, and QC samples. 
 

7.3 Stock standard solutions – commercially available 
 

7.3.1 Standard stock solutions may be purchased from Spex (XCL-11, XCL-2, 
XCL-3B, and PLSBR, and STD3). 

 
7.3.2 Label and refer to these solutions as Calibration Standards. 

 
7.3.3 Refer to the QC/Standards Prep for Trace ICP Logbook for details. 

 
7.3.4 Prepare calibration standards bi-monthly. 
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7.3.5 Calibration standards must be verified using an independent source EPA 
Quality Control sample immediately after instrument calibration. 

 
7.4 Instrument Check Standards 

 
7.4.1 Prepare calibration blanks using the same acid volumes as used for 

calibration standards, i.e. 5% HCl and 6% HNO3. 
 

7.4.2 Prepare and analyze interference check samples (ICSA/ICSAB) to check 
for spectral interferences. 

 
7.4.3 Analyze a Low Range Standard (LRS), which is at the level of the 

reporting limit, after the CCB 1. 
 

7.5 Internal Standard 
 

7.5.1 For the TJA Trace analyzer, yttrium is introduced into the sample 
injection system as an internal standard.  See the Standards/QC 
Preparation for Trace ICP logbook for instructions on making the yttrium 
internal standard. 

 
8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control SOP 
4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are 
also listed. 

 
8.2 All samples must be preserved to a pH <2 with HNO3. 

 
8.3 Samples must be digested and analyzed within 180 days of collection. 

 
8.4 Soil samples must be stored under refrigeration at 2 - 4o C.  Aqueous samples 

may be stored at ambient temperature. 
 

8.5 After analysis residual digestate is maintained in the ICP room for three months 
then returned to the Custodian for storage until disposal into the acid waste 
stream. 

 
9.0 Quality Control 
 

9.1 Instrument Detection Limit 
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9.1.1 IDLs are determined quarterly for each wavelength used for sample 
analyses. 

 
9.1.2 IDLs are determined by multiplying by three, the average of the standard 

deviations obtained on three non-consecutive days (e.g., Monday, 
Wednesday, and Friday) from the analysis of a standard solution (each 
analyte in DI water) at a concentration of three to five times the most 
recently determined IDL with seven consecutive measurements per day. 

 
9.1.3 The IDL for each analyte must be less than the analyte reporting limit. 

 
9.1.3.1 To meet the requirements of the DoD-QSM, the IDL must be less 

than or equal to the MDL for each analyte.  
 

9.2 Linear Range 
 

9.2.1 The linear range for each ICP-AES instrument must be verified quarterly. 
 
9.2.2 Analyze a high concentration standard, linear range standard (LRS), 

during a routine analytical sequence.  This concentration is the upper limit 
of the ICP-AES linear range. 

 
9.2.3 The recovery of the LRS must be within plus or minus 5% of the expected 

value. 
 

9.2.4 Samples with concentrations exceeding the linear range must be diluted. 
 

9.2.5 For DoD-QSM and North Carolina compliance reporting, the linear range 
is defined by the highest calibration standard. 

 
Note: A high calibration standard that encompasses the concentration of 

the samples may be used to bracket the sample analyses.  This high 
standard must meet the acceptance criteria in 9.2.3 or 9.2.5. 

 
9.3 Initial Calibration Verification (ICV) 

 
9.3.1 The following solutions are used to verify the calibration: 

 
• ICV1 (Ag, Al, As, Ba, Be, Bi, Cd, Ca, Cr, Co, Cu, Fe, Mg, Mn, Mo,  

Ni, Pb, Sb, Se, Sn, Ti, Tl, B, K, Na, V, and Zn) 
 

• Initial Calibration Blank = (ICB) 
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9.3.2 The results of the initial calibration verification must agree within 10% of 

the "true" value for each component.  If not, the run must be terminated 
and the instrument re-calibrated.  If the re-calibration does not produce 
acceptable ICV results, shut down the instrument and request instrument 
service. 

 
9.3.3 Follow the ICV with the ICB.  The laboratory will deviate from the 

method for calibration blank acceptance criteria by substituting the 
following: The absolute value of the blank must be less than the 
statistically-determined laboratory reporting limit (PQL).  If not, repeat 
the blank analysis, and if still above the limit terminate the analysis and 
recalibrate.  If re-calibration does not produce acceptable ICB results, shut 
down the instrument and request instrument service. 

 
9.3.3.1 To meet the requirements of the DoD-QSM, the analyte 

concentration in the ICB must be less than 2 times the MDL. 
 

9.4 Continuing Calibration Verification 
 

9.4.1 Verify the calibration every 10 samples and at the end of analytical run. 
 

9.4.2 The results of the check standard must agree within ± 10% of the true 
value.  If not, terminate the analysis, correct the problem, and recalibrate 
the instrument. 

 
9.4.3 Samples bracketed by passing CCVs are reportable.  Any sample 

associated with a failing CCV must be re-analyzed. 
 

9.5 Continuing Calibration Blank (CCB) 
 

9.5.1 A calibration blank must be analyzed at each wavelength used for analysis 
immediately after every continuing calibration verification at a frequency 
of 10% or every 2 hours during the run, whichever is more frequent. 

 
9.5.2 The laboratory will deviate from the method for calibration blank 

acceptance criteria by substituting the following: The absolute value of the 
blank (average of the three exposures) must be less than the statistically-
determined laboratory reporting limit (PQL).  If not, repeat the blank 
analysis and if still above the limit, terminate the analysis, correct the 
problem, and recalibrate the instrument. 
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9.5.2.1 To meet the requirements of the DoD-QSM, the analyte 
concentration in the CCB must be less than 2 times the MDL. 

 
9.6 Interference Check Sample 

 
9.6.1 Analyze the standard reference solutions obtained from EPA or NIST.  

The interference Check samples (ICSA and ICSAB) are analyzed 
consecutively at the beginning and the end of the analytical run and 
analyzed and reported at a frequency no greater than 20 analytical 
samples. 

 
9.6.2 The ICS must agree within +/-20% of the accepted values.  If not 

terminate the analysis and recalibrate the instrument.  If re-calibration 
does not fix the problem, shut down the instrument and request instrument 
service. 

 
9.6.2.1 To meet the requirements of the DoD-QSM, the absolute value of 

the concentration of all the non-spiked analytes in the ICS-A must 
be < 2 times the MDL (unless the analyte is a verified trace 
impurity from one of the spiked analytes). 

 
9.7 Low Range Standard (LRS) 

 
9.7.1 Analyze a standard at the reporting limit.  This reporting limit standard is 

used to verify linearity and the ability to detect low levels reliably. 
 

9.7.2 The advisory acceptance criteria for this standard is +/- 50% of the true 
value. 

 
 

9.7.2.1 To meet the requirements of the DoD-QSM, the recovery of each 
analyte in the LRS must fall within +/- 20% of the true value. 

 
9.8 Method Blank 

 
9.8.1 For each digestion batch of up to 20 samples, 10 samples for SC DHEC 

waters, a method reagent blank is prepared.  This blank is used to 
ascertain whether sample concentrations reflect contamination. 

 
9.8.2 The blank must contain absolute values of analyte concentrations below 

the reporting limit (PQL).  If the blank exceeds the reporting limit, the 
entire sample batch must be re-prepared along with a new method blank. 
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If the concentration of any analyte detected in the blank falls between the 
PQL and IDL, flag the corresponding blank element, if present in any 
associated samples, with a "B" and report the data with a discussion in the 
SDG narrative. 
 
9.8.2.1 To meet the requirements of the DoD-QSM, the concentration of 

the target analytes in the method blank must be < half the reporting 
limit. 

 
9.8.3 For samples submitted for North Carolina compliance reporting, the 

concentration of target analytes detected are reported between the MDL 
and PQL with a “J” flag.  Any analytes detected in preparation blanks 
cannot be greater than one-half the PQL. 

 
9.9 Spiked Sample 

 
9.9.1 One matrix spike/matrix spike duplicate (MS/MSD) pair must be prepared 

with each SDG.  For SC DHEC water samples a duplicate is performed at 
a frequency of 10%. 

 
9.9.2 If the sample spikes do not meet the acceptance criteria of 75-125% 

recovery, the corresponding element is flagged with an "N" on the Form 1 
to indicate that the element did not recover in the matrix spike acceptably.    
A post-digestion spike is performed for those elements that fall outside the 
limit. 

 
9.9.2.1 To meet the requirements of the DoD-QSM, the recoveries of the 

matrix spike should meet the LCS control limits. 
 

9.9.3 Post Digestion Spike (PDS) 
 

9.9.3.1 Prepare and analyze a PDS, if necessary.  The spike addition 
should result in a value that is 2x the PQL. 

 
9.9.3.2 The PDS results should be within 75% to 125%.  If not, the data 

are reported and discussed in the SDG narrative. 
 

No further action is taken at the bench since the internal standard, 
yttrium, is employed.  The instrument uses the element intensity as 
an internal standard to ratio the analyte intensity signals for both 
calibration and quantitation.  This technique is very useful in 
overcoming matrix interference, especially in high solids matrices. 
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9.10 Duplicate Sample Analysis 
 

9.10.1 One duplicate sample should be performed for each SDG.  SC DHEC 
requires a duplicate to be performed at the rate of 10%, and this is 
satisfied with the use of the MS/MSD and sample duplicate. 

 
9.10.2 If the sample and duplicate do not agree within 20% RPD when the 

concentration is greater than 10x the IDL, then the affected element is 
flagged with an "*" to indicate poor duplication of results. 

 
9.11 Laboratory Control Sample 

 
9.11.1 A matrix-specific Laboratory Control Sample (LCS) is prepared with 

every digestion batch of up to 20 samples.  SC DHEC requires a 
frequency of one per 10 water samples. 

 
9.11.2 The vendor supplies the certified acceptance limits for the solid LCS.  The 

limits of 80-120% are subject to change without notice based upon the 
current vendor supplied limits.  If the LCS falls outside these control 
limits, the analysis must be terminated, the problem corrected, and the 
samples associated with that LCS re-digested and reanalyzed. 

 
9.11.2.1 To meet the requirements of the DoD-QSM, the LCS recoveries 

must be within 80 – 120% of the expected result. 
 

9.12 Serial Dilution 
 

9.12.1 One serial dilution must be performed for each SDG. 
 

9.12.2 Perform a 5x serial dilution on the sample to determine if a chemical or 
physical interference exists.  If the analyte concentration is 50 times or 
more above the instrument detection limit in the original sample, the serial 
dilution must then agree within 10%.  If not then flag the appropriate 
elements with an "E" to indicate that an interference exists. 

 
9.12.2.1 To meet the requirements of the DoD-QSM, a PDS must be 

prepared and analyzed when the serial dilution acceptance critria 
are not met or all sample analyte concentrations are less than 50 
times the MDL. 

 
9.13 Field and/or Equipment Blanks 
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9.13.1 Samples identified as field and/or equipment blanks should not be used for 
sample spike, duplicate, or serial dilution analysis.  They are supplied to 
the laboratory at the discretion of the client. 

 
9.14 Contingency 

 
9.14.1 If due to a lab accident or to QC failures, a re-preparation and analysis are 

required for the sample and insufficient sample volume remains, the 
Project Manager must be alerted and will contact the client for direction 
on how to proceed. 

 
9.14.2 If persistent contamination occurs in the laboratory, analysis must be 

halted until the source of the contamination can be identified and isolated.  
When the contamination issue is resolved, samples analysis may proceed. 

 
9.14.3 Refer to the corresponding Data Review SOP (number will vary among 

sections) for information on how to handle reporting of data that are 
unacceptable or out-of-control. 

 
9.14.4 Any other issues that potentially effect data quality should also be 

addressed with the Project Manager. 
 
10.0 Calibration & Standardization 
 

10.1 The instrument calibration standards are analyzed at the beginning of the 
analytical sequence, in the order shown in the Trace ICP run log (Attachment 3).  
Calibration is further discussed in the Procedure section that follows.  

 
10.2 All calibration verification standards must meet the criteria specified in section 

9.0 before proceeding with sample analysis. 
 
11.0 Procedure 

 
Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures. 

 
11.1 TJA Trace Analyzer Set Up and Operating Procedure 

 
11.1.1 Cooling Water 

 
11.1.1.1 Turn on the recirculation pump.  Thirty (30) psig is required at a 

flow rate of 700 ml/min. 
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11.1.2 Argon Supply 
 

11.1.2.1 Open the argon supply to the instrument. 
 

11.1.2.2 A volume rate of 30 SCFH and delivery pressure of 60 psig is 
required. 

 
11.1.3 Venting System 

 
11.1.3.1 A permanent vent has been installed to provide a proper draft in 

the torch compartment.  A torch fan is permanently installed to 
force a 22 mph-draft across the end of the plasma torch. 

 
11.1.4 Water in Drain Barrel 

 
11.1.4.1 A hose is connected to the drain outlet from the spray chamber 

to allow the flow of unused sample waste from the chamber.  
This drain line acts as a positive seal to the spray chamber; 
therefore, liquid must always be present in the drain line. 

 
11.2 Power Up (TJA Trace Analyzer) 

 
11.2.1 To start the ICP Trace Analyzer, turn on the video display, the printer, the 

computer, and the autosampler. 
 

11.2.2 At the "C" prompt, Type "P" and press “ENTER.”  This will start the 
Thermospec™ software and bring up the main menu. 

 
11.2.3 To start the RF generator and the plasma torch, select “SETUP.”  Then 

select “PLASMA CONTROL PANEL” and press “ENTER.”  Select “F1.” 
 

11.2.4 The default startup time, during which argon purges the spray chamber 
and the plasma torch, is 90 seconds.  The purge time can be reduced to as 
little as 20 seconds by pressing “PURGE TIME” if the plasma has been 
off for less than 15 minutes. 

 
11.2.5 After the purge time and power have been set, the automated plasma 

startup sequence is initiated by pressing “CONTINUE.” 
 

11.2.6 If the pump and gas have not been started, select “F2” and start the pump 
rate at 99 RPM and switch the nebulizer gas to “ON.” 

 
11.2.7 The total flush time and rinse time between samples is set at 60 seconds. 
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11.2.8 Press “LEVELS” if you want to change any of the plasma operating 

conditions. 
 

11.2.9 The plasma torch should be allowed to run for at least 30 minutes after 
ignition to reach optimum stability. 

 
11.2 Analysis 

 
11.2.1 Profile 

 
11.2.1.1 Profiling the instrument assures that the optical pathway is 

clean and in alignment.  Emission intensities are essential to 
accurate data. 

 
11.2.1.2 At the THERMOSPEC main menu, select setup and highlight 

profile then enter. 
 

11.2.1.3 Begin aspirating 1ppm As standard for analysis. 
 

11.2.1.4 Press F3 to Automatic Profile.  When the sample is sufficiently 
saturating the spray chamber and torch (60 seconds), press 
“F1”, “RUN”. 

 
At the end of the integration, a peak graph will be displayed.  
Note the intensity reading.  This will indicate a need to clean 
the optical path or adjust the alignment. 

 
Also note the peak position on the graph.  This value should be 
between 0.1 and –0.1.  If it is not, the spectrum shifter must be 
adjusted, and the profile rerun.  Continue this process until the 
peak position is acceptable. 

 
11.2.1.5 Discontinue the arsenic when profiling is complete.  Exit 

profile to the main menu. 
 

11.3 Autosampler Table Setup 
 

11.3.1 Obtain all data necessary from each case that will be set up on the run, i.e. 
preparation logs, log-in chain of custody reports from the LIMS 
(Attachment 6).  The information contained on these sheets will be used to 
create the autosampler table. 
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11.3.2 From the main menu of Thermospec, select “OPERATION,” and then 
“Autosampler Setup,” then press enter.  The software will prompt for an 
autosampler table name.  An existing table can be edited from this point, 
or a new autosampler table name can be typed in at this point.  Press enter.  
Press F3 “Add Set.”  Enter the appropriate run parameters to be used.  
Parameters that should always be entered here are Method Name, Rinse 
Time (60 seconds), # of Unknowns in this set, Default Limit Check Table 
Name (Sample).  Press the F1 “EdSamples” key.  This will allow for 
sample IDs to be entered. 

 
11.3.3 Under the column titled “Sample Name,” enter the CompuChem sample 

ID.  Be certain the proper check table is selected for each analysis that is 
assigned.  The “F” key allow for various modifications to the autosampler 
table.  Use these keys as necessary.  It is very important that the proper 
QC samples be inserted into the table at the necessary frequencies.  See 
section 9.0 for a description of necessary QC and frequencies. 

 
11.3.4 Also, if the “Alt” key on the keyboard is pressed, additional options will 

appear.  One of these options is “EdSampInfo.”  This option is selected by 
pressing the “Alt” key and the “F2” key simultaneously.  From this screen, 
additional comments can be added that will appear on the raw data 
printout.  Under the column titled “Comment,” the SDG, client sample ID 
and dilution of the sample should be entered. 

 
11.3.5 When all entries are finished, press the “F9,” Done/Keep key to save the 

table.  It is important to remember the name of the table created, as this 
will be used to start the analysis. 

 
11.3.6 Create a configuration file to store all analytical data.  From the main 

menu of THERMOSPEC select “SETUP” and highlight 
“CONFIGURATION.”  Press “Enter” twice then “F9” four times.  This 
will provide the screen to enter the configuration file name.  
Configuration file names should identify the analyst and the date of the 
analysis, as well as the instrument being used (P3 or P4).  Use the 
following scheme (iimmdd) to construct the file name.  The letter "i" for 
initials, the "m" for the month, and the letter "d" for the day.  If there are 
more runs in a day, letters of the alphabet are used as a suffix.  In this 
example: P3JCQ922B, identifies a third run on September 22 by analyst 
JC on instrument P3.  JUNK files should be used between analyses to 
prevent files from being corrupted with other data. 

 
11.3.7 Proceed to analysis.  From the main menu of THERMOSPEC select 

“OPERATION.”  Highlight “ANALYSIS” then “Enter.”  Confirm that 
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the correct method is being used and select the autosampler table to be 
used.  Continue to follow on-screen instructions to initiate the run. 

 
IMPORTANT: If the run should fail at any time, remember to change 
the configuration file name before restarting the analytical run. 

 
11.4 Standardization and Analysis 

 
11.4.1 Start autosampler table and follow the instructions. 

 
11.4.1.1 Select “Operation” and highlight “Analysis.” 

 
11.4.1.2 Enter the correct method of analysis and select the autosampler 

table for samples to be analyzed. 
 

11.4.2 Solid samples and liquid samples have different matrices due to sample 
preparation procedures.  Calibration standards and quality control 
standards should be prepared to match the matrix of the samples being 
analyzed.  While constructing autosampler tables, give consideration to 
the matrix of the samples. 

 
11.4.3 Fill all standards cups and QC cups with the appropriate solutions 

following the sequence hardcoded on the Trace ICP Run Log 
(Attachment 5.)  The autosampler table provides the information for cup 
positions.  Standards cups positioning may change depending on the 
number of samples. 

 
Caution: Accuracy of the sequence setup is extremely important.  

Improper cup positioning will seriously affect analysis to 
the point that there may not be any salvageable data. 

 
11.4.4 Press “F1” to begin the analytical run. 

 
Caution: Sample racks should be loaded accurately following the 

rows and positions provided by the autosampler table.  
Samples in the wrong position can produce erroneous data 
that may not be detectable. 

 
11.4.5 Although, software drives the instrument operation, the instrument 

should not be left completely unattended.  In the course of the run, 
matrix spike analyses must be evaluated to determine percent recoveries.  
Some samples will have concentrations of analytes that are beyond the 
established linear ranges and will need to be diluted and reanalyzed 



Section No. 3.2.1.6 
Revision No. 15 
Date: August 4, 2006 
Page 19 of 37 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

within those ranges.  For samples submitted for North Carolina 
compliance reporting, dilutions and re-analyses are required whenever 
target analytes exceed the highest calibration standard.  Serial dilution 
analyses should be evaluated for proper dilution.  Responding to the 
need for dilutions or a PDS analysis quickly within the same analytical 
run saves time by not requiring an additional run and improves 
productivity. 

 
11.4.6 Attention should be given to the QC analyses.  Analytes may be found to 

be outside of their established control limits.  The loss of one or more 
analytes does not necessarily mean the run has ended.  Early detection of 
failed analytes by the analyst will prevent lost time and productivity. 

 
11.4.7 Standards cups have limited capacity and should be filled frequently and 

monitored at all times. 
 

11.4.8 If the sequence includes an ICSA and ICSAB analysis performed every 
20 analytical samples, the structure of the autosampler table must 
incorporate this requirement.  LRS, ICSA and ICSAB are numbered 
with the analytical samples.  If this maximum is exceeded, the run has 
ended and all data that does not comply is lost.  The ICSA and ICSAB 
must immediately be followed by a CCV/CCB.  

 
Based on client-specific project requirements, additional QC may be 
run.  An example is the CRI standard that is required by the CLP. 

 
11.4.9 The analytical run is not complete until all final paperwork is complete.  

The run log must be completed by the analyst and the QC/Standards 
Preparation log completed for the day, as well as completing the internal 
chain of custody form. 

 
11.5 Transferring Data 

 
11.5.1 At the completion of the analytical run, exit analysis and return to the 

THERMOSPEC main menu.  Change the configuration file name. 
 

11.5.2 Exit THERMOSPEC and return to Desktop.  Double-click on the 
Explorer icon.  While in Explorer, open the STATION directory in the 
left column, and then open the BIN directory.  In the right column, find 
the name of the file from the analytical run that was just finished.  Next, 
find the MARRS directory in the left column and open that directory.  
Click on the file name in the right column and copy it to the appropriate 
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directory in MARRS (P3 ICP Trace Files or P4 ICP Trace Files.)  
Explorer can then be closed. 

 
11.5.3 Transfer the file to the computer used to run the SQUEEZE program.  The 

squeeze function combines two pages of data onto one page.  Type 
“SQZ61E” and follow the instructions to squeeze the data file, and then 
print the .SQZ file. 

 
11.6 Instrument Shutdown 

 
11.6.1 TJA Trace Analyzer (P3 or P4) 

 
11.6.1.1 Aspirate DI water for approximately one minute. 

 
11.6.1.2 From the MAIN MENU go to SETUP and PLASMA 

CONTROL PANEL and press enter. 
 

11.6.1.3 Press F7 for PLASMA SHUT off. 
 

11.6.1.4 Remove pump tubing from peristaltic pumps. 
 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the Quality Control  SOP 13.4, “Numerical Data 
Reduction”. 
12.1 Calculation of the mean or average of a set of values: 

 

n

X
X

n

i
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== 1  

 
where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  

 
12.2 Calculation of the standard deviation of a set of values: 
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12.3 Calculation of percent recovery: 
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12.3.1 LCS and surrogates: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  

 
12.3.2 Matrix spikes: 

 

100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%

 
12.4 Calculation of % RSD 

 

%RSD
X

= ⎛
⎝⎜

⎞
⎠⎟
×

Standard deviation   100  

 
12.5 Calculation of RPD 

 

( )RPD  =  
Value  -  Value 

Value  +  Value 
x

1 2
1 2 2

100  

 
12.6 Calculation of %Difference (%D) 

 

100 x 
value Reference

value ReferenceValue%Diff −
=  

 
12.7 Calculating Dilutions 

 
If a sample concentration exceeds the linear range of the instrument, a dilution 
reanalysis must be performed.  For samples submitted for DoD-QSM and North 
Carolina compliance reporting, dilutions and re-analyses are required whenever 
target analytes exceed the highest calibration standard.  Determine a level of 
dilution that will result in a value within the upper half of the linear range or, for 
samples submitted for North Carolina compliance reporting, within the upper half 
of the calibration range.  This is an acceptable dilution.  A 10x dilution is 
performed using 1 mL sample plus 9 mL diluent for a total volume of 10 mL.  It 
should be recorded on the run log as “10x (1 mL in 10 mL).” 
 

12.8 Concentration 
 

12.8.1 All results for aqueous samples are reported in μg/L as follows. 
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C x V x D 

Concentration (μg/L) = ----------- 
W 

 
Where:  C = Concentration (μg/L) from curve 

V = Final volume of digestate (L) 
W = Volume of sample (L) 
D = Dilution factor 

 
12.8.2 All results for solid samples are reported in mg/kg as follows. 

 
12.8.2.1 A separate determination of percent solids must be performed. 
 
12.8.2.2 The concentration determined in the digestate is to be reported 

on the basis of the dry weight of the sample. 
 

Concentration (mg/Kg) = C * V / W * S 
 

Where:  C = Concentration (μg/L) 
V = Final volume of digestate (L) 
W = Weight of wet sample (gm) 
S = % Solid / 100 
D = Dilution factor 

 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits, instrument detection limits, and precision and accuracy for single analyst.  The 
data are retained by the QA department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  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 thing. 

15.0 Waste Management 
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It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, SW-
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Edition, Method 1080 
 

16.3 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 
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16.5 Quality Control SOP 13.6, “Proper Documentation Procedures” 
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Attachment 1 
 

 
Analyte Concentration Equivalents Arising from Interference at the 100-mg/L Level 

 
 

Analyte Wavelength 
(ηm) Al Ca Cr Cu Fe Mg Mn Ni Tl V 

Aluminum 308.215 --  -- -- -- -- 0.21 -- -- _-- 1.4 
Antimony 206.833 0.47 -- 2.9 -- 0.08 -- -- -- 0.25 0.45 
Arsenic 193.696 1.3 -- 0.44 -- -- -- -- -- -- 1.1 
Barium 455.403 -- -- -- -- -- -- -- -- -- -- 
Beryllium 313.042 -- -- -- -- -- -- -- -- 0.04 0.05 
Boron 249.773 0.04 -- -- -- 0.32 -- -- -- -- -- 
Cadmium 226.502 -- -- -- -- 0.03 -- -- 0.02 -- -- 
Calcium 317.933 -- -- 0.08 -- 0.01 0.01 0.04 -- 0.03 0.03 
Chromium 267.716 -- -- -- -- 0.003 -- 0.004 -- -- 0.04 
Cobalt 228.616 -- -- 0.03 -- 0.005 -- -- 0.03 0.15 -- 
Copper 324.754 -- -- -- -- 0.003 -- -- -- 0.05 0.02 
Iron 259.940 -- -- -- -- -- 0.12 -- -- -- -- 
Lead 220.353 0.17 -- -- -- -- -- -- -- -- -- 
Magnesium 231.604 -- 0.02 0.11 -- 0.13 -- 0.25 -- 0.07 0.12 
Manganese 196.026 0.005 -- 0.01 -- 0.002 0.002 -- -- -- -- 
Molybedenum 202.030 0.05 -- -- -- 0.03 -- -- -- -- -- 
Nickel 279.079 -- -- -- --  -- -- -- -- -- 
Selenium 257.610 0.23 -- -- -- 0.09 -- -- -- -- -- 
Silicon 288.158 -- -- 0.07 -- -- -- -- -- -- 0.01 
Sodium 588.995 -- --  -- -- -- -- -- 0.08 -- 
Thallium 190.864 0.30 --  -- -- -- -- -- -- -- 
Vanadium 292.402 -- -- 0.05 -- 0.005 -- -- -- 0.02 -- 
Zinc 213.856 -- -- -- 0.14 -- -- -- 0.29 -- -- 

 
a Dashes indicate that no interference was observed even when interferents were introduced at the following 

levels: 
Al, Ca, Mg - 1000 mg/L; Ca, Fe - 1000 mg/L; Cr, Cu, Mn, Tl, V - 200 mg/L 

 
b The figures recorded as analyte concentrations are not the actual observed concentrations; to obtain those 

figures, add the listed concentration to the interferent figure. 
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Attachment 2 
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Attachment 2 (continued) 
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Attachment 2 (continued) 
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Sample Preparation Procedure -256:  Digestion Block Preparation of Solid Samples for 
ICP-MS Determination of Total Metals by SW-846  

 
 
1.0 Scope and Application 
 

This method describes the digestion procedure for the preparation of solid samples (soil, 
sediment, sludge, and biota) for inductively coupled plasma (ICP) mass spectrometry 
(MS) determinations.  This procedure is based upon SW-846 Method 3050B  

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

A representative 0.95 - 1.9 gram sample aliquot is digested with nitric acid and hydrogen 
peroxide using a 36 or 54 well digestion block.  The resulting sample (digestate) is 
filtered and diluted to a final volume of 100 mL.  The sample is then analyzed using ICP-
MS. 

 
3.0 Definitions 
 

3.1 An SDG is defined by the following, whichever is more frequent: 
 

• each 20 field samples received within a case, or 
 

• each 7 calendar day period during which field samples in a case are received 
(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The DOD-QSM does not accept the SDG approach, unless the samples 

are prepared in a single batch.  When a group of up to 20 field samples 
of a similar matrix are prepared as one batch, method-specified QC 
samples such as a method blank, laboratory control sample, matrix 
spike, matrix spike duplicate, and matrix duplicate must also be prepared 
together at a rate of 5%.  If samples are batched together from different 
sites, project-specific QC must be processed. 
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3.2 DoD-QSM – Department of Defense Quality Systems Manual 
 
3.3 NC DENR – North Carolina Department of the Environment and Natural 

Resources 
 
4.0 Interferences 
 

4.1 Spectral interference effects can be observed in the determination of trace 
elements. 

 
4.2 Physical interferences are generally considered to be effects associated with the 

ICP analysis, especially with samples containing high dissolved solids and/or acid 
concentrations. 

 
4.3 Chemical interferences are characterized by molecular compound formation, 

ionization effects, and solute vaporization effects. 
 
4.4 Interferences are highly dependent on matrix type and the specific element.  

Further detail on managing interferences is found in the SOP 3.2.1.9, 
“Determination of Metals by Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS) by SW-846 and NYSASP.” 

 
5.0 Safety 
 

5.1 Care should be taken when handling acids.  Always use acids under approved 
fume hoods.  Always pour acid into water. 

 
5.2 Appropriate protective equipment and clothing must be used under the 

assumption that all samples are potentially hazardous.  Safety glasses, gloves and 
lab coats are a minimum requirement.  The persistent presence of noxious odors 
may be indicative of failure of the laboratory ventilation system and must be 
reported to a supervisor or manager. 

 
5.3 In this prep method, the 50 mL cup requires the technician to closely monitor 

sample reaction to reagents in order to avoid sample overflow. 
 

5.4 Laboratory staff must review the Chemical Hygiene Plan for general safety 
policies, and Material Safety Data Sheets for reagents used in the laboratory. 

 
6.0 Equipment & Supplies 
 

6.1 Polypropylene digestion cups – 50 mL 
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6.2 Ribbed and non-ribbed polypropylene watch glasses 

 
6.3 Environmental Express 36 and 54 well digestion blocks 

 
6.4 Whatman No. 41 filter paper or equivalent. 

 
6.5 Analytical balance – capable of accurately weighing to the nearest 0.01 g. 

 
6.6 Glassware – 100 mL Class A volumetric flasks  

 
6.7 Blender for homogenizing biota samples. 

 
7.0 Reagents & Standards 
 

7.1 Reagent Water – All water used in this procedure must be reagent-grade Type I 
with regard to resistivity of > 10 megohm-cm (19th and 20th Editions of Standard 
Methods, Method 1080), and is demonstrated to meet the blank criteria contained 
in this Standard Operating Procedure (SOP).  It is referred throughout this SOP as 
DI water. 

 
 7.2 Nitric acid (HNO3) – concentrated, ultra-pure reagent. 
 

Note: All concentrated acid used in this procedure is distilled in-house prior to 
use. 
 
7.2.1 All concentrated nitric acid used in preparations should be Baker "Instra-

analyzed" (BIA) or an equivalent. 
 

7.2.2 1:1 HNO3 
 

7.2.2.1 Prepare a 1:1 nitric acid solution by slowly adding one part 
distilled acid to one part DI water. 

 
7.2.2.2 Prepare a 1:4 nitric acid solution by adding one part distilled acid 

to 4 parts DI water. 
 

7.3 Hydrogen peroxide (30%) – purified and preserved without tin. 
 
 7.4 EPA LCS (0405) Soil –certified LCS soil standard obtained from the USEPA. 
   

7.5 Water Spike Sample D – purchased from High Purity 
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7.5.1 Used in spiking the MS/MSD 
 
7.6 Dry ice for the homogenization of biota 

 
7.7 All purchased chemicals and reagents that do not arrive with an expiration date, 

must be assigned an expiration date three years from receipt.  All lab prepared 
regents must be assigned an expiration date one year from preparation. 

 
8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control SOP 
4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are 
also listed. 

 
8.3 Soil samples are stored under refrigeration at 2 - 4.4o C. 

 
8.4 All samples must be digested and analyzed within 180 days of collection. 
 
8.5 Samples are obtained from the Custodian out of cold storage.  They must be 

allowed to come to room temperature prior to sample preparation.  After 
preparation, they are returned to the Custodian and placed in the cooler at 2 - 4.4o 
C for long-term storage and disposal. 

 
8.6 After analysis, the residual digestates are boxed up and stored in the ICP 

laboratory or Sample Control.  After three months they are disposed of in the acid 
waste stream. 

 
9.0 Quality Control 
 

9.1 Preparation Blank 
 

9.1.1 Prepare a blank for each digestion batch of up to 20 samples. 
 

9.1.2 The preparation blank is prepared using an empty digestion cup to which 
is added reagents in the same volumes and at the same times as other 
samples in the batch. 

 
9.2 Laboratory Control Sample 

 
9.2.1 Prepare a laboratory control sample (LCS) for each preparation batch of 

up to 20 samples. 
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9.2.2 The LCS is prepared by digesting 1.0 g of an EPA LCS (0405) soil in the 
same manner as the other samples in the batch.   

 
9.3 Matrix Spike/Matrix Spike Duplicate 

 
9.3.1 Prepare a matrix spike (MS) and matrix spike duplicate (MSD) for each 

SDG. 
 

9.3.2 The MS/MSD are prepared by weighing two additional 0.95 - 1.9 g 
aliquots of the sample designated as the original, then spiking those 
aliquots using 5 mL of Water Spike Sample D.  The MS/MSD are digested 
with the batch of samples.   

 
9.4 Duplicate 

 
9.4.1 Prepare a sample duplicate for each SDG.  For NC DENR, duplicates are 

required at a 10% frequency.  The duplicate frequency is satisfied with the 
additional MS/MSD. 

 
9.4.2 The sample duplicate is prepared by weighing an additional 0.95 - 1.9 g 

aliquot of the sample designated as the original.  The duplicate is digested 
with the batch samples. 

 
9.5 If samples react violently to peroxide and any sample is lost the sample must be 

re-prepared. 
 
10.0 Calibration & Standardization 
 

Ensure that the balance has been calibrated for the day before weighing out samples.  
Refer to Quality Control SOP 13.16, “Top Loading Balance Calibration and 
Maintenance.” 

 
11.0 Procedure 
 

Documentation must follow the requirements in Quality Control SOP 13.6, “Proper 
Documentation Procedures.” 

 
11.1 Turn on the digestion blocks.  Refer to the operating instructions for the block 

(Attachment 1) prior to turning it on for the first time.  The set temperature for our 
elevation is approximately 100 - 103° C for the maintenance of 95° C sample 
temperature. 
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11.2 Monitor the temperature of each block during sample digestion using a calibrated 
alcohol thermometer.  A cup is set up in each block that contains a thermometer.  
Periodically the cups need to be re-filled with DI water.  Record the temperature 
on the Metals/Mercury Preparation Log (Attachment 2). 

 
11.3 Request samples to be prepared for the day.  Samples are managed and tracked by 

the Sample Custodian.  A properly completed Internal Chain-or-Custody 
(Attachment 4) is given to the Sample Custodian.  The form accompanies the 
samples until preparation is completed and they are returned to the Custodian. 

 
11.4 Prepare labels for each sample.  The label should contain the laboratory-assigned 

sample ID and any QC designation. 
 

11.5 Mix the sample well; discard any foreign objects such as sticks, stones/rocks, and 
leaves.  Weigh a representative sample aliquot in the range of 0.95 - 1.9 gram into 
a 50 mL digestion cup.  Record the weight of the aliquot on the preparation log.  
Do not target a specific sample weight.  The only requirement is that the weight 
of the aliquot falls within this range.  Prepare associated QC samples as described 
in section 9.0.  QC samples follow the remaining sample preparation instructions. 

 
11.5.1 Preparation of biota samples. 
 

11.5.1.1 If the same biota samples are being prepared for other 
analyses that require homogenizing, an aliquot of the 
sample can be taken after homogenizing (but before 
drying) if needed.  If not, proceed to the next step to 
homogenize. 

 
11.5.1.2 For biota samples, weigh and record the entire sample.  

Freeze the sample at –10o C for 2 hours prior to 
homogenization.  Pack the blender below the blades with 
dry ice.  Cut the frozen sample into small pieces and place 
them in the blender.  Cover with dry ice and allow them to 
sit for one minute to refreeze. 

 
11.5.1.3 Blend the sample.  Pour the sample into a sample container 

and place the container in the freezer at –10o C.  Leave the 
lid loose so the dry ice can sublimate overnight.  The 
sample will then be ready for the extraction procedure. 

 
Note: Do not air dry the sample. 
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11.6 Add 10 mL of 1:1 nitric acid.  Swirl the mixture and place watch glasses on each 
cup.  Heat the digestion cups at 95° C ± 5° C for 10-15 minutes allowing the 
samples to reflux without boiling.  Remove the sample cup rack from the block.  
Allow the samples to cool. 

 
11.7 Add 5 mL concentrated nitric acid, and replace the watch glasses on the sample 

cups.  Heat the digestion cups at 95° C ± 5° C for 30 minutes allowing the 
samples to reflux without boiling.   

 
11.8 If brown fumes are present after refluxing, repeat steps in 11.7.   
 
11.9 When brown fumes are no longer present, cover the digestion cups with ribbed 

watch glasses and heat at 95° C ± 5° C allowing the samples to reflux without 
boiling for 2 hours.  Do not allow the samples to dry.  Remove the sample cup 
rack from the block and allow the samples to cool. 

 
11.10 After the samples have cooled, add 3 mL of 30% hydrogen peroxide (H2O2).  

Place the sample cup rack back on the digestion block for 15 minutes.  Care 
should be taken to avoid losses due to vigorous effervescence.  Continue to add 
H2O2 in 1 mL aliquots while heating until effervescence subsides or until the 
general sample appearance is unchanged.  

  
 Note:  Do not add more than 10 mL of H2O2. 

 
11.11 Cover the digestion cups with ribbed watch glasses and heat at 95° C ± 5° C for 2 

hours allowing the samples to reflux without boiling.  Do not allow the samples to 
dry. 

 
11.12 Filter through Whatman #41 filter paper into a 100 mL volumetric flask. 

 
11.12.1 Place Whatman #41 paper in a clean funnel that rests atop a properly 

cleaned 100 mL volumetric flask (Class A).  Prepare the filter and 
volumetric by rising with 20% nitric acid solution followed by three DI 
water rinses. Discard the rinses. 

 
11.12.2 Pour the contents of the sample cup into the filter.  Thoroughly rinse the 

insides of the sample cup into the filter using DI water.  Ensure that the 
rinse volume does not cause the sample to rise above the top of the filter. 

 
11.13 Dilute the digestate in the flask to a final volume of 100 mL with DI water. 

 
11.14 Transfer the tape label from the sample cup to an appropriate 100 mL bottle. 
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11.15 Transfer the sample from the volumetric flask to the 100 mL bottle and place the 
bottle in a sample rack. 

 
11.16 Sign and date the internal chain of custody for the digestates (Attachment 3) to 

the analysis laboratory. 
 

11.17 Make copies of the prep sheet and relinquish the digestates with the prep sheet 
and internal chain of custody copies to the ICP-MS chemist for analysis.  The 
samples are now ready for analysis following SOP 3.2.1.9, “Determination of 
Metals by Inductively Coupled Plasma Mass Spectrometry (ICP-MS) by SW-846 
and NYSASP.” 

 
12.0 Data Analysis & Calculations 
 

12.1 Calculations must be consistent with the Quality Control SOP 13.4, “Numerical 
Data Reduction.” 

 
12.2 Sample results are based upon dry weight of the sample.  The dry weight of the 

sample must be determined according to Sample Preparation Procedure –143, 
“Undecanted” Percent Moisture Determination in Soil/Sediment/Sludge by CLP, 
SW-846, and NYSASP.” This value used as a correction factor for the 
determination of the dry weight value. 

 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits and precision and accuracy for a single analyst.  The data are retained by the QA 
department. 

 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  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 thing.  See SOP 12.1, Hazardous Waste Disposal, 
regarding laboratory procedures for recycling solvent waste streams. 

 
15.0 Waste Management 
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It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be  
handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, SW-
846, 3rd Edition, Update III, 12/96, Method 3050B. 

 
16.2 Quality Control SOP 13.6, “Proper Documentation Procedures” 

 
16.4 Quality Control SOP13.4, “Numerical Data Reduction” 

 
16.5 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.6 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.7 NELAC Standards, June 2003 
 
16.8 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 

Quality-Related Operations EPA/600/R-96/027, November 1995. 
 

16.9 New York State Environmental Laboratory Approval Program, Certification 
Manual, December 2005, plus revisions. 

 
16.10 CompuChem Quality Manual, Revision 7, Update 1, December 13, 2005, plus 

revisions 
 

16.11 Glassware Preparation Room SOP 10.2, “Preparing Glassware for the Inorganics 
Laboratory.” 

 
16.12 Sample Control SOP 4.1, “Receiving Samples” and 4.6, “Storing Samples” 
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16.13 Quality Control SOP 13.16, “Top Loading Balance Calibration and 

Maintenance.” 
 
16.14 Department of Defense Quality Systems Manual, Final Version, 3, January 2006 

 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 – Digestion Block Operating Instructions 
 

17.2 Attachment 2 – Metals/Mercury Preparation Log 
 

17.3 Attachment 3 – Digestate Chain of Custody  
 

17.4 Attachment 4 – Internal Chain of Custody  
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Attachment 1 
 
 

 
Attachment 2 
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Attachment 3 
 

DEPT: INORGANICS

                     BATCH:

CLIENT PARAMETER
COMPUCHEM SAMPLE

NUMBER ID
1 METALS

2 METALS

3 METALS

4 METALS

5 METALS

6 METALS

7 METALS

8 METALS

9 METALS

10 METALS
11 METALS

12 METALS

13 METALS

14 METALS

15 METALS

16 METALS

17 METALS

18 METALS

19 METALS

20 METALS

21 METALS

22 METALS

23 METALS

24 METALS

25 METALS

RELINQUISHED BY RECEIVED BY DATE/TIME
REASON

Shading has been applied to unused portions of this worksheet as a substitute for ‘Z-out. 08/09/06TMG

DIGESTATE COC

CompuChem, a Division of Liberty Analytical Corp.
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Attachment 4 
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Instrument Procedure 194: GC/ECD Analysis of Polychlorinated Biphenyls (PCBs) as 
Aroclors in Water and Soil Extracts by SW-846  

 
 
1.0 Scope and Application 
 

Method 8082 is used to determine the concentration of various polychlorinated biphenyls 
(PCBs) as Aroclors in extracts from solid and liquid matrices.  Open-tubular, capillary 
columns are employed with electron capture detectors (ECD).  While Method 8082 also 
provides for the analysis of individual PCB congeners, this procedure only deals with the 
determination of PCBs as Aroclors.  The following are amenable to analysis using this 
method: 

 

Compound Name CAS Registry No.

Aroclor-1016 12674-11-2 
Aroclor-1221 11104-28-2 
Aroclor-1232 11141-16-5 
Aroclor-1242 53469-21-9 
Aroclor-1248 12672-29-6 
Aroclor-1254 11097-69-1 
Aroclor-1260 11096-82-5 

 
 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

Prior to analysis the sample must be extracted following Sample Preparation Procedure –
1049, “PCBs in Water Preparation Procedure,” Sample Preparation Procedure –735 (-
233→945), “Low Level Preparation for Analysis of PCBs only in 
Soil/Sediment/Sludge”. Sample Preparation Procedure –247, Sample Preparation 
Procedure –236, “Soxhlet Extraction of S/S/S Samples by Method 3540C in SW-846 & 
NYSASP,”or “Automated Soxhlet Extraction of Soil/Sediment/Sludge and Wipe 
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Samples by SW-846.” A variety of optional cleanup steps may be used, including 
Florisil, Gel Permeation Chromatography (GPC) or acid wash. 

 
The analysis is performed using the dual column option described in Method 8082 where 
a Y-splitter joins a single injection port with two dissimilar analytical columns.  In this 
manner, confirmation may be performed simultaneously with the primary analysis.  After 
cleanup, the extract is analyzed by injecting 2 μL (1 μL per column) into a GC with dual 
wide-bore, fused silica, capillary columns with dual electron capture detectors 
(GC/ECD). 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL are reported and qualified as estimated 
concentrations. 
 
To meet the requirements of the DoD-QSM, the reporting limit must be at least 
three times higher than the calculated MDL value.  The reporting limit may be 
adjusted upward in order to achieve this minimal ratio.   

 
3.3 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The DoD-QSM and SC DHEC do not accept the SDG approach, unless 

the samples are prepared in a single batch.  When a group of up to 20 
field samples of a similar matrix are prepared as one batch, method-
specified QC samples such as a method blank, laboratory control 
sample, matrix spike, matrix spike duplicate, and matrix duplicate must 
also be prepared together at a rate of 5% for the DoD-QSM.   If samples 
are batched together from different sites, project-specific QC must be 
processed. 
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3.4 SC DHEC – South Carolina Department of Health and Environmental Control 
 
3.5 Aroclor 1660 – Term to denote a mixture of Aroclor 1016 and 1260 
 
3.6 DoD-QSM – Department of Defense-Quality Systems Manual 

 
4.0 Interferences 
 

4.1 Interferences in this method can be grouped into three broad categories: 
contaminated solvents, reagents, or glassware; contaminated GC carrier gas, 
parts, column surfaces, detector surfaces; and the presence of co-eluting 
compounds in the sample matrix that also are detected by the ECD.  Specific 
cleanups may be necessary for samples, depending on the compounds of interest. 

 
4.2 Interferences by phthalate esters introduced during the sample preparation 

procedures can be a major problem.  Common flexible plastics found in certain 
gloves and other objects contain varying amounts of phthalates which may be 
introduced during lab operations.  Cross-contamination of clean glassware 
routinely occurs when plastics are handled during extraction steps, especially 
when solvent wetted surfaces are handled.  These interferences can be minimized 
by cleanup of solvents, reagents, and glassware. 

 
4.3 Glassware must be scrupulously cleaned as soon as possible after use by rinsing 

with the last solvent used.  This should be followed by detergent washing with hot 
water, and rinses with tap water and organic-free reagent water.  Drain the 
glassware and dry in an oven at 130o C for several hours or rinse with methanol 
and drain. 

 
4.4 The presence of elemental sulfur will result in broad peaks that interfere with 

early eluting pesticides, and can be removed by cleaning the extract with shiny 
copper or by the use of GPC cleanup, or with tetrabutylammonium (TBA) sulfite 
reagent. 

 
4.5 Waxes, lipids, and other high molecular weight compounds are also removed 

using GPC. 
 
5.0 Safety 
 

Appropriate protective equipment and clothing must be used under the assumption that 
all samples are potentially hazardous.  During sample preparation glasses, gloves and lab 
coats are a minimum requirement.  The persistent presence of noxious odors may be 
indicative of failure of the laboratory ventilation system and must be reported to a 
supervisor or manager. 
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Laboratory staff are encouraged to review the Chemical Hygiene Plan for general safety 
policies, and Material Safety Data Sheets for reagents used in the laboratory. 

 
6.0 Equipment & Supplies 
 

6.1 Gas chromatograph: Trace GC Series 2000 and Agilent Technologies 6890N,  
with all required accessories, including syringes, analytical columns, gases, dual 
ECDs, and integrator or data system. 

 
6.2 The following wide-bore columns are used in the analysis: 

 
6.2.1 Column 1-30 m x 0.32 mm ID fused silica capillary column bonded with 

35% phenyl methylpolysiloxane (clpest), 0.50 μm film thickness 
 

6.2.2 Column 2 - 30 m x 0.32 mm ID fused silica capillary column chemically 
bonded with 50% phenyl methylpolysiloxane (clpest2), 0.42 μm film 
thickness 

 
6.2.3 Wide-bore columns are installed in a 1/4 inch injectors, with deactivated 

liners designed specifically for use with mega-bore columns 
 

6.2.4 Restek Y-shaped fused silica connector 
 
7.0 Reagents & Standards 
 

Refer to the Standards Preparation Logbook 22 F for details on preparation of 
 standards used in this procedure. 
 

7.1 Reagent water – All water used in this procedure must be equivalent to ASTM 
Type II water (as it relates to specific conductance and specific resistance) which 
is demonstrated to meet the blank contamination acceptance criteria contained in 
this Standard Operating Procedure (SOP).  It is referred to throughout the 
remainder of this SOP as DI water. 

 
7.2 Hexane – pesticide grade 

 
7.3 Tetrabutylammonium sulfite reagent 
 

7.3.1 Tetrabutylammonium hydrogen sulfate – 97%, Sigma-Aldrich  
 
7.3.2 Sodium sulfite – ACS grade, 98% EM Science 
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7.4 Stock standard solutions (1 mg/mL) are purchased from Restek Corporation, 
for example, as certified solutions. 

 
7.5 Prepare calibration standards at 100, 200, 400, 800, and 1600 ng/mL by 

diluting the stock standards solutions with hexane. 
 

7.6 Separate calibration standards are used for each multi-component analyte, 
with the exception of Aroclors 1016 and 1260, which can be run as a mixture.  
The mixture is referred to as Aroclor 1660. 

 
7.6.1 The second source Initial calibration Verification (ICV) standard is 

Aroclor 1660, prepared at 100 ηg/mL. 
 

7.7 Surrogate standard solution – Tetrachloro-m-xylene (TCX) at 0.6 µg/mL and 
Decachlorobiphenyl (DCB) at 1.2 µg/mL. 

 
7.9.1 Decachlorobiphenyl (DCB) and tetrachloro-m-xylene (TCX) are the 

surrogates used.  Corrective action is taken when the recoveries of 
both surrogates fall outside acceptance limits on both columns. 

 
7.10 Store all reagents in a flammables cabinet or in a fume hood.  Store all 

standard solutions at 4o C (± 2o C) in Teflon®-sealed amber containers.  
Replace all standard solutions (intermediate and working) after six months 
or sooner, if degradation occurs. 

 
8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control SOP 
4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are 
also listed. 

 
8.2 All extracts must be analyzed within 40 days of extraction. 

 
8.3 Prior to analysis, all extracts must be stored under refrigeration at 2-6 °C in the 

reach-in storage unit in the laboratory.  After analysis, extracts are returned to 
Sample Control for long-term storage and disposal. 
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9.0 Quality Control 
 

9.1 Routine Instrument Maintenance 
 

9.1.1 When linearity is difficult to achieve, verify that the appropriate length of 
column is inserted in the detector.  Examine all column ends and 
determine if the ends of the columns need to be trimmed.  The removal of 
0.5 meters of the detector end of the column may be indicated when 
linearity is difficult to achieve. 

 
9.1.2 When the instrument blanks fail, examine the chromatography to 

determine if there is contamination in the column that is causing the 
failure.  If so, bake the column for 1 hour or less to see if this can be 
corrected.  If the contamination is such that baking for 1 hour does not 
improve the baseline, it may be necessary to change the septum and liner. 

 
9.1.3 When calibration verifications fail recovery low, verify that the correct 

peaks are being named.  Also verify that the syringe is not plugged and 
change the septum.  If the calibration verification fails again, examine the 
chromatography to determine if there is a problem with the baseline that is 
causing the failure.  If so, bake the column for 1 hour or less to see if this 
can be corrected.  Also, if the calibration verification is failing on only one 
column, the y-splitter may be plugged.  If the calibration verification 
continues to fail, the instrument will need a new calibration curve. 

 
9.1.4 When calibration verifications fail recovery high, verify that the correct 

peaks are being named.  Examine the chromatography to determine if 
there is contamination on the column that is causing the failure.  If so, 
bake the column for 1 hour or less to see if this can be corrected.  If the 
calibration verification fails again, the instrument will need a new 
calibration curve. 

 
9.1.5 When the calibration verification fails due to drift, change the septum and 

verify that all the column fittings are secure.  Also, determine if there is 
contamination on the column that is causing the failure.  If so, bake the 
column for 1 hour or less to see if this can be corrected.  If the calibration 
verification still fails, it is permissible to update retention times once per 
24 hours period.  Record in the instrument run log when the retention 
times are updated. 

 
9.1.6 All preventive and routine maintenance as mentioned above is recorded in 

the instrument run log.  Major maintenance is recorded in the maintenance 
log (Attachment 2). 
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9.2 Initial Calibration 

 
9.2.1 The percent Relative Standard Deviation (%RSD) of the calibration 

factors for each selected Aroclor component in the initial calibration must 
be less than or equal to 20%.  The % RSD for Aroclors is calculated by 
determining the mean of the average of the five selected peaks in each 
standard level.  Acceptance criteria must be met by the average of the five 
peaks, as opposed to each individual peak.  

 
9.2.2 When the %RSD is ≤ 20%, the instrument response is considered to be 

linear and the mean calibration factor can be used for quantitation.  If the 
%RSD is greater than 20%, the analyst will investigate and correct the 
problem and repeat the initial calibration.  Alternatively, a calibration 
model, such as a least squares regression, is available in the ThruPut 
system. 

 
9.2.2.1 For samples submitted to meet the regulatory requirements of the 

State of South Carolina, the use of a quadratic fit to demonstrate 
the linearity of the initial calibration is not allowed.  The use of a 
linear regression is permitted. 

 
Note: The DoD-QSM does not allow the use of quadratic fit 

linear regression model. 
 

9.2.2.2 When the linear option is used, the line must not be forced 
through the origin (zero) and the correlation coefficient of the 
equation must be 0.99 or greater for a valid calibration.  The 
DoD-QSM requires the correlation coefficient to be ≥ 0.995. 

 
9.3 Initial Calibration Verification 

 
9.3.1 Analyze a second source initial calibration verification (ICV) standard to 

verify the standard curve before proceeding with analyses. 
 

9.3.2 The acceptance criteria for the ICV is +/-20% of the true value. 
 

9.4 Continuing Calibration Verifications 
 

9.4.1 The calibration factors in all continuing calibration verification (CCV) 
standards must be within ± 15% difference (%D) when compared to the 
mean calibration factors from the initial calibration on both analytical 
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columns.  The % D is calculated by determining the average %D of the 
five selected peaks for each Aroclor.   

 
9.4.2 If the %D exceeds ± 15%, then corrective action must be taken and the 

CCV re-injected.  If the calibration still exceeds the criteria, a new initial 
calibration must be analyzed. 

 
9.4.3 If any of the continuing calibration Aroclor components fall outside their 

retention time windows, updated every 24 hours, the system is out of 
control and corrective action must be taken to correct the problem.  If, 
after re-injection of the standard following corrective action, the retention 
times are still outside the windows, a new initial calibration must be 
analyzed. 

 
9.5 Surrogates 

 
9.5.1 Statistical control limits for surrogates are shown in the following table.  

Surrogate recoveries must be met for all samples, blanks, laboratory 
control samples, matrix spikes, and matrix spike duplicates. 

 

Percent Recovery Range 
Surrogate 

Water Soil 

Decachlorobiphenyl 43-144 43-144 

Tetrachloro-m-xylene 43-135 43-135 
 

If both surrogates (tetrachloro-m-xylene and decachlorobiphenyl) are 
outside the control range on both columns, the sample must be re-
extracted and re-analyzed.  Only one surrogate out of the four is required 
to pass on one column. 
 

9.5.2 An exception to the above criteria is allowed for field samples and matrix 
spikes if the recovery is out of range due to interfering peaks.  
Chromatograms must be examined to determine if the out of control 
condition may be attributed to sample interferences, or to a partial 
injection, before re-extracting the sample. 

 
9.5.2.1 Partial injections should be re-injected and can be diagnosed by 

comparing the solvent peak of the sample to the solvent peak of 
the standard.  They should be similar in size. 
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9.5.3 The following table contains the DoD-QSM requirement for surrogate 
control limits.  Surrogate recovery criteria must be met on both columns. 

 
Surrogate Aqueous Solid 

Decachlorobiphenyl 40-135 60-125 
 
 

9.5.3.1 If the criteria in Section 9.5.3 are not met, the DoD-QSM requires 
the field and QC samples be reanalyzed or re-extracted (if 
sufficient sample remains). 

 
9.5.3.2 Field and QC samples reported with failing surrogates are 

qualified in the narrative, referencing the applicable DoD-QSM 
data flag (Q or J). 

 
9.6 Method blanks 

 
9.6.1 Method blanks are extracted with each preparation batch of up to 20 

samples.  For SC DHEC, the method blank is performed at a frequency of 
10%. 

 
9.6.2 The acceptance criteria for method blanks include the following: 
 

9.6.2.1 Surrogates acceptance criteria must be met. 
 
9.6.2.2 No target analytes may be present above the reporting limit. 
 
9.6.2.3 To meet the requirements of the DoD-QSM, no target analytes 

may be present at concentrations above half the reporting limit. 
 
9.6.3 If the method blank exceeds acceptance criteria, the source of the problem 

(s) must be investigated and appropriate corrective action taken.  All 
samples processed with a method blank that does not meet acceptance 
criteria must be re-extracted and reanalyzed. 

 
9.7 Laboratory Control Sample (LCS) 

 
9.7.1 An LCS is DI water, or furnaced Ottawa sand or sodium sulfate for solid 

matrices, spiked with a target Aroclor and surrogates.  The LCS is 
prepared with each preparation batch of samples.  For SC DHEC, the LCS 
is performed at a frequency of 10%. 
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9.7.2 LCS recovery limits are as follows. 
 

Analyte Aqueous 
% Recovery 

Solid 
% Recovery 

Aroclor 1260 59-120 37-137 
Aroclor 1016 63-132 50-145 

 
 

9.7.2.1 The LCS control limits required by the DoD-QSM are as follows: 
 

Analyte Aqueous 
% Recovery 

Solid 
% Recovery 

Aroclor 1260 25-145 40-140 
Aroclor 1016 30-145 60-130 

 
 
9.7.2.2 If the LCS fails the DoD-QSM acceptance criteria, correct the 

problem and re-extract and reanalyze the associated samples. 
 
9.7.2.3 If corrective actions fail, e.g., insufficient sample remains for 

extraction, report data associated with failing LCS.  Qualify the 
specific analytes in the associated field and QC samples in the 
narrative, referencing the appropriate DoD-QSM data flag (Q). 

 
9.7.3 Surrogate acceptance criteria must be met. 
 
9.7.4 If the LCS fails to meet acceptance criteria, all samples in the associated 

batch must be re-extracted and reanalyzed. 
 

9.8 Matrix Spikes 
 

9.8.1 A matrix spike and matrix spike duplicate (MS/MSD) must be performed 
for each sample delivery group of up to 20 field samples. For SC DHEC, 
the matrix spike/matrix spike duplicate are performed at a frequency of 
10% for water samples and 5% for soils. 
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9.8.2 The percent recovery and relative percent difference (RPD) criteria for the 
MS/MSD are shown in the following table. 

 
 

Analyte 
Aqueous 

% Recovery 
Aqueous 

RPD 
Solid 

% Recovery 
Solid 
RPD 

Aroclor 1660 50-150 20 50-150 20 

 
 

9.8.2.1 To meet the requirements of the DoD-QSM, the duplicate matrix 
spike should meet the control limit requirements for the LCS.  The 
%RPD should be ≤ 30%. 

 
9.8.2.1.1 If the DoD-QSM acceptance criteria are not met for the 

duplicate matrix spikes, contact the client for guidance. 
 
9.8.2.1.1 Qualify the original sample associated with the failing 

duplicate matrix spikes in the narrative.  Reference DoD-
QSM data qualifying flag (J). 

 
9.8.3 The recoverability of spiked analytes in environmental samples is highly 

influenced by the particular matrix.  When recoveries do not meet the 
acceptance criteria or interferences preclude proper assessment of the data, 
results of an LCS are evaluated to verify that the analytical systems 
(sample preparation and analysis) are in control. 

 
If the original unspiked sample does not meet surrogate acceptance criteria 
and the MS/MSD do meet criteria, the sample should be reanalyzed or re-
extracted then reanalyzed.  If the original sample and the MS/MSD yield 
the same unacceptable surrogate recoveries, then further action is not 
required since matrix interference would be confirmed. 

 
9.9  Contingency 

 
9.9.1 If due to a lab accident or to QC failures, a re-preparation and analysis are 

required for the sample and insufficient sample volume remains, the 
Project Manager must be alerted and will contact the client for direction 
on how to proceed. 

 
9.9.2 If persistent contamination occurs in the laboratory, analysis must be 

halted until the source of the contamination can be identified and isolated.  
When the contamination issue is resolved, samples analysis may proceed. 

 



Section No. 2.2.5.3 
Revision No. 7 
Date:  February 20, 2008 
Page: 13 of 28 
 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

9.9.3 Refer to the corresponding Data Review SOP (number will vary among 
sections) for information on how to handle reporting of data that are 
unacceptable or out-of-control. 

 
9.9.4 Any other issues that potentially affect data quality should also be 

addressed with the Project Manager. 
 
10.0 Calibration & Standardization 
 

10.1 Initial Calibration 
 

10.1.1 For the initial calibration five concentration levels are prepared for 
Aroclors 1016/1260.  Single standards for the remaining Aroclors are 
prepared at the mid-concentration.  The M2 level for Aroclors 1221, 1232, 
1242, 1248, and 1254 are used for pattern recognition and to generate 
calibration factors for them. On a project-specific basis, three or five 
concentration levels may be required for the remaining Aroclors. 
Additionally, Aroclors  1262 and 1268 may be requested 

 
10.1.1.1 Analyze a five-point initial calibration for Aroclors 1016 and 

1260 at 100, 200, 400, 800, and 1600 ηg/mL; surrogate TCX 
at 5.0, 10, 20, 40, and 80 ηg/mL; surrogate DCB at 10, 20, 40, 
80, and 160 ηg/mL.  Analyze the single-point initial 
calibration standards containing Aroclors 1221, 1232, 1242, 
1248, and 1254 at 400 ηg/mL and surrogates at 20 ηg/mL for 
TCX and 40 ηg/mL for DCB. 

 
Note: The single-point calibration standards may be run 

before or after the five-point Aroclor 1016/1260 
initial calibration standards. 

 
10.1.1.2 On a project-specific basis, if a sample is analyzed and any of 

the Aroclors analyzed as a single point are detected, a three- 
or five-point calibration must be analyzed for that Aroclor.  
The calibrations must be prepared at the following levels:  

 
• Aroclors 1221, 1232, 1242, 1248, 1254, 1262, and 1268 at 

100, 200, 400, 800, and 1600 ηg/mL 
 

• Surrogates 
- TCX at 5.0, 10, 20, 40, and 80 ηg/mL 
- DCB at 10, 20, 40, 80, and 160 ηg/mL 
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10.1.1.3 For samples analyzed in compliance with the DoD-QSM, the 

average calibration factor from a five-point initial calibration 
curve must be used to quantitate Aroclors 1221, 1232, 1242, 
1248, and 1254. 

 
10.1.1.4 If an Aroclor other than 1016 or 1260 is identified during the 

analysis of sample for DoD-QSM compliance, a five-point initial 
calibration curve must be analyzed.  The affected samples must 
be reanalyzed for the Aroclor(s) indicated by the single-point 
analysis. 

 
10.1.2 A minimum of five sets of calibration factors is generated for the Aroclor 

1016/1260 standards.  Each set consists of the calibration factor for each 
of the five peaks chosen.  The single standard of the remaining Aroclors 
will each produce a minimum of three calibration factors, one for each 
selected peak. 

 
10.1.3 The initial calibration standard sequence is as follows. 

 
ICAL Sequence 

Injection Number 
Initial Calibration 
Standard Sequence 

1 AR1221-M2 
2 AR1232-M2 
3 AR1242-M2 
4 AR1248-M2 
5 AR1254-M2 
6 AR1660-1  
7 AR1660-2  
8 AR1660-3 
9 AR1660-4 
10 AR1660-5 
11 Instrument blank 

 
Note: The single-point Aroclor standards may be analyzed before the 

analyses of the five levels of the Aroclor 1660.  The steps 
pertaining to the instrument blank are used as a part of the 
calibration verification as well. 
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10.2 Initial Calibration Verification (ICV) 
 

10.2.1 The initial calibration is verified using a standard prepared from a 
separate source than that used for the calibration curve.  An 
acceptable recovery must be achieved before proceeding with 
analysis.  (See Section 9.3.) 

 
10.2 Continuing Calibration Verification (CCV) 

 
10.2.1 The continuing calibration verification standards are used to evaluate 

retention time stability and to verify linearity.  The injection of an 
instrument blank and Aroclor 1660 constitute the calibration 
verification. See section 9.4 for CCV criteria. 

 
11.0 Procedure 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures. 

 
11.1 Dual Column Analysis and Confirmation 

 
11.1.1 The dual column/dual detector approach involves the use of two 30 m x 

0.32 mm ID fused silica open-tubular columns of different polarities 
(clpest and clpest2).  Each has different selectivities towards the target 
compounds.  The columns are connected to a "Y-splitter" and dual ECD 
detectors. 

 
11.2 GC operating conditions are as follows: 

 
11.2.1 Column 1 

 
• Type:  clpest 

 
• Dimensions:  30 m x 0.32 mm ID 

 
• Film Thickness:  0.50 μm 

 
11.2.2 Column 2 

 
• Type:  clpest2 

 
• Dimensions:  30 m x 0.32 mm ID 
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• Film Thickness:  0.42 μm 

 
11.2.3 Carrier gas 

 
• Helium 

 
• Flow rate:  6 mL/minute 

 
11.2.4 Makeup gas 

 
• Argon/methane 

 
• Flow rate 20 mL/minute 

 
11.2.5 Temperature program 

 
• Hold at 150° C for 1.0 minute 

 
• Ramp to 275° C at 5 degrees/minute 

 
• Hold for 2.0 minutes 

 
11.2.6 Injector temperature:  250° C 

 
11.2.7 Detector temperature:  300° C 

 
11.2.8 Injection volume:  2 μL (1 μL per column) 

 
11.2.9 Solvent 

 
• Hexane 

 
11.2.10 Detector:  Dual ECD’s 

 
11.2.11 Range:  10 
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11.3 Analytical Sequence 
 

11.3.1 All information is recorded on the run log for the instrument (Attachment 
3). All acceptable samples must be analyzed within a valid analysis 
sequence as given in the following: 
 

Time Injection # Material Injected 

 1-12 (or 5-points of 
all Aroclors, if 
required by 
project) 

First 12 steps of the initial 
calibration 

   
0 hr. 13 Instrument blank 
 14 Aroclor 1016/1260 Standard 

Sample 
 15 Additional Aroclor M2 Standard 

(optional) 
 16  Subsequent Samples 
 
12 hr.  Last sample 
 1st injection past 12 

hr. 
Instrument blank 

 2nd injection past 12 
hr. 

Aroclor 1016/1260 standard   

 3rd injection past 12 
hr. 

Aroclor M2 Standard (as required) 
of another detected Aroclor  

 4th injection past 12 
hr. 

Aroclor M2 Standard (as required) 
of another detected Aroclor, 
Subsequent Samples 

 
Another 
12 hrs. 

 Last sample 

 1st injection past 12 
hr. 

Instrument blank 

 2nd injection past 12 
hr. 

Aroclor 1016/1260 standard  

 3rd injection past 12 
hr. 

Sample 
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11.3.2 Injections #1 through 12 may be expanded to include all injections of 
initial calibration standards, in the normal initial calibration 
sequence. The first 12 hours are counted from injection #13, not from 
injection #1.  Samples may be injected until 12:00 hours have elapsed.  
All subsequent 12-hour periods are timed from the injection of the 
instrument blank that brackets the front end of the samples.  If more 
than 12 hours elapse between the injections of two instrument blanks 
that bracket a 12-hour period in which samples or required blanks 
are analyzed, then the time between the injection of the instrument 
blank and the preceding sample may not exceed the length of one 
chromatographic run.  No more than 14 hours may elapse from the 
injection beginning the opening CCV (Aroclor Standard). 

 
11.3.3 Note: To meet the requirements of the DoD-QSM, CCV standards are 

required to be injected after every 10 field samples and at the end of 
the analytical sequence. 

 
11.4 Gas chromatographic analysis: 

 
11.4.1 The GC is set up according to the operating conditions detailed above.  A 

final temperature of 240 - 275o C is necessary to elute 
Decachlorobiphenyl. 

 
11.4.2 The initial calibration is performed according to the discussion in Section 

10.0.  The initial calibration is verified once using a second source 
standard (ICV). 

 
11.4.3 A CCV standard is run during each 12 hour shift (after every 10 samples 

for DoD-QSM requirements) using a mid-level calibration standard.  
Within the 12-hour period, and based on current GC run conditions, 
approximately 20 samples will be analyzed.  Since an analytical 
sequence may continue as long as instrumental QC criteria are met, the 
end of one 12-hour sequence is considered to be the beginning of the next 
12-hour sequence.  The calibration factor must meet acceptance criteria 
when compared to the initial calibration curve.  When this criterion is 
exceeded, corrective action is required as described in Section 7.0 and 
may include re-injection of the calibration verification standard or analysis 
of a new initial calibration before more samples are analyzed. 

 
11.4.4 Each sample analysis must be bracketed with an acceptable initial 

calibration and CCV standards.   If a "closing" CCV standard, which is 
injected after a group of samples, fails to meet criteria due to being more 
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than 15% above the mean calibration factor from the initial calibration and 
the Aroclor (except Aroclor 1660) was not detected in that group of 
samples, then the samples do not require reinjection.  However, if the 
standard is more than 15% below the mean calibration factor from the 
initial calibration, then re-injection is required. 

 
11.5 Retention Time Windows 

 
11.5.1 Retention time windows are established for each chosen characteristic 

Aroclor component (peak).  The width of the retention time windows is 
based on actual retention times of selected peaks in the standards that are 
assessed over a 72-hour period.  A standard deviation is calculated for 
each component. 

 
11.5.2 For each Aroclor component chosen (3-5 peaks), the absolute retention 

time from each "daily" CCV standard is used as the midpoint of the 
window.  A +/- three times standard deviation value is applied to the 
absolute retention time.  Windows are defined as +/- three times the 
standard deviation of the absolute retention times of each chosen Aroclor 
component.  Analyst experience is critical in the interpretations of the 
chromatograms. 

 
11.6 Identification and Quantitation 

 
11.6.1 Compound identification is based on a second column confirmation, with 

the second column being of a dissimilar nature.  Target analyte peaks must 
fall within the retention time windows on both columns. 

 
11.6.2 Tentative identification of an analyte occurs when three or more of the 

chosen Aroclor component peaks from a sample extract fall within the 
retention time windows and the pattern matches that of the Aroclor 
standard. 

 
11.6.3 Quantitation is based on the area under the characteristic peaks as 

compared to the area under the corresponding peaks in the calibration 
standard at the same retention times.  The external calibration method is 
used for quantitation. 

 
11.6.4 When samples contain more than one multi-component analyte, a more 

experienced analyst may be required to process or assess the data.  Similar 
conditions exist when multicomponent analytes have been subjected to 
environmental degradation, resulting in weathered Aroclors that may have 
significant differences in peak patterns than the standards. 
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11.6.5 Use the external calibration procedure to establish mean response factors 

for each chosen Aroclor component by dividing peak area in the standard 
by the mass injected.  Peak areas from peaks within the chosen Aroclor 
component's retention time window are used to calculate the quantity of 
each target Aroclor while retention times are used to identify each 
component. 

 
11.6.6 The analyte concentration reported is the higher of the two concentrations 

detected on the dual column analyses, unless overlapping peaks are 
interfering with the accurate quantitation of the analytes.  If interferences 
are present, the analyte concentration is reported from the column without 
the interferences.  If there is > 40% difference between the two columns, 
the data is flagged with a “P” and discussed in the narrative. 

 
11.6.6.1 To meet the requirements of the DoD-QSM, the narrative must 

reference the “Q” flag for results with a > 40% difference 
between the columns. 

 
11.6.7 The Aroclors are quantitated using responses of five major peaks 

(minimum of three) of the sample pattern compared to the calibration 
factors of the same peaks in standard.  Those concentrations are averaged 
to arrive at the reported concentration. 

 
 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 

12.1 Calculation of the mean or average of a set of values: 
 

n

X
X

n

i
i∑

== 1  

 
where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  
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12.2 Calculation of the standard deviation of a set of values: 
 

( )
1

deviation Standard 1

2

−

−
=
∑
=

n

XX
n

i
n

 

 
12.3 Calculation of percent recovery: 

 
12.3.1 LCS and surrogates: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  

12.3.2 Matrix spikes: 
 

100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%

 
12.4 Calculation of % RSD 

 
%RSD

X
= ⎛
⎝⎜

⎞
⎠⎟
×

Standard deviation   100  

 
12.5 Calculation of RPD 

 

( )RPD  =  
Value  -  Value 

Value  +  Value 
x

1 2
1 2 2

100  

 
12.6 Calculation of %Difference (%D) 

 

100 x 
value Reference

value ReferenceValue%Diff −
=  

 
12.7 Calibration factors are calculated by dividing the total peak area for each chosen 

Aroclor component in the standard by the total mass injected (in nanograms). 
 

injectedmassTotal
areaPeakCFFactornCalibratio =)(  
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12.8 Linear Calibration using Least Squares Regression 
 
  baxy +=  
   
  where:  y = Instrument response (peak area) 
    a = Slope of the line (coefficient of x) 
    x = Concentration of the calibration standard 
    b = The intercept 
 

12.9 Concentration 
 

12.9.1 Concentration of aqueous samples 
 

))()((
))()((/

VoViCF
DfVtAxLg =μ  

 
where: Ax = area response for the analyte 

Vt = volume of the concentrated extract (μl) 
Df = dilution factor.  If no dilution, Df = 1.0 
CF  = mean calibration factor from the initial calibration 
Vo = volume of water sample extracted (ml) 
Vi = volume of extract injected (μl) 

 
12.9.2 Concentration of soil samples (dry weight basis) 

 

))()()((
))()((/
DWsViCF

DfVtAxkgg =μ  

 
where:  Ws = weight of sample extracted, in grams 

D (dry weight)= 100 - % moisture 
100 

 
Ax, Vt, Df, CF , Vi have the same definitions as for water. 

 
12.9.3 Concentration of soil samples (dry weight basis) by GC using linear 

regression analysis:  
 

 
( )

a

by
x

−
=  
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   where: y = Instrument response (peak area) 
    a = Slope of the line (coefficient of x) 
    x = Concentration of the calibration standard 
    b = The intercept 

 
12.10 Calculating Dilutions 

 

12.10.1 If the response of the majority of the chosen Aroclor components exceeds 
the on-column amount of the high level Aroclor 1660 standard, it must be 
diluted and re-analyzed.  Comparing the on-column nanogram amount of 
the chosen Aroclor components with the nanogram amounts of the same 
chosen Aroclor components from the high level standard used in the 
initial calibration will allow you to determine an appropriate dilution. 

 

12.10.2 If a sample concentration exceeds the high level standard a dilution must 
be performed.  Determine a level of dilution that will result in a value 
within the upper half of the calibration range.  This is an acceptable 
dilution.  A 10x dilution is performed using 1 mL sample plus 9 mL 
diluent for a total volume of 10 mL.  It should be recorded on the run log 
as “10x (1 mL in 10 mL).” 

 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits and precision and accuracy for single analyst.  The data are retained by the QA 
department. 

 
 
 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  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 thing. 
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15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 
 

16.0 References 
 

16.1 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, SW-
846, 3rd Edition, Update III, 12/96, Method 8082 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th (1998), 

Method 1080 
 

16.3 Quality Control SOP 13.6, “Proper Documentation Procedures” 
 

16.4 Quality Control SOP 13.4, “Numerical Data Reduction” 
 

16.5 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 
American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.6 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.7 NELAC Standards, approved July 2003, plus revisions 
 

16.8 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
16.9 CompuChem Quality Manual, Revision 9, June 2007 
 
16.10 Sample Control SOP 4.6, “Storing Samples” 
 
16.11 Department of Defense Quality Systems Manual for Environmental Laboratories, 

Final Version 3, January 2006 
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17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

17.1 Attachment 1 – Method Reporting Limits  
 

17.2 Attachment 2 – Instrument Maintenance Log 
 

17.3 Attachment 3 – Instrument Run Log 
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Attachment 1 
 

Method 8082 Reporting Limits 
 
 

 
 
 
 
 

Aroclor µg/L µg/Kg Ohio VAP 
µg/L 

Ohio VAP 
µg/Kg 

1016 0.50 17.0 1.0 33.3 

1260 0.50 17.0 1.0 33.3 

1242 0.50 17.0 1.0 33.3 

1232 0.50 17.0 1.0 33.3 

1221 0.50 17.0 2.0 33.3 

1248 0.50 17.0 1.0 33.3 

1254 0.50 17.0 1.0 33.3 
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Attachment 2 
 

 



Section No. 2.2.5.3 
Revision No. 7 
Date:  February 20, 2008 
Page: 28 of 28 
 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Attachment 3 
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Sample Preparation Procedure -735 (-233-->945) Low Level Preparation for the Analysis of 
PCBs Only in Soil/Sediment/Sludge by SW-
846 and NYSASP 

 
 
1.0 Scope and Application 
 

The following sample preparation procedure is designed to prepare soil/sediment/sludge 
samples for Aroclor-only analysis by GC/ECD. The soil samples are extracted by 
sonication and the extracts subjected to an acid wash to remove interferences.  The 
procedure is based on SW-846, Method 3550B and Method 3665A (sulfuric acid wash). 

 
The method detection limits (MDLs) and reporting limits are shown in Attachment 1. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 
 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary 
 

A 30-g aliquot of sample is spiked with the surrogate solution and then mixed with 
sodium sulfate, and extracted with a 1:1 methylene chloride/distilled acetone solvent 
mixture by sonication. The extract is then filtered, dried, and concentrated by Kuderna 
Danish (K-D) evaporation flask.  Mandatory sulfuric acid wash of the extract is then 
performed. 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined form analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration. 

3.3 Reporting Units – μg/Kg 
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3.4 An SDG is defined by the following, whichever is more frequent: 

 
• Each 20 field samples received within a case, or 

 
• Each 7 calendar day period (14 calendar days if requested by the client) 

during which field samples in a case are received (period beginning with the 
receipt of the first sample in the SDG) 

 
NOTE: The Army Corps of Engineers (US ACE) and SC DHEC do not accept 

the SDG approach, unless the samples are prepared in a single batch.  
When a group of up to 20 field samples of a similar matrix are prepared 
as one batch, method-specified QC samples such as a method blank, 
laboratory control sample, matrix spike, matrix spike duplicate, and 
matrix duplicate must also be prepared together at a rate of 5% and 10% 
for SC DHEC.  If samples are batched together from different sites, 
project-specific QC must be processed. 

 
3.5 SC DHEC – South Carolina Department of Health and Environmental Control 

 
4.0 Interferences 
 

4.1 Method interferences might be caused by contaminants in solvents, reagents, 
glassware, and other sample processing hardware. These contaminants lead to 
discrete artifacts or to elevated baselines in gas chromatograms (GC).  Routinely, 
all of these materials must be demonstrated to be free from interferences under the 
conditions of the analysis by running reagent blanks.  Interferences caused by 
phthalate esters can pose a major problem in pesticide analysis. Common flexible 
plastics contain varying amounts of phthalates which are easily extracted during 
laboratory operations, so cross-contamination of glassware frequently occurs 
when plastics are handled. Interferences from phthalates can best be minimized 
by avoiding the use of such plastics in the laboratory. 

 
4.2 Matrix interferences may be caused by contaminants that are co-extracted from 

the sample.  The extent of matrix interferences will vary considerably from source 
to source, depending on the nature of the site being sampled.  The cleanup 
procedures must be used to remove such interferences in order to achieve the 
Contract Required Quantitation Limits (CRQL) or Practical Quantitation Limits 
(PQL).  Extract cleanup procedures include a mandatory sulfuric acid wash 
(Method 3665A) and the optimal gel permeatim cleanup (Method 3640A). 
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5.0 Safety 
 

5.1 Wear the proper personal safety equipment (gloves, lab coat, safety glasses) while 
performing this procedure. 

 
Laboratory staff is encouraged to review the Chemical Hygiene Plan for general 
safety policies, and Material Safety Data Sheets for reagents used in the 
laboratory. 
 

6.0 Equipment and Supplies 
 

6.1 Sonic cell disruptor--Heat Systems, Ultrasonics, Inc., Model W-990 (475-watt 
with pulsing capability, No. 207 3/4-inch tapped disrupter horn), or equivalent 
device with a minimum 375-watt output capability.   

 
NOTE: In order to ensure that sufficient energy is transferred to the sample during 

extraction, the horn must be replaced if the tip begins to erode.  Erosion of 
the tip is indicated by a rough surface. 

 
6.2 Sonabox (or equivalent)--for use with disrupter to decrease noise level 
 
6.3 250-ml centrifuge bottles--Corning 1250 bottle, Corning glass 
 
6.4 K-D apparatus 

 
6.4.1 Concentrator tube--10-ml, graduated (Kontes K-570040-1029, or 

equivalent) 
 
6.4.2 Evaporative flask--500-ml (Kontes K-470001-0500, or equivalent) 
 
6.4.3 Snyder column--three-ball macro (Kontes K-503000-0121, or equivalent) 
 

6.5 Funnels and Filter Paper 
 

6.5.1 Powder funnels--10-cm diameter (optional), for filtration/drying 
 
6.5.2 Filter paper--No. 41 pre-prepped Whatman (or equivalent), 9-cm circles 

(optional) 
 

6.6 Silicon carbide boiling chips--approximately 10 to 40 mesh.  Heat the chips to 
400°C for 30 min or solvent rinse before use. 
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6.7 Water bath--heated, with concentric ring cover, capable of temperature control 
(±5°C).   

 
NOTE:  Always use the water bath in a hood. 

 
6.8 Top-loading balance--capable of weighing accurately to ± 0.01 g 
 
6.9 Nitrogen evaporation device--equipped with a heated bath that can be maintained 

at 35°C to 40°C, N-Evap by Organomation Associates, Inc., South Berlin, MA (or 
equivalent) 

 
6.10 Vials and caps--2-ml for GC autosampler 
 
6.11 Bottle or test tube--20-ml with Teflon-lined screw-cap for sulfur removal, if 

needed. 
 
6.12 Glass vials--minimum of 20-ml, with screw-cap and Teflon or aluminum foil liner 
 
6.13 Spatula--stainless steel 
 
6.14 Pipet--Volumetric 1.0-ml or 2.0-ml (optional) 
 
6.15 Syringe--1.0-ml or 2.0-ml (optional) 
 
6.16 Vials--10-ml, with aluminum crimp-top and Teflon-faced silicone rubber seal 
 
6.17 Tube--centrifuge, 20- to 15-ml with 19-mm ground glass joint  
 
6.18 Centrifuge--table top (IEC model Centra-8) 
 
6.19 Vortex mixer--Genie, Model 550-6, Scientific Industrial, Inc., Bohemia, NY, or 

equivalent. 
 

6.20 Disposable Pasture glass pipets, 1-ml. 
 
7.0 Reagents and Standards 
 

Refer to the Standards Preparation Logbook 22 F for details on preparation of standards 
used in this procedure.  All standards used in this procedure are prepared in pesticide 
grade acetone or methanol.   Standards are stored separately from samples in the 
laboratory when not in use. 
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7.1 Reagent water – All water used in this procedure must be equivalent to ASTM 
Type II water (as it relates to specific conductance and specific resistance) which 
is demonstrated to meet the blank contamination acceptance criteria contained in 
this Standard Operating Procedure (SOP).  It is referred to throughout the 
remainder of this SOP as DI water. 

 
7.2 Sodium sulfate--granular, anhydrous reagent grade, heated at 400°C for 4 hr, 

cooled, and stored in a closed glass bottle. Mallinckrodt anhydrous granular, or 
equivalent. 

 
CAUTION: An open container of sodium sulfate may become contaminated 

during storage in the laboratory. 
 

7.3 Solvents - pesticide quality or equivalent. Each lot of solvent is tested to 
demonstrate that it is free of interferences before use. 

 
7.3.1 Methylene chloride - must be certified as acid free or must be tested to 

demonstrate that it is free of hydrochloric acid. 
 

7.3.2 Hexane 
 

7.3.3 Acetone 
 

7.4 Surrogate solution #449 - The surrogates, tetrachloro-m-xylene (TCX) and 
decachlorobiphenyl (DCB) are added to all, samples, MS/MSD, LCS and blanks. 
Prepare a surrogate spiking solution of 0.6 ug/mL of TCX and 1.2 ug/mL of 
DCB in acetone. 

 
7.4.1 This solution must be prepared every six months or sooner if comparison 

with quality control check samples indicates degradation or concentration 
of solution compounds. 

 
7.4.2 The surrogate solution is stored at 2-4.4°C when not in use. 

 
7.5 PCB matrix spiking solution #4615-- Prepare a spiking solution in acetone or 

methanol that contains the following Aroclor at the concentration specified: 
 

PCB   µg/ml 
 

1660   5.0 
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7.5.1 This solution must be prepared every six months or sooner if comparison 
with quality control check samples indicates degradation or concentration 
of solution compounds. 

 
7.5.2 The matrix spiking solution is provided by the Organic Standards Chemist 

and stored at 2-4.4 °C. 
 
8.0 Sample Collection, Preservation, & Storage 
 

8.1 Samples are collected, preserved, and stored according to the tables in Sample 
Control SOP 4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample 
holding times are also listed. 

 
8.2 Samples are collected in 8 oz. wide mouth jars with PTFE – lined caps.  They are 

obtained from the custodian out of cold storage. 
 

8.3 Samples are stored at 2-4.4°C.  They are obtained from the Custodian out of cold 
storage. Samples should be allowed to come to room temperature prior to sample 
preparation.  After preparation, they are returned to the Custodian and placed in 
the cooler. 

 
8.4 Samples must be extracted within 14 days of collection. 

 
9.0 Quality Control 
 

9.1 Method Blank 
 

9.1.1 Prepare a method blank with each extraction batch of up to 20 samples.  
For SC DHEC, the method blank is performed at a frequency of 10%. 

 
9.2 Laboratory Control Sample 
 
 9.2.1 Prepare a laboratory control sample (LCS; blank spike, BS) with each 

extraction batch of up to 20 samples.  For SC DHEC, the laboratory 
control sample is performed at a frequency of 10%.   For NYSASP, the 
LCS is called a matrix spike blank. 

 
9.3 Matrix Spike/Matrix Spike Duplicate 

 
  9.3.1 A matrix spike (MS) and matrix spike duplicate (MSD) are prepared for 

every sample delivery group (SDG).   For SC DHEC, the matrix 
spike/matrix spike duplicate are performed at a frequency of 5% for soil 
samples. 
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 9.4 Duplicates 

 
9.4.1 Duplicates, at a frequency of 5%, are required when processing soil 

samples submitted to meet the regulatory requirements of South Carolina 
DHEC.  This requirement may be satisfied with the MS/MSD. 

 
10.0 Calibration & Standardization 
 

10.1 Ensure the balance has been calibrated for the day before use.  Refer to Quality 
Control SOP 13.16 “Top Loading Balance Calibration and Maintenance.” 

 
11.0 Procedure 

 
11.1 Mix samples thoroughly, especially composited samples.  Discard any foreign 

objects such as sticks, leaves, and rocks.  Also, decant and discard any standing 
aqueous phase.  Samples must be at room temperature. 

 
11.2 The technician performing the sample extraction completes the Extraction 

Worksheet (Attachment 2).  The worksheet accompanies the samples for acid 
washing (SPP -945) and then to the GC laboratory.  Also, a witness observes the 
addition of the surrogate and spike solutions and signs off on the Extraction 
Worksheet, verifying that the additions were done correctly.  Include on the 
worksheet, the manufacturers and lot numbers of the reagents/solvents used. 

 
11.3 Documentation must follow the requirements in QC SOP: Proper Documentation 

Procedures. 
 
11.4 Extraction with Sonication 

 
11.4.1 Weigh approximately 30 g of sample into a 250-ml centrifuge bottle 

(record weight to the nearest 0.1 g on the Extraction Worksheet, and add 
60 g of anhydrous sodium sulfate (granular). Mix the sample thoroughly. 

 
11.4.2 For a sample to be used for the MS and MSD analysis, weigh out two 

additional 30-g portions of sample, (record weight to nearest 0.1 g), add 
60 g of sodium sulfate, and add 1.0 ml of the PCB matrix spike solution 
#4615 to the MS and MSD aliquot.  To prepare a LCS, weigh an 
additional 30.0 g of sodium sulfate (furnaced), and add 60.0 g sodium 
sulfate.  Add 1.0 ml of PCB matrix spike solution #4615 to the LCS. 

 
11.4.3 Prepare a method blank with each batch of soil/sediment samples 

extracted.  A method blank for soil/sediment samples consists of 90 g of 
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sodium sulfate spiked with the 0.5 mL of the surrogate solution #449 
and is carried through the entire analytical procedure. 

 
11.4.4 Add 0.5 mL of surrogate solution #449 to all samples, the MS, MSD, 

LCS, and blanks by using a volumetric pipet or a syringe.  Mix the 
solution well.  The sample and the added sodium sulfate should be a 
homogeneous, granular mixture at this point. 

 
11.4.5 Immediately add 80-100 ml of 1:1 methylene chloride acetone to the 

sample. 
 
11.4.6 Place the bottom surface of the sonicator probe about 1/2 inch below the 

surface of the solvent but above the sediment layer. 
 
11.4.7 Sonicate for 3 minutes using a 3/4-inch horn at 100% power output with 

PULSE set on 1 second, ON, and PERCENT DUTY CYCLE knob set at 
50%. Do NOT use a microtip. 

 
11.4.8 Centrifuge each sample for 2 minutes at 2000 rpm.  Decant and filter the 

extracts through pre-prepped Whatman No. 41 filter paper in a powder 
funnel into the K-D apparatus.  An alternative is a Buchner funnel 
filtration with Whatman No. 41 filter paper. 

 
11.4.9 Repeat the extraction two more times with additional 80-100 ml portions 

of the 1:1 methylene chloride:DI acetone. Before each extraction, 
thoroughly mix the solid residue, and make certain that the sodium 
sulfate is free flowing and not a consolidated mass.  As needed, break up 
large lumps with a clean spatula.  Decant and filter the extraction solvent 
after each sonication by using the same funnel described in paragraph 
11.4.8.  After the final sonication, pour the entire sample into the funnel 
and rinse the beaker and funnel with 20-30 mL methylene chloride. 

 
11.4.9.1 If particulate matter is observed, filter the entire extracted 

sample again by placing a new prepped filter in the original 
funnel and pouring the extracted sample through the funnel.  
Rinse with methylene chloride. 
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11.5 Soil Extract Concentration 
 

11.5.1 Add one or two clean boiling chips to the evaporative flask and attach a 
three-ball macro-Snyder column, while adding about 1 ml of methylene 
chloride to the top of the Snyder.  Place the K-D apparatus on a hot water 
bath (80-85°C) so that the concentrator tube is partially immersed in the 
hot water and the entire lower rounded surface of the flask is bathed with 
hot vapor. Adjust the vertical position of the apparatus and the water 
temperature as required to complete the concentration in 15-30 minutes.  
At the proper rate of distillation, the balls of the column will actively 
chatter, but the chambers will not flood with condensed solvent.  Reduce 
the volume of liquid to 3-5 ml.  Remove the K-D apparatus and allow it to 
drain and cool for at least 10 minutes. 

 
11.5.1.1 DO NOT ALLOW THE K-D EVAPORATOR TO GO DRY.  

If this should occur, the entire procedure must be begun again. 
 

11.6 Solvent Exchange into Hexane 
 

11.6.1 Momentarily remove the Snyder column.  Add 60 ml of hexane and a 
new boiling chip, and reattach the Snyder column.  Pre-wet the column 
by adding about 1 ml of hexane to the top. Concentrate the solvent 
extract as before.  When the apparent volume of liquid reaches 3-5 ml, 
remove the K-D apparatus and allow it to drain and cool for at least 10 
minutes.  Alternatively, hexane may be added to the top of the Snyder 
column without allowing the K-D apparatus to cool. 

 
11.6.1.1 DO NOT ALLOW THE K-D EVAPORATOR TO GO DRY.  

If this occurs, the entire procedure must be begun again. 
 

11.6.2 Remove the K-D and Snyder column, then using the nitrogen 
evaporation (N-EVAP) technique or microsnyder concentration, 
concentrate the extract to a final volume of 5.0 mL. 

 
11.6.3 Bottle up the extract that is now ready for sulfuric acid clean-up using 

Sample Preparation Procedure –945,  “Sulfuric Acid Wash of PCB-only 
Hexane Extracts by SW846.” 

 
12.0 Data Analysis & Calculations 

 
Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 

13.0 Method Performance 
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This method was validated through in-house laboratory studies of method detection 
limits (Attachment 1) and precision and accuracy for single analyst (Attachment 3).  The 
data are retained by the QA department. 

14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  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 thing. 
 

15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 
 
Samples preserved with HCl or H2SO4 to pH <2 are hazardous and must be neutralized 
before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 
 

16.0 References 
 

16.1 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846. 
3rd Edition, Update III, 12/96, Method 3550B 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 
 

16.3 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 

 
16.4 New York State Analytical Services Protocol (NYSASP), 6/2000, plus revisions 

 
16.5 QCSOP: Proper Documentation Procedures 
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16.6 QCSOP: Numerical Data Reduction 

 
16.7 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.8 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.9 NELAC Standards, approved May 2001, plus revisions 
 

16.10 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
16.11 New York State Environmental Laboratory Approval Program, Certification 

Manual, October 15, 1999, plus revisions. 
 

16.12 CompuChem Quality Manual, Revision 4 12/10/03, plus revisions 
 

16.13 Sample Control SOP 4.1, “Receiving Samples” 
 

16.14 Sample Control SOP 4.6, “Storing Samples” 
 

16.15 Quality Control SOP 13.16, “Top Loading Balance Calibration and 
Maintenance.” 

 
16.15 Instrument Procedure 194 (SOP Section 2.2.5.3) “Polychlorinated Biphenyls 

(PCBs) as Aroclors by GC/ECD – Capillary Column Technique – Method 8082 
(SW 846 and NYSASP).” 

 
16.16 Sample Preparation Procedure –945,  “Sulfuric Acid Wash of PCB-only Hexane 

Extracts by SW846.” 
 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 

 
17.1 Attachment 1 – Extraction Worksheet (-735) 
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Attachment 1 
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Instrument Procedure 192: GC/ECD Analysis of Organochlorine Pesticides in Water and Soil 
Extracts by SW-846  

 
 
 
 
1.0 Scope and Application 
 

The Standard Operation Procedure describes the procedures used to determine the 
concentration of various organochlorine pesticides in extracts of solid and liquid sample 
matrices.  Open-tubular, capillary columns are employed with electron capture detectors 
(ECD).  Compound identification is based on dual column confirmation, with the second 
column being of a dissimilar nature.  The following analytes are amenable to analysis 
using this method: 

  Reporting Limits 

Compound Name CAS Registry No. µg/L µg/Kg 

Aldrin 309-00-2 0.0125 0.42 
alpha-BHC 319-84-6 0.0125 0.42 
beta-BHC 319-85-7 0.0125 0.42 
delta-BHC 319-86-8 0.0125 0.42 
gamma-BHC (Lindane) 58-89-9 0.0125 0.42 
alpha-Chlordane 5103-71-9 0.125 0.83 
gamma-Chlordane 5103-74-2 0.125 0.42 
4,4’-DDD 72-54-8 0.050 1.67 
4,4’-DDE 72-55-9 0.250 0.83 
4,4’-DDT 50-29-3 0.075 2.5 
Dieldrin 60-57-1 0.025 0.83 
Endosulfan I 959-98-8 0.250 0.83 
Endosulfan II 33213-65-9 0.025 1.67 
Endosulfan sulfate 1031-07-8 0.025 1.67 
Endrin 72-20-8 0.050 1.67 
Endrin aldehyde 7421-93-4 0.250 1.67 
Endrin ketone 53494-70-5 0.025 4.17 
Heptachlor 76-44-8 0.0125 0.42 
Heptachlor epoxide 1024-57-3 0.0125 0.42 
Isodrin 465-73-6 0.0125 0.83 
Methoxychlor 72-43-5 0.125 4.17 
Technical chlordane 12789-03-06 0.8 26.7 
Toxaphene 8001-35-2 2.5 83 
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Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

2.1 A measured volume of sample (1 L for liquids, 2 to 30 grams for solids) is 
extracted using a separatory funnel for water and either an automated Soxhlet or 
Ultrasonic Extraction method, for soils.  A variety of cleanup steps may be used, 
including Gel Permeation Chromatography (GPC).  After cleanup, the extract is 
analyzed by injecting 2-μL (1-μL per column) into a GC with dual wide-bore, 
fused silica, capillary columns with dual electron capture detectors (GC/ECD).  
The instrument hardware is configured to allow two analytical columns joined to 
a single injection port for simultaneous dual column analysis. 

 
  Samples are prepared following the procedures in Sample Preparation  

Procedure -069, ”Sample Preparation for Pesticides/PCBs in Water by SW 846 
and NYSASP” or Sample Preparation Procedure –733, “Low Level Preparation 
for Analysis of Pesticides/PCBs in Soil/Sediment/Sludge by SW-846 and 
NYSASP.” 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration. 
 
If the reporting limit is not at least three times higher than the calculated MDL 
value, the reporting limit is adjusted upward in order to achieve this minimal 
ratio.   
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3.3 Reporting Units – μg/L and μg/Kg 

 
3.4 A Sample Delivery Group (SDG) is defined by the following, whichever is more 

frequent: 
 

• each 20 field samples received within a case, or 
 

• each 7 calendar day period during which field samples in a case are received 
(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The DoD-QSM and South Carolina Department of Health and 

Environmental Control (SC DHEC) do not accept the SDG approach, 
unless the samples are prepared in a single batch.  When a group of up to 
20 field samples of a similar matrix are prepared as one batch, method-
specified QC samples such as a method blank, laboratory control 
sample, matrix spike, matrix spike duplicate, and matrix duplicate must 
also be prepared together. If samples are batched together from different 
sites, project-specific QC must be processed. 

 
3.5 SC DHEC – South Carolina Department of Health and Environmental Control 

 
3.6 DoD-QSM – Department of Defense Quality Systems Manual 
 
3.7 Marginal Exceedance – Value outside the LCS control limit but within the 

marginal exceedance limits (4 standard deviations around the mean).  This outside 
boundary prevents a grossly out-of-control LCS from passing. 

 
4.0 Interferences 
 

4.1 Interference in this method can be grouped into three broad categories:  
contaminated solvents, reagents, or glassware; contaminated GC carrier gas, 
parts, column surfaces, detector surfaces; and the presence of co-eluting 
compounds in the sample matrix that also are detected by the ECD.  Specific 
cleanups may be necessary for samples, depending on the compounds of interest. 

 
4.2 Interferences by phthalate esters introduced during the sample preparation 

procedures can be a major problem.  Common flexible plastics found in certain 
gloves and other objects contain varying amounts of phthalates that may be 
introduced during lab operations.  Cross-contamination of clean glassware 
routinely occurs when plastics are handled during extraction steps, especially 
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when solvent wetted surfaces are handled.  These interferences can be minimized 
by cleanup of solvents, reagents, and glassware. 

 
4.3 Glassware must be scrupulously cleaned as soon as possible after use by rinsing 

with the last solvent used.  This should be followed by detergent washing with hot 
water, and rinses with tap water and organic-free reagent water.  Drain the 
glassware and dry in an oven at 130o C for several hours or rinse with methanol 
and drain. 

 
4.4 The presence of elemental sulfur will result in broad peaks that interfere with 

early eluting pesticides, and can be removed by cleaning the extract with  TBA 
clean up. 

 
4.5 Waxes, lipids, and other high molecular weight compounds are also removed 

using GPC. 
 

4.6 Technical chlordane and Toxaphene are multi-component analytes.  When 
samples contain more than one multi-component analyte, a more experienced 
analyst may be required to process/assess the data.  Similar conditions exist when 
multi-component analytes have been subjected to environmental degradation. 

 
5.0 Safety 
 

Appropriate protective equipment and clothing must be used under the assumption that 
all samples are potentially hazardous.  During sample preparation, safety glasses, gloves 
and lab coats are a minimum requirement.  The persistent presence of noxious odors may 
be indicative of failure of the laboratory ventilation system and must be reported to a 
supervisor or manager. 

 
Laboratory staff must review the Chemical Hygiene Plan for general safety policies, and 
Material Safety Data Sheets (MSDS) for solvents and reagents used in the laboratory.  
The MSDS are located in the Quality Assurance department. 

 
 
6.0 Equipment and Supplies 
 

6.1 Gas chromatograph: Agilent Technologies 6890N and Thermoquest Trace GC 
2000 gas chromatographs suitable for on-column and splitless injection with all 
required accessories, including syringes, analytical columns, gases, ECDs, and or 
data system. 

 
6.2 The following wide-bore columns or equivalent are used in the analysis: 
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6.2.1 Column 1 – 30 m x 0.32 mm ID fused silica capillary column bonded with 
35% phenyl methylpolysiloxane (clpest), 0.50 μm film thickness. 

 
6.2.2 Column 2 – 30 m x 0.32 mm ID fused silica capillary column chemically 

bonded with 50% phenyl methylpolysiloxane (clpest2), 0.42 μm film 
thickness. 

 
6.2.3 Wide-bore columns are installed in a 1/4 inch injectors, with deactivated 

liners designed specifically for use with mega-bore columns. 
 

6.3 Restek Y-shaped fused silica connector. 
 

7.0 Reagents and Standards 
 
 Refer to the Standards Preparation Logbook 22 F for details on preparation of 
 standards used in this procedure. 
 

7.1 Reagent water – All water used in this procedure must be equivalent to ASTM 
Type II water (as it relates to specific conductance and specific resistance) which 
is demonstrated to meet the blank contamination acceptance criteria contained in 
this SOP.  It is referred to throughout the remainder of this SOP as reagent water. 

 
7.2 Reagent or pesticide grade chemicals must be used for all tests. 

 
7.3 Working Standards 

 
7.3.1 Commercially available standards are purchased from Restek and are 

received with manufacturer's certificates of analysis.  The certificate 
documentation is retained for reference purposes.  Working 
standards are prepared from the commercial standards in the organic 
standards preparation lab. 

 
Note: The concentration and composition of standards used during 

the sample preparation and cleanup are provided in the 
sample preparation SOPs.  Standards must equilibrate to room 
temperature before use. 

 
7.3.2 Resolution Check Mixture 

 
7.3.2.1 Prepare in hexane every six months, or sooner, if the solution 

has degraded or concentrated. 
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Compounds Concentration 
(ηg/mL) 

alpha-BHC 10.0 
beta-BHC 10.0 
delta-BHC 10.0 
gamma-BHC 10.0 
Aldrin 10.0 
Heptachlor 10.0 
Heptachlor epoxide 10.0 
alpha-Chlordane 10.0 
gamma-Chlordane 10.0 
Endosulfan I 10.0 
Endosulfan II 20.0 
4,4′-DDD 20.0 
4,4′-DDE 20.0 
4,4′-DDT 20.0 
Dieldrin 20.0 
Endrin 20.0 
Endosulfan sulfate 20.0 
Endrin ketone 20.0 
Endrin aldehyde 20.0 
Methoxychlor 100.0 
Tetrachloro-m-
xylene 

10.0 

Decachlorobiphenyl  20.0 
 

7.3.3 Performance Evaluation Mixture (PEM) 
 

7.3.3.1 Prepare in hexane every six months, or sooner, if the solution 
has degraded or concentrated. 

 

Compounds Concentration 
(ηg/mL) 

gamma-BHC 10.0 
alpha-BHC 10.0 
4,4′-DDT 100.0 
beta-BHC 10.0 
Endrin 50.0 
Methoxychlor 250.0 
Tetrachloro-m-
xylene 

20.0 
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Compounds Concentration 
(ηg/mL) 

Decachlorobiphenyl 20.0 
 

7.3.4 Individual Standard Mixture C 
 

7.3.4.1 Prepare in hexane every six months or sooner, if the solution 
has degraded or concentrated. 

 
7.3.4.2 The low calibration standard concentration corresponds to the 

CRQL, the midpoint concentration must be 4x the low point 
concentration and the high point concentration must be at least 
16x the low point concentration.  The standard is prepared 
every six months, or sooner if the solutions have degraded or 
concentrated. 

 

INDC (ηg/mL) 

Compound CS1 CS2 CS3 CS4 CS5 

alpha-BHC 5.0 10 20 40 80 
Heptachlor 5.0 10 20 40 80 
gamma-BHC 5.0 10 20 40 80 
Endosulfan I 5.0 10 20 40 80 
Dieldrin 10 20 40 80 160 
Endrin 10 20 40 80 160 
4,4'-DDD 10 20 40 80 160 
4,4'-DDT 10 20 40 80 160 
Methoxychlor 50 100 200 400 800 
beta-BHC 5.0 10 20 40 80 
delta-BHC 5.0 10 20 40 80 
Aldrin 5.0 10 20 40 80 
Heptachlor Epoxide 
 (exo-epoxy isomer) 5.0 10 20 40 80 

alpha-Chlordane 5.0 10 20 40 80 
gamma-Chlordane 5.0 10 20 40 80 
4,4'-DDE 10 20 40 80 160 
Endosulfan Sulfate 10 20 40 80 160 
Endrin Aldehyde 10 20 40 80 160 
Endrin ketone 10 20 40 80 160 
Endosulfan II 10 20 40 80 160 
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INDC (ηg/mL) 

Compound CS1 CS2 CS3 CS4 CS5 

Tetrachloro-m-
xylene 

5.0 10 20 40 80 

Decachlorobiphenyl 10 20 40 80 160 
 

 
NOTE: Only the exo-epoxy isomer (isomer B) of 

Heptachlor Epoxide is used as an analytical 
standard. 

   
7.3.5 Toxaphene and Technical Chlordane  

 
Multicomponent Analytes (μg/mL) 

 

Analyte Std. I.D. Low Med1 Med2 Med3 High 

Toxaphene 4411-4415 0.50 1.0 2.0 4.0 8.0 
Tech. Chlordane 4416-4420 0.16 0.20 0.40 0.80 1.6 
Tetrachloro-m-     
xylene 

 0.02 0.04 0.08 0.16 0.32 

Decachlorobi-
phenyl 

 0.02 0.04 0.08 0.16 0.32 

 
 
7.3.6 Separate calibration standards are used for Toxaphene and Technical 

chlordane (if required).  Alpha and gamma chlordane are included in the 
single component standard solutions. 

 
7.4 A standard prepared from a source separate from that used to prepare the 

calibration standard is analyzed after each initial calibration for verification.  This 
standard is referred to as the initial calibration verification (ICV) standard. 

 
 7.4.1 The second source standard is prepared from a Restek Pesticide Mix.  

 
7.5 Surrogate standards are added to all samples, method blanks, matrix spikes, 

laboratory control samples, and calibration standards. 
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7.5.1 Decachlorobiphenyl (DCB) and Tetrachloro-m-xylene (TCX) at 0.2 
µg/mL are the surrogates used.  Corrective action is taken when both 
surrogates are recovered outside of acceptance criteria on both columns. 

 
7.5.2 For surrogate standard preparation details, refer to Sample Preparation 

Procedure -069, “Sample Preparation for Pesticides/PCBs in Water by 
SW-846 and NYSASP”. 

 
7.6 All standard solutions are stored separately from samples at 2-6 o C in Teflon®-

sealed containers in the dark. All stock standard solutions must be replaced after 
one year or sooner if routine QC indicates a problem.  All other standard solutions 
must be replaced after six months or sooner if QC indicates a problem. 

 
  

8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control SOP 
4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are 
also listed. 

 
8.2 All extracts must be analyzed within 40 days of extraction. 

 
8.3 Prior to analysis, all extracts must be stored under refrigeration at 2 - 6o C in the 

reach-in storage unit in the laboratory.  After analysis, extracts are returned to 
Sample Control for long-term storage and disposal.  

 
9.0 Quality Control 
 

9.1 Breakdown 
 

9.1.1 The breakdown standard (PEM) must be analyzed before any samples and 
every 12 hours of operation following the calibration standards. 

 
9.1.2 Degradation of Endrin and DDT is indicated by the presence of 4,4’-

DDE, 4,4’-DDD, Endrin aldehyde, or Endrin ketone and is caused by the 
injector port becoming contaminated with high boiling residue from 
sample injection. 

 
9.1.2 Degradation of either Endrin or 4,4’-DDT must not exceed 15%. 

 
9.2 Initial Calibration 
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9.2.1 The initial calibration consists of a five point curve.  The percent Relative 
Standard Deviation (%RSD) of the calibration factors for the initial 
calibration must be less than or equal to 20% for all analytes. 

 
When the %RSD is ≤ 20%, the instrument response is considered to be 
linear and the mean calibration factor can be used for quantitation.  If the 
%RSD is greater than 20%, the initial calibration may still be acceptable if 
the following conditions are met. 

 
9.2.1.1 The mean of all of the %RSD values for the analytes is less than 

or equal to 20%. 
 
9.2.1.2 If an analyte is part of the calibration standard, it must be 

included in the calculation. 
 
9.2.1.3 A summary of the initial calibration data and/or a list of the 

analytes not meeting the 20% RSD criteria and the actual %RSD 
for each of these analytes must be included as a deliverable to 
our client. 

 
9.2.2 If the conditions in 9.2.1 are met, the mean calibration factor for each 

compound is used for quantitation. 
 
9.2.3 A calibration model such as least squares linear or quadratic regression 

may be used when the RSDs exceed 20%.  When this option is used, the 
line must not be forced through the origin.  The correlation coefficient for 
the linear fit must be ≥ 0.990 (0.995 to meet the requirements of the DOD-
QSM).  The correlation coefficient for quadratic fit must be ≥ 0.990. 

 
Note: The SC DHEC and DoD-QSM do not allow the “grand mean” or 

quadratic fit options.   
 

9.3 Initial Calibration Verification 
 

9.3.1 The initial calibration verification (ICV) must be analyzed after each new 
initial calibration. 

 
9.3.2 Acceptance criteria for the ICV is +/- 20% of the true value. 
 

9.4 Continuing Calibration 
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The continuing calibration verification (CCV) standards are analyzed at the 
beginning of a 24-hour period to establish the retention windows for the analytes 
and at intervals of 10 samples and at the end of the run sequence. 

 

9.4.1 All continuing calibration verification standards analyte calibration factors 
must be within ± 15% difference (%D) when compared to the response 
factors of the initial calibration on both analytical columns. 

 
If the ± 15% criterion is exceeded for any analyte, calculate the average 
percent difference across all analytes, including surrogates.  If this average 
is within ± 15%, the calibration has been verified.  When this occurs the 
following conditions must be met: 

 

9.4.1.1 The average must include all analytes. Clients must be provided 
with the calibration verification data or a list of those analytes 
exceeding the ± 15% limit, together with their actual Calibration 
Factors.  The analytes failing criteria are flagged with an “R” on 
the quantitation report for the standard. 

 
Note: The “grand mean” option for the CCV is not allowed by the 

DoD-QSM. 
 

9.4.2 If the average %D exceeds ± 15%, then corrective action must be taken 
and the continuing calibration verification re-injected.  If the calibration 
still exceeds the criteria, a new initial calibration must be analyzed. 

 
9.4.3 If a "closing" standard, which is injected after a group of samples, 

contains target analyte responses that are >15% different, when compared 
to the mean calibration factor from the initial calibration, and the analyte 
was not detected in that group of samples, the samples do not require re-
injection.  However, if the standard is more than 15% below the mean 
calibration factor from the initial calibration, then re-injection is required. 

 
9.4.4 The continuing calibration verification standards are used to evaluate 

retention time stability.  If any of the standards fall outside their retention 
time windows, the system is out of control and corrective action must be 
taken to correct the problem.  If, after re-injection of the standard 
following corrective action, the retention times are still outside the 
windows, a new initial calibration must be analyzed.  The ten samples 
preceding the failing continuing calibration verification must be 
reanalyzed. 

 
9.5 Surrogates 
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9.5.1 Statistical control limits for surrogates are shown in the following table.  

Surrogate recoveries must be met for all samples, blanks, laboratory 
control samples, matrix spikes, and matrix spike duplicates. 

 
 

Surrogate Aqueous  
% Recovery 

Soil  
% Recovery 

Decachlorobiphenyl 43-144 43-144 
Tetrachloro-m-xylene 43-135 43-135 

 
 

9.5.1.1 The surrogate control limits required by the DoD-QSM are 
presented in the following table: 

 

Surrogate Aqueous  
% Recovery 

Soil  
% Recovery 

Decachlorobiphenyl 30-135 55-130 
Tetrachloro-m-xylene 25-140 70-125 

 
 
9.5.2 If both surrogates are outside the control range on both columns, the 

sample must be re-extracted and re-analyzed unless interfering peaks are 
the reason for the failure.  Carefully examine all chromatograms to make 
certain the out of control surrogate recoveries are not caused by 
interference or a partial injection before re-extracting the sample. 

 
9.5.2.1 Partial injections should be re-injected and can be diagnosed by 

comparing the solvent peak of the sample to the solvent peak of 
the standard.  They should be similar in size. 

 
 9.6 Method Blanks (MB) 

 
9.6.1 Method blanks are prepared and analyzed with each extraction batch of up 

to 20 samples.  
 

9.6.2 No target analyte may be present above the reporting limit and all 
surrogate criteria stated above must be met. 

 
9.6.2.1 The DoD-QSM requires that no target analyte be present in the 

method blank >½ the reporting limit.  
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9.6.3 If the method blank exceeds acceptance criteria, the source of the 

problem(s) must be investigated and appropriate corrective action taken.  
All samples processed with a method blank that does not meet acceptance 
criteria must be re-extracted and reanalyzed. 

 
9.6.4 Analyte concentration reported for all field and quality control 

samples that do not meet surrogate acceptance criteria must be 
qualified as estimates in the SDG narrative.  Refer to the DOD-QSM 
“J” and “Q” flags. 

 
9.7 Laboratory Control Sample (LCS) 

 
9.7.1 A LCS is reagent water (or furnaced Ottawa sand or sodium sulfate for 

solid matrices) fortified with the target analyte compounds and surrogates. 
 

9.7.2 The LCS is prepared with each extraction batch of up to 20 samples.   
 
9.7.3 The LCS must meet the control limits of 50 to 150% for the analytes 

listed in Attachment 3. If the client requests Toxaphene or Technical 
chlordane spike, the acceptance criteria are 50-150%.   

 
9.7.4 An LCS, analyzed in compliance with the DoD-QSM, must be spiked with 

all of the analytes of interest in the project.  The LCS must meet the 
control limits presented in Attachment 3, with the allowance that one 
analyte may fall within the marginal exceedance limit.   

 
9.7.4.1 If the LCS does not meet the acceptance criteria,  re-extract and 

reanalyze the associated samples (if sufficient sample volume is 
available). 

 
9.7.4.2 If corrective actions fail, identify the specific analytes in the 

associated samples in the SDG narrative.   
 
 9.7.4.2.1 To meet the requirements of the DoD-QSM, 

refer to the “Q” flag. 
 

9.8 Matrix Spike/Matrix Spike Duplicate 
 
  9.8.1 A matrix spike and matrix spike duplicate (MS/MSD) must be performed 

for each batch of up to 20 samples.  
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9.8.2 The percent recovery should be within the control limits of 50 to 150 and the relative 
percent difference (RPD) between the duplicate matrix spikes should be ≤ 40. If the 
client requests Toxaphene or Technical chlordane spike, the acceptance criteria are the 
same. 

 
9.8.3 The objective for the MS/MSD test is for the majority of the spiked 

compounds to meet recovery and RPD criteria.  However, the 
recoverability of spiked analytes in environmental samples is very much 
influenced by the particular matrix and, therefore, these objectives may 
not be able to be met.  When recoveries do not meet the acceptance 
criteria or interference preclude proper assessment of the data, results of a 
LCS are evaluated to verify that the analytical systems are under control.  

 
If the original sample used for the MS/MSD test does not meet surrogate 
acceptance criteria, it should be reanalyzed or re-extracted/reanalyzed if 
the MS/MSD surrogate recoveries are within limits.  If the original sample 
and the MS/MSD test yield the same unacceptable surrogate recoveries, 
then the sample does not require re-extraction/ reanalysis since matrix 
interferences is confirmed. 

 
9.9 Duplicate matrix spikes analyzed in compliance with the DoD-QSM should meet 

the control limits presented for the LCS in Attachment 3.  The RPD between the 
duplicate matrix spikes should be ≤ 30%.   

 
9.9.1 If the acceptance criteria for the duplicate matrix spikes are not met, 

contact the client for guidance.   
 
9.9.2 Results for the specific analytes in the original sample associated with 

failing matrix spike must be identified in the narrative as estimated values.  
Refer to the DoD-QSM “J” flag. 

 
9.10 Instrument Maintenance and Trouble Shooting 
 

9.10.1 When linearity is difficult to achieve, verify that the appropriate length 
of column is inserted in the detector.  Examine all column ends and 
determine if the ends of the columns need to be trimmed. 

 
9.10.2 When the instrument blanks fail, examine the chromatography to 

determine if there is contamination in the column that is causing the 
failure.  If so, bake the column for 1 hour or less to see if this can be 
corrected.  If the contamination is such that baking for 1 hour does not 
improve the baseline, it may be necessary to change the liner. 
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9.10.3 When CCV standards fail recovery low, verify that the correct peaks 
are being named.  Also verify that the syringe is not plugged and change 
the septa.  If the CCV standard fails again, examine the 
chromatography to determine if there is a problem with the baseline that 
is causing the failure.  If so, bake the column for 1 hour or less and run 
1-2 hexane blanks to see if this can be corrected.  Also, if the CCV 
standard is failing on only one column, the y-splitter may be plugged.  
If the calibration verification continues to fail, the instrument will need a 
new calibration curve. 

 
9.10.4 When CCV standards fail recovery high, verify that the correct peaks 

are being named.  Examine the chromatography to determine if there is 
contamination on the column that is causing the failure.  If so, bake the 
column for 1 hour or less and run solvents to see if this can be corrected.  
If the CCV standard fails again, the instrument will need a new 
calibration curve. 

 
9.10.5 When the CCV standard fails due to drift, change the septum and 

verify that all the column fittings are secure.  Also, determine if there is 
contamination on the column that is causing the failure.  If so, bake the 
column for 1 hour or less to see if this can be corrected.  If the CCV 
standard still fails, it is permissible to update retention times once per 
24 hours period.  Record in the instrument run log when the retention 
times are updated. 

 
9.10.6 All preventive and routine maintenance as mentioned above is recorded 

in the instrument run log (Attachment 1).  Major maintenance is 
recorded in the maintenance log (Attachment 2). 

 
9.10.7 If the dual capillary columns used in this method are connected by press-

fit Y-shaped glass splitters, the splitter should be replaced along with the 
insert (uniliner) when DDT and/or Endrin degradation is a problem or 
when CCV standards fail.  Along with this, remove the first few inches 
of the injector port side of the column and pre-column.  If this fails to 
correct the degradation problems, it may be necessary to deactivate the 
injector port or replace the columns. 

 
9.10.8 Other corrective actions include removal of 0.5 meters of the detector 

end of the columns when linearity is difficult to achieve. 
 
9.10.9 To silanize the injector when DDT and Endrin degradation is a 

problem, the following steps should be taken.  Remove the analytical 
columns after cooling the GC oven.  Remove the glass insert (uniliner).  
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Lower the injector port temperature to room temperature.  Remove any 
foreign materials observed while inspecting the injector port.  Prepare a 
solution of deactivating agent (Sylon-CT) following the manufacturer’s 
instructions.  Place a beaker under the injector port inside the oven, and 
rinse the inside of the injector port with acetone and then toluene, 
catching the rinsate in the beaker.  Coat the inside of the injector port 
with the solution thoroughly and allow to dry.  Finally, rinse the injector 
with toluene, methanol, acetone, and then hexane, in that order.  
Reassemble the injector and replace the columns. 

 
9.10.10 Because of the relatively low concentration of pesticide standards 

injected on the GC/ECD, column adsorption may be a problem if 
the GC has been unused for several days.  Deactivation (priming) 
can be achieved by injecting a standard at least 20 times more 
concentrated than the mid-level standard before beginning the 
initial calibration or continuing calibration verification.  Run an 
instrument blank after system priming because analytes may carry 
over. 

9.11 Contingency 
 
9.11.2 If due to a lab accident or to QC failures, a re-preparation and analysis are 

required for the sample and insufficient sample volume remains, the 
Project Manager must be alerted and will contact the client for direction 
on how to proceed. 

 
9.11.2 If persistent contamination occurs in the laboratory, analysis must be 

halted until the source of the contamination can be identified and isolated.  
When the contamination issue is resolved, samples analysis may proceed. 

 
9.11.3 Any other issues that potentially effect data quality should also be 

addressed with the Project Manager. 
 

10.0 Calibration and Standardization 
 
10.1 Initial Calibration 

 
10.1.1 Toxaphene 
 

Unless specified for a particular project/program, a single calibration 
standard of Toxaphene is analyzed to provide pattern recognition 
information.  The mid-point standard (level 4) is used.  Additionally, a 5-
point calibration can be performed for Toxaphene detected in samples.  If 
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detected in OH VAP samples, they must be quantified using a valid 5-
point calibration. 
 
 

 
10.1.2 PCBs 

 
When Method 8082 for PCBs is being used in conjunction with Method 
8081A, a five-point calibration has to be performed for Aroclor-1660 
followed by individual mid-level standards for the remaining Aroclors.  
See Instrument Procedure 194, “Analysis of Polychlorinated Biphenyls 
(PCBs) as Aroclors by GC/ECD-Capillary Column Technique by SW-
846” for standards and concentrations. 

 
10.1.3 Example Sequence  
 

This is an example of a normal initial calibration sequence.  A normal 
initial calibration sequence only contains a mid-concentration level of 
Toxaphene and Technical Chlordane.  On a project-specific basis, five 
levels of Technical chlordane and Toxaphene may be required. 
 

 

Injection No. Standard ID 

1 PEM 8081A1 
2 INCD1 
3 INDC2 
4 INDC3 
5 INDC4 
6 INDC5 
7 TOXAPH-32 

8 CHLOR-33 

9 AR1660-1 

10 AR1660-2 

11 AR1660-3 

12 AR1660-4 

13 AR1660-5 

14 AR1254-3 

15 AR1221-3 

16 AR1232-3 

17 AR1242-3 

18 AR1248-3 
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1PEM 8081A - used only to assess the breakdown of endrin and 4-4′-DDT 
2TOXAPH represents Toxaphene. 
3CHLOR represents Technical Chlordane. 

 
10.2 Calibration Verification 

 
10.2.1 For calibration verification, all target analytes must be injected (INDC) 

with the exception of Toxaphene.  Analysts should alternate the use of 
high and low concentration mixtures of single-component and multi-
component analytes.  Perform the calibration verification after every 10 
samples. 

 
10.2.1.1 If Toxaphene and/or Technical Chlordane are detected in 

any samples, the mid-concentration level of those standards 
must be injected.  Samples may be required to be re-
injected against those mid-concentration standards.   

 
 If detected in samples analyzed for the OH VAP, samples 

must be quantified using a valid 5-point calibration. 
 
10.2.1.2 When Method 8082 is employed for PCBs a verification 

standard of AR1660 must be analyzed during each 12 hour 
shift or every 10 samples, whichever occurs first.  The 
Aroclor can be injected after 8081A mix. 

 
10.2.2 The Endrin and DDT breakdown (PEM 8081A) standard is included in 

the calibration verification.  PEM 8081A is analyzed after the INDC 
standard. 

 
10.2.3 The CCV standard brackets a set of 10 samples and serves as both the 

opening and closing sequence for the bracketed samples. 
  

 
 
 
11.0 Procedure 
 

Documentation must follow the requirements in Quality Control SOP 13.6, “Proper 
Documentation Procedures”.  The analyst must complete the instrument run log 
(Attachment 1.) 
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11.1 Samples are first extracted using Sample Preparation Procedure –069, “Sample 
Preparation for Pesticides/PCBs in Water by SW-846 and NYSASP” or Sample 
Preparation Procedure –733, “Sample Preparation for Pesticides/PCBs in 
Soil/Sediment/Sludge by SW-846 and NYSASP.” 

 
11.2 GC Conditions 

 
11.2.1 Dual Column Analysis 

 
11.2.1.1 The dual column/dual detector approach involves the use of 

two 30 m x 0.53 mm ID fused silica open-tubular columns of 
different polarities, thus having different selectivities towards 
the target compounds.  The columns are connected to a "Y-
splitter" and ECD detectors. 

 
11.2.1.2 Column 1: 
 

 Type:   clpest 
 Dimensions:  30 m x 0.32 mm ID 
 Film Thickness: 0.50 μm 

 
 

11.2.1.3 Column 2 
 

• Type:   clpest2 
• Dimensions:  30 m x 0.32 mm ID 
• Film Thickness: 0.42 μm 
 

11.2.1.4 Carrier gas 
 

• flow rate –  6 mL/minute,  helium 
 

11.2.1.5 Makeup gas 
 

• flow rate – 20 mL/minute, argon/methane 
 

11.2.1.6 Temperatures 
 

• Temperature program – 150° C (0.5 minute hold) to 275° C 
(10 minute hold) at 7 degrees/minute 

 
• Injector temperature – 200° C 
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• Detector temperature – 300° C 

 
11.2.1.7 Injection volume – 4 μL (2 μL per column) 

 
11.2.1.8 Solvent – Hexane 

 
11.2.1.9 Detector – Dual ECD’s 

 
11.2.1.10 Range – 10 

 
11.3 GC analysis 

 
11.3.1 The GC is set up according to the conditions above.  An initial oven 

temperature at or below 150o C is required to resolve the BHC’s.  A final 
temperature of 240 - 275o C is necessary to elute Decachlorobiphenyl. 

 
11.3.2 The initial calibration is performed according to the conditions discussed 

above and criteria must be met for both columns. 
 

11.3.3 The calibration is verified, with an independent second source ICV 
standard after each multipoint.   

 
11.3.4 Calibration verification standards are also injected after every 10 samples  

and at the end of the analytical sequence.  Since an analytical sequence 
may continue as long as instrumental QC criteria are met, the end of one 
12-hour sequence is considered to be the beginning of the next 12-hour 
sequence. 

 
11.3.5 Each sample analysis must be bracketed with  acceptable initial or 

continuing calibration verification standards. 
 

11.4 Retention time windows 
 

11.4.1 Retention time windows are established for each analyte.  The width of the 
retention time windows should be based on actual retention times of 
standards, assessed over 72 hours.  The windows are defined as ± three 
times the standard deviation of the absolute retention times of each 
standard.  Analyst experience is critical in the interpretations of 
chromatograms. 

 
11.4.2 Absolute retention time windows are established for each analyte, 

including five component peaks for multi-component analytes.  For each 
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analyte, the absolute retention time from each standard injected at the 
beginning of a 24-hour period is used as the midpoint of the window ± 
three times the standard deviation as determined from above. 

 
11.5 Analyte identification 

 
11.5.1 Tentative identification of an analyte occurs when a peak from a sample 

extract falls within the estimated retention time window on both analytical 
columns.  The higher concentration of the two columns is reported 
provided there is no interference from overlapping peaks. 

 
11.5.1.1 To meet the requirements of the the DoD-QSM, document 

results that are not confirmed on both columns in the SDG 
narrative.  Refer to the “Q”. 

 
11.5.2 Identification of multi-component analytes is based on the characteristic 

pattern and retention times of the indicator peaks. 
 

11.6 Analyte quantitation 
 

11.6.1 The external calibration procedure is used and establishes mean 
calibration factors for each analyte from the initial calibration.  Peaks 
falling within an analyte’s retention time window are used to calculate the 
quantity present.  The concentration reported is the higher of the two 
values obtained from the dual column analysis.  If one result is > 40% 
different, verify that there are not overlapping peaks causing this to occur.  
Also examine the baseline to verify that the baseline parameters are set 
properly.  Flag the data with a “P” and document results in the narrative.  
Refer to the “J” flag for results reported in compliance with the DoD-
QSM. 

 
11.6.2 If the response of an analyte exceeds the on column amount of the high 

level standard, dilute and re-analyze.  This can be done by comparing a 
component peak area to the corresponding analyte in the high level 
standard.  Within the HP Target data system the "A" flag is used on the 
quantitation report to indicate that an analyte is outside the upper initial 
calibration range. 

 
 
11.6.3 Quantitation of multi-component analytes 

 
11.6.3.1 Toxaphene and technical chlordane are quantitated using 

response factors of five major peaks (minimum of three required) 
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of the sample pattern compared to the response factors of five 
peaks in the standard. 

 
11.6.3.2 Quantitation is based on the area under the characteristic 

Toxaphene and Technical Chlordane peaks as compared to the 
area under the corresponding calibration peaks at the same 
retention times using the external calibration method. 

 
11.6.3.3 Quantify Aroclors analyzed together with pesticides using the 

approach stated in sections 11.6.3.1 and 11.6.3.2.  
 

12.0 Data Analysis and Calculations 
 

Calculations must be consistent with the Quality Control SOP 13.4, “Numerical Data 
Reduction”. 

 
12.1 Calculation of the mean or average of a set of values: 

 

n

X
X

n

i
i∑

== 1  

 
where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  

 
12.2 Calculation of the standard deviation of a set of values: 

 

( )
1

deviation Standard 1

2

−

−
=
∑
=

n

XX
n

i
n

 

 
12.3 Calculation of percent recovery: 

 
 
 
12.3.1 LCS and surrogates: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  

 
12.3.2 Matrix spikes: 
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100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%

 
12.4 Calculation of % RSD 

 

%RSD
X

= ⎛
⎝⎜

⎞
⎠⎟
×

Standard deviation   100  

 
12.5 Calculation of RPD 

 

( )RPD  =  
Value  -  Value 

Value  +  Value 
x

1 2
1 2 2

100  

 
12.6 Calculation of %Difference (%D) 

 

100 x 
value Reference

value ReferenceValue%Diff −
=  

 
12.7 Calibration factors for GC analysis are calculated by dividing the total peak area 

for each chosen compound in the standard by the total mass injected (in 
nanograms). 

 

injectedmassTotal
areaPeak

CFFactornCalibratio =)(  

 
 12.8 Linear Calibration using Least Squares Regression 
 
  baxy +=  
   
  where:  y = Instrument response (peak area) 
    a = Slope of the line (coefficient of x) 
    x = Concentration of the calibration standard 
    b = The intercept 
 

12.9 Concentration 
 

12.9.1 Concentration of aqueous samples for GC analysis 
 

))()((
))()((/

VsViCF
DfVtAxLg =μ  
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where: Ax = area response for the analyte 

Vt = volume of the concentrated extract (μl) 
Df = dilution factor.  If no dilution, Df = 1.0 
CF  = mean calibration factor from the initial calibration 
Vo = volume of water sample extracted (mL) 
Vi = volume of extract injected (μl) 

 
12.9.2 Concentration of soil samples (dry weight basis) for GC analysis 

 

))()()((
))()((/
DWsViCF

DfVtAxkgg =μ  

 
where:  Ws = weight of sample extracted, in grams 

D (dry weight)= 100 - % moisture 
100 

Ax, Vt, Df, CF , Vi have the same definitions as for water. 
 

12.9.3 Concentration of soil samples (dry weight basis) by GC using linear 
regression analysis:  

 

 
( )

a

by
x

−
=  

 
   where: y = Instrument response (peak area) 
    a = Slope of the line (coefficient of x) 
    x = Concentration of the calibration standard 
    b = The intercept 
 

12.10 Calculating Dilutions 
 

If a sample concentration exceeds the high level standard a dilution must be 
performed.  Determine a level of dilution that will result in a value within the 
upper half of the calibration range.  This is an acceptable dilution.  A 10x dilution 
is performed using 1-mL sample plus 9-mL diluent for a total volume of 10-mL.  
It should be recorded on the run log as “10x .” 

 
13.0 Method Performance 
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This method was validated through in-house laboratory studies of method detection 
limits and precision and accuracy for single analyst.  The data are retained by the QA 
department. 
 

14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  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 thing. See SOP 12.1, “Hazardous Waste 
Disposal”, regarding laboratory procedures for recycling solvent waste streams. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 are hazardous and must be handled as 
hazardous waste. 

 
16.0 References 
 

16.1 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, SW-
846, 3rd Edition, Update III, 12/96, Method 8081A 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th Edition 

(1998), Method 1080 
 

16.3 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 

 
16.4 Quality Control SOP 13.6, “Proper Documentation Procedures” 

 
16.5 Quality Control SOP 13.4, “Numerical Data Reduction” 
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16.6 NELAC Standards, 2003 
 

16.7 EPA QA-G6: Guidance for the Preparing Standard Operating Procedures 
(SOPs) EPA/600/B-07/001, April 2007. 

 
16.8 CompuChem Quality Manual, Revision 9, June 5, 2007 

 
16.9 Sample Control SOP 4.6, “Storing Samples” 
 
16.10 Department of Defense Quality Systems Manual for Environmental Laboratories, 

Final Version 3, January 2006 
 
17.0 Attachments as Tables, Diagrams and Flowcharts 
 

17.1 Attachment 1 – GC Extractables Run Log  
 

17.2 Attachment 2 – GC Extractables Instrument Maintenance Log 
 

17.3 Attachment 3 – LCS Control Limits Required by the DoD-QSM  
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Attachment 1 
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 Attachment 2 
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Attachment 3 
 

DoD-QSM Aqueous and Solid LCS Control Limits and Marginal Exceedance Limits 
 
 

Analyte Aqueous 
% Recovery 

Aqueous 
Marginal 

Exceedance 

Solid 
% Recovery 

Solid 
Marginal 

Exceedance 

4,4’-DDD 25-150 10-170 30-135 10-155 

4,4’-DDE 35-140 15-160 70-125 60-135 

4,4’-DDT 45-140 30-155 45-140 30-155 

Aldrin 25-140 10-155 45-140 30-155 

α-BHC 60-130 50-140 60-125 50-135 

α-Chlordane 65-125 55-135 65-120 55-130 

β-BHC 65-125 55-135 60-125 50-135 

δ-BHC 45-135 30-150 55-130 45-145 

Dieldrin 60-130 50-140 65-125 55-135 

Endosulfan I 50-110 40-120 15-135 10-155 

Endosulfan II 30-130 10-150 35-140 20-160 

Endosulfan sulfate 55-135 40-150 60-135 50-145 

Endrin 55-135 45-145 60-135 50-145 

Endrin aldehyde 55-135 40-150 35-145 20-165 

Endrin ketone 75-125 70-135 65-135 55-145 

γ-BHC 25-135 10-155 60-125 50-135 

γ-Chlordane 60-125 50-135 65-125 55-135 

Heptachlor 40-130 30-145 50-140 35-155 

Heptachlor Epoxide 60-130 50-140 65-130 55-140 

Methoxychlor 55-150 40-165 55-145 45-155 
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Sample Preparation Procedure –733 (SPP-733=SPP-169→SPP-940) Low Level Preparation for 
Analysis of Pesticides/PCBs in Soil/Sediment/Sludge by 
SW-846 and NYSASP 

 
 
1.0 Scope and Application 
 

The following sample preparation procedure is designed to prepare soil/sediment/sludge 
samples for pesticide and Aroclor analysis by GC/ECD.  The soil samples are extracted 
by sonication and the extract subjected to GPC clean up.  GPC is required for all 
soil/sediment/sludge extracts.   
 
Note: This procedure is not used for the extraction of PCBs under the Ohio VAP.  PCB-

only SOPs are used. 
 

Staff members performing the procedures described in this Standard Operating 
Procedure (SOP) are responsible for reading, understanding, and complying with the 
SOP requirements.  Supervisors are responsible for directing the analyst to the controlled 
SOP, and providing adequate explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

A 30-g aliquot of sample is spiked with the surrogate solution and then mixed with 
sodium sulfate and extracted by sonication with a 1:1 methylene chloride:acetone solvent 
mixture.  The extract is then filtered and concentrated by Kuderna-Danish (K-D) 
evaporative flask.  Gel permeation chromatography (GPC) cleanup, Method 3640A 
following SOP 2.6.1, “Gel Permeation Chromatography (GPC) Cleanup of Soil and 
Water Extracts for GC/ECD Analysis of Pesticides/PCBs by EPA CLP SOW 
OLM04.3” may be performed. 

 
Florisil column cleanup, Method 3620B, is an optional cleanup procedure performed 
using SOP 2.6.5, “Manual Florisil Cartridge Cleanup of Water and Soil Extracts for the 
Analysis of Pesticide/PCB by CLP, SW846, and NYSASP”. 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
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is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 A Sample Delivery Group (SDG) is defined by the following, whichever is more 

frequent: 
 

• each 20 field samples received within a case, or 
 

• each 7 calendar day period during which field samples in a case are received 
(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The DOD-QSM and SC DHEC do not accept the SDG approach, unless 

the samples are prepared in a single batch.  When a group of up to 20 
field samples of a similar matrix are prepared as one batch, method-
specified QC samples such as a method blank, laboratory control 
sample, matrix spike, matrix spike duplicate, and matrix duplicate must 
also be prepared together.  

 
3.5 SC DHEC – South Carolina Department of Health and Environmental 

Control 
 
3.6 DOD-QSM – Department of Defense Quality Systems Manual 

 
4.0 Interferences 
 

4.1 Method interferences might be caused by contaminants in solvents, reagents, 
glassware, and other sample processing hardware. These contaminants lead to 
discrete artifacts or to elevated baselines in gas chromatography (GC).  Routinely, 
all of these materials must be demonstrated to be free from interferences under the 
conditions of the analysis by running reagent blanks prepared with each batch.   

 
4.2 Interferences caused by phthalate esters can pose a major problem in pesticide 

analysis. Common flexible plastics contain varying amounts of phthalates which 
are easily extracted during laboratory operations, so cross-contamination of 
glassware frequently occurs when plastics are handled. Interferences from 
phthalates can best be minimized by avoiding the use of such plastics in the 
laboratory. 

 
4.3 Matrix interferences may be caused by contaminants that are co-extracted from 

the sample.  The extent of matrix interferences will vary considerably from source 
to source, depending on the nature of the site being sampled. The cleanup 
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procedures must be used to remove such interferences in order to achieve specific 
method detection limits. 

 
5.0 Safety 
 

5.1 Appropriate protective equipment and clothing must be used under the 
assumption that all samples are potentially hazardous.  During sample 
preparation, safety glasses, gloves and lab coats are a minimum requirement.  The 
persistent presence of noxious odors may be indicative of failure of the laboratory 
ventilation system and must be reported to a supervisor or manager. 

 
5.2 Laboratory staff must review the Chemical Hygiene Plan for general safety 

policies, and Material Safety Data Sheets (MSDS) for solvents and reagents used 
in the laboratory.  The Chemical Hygiene Plan and the MSDS are located in the 
Quality Assurance department. 

 
6.0 Equipment and Supplies 
 

6.1 Sonic cell disruptor - Heat Systems, Ultrasonics, Inc., Model W-385 (475-watt 
with pulsing capability, No. 207 3/4-inch tapped disrupter horn), or equivalent 
device with a minimum 375-watt output capability. 

 
Note: In order to ensure that sufficient energy is transferred to the sample during 

extraction, the horn must be replaced if the tip begins to erode.  Erosion of 
the tip is evident if it has a rough surface. 

 
6.2 Sonabox (or equivalent) for use with disrupter to decrease noise level 

 
6.3 Teflon® beakers – 250-mL 
 
6.4 Filtration apparatus: 
 
 6.4.1 Buchner funnel 
  
 6.4.2 Filter paper – Watman No. 41, 7-cm diameter 
 
 6.4.3 Filtration flask – 500-mL 

 
6.5 Kuderna-Danish (K-D) apparatus 
 

6.5.1 Concentrator tube - 10-mL, graduated (Kontes K-570040-1029, or 
equivalent) 



Section No. 2.2.4.2 
Revision No. 10 
Date:  October 11, 2007 
Page 5 of 17 
 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 

 
6.5.2 Evaporative flask - 500-mL (Kontes K-470001-0500, or equivalent) 

 
6.5.3 Snyder column - three-ball macro (Kontes K-503000-0121, or equivalent) 

 
6.6 Silicon carbide boiling chips - approximately 10 to 40 mesh. 

 
6.6.1 Heat the chips to 400o C for 30 minutes prior to use.  If know heated 

boiling chips are available, rinse new boiling chips with methylene 
chloride before use. 

 
6.7 Water bath - heated, with concentric ring cover, capable of temperature control (± 

5° C).   
 

NOTE:  Always use the water bath in a hood. 
 

6.8 Top-loading balance - capable of weighing accurately to ± 0.01 g 
 

6.9 Nitrogen evaporation device equipped with a heated bath that can be maintained 
at 35°C to 40°C, N-Evap by Organomation Associates, Inc., South Berlin, MA, or 
equivalent 

 
6.10 Vials and caps - 2-mL for GC autosampler 

 
6.11 GPC cleanup device 

 
6.11.1 GPC cleanup device - GPC Autoprep Model 1002 A or B (Analytical 

Biochemical Laboratories, Inc., or equivalent) 
 

6.11.2 Chromatographic column - 700-mm X 25-mm I.D glass column. Flow is 
upward. 

 
6.11.2.1 To simplify switching from the UV detector during calibration 

to the GPC collection device during extract cleanup, an 
optional double three-way valve (Rheodyne Type 50 Teflon 
Rotary Valve #10-262 or equivalent) may be attached.  This 
allows the column exit flow to be shunted either to the UV 
flow-through cell or to the GPC collection device. 

 
6.11.3 Guard column - (Optional) 5-cm, with appropriate fittings to connect to 

the inlet side of the GPC analytical column (Supelco 5-8319 or 
equivalent). 
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6.11.4 Bio Beads (SX-3) - 200-400 mesh, 70 g (Bio-Rad Laboratories, 

Richmond, CA, catalog 152-2750 or equivalent). 
 

6.11.4.1 An additional 5-g of Bio Beads is required if the optional 
guard column is employed. 

 
6.11.4.2 The quality of the Bio Beads may vary from lot to lot 

because of excessive fines in some lots. In addition to fines 
having a detrimental effect on chromatography, they also 
can pass through the column screens and damage the 24-
position wafer valve. 

 
6.11.4.3 An alternative column would be a pre-packed high pressure 

stainless steel column. 
 

6.11.5 Ultraviolet detector - fixed wavelength (254 nm) with semi-prep flow-
through cell. 

 
6.11.6 Strip-chart recorder, recording integrator, or laboratory data system. 

 
6.11.7 Syringe - 10-mL with Luerlok fitting, Hamilton gas-tight syringe or 

equivalent. 
 

6.11.8 Syringe filter assembly - disposable, (Gelman Sciences Acrodisc CR 
PTFE, Product No. 4219, 25-mm, 0.45-µm syringe filters, or equivalent). 

 
6.11.8.1 Rinse each syringe filter with a minimum of 25-mL of 

methylene chloride prior to use. 
 

6.12 Bottle or test tube - 20-mL with Teflon-lined screw-cap for sulfur removal, if 
needed 

 
6.13 Glass vials - minimum of 20-mL, with screw-cap and Teflon or aluminum foil 

liner 
 
6.14 Spatulas - disposable wooden tongue-depressors 

 
6.15 Pipets - volumetric 1.0-mL or 2.0-mL (optional) 

 
6.16 Syringes - 1.0-mL or 2.0-mL (optional) 
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6.17 Vials - 10-mL, with screw top and Teflon®-faced seal 
 

6.18 Tubes - centrifuge, 20- to 15-mL   
 

6.19 Centrifuge - table top (IEC model Centra-8) 
 

6.20 Vortex mixer - Genie, Model 550-6, Scientific Industrial, Inc., Bohemia, NY, or 
equivalent. 

 
6.21 Disposable Pasteur glass pipets, 1-mL 

 
7.0 Reagents and Standards 
 

The standards used in this procedure are prepared by a member of the Organic 
Preparation staff in the Organic Standards laboratory. Details for the standard 
preparation are contained in the standards preparation log books (22F) and in this 
SOP.  Standards are stored separately from samples at 2-4o C in the sample preparation 
laboratory or the Organic Standards laboratory when not in use. 
 
7.1 Reagent Water – All water used in this procedure must be equivalent to ASTM 

Type II water (as it relates to specific conductance and specific resistance) which 
is demonstrated to meet the blank contamination acceptance criteria contained in 
the applicable analytical SOP.  It is referred to throughout the remainder of this 
SOP as reagent water. 

 
7.2 Sodium sulfate – Mallinckrodt granular, anhydrous reagent grade, or equivalent  

 
7.2.1 Heat to 400° C for 4 hours, cool, and store in a glass bottle prior to use. 

 
CAUTION: An open container of sodium sulfate may become 

contaminated during storage in the laboratory. 
 

7.3 Solvents - pesticide quality or equivalent.  Each lot of solvent is tested to 
demonstrate that it is free of interferences before use. 

 
7.3.1 Methylene chloride 

 
7.3.1.1 Methylene chloride must be certified as acid-free or must be tested 

to demonstrate that it is free of hydrochloric acid. 
 

7.3.2 Hexane 
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7.3.3 Acetone 
 

7.4 Surrogate Stock Solution 
 

7.4.1 Restek SOM01.1 Pesticide Surrogate Standard solution (Catalog # 
32453) containing 2,4,5,6-Tetrachloro-m-xylene (TCX) at 100-µg/mL 
and Decachlorobiphenyl (DCB) at 200-µg/mL in acetone. The 
expiration date for this solution is provided by the manufacturer.  

 
7.5 Surrogate solution #426 
 

7.4.1 Prepare the surrogate solution by adding 1.2-mL of Restek SOM01.1 
Pesticide Surrogate Standard to acetone in a 200-mL volumetric flask 
and dilute to volume with acetone. The resulting surrogate solution 
contains TCX at 0.6-µg/mL and DCB at 1.2-µg/mL. Prepare this 
solution every six months. 

  
 7.6 Pesticide Stock Spiking Solutions 
 

7.6.1 NSI Custom Pesticide Mix #1 (Custom# Q-4302) containing the 
following compounds in a 1:1 hexane/toluene solution at 20-µg/mL: 

 
    

Aldrin alpha-BHC 
beta-BHC Delta-BHC 
gamma-BHC (Lindane) alpha-Chlordane 
Gamma-Chlordane Endosulfan I 
Heptachlor Heptachlor epoxide (isomer B) 
Isodrin  

 
7.6.2 NSI Custom Pesticide Mix #2  (Custom# Q-4303) containing the 

following compounds in a 1:1 hexane/toluene solution at 50-µg/mL: 
 
  

4, 4’-DDT 4, 4’-DDD 
4, 4’-DDE Dieldrin 
Endosulfan II Endosulfan sulfate 
Endrin Endrin aldehyde 
Endrin ketone Methoxychlor 

 
7.6.3 Pesticide Matrix Spiking Solution #4030  
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7.6.3.1 Prepare the Pesticide Matrix Spiking Solution #4030 by adding 

0.75-mL of NSI Custom Pesticide Mix #1 and NSI Custom 
Pesticide Mix #2 to methanol in a 100-mL volumetric flask and 
dilute to volume with methanol. The resulting concentrations 
are 0.15-µg/mL for the compounds in section 7.6.1 and 0.375-
µg/mL for the compounds in section 7.6.2. Prepare this 
solution every six months. 

 
7.6.4 A matrix spike solution containing Technical Chlordane or Toxaphene 

is available to clients that request that these compounds be spiked into 
matrix spikes and laboratory samples.  Technical Chlordane and 
Toxaphene are spiked separately.  

 
7.6.5 Custom TCLP Pesticide Spike (Custom #Q-4740) is used as the 

spiking solution for Toxaphene. This solution contains Toxaphene at 
10-µg/mL. The expiration date for this solution is provided by the 
manufacturer. 

 
7.6.6 Stock Technical Chlordane Standard – Restek Technical Chlordane 

Standard (Catalog # 32072) a 5000-µg/mL in isooctane. The 
expiration date for this solution is provided by the manufacturer. 

 
7.6.6.1 Prepare the Technical Chlordane spiking solution by adding 

10-µL of Restek Technical Chlordane Standard to acetone in a 
50-mL volumetric flask and dilute to volume with acetone. 
Prepare this solution every six months. 

 
 7.7 PCB Stock Spiking Solution 
  
  7.7.1 Restek Aroclor® 1016/1260 Mix (Catalog # 32039) containing both 

Aroclors at 1000-µg/mL. The expiration date for this solution is 
provided by the manufacturer. 

 
  7.7.1.1 PCB Spiking Solution #4615 
 
   7.7.1.1.1 Prepare the PCB spiking solution #4615 by 

adding 0.25-mL of Restek Aroclor® 1016/1260 
Mix to a 50-mL methanol in a volumetric flask 
and dilute to volume with methanol.  The 
resulting spiking solution contains Aroclor 
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1016/1260 at 5.0-µg/mL in methanol. Prepare 
this solution every six months.  

  
8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control SOP 
4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are 
also listed. 

 
8.2 Samples must be extracted within 14 days of collection. 

 
8.3 Samples are obtained from the Custodian out of cold storage.  They should be 

allowed to come to room temperature prior to sample preparation.  After 
preparation, they are returned to the Custodian and placed in the cooler at 2-4.o C 
for long-term storage and disposal. 

 
9.0 Quality Control 
 

9.1 Method Blank 
 

9.1.1 A method blank is prepared with each extraction batch of up to 20 samples 
and processed with the associated samples.  For SC DHEC, the method 
blank is prepared at a frequency of 10%. 

 
9.2 Laboratory Control Sample (LCS) 
 

9.2.1 A laboratory control sample (matrix spike blank for NYSASP) is prepared 
with each extraction batch of up to 20 samples. For SC DHEC, the LCS is 
performed at a frequency of 10%. 

 
9.3 Matrix Spike (MS) and Matrix Spike Duplicate (MSD) 

 
 9.3.1 A MS and MSD are prepared with each extraction batch of up to 20 

samples. 
 

9.4 Duplicates 
 

9.4.1 Duplicates, at a frequency of 5% for soil samples, are required when 
processing samples submitted to meet the regulatory requirements of 
South Carolina DHEC.  The duplicate matrix spikes satisfy the duplicate 
requirement. 
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10.0 Calibration and Standardization 
 

10.1 Ensure the balance is calibrated for the day prior to use following Quality Control 
SOP 13.16, “Top Loading Balance Calibration and Maintenance.” 

 
11.0 Procedure 
 

Documentation must follow the requirements in Quality Control SOP 13.6, “Proper 
Documentation Procedures”.  The sample preparation technician must complete the 
proper extraction worksheet for the sample preparation procedure -733 (Attachment 1) 
including the manufacturer and lot number of reagents/solvents used.  Any unused 
portion of the worksheet must be Z'd out. The laboratory supervisor or his/her designee 
reviews the worksheet for completeness and accuracy, and then signs the worksheet. The 
worksheet accompanies the sample extracts to the analytical laboratory. 

 
11.1 Sample Preparation 

 
11.1.1 Thoroughly mix the sample before aliquotting, especially composite 

samples.  Discard any foreign objects such as sticks, leaves, and rocks.  
Also, decant and discard any standing aqueous phase. 

 
11.2 Sonication Extraction 
 

11.2.1 Weigh approximately 30-g (± 0.1-g) of sample into a 250-mL Teflon® 
beaker and add 60-g of granular, anhydrous sodium sulfate.  Record the 
sample weight to the nearest 0.1 g on the extraction worksheet. Stir the 
sample and sodium sulfate into a homogeneous sandy texture. 

 
11.2.2 For a sample to be used for the MS and MSD, weigh out four additional 

30-g portions of sample, two for the pesticide MS/MSD and two for the 
PCB MS/MSD.  Record the weights to nearest 0.1 g.  Add 60-g of sodium 
sulfate to each aliquot.  Add 1-mL of the pesticide matrix spike solution 
#4030 to one MS/MSD pair and 1.0-mL PCB spiking solution #4615 to 
the other MS/MSD pair. 

 
11.2.3 Prepare two LCSs by weighing two 30.0-g aliquots of sodium sulfate and 

adding 60.0-g more to each.  Add 1-mL of pesticide matrix spike solution 
#4030 to the 1st LCS, and add 1.0-mL of #4615 PCB spike solution to the 
2nd LCS. 

 



Section No. 2.2.4.2 
Revision No. 10 
Date:  October 11, 2007 
Page 12 of 17 
 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 

11.2.4 Prepare the method blank by weighing of 90.0-g of sodium sulfate 
spiked with the 0.5-mL of the surrogate solution #449.  It is carried 
through the entire analytical procedure. 

 
11.2.5 Add 0.5-mL of surrogate solution #449 to all samples, the MS, MSD, 

LCS and blank by using a volumetric pipet or a syringe.   
 

11.2.6 Immediately add 80 to 100-mL of 1:1 methylene chloride:acetone to the 
sample. 

 
11.2.7 Place the bottom surface of the sonicator probe about 1/2 inch below the 

surface of the solvent but above the sediment layer. 
 

11.2.8 Sonicate for three minutes using a 3/4-inch horn at 100% power output 
with pulse set on 1 second ON and percent duty cycle knob set at 50%. Do 
not use a microtip. 

 
Note: These settings are specified for Model W-385. When using a 

sonicator other than Model W-385, refer to the instructions 
provided by the manufacturer for all appropriate output settings. 

 
11.2.9 Decant and filter the extracts using Buchner funnel filtration.  

 
11.2.10Repeat the extraction two more times with additional 80 to 100-mL 

portions of 1:1 methylene chloride:acetone. Before each extraction, 
thoroughly mix the solid residue, and make certain that the sodium sulfate 
is free flowing and not a consolidated mass.  As needed, break up large 
lumps with a clean spatula.  Decant and filter the extraction solvent after 
each sonication as above.  After the final sonication, pour the entire 
sample into the funnel and rinse the centrifuge bottle and funnel with 20 to 
30-mL of methylene chloride. 

 
11.2.10.1 If particulate matter is observed, filter the entire extracted 

sample again by placing a new filter in the original funnel and 
pouring the extracted sample through the funnel.  Rinse with 
methylene chloride. 

 
11.2.11Pour each extract into a K-D evaporative flask and concentrator tube 

assembly for concentration. 
 

11.3 Extract Concentration 
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11.3.1 Add one or two clean boiling chips to the evaporative flask and attach a 
three-ball macro-Snyder column. Add about 1-mL of methylene chloride 
to the top of the Snyder column.  Place the K-D apparatus on a hot water 
bath (80-85° C) so that the concentrator tube is partially immersed in the 
hot water and the entire lower rounded surface of the flask is bathed with 
hot vapor. Adjust the vertical position of the apparatus and the water 
temperature as required to complete the concentration in 15-30 minutes.  
At the proper rate of distillation, the balls of the column will actively 
chatter, but the chambers will not flood with condensed solvent.  Reduce 
the volume of liquid to less than 10-mL.  Remove the K-D apparatus and 
allow it to drain and cool for at least 10 minutes. 

 
CAUTION: DO NOT ALLOW THE K-D EVAPORATOR TO GO 

DRY. 
 

11.3.2 If GPC is to be performed, the following procedure is to be used.  If not, 
proceed to Section 11.4. 

 
11.3.2.1 In order to remove most of the acetone, it is absolutely 

necessary to further reduce the volume of the extracts to 2.0-
mL. This is best accomplished using the nitrogen concentration 
technique, but can be accomplished using the K-D flask if care 
is taken during the K-D concentration step. The presence of 
acetone will cause a dead volume to develop in the GPC 
column and thus will cause loss of surrogates and analytes 
during GPC cleanups. 

 
Note: This step has not proven to be critical, thus it may be 

eliminated unless surrogate recoveries indicate 
otherwise. 

 
11.3.2.2 Adjust the extract volume to 10.0-mL with methylene chloride.  

Proceed with GPC cleanup (see SOP 2.6.1).  
 

11.3.2.3 Aliquot 4.0-mL of extract, dilute to 10-mL with methylene 
chloride and proceed with the GPC process.   

 
11.3.2.4 After GPC cleanup, set up a K-D flask with a 10-ml 

concentrator tube attached. Pour the methylene chloride extract 
after GPC cleanup into the K-D. Rinse the extract container 
with methylene chloride to complete the transfer. Place the 
three-ball macro Snyder column on the K-D apparatus, add 1 
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to 2-mL of methylene chloride to the top of the Snyder, and 
place the apparatus on the hot water bath. Concentrate the 
extract to approximately 4-mL. Remove the K-D apparatus and 
allow it to cool.  Proceed to the solvent exchange into hexane. 

 
11.4 Solvent Exchange into Hexane and Final Concentration 

 
11.4.1 Momentarily remove the Snyder column, add 60-mL of hexane and a new 

boiling chip, and reattach the Snyder column.  Pre-wet the column by 
adding about 1-mL of hexane to the top. Concentrate the solvent extract as 
before.  When the apparent volume of liquid reaches 3 to 5-mL, remove 
the K-D apparatus and allow it to drain and cool for at least 10 minutes. 
Alternatively, micro-Snyder concentration may be used. 

 
CAUTION: DO NOT ALLOW THE K-D EVAPORATOR TO GO 

DRY. 
 

11.4.2 Concentrate the GPC extract in hexane to a 1.0-mL final volume using the 
N-EVAP technique.  If GPC was not performed concentrate the extract to 
5.0-mL. 

 
11.4.3 Label all extracts with the following information: 

 
CompuChem number  XXXXXX 
Procedure Code  -733  
Date Extracted   XX/XX/XX 

 
Complete all extraction worksheet and deliver it with the extracts to the 
designated area in the GC instrument laboratory.   

 
12.0 Data Analysis and Calculations 
 

N/A 
 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits  and precision and accuracy for single analyst.  The data are retained in electronic 
form on intranet QA server and in hardcopy form in the QA department or in the 
data storage room. 

 
14.0 Pollution Prevention 
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The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  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 thing. See SOP 12.1, “Hazardous Waste 
Disposal”, regarding laboratory procedures for recycling solvent waste streams. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 are hazardous and must be handled as 
hazardous waste. 

 
 

 
16.0 References 
 

16.1 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, 
SW846, 3rd Edition, Update III, 12/96, Method 3550B 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 
 

16.3 New York State Analytical Services Protocol (NYSASP), 6/2000, plus revisions 
 

16.4 NELAC Standards, June 2003 
 

16.5 EPA QA-G6: Guidance for Preparing Standard Operating Procedures (SOPs) 
EPA/600/B-07/001, April 2007. 

 
16.6 CompuChem Quality Manual, Revision 9, June 5, 2007 
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16.7 Sample Control SOP 4.1, “Receiving Samples” & Sample Control SOP 4.6, 
“Storing Samples” 

 
16.8 Quality Control SOP 13.16, “Top Loading Balance Calibration and 

Maintenance.” 
 

16.9 Department of Defense Quality Systems Manual for Environmental 
Laboratories, Final Version 3, January 2006 

 
 
17.0 Attachments as Tables, Diagrams and Flowcharts 
 

17.1 Attachment 1 – Extraction Worksheet  
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Attachment 1 
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Instrument Procedure 477: GC/MS Analysis of Extractable Semivolatiles in Aqueous and 
Solid Sample Extracts by SW-846 

 
 
1.0 Scope and Application 
 

This method covers the determination of a variety of semivolatile compounds in aqueous 
and solid samples.  These compounds are partitioned into an organic solvent and are 
amenable to analysis by gas chromatograph/mass spectrometer (GC/MS) instrumentation.  
The method involves solvent extraction of the matrix, and GC/MS analysis to determine 
the semivolatile compounds present in the sample.  Target compounds for this method 
are listed in Attachment 1, along with associated internal standards, surrogates and 
quantitation ions.  Reporting limit are included in Attachment 3.   
 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

Water samples are extracted prior to analysis following Sample Preparation Procedure –
079, “Preparation of Water Samples for the Analysis of Low Level Semivolatile Organic 
Compounds by SW-846 and NYSASP.”  Soil samples are extracted using Sample 
Preparation Procedure –176, “Preparation of Soil/Sediment/Sludge Samples for the 
Analysis of Low-Level Semivolatile Organic Compounds SW-846 and NYSASP," 
Sample Preparation Procedure –236, “Soxhlet Extraction of S/S/S Samples by Method 
3540C in SW-846 & NYSASP,” Sample Preparation Procedure –183, “Medium Level 
Preparation Procedure for Semivolatile Organics in Soil Samples by SW-846 and 
NYSASP,” or Sample Preparation Procedure –247, “Automated Soxhlet Extraction of 
Soil/Sediment/Sludge and Wipe Samples by SW-846 + NYSASP.” 

 
Sample extracts are injected into a GC/MS system equipped with a narrow bore, fused 
silica capillary column.  The GC is temperature programmed in order to separate the 
analytes for detection by the MS.  Target compounds are identified in the samples by 
analyzing standards under the same conditions used for samples, comparing mass spectra 
with established library spectra, and comparing GC retention times with retention times 
from the latest continuing calibration verification standard. 



Section No. 2.5.2.7 
Revision No. 11 
Date:  December 15, 2006 
Page 3 of 42 

 

ORIGINAL              MASTER COPY             CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

Internal standards and surrogate compounds are added to all samples, QC and standards.  
An average relative response factor is established for each target and surrogate compound 
during the initial calibration procedures and this average response factor is used to 
calculate the analyte concentrations. 
 

3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration. 

 
To meet the requirements of the DoD-QSM, if the reporting limit  is not at least 
three times higher than the calculated MDL value, the reporting limit  is adjusted 
upward in order to achieve this minimal ratio.   

 
3.3 Reporting Units – μg/L for water and μg/Kg for soil 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days per client request) beginning with the receipt of the first 
sample. 

 
NOTE: The DoD-QSM and SC DHEC do not accept the SDG approach, 

unless the samples are prepared in a single batch.  When a group of up 
to 20 field samples of a similar matrix are prepared as one batch, 
method-specified QC samples such as a method blank, laboratory 
control sample, matrix spike, and matrix spike duplicate must also be 
prepared together at a rate of 5% for DoD-QSM and 10% for SC 
DHEC.  If samples are batched together from different sites, project-
specific QC must be processed. 

 
3.5 SC DHEC – South Carolina Department of Health and Environmental Control 

 
 3.6 DoD-QSM – Department of Defense Quality Systems Manual 
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4.0 Interferences 
 

4.1 Contamination by carryover can occur whenever high concentration and low 
concentration samples are sequentially analyzed.  To reduce carryover, the sample 
syringe must be rinsed with solvent between sample injections.  Whenever an 
unusually concentrated sample is encountered, the following sample must be 
evaluated for carryover. 

 
4.2 If any contamination is present in blanks, samples or QC, the source must be 

identified and re-extraction of part or the entire analytical batch may be required. 
 
5.0 Safety 
 

5.1 Appropriate protective equipment and clothing must be used under the 
assumption that all samples are potentially hazardous.  During sample 
preparation, i.e., extraction, safety glasses, gloves and lab coats are a minimum 
requirement.  Sample extracts should be prepared under a hood.  The persistent 
presence of noxious odors may be indicative of failure of the laboratory 
ventilation system and must be reported to a supervisor or manager. 

 
5.2 Laboratory staff are required to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets (MSDS) for solvents and 
reagents used in the laboratory.  The MSDS are located in the Quality Assurance 
department. 

 
6.0 Equipment & Supplies 
 

6.1 Analytical Columns 
 

6.1.1 RTX-5MS, 0.32 mm ID, 0.25 μm film thickness 
 

6.1.3 RTX-5MS, 0.25 mm ID, 0.25 mm film thickness 
 

6.2 GC 
 

6.2.1 Hewlett Packard (HP) 5890 Series with Electronic Pressure Control (EPC) 
   

6.2.2 HP 6890 Series with EPC 
   

 
6.3 MS 

 
6.3.1 HP 5972A Mass Selective Detector (MSD) 
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6.3.2 HP 5973 MSD 

 
6.4 AutoSampler 

 
6.4.1 Hewlett Packard 7673 and 6890 Automated Liquid Sampler 

 
6.5 Data System 

 
6.5.1 A computer is interfaced to the mass spectrometer to allow the continuous 

acquisition and storage on machine-readable media of all mass spectra 
obtained throughout the duration of the chromatographic program.  HP 
ChemServer is used for data collection. 

 
6.5.2 The data processing computer has software that searches any GC/MS data 

file for ions of a specified mass and plots ion abundances versus time or 
scan number.  This type of plot is defined as an Extracted Ion Current 
Profile (EICP).  Also, for the non-target compounds, the software compares 
sample spectra against reference library spectra. The reference library used 
is the NIST Mass Spectral library (NBS129K.1) 

 
6.5.3 The Hewlett Packard HP 9000 series 735 Unix Workstation employing with 

Target3 software by Thru-Put Systems is used for data processing and short 
term data storage. 

 
6.6 Syringes 

 
6.6.1 10 μL Hamilton syringe 

 
7.0 Reagents & Standards 
 

Refer to the Standards Preparation Logbook 22 F and applicable standard preparation 
SOPs for details on preparation of standards used in this procedure.  All standards used in 
this procedure are prepared in optima grade methylene chloride. 
 
7.1 Reagent water – All water used in this procedure must be reagent-grade Type I 

with regard to resistivity of > 10 megohm-cm (19th and 20th Editions of Standard 
Methods, Method 1080), and is demonstrated to meet the blank criteria contained 
in this Standard Operating Procedure (SOP).  It is referred throughout this SOP as 
reagent water.   

 
7.2 Methylene Chloride – analytical grade 
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7.3 Reference Standards  
 

7.3.1 Stock standards 
 

7.3.1.1 Stock standards are prepared from certified, pure standard 
materials or purchased as certified solutions. 

 
7.3.1.2 Stock standards are stored as recommended by the manufacturer 

(4 ± 2° C) in the Organic Standards Preparation laboratory. 
 
7.3.1.3 Stock standards are replaced after 1 year or sooner, if problems 

occur. 
 

7.3.2 Working Standards 
 

Working standards are stored in the analysis laboratory at 4 ± 2° C 
separate from sample extracts, when not in use.  Working standards are 
prepared every six months or sooner. 

 
7.3.2.1 Internal standard solution is prepared at a concentration of 800 

µg/mL. 
 
7.3.2.2 Initial calibration standard solutions are prepared at 

concentrations of 5, 10, 25, 40, 60 and 80 µg/mL. 
 

8.0 Sample Preservation and Storage 
 

8.1 Samples are preserved and stored according to the tables in Sample Control SOPs 
4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample holding times are 
also listed. 

 
8.2 All extracts must be analyzed within 40 days of extraction. 

 
8.3 Prior to analysis, all extracts must be stored in the freezer at -10o C in the 

laboratory.  After analysis, extracts are returned to Sample Control for long-term 
storage and disposal. 

 
9.0 Quality Control  
 

9.1 Surrogates 
9.1.1 Surrogates are added to all samples, standards, and QC samples and are 

used to measure the efficiency and accuracy of the analytical system.  
Statistical control limits for surrogates are listed in the following table. 
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Compound Aqueous 
(% Recovery) 

Soil 
(% Recovery) 

Nitrobenzene-d5 35-110 28-110 
2-fluorobiphenyl 45-110 39-112 
Terphenyl-d14 49-120 51-119 
Phenol-d5 10-110 38-110 
2-fluorophenol 11-110 33-110 
2,4,6-tribromophenol 44-131 34-150 

 
 
9.1.1.1 If the surrogate recoveries are outside the control limits in 9.1.1, 

re-analyze the sample.  If the surrogate recoveries are still 
outside of control limits, re-extract and reanalyze the sample.   

 
9.1.1.2 If insufficient sample volume remains for re-extraction or the 

holding time has been exceeded, report results and document the 
failing surrogate results in the narrative.  

 
9.1.2 The surrogate control limits required by the DoD-QSM are listed in the 

following table. 
 

Compound Aqueous 
(% Recovery) 

Soil 
(% Recovery) 

Phenol-d5 N/A 40-100 
2-Fluorobiphenyl 50-110 45-105 
Terphenyl-d14 50-135 30-125 
2,4,6-Tribromophenol 40-125 35-125 
2-Fluorophenol 20-110 35-105 
Nitrobenzene-d5 40-110 35-100 

 
 

9.1.2.1 If the surrogate recovery control limits in 9.1.2 are not met and 
sufficient volume remains, re-extract and reanalyze the sample. 

 
9.1.2.2 If field sample results are reported with failing surrogate 

recoveries, qualify the results as estimated concentrations in the 
narrative.  Refer to the DoD-QSM “J” flag. 

9.1.2.3 If QC samples results are reported with failing surrogate 
recoveries, qualify the results as estimated concentrations in the 
narrative.  Refer to the DoD-QSM “Q” flag.  
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9.2 Internal Standards 

 
9.2.1 Internal standard is added to an aliquot of the extract just prior to analysis 

in the instrumentation laboratory and is used in the quantitation of target 
analytes and surrogates. 

 
9.2.2 The internal standard retention times in the continuing calibration standard 

must not differ more than ± 30 seconds from those in the mid point 
standard (80 ηg) in the most recent initial calibration.  Additionally, the 
area response of the internal standards in the continuing calibration 
verification standard must be within -50% and +100% of those in the mid 
point standard of the most recent initial calibration. 

 
9.2.3 If a sample fails internal standard acceptance criteria, reanalyze. 
 

9.3 Method Blanks 
 

9.3.1 A method blank is prepared with every analytical batch of up to 20 
samples.  For SC DHEC, the method blank is performed at a frequency of 
10%.  It is used to indicate extraction efficiency and contamination control 
within the analytical system.  The method blank must be analyzed on each 
GC/MS system used to analyze the associated samples. 

 
9.3.2 Any target analyte detected in the method blank must be less than the 

reporting limit.  Except for SC DHEC, phthalates are allowed to be 
present at up to five times the reporting limit.  Surrogate and internal 
standard responses must be within acceptance windows 

    
9.3.2.1 To meet the requirements of the DoD-QSM, all target analytes in 

the method blank must be at concentrations < half the reporting 
limit. 

9.3.3 If the method blank fails acceptance criteria for surrogate recovery or 
contamination, the analytical system is considered to be out of control.  
The source of the contamination must be investigated and appropriate 
corrective measures taken and documented before more samples are 
analyzed.  All samples processed with a method blank that is out of 
control must be re-extracted and reanalyzed, unless the method blank 
meets acceptance criteria upon re-injection. 

9.4 Laboratory Control Sample 
 

9.4.1 An LCS for aqueous matrix is reagent water and for solid matrix is 
furnaced Ottawa sand, or an additional portion of furnaced sodium sulfate, 
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which has been fortified with target compounds and surrogate standards.  
The LCS is prepared with each extraction batch of up to 20 samples. For 
SC DHEC, the laboratory control sample is performed at a frequency of 
10%. The LCS should be analyzed after any method blank associated with 
the group of samples.  The LCS data are used to ensure that any failing 
spiked target compound in the matrix spike and matrix spike duplicate is 
due to interference and not representative of an analytical system that is 
out of control. 

 
  9.4.4 An acceptable LCS will contain all project compounds within the control 

limits listed in Attachments 5.  A certain number of recoveries may be 
outside of the control limits but within the marginal exceedances listed in 
Attachment 5 depending on the number of compounds spiked. See the 
following table. 

 
Number of analytes in the 

LCS 
Allowed number of Marginal 

Exceedances 
>90 5 

71-90 4 
51-70 3 
31-50 2 
11-30 1 
<11 0 

 
9.4.5 To meet the requirements of the DoD-QSM, the LCS must meet the 

control limits listed in Attachment 6 with allowance for a number of 
marginal exceedances based on the number of compounds spiked (see 
table in section 9.4.4).  All target compounds must be spiked. 

  
9.4.5.1 If the LCS fails acceptance criteria, re-extract and reanalyze all 

associated samples (if sufficient sample volume remains). 
  
9.4.2.2 Sample results associated with a failing LCS must be qualified in 

the narrative.  Refer to the DoD-QSM “Q” flag. 
 

9.5 Matrix Spike and Matrix Spike Duplicate 
 
  9.5.1 A matrix spike and matrix spike duplicate (MS/MSD) are prepared with 

each SDG.  For SC DHEC, the matrix spike/matrix spike duplicate are 
performed at a frequency of 10% for water samples and 5% for soil 
samples. 

 



Section No. 2.5.2.7 
Revision No. 11 
Date:  December 15, 2006 
Page 10 of 42 

 

ORIGINAL              MASTER COPY             CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

9.5.2 The majority of the acid spiked compound recoveries and relative percent 
differences (RPDs) and the majority of the base/neutral spiked compound 
recoveries and RPDs should be within the control limits listed in 
Attachment 5 and the RPD limits listed in Attachment 7.  A subset of 
analytes may be reported depending on specific project requirements.   

  
9.5.2.1 To meet the requirements of the DoD-QSM, the LCS control limits 

must be applied to the duplicate matrix spikes.  The RPD between 
the duplicate matrix spikes must be ≤ 30%, 

  
9.5.2.2 If the duplicate matrix spikes do not meet DoD-QSM criteria, 

contact the client for guidance.  Results for specific compounds in 
the original sample associated with failing matrix spikes must be 
qualified in the narrative as estimated values.  Refer to the DoD-
QSM “J” flag.   

 
9.5.3 If the sample and associated MS/MSD show the same recovery trend, then 

re-extraction is not required.  If the original associated with the MS/MSD 
does not meet QC criteria, it should be reanalyzed, or re-extracted then 
reanalyzed, if the MS/MSD surrogate recoveries are within limits. 

 
9.5.4 If LCS is acceptable, and the MS/MSD results are consistent with the 

original unspiked sample, it can be assumed that the poor recovery is 
matrix  related. 

 
9.6 Duplicates 

 
9.6.1 Duplicates, at a frequency of 10% for water samples and 5% for soil 

samples, are required when processing samples submitted to meet the 
regulatory requirements of SC DHEC.  This may be satisfied with the 
MS/MSD. 

 
9.7 Contingency 

 
9.7.1 If due to a lab accident or to QC failures, a re-preparation and analysis are 

required for the sample and insufficient sample volume remains, the 
Project Manager must be alerted and will contact the client for direction 
on how to proceed. 

 
9.7.2 If persistent contamination occurs in the laboratory, analysis must be 

halted until the source of the contamination can be identified and isolated.  
When the contamination issue is resolved, samples analysis may proceed. 
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9.7.3 Refer to the corresponding Data Review SOP (number will vary among 
sections) for information on how to handle reporting of data that are 
unacceptable or out-of-control. 

 
9.7.4 Any other issues that potentially effect data quality should also be 

addressed with the Project Manager. 
 

10.0 Calibration & Standardization 
 

10.1 Tuning the GC/MS 
 

10.1.1 Prior to analysis of any samples, blanks, or calibration standards, the 
laboratory must establish that the GC/MS system meets the mass spectral 
ion abundance criteria for a tuning standard performance check solution 
containing Decafluorotriphenylphosphine (DFTPP). 

 
10.1.1.1 At the time of tuning the instrument, the laboratory clock and 

instrument system clock must be verified to be in agreement for 
both time and date.  Document that the lab’s clock and date 
(LCD) are the same as the instrument’s system clock and date 
(SCD) by writing “LCD=SCD” in the instrument’s run log. 

 
10.1.2 The instrument is standardized (tuned) by analyzing the DFTPP tuning 

solution every 12 hours.  Two µL of the 25 ηg/µL DFTPP solution (50 ηg) 
are injected into the GC/MS.   

 
10.1.3 The peak selection criteria for DFTPP analysis are as follows. 

 
10.1.3.1 Acquire and average the apex of the DFTPP peak and one scan 

immediately before and after the apex. Subtract a single 
background scan prior to the peak, but no more than 20 scans 
prior to the elution of DFTPP.  Also, do not subtract part of the 
DFTPP peak.  The DFTPP acceptance criteria are listed in the 
following table. 
 

Mass Ion Abundance Criteria 
51 30.0-80.0% of mass 198 
68 < 2.0% of mass 69 
69 present 
70 < 2.0% of mass 69 
127 25.0-75.0% of mass 198 
197 <1.0% of mass 198 
198 Base peak, 100% relative abundance(see note) 
199 5.0-9.0% of mass 198 
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Mass Ion Abundance Criteria 
275 10.0-30.0% of mass 198 
365 Greater than 0.75% of mass 198 
441 Present but < mass 443 
442 40.0-110.0% of mass 198 
443 15.0-24.0% of mass 442 

 
Note: All ion abundances are normalized to m/z 198, the normal base 

peak. 
 

10.1.4 The DFTPP solution also contains benzidine, pentachlorophenol, and 4,4’-
DDT to assess the condition of the column and injection port. 

 
10.1.4.1 Benzidine, pentachlorophenol, and 4,4΄-DDT are added as 

evaluation aids to indicate injector port and GC column 
efficiencies. 

 
10.1.4.2 4,4΄-DDT is used to assess the instrument condition prior to 

GC/MS confirmations of pesticide and PCB analytes. 
 

10.1.4.3 Excessive 4,4΄-DDT breakdown and poor peak shape and 
response for benzidine and pentachlorophenol indicate 
maintenance is required for the injector port or GC column. 

 
10.1.5 The following breakdown and tailing factor criteria must be met for the 

DFTPP analysis to be acceptable. 
 

10.1.5.1 The % breakdown for DDT into DDE and DDD must not exceed 
20%. 

 
10.1.5.2 The tailing factor for benzidine must not exceed 3.0. 
 
10.1.5.3 The tailing factor for pentachlorophenol must not exceed 5.0. 

 
Note: When the breakdown or tailing factor criteria are not met 

it is indicative that instrument maintenance is necessary 
for the column and/or the injector port. 

 
10.1.6 All valid injections must be made within the 12-hour calibration period 

that begins with the time of the injection of the DFTPP.  Each injection 
thereafter must be recorded on the instrument run log (Attachment 3). 

 
10.2 Initial Calibration 
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10.2.1 An initial six-point calibration (“multipoint”) must be performed if a valid 

multipoint for the method has not already been analyzed on the instrument 
or if the continuing calibration standard (12-hour continuing calibration 
standard) does not meet all acceptance criteria. 

 
10.2.2 The initial calibration standards are at six concentration levels (10, 20, 50, 

80, 120, and 160 total ηg per 2 µL).  Each calibration standard contains 
each compound of interest and each surrogate.   

 
10.2.3 Allow the calibration standard solutions to equilibrate to room 

temperature.  Place an aliquot of each calibration standard solution in an 
amber 2 mL autosampler vial and place the vials on the instrument’s 
autosampler.   
 
Note: All injection volumes are 2 µL and are performed with a using 

cold needle.  
   

 
10.2.4 Initial Calibration Acceptance Criteria 
  

10.2.4.1 The System Performance Check Compounds (SPCCs) N-
Nitroso-di-n-propylamine, 2,4-Dinitrophenol, Hexa-
chlorocyclopentadiene, and 4-Nitrophenol must have an average 
response factor of ≥ 0.050. 

 
10.2.4.2 The Calibration Check Compounds (CCCs) Phenol, 1,4-

Dichlorobenzene, 2-Nitrophenol, Hexachlorobutadiene, 4-
Chloro-3-methylphenol, 2,4-Dichlorophenol, Acenaphthene, 
Pentachlorophenol, Diphenylamine, 2,4,6-Trichlorophenol, 
Fluoranthene, Di-n-octylphthalate and Benzo(a)pyrene have a 
maximum RSD of 30%.  

 
10.2.4.3 Each of the remaining compounds must have an average RSD of 

≤ 15% for the initial calibration to be acceptable. 
  

Note: For samples submitted to meet the regulatory 
requirements of the State of South Carolina, the non-CCC 
target analytes must not exceed 50% RSD. 

  
  10.2.5 Alternate Initial Calibration Acceptance Criteria 
    

If the initial calibration criteria in 10.2.4 are not met, the calibration 
options in section 10.2.5.1 or 10.2.5.2 are used. 
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10.2.5.1 A linear or quadratic regression is used.  The correlation 

coefficient must be ≥ 0.99 for the calibration curve to be 
acceptable.  To meet the requirements of the DoD-QSM the 
linear regression correlation coefficient must be ≥ 0.995. 

 
Note: Neither the SC DHEC nor the DoD-QSM accept the use 

of quadratic regression. 
 

10.2.5.2 The “grand mean” is used.  The mean of the RSD for all of the 
compounds present in the calibration standard is calculated and 
must be ≤ 15%.  The client must be provided with a list of the 
individual compounds that did not meet the ≤ 15% RSD criteria.   

 
Note: Calibration using the “grand mean” is not allowed by the 

SC DHEC or the DoD-QSM. 
 
10.2.6 Corrective Actions for the Initial Calibration 

  
10.2.6.1 Check the instrument operating conditions and perform 

maintenance as necessary.  It may be necessary to clean the ion 
source, perform column maintenance, change the column, or take 
other corrective action to achieve the technical acceptance 
criteria.   

    
10.2.6.2 Compare responses for the analytes in each of the standard levels 

to verify that a single standard analysis is not presenting results 
significantly higher or lower then the other standard analyses. If 
that is the case, the wrong standard may have been injected. Or 
the standard prepared incorrectly.  Reanalyze the standard and 
calculate the response factors and % RSD.   

  
10.2.6.3 The calibration range may be narrowed to determine if linearity 

can be achieved.  The highest or lowest calibration standard may 
be replaced with a lower or higher concentration. This may cause 
more dilution re-analyses, if the high level standard is replaced 
or change the reporting limit if the lower standard is replaced.   

 
10.2.6.4 If neither of the corrective actions in section 10.2.6.2 or 10.2.6.3 

produce an acceptable calibration, perform instrument 
maintenance and analyze a new initial calibration. 

 
10.3 Initial Calibration Verification 
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10.3.1 Inject 2 µL of second source ICV standard immediately after the initial 
calibration has been completed. 

 
10.3.2 All analytes must be in the range of ± 30% of the expected value.  An 

allowance is made that 10% of the analytes can be within 40% of the 
expected value. 
  
10.3.2.1 To meet the requirements of the DoD-QSM, all analyte 

recoveries in the ICV must be within ± 25% of the expected 
value.   

 
10.3.3 If criteria in 10.3.2 or 10.3.2.1 are not met, reanalyze the ICV standard.  If 

the ICV criteria are still not met, investigate and correct the problem, and 
analyze a new initial calibration. 

 
10.4 Continuing Calibration Verification 

 
10.4.1 Inject 2 µL of continuing calibration verification (CCV) standard at the 

beginning of the 12-hour period after the DFTPP acceptance criteria have 
been met.  The CCV standard is the mid-level initial calibration standard 
level (40 µg/mL). 

 
 
10.4.2 CCV Acceptance Criteria 

 
10.4.2.1 The internal standard retention times for the CCV standard must 

not differ from the corresponding internal standards in the mid-
point standard (80 ηg) in the most recent initial calibration by 
more that ± 0.5 minutes (30 seconds). 

 
10.4.2.2 The internal standard area responses for the CCV standard must 

be with ± 50 % of the corresponding internal standard area 
responses in the mid-point standard of the most recent initial 
calibration. 

 
10.4.2.3 The SPCCs (see 10.2.4.1) must have a minimum response factor 

of ≥ 0.050. 
 
10.4.2.4 The CCCs (see 10.2.4.2) must have a percent drift/difference of 

≤ 20.  
 
10.4.2.5 The remaining target compounds do not have defined % 

difference/drift criteria.  The lab has established a warning limit 
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of 50% and an action limit of 90% D.  These criteria are based 
strictly on established U.S. EPA data validation guidelines where 
values greater than 90% result in rejection of data. 

    
Note: For samples submitted to meet the regulatory 

requirements of the SC DHEC, the non-CCC have a 
warning limit of 40% D and an action limit of 50%D. 

 
10.4.3 If continuing calibration acceptance criteria cannot be met after inspection 

and normal maintenance, a new initial calibration is performed.   
 
 
11.0 Procedure 
 

Documentation must follow the requirements in Quality Control SOP 13.6, “Proper 
Documentation Procedures”.  The run log (Attachment 3) must contain the date and time 
of the injection, the volume of the extract injected, standard identification numbers, 
sample identification numbers, case/SDG numbers, any comment relevant to the 
injection, and any preventive maintenance performed.  Preventive maintenance includes 
front-end maintenance, rear end maintenance, and tuning the instrument.  Any major 
maintenance, i.e., changing the source or column, is recorded in the instrument 
maintenance logbook. 

 
11.1 Calibrate the GC/MS as outlined in section 10.0 

 
 11.2 Instrument settings 
 

11.2.1 GC Conditions 
  

• Injector    Split/Splitless   
• Carrier Gas   Helium   
• Injection Port Temp (°C) 280 – 320   
• Sweep Flow (ml/min)  100   
• Column Flow (ml/min)  1.5 – 2.7   
• Initial Temp (°C)  40   
• Hold (min)   2 
• Ramp Rate (°C/min)  15 – 25 
• Final Temp (°C)   305 – 315  
• Hold (min)   2 – 7   
• Transfer Line Temp (°C) 280 – 310 

 
Note: GC conditions may vary with regular instrument maintenance. 
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11.2.2 Mass Spectrometer Scanning parameters 
 

• Low Mass: 35 amu 
• High Mass: 500 amu 
• Threshold: 150 amu 
• Scan time: ≤ 1 second 
• Electron energy: 70 volts (nominal) 

 
11.3 Sample Analysis 

 
11.3.1 Allow the sample extracts to equilibrate to room temperature.  Aliquot 50 

μL of methylene chloride into an autosampler vial.  Add 50 μL of the 
sample extract and 2.5 μL of internal standard solution (800 ηg/μL).  
Close each vial with a crimp-top cap containing a Teflon® septa.  Transfer 
vials to the instrument’s autosampler for analysis.  All injections are made 
using the cold needle injection technique.  The injection volume is 2.0 µL 
and this will yield 40 ηg per 2 μL on column of each of the internal 
standards. 

 
11.3.2 Type the sample information into the autosampler sequence in HP 

ChemServer and start the analyses. All valid injections must be made 
within the 12-hour calibration period that begins at the moment of 
injection of the DFTPP.  The DFTPP and each injection thereafter must be 
recorded on the instrument run log (Attachment 3). 

 
11.4 Sample Processing 

 
 11.4.1 Process each sample by entering the sample preparation information from 

the extraction sheet into the corresponding field on the Target3 (Einstein) 
data system. 

  
  11.4.2 If any of the internal standards, surrogates, or spike compounds are 

missing or failing, check the peak integration in “Target Review”.  
Changes can be made in Target Review and EICPs can be generated.  Any 
compound for which manual peak integration has been performed will 
have an “M” flag displayed on the quantitation report.  These entries must 
be assigned a numerical code and the analyst’s initials and the date must 
appear on each quantitation report page containing an “M” flag. 

 
  11.4.3 The GC/MS analyst has the initial review responsibility.  The analyst must 

ensure that the internal standard, surrogate recovery, and spike recovery 
acceptance criteria are met for each field and QC sample and that all target 
analyte concentrations are within the calibration range. 
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 11.4.4 If internal standards do not meet acceptance criteria in section 9.0, the 

sample must be re-injected to confirm a matrix effect or discount a miss-
injection. 

  
 11.4.5 If surrogates do not meet acceptance criteria in section 9.0 and there are 

no problems with the surrogate or internal standard solutions, the sample 
must be scheduled for re-extraction and reanalysis.  Re-extraction is not 
needed, if the sample was used and the original for duplicate matrix spikes 
and those analyses produced similar surrogate recoveries. 

  
 11.4.6 If the on-column amount of any target analyte exceeds the initial 

calibration range, the extract must be diluted, internal standard added, and 
the sample re-injected. 

 
11.5. Target Compound Identification 

 
11.5.1 The mass spectrum of the sample compound and a laboratory library-

generated spectrum must match according to the following criteria. 
 
• All ions present in the library mass spectrum at a relative intensity 

>10% must be present in the sample spectrum. 
 

• The relative intensities of ions specified above must agree within ± 20% 
between the library and sample spectra. 

 
• Ions >10% in the sample spectrum but not present in the library 

spectrum must be considered and accounted for. 
 

11.5.2 If a compound analyzed by GC/MS techniques cannot be verified by all of 
the criteria listed above, but in the technical judgment of the mass spectral 
interpretation specialist the identification is correct, then the laboratory 
will report that identification. 

 
11.6 Tentatively Identified Compound (TIC) Identification  

 
11.6.1 TIC compounds are identified by comparing the mass spectra from the 

non-target compounds to mass spectra contained in the National Institute 
of Standards and Technology (NIST) Mass Spectral Library.  TIC 
compounds are quantified by comparing the MS response of the peak from 
the reconstructed ion chromatogram (RIC) to the MS response for a peak 
produced by the nearest internal standard compound.  A response factor of 
1 is assumed. 
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12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the Quality Control SOP 13.4, “Numerical Data 
Reduction”. 

 
12.1 Calculation of the mean or average of a set of values: 

 

n

X
X

n

i
i∑

== 1  

 
where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  

 
12.2 Calculation of the standard deviation of a set of values: 
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12.3 Calculation of percent recovery: 

 
12.3.1 LCS and surrogates: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  

 
12.3.2 Matrix spikes: 
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12.4 Calculation of % RSD 

 
%RSD

X
= ⎛
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Standard deviation   100  

 
12.5 Calculation of RPD 
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100  

 



Section No. 2.5.2.7 
Revision No. 11 
Date:  December 15, 2006 
Page 20 of 42 

 

ORIGINAL              MASTER COPY             CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

12.6 Calculation of %Difference (%D) 

100 x 
value Reference

value ReferenceValue%Diff −
=  

 
12.7 Relative Response Factor 

 

CxxisA
isCxAx

RRF
)(

)(
=  

where: Ax = Area of the characteristic ion (EICP) for the compound to be 
measured 

A(is) = Area of the characteristic ion (EICP) for the specific 
internal standard  

C(is) = Concentration of the internal standard (in μg/l) 
Cx = Concentration of the compound to be measured 

 
 12.8 Linear Calibration using Least Squares Regression 
 
  baxy +=  
   
  where:  y = Instrument response (peak area) 
    a = Slope of the line (coefficient of x) 
    x = Concentration of the calibration standard 
    b = The intercept 
 

12.9 Concentration 
 

12.9.1 Concentration of aqueous samples by GC/MS analysis 
 

))()()((
))()()((/

ViVoRRFAis
DfVtIsAxLg =μ  

 
where: Ax = area of the characteristic ion from the EICP for the 

compound to be measured 
Ais = area of the characteristic ion for the EICP for the internal 

standard 
Is = amount of internal standard injected (ηg) 

RRF = mean relative response factor from initial calibration 
standards 

Vo = volume of water extracted (mL) 
Vi = volume of extract injected (μL) 
Vt = volume of the concentrated extract (μL) 
Df = dilution factor.  If no dilution, Df = 1.0 
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12.9.2 Concentration of soil samples (dry weight basis) by GC/MS 

 

))()()()((
)0.2)()()()((/

DWsViRRFAis
DfVtIsAxkgg =μ  

 
where: Ax, Ais, Is, Vt, Vi, RRF , and Df are the same as given for water 

2.0 = GPC factor (if used) 
Ws = weight of sample extracted, in grams 
D (dry weight)= 100 - % moisture 

100 
12.9.3 Concentration of water and soil samples (dry weight basis) by GC/MS 

using quadratic (second order) fit in Target:  
 
 [ ] ( ) ( )[ ]2^21 RspmRspmbny ++=  
 
 where:  b = constant 

m1 = multiplier for the unsquared term 
m2 = multiplier for the squared term 
x = area of analyte/area of Internal Standard 
n = amount of Internal Standard 
y = amount in ng on column 

   Rsp = area of analyte/area of Internal Standard 
    

Example: Area of acenapthene = 35659 
   Area of IS = 613275 
   b = -0.0909161 
   m1 = 9.605304 
   m2 = 7.132688 
   ηg of IS = 250 
   response = 35659/613275 = 0.058145 
  

Amount in ηg on column =  
 

( )[ ] gxxg ηη 9.1222^058145.0132688.7058145.0605304.90909161.0250 =++−  
 

))((
))()((/)(

ViVo
VtDfyLgwaterionConcentrat =μ  

 

))()((
))()()((/)(

DWsVi
VtUfDfyKggsoilionConcentrat =μ  
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where: 

Uf = unit of correction for GPC, if used 
 
12.9.4 Concentration of soil samples (dry weight basis) by GC/MS using linear 

regression analysis:  
 

 baC
A
CA

s
is

iss
+=  

 
 

a

b
A
CA

C is

iss

s

⎥⎦
⎤

⎢⎣
⎡ −

=  

 
where:  As = Area of the target analyte peak in the sample 
  Ais = Area of the internal standard peak 
  Cs = Concentration of the target analyte on column 
  Cis = Concentration of the internal standard 
  a = Slope of the line (coefficient of Cs) 
  b = The intercept 
 

))((
))()((/(water) 

ViVo
VtDfCsLgionConcentrat =μ  

 

))()((
))()()((/(soil) 

DWsVi
VtUfDfCsKggionConcentrat =μ  

12.9.5 Concentration of TICs 
 

))()((1) (
))()(()(g/L (water) 

ViVoRFxISArea
VtDfStdAmountxTICAreaAmountTIC =μ  

 
 

))()()((1) (
))()()(()(g/Kg (soil) 

DWsViRFxISArea
VtUfDfStdAmountxTICAreaAmountTIC =μ  

where: Area (TIC) = area response from RIC for non-target 
compound 

Amount (Std) = amount of internal standard added to the 
sample, in μg/L 
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Area (IS) = area response of the nearest internal 
standard in the reconstructed ion 
chromatogram 

1(RF) = assumed response factor of 1 
 

12.10 Calculating Dilutions 
 
If a sample concentration exceeds the high level standard a dilution must be 
performed.  Determine a level of dilution that will result in a value within the 
upper half of the calibration range.  This is an acceptable dilution.  A 10x dilution 
is generally performed using 100 µL sample plus 900 µL diluent for a total 
volume of 1.0 mL.  It should be recorded on the run log as “10x.” 

 
12.11 Percent Breakdown of DDT in DFTPP Solution 

 

100
)(
)(

% x
areaspeakallofSummationDDEDDDDDT
areaspeakradationdegofSummationDDEDDD

DDT
++

+
=  

 
12.12 Tailing Factor for Benzidine and Pentachlorophenol 

 
12.12.1 See the diagram, Attachment 4. 

 
13.0 Method Performance 

This method was validated through in-house laboratory studies of method detection 
limits and precision and accuracy for single analyst.  The data are retained by the QA 
department. 

14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  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 thing.  See SOP 12.1, Hazardous Waste Disposal, 
regarding laboratory procedures for recycling solvent waste streams. 

 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
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land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. See SOP 12.1, Hazardous 
Waste Disposal, regarding laboratory procedures for recycling solvent waste streams.  
 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 
 

16.0 References 
 

16.1 Test Methods for Evaluating Solid Waste, Physical/Chemical Methods. SW-846, 
3rd Edition, Update 3, December, 1996, Method 8270C 

 
16.2 Standard Methods for the Examination of Water and Wastewater, 20th (1998) 

Edition, Method 1080 
 

16.3 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 

 
16.4 Quality Control SOP 13.6, “Proper Documentation Procedures” 
 
16.5 Quality Control SOP 13.4, “Numerical Data Reduction” 

 
16.6 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 
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16.8 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 

Quality-Related Operations EPA/600/R-96/027, November 1995. 
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17.0 Attachments as Tables, Diagrams, Flowcharts   
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17.1 Attachment 1 – Target Compounds, Corresponding Internal Standards, and 
Quantitation Ions  

 
17.2 Attachment 2 – Additional Appendix IX Analytes 

 
17.3 Attachment 3 – Semivolatile Instrument Run Log 

 
17.4 Attachment 4 - Peak Tailing Factor Demonstration 

 
17.5 Attachment 5 - In-house LCS Control Limits 

 
17.6 Attachment 6 – DoD-QSM LCS Control Limits 
 
17.8 Attachment 7 - Matrix Spike Relative Percent Differences 
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Attachment 1 
 

Target Compounds, Corresponding Internal Standards, and Quantitation Ions 
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Attachment 1 (continued) 
 

Target Compounds, Corresponding Internal Standards, and Quantitation Ions 
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Attachment 1 (continued) 
 

Target Compounds, Corresponding Internal Standards, and Quantitation Ions 

 
$ Surrogate 
 
* Internal Standard 
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Attachment 2  
 

Appendix IX Compounds (Additional non-routine/project-specific analytes) 
 

Compounds Internal 
Standard 

Primary 
Quantitation Ions 

Secondary 
Quantitation Ions 

Ethylmethacrylate 1 69 99, 114 
2-Picoline 1 93 66, 92 
Nitrosomethylethylamine 1 88 42, 43 
Methyl methanesulfonate 1 79, 65 
n-Nitrosodiethylamine 1 102 56, 42 
Ethyl methanesulfonate 1 79 109, 97 
Aniline 1 93 66, 65 
Pentachloroethane 1 167 165, 117 
Benzyl alcohol 1 108 77, 79 
n-Nitrosopyrrolidine 1 100 41, 68 
n-Nitrosomorpholine 1 116 86, 56 
o-Toluidine hydrochloride 1 100 107, 89 
n-Nitrosopiperidine 1 114 55, 42 
Benzoic acid 2 122 105, 77 
O,o,o-Triethylphosphorothioate 2 198 170, 115 
2,6-Dichlorophenol 2 162 164, 126 
Hexachloroprene 2 213 215, 211 
n-Nitroso-di-n-butylamine 2 84 57, 41 
p-Phenylenediamine 3 108 80, 54 
Safrole 2 162 104, 77 
1-Methylnaphthalene 2 142 141, 115 
1,2,4,5-Tetrachlorobenzene 3 216 218, 214 
Isosafrole 3 162 104, 131 
1,4-Naphthoquinone 3 158 102, 130 
1,3-Dinitrobenzene 3 168 122, 75 
Pentachlorobenzene 3 250 252, 215 
1-Naphthylamine 3 143 115, 89 
2,3,4,6-Tetrachlorophenol 3 232 234, 166 
2-Naphthylamine 3 143 115, 116 
Zinophos 3 97 143, 107 
5-Nitro-o-toluidine 3 152 106, 77 
Diphenylamine 4 169 168, 167 
1,2-Diphenylhydrazine 3 77 182, 105 
Sulfotepp 3 322 202 
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Attachment 2 (continued) 
 

Appendix IX Compounds (Additional non-routine/project-specific analytes) 
 

Compounds Internal 
Standard 

Primary 
Quantitation Ions 

Secondary 
Quantitation Ions 

1,3,5-Trinitrobenzene 4 75 213, 120 
Diallate (trans isomer) 4 86 234, 43 
Phorate 4 75 121, 97 
Phenacetin 4 108 109, 179 
Diallate (cis isomer) 4 86 234, 43 
Dimethoate 4 87 125, 93 
4-Aminobiphenyl 4 169 168, 170 
Pentachloronitrobenzene 4 237 295, 142 
Pronamide 4 173 175, 145 
Disulfoton 4 88 97, 89 
Methyl parathion 4 109 125, 263 
Parathion 4 109 97, 291 
4-Nitroquinoline-1-oxide 4 190 128, 75 
Methapyrilene 4 97 191, 71 
Isodrin 4 193 195, 263 
p-Dimethylaminoazobenzene 5 225 120, 77 
Chlorobenzilate 5 251 139, 253 
Famfur 5 218 93, 125 
3,3’-Dimethylbenzidine 5 212 106, 180 
2-Acetylaminofluorene 5 181 180, 223 
7,12-Dimethylbenz(a)anthracene 6 256 239, 241 
3-Methylcholanthrene 6 268 252, 126 
1,3,5-Trinitrobenzene 4 75 213, 120 
Diallate (trans isomer) 4 86 234, 43 
Phorate 4 75 121, 97 
Phenacetin 4 108 109, 179 
Diallate (cis isomer) 4 86 234, 43 
Dimethoate 4 87 125, 93 
4-Aminobiphenyl 4 169 168, 170 
Pentachloronitrobenzene 4 237 295, 142 
Pronamide 4 173 175, 145 
Disulfoton 4 88 97, 89 
Methyl parathion 4 109 125, 263 
Parathion 4 109 97, 291 
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Attachment 3 
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Attachment 4 
 
 

 
 
 
 
 
 
 
 
 
 
 

Attachment 5 
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In-House LCS Recovery Limits  

 

Semivolatile Compound Soil 
(% Recovery) 

Marginal 
Exceedance 

(% Recovery) 
N-Nitrosodiphenylamine 20-118 10-135 
Pyridine 20-100 10-160 
Benzaldehyde 20-100 10-160 
Phenol 38-112 26-123 
bis (2-Chloroethyl)ether 30-112 16-125 
2-Chlorophenol 30-100 10-160 
1,3-Dichlorobenzene 21-104 10-118 
1,4-Dichlorobenzene 21-104 10-118 
Benzyl alcohol 40-107 29-118 
1,2-Dichlorobenzene 24-108 10-122 
2-Methylphenol 42-110 30-121 
2,2’-Oxybis (1-chloropropane) 24-107 10-121 
Acetophenone 32-105 20-117 
3/4-Methylphenol 38-114 26-127 
n-Nitroso-di-n-propylamine 23-130 10-147 
Hexachloroethane 20-105 10-120 
Nitrobenzene 20-135 10-156 
Isophorone 39-114 27-126 
2-Nitrophenol 33-119 19-133 
2,4-Dimethylphenol 43-117 31-130 
bis (2-Chloroethoxy)methane 39-107 24-118 
2,4-Dichlorophenol 42-119 29-132 
1,2,4-Trichlorobenzene 32-112 19-126 
Naphthalene 38-118 24-132 
4-Chloroaniline 26-129 10-146 
Hexachlorobutadiene 31-118 16-132 
Caprolactam 45-122 32-134 
4-Chloro-3-methylphenol 46-120 34-132 
2-Methylnaphthalene 39-111 27-123 
1-Methylnaphthalene 39-112 27-124 
Hexachlorocyclopentadiene 20-134 10-160 
2,4,6-Trichlorophenol 46-127 33-141 
2,4,5-Trichlorophenol 52-122 40-134 
1,1’-Biphenyl 42-116 30-126 
2-Chloronaphthalene 11-112 33-123 
2-Nitroaniline 50-109 40-118 

 
Attachment 5 (continued) 
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In-House LCS Recovery Limits  
 

Semivolatile Compound Soil 
(% Recovery) 

Marginal 
Exceedance 

(% Recovery) 
Dimethylphthalate 50-120 39-132 
2,6-Dinitrotoluene 47-119 35-131 
Acenaphthylene 50-125 38-137 
3-Nitroaniline 43-100 34-160 
Acenaphthene 50-126 37-138 
2,4-Dinitrophenol 20-121 10-140 
4-Nitrophenol 26-145 10-160 
2,4-Dinitrotoluene 50-125 37-137 
Dibenzofuran 47-116 36-127 
Diethylphthalate 51-123 39-135 
4-Chlorophenyl-phenylether 52-123 40-135 
Fluorene 52-128 40-141 
4-Nitroaniline 42-100 32-160 
4,6-Dinitro-2-methylphenol 32-127 16-143 
n-Nitrosodiphenylamine 46-125 33-125 
1,2-Diphenylhydrazine 48-110 38-110 
4-Bromophenyl-phenylether 53-122 42-134 
Hexachlorobenzene 49-126 36-139 
Atrazine 22-100 10-160 
Pentachlorophenol 35-132 19-148 
Phenanthrene 51-129 38-143 
Carbazole 45-135 30-150 
Anthracene 53-136 40-149 
di-n-Butylphthalate 49-121 37-133 
Fluoranthene 56-134 43-147 
Benzidine 20-150 10-160 
Pyrene 48-136 34-151 
Butylbenzylphthalate 42-137 36-153 

 
 
 
 
 
 

Attachment 5 (continued) 
 

In-House LCS Recovery Limits  
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Semivolatile Compound Soil 
(% Recovery) 

Marginal 
Exceedance 

(% Recovery) 
3,3’-Dichlorobenzidine 21-100 10-160 
Bis (2-Ethylhexyl) phthalate 37-133 21-149 
Benzo(a)anthracene 57-134 44-147 
Chrysene 53-135 39-148 
Di-n-Octylphthalate 43-138 26-154 
Benzo(b)fluoranthene 48-130 35-143 
Benzo(k)fluoranthene 61-141 47-155 
Benzo(a)pyrene 60-131 48-142 
Indeno(1,2,3-cd)pyrene 47-137 32-152 
Dibenz(a,h)anthracene 51-127 38-139 
Benzo(g,h,i)perylene 43-129 29-142 

 
 

Note: LCS recovery limits are based on in-house performance statistics.  A subset of 
analytes may be reported, depending on project requirements.  While the limits 
were statistically derived, from actual laboratory data, it is expected that a 
minimum of 40% recovery is achieved for the vast majority of analytes. 
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Attachment 5 (continued) 
 

Semivolatile Compound Aqueous 
(% Recovery) 

Marginal 
Exceedance 

(% Recovery) 
N-Nitrosodiphenylamine 20-100 10-120 
Pyridine 20-100 10-120 
Benzaldehyde 20-100 10-117 
Phenol 20-100 10-120 
bis (2-Chloroethyl)ether 31-100 20-120 
2-Chlorophenol 23-100 15-120 
1,3-Dichlorobenzene 24-100 13-120 
1,4-Dichlorobenzene 25-100 15-120 
Benzyl alcohol 29-100 19-120 
1,2-Dichlorobenzene 27-100 16-101 
2-Methylphenol 25-100 13-120 
2,2’-Oxybis (1-chloropropane) 24-100 13-120 
Acetophenone 39-100 29-105 
3/4-Methylphenol 24-100 15-120 
N-Nitroso-di-n-propylamine 34-101 23-112 
Hexachloroethane 28-100 18-120 
Nitrobenzene 20-131 10-150 
Isophorone 43-105 32-115 
2-Nitrophenol 39-103 28-113 
2,4-Dimethylphenol 19-109 10-120 
bis (2-Chloroethoxy)methane 35-110 25-106 
2,4-Dichlorophenol 39-103 28-113 
1,2,4-Trichlorobenzene 36-101 25-111 
Naphthalene 40-104 29-114 
4-Chloroaniline 25-115 10-130 
Hexachlorobutadiene 29-103 17-115 
Caprolactam 20-100 10-120 
4-Chloro-3-methylphenol 41-103 30-113 
2-Methylnaphthalene 40-100 30-110 
1-Methylnaphthalene 39-100 29-109 
Hexachlorocyclopentadiene 20-123 10-143 
2,4,6-Trichlorophenol 46-113 35-124 
2,4,5-Trichlorophenol 41-119 29-132 
1,1’-Biphenyl 49-109 36-119 
2-Chloronaphthalene 46-105 36-115 
2-Nitroaniline 34-107 22-119 
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Attachment 5 (continued) 
 

Semivolatile Compound Aqueous 
(% Recovery) 

Marginal 
Exceedance 

(% Recovery) 
Dimethylphthalate 53-116 43-127 
2,6-Dinitrotoluene 51-115 40-126 
Acenaphthylene 50-115 39-126 
3-Nitroaniline 20-110 10-125 
Acenaphthene 53-118 43-128 
2,4-Dinitrophenol 20-102 10-118 
4-Nitrophenol 10-100 10-120 
2,4-Dinitrotoluene 52-119 41-131 
Dibenzofuran 50-107 41-129 
Diethylphthalate 52-118 45-111 
4-Chlorophenyl-phenylether 51-117 40-128 
Fluorene 53-121 41-132 
4-Nitroaniline 20-110 10-129 
4,6-Dinitro-2-methylphenol 38-116 25-129 
N-Nitrosodiphenylamine 52-117 41-127 
1,2-Diphenylhydrazine 38-105 27-117 
4-Bromophenyl-phenylether 51-115 41-125 
Hexachlorobenzene 52-116 41-126 
Atrazine 20-100 10-120 
Pentachlorophenol 20-100 10-150 
Phenanthrene 56-121 45-131 
Carbazole 39-115 27-127 
Anthracene 55-127 43-139 
Di-n-butylphthalate 51-114 41-124 
Fluoranthene 58-124 47-134 
Benzidine 20-150 10-160 
Pyrene 48-131 34-145 
Butylbenzylphthalate 41-118 28-131 
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Attachment 5 (Continued) 
 

Semivolatile Compound Aqueous 
(% Recovery) 

Marginal 
Exceedance 

(% Recovery) 
3,3’-Dichlorobenzidine 20-100 10-120 
Bis (2-Ethylhexyl) phthalate 47-121 35-133 
Benzo(a)anthracene 53-128 41-140 
Chrysene 50-130 36-143 
Di-n-octylphthalate 30-148 10-160 
Benzo(b)fluoranthene 41-130 26-145 
Benzo(k)fluoranthene 39-150 19-160 
Benzo(a)pyrene 46-135 31-150 
Indeno(1,2,3-cd)pyrene 47-138 32-154 
Dibenz(a,h)anthracene 47-134 32-148 
Benzo(g,h,i)perylene 42-132 27-147 
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Attachment 6  
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Attachment 6 (continued) 
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Attachment 7 
 

Matrix Spike Relative Percent Differences 
Semivolatile Compound Aqueous Solid 

N-Nitrosodiphenylamine 50 50 
Pyridine 50 50 
Benzaldehyde 50 42 
Phenol 46 39 
bis (2-Chloroethyl)ether 46 39 
2-Chlorophenol 42 37 
1,3-Dichlorobenzene 50 47 
1,4-Dichlorobenzene 50 46 
Benzyl alcohol 41 36 
1,2-Dichlorobenzene 50 42 
2-Methylphenol 50 32 
2,2’-Oxybis (1-chloropropane) 48 40 
Acetophenone 47 41 
3/4-Methylphenol 50 40 
N-Nitroso-di-n-propylamine 50 42 
Hexachloroethane 50 43 
Nitrobenzene 44 37 
Isophorone 50 40 
2-Nitrophenol 47 39 
2,4-Dimethylphenol 50 31 
2,4-Dinitrophenol 50 46 
4-Nitrophenol 50 35 
2,4-Dinitrotoluene 44 34 
Dibenzofuran 45 33 
Diethylphthalate 45 31 
4-Chlorophenyl-phenylether 47 33 
Fluorene 49 32 
4-Nitroaniline 50 42 
4,6-Dinitro-2-methylphenol 50 38 
N-Nitrosodiphenylamine 50 31 
1,2-Diphenylhyhydrazine 50 28 
4-Bromophenyl-phenylether 47 37 
Hexachlorobenzene 42 32 
Atrazine 50 31 
Pentachlorophenol 50 48 
Phenanthrene 50 33 
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Attachment 7 (continued) 
 

Matrix Spike Relative Percent Differences 

Semivolatile Compound Aqueous Solid 

Anthracene 50 31 
Carbazole 50 32 
Di-n-butylphthalate 40 29 
Fluoranthene 50 36 
Benzidine 50 50 
Pyrene 50 31 
Butyl benzylphthalate 48 27 
3,3’-Dichlorobenzidine 50 50 
Bis (2-ethylhexyl)phthalate 49 44 
Benzo(a)anthracene 50 35 
Chrysene 50 35 
Di-n-octylphthalate 50 33 
Benzo(b)fluoranthene 50 39 
Benzo(k)fluoranthene 50 40 
Benzo(a)pyrene 50 29 
Indeno(1,2,3-cd)pyrene 50 29 
Dibenzo(a,h)anthracene 50 31 
Benzo(g,h,i)perylene 50 31 
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Instrument Procedure 481B: GC/MS Analysis of Low Concentration Volatiles in 
Soil/Sediment/Sludge Samples by SW-846 and NYSASP 

 
1.0 Scope and Application 
 

This is a general purpose procedure for the identification and simultaneous measurement 
of purgeable volatile organic compounds in a variety of solid matrices following Method 
8260B and incorporating Method 5035.  The method is applicable to a wide range of 
organic compounds.  Target compounds that may be analyzed by this method are listed in 
Table 1, Attachment 1, along with their associated internal standards and quantitation 
ions.  Note, however, that many of these compounds are not routinely analyzed. 

 
Method detection limits (MDL) and reporting limits are shown in Attachment 3.  The 
reporting limit is the low level calibration standard concentration. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of analysts experienced in 
the instrumentation or preparative methods and who have demonstrated the ability to 
generate acceptable results through QC samples and analyst capability studies. 

 
2.0 Summary of Method 
 

Low concentration level volatiles in soil/sediment/sludge samples are analyzed using a 
closed system purge and trap technique (Method 5035).  Field samples are collected in 
vials containing a preservative solution (sodium bisulfate), immediately sealed and 
shipped to the laboratory at 4°C ± 2°C.  Alternatively, an EnCore sampling device (or 
equivalent) is used to obtain a 5g or 25g sample that does not contain headspace.  When 
the EnCore device is used, it is sent refrigerated to the laboratory and, within 48 hours of 
sampling, a weighed aliquot must be transferred to a vial containing a sodium bisulfate 
solution. 

 
A special autosampler is used for the analysis.  This device allows the sample vial to 
remain closed while reagent water and a solution containing internal standards and 
surrogates are injected by a needle through the septum.  The device allows the mixture in 
the sample vial to be stirred, using a magnetic stir bar.  The needle used to pierce the 
septum to deliver the water, internal standards, and surrogates is then the source of an 
inert gas which is introduced at the top of the sample vial.  The same needle has entrance 
holes located above the sample/water level to collect and transfer the headspace onto a 
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sorbent column, where the purgeables are trapped.  The autosampler also provides for 
heating the sample vial to 40°C while the contents are being stirred and the sample 
constituents purged and trapped.  After purging is completed, the sorbent column is 
heated and backflushed with the inert gas to desorb the purgeables onto a gas 
chromatograph (GC) wide-bore capillary column.  The GC is temperature-programmed 
to separate the purgeables that are then detected with a mass spectrometer (MS). 

 
3.0 Definitions 
 

3.1 Method detection limit (MDL) – The minimum concentration of an analyte that 
can be measured and reported with 99% confidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix 
containing the analyte (40 CFR, Part 136, Appendix B.) 

 
3.2 Reporting Limit – The laboratory reporting limit is based on the lowest multipoint 

calibration standard concentration.  For organic methods, values detected below 
the reporting limit and above the MDL may be reported and qualified as an 
estimated concentration. 

 
If the low level standard concentration is not at least three times higher than the 
MDL value, the standard concentration is adjusted upward in order to achieve this 
minimal ratio.  It may be adjusted higher than three times depending on the 
concentration range of the calibration curve and the ability to meet method 
linearity requirements.  An exception to this is for CLP methods where the MDL 
is only required to be lower than the reporting limit. 

 
The reporting limit for CLP is the Contract Required Quantitation Limit (CRQL) 
for organics and the Contract Required Detection Limit (CRDL) for inorganics. 

 
3.3 Reporting Units – ug/kg 

 
3.4 An SDG is defined by the following, whichever is more frequent: 

 
• each 20 field samples received within a case, or 

 
• each 7 calendar day period during which field samples in a case are received 

(14 calendar days if requested by the client) beginning with the receipt of the 
first sample. 

 
NOTE: The Army Corps of Engineers (USACE) and SC DHEC do not accept 

the SDG approach, unless the samples are prepared in a single batch.  
When a group of up to 20 field samples of a similar matrix are 
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prepared as one batch, method-specified QC samples such as a method 
blank, laboratory control sample, matrix spike, matrix spike duplicate, 
and matrix duplicate must also be prepared together at a rate of 5%.  If 
samples are batched together from different sites, project-specific QC 
must be processed. 

 
3.5 SC DHEC – South Carolina Department of Health and Environmental Control 

 
4.0 Interferences 
 

4.1 Impurities in the purge gas or methanol, organic compounds out-gassing from the 
plumbing ahead of the trap, and solvent vapors in the laboratory account for the 
majority of contamination problems. Gas lines from the gas tanks to the 
instrument must be either stainless steel or copper tubing.  Non- 
polytetrafluoroethylene (PTFE) thread sealants, or flow controllers with rubber 
components are not to be used.  When potential interfering peaks are noted in 
laboratory method blanks, it may be necessary to reduce solvent contamination in 
the laboratory, purge the methanol used to prepare standard solutions, purge the 
reagent water with helium or nitrogen, change the purge gas source, or regenerate 
the molecular sieve purge gas filter. 

 
4.2 Samples can be contaminated by diffusion of purgeable organics (particularly 

methylene chloride, fluorocarbons, and other common laboratory solvents) 
through the septum seal into the sample during storage and handling.  Therefore, 
these samples are stored in GC/MS VOA laboratory refrigerator #5; separate from 
laboratory standards, and they must be analyzed in a room in which the 
atmosphere is demonstrated to be free of all potential contaminants that will 
interfere with the analysis.  Because methylene chloride will permeate PTFE 
tubing, all GC carrier gas lines and purge gas plumbing are to be constructed from 
stainless steel or copper tubing. 

 
4.3 Contamination by carryover can occur whenever a sample is analyzed after a 

sample that contains high levels of organic compounds.  Whenever an unusually 
concentrated sample is encountered, it must either be followed by analysis of an 
instrument blank or the next sample must be closely monitored to check for cross-
contamination.  For samples containing large amounts of water soluble materials, 
high boiling compounds, or high purgeable levels, it may be necessary to clean 
the purge and trap apparatus by purging a 10-20% methanol solution, followed by 
baking the purge and trap apparatus and the analysis of an instrument blank to 
confirm that the system is free from contamination.  The trap and other parts of 
the system are also subject to contamination; therefore, frequent bakeout and 
purging of the entire system may be required. 
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4.4 Instrument Problems/Preventative Maintenance 

 
4.4.1 If a low response is observed for the early eluting compounds such as the 

gases, replacement of the trap or septum may be necessary.  In addition, 
adjustments to the purge flow may be necessary to achieve a desired 
response for these compounds.  If such adjustments do not help, it may be 
necessary to check the fittings on the purge and trap device and on the 
column for leaks.  This is done with a helium leak detector and certain 
software utility programs. 

 
4.4.2 Column maintenance or replacement may be necessary if peak tailing or 

broad chromatographic peaks are observed. 
 
5.0 Safety 
 

5.1 The toxicity and carcinogenicity of many chemicals used in this method have not 
been precisely determined: each chemical should be treated as a potential health 
hazard.  Exposure to these chemicals should be minimized.  Preparation of 
calibration standards, blanks, and samples is performed in a fume hood to 
minimize risk. 

 
5.2 The following method analytes have been tentatively classified as known or 

suspected human or mammalian carcinogens: benzene, carbon tetrachloride, 1,2- 
dichloroethane, 1,1,2,2-tetrachloroethane, 1,1,2- trichloroethane, chloroform, 1,2-
dibromoethane, trichloroethene, and vinyl chloride. 

 
5.3 Appropriate protective equipment and clothing must be used under the 

assumption that all samples are potentially hazardous.  During sample 
preparation, safety glasses, gloves and lab coats are a minimum requirement.  The 
persistent presence of noxious odors may be indicative of failure of the laboratory 
ventilation system and must be reported to a supervisor or manager. 

 
5.4 Laboratory staff are encouraged to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets (MSDS) for solvents and 
reagents used in the laboratory.  The MSDS are located in the Quality Assurance 
department. 

 
6.0 Equipment & Supplies 
 

6.1 Syringes 
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6.1.1 5-mL Hamilton gastight syringe with Luerlock tip 
 
6.1.2 10-mL Hamilton gastight syringe with Luerlock tip 
 
6.1.3 25-mL Hamilton gastight syringe with Luerlock tip 

 
6.1.4 10-µl Hamilton syringe 

 
6.1.5 1-µl Hamilton syringe 

 
6.2 Volumetric Flasks and Pipets 

 
6.2.1 Assorted volumetric flasks ranging from 50-mL to 1000-mL 

 
6.2.2 10-mL graduated pipet in 1/10-mL graduations 

 
6.3 Vials 

 
6.3.1 40 mL screw-top, PTFE-lined, septum-sealed vials, each containing a 

magnetic stirring bar. 
 
 6.4 Analytical Column 
 

6.4.1 Supelco SPB-624 60-m, 0.32mm ID with 1.8 um film thickness 
 

6.4.2 Restek RTX-VMS 20-m, 0.18mm ID with 1 um film thickness 
 

6.5 Mass Spectrometer (MS) 
 

6.5.1 The MS scans 35-300 amu at 0.7-sec scan time in the electron impact 
mode at 70 eV (nominal). 

 
6.5.2 Hewlett Packard 5890 GC 

 
6.5.3 Hewlett Packard 6890 GC 

 
6.5.4 Hewlett Packard 5972 MSD 

 
6.5.5 Finnigan INCOS 500 mass spectrometers 

 
6.6 Interface (GC to MS) 
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6.6.1 Type: 
 

6.6.1.1 Jet separator 
 

6.6.1.2 Direct capillary interface 
 

6.6.2 Temperature: 250°C 
 

6.6.3 Alternate: column direct to MS 
 

6.7 Data System 
 

6.7.1 A computer is interfaced to the mass spectrometer to allow the continuous 
acquisition and storage on machine-readable media of all mass spectra 
obtained throughout the duration of the chromatographic program. 

 
6.7.2 The data processing software searches any GC/MS data file for ions of 

specified mass and plots abundance versus time or scan numbers.  This 
type of plot is defined as an Extracted Ion Current Profile (EICP).  The 
software integrates the abundance in any EICP between specified time or 
scan number limits.  Also, for the non-target compounds, the software 
compares sample spectra against reference library spectra. The reference 
library used is the NIST Mass Spectral Library. 

 
6.7.3 For data acquisition, The INCOS 500 systems use Prolab software on 

Pentium computers. 
 

6.7.4 For data acquisition, the Hewlett Packard systems use ChemStation 
software on Pentium computers. 

 
6.7.5 For data processing, the Hewlett Packard HP 9000 series 735 Unix 

Workstation employing HP ChemServer with Target3 and Envision 
software by Thru-Put Systems is used. 

 
6.8 Gas Chromatograph 

 
6.8.1 Varian 3400 conditions are listed below: 

 
• Carrier Gas   Helium 

 
• GC mode    Capillary 
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• Injection Port Temp  225°C 
 

• Interface Temperature  225° 
 

• Initial Temperature  0°C 
 

• Final Temperature   185°C 
 

• Column Flow Rate  25 ml/minute 
(10 ml/minute column flow +15 ml/minute makeup gas 

 
6.8.2 The listed column flow rate is approximate.  Flow rate is adjusted to 

optimize linear velocity of an unretained compound (butane) through the 
column. Optimum linear velocity for the column is 30 - 45 cm/second. 

 
6.8.3 GC temperature program 

 
6.8.3.1 This GC program is provided as an example;  parameters may vary 

depending on the equipment. 
 

• 0°C - 0°C for 2 minutes 
 

• 0°C - 105°C @ 7°C/minute 
 

• 105°C-185°C @ 26.7°C/minute 
 

• 185°C-185°C 
 

• Hold until all compounds elute. 
 
6.9 Data Storage 

 
6.9.1 Magnetic tape storage device: The magnetic tape storage device is capable 

of recording data and is suitable for long-term, off-line storage. 
 

6.10 Purge and Trap Autosampler System 
 

6.10.1 Tekmar LSC 
 

6.10.1.1 Tekmar LSC 3000 with glass frit bottom liquid sample purging 
vessel and Luerlock valve. 
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6.10.1.2 The absorption trap must be at least 25 cm long and have an 
internal diameter of at least 0.105 inches (0.2667 cm). 

 
6.10.2 Archon ALS 

 
6.10.2.1 The Archon Model 5100, 4552 Purge and trap autosampler 

interfaces directly to a Tekmar 3000 Purge and Trap 
Concentrator. 

 
6.10.2.2 The autosampler is designed for soil samples and utilizes 40 ml     

VOA vials with low bleed Teflon septa. 
 

6.10.2.3 The Archon ALS has the capacity of up to 51 vials. 
 

6.10.3 Trap Packing 
 

6.10.3.1 Supelco “K” Trap 
 

6.10.3.2 Carbopak B 
 

6.10.3.3 Carboxen 1000 & 1001 
 
7.0 Reagents and Standards 
 

7.1 Reagent Water-All water used in this procedure must be equivalent to ASTM 
Type II water (as it relates to specific conductance and specific resistance) which 
is subsequently purged with an inert gas and demonstrated to meet the blank 
contamination acceptance criteria contained in this Standard Operating Procedure 
(SOP).  It is referred to throughout the remainder of this SOP as DI water. 

 
7.2 Methanol (B&J Scientific, purge and trap grade) 

 
7.3 Sodium bisulfate, NaHSO4 - ACS reagent grade or equivalent 

 
7.4 Tuning Standard 

 
7.4.1 Bromofluorobenzene - Standard ID# 7008 at 25 µg/mL. Two µl, yielding 

50 ng on column, are injected onto the column every 12 hours. 
 
 7.4.1.1 Prepare the standard by adding 50µl Restek VOA Tuning Mix 

5000 µg/ml) to an amount of purge and trap grade methanol in a 10 
ml volumetric flask and bring to volume. 
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 7.4.1.2 Prepare this standard monthly. 

 
7.5 Calibration Standards 

 
7.5.1 For the initial calibration, the internal standard solution is added 

automatically by the Archon Purge and Trap Autosampler.  For all 
subsequent analyses, both the internal standard and the surrogate solutions 
are added automatically by the Archon autosampler. 

 
 Table 2: Standard Preparation 

 
Std. ID 
TCL4-High 

005 
µg/kg 

 

010 
µg/kg 

020 
µg/kg 

050* 
µg/kg 

100 
µg/kg 

200 
µg/kg 

       
8260 I.S. 5.0 µl 5.0 µl 5.0 µl 5.0 µl 5.0 µl 5.0 µl 
8260 S.S. 1.0 µl 2.0 µl 5.0 µl 10.0 µl 15.0 µl 20.0 µl 
TCL4-1&2 1.0 µl 2.0 µl 4.0 µl 10.0 µl 20.0 µl 40.0 µl 
TCL4-gases 1.0 µl 2.0 µl 4.0 µl 10.0 µl 20.0 µl 40.0 µl 
TCL4-ketones 1.0 µl 2.0 µl 4.0 µl 10.0 µl 20.0 µl 40.0 µl 
TCL4-AppIX 1.0 µl 2.0 µl 4.0 µl 10.0 µl 20.0 µl 40.0 µl 

 *Continuing Calibration level 
 

  7.5.1.1 To prepare the standards at the concentrations shown in the column 
headers of Table 2 above, add the µl amount of standard shown to a 
100 ml volumetric flask containing nitrogen sparged DI water, then 
bring up to volume. 

 
Alternatively, the standards may be prepared at the above 
concentrations by diluting the 200 µg/kg standard directly into the 
purge and trap impingers.  Dilute as follows: 
 
 For a 100 µg/kg standard, add 2.5 ml to 5 ml DI water; 
 For a 50 µg/kg standard, add 1.25 ml to 5 ml DI water; 
 For a 20 µg/kg standard, add 0.50 ml to 5 ml DI water; 
 For a 10 µg/kg standard, add 0.25 ml to 5 ml DI water; 
 For a 5 µg/kg standard, add 0.125 ml to 5 ml DI water. 

 
7.5.1.2 The concentration of the compounds in the TCL4-1&2 High 

standard is 500 µg/ml.  See Attachment 5 for the composition of this 
standard. 
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 7.5.1.2.1 Prepare the standard by adding 1.25ml Restek 502.2 VOA 

2000 MegaMix (2000 µg/ml) to an amount of purge and 
trap grade methanol in a 5 ml volumetric flask and bring to 
volume. 

 
 7.5.1.2.2 Prepare this standard every three months. 
 
7.5.1.3 The concentration of the compounds in the TCL4-gases High 

standard is 500 µg/ml.  See Attachment 5 for the composition of this 
standard. 

 
 7.5.1.3.1 Prepare each standard by adding 1.25ml Restek 502.2 

Calibration Mix #1 (2000 µg/ml) to an amount of purge 
and trap grade methanol in a 5 ml volumetric flask and 
bring to volume. 

 
 7.5.1.3.2 The method states that this standard usually needs to be 

replaced weekly, unless the standard manufacturer 
recommends otherwise, or unless the acceptability of the 
standard can be documented.  This standard has generally 
proven to be more stable in the laboratory.  The gas 
standard can be used for longer than a week if the gases in 
the continuing calibration (CCV) standard meet the CCV 
requirements when compared to the initial calibration 
standards that contain a gas standard that has been 
prepared within a one-week holding time. Prepare this 
standard monthly, or more frequently as need dictates, or 
when degradation is evident rendering the standard 
unacceptable. 

 
7.5.1.4 The concentration of the compounds in the TCL4-ketones standard 

is 500 ug/ml, 1250 ug/ml, or 5000 ug/ml.  See Attachment 5 for the 
composition of this standard. 

 
 7.5.1.4.1 Prepare the standard by transferring AccuStandard custom 

VOA Mix #2 to a mininert vial. 
 
 7.5.1.4.2 Replenish this standard as needed and replace every three 

months. 
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7.5.1.5 The concentration of the compounds in the TCL4-AppIX standard is 
500 ug/ml, 5000 ug/ml, or 25000 ug/ml.  See Attachment 5 for the 
composition of this standard. 

 
 7.5.1.5.1 Prepare the standard by transferring AccuStandard custom 

VOA Mix #1 to a mininert vial. 
 
 7.5.1.5.2 Replenish this standard as needed and replace every three 

months. 
 

7.6 Initial Calibration Verification 
 

7.6.1 The initial calibration curve must be verified using a standard from an 
independent source.  The laboratory purchases the initial calibration 
verification (ICV) standard from a different vendor than the one used for 
the calibration standards.  This is prepared in the same manner as 
described above. 

 
7.6.2 The ICV contains the full list of target analytes at the same concentration 

as the continuing calibration verification (CCV) standard. 
 

7.7 Internal Standards 
 
 Compounds in 8260 I.S. (Internal standard) at a concentration of 50 µg/ml (250 

ug/ml for the Archon) 
 

• fluorobenzene 
• D5-chlorobenzene 
• D4-1,4-dichlorobenzene 

 
  7.7.1 Prepare the surrogate spiking solution by adding 0.2 ml Restek 8260A 

ampulated surrogate mix (2500µg/ml) to an amount of purge and trap 
grade methanol in a 10 ml volumetric flask and bring to volume. 

 
  7.7.2 Prepare this standard every three months. 
 

7.8 Surrogate Standard 
 
 Compounds in 8260 S.S. (Surrogate standard) at a concentration of 50 µg/ml (250 

µg/ml for the Archon) 
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• dibromofluoromethane 
• D4-1,2-dichloroethane 
• D8-toluene 
• 4-bromofluorobenzene 

 
  7.8.1 Prepare the surrogate spiking solution by adding 0.2 ml Restek 8260A 

ampulated surrogate mix (2500µg/ml) to an amount of purge and trap 
grade methanol in a 10 ml volumetric flask and bring to volume. 

 
  7.8.2 Prepare this standard every three months. 
 

7.9 Spike Standard 
 
 Compounds in 8260 Spiking Mixture (1001C) at a concentration of 25 µg/mL 

 
• 1,1-dichloroethene 
• trichloroethene 
• benzene 
• toluene 
• chlorobenzene 

 
Note:  The spiking cocktail is project dependent.  This spiking mixture can also 

be used as a Laboratory Control Sample (LCS) spike.  Some projects may 
require full analyte spike, and in that case, the standard used for the full 
analyte spike LCS is the ICV.  For some programs, the CCV may be used 
in the place of the LCS. 

 
7.9.1 Prepare this standard by adding 100 µl Restek VOA Matrix Spike Mix to 

an amount of purge and trap grade methanol in a 10 ml volumetric flask 
and bring to volume. 

 
  7.9.2 Prepare this standard every six months. 
 

7.10 Standard Storage 
 

7.10.1 Store the stock standards in Teflon- sealed screw-cap bottles with zero 
headspace at -10°C to -20°C.  Protect the standards from light.  Standards 
for gases usually need to be replaced after one week or as recommended 
by the manufacturer, unless the acceptability of the standard can be 
documented.  Standards for the non-gases should be monitored and fresh 
standards prepared if a 20% difference/drift is experienced.  These 
standards need to be replaced after six months or as recommended by the 
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manufacturer, unless the acceptability of the standard can be documented.  
CEVE and styrene may have to be prepared more frequently. 

 
7.10.2 Store secondary dilution standards in Teflon-sealed screw-cap bottles with 

minimal headspace at -10°C to -20°C. Protect the standards from light.  
The secondary dilution standards must be checked frequently for signs of 
degradation or evaporation, especially just prior to their use in preparing 
the working calibration standards.  Prepared from stock solution, they are 
stored with minimal headspace and replaced after one week.  Secondary 
standards for gases should be replaced after one week unless the 
acceptability of the standard can be documented. 

 
7.10.3 Working standards must be prepared just prior to analysis unless they are 

to be purged by an autosampler.  When an autosampler is used, the 
standards may be kept up to 12 hours in purge vessels connected via the 
autosampler to the purge and trap device. If premixed certified solutions 
are used store according to manufacturer's documented holding time and 
storage temperature recommendations. 

 
7.10.4 Purgeable standards are stored in GC/MS VOA Freezer #1, separate from 

other standards and samples. 
 
 
8.0 Sample Collection, Preservation, & Storage 
 

8.1 Samples are collected, preserved, and stored according to the tables in Sample 
Control SOPs 4.1, “Receiving Samples” and 4.6, “Storing Samples.”  Sample 
holding times are also listed. 
 
8.1.1 Note that if 2-chloroethyl vinyl ether is a target compound of interest for 

the project, an unpreserved sample must be analyzed within 7 days of 
collection. 

 
8.2 All samples must be analyzed within 14 days of collection. 
 

NOTE: For NYSASP all samples must be analyzed within 10 days of collection. 
 

8.3 Prior to analysis, all samples must be stored under refrigeration at 2-4.4o C in the 
reach-in storage unit in the laboratory.  After analysis, samples are returned to 
Sample Control for long-term storage and disposal. 

 
9.0 Quality Control 
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9.1 Surrogates 

 
9.1.1 Surrogate compounds are added to all samples, QC, and standards prior to 

analysis.  Surrogates are used to assess the efficiency of the analytical 
system. 

 
9.1.2 Surrogate compounds must meet recovery criteria as shown below 

(Table 3). 
 

Surrogate Compound 
 

Soil 
% Recovery Range 

  
Dibromofluoromethane 33-150% 
D4-1,2-dichloroethane 43-145% 
D8-toluene 55-125% 
4-bromofluorobenzene 46-150% 

 
9.1.2.1 For the NYSASP, the system monitoring compound (surrogate) 

recovery criteria are those in the current EPA CLP SOW for Multi-
Media, Multi-Concentration Organics, shown in the following 
table (Table 4). 

 
The same surrogates and recovery criteria are to be used for 
samples submitted to meet the regulatory requirements of the State 
of South Carolina. 

 
Surrogate Compound 
 

Soil 
% Recovery Range 

  
D4-1,2-dichloroethane 70-121% 
D8-toluene 84-138% 
bromofluorobenzene 59-113% 

 
  9.1.3 Samples with surrogate recovery failures must be re-extracted to confirm a 

matrix effect.  Surrogate recovery failures in method blanks and LCS 
reqire re-extraction of the entire batch.  Similar surrogate failures in the 
MS/MSD and original sample confirm a matrix effect and do not require 
re-extraction. 

 
9.2 Internal Standards 

 
9.2.1 The integrated areas of the quantitation ions of the internal standards are 

monitored in continuing calibration verification checks, samples, and QC 
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for a change in retention time and response or sensitivity.  These should 
remain reasonably constant over time. 

 
Internal standard retention time and area responses must be assessed in each 
continuing calibration verification standard by comparison to the 
corresponding internal standard in the most recent initial calibration mid-
point standard.  Internal standard responses in samples and QC are 
compared to the most recent continuing calibration verification. 

 
9.2.2 The area responses of the internal standards must be within 50-200% 

difference of the area responses compared to. 
 

9.2.3 The retention time for the internal standards must be less than 30 seconds. 
 

9.2.4 If any of these criteria cannot be met, the analytical system must be 
checked for malfunctions and corrections made.  Re-analysis of any 
affected sample is required. 

 
9.3 Method/Instrument Blanks 

 
9.3.1 Before any samples are analyzed, it must be demonstrated that a laboratory 

reagent blank is free from contamination that would prevent the 
determination of any analyte of concern.  Sources of background 
contamination are glassware, purge gas, sorbents, and equipment.  
Background contamination must be reduced to an acceptable level before 
proceeding with the next analysis.  In general, background from method 
analytes should be below the reporting limit. 

 
9.3.2 All blanks must be analyzed on a GC/MS system meeting the BFB, initial 

calibration, and continuing calibration verification acceptance criteria. 
 

9.3.3 A method blank is analyzed with each batch of up to 20 samples processed 
as a group within a 12-hour tune.  If more than 20 samples are analyzed in 
a tune batch, a second method blank is required.  Method blanks must be 
analyzed immediately following a valid continuing calibration verification 
analysis.  For SC DHEC a blank is required every 10 samples. 

 
9.3.4 The concentration of the target compounds in the blank must be less than 

the reporting limit for each target compound.  Except for SC DHEC the  
common lab solvents, methylene chloride and acetone, are allowed to be 
present at less than twice the reporting limit. 
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For NYSASP, the contamination criteria are those presented in the current 
EPA CLP SOW for Multi-Media, Multi-Concentration Organics. 

 
9.3.5 All samples processed within the same 12-hour tune associated with a 

method blank that does not meet the blank technical acceptance criteria 
must be reanalyzed. 

9.3.6 Method interferences caused by contaminants in solvents, reagents, 
glassware, laboratory air, and other sample storage and processing 
hardware that lead to discrete artifacts and/or elevated baselines in gas 
chromatograms must be eliminated.  The chromatographic system must be 
inspected for malfunctions, and corrections must be made as required 
before more samples are analyzed.  An instrument blank is analyzed after 
a high concentration sample in order to eliminate carryover. 

 
9.4 Laboratory Control Sample 

 
9.4.1 A laboratory control sample (LCS, or blank spike, BS, or matrix spike 

blank for NYSASP) is prepared and analyzed with each tune batch of up to 
20 samples.  The LCS and matrix spike are spiked with the same target 
analytes.  For SC DHEC the LCS is analyzed every 10 samples. 

 
9.4.2 The solid LCS is prepared at 50 µg/kg with 50 µg/kg of surrogates. 

 
9.4.3 The percent recovery criteria, developed from in-house statistical data, for 

an optional subset are shown below.  Statistical control limits for the 
remainder of the analytes in the full LCS are listed in Attachment 2.   

 
 
 
 
 
 
 
 
 

   Note:  
This table is subject to change without notice. 
 

9.4.3.1 Gases and known poor purging compounds  
• gases: bromomethane 

chloromethane 
chloroethane 
vinyl chloride 

LCS Spike Compound
 

Percent Recovery Range 
5 gram soil 

 
  
1,1-Dichloroethene 75-138 
Trichloroethene 75-121 
Benzene 75-129 
Toluene 76-119 
Chlorobenzene 78-122 
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dichlorodifluoromethane 
trichlorofluoromethane) 

• acetone 
• 2-butanone 
• carbon disulfide 
• crotonaldehyde 
• 1,2-dibromo-3-chloropropane 
• 1,4-dioxane 
• isobutyl alcohol 
• 2-hexanone 
• 4-methyl-2-pentanone 
• vinyl acetate 
• 2-chloroethyl vinyl ether 

 
9.4.3.2 When the LCS fails to meet the acceptance criteria, the entire 

batch associated with it must be re-prepared and reanalyzed. 
 
For NYSASP, the matrix spike blank recovery criteria are the same 
as the matrix spike criteria shown below.  When the matrix spike 
blank fails criteria it must be re-prepared and re-analyzed along 
with the matrix spikes.  Associated samples are not required to be 
re-processed. 

 
 
9.4.4 For SC DHEC, an expanded subset of analytes, representative of the 

compounds being reported, is employed and all analytes must have 
recovery limits within 70-130%.  The analytes are: 
 
• vinyl chloride 
• 1,1-dichloroethene 
• methylene chloride 
• 1,1-dichloroethane 
• cis-1,2-dichloroethene 
• 2-butanone 
• carbon tetrachloride 
• benzene 
• trichloroethene 
• 1,2-dichloropropane 
• bromodichloromethane 
• tetrachloroethene 
• chlorobenzene 



Section No. 1.3.2.4 
Revision No. 10 
Date: February 8, 2005 
Page 19 of 57 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 

• ethylbenzene 
• styrene 
• bromoform 
• 1,4-dichlorobenzene 
 

9.5 Matrix Spikes 
 

9.5.1 A matrix spike and matrix spike duplicate (MS/MSD) are prepared and 
analyzed with every SDG.  The MS/MSD and LCS are spiked with the 
same analytes.  For SC DHEC the MS/MSD must also be analyzed every 
20 soil samples.  

 
9.5.2 For the MS/MSD, in addition to spiking internal standard solution and 

surrogate solution, also add 5.0 µl of 8260 spike solution.  For a full LCS 
requirement, use the ICV standard.  The same ICV standard can be used 
for projects submitted to meet the regulatory requirements of the State of 
South Carolina, but only the 17 analytes presented in 9.4.4 are assessed.  
The spiking solutions are added by piercing the septum with the syringe 
needle. 

 
9.5.3 Matrix spikes have the following advisory recovery criteria as shown in 

Table 6A. 
 
 
 

Spike Compound 
 

% Recovery Range 

  
1,1-dichloroethene 59-172 
trichloroethene 62-137 
Benzene 66-142 
toluene 59-139 
chlorobenzene 78-122 
All others 50-150 

    Note:  This table is subject to change without notice. 
 

9.5.4 Matrix spikes have the following advisory RPD criteria as shown in Table 
6B. 

 
Spike Compound 
 

% RPD 

  
1,1-dichloroethene 22 
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trichloroethene 24 
benzene 21 
toluene 21 
chlorobenzene 21 
All others 25 

    Note:  This table is subject to change without notice. 
 

9.5.5 Most spike compounds should meet these criteria.  If the criteria are not 
met in the MS/MSD but are met in the LCS, the results may be reported 
with the failures attributed to the matrix of the sample.  If the LCS does 
not meet criteria, then all will have to be repeated as discussed above. 

 
9.6 Duplicates 
 

9.6.1 Duplicates, at a frequency of 5%, are required when processing soil 
samples submitted to meet the regulatory requirements of South Carolina 
DHEC.  This can be satisfied with the MS/MSD. 

 
9.7 Initial Calibration Verification 
 

9.7.1 A second source initial calibration verification (ICV) standard is run after 
the initial calibration standards have met criteria. 

 
9.7.2 The ICV must be within 20% of its expected value for each target analyte 

and surrogate or within 40% for the poor purgers and the gases.  Sporadic 
failure of up to three target compounds is allowed but they must not 
exceed 40% of their expected value.  Gases and poor purgers are listed 
above. 

 
 9.8 MDL Check Samples 
 

9.8.1 On an annual basis a method detection limit (MDL) study is performed on 
a single instrument per method and matrix.  When multiple instruments 
are used for the analysis of U.S. Army Corps of Engineers samples (or 
samples from other programs with the same requirement), individual 
instrument MDL studies are replaced by the analysis of an MDL check 
sample.  The MDL check sample must be analyzed on all instruments, 
where the MDL study was not performed and that U.S. Army Corps of 
Engineers samples (or other program-specific samples) are analyzed on, to 
demonstrate equivalent sensitivity. 

 
The MDL check sample is prepared at about 2x the MDL and is analyzed 
on a quarterly basis for each matrix.  A response must be detected in the 
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2x MDL check sample.  Additionally, qualifying ions of 50% or higher 
must also be present.  For more information on MDL studies, refer to QC 
SOP 13.11, “Performing Annual Method Detection Limit (MDL) 
Studies.” 

 
10.0 Calibration and Standardization 
 

10.1 BFB Tuning 
 

10.1.1 The analysis of the instrument performance check solution is performed 
by injecting 50 ng of BFB (2ul STD ID#7008) into the GC using a 10-µl 
Hamilton syringe.  BFB may be analyzed simultaneously with a 
continuing calibration verification standard as long as all QC criteria are 
met. 

 
10.1.2 The peak selection criteria for BFB analysis are as follows (in order of 

preference): 
 

10.1.2.1 Average one scan prior to the apex of the BFB peak to one scan 
after the apex, subtracting a single background scan prior to the 
peak, but no more than 20 scans prior to the elution of BFB.  
Also, do not subtract part of the BFB peak. 

 
Note: For work performed to comply with the requirements of 

the NYSASP, only this option is allowed. 
 

10.1.2.2 Choose the apex of the BFB peak only and include background 
subtraction. * 

 
* Background subtraction is performed to eliminate 

interference and when performed, the subtracted scan must 
be no more than 20 scans prior to the elution of the BFB and 
no scans within the BFB peak may be subtracted. 

 
10.1.2.3 Choose a single scan or a range of scans within the BFB peak 

and include background subtraction.* 
 
 Note: The use of a single scan other than at the apex is not 

allowed for Army Corps of Engineers project work. 
 

10.1.3 The analysis of the instrument performance check solution must meet the 
ion abundance criteria given in Table 7. 
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Table 7: BFB Key Ions and Ion Abundance Criteria 
Mass 
 

Ion Abundance Criteria 
 

  
50 15 - 40% of M/Z 95 
75 30 - 60% of M/Z 95 
95 Base Peak; 100% relative abundance 
96 5 - 9% of M/Z 95 
173 <2% of M/Z 174 
174 >50% of M/Z 95 
175 5 - 9% of M/Z 174 
176 >95% but less than 101% of m/z 174 
177 5 - 9% of M/Z 176 

 
10.1.4 Alternatively, other documented tuning criteria may be used (e.g., CLP, 

Method 524.2) provided that method performance isn't adversely affected. 
 

10.1.5 All criteria must be met according to requirements established by the U.S. 
EPA shown above.  BFB technical acceptance criteria must be met before 
any standards, samples, or required blanks are analyzed. 

 
GC/MS tuning and Mass Calibration forms must be printed and attached 
to the instrument runlog page for each tune.  The relative abundance for 
each ion is calculated to two decimal places. 

 
10.1.6 If BFB technical acceptance criteria are not met, retune the GC/MS 

system.  It may also be necessary to clean the ion source, clean the 
quadrupole rods, or take other corrective action to achieve the technical 
acceptance criteria. 

 
10.2 Initial Calibration 

 
10.2.1 Prior to the analysis of samples and required blanks, and after the 

instrument performance check solution (BFB) criteria have been met, each 
GC/MS system must be calibrated at six concentrations to demonstrate 
instrument sensitivity and the linearity of responses for the purgeable 
target compounds. 

 
10.2.2 Prepare standards according to the Initial Calibration Standard Preparation 

Table 2 in Section 7.5.  The purge and trap volume is 5 ml.  All initial 
calibration standards must be analyzed at the concentration levels and 
frequency described in this SOP on a GC/MS system meeting the BFB 
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technical acceptance criteria.  The analysis of the six calibration standards 
determines the linearity of the six-point initial calibration curve. 

 
10.2.3 The area response of the characteristic ions in the extracted ion current 

profile (EICP) is tabulated against the concentration for each compound 
and internal standard.  Relative response factors (RRF) are calculated for 
each compound. 

 
10.2.4 Initial calibration technical acceptance criteria must be met before any 

samples or required blanks are analyzed. 
 

For analyses following the NYSASP, the initial calibration requirements, 
after meeting the instrument performance check (tune) requirements of 
this SOP, are those of the current EPA CLP SOW for Multi-Media, Multi-
Concentration Organics (for 1-5 g analyses). 

 
10.2.5 Minimum relative response factors for the System Performance Check 

Compounds (SPCCs) are listed in Table 8. 
 

Table 8: Relative Response Factor Criteria for SPCCs 
 
Volatile Compound 
 

Minimum RRF 
 

  
Chloromethane 0.10 
1,1-dichloroethane 0.10 
chlorobenzene 0.30 
bromoform 0.10 
1,1,2,2-tetrachloroethane 0.30 

 
10.2.6 The %RSD for each target analyte should be less than 15%, but the 

following compounds have maximum %RSD criteria of 30%: These 
Calibration Check Compounds (CCC) include: 

 
• vinyl chloride 
• 1,1-dichloroethene 
• chloroform 
• 1,2-dichloropropane 
• toluene 
• ethylbenzene 

 
10.2.6.1 If the %RSD is 15% or less, the average relative response factor 

may be used for quantitation.  If the %RSD is greater than 15% 
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then an alternate method for quantitation, such as a linear 
calibration using least squares regression or a non-linear 
calibration method, such as quadratic fit, may be used.  When 
one of these options is used, the line must not be forced through 
the origin (zero) and the correlation coefficient of the equation 
must be 0.99 or greater for a valid calibration.  If a quadratic 
equation is used, six levels of standards must be employed.  The 
alternate method of quantitation is available in the ThruPut 
system. 

 
For samples submitted to meet the regulatory requirements of the 
State of South Carolina, the option of using a quadratic fit to 
demonstrate linearity is not allowed.  However, the use of a 
linear regression analysis for each target analyte is allowed. 

 
10.2.6.2 Because of the large number of target analytes, some of them 

may exceed the 15% criteria.  When this occurs, certain steps 
may be performed.  These corrective actions also pertain to those 
instances where the action limits, or client/project specified 
maximum limits, have been exceeded by the non-criteria 
compounds. 

 
• Check the instrument operating conditions and perform 

maintenance as necessary.  It may be necessary to clean the 
ion source, perform column maintenance, change the column, 
service the Archon autosampler, or the purge and trap 
concentrator, or take other corrective action to achieve the 
technical acceptance criteria. 

 
• Compare responses for the analyte in each of the standard 

levels to verify that a single standard analysis is not 
producing the outliers.  If so, reanalyze that standard and 
recalculate the %RSD. 

 
• The calibration range may be narrowed to determine if 

linearity can be achieved.  This may cause more dilution re-
analyses or even change the reporting limit if the lower 
standard is eliminated.  For this method, the method 
quantitation limit is defined by the lowest standard. 
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10.2.7 The initial calibration may still be acceptable when some analytes exceed 
the 15% RSD criteria, if the following conditions are met and allowed by 
the client: 

 
• The mean of all %RSD values for the analytes (grand mean) is less 

than or equal to 15%. 
 

• All analytes in calibration the standard must be included in the 
calculation. 

 
• Non-CCC target compounds have a warning limit of 50% RSD and an 

action limit of 90% RSD when the “grand mean” approach is used.  
These have been inserted as default values into the data reduction 
software program.  This is based strictly on established U.S. EPA data 
validation guidelines where values greater than 90% RSD result in 
rejection of data. 

 
10.2.7.1 A summary of the initial calibration data and/or a list of the 

analytes not meeting the 15% RSD criteria and the actual %RSD 
for each of these analytes must be included as a deliverable to 
our client.  If the conditions in 10.2.7 are met, then the average 
relative response factor may be used to determine the 
concentration of analytes in samples. 

 
10.2.7.2 For samples submitted to meet the regulatory requirements of the 

State of South Carolina, the grand mean option is not allowed, 
therefore, the linear regression analysis calibration model is 
used.  

 
10.2.8 The initial calibration verification must be analyzed after each initial 

calibration and must meet the acceptance criteria.  The ICV establishes the 
validity of the curve.  If the ICV fails, then a new initial calibration curve 
must be generated. 

 
10.3 Continuing Calibration Verification 

 
10.3.1 Before the analysis of samples and blanks, but after BFB and initial 

calibration acceptance criteria have been met, each GC/MS system must 
be routinely checked by analyzing a continuing calibration verification 
standard.  This standard contains all purgeable target analytes and 
surrogate compounds.  It is used to ensure that the instrument meets the 
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sensitivity and linearity requirements of the method throughout the 
analytical sequence. 

 
10.3.2 A check of the calibration curve must be performed once every 12 hours, 

beginning with the injection of BFB.  A percent difference of the response 
for each compound compared to the mean relative response factor from 
the initial calibration is calculated when performing the average response 
factor model. 

 
10.3.3 The calculated percent difference must be less than or equal to 20% for the 

CCCs listed above in Section 10.2.6.  Minimum response factor criteria 
for the continuing calibration verification standard are also shown above 
in Table 8. 

 
10.3.3.1 If a regression fit model was used for analytes in the initial 

calibration, the continuing calibration verification is performed 
using percent drift (difference) for the CCCs. 

 
10.3.4 As indicated for the initial calibration acceptance criteria, for the 

continuing calibration verification, the remaining target analytes (non-
CCC compounds) do not have defined % difference criteria.  We have 
established a warning limit of 50%D and an action limit of 90%D.  These 
values have been inserted as defaults into the data reduction software 
program.  This is based strictly on established U.S. EPA data validation 
guidelines where values greater than 90% RSD results in rejection of data. 

 
10.3.4.1 For samples submitted to meet the regulatory requirements of the 

State of South Carolina, the non-CCC target analytes should be 
less than 50%. 

 
10.3.5 If continuing calibration verification acceptance criteria cannot be met 

after inspection and normal maintenance, a new initial calibration will 
have to be performed. 

 
Note: Method 8260B indicates that if the CCCs are not required analytes, 

then all required analytes, must meet the 20% difference/drift 
criterion.  Our typical analysis includes all of the CCCs.  
Additionally, some programs may require all compounds to meet a 
% difference criteria.  In these situations, if the average of the 
response for all analytes is within 20%, then the calibration has 
been verified.  Requirements similar to those in 10.2.6 must be 
met. 



Section No. 1.3.2.4 
Revision No. 10 
Date: February 8, 2005 
Page 27 of 57 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 

 
10.3.6 For analyses following the NYSASP, the continuing calibration 

requirements, after meeting the instrument performance check (tune) 
requirements of this SOP, are those of the current EPA CLP SOW for 
Multi-Media, Multi-Concentration Organics (for 1-5g analyses). 

 
11.0 Procedure 
 

Documentation must follow the requirements in QC SOP: Proper Documentation 
Procedures.  All injections must be recorded on the instrument runlog (Attachment 4) 
along with the date, time (use a 24 hour clock), the volume injected, operator ID, and any 
comments relevant to the injection. 

 
All samples must be analyzed on a GC/MS system meeting the BFB, initial calibration, 
continuing calibration verification, and instrument blank criteria. 

 
11.1 Instrument Software Conventions 

 
11.1.1 Quantitation method: Average of the whole 

 
11.1.2 File naming convention: XX123456X78 

 
where: XX = Analysis type 

123456 = Date/Lab ID with first digit dropped 
Y = shift 
78 = instrument # 

 
11.1.3 Analysis type prefixes 

 
11.1.3.1 Standard: CS, CT, CU, CV, CW, CX 

 
11.1.3.2 Initial Sample Injection: 

 
 SDG-Sample Number-Shift-Instrument, 

 e.g. Q1636-1A52 
 

11.1.3.3 Sample reinjection: 
 

 SDG-Sample Number-J-Shift-Instrument, 
 e.g. Q1636-1JA52 

 
 
11.1.3.4 Sample reextraction: 

 
 SDG-Sample Number-R-Shift-Instrument, 

 e.g. Q1636-1RA52 
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11.1.3.5 Sample dilution: 

 
 SDG-Sample Number-D-Shift-Instrument, 

e.g Q1636-1DA60 
 

11.1.3.6 Additional repeats: 
 

 SDG-Sample Number-(J2, R2, D2)-Shift-Instrument, 
e.g. Q1636-1J2A52 

 
11.2 Analytical Sequence 

 
11.2.1 Order of analysis for the instrument calibration 

 
• BFB (tune) 
• initial calibration 
• initial calibration verification 

 
11.2.2 Order of analysis for the twelve-hour tune 

 
• BFB 
• continuing calibration verification 
• instrument blank 
• laboratory control sample-LCS 
• samples 

 
11.2.3 In some cases, if tune time remains after the initial calibration standards 

have been run, samples may be analyzed as long as they are preceded by a 
valid instrument blank. 

 
11.2.4 All samples must be analyzed on a GC/MS system meeting the BFB, 

initial calibration, continuing calibration verification, and instrument 
blank criteria. 

 
11.3 Preparations 

 
11.3.1 Standards 

 
11.3.1.1 The analysis of the instrument performance check solution is 

performed by injecting 50 ng of BFB (2ul Standard ID#7008) 
into the GC using a 10-µl Hamilton syringe. 
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11.3.1.2 Calibration standards are prepared by spiking the appropriate 
volume of each standard solution into 5 mL of sparged DI water 
contained in a 5 mL syringe.  This is then added to a 40 mL vial 
containing a magnetic stirring bar and 1g of sodium bisulfate.  
Each vial is immediately capped with a PTFE-lined, septum-
sealed cap and loaded into the Archon autosampler. 

 
Initiate the Archon autosampler which will provide stirring, the 
addition of 5 mL of water containing 1 µl of internal standards 
and 1 ul of surrogate (5 ul of 50 ug/ml solutions if spiked by the 
chemist and not the Archon),  heating at 40°C, and purging for 
11 minutes.  The system will then transfer the constituents in the 
headspace to the Tekmar 3000 purge and trap concentrator and 
will then desorb all target analytes for 4 minutes before analysis.  
The analyses of the six calibration standards determine the 
linearity of the six-point initial calibration curve. 

 
11.3.2 Instrument Blank and Method Blank 

 
11.3.2.1 An instrument blank is prepared by filling a 40 mL VOA vial, 

containing a stir bar and 1g of sodium bisulfate, with 5 mL of 
purged DI water and sealing with a screw-top, PFTE-faced, 
septum-sealed cap.  This is placed into the Archon autosampler 
where DI water, 1 µl of internal standards, and 1 µl of surrogates 
are added automatically to the blank (5 ul of 50 ug/ml solutions 
if spiked by the chemist and not the Archon).  It is analyzed by a 
closed system heated purge and trap analysis. 

 
11.3.2.2 A Method Blank is similar to an Instrument Blank in 

composition but it is prepared at the same time samples are 
prepared and is stored in the refrigerator.  If samples are received 
from the field already in vials with the sodium bisulfate 
preservative solution, only an Instrument Blank is required. 

 
11.3.3 Laboratory Control Sample 

 
11.3.3.1 A laboratory control sample (LCS) is prepared by filling a 40 mL 

VOA vial, containing a stir bar and 1g of sodium bisulfate, with 
5 mL of purged DI water.  To this 10 µl of the spiking standard is 
added before sealing with a screw-top, PFTE-faced, septum-
sealed cap.  This is placed into the Archon autosampler where DI 
water, 1 µl of internal standards, and 1 µl of surrogates are added 
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automatically (5 ul of 50 ug/ml solutions if spiked by the chemist 
and not the Archon).  It is analyzed by a closed system heated 
purge and trap analysis. 

 
11.3.3.2 For certain projects and programs, a full list spike is required. 

 
11.3.4 Samples 

 
11.3.4.1 Solid samples are prepared by Method 5035.  For details see 

Sample Preparation Procedure –238:  “Preparation of 
Soil/Sediment/Sludge Samples for the Analysis of Volatile 
Organic Compounds by Closed-System Purge and Trap.”  This 
results in 5g samples being stored in separate sealed 40 mL VOA 
vials containing sample, a stirring bar, and a sodium bisulfate 
aqueous solution (0.2g sodium bisulfate per g of sample). 

 
11.3.4.2 The choice of whether a 5g or medium level sample is analyzed 

is generally based on a screen analysis. 
 

11.3.4.3 Samples are stored in a rack located in the volatile GC/MS 
laboratory refrigerator at 2°C to 4.4°C.  Samples are allowed to 
come to room temperature and then loaded into the Archon 
autosampler carousel shaking each vial gently so that the 
contents move freely and the stirring bar will be able to spin. 

 
11.3.5 Matrix Spikes 

 
11.3.5.1 For sample spikes, the Archon will spike 1 µl of internal standard 

solution and 1 µl of surrogate solution (5 ul of 50 ug/ml solutions 
if spiked by the chemist and not the Archon), also add 10.0 µl of 
8260B spike solution. 

 
11.3.5.2 For certain projects, full target list matrix spikes are required. 

 
11.4 Analysis 

 
11.4.1 When the Archon autosampler is initiated, the system will add 5 mL of 

purged DI water, containing 5 µl of internal standards and 5 µl of 
surrogates, by piercing the septum. 

 
11.4.2 Prior to purging, the stirring bar is turned on and the sample is heated to 

40°C.  The sample is purged for 11 minutes, while stirring. 
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11.4.3 The same needle that is used to add the DI water is the source for the inert 

gas used for purging.  The needle also contains slots above the 
sample/water level which provide a path for the headspace to be directed 
to the Tekmar 3000 purge and trap concentrator.  This contains the trap 
that is then thermally desorbed into the GC/MS instrument. 

 
11.4.4 After purging, the Purge and Trap Concentrator apparatus will desorb onto 

the GC column by elevating the trap temperature to 260°C and back-
flushing the trap with helium for 4 minutes at 20 to 60 mL/minute. 

 
11.4.5 After desorbing, the trap is reconditioned by baking at 260°C for at least 7 

minutes.  When the trap has finished baking and is cool, it is ready for the 
next sample to be purged. 

11.4.6 In each analytical run, all analytes must fall below the maximum 
calibration range established by the highest standard in the initial 
calibration.  If an analyte is present at a concentration higher than the 
highest initial calibration standard, it must be reanalyzed at a lesser 
amount or dilution.  A valid dilution is one in which the compound in 
question falls above the mid-point calibration standard concentration.  The 
dilution is considered valid if the analyte concentration is above 50 µg/kg. 

 
11.5 Identification 

 
11.5.1 Target compounds are identified in the samples by analyzing standards 

under the same conditions used for samples.  The resulting mass spectra 
are compared to established library spectra and GC retention times to 
retention times from the latest continuing calibration standard.  The mass 
spectrum of the sample compound and a laboratory library-generated 
spectrum must match according to the following criteria: 

 
11.5.1.1 All ions present in the library mass spectrum at a relative 

intensity >10% must be present in the sample spectrum. 
 
11.5.1.2 The relative intensities of ions specified above must agree within 

±20% between the library and sample spectra. 
 

11.5.1.3 Ions >10% in the sample spectrum but not present in the library 
spectrum must be considered and accounted for. 

 
11.5.2 If a compound analyzed by GC/MS techniques cannot be verified by all of 

the criteria listed above, but in the technical judgment of the mass spectral 
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interpretation specialist the identification is correct, then the laboratory 
will report that identification. 

 
11.5.3 Non-target compounds are identified by comparing the resultant mass 

spectra from the non-target compounds to mass spectra contained in the 
National Institute of Standards and Technology (NIST) Mass Spectral 
Library. 

 
11.6 Quantitation 

 
11.6.1 The mean relative response factor (RRF) from the initial calibration 

standard is used to calculate the concentration in the sample.  For 
NYSASP, the RRF from the continuing calibration standard is used to 
calculate concentrations. 
Note: Alternatively, the calibration curve(s) generated from the initial 

calibration may be used for the determination of analyte(s) 
concentration(s).  This option is discussed above. 

 
11.6.2 All samples require a search of all extraneous peaks >10% of the height of 

the nearest internal standard, up to 10 searches, i.e. 10 most intense 
extraneous peaks.  The number of searches may be more, depending on 
client requirements. 

 
11.6.3 In each analytical run, all analytes must fall below the method's maximum 

analytical range, i.e. the highest calibration standard. 
 

11.6.3.1 If an analyte is present at a concentration higher than the 
maximum analytical range in a 5g analysis, the medium level 
sample must be analyzed. 

 
11.6.4 When a sample is analyzed that has saturated ions from a compound, this 

analysis must be followed by the analysis of an instrument blank or the 
following sample must be monitored for contamination and interference 
from carryover.  If the blank or sample is not free from interferences, the 
system must be decontaminated.  Sample analysis may not resume until a 
blank or sample has been analyzed which is free from interferences.  
Being free from interferences means that whatever compound was present 
above the initial calibration range in a sample, cannot be present in an 
instrument blank or the sample analyzed immediately following, at a level 
above the reporting limit for that compound. 
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11.6.5 Secondary ion quantitation is allowed only when there are sample matrix 
interferences with the primary ion.  If secondary ion quantitation is 
performed, document the reasons in the SDG narrative. 

 
11.6.6 Non-target compounds are quantified by comparing the MS response from 

the reconstructed ion chromatogram (RIC) for the non-target compound 
peaks to the MS response for a peak produced by the nearest internal 
standard compound.  A response factor of 1 is assumed. 

 
12.0 Data Analysis & Calculations 
 

Calculations must be consistent with the QC SOP: Numerical Data Reduction. 
 

12.1 Calculation of the mean or average of a set of values: 
 

n

X
X

n

i
i∑

== 1  

 
where: n = total number of values 

xi = each individual value used to calculate the mean 
x = the mean of n  

 
12.2 Calculation of the standard deviation of a set of values: 
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1
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12.3 Calculation of percent recovery: 

 
12.3.1 LCS and surrogates: 

 

100 x 
spikedAmount
foundAmount = R

 
 %  

 

12.3.2 Matrix spikes: 
 

100 x 
spikedAmount

samplenativeunspikedinAmountsamplespikedinAmount = 
 

 )(    -    R%
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12.4 Calculation of %RSD 
 

%RSD
X

= ⎛
⎝⎜

⎞
⎠⎟

×
Standard deviation   100  

 
12.5 Calculation of RPD 

 
 

( )RPD  =  
Value  -  Value 

Value  +  Value 
x

1 2
1 2 2

100  

 
12.6 Calculation of %Difference (%D) 

 

100 x 
value Reference

value ReferenceValue%Diff −
=  

 
12.7 Relative Response Factor 

 

CxxisA
isCxAx

RRF
)(

)(
=  

where: Ax = Area of the characteristic ion (EICP) for the compound to be 
measured 

A(is) = Area of the characteristic ion (EICP) for the specific 
internal standard  

C(is) = Concentration of the internal standard (in µg/l) 
Cx = Concentration of the compound to be measured 

 
 12.8 Linear Calibration using Least Squares Regression 
 
  baxy +=  
   
  where:  y = Instrument response (peak area) 
    a = Slope of the line (coefficient of x) 
    x = Concentration of the calibration standard 
    b = The intercept 

 
 
12.9 Concentration 

 
12.9.1 The area response of the characteristic ions in the extracted ion current 

profile (EICP) is tabulated against the concentration for each compound 
and internal standard. 
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12.9.2 Concentration of soil samples (dry weight basis) by GC/MS analysis using 

relative response factor: 
 

))()()((
))((

/
DWsRFAis

sCAs
kgug

i
=  

 
 

where: As = Area of the peak for the analyte in the sample 
Ais = Area of the peak for the internal standard  
Cis = Concentration of the internal standard in the volume purged, 

in µg/L  
RF  = Mean response factor from the initial calibration  

 
n

RFi
RF

n

1i
∑

==  

 
Ws = weight of sample purged, in grams 

100
moisture100

weightdryD
%

)(
−

=  

 
12.9.3 Concentration of soil samples (dry weight basis) by GC/MS using 

quadratic (second order) fit in Target:  
 
 [ ] ( ) ( )[ ]2^21 RspmRspmbny ++=  
 
 where:  b = constant 

m1 = multiplier for the unsquared term 
m2 = multiplier for the squared term 
n = amount of Internal Standard 
y = concentration in ng on column 

   Rsp = area of analyte/area of Internal Standard 
 
Example: Area of acetone = 35659 

   Area of IS = 613275 
   b = -0.0909161 
   m1 = 9.605304 
   m2 = 7.132688 
   ng of IS = 250 
   response = 35659/613275 = 0.058145 
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Amount in ng on column =  
 

( )[ ] ng912220581450x13268870581450x605304909091610ng250 .^..... =++−  
 

))((
9.122/

DWs
ngKggionConcentrat =µ  

 
12.9.4 Concentration of soil samples (dry weight basis) by GC/MS using linear 

regression analysis:  
 

 baC
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where:  As = Area of the target analyte peak in the sample 
  Ais = Area of the internal standard peak 
  Cs = Concentration of the target analyte in the calibration 

standard 
  Cis = Concentration of the internal standard 
  a = Slope of the line (coefficient of Cs) 
  b = The intercept 
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D

CsKggionConcentrat
(Ws)

=µ  

 
12.9.5 Tentatively Identified Compound (TIC) Estimation 

 

))()((1)(
)()(

DWsRFxISArea
StdAmountxTICAreaAmountTIC

 
 

=  

 
where: Area (TIC) = area response from RIC for non-target 

compound 
Amount(Std) = amount of internal standard added to the 

sample, in µg/L. 
Area (IS) = area response of the nearest internal 

standard in the reconstructed ion 
chromatogram 
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1(RF) = assumed response factor of 1 
 

12.10 Calculating Dilutions 
 

 12.10.1 If a sample concentration exceeds the high level standard a dilution must 
be performed.  Determine a level of dilution that will result in a value 
within the upper half of the calibration range.  This is an acceptable 
dilution. 

 
Adjust the amount of sample purged with 1 gram being the lowest 
acceptable weight for a low level analysis.  If the analyte still exceeds the 
analytical range in the medium level analysis, perform a methanol 
extraction following Sample Preparation Procedure –238, “Preparation of 
Soil/Sediment/Sludge Samples for the Analysis of Volatile Organic 
Compounds by Closed-System Purge and Trap using SW846 Method 
5035”. 

 
13.0 Method Performance 
 

This method was validated through in-house laboratory studies of method detection 
limits (Attachment 3) and precision and accuracy for single analyst (Attachment 6).  The 
data are retained by the QA department. 

 
 
14.0 Pollution Prevention 
 

The solvents used in this procedure pose little threat to the environment when recycled 
and managed properly.  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 thing. 

 
 
15.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
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controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3, or H2SO4 to pH <2 are hazardous and must be 
neutralized before being disposed, or must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
16.0 References 
 

16.1 Test Methods for Evaluating Solid Waste: Physical/Chemical Methods. U.S. EPA 
SW846 3rd Edition, Update 3, 12/96, Methods 8260B and 5035 

 
16.2 New York State Analytical Services Protocol (NYSASP), June 2000, plus 

revisions 
 

16.3 Code of Federal Register, 40 CFR, Part 136, “Guidelines for Establishing Test 
Procedures for Priority Pollutants” 

 
16.4 QCSOP: Proper Documentation Procedures 

 
16.5 QCSOP: Numerical Data Reduction 

 
16.6 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

 
16.7 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

16.8 NELAC Standards, July 2002, plus revisions 
 

16.9 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995 

 
16.10 New York State Environmental Laboratory Approval Program, Certification 

Manual, October 15, 1999, plus revisions. 
 

16.11 CompuChem Quality Manual, Revision 6, 11/24/04, plus revisions 
 

16.12 Sample Control SOP 4.1, “Receiving Samples” 
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16.13 Sample Control SOP 4.6, “Storing Samples” 
 
 16.14 Sample Preparation Procedure –238, “Preparation of Soil/Sediment/Sludge 

Samples for the Analysis of Volatile Organic Compounds by Closed-System 
Purge and Trap using SW846 Method 5035” 

 
17.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data  
 

17.1 Attachment 1 – Target Compound List 
 
17.2 Attachment 2 – Statistical Control Limits 

 
17.3 Attachment 3 - Method Detection Limits 

 
17.4 Attachment 4 – Instrument Runlog 
 
17.5 Attachment 5 – Standard Certificates of Analysis 
 
17.6 Attachment 6 – Single Analyst Capability Study 
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Attachment 1 
 

Table 1:  Volatile Target Compounds  
 
Compounds Internal 

Standard 
Primary 
Quantitation 
Ion 

Secondary 
Quantitation 
Ion(s) 

    
dichlorodifluoromethane 1 85 87 
chloromethane 1 50 52 
vinyl chloride 1 62 64 
bromomethane 1 94 96 
chloroethane 1 64 66 
trichlorofluoromethane 1 101 103 
1,1-dichloroethene 1 96 61, 98 
methylene chloride 1 84 49, 86 
trans-1,2-dichloroethene 1 96 61, 98 
1,1-dichloroethane 1 63 65, 83 
2,2-dichloropropane 1 77 97 
cis-1,2-dichloroethene 1 96 61, 98 
bromochloromethane 1 128 49, 130 
chloroform 1 83 85 
1,1,1-trichloroethane 1 97 99, 61 
carbon tetrachloride 1 117 119, 121 
1,1-dichloropropene 1 75 110, 77 
benzene 1 78 77, 51 
1,2-dichloroethane 1 62 98 
trichloroethene 1 130 95, 97 
1,2-dichloropropane 1 63 112 
dibromomethane 1 174 93, 95 
bromodichloromethane 1 83 85, 127 
2-chloroethyl vinyl ether 1 63 65, 106 
cis-1,3-dichloropropene 1 75 77 
acrolein 1 56 55, 58 
iodomethane 1 142 127, 141 
1,1,1-trichloro-2,2,2,-trifluoroethane 1 117 151, 153 
1,1,2-trichloro-1,2,2,-trifluoroethane 1 85 101, 151 
carbon disulfide 1 76 78 
acetone 1 43 58 
3-chloropropene 1 76 41, 78 
acetonitrile 1 41 40, 39 

NOTE:  Attachment is subject to change without notice. 
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Attachment 1 (continued) 
 
Table 1 (continued):  Volatile Target Compounds 
 
Compounds Internal 

Standard 
Primary 
Quantitation 
Ion 

Secondary 
Quantitation 
Ion(s) 

    
Acrylonitrile 1 53 52, 51 
methyl-tert-butyl ether 1 73 41, 43 
vinyl acetate 1 43 86 
2-butanone 1 72 43, 57 
Propionitrile 1 54 55, 52 
Methacrylonitrile 1 41 39, 67 
1-chlorobutane 1 56 49 
1,4-dioxane 1 88 58 
Methylmethacrylate 1 69 100, 41 
Surrogate #1: 
Dibromofluoromethane 

1 113 111, 192 

Surrogate #2: 
d4-1,2-dichloroethane 

1 65 102, 67 

4-methyl-2-pentanone 2 43 85, 100 
Toluene 2 92 91 
trans-1,3-dichloropropene 2 75 77 
1,1,2-trichloroethane 2 97 83, 85 
Ethylmethacrylate 2 69 41, 99 
Tetrachloroethene 2 164 168, 129 
1,3-dichloropropane 2 76 78 
2-hexanone 2 43 58, 57 
Dibromochloromethane 2 129 127, 48 
1,2-dibromoethane 2 107 109, 188 
Chlorobenzene 2 112 114, 77 
1,1,1,2-tetrachloroethane 2 131 119, 133 
Ethylbenzene 2 106 91 
m,p-xylene 2 106 91 
o-xylene 2 106 91 
Styrene 2 104 91, 78 
Bromoform 2 173 175, 254 
isopropyl benzene 2 105 120 
Bromobenzene 2 156 77,158 
1,1,2,2-tetrachloroethane 2 83 85, 131 

NOTE:  Attachment is subject to change without notice. 
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Attachment 1 (continued) 
 
Table 1 (continued):  Volatile Target Compounds 

 
Compounds Internal 

Standard 
Primary 
Quantitation 
Ion 

Secondary 
Quantitation 
Ion(s) 

    
1,2,3-trichloropropane 2 110 75, 112 
trans-1,4-dichloro-2-butene 2 53 88, 75 
Surrogate #3: d8-toluene 2 98 70, 100 
n-propyl benzene 3 91 120 
2-chlorotoluene 3 126 91 
4-chlorotoluene 3 91 126 
1,2,4-trimethyl benzene 3 105 120 
1,3,5-trimethyl benzene 3 105 120 
Pentachloroethane 3 167 130, 165 
sec-butyl benzene 3 105 134 
1,2-dichlorobenzene 3 146 111, 148 
1,3-dichlorobenzene 3 146 111, 148 
1,4-dichlorobenzene 3 146 111, 148 
n-butyl benzene 3 91 92, 134 
tert-butyl benzene 3 119 91, 134 
p-isopropyl toluene 3 119 134, 91 
1,2-dibromo-3-chloropropane 3 75 155, 157 
1,2,4-trichlorobenzene 3 180 182, 145 
Hexachlorobutadiene 3 225 223, 227 
Naphthalene 3 128 64, 51 
1,2,3-trichlorobenzene 3 180 182, 145 
Surrogate #4: 
4-bromofluorobenzene 

3 95 174, 176 

Internal Standard #1: 
fluorobenzene 

NA 96 70 

Internal Standard #2: 
d5-chlorobenzene 

NA 117 82, 119 

Internal Standard #3: 
d4-1,4-dichlorobenzene 

NA 152 150 

1 Based on laboratory tests, 2-chloroethyl vinyl ether is not analyzable from the sodium bisulfate solution 
associated with Method 5035. 

 
Note:  Attachment is subject to change without notice. 
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Attachment 2 
Table 2:  Statistical Control Limits for the LCS 
Compound 
 

Percent Recovery Range 
5 gram soil 

  
Dichlorodifluoromethane 50-142 
Chloromethane 52-150 
Vinyl chloride ² 58-148 
Bromomethane 50-150 
Chloroethane 52-150 
Trichlorofluoromethane 54-144 
Diethyl ether 50-149 
Acrolein 50-150 
1,1-dichloroethene ¹, ² 51-146 
Iodomethane 50-150 
1,1,1-trichloro-2,2,2,-trifluoroethane 58-148 
Carbon disulfide 56-140 
1,1,2-trichloro-1,2,2,-trifluoroethane 50-149 
Acetone 50-147 
3-chloropropene 50-150 
Acetonitrile 68-126 
Methyl acetate 50-150 
Methylene chloride ² 50-137 
trans-1,2-dichloroethene 65-122 
Acrylonitrile 50-136 
Methyl-tert-butyl ether 70-133 
Tert butyl alcohol 60-148 
n-hexane 50-143 
1,1-dichloroethane ² 66-123 
Chloroprene 50-150 
Vinyl acetate 50-150 
Isopropyl ether 81-114 
2,2-dichloropropane 64-141 
cis-1,2-dichloroethene ² 69-127 
2-butanone ² 66-132 
Propionitrile 50-150 
Bromochloromethane 73-126 
Methyl acrylate 50-133 
Methacrylonitrile 51-127 
Tetrahydrofuran 50-150 

Note:  Attachment is subject to change without notice. 
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Attachment 2 (continued) 
Table 2:  Statistical Control Limits for the LCS 
Compound 
 

Percent Recovery Range 
5 gram soil 

  
Chloroform 75-128 
1,1,1-trichloroethane 71-127 
Cyclohexane 65-126 
1-chlorobutane 75-124 
Carbon tetrachloride ² 67-132 
1,1-dichloropropene 72-132 
Pentafluorobenzene 81-117 
Benzene ¹, ² 67-126 
1,2-dichloroethane 56-141 
Isobutyl alcohol 50-150 
Crotonaldehyde 50-141 
Trichloroethene ¹, ² 69-130 
Methylcyclohexane 80-119 
1,2-dichloropropane ² 73-121 
Dibromomethane 64-131 
1,4-dioxane 50-150 
Methylmethacrylate 60-127 
Bromodichloromethane ² 75-133 
2-chloroethyl vinyl ether 50-150 
cis-1,3-dichloropropene 87-127 
4-methyl-2-pentanone 67-125 
Toluene ¹ 73-121 
trans-1,3-dichloropropene 64-131 
1,1,2-trichloroethane 67-123 
Ethylmethacrylate 67-124 
Tetrachloroethene ² 72-130 
1,3-dichloropropane 75-130 
2-hexanone 51-128 
Dibromochloromethane 68-127 
1,2-dibromoethane 69-127 
Chlorobenzene ¹, ² 71-120 
1-chlorohexane 80-113 
1,1,1,2-tetrachloroethane 82-120 
Ethylbenzene ² 76-121 
m,p-xylene 76-130 

Note:  Attachment is subject to change without notice. 
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Attachment 2 (continued) 
Table 2:  Statistical Control Limits for the LCS 
Compounds Percent Recovery Range 

5 gram soil 
  
o-xylene 76-130 
Styrene ² 68-126 
Bromoform ² 64-134 
Isopropyl benzene 68-126 
cis-1,4-dichloro-2-butene 50-150 
Bromobenzene 67-140 
1,2,3-trichloropropane 58-137 
1,1,2,2-tetrachloroethane 66-128 
trans-1,4-dichloro-2-butene 50-150 
n-propyl benzene 71-136 
2-chlorotoluene 78-124 
4-chlorotoluene 74-131 
1,3,5-trimethyl benzene 72-129 
Pentachloroethane 64-150 
tert-butyl benzene 67-140 
1,2,4-trimethyl benzene 70-133 
sec-butyl benzene 67-141 
1,3-dichlorobenzene 74-119 
1,4-dichlorobenzene ² 72-115 
p-isopropyl toluene 74-132 
Benzyl chloride 63-124 
1,2-dichlorobenzene 67-126 
n-butyl benzene 63-137 
1,2-diethylbenzene 75-117 
1,2-dibromo-3-chloropropane 72-127 
1,2,4-trichlorobenzene 57-133 
Hexachlorobutadiene 68-129 
Naphthalene 50-139 
1,2,3-trichlorobenzene 63-129 
Xylene (total) 76-130 

Table displays statistical control limits calculated in 2002. 
 

¹ Denotes component of minimum LCS spike 
² Denotes component of LCS spike for SC DHEC.  Each of these analytes must be 

recovered within 70-130%. 
 
Note:  Attachment is subject to change without notice.
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Attachment 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE:  Attachment is subject to change without notice. 
NOTE:  The estimated detection limit is 1/5 the reporting limit. 
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Attachment 3 (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE:  Attachment is subject to change without notice. 
NOTE:  The estimated detection limit is 1/5 the reporting limit.



Section No. 1.3.2.4 
Revision No. 10 
Date: February 8, 2005 
Page 48 of 57 

 

ORIGINAL              MASTER COPY              CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 

Attachment 3 (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE:  Attachment is subject to change without notice. 
NOTE:  The estimated detection limit is 1/5 the reporting limit. 
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Attachment 3 (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE:  Attachment is subject to change without notice. 
NOTE:  The estimated detection limit is 1/5 the reporting limit. 
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Attachment 4 
 

 
 
 
 

 
 
 
 
 
 
 
 

Note:  Attachment is subject to change without notice. 
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Attachment 5 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE:  Attachment is subject to change without notice. 
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Attachment 5 (continued) 
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Attachment 5 (continued) 
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Attachment 5 (continued) 
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Attachment 5 (continued) 
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Attachment 5 (continued) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE:  Attachment is subject to change without notice. 
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Attachment 6 

 
NOTE:  Attachment is subject to change without notice. 

Laboratory Name/North Carolina Certificate Number:  CompuChem/79
Analyst:  Joann Ockerlander
Study Date:  January 14, 2003
Method:  8260B Soil 5 gm purge
Instrument/Column/Detector:  5972hp59

Compounds TrueVal Rep #1 Rep #2 Rep #3 Rep #4 Mean Mean SOP SD(n-1) -3SD +3SD -3SD +3SD RSD SOP
ug/kg ug/kg ug/kg ug/kg ug/kg ug/kg % R %R ug/l of (x) of (x) % R %R % %RSD

Dichlorodifluoromethane 50 50.93 37.94 35.22 32.64 39.18 78 60-140 8.13 14.8 64 38 162 21 30
Chloromethane         50 51.27 42.97 43.09 39.77 44.28 89 21-150 4.91 29.5 59 67 133 11 15
Vinyl Chloride        50 56.50 45.37 48.16 42.10 48.03 96 43-138 6.16 29.5 67 61 139 13 15
Bromomethane          50 61.95 51.71 56.04 51.13 55.21 110 48-150 5.00 40.2 70 73 127 9 15
Chloroethane          50 56.89 49.18 54.30 44.44 51.21 102 53-144 5.53 34.6 68 68 132 11 15
Trichlorofluoromethane 50 52.25 47.39 47.09 45.24 47.99 96 60-140 2.99 39.0 57 81 119 6 15
1,1-Dichloroethene    50 58.45 51.06 52.90 49.79 53.05 106 72-129 3.82 41.6 65 78 122 7 15
1,1,1-trichloro-2,2,2-trichloroethane 50 56.46 48.70 53.04 51.12 52.33 105 80-120 3.28 42.5 62 81 119 6 15
Acetone               125 149.5 116.9 118.3 104.0 122.2 98 39-150 19.35 64.1 180 52 148 16 15
Iodomethane           50 47.73 41.27 51.66 38.88 44.89 90 80-120 5.87 27.3 62 61 139 13 15
1,1,2-trichloro-1,2,2-trichloroethane 50 54.90 48.56 52.48 48.89 51.21 102 80-120 3.04 42.1 60 82 118 6 15
Carbon disulfide      50 56.75 50.21 51.52 47.25 51.43 103 20-150 3.97 39.5 63 77 123 8 15
3-Chloropropene       50 56.70 51.43 49.95 44.67 50.69 101 80-120 4.95 35.8 66 71 129 10 15
Acetonitrile          50 54.05 52.27 48.53 44.11 49.74 99 80-120 4.40 36.5 63 73 127 9 15
Methyl acetate        50 56.34 46.53 47.13 42.27 48.07 96 80-120 5.92 30.3 66 63 137 12 15
Methylene Chloride    50 54.25 52.31 51.67 48.25 51.62 103 78-136 2.50 44.1 59 85 115 5 15
Acrylonitrile         500 611.1 523.8 495.0 447.4 519.3 104 80-120 68.82 312.8 726 60 140 13 15
trans-1,2-Dichloroethene 50 55.84 51.80 52.35 51.47 52.86 106 74-125 2.02 46.8 59 89 111 4 15
Methyl-tert-butyl ether 50 54.61 49.28 48.12 46.09 49.52 99 64-145 3.63 38.6 60 78 122 7 15
1,1-Dichloroethane    50 54.69 50.75 50.61 50.00 51.51 103 71-130 2.14 45.1 58 88 112 4 15
Chloroprene           50 47.41 50.92 45.50 44.42 47.06 94 80-120 2.86 38.5 56 82 118 6 15
Vinyl acetate         50 54.97 50.41 49.60 44.13 49.78 100 60-140 4.45 36.4 63 73 127 9 15
Isopropyl ether       50 53.81 51.45 51.10 46.89 50.82 102 80-120 2.88 42.2 59 83 117 6 15
cis-1,2-Dichloroethene 50 52.18 51.90 51.52 50.05 51.41 103 74-134 0.95 48.6 54 94 106 2 15
2,2-Dichloropropane   50 53.25 48.23 49.93 48.11 49.88 100 80-120 2.40 42.7 57 86 114 5 15
Propionitrile         2500 3002 2469 2453 2347 2568 103 80-120 294.7 1684 3452 66 134 11 15
2-butanone            125 155.03 126.44 123.35 113.08 129.47 104 48-150 17.97 75.6 183 58 142 14 15
Methacrylonitrile     250 283.2 256.5 239.0 222.4 250.3 100 80-120 26.00 172.3 328 69 131 10 15
Bromochloromethane    50 55.93 51.87 51.21 51.44 52.61 105 60-140 2.23 45.9 59 87 113 4 15
Chloroform            50 51.35 50.87 49.95 48.32 50.12 100 70-131 1.33 46.1 54 92 108 3 15
1,1,1-Trichloroethane 50 53.45 48.66 50.23 49.07 50.35 101 70-134 2.17 43.9 57 87 113 4 15
Cyclohexane           50 53.23 46.02 51.86 47.39 49.62 99 80-120 3.47 39.2 60 79 121 7 15
1,1-dichloropropene   50 55.57 49.31 50.93 49.77 51.39 103 80-120 2.86 42.8 60 83 117 6 15
Carbon Tetrachloride  50 53.35 47.33 49.76 49.79 50.06 100 72-137 2.48 42.6 58 85 115 5 15
1,2-Dichloroethane    50 50.03 47.75 46.43 45.98 47.55 95 63-139 1.82 42.1 53 89 111 4 15
Isobutyl alcohol      2500 3207 2299 2304 2266 2519 101 60-140 458.8 1142 3895 45 155 18 30
Benzene               50 53.88 51.00 51.69 49.64 51.55 103 75-125 1.77 46.2 57 90 110 3 15
Trichloroethene       50 57.94 50.76 52.51 53.35 53.64 107 66-147 3.06 44.5 63 83 117 6 15
Methylcyclohexane     50 51.45 43.79 46.01 46.61 46.97 94 80-120 3.23 37.3 57 79 121 7 15
1,2-Dichloropropane   50 53.03 49.86 50.74 47.96 50.40 101 71-130 2.10 44.1 57 87 113 4 15
Dibromomethane        50 55.19 53.23 52.60 51.19 53.05 106 60-140 1.66 48.1 58 91 109 3 15
1,4-dioxane           2500 3162 2425 2453 2587 2657 106 60-140 344.5 1623 3690 61 139 13 15
Methylmethacrylate    500 558.1 496.4 476.8 470.3 500.4 100 80-120 40.05 380.3 621 76 124 8 15
Bromodichloromethane  50 52.09 50.15 48.73 48.78 49.94 100 68-135 1.58 45.2 55 91 109 3 15
cis-1,3-Dichloropropene 50 53.24 50.28 50.92 50.17 51.15 102 73-139 1.43 46.9 55 92 108 3 15
4-Methyl-2-pentanone  125 147.9 126.1 122.4 102.6 124.7 100 51-133 18.58 69.0 180 55 145 15 15
Toluene               50 53.58 49.80 50.99 46.11 50.12 100 78-126 3.11 40.8 59 81 119 6 15
trans-1,3-Dichloropropene 50 50.08 49.16 48.89 43.73 47.96 96 64-144 2.87 39.4 57 82 118 6 15
1,1,2-Trichloroethane 50 54.05 50.54 48.86 45.49 49.73 99 73-127 3.56 39.1 60 79 121 7 15
Ethylmethacrylate     500 535.8 498.4 474.4 436.0 486.2 97 80-120 41.89 360.5 612 74 126 9 15
1,3-Dichloropropane   50 53.87 49.56 49.49 43.78 49.18 98 80-120 4.14 36.8 62 75 125 8 15
Tetrachloroethene     50 56.50 47.87 53.46 48.50 51.58 103 79-131 4.12 39.2 64 76 124 8 15
2-hexanone            125 148.7 120.4 119.8 102.2 122.8 98 53-133 19.25 65.0 181 53 147 16 30
Dibromochloromethane  50 52.31 49.19 48.81 45.84 49.04 98 82-127 2.64 41.1 57 84 116 5 15
1,2-Dibromoethane     50 55.69 48.80 49.44 46.49 50.11 100 80-120 3.93 38.3 62 76 124 8 15
Chlorobenzene         50 53.33 48.85 50.90 48.22 50.33 101 80-117 2.31 43.4 57 86 114 5 15
1,1,1,2-Tetrachloroethene 50 53.65 49.62 51.56 47.39 50.56 101 80-120 2.68 42.5 59 84 116 5 15
Ethylbenzene          50 52.26 48.44 50.16 47.32 49.55 99 82-117 2.16 43.1 56 87 113 4 15
m,p-Xylene            100 101.0 94.12 97.93 94.16 96.79 97 81-115 3.30 86.9 107 90 110 3 15
o-Xylene              50 51.32 47.39 50.74 47.99 49.36 99 74-120 1.96 43.5 55 88 112 4 15
Styrene               50 52.02 48.98 49.14 47.40 49.39 99 77-119 1.92 43.6 55 88 112 4 15
Bromoform             50 55.58 49.13 50.40 47.11 50.56 101 65-1.39 3.62 39.7 61 79 121 7 15
Isopropyl Benzene     50 48.95 45.00 46.10 44.83 46.22 92 80-120 1.91 40.5 52 88 112 4 15
1,1,2,2-Tetrachloroethene 50 52.22 46.71 44.65 43.88 46.87 94 55-141 3.76 35.6 58 76 124 8 15
1,2,3-Trichloropropane 50 55.64 45.47 46.60 44.37 48.02 96 80-120 5.16 32.5 63 68 132 11 15
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Sample Control SOP 4.1 Receiving Samples 
 
 
1.0 Scope and Application 
 

This Standard Operating Procedure (SOP) describes the process of receiving samples 
from the US EPA and commercial clients.  It contains a full description of the log-in 
procedure. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of employees experienced 
or trained in the processes described below. 

 
2.0 Summary 
 

After all incoming samples have been received from the carrier at the loading dock, the 
Sample Control clerk logs them in.  When they are received, the sample containers must 
be checked to ensure that they are intact.  Any damage to the sample containers must be 
noted on the appropriate paperwork.  Chains-of-custody (COCs) must be verified against 
the actual sample received.  Sample information is entered into the Laboratory 
Information Management System (LIMS) for scheduling and tracking purposes.  Finally, 
the samples are placed into cold storage until preparation and analysis. 

 
3.0 Definitions 
 

3.1 Sample Control Department - The name "Receiving Department" or “Shipping 
and Receiving Department” may be used interchangeably.  Staff include the 
Supervisor of Sample Control, Project Managers, Sample Control Clerks, and the 
EPA Coordinator and/or their assistant. 

 
3.2 LIMS – laboratory information management system.    

 
3.3 NJDEP - New Jersey Department of Environmental Protection 

 
3.4 COC – a chain-of-custody form that arrives with the sample containers.  It is 

located inside the cooler and it identifies the samples, the requested analyses, 
dates and signatures of people receiving and relinquishing custody of the samples, 
the number of sample containers, etc. 
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3.5 Quality Assurance (QA) Notice - used to notify the client and laboratory of any 

outstanding issues or variances regarding the sample (e.g., sample temperature) 
 

3.6 CompuChem Number (CCN) – A laboratory identifier assigned to each sample by 
the LIMS.  The sample is tracked internally by means of the CCN. 

 
3.7 Sample Control Clerk – designated staff who have responsibility for sample 

security, storage and custody and who control access to the sample storage units. 
 

3.8 CLP Sample - U.S. EPA Contract Laboratory Program sample; refers to a sample 
received for analyses using a specified statement of work. 

 
3.9 Commercial sample - refers to a non-CLP sample received for an analysis  

 
3.10 Statement of Work (SOW) - a USEPA document that provides requirements 

about sample handling, preparation, and analysis. 
 

3.11 CDP - Client documentation package; contains all of the documentation received 
with the sample containers in addition to forms completed during sample receipt.  
A copy of the CDP is stored in Customer Service by case number and the original 
CDP is stored by receipt date in Sample Control. 

 
3.12 RAS - Routine Analytical Services signifies that the samples are to be processed 

exactly as presented in a specified SOW (i.e., routinely). 
 

3.13 DAS - Delivery of Analytical Services (formerly SAS) identifies special 
preparation/analytical instructions not identified in an SOW but requested by the 
EPA. 

 
3.14 RAS + DAS  - signifies that samples are to be processed according to the 

guidelines specified in an SOW with additional preparation/analytical 
instructions. 

 
3.15 CSF (Complete SDG File) Envelope – A metal clasp folder that contains 

completed receiving documents.  Originals are placed into the lowest numbered 
sample delivery group (SDG).  One CSF envelope is generated for each water and 
soil organic and inorganic SDG.  The CSF applies only to EPA unless requested 
by commercial clients. 

3.16 Customer Service Department – The department includes Customer Service 
representatives and/or Project Managers depending on the current staffing 
requirements. 
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3.17 NCDENR – North Carolina Department of Environment and Natural Resources 
 

3.18 VOA – volatile organic analysis 
 

3.19 Flexibility Clause – The clause, associated with CLP contracts, allows data users 
to request minor changes to the current SOW. 

 
4.0 Safety 
 

4.1 Appropriate protective equipment must be worn under the assumption that all 
samples are hazardous.  At a minimum, safety glasses, gloves and lab coats must 
be worn when handling samples. 

 
4.2 Laboratory staff are required to review the Chemical Hygiene Plan for general 

safety policies, and Material Safety Data Sheets for reagents used in the 
laboratory. 

 
5.0 Equipment and Supplies 
 

5.1 NIST – traceable thermometer with a minimum measurable range of 0-50° C with 
a calibration tolerance of ± 1.0° C. 

 
5.1.1 Other temperature measurement devices that can be calibrated to ± 1.0° C 

and have a range of 0-20° C, such as an infrared (IR) gun. 
 

5.2 narrow range pH paper 
 

5.3 lead acetate test strips 
 

5.4 potassium iodide starch test strips 
 
6.0 Sample Preservation and Storage 
 

6.1 Attachment 1 contains the table of sample preservation and holding times. 
 

6.2 See Sample Control 4.6, “Storing Samples” for storage conditions. 
 
7.0 Quality Control 
 

7.1 Should any problems or questions arise which are not adequately addressed in the 
text of this SOP, consult your supervisor. 

 
7.2 Discrepancies noted during receipt and log-in are documented in Quality 
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Assurance (QA) notices (Attachments 2-7 and 16), on the COC, or in 
communication logs and discussed with the client before proceeding.  The project 
Manager is notified of the discrepancy, contacts the client for resolution, and 
provides feedback to the Sample Control clerk on how to proceed. 

 
7.3 All calibrated temperature measuring devices must be labeled with the calibration 

date, initials of the person performing the calibration, and have a unique 
identifier, i.e. serial number. 

 
7.4 Every attempt must be made to complete the sample receiving process so that 

samples do not remain outside refrigeration for longer than two hours.  For 
samples put on hold or for which there are questions awaiting resolution from the 
client, put the samples on a cart and wheel them into the walk-in storage unit until 
further notice. 

 
8.0 Calibration and Standardization 
 

8.1 The Vice President of Quality Assurance and Technology (VPQAT) calibrates the 
IR Gun every three months using the NIST thermometer.  Sample Control staff 
performs a check using three different bottle types (plastic, amber glass, and clear 
glass).  A check of the calibration is performed once a week and is completed by 
placing a calibrated thermometer into each of the three different pre-chilled bottle 
types (water filled), and noting the temperature after the thermometer has 
stabilized.  At the same time the thermometer stabilizes, the IR Gun should be 
placed approximately 13 inches from the bottle being checked and the trigger 
should be pulled to lock the temperature into the IR Gun's view screen.  Each of 
the temperatures should be noted in Logbook 7 S (IR Gun Check, Attachment 8).  
The tolerance for the check of the IR Gun is ± 1° C. 

 
8.2 The VPQAT calibrates all NIST-traceable thermometers against a NIST 

thermometer on an annual basis.  Records are maintained in the Standards 
Laboratory.  Temperatures of storage units are recorded daily in each of their 
respective logbooks (Attachment 9). Thermometers are calibrated at their point of 
use and the NIST thermometer is calibrated at the ice point and in boiling water.   

 
9.0 Procedures 
 

Documentation must follow the requirements in Quality Control SOP 13.6, “Proper 
Documentation Procedures”.  The sample coolers are routinely delivered by standard 
courier such as Federal Express or UPS or may be hand-delivered from the field.  All 
coolers are handled in the following manner. 

 
9.1 Checking the cooler and each sample container for damage. 
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9.1.1 Check the exterior of the cooler for any signs of damage such as a broken 

seal, signs of sample leakage, etc.  Note any observed damage on the 
commercial COC (Attachment 10) or EPA Organic/Inorganic Traffic 
Report (Attachments 11 and 12.) 

 
9.1.2 Place the cooler under a hood to open.  If this is not possible, place 

the coolers on the floor next to the hood.  When removing the 
samples place them immediately in the hood. 

 
9.1.2.1 Immediately after opening the cooler, and prior to the removal of 

any samples, the temperature of the sample shipping cooler is 
measured as described in Section 9.2 of this SOP. 

 
9.1.2.2 If a sample container is completely broken, therefore 

unsalvageable, sample volume is properly disposed of following 
Hazardous Waste SOP 12.1, “Hazardous Waste Disposal”.   

 
9.1.2.3 If a sample container is broken or any type of sample spill occurs 

in the laboratory, clean-up must follow the guidelines given in 
Hazardous Waste SOP 12.2, “Spill Control and Cleanup”.  . 

 
9.1.2.4 If a soil sample container is broken or cracked and the raw sample 

has not come into contact with another sample, the sample may be 
salvageable.  The decision of whether to salvage the sample is left 
to the client.  The Project Manager will notify the client of the 
situation.  If the client chooses to continue the analysis, note  this 
information on the COC. 

 
9.2 Checking and recording the temperature of a sample. 

 
9.2.1 Temperature Requirements at Sample Receipt 

 
9.2.1.1 Commercial clients typically require sample temperature to be 4 ± 

2° C.  For samples submitted to meet the regulatory requirements 
of North Carolina DENR, the temperature tolerance is 2 - 4.4° C.  
For the CLP the temperature must not exceed 10° C. If the sample 
receipt temperature tolerances are exceeded, the client (SMO for 
CLP samples) is contacted for guidance. 

 
9.2.1.2 The NIST-traceable thermometer or IR gun, must have a minimum 

measurable range of 0 - 50° C with a calibration tolerance of ± 1.0° 
C in order to be used. 
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9.2.1.2.1 Alternate temperature measurement devices may be 

used if they can be calibrated to ± 1.0° C and have a 
working range of 0 - 20° C. 

 
9.2.1.3 If a temperature reading is suspicious or does not meet the 

anticipated temperature range, the temperature should be double 
checked using an alternate measuring device.  For example, if the 
IR gun returns a temperature below zero but the samples do not 
appear frozen or feel cold to the touch, then the temperature should 
be verified using a NIST-traceable thermometer or other 
measuring device.    

 
9.2.1.3.1 If the problem persists, the measuring device should 

be removed from service until it is re-calibrated. 
 

9.2.2 Temperature Measurement using the IR Gun 
 

9.2.2.1 The IR Gun is used for temperature determination.  A 
temperature blank or other sample container (if no temperature 
blank is available) from the cooler (as close to the center as 
possible) is used.  The temperature must be measured upon 
opening the cooler and prior to unpacking the samples and 
removing any packing material. 

 
9.2.2.2 Place the IR Gun approximately 13 inches from the bottle and 

squeeze the trigger.  The bottle temperature will now be locked 
on the IR Gun's view screen.  When aiming the IR Gun towards 
the bottle, eliminate as much background interference by holding 
the gun level and making sure that other material surrounding the 
bottle is not also being checked.   

9.2.2.3 Record the temperature reading on the COC and log-in sheet. 
 

9.2.3 Temperature measurement for Coolers received with a Temperature 
Indicator Bottle (temperature blank) 

 
9.2.3.1 The temperature of the "USEPA Cooler Temperature Indicator," 

received under the USEPA CLP SOW, is measured with the IR 
gun using the procedure in 9.2.2.  Some non-CLP clients refer to 
this temperature indicator as a temperature blank. 

 
9.2.3.2 Alternatively, a calibrated NIST-traceable thermometer may be 

used.  Remove the cooler temperature indicator bottle cap, insert 
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the thermometer into the bottle, and allow a minimum of three 
minutes but not more than five minutes, for equilibration before 
taking the temperature. 

 
9.2.4 Temperature Measurement for Coolers received without a Temperature 

Indicator Bottle (temperature blank) 
 

9.2.4.1 If a Cooler Temperature Indicator bottle is not present in an EPA 
cooler, the EPA Coordinator or Assistant is required to contact the 
Sample Management Office (SMO), inform them of that fact, and 
use an alternative means of determining the cooler temperature. 

 
9.2.4.2 The following options are employed by CompuChem to determine 

the cooler temperature.  As required by the CLP SOW documents, 
the alternative technique used to determine the cooler temperature 
must be documented in the SDG Narrative.  Additionally, the QA 
Notice (attachment 6 and 7) must be included for EPA samples. 

    
• An aliquot from a sample bottle designated for extractable 

organics or metals is poured into a disposable container, a 
thermometer is inserted into the disposable container, and the 
temperature is taken and recorded after three minutes but not 
more than five minutes.  The contents of the disposable 
container are then properly discarded. 

 
• A calibrated IR temperature gun is focused onto a sample 

container, contained in the cooler, and after a minimum of 5 
seconds, a temperature reading is taken and recorded. 

 
9.2.5 Recording Temperature Information 

 
9.2.5.1 Record information on the receiving log (Attachment 13 for EPA 

organic samples and Attachment 14 for EPA inorganic samples) 
found in the Sample Control area.  Also record the information 
on the EPA or commercial COC. 

 
9.2.5.2 If the temperature is out of range (4 +/- 2o C for most 

commercial clients except as stated below), complete the 
appropriate sections of the required QA Notice (Attachment 2).  
The Project Manager will notify the commercial client of 
unacceptable temperature readings so the client can direct 
CompuChem on how to process the samples. 
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If samples submitted to meet the regulatory requirements of the 
NCDENR are received at a temperature outside of the range 
specified by North Carolina (2 - 4.4° C), CompuChem must 
notify the State Laboratory of the excursion.  

 
9.2.5.3 If the Cooler temperature exceeds 10° C, for EPA samples, the 

EPA Coordinator or Assistant contacts SMO and informs them 
of the temperature deviation.  The SMO will obtain direction 
from the Region.  This information is documented though e-
mails which are included in the SDG Narrative section of the 
final report.  The narrative information will list, by fraction, the 
EPA sample number of all samples received in a cooler with a 
temperature exceeding 10° C.  The actual temperature should 
also be included in the narrative. 

 
9.3 Verification process for the COC 

 
9.3.1 Remove all paperwork and each sample container from the cooler and 

place them on the receiving table under the hood. 
 

9.3.2 Sign your full name and enter the date and time (of delivery by courier) on 
the COC under "received by laboratory." 

 
9.3.3 Check each sample container for signs of damage.  Note any observed 

damage on the sample's COC. 
 

9.3.4 Verify that all information, including sample identifiers that appear on the 
sample container, matches the information on the COC, packing list, and 
traffic sheets, which are located inside the cooler.  Note any discrepancies 
on the COC.  Contact the Customer Service representative or Project 
Manager for non-EPA samples so that they can contact the client for 
resolution. 

 
9.3.5 If discrepancies are found, the EPA Coordinator or Assistant notifies the 

SMO.  The EPA Coordinator or Assistant must note the discrepancy on 
the Traffic Report. 

 
9.3.6 If the following conditions are met, on each complete EPA Traffic Report, 

stamp or write the statement "received in good condition" or for 
commercial clients circle the “Y”/”N” option on the receiving log and 
initial and date (mm/dd/yy).  

 
• all sample containers were received intact 
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• all information on the COC represents actual Cooler contents 

 
• all associated sample tags were present (EPA sample only) 

 
• all custody seals were intact 

 
• all inorganic and wet chemistry samples were at the proper pH 

 
• all corresponding documentation was present 

 
Note: Sample temperature is not a consideration when using the 

statement "received in good condition."  However, the 
temperature must be noted on the receiving log and the Traffic 
Report/COC. 

 
9.3.7 If the samples do not meet the "good condition" criteria established above, 

make the proper notations on the COC and the receiving log, and initial 
and date the notations. 

 
9.4 Measuring sample pH 

 
9.4.1 Check the pH of every pre-preserved inorganic, wet chemistry, and 

organic Method 608 sample, following Sample Control SOP 4.3, 
“Checking and Recording pH of Aqueous Cyanides; Phenols; and Wet 
Chemistry Samples.”   

 
9.4.2 Record the pH of the samples checked on the receiving log under the pH 

column, and on the COC.  If a sample is not pre-preserved or is a VOA or 
GRO that cannot be opened due to headspace, record “NA” under the pH 
column of the receiving log. 

 
9.4.3 If the pH is out of range, complete the appropriate QA notice (Attachment 

3).  The Project Manager will notify the commercial client of unacceptable 
pH readings so the client can direct the laboratory on how to process the 
samples.  The EPA Coordinator or Assistant will contact SMO. 

 
9.4.4 For those organic samples to be analyzed by Method 608, which will not 

be extracted within 72 hours of collection, the pH must be checked and 
adjusted to between 5.0 and 9.0 at the time of receipt.  The pH must be 
adjusted with NaOH or H2SO4 and the amount added must be recorded.  
The Sample Control Clerk makes the pH adjustment. 
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9.4.5 For samples received which are improperly preserved and have been 
submitted to meet the regulatory requirements of the NC DENR, the 
laboratory is responsible for notifying the State Laboratory of the 
situation.  If a replacement sample cannot be obtained, results of the 
original sample must be qualified. 

 
9.5 Residual chlorine and sulfide checks 

 
9.5.1 Perform a residual chlorine check on all samples that are being analyzed 

for cyanide and phenol and perform a sulfide check for all samples to be 
analyzed for cyanide.  See Sample Control SOP 4.13, “Handling and 
Verifying Proper Preservation of Samples Being Analyzed for Cyanide or 
Phenol”.  Fill out the appropriate QA Notice (Attachment 4 and 
Attachment 5) if needed. 

 
9.6 Volatile Organic Samples 

 
9.6.1 Check each volatile water sample for air bubbles and headspace (empty 

space inside the vials) by inverting the 40 mL vial.  Note any observance 
of air bubbles or headspace on the COC and the receiving log.  Air 
bubbles larger than the size of a pea should be brought to the attention of 
the Customer Service representative or Project Manager so that the 
commercial client can be contacted to obtain instructions on how to 
proceed.  The EPA Coordinator or Assistant will contact SMO. 

 
Note: Pea size bubbles are those not exceeding ¼ inch or 6 mm in 

diameter.  This is defined in SW-846 Chapter 4, Update III, 12/96. 
 

For NJDEP aqueous VOA samples, no air bubbles or headspace is 
allowed. 

 
9.6.2 In instances where aqueous samples have been submitted to meet the 

regulatory requirements of NCDENR, the State Laboratory must be 
notified if there is headspace or large air bubbles.  If no replacement 
sample can be obtained, the results of the original sample must be 
qualified. 

 
9.6.3 Volatile soil samples received in Encore™ samplers or glass jars must be 

delivered to the volatile lab immediately after log-in for preservation by 
the volatile lab staff. 

 
9.7 Log-in for commercial samples 
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9.7.1 Record all receiving information (including but not limited sample 
pH, cooler temperature, discrepancies) on the client COC, for 
commercial cooler receipts.   

 
9.7.2 The Sample Control clerk forwards the paperwork to the Project Manager 

where the following sample receiving steps are completed. 
 

9.7.2.1 The commercial client is contacted, if necessary, regarding any 
discrepancies noted upon sample receipt. 

 
9.7.2.2 The Project Manager performs the order entry procedure at which 

point CCNs are assigned.  See Customer Service SOP 5.11, “Order 
Entry in Horizon.” 

 
9.7.2.3 Project Managers maintain the client documentation package 

(CDP).  A copy of the CDP is scanned as an Adobe Acrobat .pdf 
file and maintained electronically for reference. 

 
9.7.2.4 The CDP contains "original" paperwork and COCs and are 

maintained in client/project specific files in Customer 
Service/Project Management.  Client-specific requirements are met 
for handling of "original" paperwork. 

 
9.7.3 At the request of the commercial client, volatile holding/storage blanks are 

created as described in Sample Control SOP 4.9, "Preparing and Handling 
Test Samples."  Test samples are routinely generated for EPA samples. 

 
9.7.4 After order entry, bottle labels are printed from the LIMS to the printer in 

the Receiving department.  Sample Control Clerk labels all sample 
containers with the laboratory-generated labels, leaving as much of the 
original field label exposed as is possible, particularly the field sample ID.  
The field sample ID must be carefully checked against the lab-generated 
label at the time the labels are placed on the containers. 

 
9.7.4.1 The Project Manager must communicate information pertaining to 

samples designed for long-term storage. 
 

9.7.4.2 The Project Manager must communicate information pertaining 
to samples arriving from outside of the continental U.S, and 
designated quarantine states within the continental U.S. (NC, SC, 
GA, FL, TN, AR, OK, TX, LA, MS, AL).  The project manager 
communicates this information by entering it into the LIMS.  
This will then flag the quarantined samples on the purge disposal 
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log. 
 

9.7.5 The labeled samples are placed onto a cart and moved into the secured 
cooler.  Water samples not associated with US EPA CLP SOW ILM05.3 
to be analyzed for total and dissolved metals are moved into the secured 
ambient storage room unless hexavalent chromium is requested.   

 
9.7.5.1 Samples submitted, in order to meet the regulatory requirements of 

the NCDENR, must be maintained at 2 - 4.4° C, except for 
aqueous, metals-only samples.  For that reason, those samples 
must be stored in a refrigerator that consistently has been 
maintained at less than 4.4° C but greater than 2° C. 

 
9.8 Log-in for EPA samples 

 
Note: Separate receiving logs are required for inorganics and organics and for 

water and soil matrices. 
 

9.8.1 The Sample Control clerk completes all areas of the receiving log except 
for the following areas that are completed by the EPA Coordinator or 
Assistant. 

 
 Login No./SDG 

 
 Region 

 
 Contract No. 

 
 Case No. 

 
 TAT 

 
 Lab Instructions 

 
 $ Amount 

 
 Sample No. 

 
 QC 

 
 Sample Login by 

 
9.8.1.1 Find the Case/SDG number (located in the EPA receiving log) in 
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the weekly EPA scheduling logbook, and note the order number on 
the receiving log in the "Login No./SDG" field.  If the case number 
is not located in the logbook, see the EPA Coordinator. 

 
9.8.2 The paperwork is provided to the EPA Coordinator or Assistant who must 

immediately complete the receiving documentation required for the CSF 
including the Form DC-1 (Attachment 16).  Those steps are detailed in 
Customer Service SOP 5.8, “Creating the Gray Folder.”  The EPA 
Coordinator or Assistant also enters the sample receipt information into 
the LIMS following Customer Service SOP 5.11, “Order Entry in 
Horizon.”  This includes the generation of bottle labels. 

 
Note: A DC-1 must be completed for each cooler containing EPA 

samples 
 
9.8.3 For EPA CLP dissolved metals samples, review the traffic report or COC 

for digestion instructions.  If there are none, the samples designated as 
dissolved metals will be digested. 

 
9.8.4 Once labels are generated, the Receiving Clerk wraps the appropriate label 

onto each sample container leaving the field sample ID that appears on the 
existing label in view, if possible. 

 
9.8.4.1 If the samples are designated for long-term storage, as stated on 

the COC or by the SMO, place an additional label with the 
disposal date noted, on each container. 

 
9.8.5 Create volatile holding/storage blanks at the rate of two per SDG and 

place them in the volatile coolers with the samples.  Blanks are created as 
described in Sample Control SOP 4.9, “Preparing and Handling Test 
Samples.” 

 
9.8.6 Place all labeled samples on a cart and move the samples into the 

appropriate secured cooler or ambient storage unit. 
9.9 Contingency 
 

9.9.1 If, due to a lab accident or to QC failure, a re-preparation is required for 
the sample and insufficient volume remains, the Project Manager must be 
alerted and will contact the client for direction on how to proceed. 

 
9.9.2 If persistent contamination occurs in the laboratory, analyses must be 

halted until the source can be identified and isolated.  When the 
contamination issue is resolved, sample analyses may proceed. 



Section No. 4.1 
Revision No. 33 
Date:  February 19, 2008 
Page 15 of 42 

 

ORIGINAL          MASTER COPY         CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 
9.9.3 Refer to the corresponding Data Review SOP (number will vary among 

sections) for information on how to handle reporting of data that are 
unacceptable or out-of-control. 

 
9.9.4 Any other issues that potentially affect data quality should be addressed 

with the Project Manager. 
 
10.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3 or H2SO4 to pH <2 or NaOH to pH > 12 are 
hazardous and must be handled as hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
11.0 References 
 

11.1 U.S. EPA CLP SOW OLC03.2, OLM04.3, SOM01.2, and ILM05.4 
 

11.2 “Test Methods for Evaluating Solid Wastes:  Physical/Chemical Methods”, SW-
846, 3rd Edition, Update III, 12/96 

 
11.3 Quality Control SOP 13.6, “Proper Documentation Procedures” 

 
11.4 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 

11.5 NELAC Standards, approved July 2003  
 

11.6 EPA QA-G6: Guidance for the Preparing Standard Operating Procedures (SOPs) 
EPA/600/B-07001, April 2007. 

 
11.7 CompuChem Quality Manual, Revision 10, February 19, 2008 

 
12.0 Attachments as Tables, Diagrams and Flowcharts 
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Attachment 1 – Tables of Preservation and Holding Times 

 
Attachment 2 – Quality Assurance Notices for Temperature Excursion 

 
Attachment 3 – Quality Assurance Notice for pH 

 
Attachment 4 – Quality Assurance Notice for Cyanide Samples  

 
Attachment 5 – Quality Assurance Notice for Phenol 

 
Attachment 6 – Quality Assurance Notice for Cooler Temperature Options –  
 Organics 

 
Attachment 7 – Quality Assurance Notice for Cooler Temperature Options –  

 Inorganics 
 

Attachment 8 – Logbook 7 S 1, IR Gun Check 
 

Attachment 9 – Temperature Log Book Example 
 

Attachment 10 – Chain-of-Custody Record 
 

Attachment 11 – EPA Organic Traffic Report Example 
 
Attachment 12 – EPA Inorganic Traffic Report Example  

 
Attachment 13 – EPA Receiving Log - organic 

 
 Attachment 14 – EPA Receiving Log - inorganic 
 

 
Attachment 16 – Sample Receiving Log (Form DC-1), Organics & Inorganics 
 
Attachment 17 – QA Notices for North Carolina Only 
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Attachment 1 

Table 4.1 Requirements for Containers, Preservation, Holding Times, and Recommended Sample
Volumes Published in the Clean Water Act, 40 CFR 136, Federal Register

Parameter Preservation Holdinga

Time (days)
Containersb Volume

(ml)
Acidity Cool, 4°C 14 P or G 200
Alkalinity Cool, 4°C 14 P or G 100
Ammonia Cool, 4°C 28 P or G 500
Biochemical Oxygen Demand Cool, 4°C 48 hours P or G 1000
Bromide NRc 28 P or G 200
Chemical Oxygen Demand Cool, 4°C, H2SO4 to

pH<2
28 P or G 100

Chloride NR 28 P or G 100
Chlorine, Total Residual NR 0d P or G 500
Chromium VI Cool, 4°C 24 hours P or G 500
Coliform, fecal and total Cool, 4°C; 0.008%

Na2S2O3

6 hours P or G 200

Color Cool, 4°C 48 hours P or G 500
Cyanide, total Cool, 4°C; NaOH to

pH>12
0.6 g ascorbic acidf

14e P or G 1000

Cyanide, amenable to
chlorination (free)

Cool, 4°C; NaOH to
pH>12
0.6 g ascorbic acidf

14e P or G 500

Fluoride NR 28 P 500
Hardness HNO3 to pH<2

H2SO4 to pH <2
180 P or G 250

Hydrogen Ion (pH) NRc 0d P or G 40
Kjeldahl Nitrogen Cool, 4°C; H2SO4 to pH

<2
28 P or G 1000

Mercury HNO3 to pH<2 28 P or G 500
Metals (except Cr VI and Hg) HNO3 to pH<2 180 P or G 500
Nitrate (as N) Cool, 4°C 48 hours P or G 100
Nitrite (as N) Cool, 4°C 48 hours P or G 50
Nitrate-Nitrite (as N) Cool, 4°C; H2SO4 to pH

<2
28 P or G 500

Oil and Grease Cool, 4°C;  H2SO4 to
pH <2

28 G 1000

Organic Carbon, Total (TOC) Cool, 4°C
HCl or H2SO4 to pH <2

28 P or G 100

Organic Nitrogen, Total Cool, 4°C; H2SO4 to pH
<2

28 P or G 500

Orthosphosphate (as P) Filter immediately,
Cool, 4°C

48 hours P or G 50

Phenols (Total) Cool, 4°C; H2SO4 to pH
<2

28 G 1000

Phosphorus (Elemental) Cool, 4°C 48 hours G 500
Phosphorus (Total) Cool, 4°C

H2SO4 to pH <2
28 P or G 200

TRPH 5 ml HCl; Cool, 4°C 48 hours G 1000
a  From time of sample collection
b  Polyethylene (P) or glass (G)
c  None required
d  0 days indicates that the sample must be analyzed immediately.
e  Reduced to 24 hours if sulfide is present, unless sulfide is removed before preservation.
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Attachment 1 (Continued) 

 
Table 4.1 (Continued) Requirements for Containers, Preservation, Holding Times, and

Recommended Sample Volumes Published in the Clean Water Act, 40 CFR
136, Federal Register

Parameter Preservation Holding Timea

(days)
Containersb Volume

(ml)
Solids (Total and Filterable) Cool, 4°C 7 P or G 100
Solids (Non-filterable) Cool, 4°C 7 P or G 200
Solids (Settleable) Cool, 4°C 48 hours P or G 1000
Silica Cool, 4°C 28 P 100
Specific Conductance Cool, 4°C 28 P or G 250
Sulfate Cool, 4°C 28 P or G 250
Sulfide Cool, 4°C

Add zinc acetate and
NaOH to pH>9.

7 P or G

Sulfite NRc 0d P or G 250
Surfactants Cool, 4°C 48 hours P or G 250
Turbidity Cool, 4°C 48 hours P or G 250
Purgeable Halocarbons Cool, 4°C

0.008% Na2S2O3
e

14 G 80

Purgeable Aromatic
Hydrocarbons

Cool, 4°C
0.008% Na2S2O3

f

HCl to pH<2

14 G 80

Phenols Cool, 4°C
0.008% Na2S2O3

f
7/40g P or G 2000

Benzidines Cool, 4°C
0.008% Na2S2O3

f
7/7h P or G 2000

Phthalate Esters Cool, 4°C 7/40g G 2000
Nitrosamines Cool, 4°C, dark

0.008% Na2S2O3
f

7/40g P or G 2000

PCBs Cool, 4°C 7/40g P or G 2000
Nitroaromatics and isophorone Cool, 4°C, dark

0.008% Na2S2O3
f

7/40g P or G 2000

Polynuclear Aromatic
Hydrocarbons

Cool, 4°C, dark
0.008% Na2S2O3

f
7/40g G 2000

Haloethers Cool, 4°C
0.008% Na2S2O3

f
7/40g P or G 2000

Chlorinated Hydrocarbons Cool, 4°C 7/40g P or G 2000
TCDD Cool, 4°C

0.008% Na2S2O3
f

7/40g P or G 2000

Pesticides Cool, 4°C; pH 5-9 7/40g P or G 2000
a  From time of sample collection
b  Polyethylene (P) or glass (G)
c  None required
d  0 days indicates that the sample must be analyzed immediately.
e  Na2S2O3 added if residual chlorine is present; approx. equal to 1 ml of 10% thiosulfate / liter of sample.
g  To complete extraction (or initiate extraction if continuous liquid-liquid extraction is performed)/ to complete analysis following
extraction
h  Extracts may be stored up to 7 days before analysis if stored under an inert (oxidant-free) atmosphere.
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Attachment 1 (Continued) 

 
Table 4.2 Requirements for Containers, Preservation, Holding Times, and

Recommended Sample Volumes Published in the U.S. EPA CLP SOW for
Inorganics Analysis, ILM04.0-.1

Parameter Preservationa Holding Timeb

(days)
Containersc Volume

(ml)
Cyanide, total Cool, 4°C

NaOH to pH>12
0.6 g of ascorbic acidd

12 P or G 1000

Metals (except Hg) HNO3 to pH<2 180 P or G 500e

Mercury HNO3 to pH<2 26 P or G 500e

a  Water sample only; preservation performed by sampler immediately upon sample collection. Soil/sediment samples
are maintained at 4°C until analysis. Dissolved metals are filtered onsite by sampler before addition of
preservative.

b  From validated time of sample receipt
c  Polyethylene (P) or glass (G)
d  Only used in the presence of residual chlorine
e  Can be combined into a one-liter bottle.

Table 4.3 Requirements for Containers, Preservation, Holding Times, and
Recommended Sample Volumes Published in the U.S. EPA CLP SOW for
Organics Analysis OLM03.2 (aqueous only), OLM04.2, and OLC02.1
(aqueous only)

Parameter Preservation Holding Time
(days)a

Containersb Volume
(ml)

Aqueous Volatiles Cool, 4°± 2°Cc

HCl to pH<2
10d G-TLSSL 80

Soil/Sediment Volatiles 4°± 2°Cc 10d G-TLC, CET,
EnCore™
samplers

4 oz

Aqueous Semivolatiles 4°± 2°Cc 5/40e G 2000
Soil/Sediment Semivolatiles 4°± 2°Cc 10/40e G 8 oz
Soil/Sediment Pesticides/PCBs 4°± 2°Cc 10/40e G 8 oz
Aqueous Pesticides/PCBs 4°± 2°Cc 5/40e G 2000

a  From validated time of sample receipt
b  All containers are 1-liter glass bottles with Teflon-lined cap except aqueous volatiles (G-TLSSL = 40-ml glass bottle

with Teflon-lined septum sealed lid), and soil/sediment volatiles (G-TLC = 4-oz glass jar with Teflon-lined cap or
CET = closed-end tubes such as brass sleeves).  Soil samples may also be collected under OLM04.2 for low level
analysis as 5 gm sample in sodium bisulfate or medium level analysis in pre-weighed vials containing 10ml
methanol.  When this occurs, the sample vial, with 10 ml methanol and all labeling, is weighed to the nearest 0.1g
prior to the addition of sample.  Approximately 5g of sample is added to the vial.  The sample vial with

sample is weighed to the nearest 0.1g.  The initial weight, final weight and sample weight are recorded and provided to
the laboratory.

c  Preserve samples at time of collection; samples should be stored in the dark until extraction/analysis.
d  Until analysis
e  To complete extraction/to complete analysis following extraction
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Attachment 1 (Continued) 

Table 4.4 Requirements for Containers, Preservation, Holding Times, and Recommended
Sample Volumes for Aqueous and Solid Matricesa Published in SW846 Test
Methods for Evaluating Solid Waste, Third Edition, Update 3, December 1996.

Parameter Methods References Container Preservation Maximum
Holding Timesb

Volatile
Organics in
water

Purge and trap
GC and
GC/MS

8021B,
8015B,
8260B

Glass, 40-ml vial
with zero
headspace

4°C, HCl to pH
<2,

0.008% Na2S2O3

14 days (A) (see
below for soil)

Semivolatile
Organics

GC, HPLC,
and GC/MS

8081A,
8141A,
8151A, 8310,
8082, 8270C

Glass, amber (A)
(1 liter sample);  8-
oz wide mouth
with PTFE-lined
cap (S)  (50-g
sample)

Cool to 4°C,

0.008% Na2S2O3

7 days to extract (A);
14 days to extract
(S); 40 days to
analyze (A/S)

Total Metals –
except
Mercury and
Chromium VI

Furnace AA
and ICP

7000 series/

6010B

Glass or plastic
500ml (A), 8-oz
wide mouth (S)
(200-g sample)

HNO3 to pH<2
(A);
filter dissolved on-
site first; filter
suspended-no acid

6 months (A/S)

Chromium VI Colorimetric,
automated

7196A Glass or plastic,
500ml (A),  8-oz
wide mouth (S)
(200-g sample)

Cool to, 4°C 24 hours (A); one
mo. to extraction, 4
days after (S).

Mercury Manual cold
vapor AA

7470/7471A Glass or plastic,
500ml (A), 8-oz
wide mouth (200-g
sample)

pH<2 HNO3 (A);
filter dissolved;
Cool to 4oC (S)

28 days (A/S)

Chloride Colorimetric,
automated

9251 Glass or plastic None required 28 days (A)

Cyanide Colorimetric
automated

9012A Glass or plastic Cool to 4oC;
pH >12 NaOH (A)

14days (A)

Phenols Colorimetric,
automated

9066 Glass or plastic Cool to 4oC;
pH <4 H2SO4 (A)

28 days (A)

Specific
conductance

conductivity 9050A Glass or plastic Cool to 4oC (A) 28 days (A)

Sulfate turbidimetric 9038 Glass or plastic Cool to 4oC (A) 28 days (A)
Sulfide distillation,

titration
9034 Glass or plastic Cool to 4oC;

Zinc acetate (A/S)
7 days (A/S)

Oil & grease Gravimetric 9070/9071A Glass Cool to 4oC (A/S);
5 ml diluted
HCl(A)

28 days (A)
14 days (S)

TOC Combustion
analyzer

9060 Glass or plastic Cool to 4oC; pH<2
HCl or H2SO4;

Store in dark (A)

28 days

TOX DX 208
analyzer

9020B Glass, PTFE-lined
cap

Cool to 4oC;
pH<2 H2SO4

a  Table originally excerpted, in part, from Table II, 49 FR 28, October 26, 1984, and revised.
b Holding time begins at time of sample collection.
(A) aqueous
(S) solid
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Attachment 1 (Continued) 
Table 4.5 Sample Handling, Preservation and Holding Time Table for SW846 Method

5035,Volatile Organics in Soil
Conc.
Level

Sampling
Device

Collection
Procedure

Container
Type

Container
Preparation

Preservation Maximum
Holding
Timea

< 200
ug/kg

Coring
Device

5035-Section
6.2.1

Glass vial w/
PTFE-silicon
septum

5035-6.1.1 4°C,  NaHSO4 14 days

Coring
Device

5035-Section
6.2.1

Glass vial w/
PTFE-silicon
septum

5035-6.1.1b 4°C 48 hours

Coring
Device

5035-Section
6.2.1

Glass vial w/
PTFE-silicon
septum

5035-6.1.1 4°C/-10°Cd 48 hours/
14 dayse

EncoreTM  or
equivalent

5035-Section
6.2.1

EncoreTM or
equivalent

5035-6.1.1b,f,g 4°C 48 hours

EncoreTM  or
equivalent

5035-Section
6.2.1

EncoreTM or
equivalent

5035-6.1.1f,g NaHSO4, 4°C 48 hours,
14 days

EncoreTM  or
equivalent

5035-Section
6.2.1

EncoreTM or
equivalent

5035-6.1.1 b,f,g 4°C/-10°C c,d 48 hours/
14 days

> 200
ug/kgh

EncoreTM  or
equivalent

5035-Section
6.2.2.3f

EncoreTM or
equivalent

5035-6.1.1 f,g 4°C 48 hours
14 days

Coring
Device

5035-Section
6.2.2.3I

Glass vial w/
PTFE-silicon
septum

5035-6.1.1 I Methanol/PEG
4°C

14 days

Conventional
Devices

FLDEP SOP
–Section 4.3

Glass vial w/
PTFE-silicon
septum

5035-6.1.1 4°C 14 days

Dry
weight

Conventional
Devices

Glass w/ teflon
liner

4°C

a Maximum time allowed from time/date of collection to sample analysis.
b Eliminate 6.1.1.2; use only organic-free water.
c Contents of sampling device must be transported to the laboratory at 4oC and stored at –10oC;  this option upon client request.
d In order to ensure that vials do not break during freezing, they should be stored on their side or at a slanted angle.
e Maximum allowed time at 4oC is 48 hours; maximum allowed time to sample analysis is 14 days from collection.
f Conducted in the laboratory.
g Entire contents of sampling device is extruded into the sample analysis vial containing the appropriate solvent.
h Procedures are limited only to those situations or programs in which the maximum contamination level does not exceed 200ug/kg.
I Methanolic preservation in the field is not recommended.
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Attachment 1 (Continued) 

 

Table 4.6 Requirements for Holding Times for Hazardous Characteristics Indicators
Published in SW846 Test Methods for Evaluating Solid Waste, Third Edition,
Update 3, December 1996.

Parameter Methods References Container Preservation Maximum
Holding Timesc

Reactivity-
Total releasable
cyanide

Reflux
distillation,
colorimetry

Chapter 7,
7.3.3, 9012A

Glass, with zero
headspace

4°C in dark,

pH 12 NaOH

ASAP

Reactivity-
Total releasable
Sulfide

Acid
distillation,
titration

Chapter 7,
7.3.4, 9034

Glass, with zero
headspace

4°C in dark,

pH 12 NaOH; zinc
acetate

ASAP

Ignitability Flash point 1010 Glass or plastic NA ASAP

Corrosivity Electrometric 9040B Glass or plastic NA ASAP

Paint filter
liquids

filtration 9095A Glass or plastic NA ASAP

EP Toxicity Leachate
generation

1310 Glass or plastic NA ASAP

Table 4.7 Requirements for Containers, Preservation, Holding Times, and Recommended
Sample Volumes for Toxicity Characteristics Leaching Procedure, TCLP, Method
1311, and Synthetic Precipitation Leaching Procedure, SPLP, Method 1312,
Published in SW846 Test Methods for Evaluating Solid Waste, Third Edition,
Update 3, December 1996.

Sample Maximum Holding Times

Parameter From:
Field to  collection

To:
TCLP extraction

From:
TCLP
extraction

To:
Preparative
extraction

From:
Preparative
extraction

To:
Determinative
Analysis

Total
elapsed time
in days

Volatiles 14 NA 14 28
Semivolatiles 14 7 40 61
Mercury 28 NA 28 56
Metals, no Hg 180 NA 180 360

Exceeding the holding time is not acceptable in establishing that a waste does not exceed the regulatory level.
Exceeding the holding time will not invalidate characterization if the waste exceeds the regulatory level.

Holding time associated with the ASTM leachate generation method (D3987-85) is 14 days from collection
to leachate generation, i.e. filtration, then the method holding time to preparation and/or analysis.
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QUALITY ASSURANCE NOTICE 

 
 

Client  _________________________ 
Case # _________________________ 
Type of Analysis _________________ 
Receipt Date ____________________ 

 
 

 
For some organic and/or inorganic determinations temperature preservation at 4 degrees Celsius is required for environmental 
samples during shipment to the laboratory and prior to analysis.  A temperature tolerance range is generally allowed.  
Temperature of a representative sample from the shipping container is taken and recorded by the receiving clerk at the time of 
sample receipt.  This temperature is representative of all samples contained in the cooler.   
 
The EPA CLP program requires the laboratory make notification when the temperature exceeds 10o C.   
 
The State of North Carolina requires that samples must be iced to above freezing but ≤ 6o C during shipment.    
 
Notification to other clients is either client or project dependent. 
 
Samples that are hand delivered to the laboratory immediately after collection may not meet this criteria.  In these cases, the 
samples shall be considered acceptable if there is evidence that the chilling process has begun, such as arrival on ice. 
 
The temperature of this sample at the time of receipt was determined to be _______. 
 
A CompuChem customer service representative contacted the client.  The client instructed the Receiving department to: 

 
Hand Delivery/Received on ice  _______ 

 
Analyze - qualify with notice     _______ 

 
Dispose - client will resample    _______  

 
 
Supervisor Signature/ID _________________________/_________ Date _____________ 

 
 
QAN-R-3 
060308 

 
qanr3 – 3/8/06:jad 
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Attachment 4 

 
 

QUALITY ASSURANCE NOTICE 
 
 

CompuChem ID # _______________ 
Client ID # _____________________ 
Case # _________________________ 
Type of Analysis _________________ 
Receipt Date ____________________ 

 
 

A chlorine and sulfide check was performed on the above cyanide sample 
 

The results are checked below. 
 

Chlorine was detected _____ 
Sulfide was detected   _____ 

 
A CompuChem customer service representative contacted the client.  The client instructed the 
Receiving department to: 

 
 

Analyze - qualify with notice   _______ 
 

Dispose - client will resample   _______ 
 
 

 
Supervisor Signature/ID _________________________/__________  

  
Date _____________ 

 
QAN-R-1 
971022 
 

Qanr1 – 10/22/97:llc 
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Quality Assurance Notice 

 
 
CompuChem ID#___________________ 
Client ID#_________________________ 
Case #____________________________ 
SDG# ____________________________ 
Receipt Date_______________________ 
Method___________________________ 
 
 
 
A chlorine check was performed on the above phenol sample and was determined to be present.  
A member of CompuChem’s Customer Service Department contacted the client.  The Receiving 
Department was instructed as follows: 
 

 
Analyze – Qualify with notice and address in narrative: __________ 

Dispose – Client will resample: __________ 
 
 
 
 

Supervisor Signature/ID _______________________________/___________ 
 

Date ______________________ 
 
 
 
QAN-R-4 
010702 
 

Qanr4 – 07/2/01:dce 
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Quality Assurance Notice 

 
Case # ____________________________SDG# ____________________________ 
Receipt Date _______________________Matrix ____________________________ 
 
In the USEPA Contract Laboratory Program (CLP) “Statement of Work for Organic Analysis, Multi-Media, Multi-
Concentration (Document Number OLM04.3, OLC03.2 and SOM01.1),”directions are provided dealing with a 
temperature blank, termed the USEPA Cooler Temperature Indicator. 
 
If a cooler temperature indicator bottle is not present in the cooler, the laboratory is required to contact the Sample 
Management Office (SMO), inform them of that fact and use an alternative means of determining the cooler 
temperature. 
 
The following is a list of options employed by CompuChem to determine the cooler temperature.  For the Case/ 
SDG presented above, the option(s) used have been indicated by a check mark. 
 
Note: Any of the options performed are done so immediately after the cooler has been opened and the determination 
made that the cooler temperature indicator bottle is absent. 
 

Water Samples 
___An aliquot from a sample bottle designated for extractable organics is poured into a disposable container, a 
thermometer is inserted into the disposable container, and the temperature is taken and recorded after a 3-minute 
equilibration period.  The contents of the disposable container are then properly discarded. 
 
___A calibrated IR temperature gun is focused onto a sample container, contained in the cooler, and after a 
minimum of 5 seconds, a temperature reading is taken and recorded. 
 

Soil Samples 
___A calibrated IR gun is used, as indicated for water samples. 
___A temperature strip is affixed to the outside of a sample container and, after one minute, the temperature is read 
and recorded. 
 
As required by the organic SOW, the alternative technique used to determine the cooler temperature must be 
documented in the SDG Narrative. 
 
      Signature____________________________ 
QAN-R-5     Date________________________________ 
011324 

 
Qanr5 – 11/15/05:vr 
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Quality Assurance Notice 

 
Case # ____________________________SDG# ____________________________ 
Receipt Date _______________________Matrix ____________________________ 
 
In the USEPA Contract Laboratory Program (CLP) “Statement of Work for Inorganics Analysis, Multi-Media, 
Multi-Concentration (Document Number ILM04.1 and ILM05.3),”directions are provided dealing with a 
temperature blank, termed the USEPA Cooler Temperature Indicator. 
 
If a cooler temperature indicator bottle is not present in the cooler, the laboratory is required to contact the Sample 
Management Office (SMO), inform them of that fact and use an alternative means of determining the cooler 
temperature. 
 
The following is a list of options employed by CompuChem to determine the cooler temperature.  For the Case/ 
SDG presented above, the option(s) used have been indicated by a check mark. 
 
Note: Any of the options performed are done so immediately after the cooler has been opened and the determination 
made that the cooler temperature indicator bottle is absent. 
 

Water Samples 
___An aliquot from a sample bottle is poured into a disposable container, a thermometer is inserted into the 
disposable container, and the temperature is taken and recorded after a 3 minute equilibration period.  The contents 
of the disposable container are then properly discarded. 
 
___A calibrated IR temperature gun is focused onto a sample container, contained in the cooler, and after a 
minimum of 5 seconds, a temperature reading is taken and recorded. 
 

Soil Samples 
___A calibrated IR gun is used, as indicated for water samples. 
___A temperature strip is affixed to the outside of a sample container and, after one minute, the temperature is read 
and recorded. 
 
As required by the inorganic SOW, the alternative technique used to determine the cooler temperature must be 
documented in the SDG Narrative. 
 

     Signature____________________________ 
QAN-R-6     Date________________________________ 
051115 

Qanr6 – 11/15/05:vr 
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CompuChem a division of Liberty Analytical Corp. Logbook 7 S 5 
 

IR Gun Check 
 

The tolerance for the IR Gun check is ± 1°C.  If this criteria is not met, the IR Gun must be removed for recalibration. 
IR calibration performed once per week. 

 
 

Date IR Gun 
No. 

Thermometer 
Temp. °C 

Container 
Type 

Container 
Temp °C 

Checked 
By 

Comments 

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 Clear Glass   
 Amber Glass   

  

 Plastic  

  

 
 
Reviewed By: ______________________________ Date: _______________ 
 

 
3/21/03:dce 
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Attachment 9 
 
 

Logbook  7 A 4

Temperature Corrective Action

Date Time
Temperature 

(°C) Initials AC UN If unacceptable, action taken* Yes No

If yes, date 
rejoined** or new 
thermometer ID

AC = Acceptable     UN = Unacceptable
*Once corrective action is completed, document an additional temperature reading to verify unit is within acceptance criteria.
** If mercury separation in the thermometer is evident, notify supervisor immediately so that the mercury can be rejoined following QA SOP 17.12.  

Reviewed by: Date: 10/11/05:jad

Sample Receiving Walk-in Refrigerator #1 Temperature Log
CompuChem, a division of Liberty Analytical

Acceptable temperature range is 2 °C to 4 °C.  Record temperatures to the nearest degree.  If temperature is not within acceptance range, notify supervisor
or maintenance immediately.  Temperature readings should be taken at approximately the same time each day.  Please indicate if the time recorded is am or pm.

Daily Temperature Reading Mercury Separation
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Attachment 16 (Continued) 
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Attachment 16 (continued) 



Section No. 4.1 
Revision No. 33 
Date:  February 19, 2008 
Page 39 of 42 

 

ORIGINAL          MASTER COPY         CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 
 

 
 

 
 

 
 
 
 

Attachment 17 



Section No. 4.1 
Revision No. 33 
Date:  February 19, 2008 
Page 40 of 42 

 

ORIGINAL          MASTER COPY         CONTROLLED COPY 
If words above are not highlighted, this is an uncontrolled copy of this document. 

 
CompuChem, a division of Liberty Analytical Corporation 

 
QUALITY ASSURANCE NOTICE 

(North Carolina Samples Only) 
 

CompuChem ID # _______________ 
Client ID # _____________________ 
Case # _________________________ 
Type of Analysis _________________ 
Receipt Date ____________________ 

 
 

A chlorine and sulfide check was performed on the above cyanide sample 
 

The results are checked below. 
 

Chlorine was detected _____ 
Sulfide was detected   _____ 

 
A CompuChem customer service representative contacted the client.  The client instructed the Receiving 
department to: 

 
 

Analyze - qualify with notice   _______ 
 

1. Client notified laboratory that data would be reported 
to the State of North Carolina. _____ 

 
2. Client notified laboratory that data would not be reported 

to the State of North Carolina. _____ 
 

Dispose - client will resample   _______ 
 
 
 

 
Project Manager/ID _________________________/__________ Date _____________ 

 
 
QAN-R-7 
060126 

Qanr7 – 1/26/06:jad 

 
 
 
 

Attachment 17 (continued) 
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QUALITY ASSURANCE NOTICE 

(North Carolina Samples Only) 
 

CompuChem ID # _______________ 
Client ID # _____________________ 
Case # _________________________ 
Type of Analysis _________________ 
Receipt Date ____________________ 

 
 
 The pH reading for the sample above was ________:  the required pH level is ________. 
 

A CompuChem Project Manager contacted the client who instructed the laboratory to:  
 

Preserve in-house                     _______ 
 

Note: For samples preserved in house, certain clients require that the maximum amount of 
preservative added to a sample in an SDG also be added to the associated field or 
equipment blank.  If neither blank is present, the appropriate laboratory must be notified so 
the proper amount of preservation can be added to the method blank. 

 
 

Analyze - qualify with notice   _______ 
 

3. Client notified laboratory that data would be reported 
 to the State of North Carolina. _____ 
 
4. Client notified laboratory that data would not be reported 
 to the State of North Carolina. _____ 

 
Dispose - client will resample   _______ 
 
Subcontract lab to preserve       _______  

 
Project Manager___________________________ Date __________________________ 
 
Preservation Type__________________________ Preservative Lot Number___________ 
 
Preserved By_______________________________ Date___________________________ 
 
QAN-R-8 
060126          QAN-R-8:012606:jad 
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Attachment 17 (continued)  

 
QUALITY ASSURANCE NOTICE 

(North Carolina Samples Only) 
 

Client  _________________________ 
Case # _________________________ 
Type of Analysis _________________ 
Receipt Date ____________________ 

 
 
For some organic and/or inorganic determinations temperature preservation at 4o C is required for environmental 
samples during shipment to the laboratory and prior to analysis.  A temperature tolerance range is generally 
allowed.  Temperature of a representative sample from the shipping container is taken and recorded by the receiving 
clerk at the time of sample receipt.  This temperature is representative of all samples contained in the cooler.  The 
EPA CLP program requires the laboratory make notification when the temperature exceeds 10o C.  The State of 
North Carolina requires that samples must be iced to above freezing but ≤ 6o C during shipment.  Notification to 
other clients is either client or project dependent. 
 
Samples that are hand delivered to the laboratory immediately after collection may not meet this criteria.  In these 
cases, the samples shall be considered acceptable if there is evidence that the chilling process has begun, such as 
arrival on ice. 
 
The temperature of this sample at the time of receipt was determined to be _______. 
 
A CompuChem customer service representative contacted the client.  The client instructed the Receiving department 
to: 

 
Hand Delivery/Received on ice  _______ 
 
Analyze - qualify with notice     _______ 

 
1. Client notified laboratory that data would be reported 

to the State of North Carolina. _____ 
 

2. Client notified laboratory that data would not be reported 
to the State of North Carolina. _____ 

 
Dispose - client will resample    _______  

 
 
Project Manager/ID _________________________/_________ Date _____________ 
 
QAN-R-9 
060309 

qanr9 – 3/09/06:jad 
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Sample Control SOP 4.6: Storing Samples 
 
 
 
 
1.0 Scope and Application 
 

This SOP describes the responsibility of the sample custodian to properly store all 
samples and check and record the storage cooler temperature daily. 

 
Staff members performing the procedures described in this SOP are responsible for 
reading, understanding, and complying with the SOP requirements.  Supervisors are 
responsible for directing the analyst to the controlled SOP, and providing adequate 
explanation of the material contained therein. 

 
This procedure is restricted to use by or under the supervision of employees experienced 
or trained in the processes described below. 

 
2.0 Summary 
 

All received samples and processed extracts are placed in secured cooler storage facility, 
located in the Sample Control department.  Sample storage temperature requirements are 
different among the agencies that oversee laboratory certifications and approvals.  In 
order to satisfy them all, we choose to exercise the most rigorous, maintaining sample 
storage temperatures at 2-4.4oC.  Only aqueous metal samples are allowed to be stored at 
room temperature in the receiving area. (SW-846 extracts are stored at a temperature 
range of -10°C to -20°C.) 

 
3.0 Definitions 
 

3.1 An SDG is defined by the following, whichever is more frequent: 
 

• each 20 field samples received within a case, or 
 

• each 7 calendar days, beginning with the receipt of the first sample. 
 

NOTE: The Army Corps of Engineers does not accept the SDG approach, 
unless the samples are prepared in a single batch.  When a group of 
up to 20 field samples of a similar matrix are prepared as one batch, 
method-specified QC samples such as a method blank, laboratory 
control sample, matrix spike, and matrix spike duplicate must also 
be prepared together at a rate of 5%.  If samples are batched 
together from different sites, project-specific QC must be processed. 
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3.2 CLP – Contract Laboratory Program 
 

3.3 SOW – Statement of Work 
 
3.4 TCLP – Toxicity Characteristic Leaching Procedure  

 
4.0 Safety 

 
Appropriate protective equipment and clothing must be used under the assumption that 
all samples are potentially hazardous.  During sample preparation, glasses, gloves and lab 
coats are a minimum requirement.  The persistent presence of noxious odors may be 
indicative of failure of the laboratory ventilation system and must be reported to a 
supervisor or manager. 
 
Laboratory staff is encouraged to review the Chemical Hygiene Plan for general safety 
policies, and Material Safety Data Sheets for reagents used in the laboratory. 

 
5.0 Equipment & Supplies 
 

5.1 Sample storage units located in the receiving area 
 

5.1.1 Coolers #3, 5, 6, and 7 store soil samples in the receiving area.  These 
coolers are used for long-term storage of samples after analysis. 

 
5.1.2 Cooler #8 stores aqueous samples in the receiving area.  This cooler is 

used for long-term storage of samples after analysis.  Cooler #8 may 
also be used to store aqueous samples on temporary hold before 
analysis. 

 
5.1.3 Cooler #5 is used to store aqueous and soil samples in the receiving 

area that are on temporary hold before analysis. 
 

5.1.4 Cooler #1 (Walk-in) in the receiving area, stores soil and aqueous 
samples requiring extractable parameters (including TCLP extracts), 
wet chemistry parameters (includes cyanide digestates), and ILM05.3 
metals parameters. 

 
5.1.5 Ambient storage in the receiving area stores aqueous samples for 

metals parameters (excluding ILM05.3 samples) at room 
temperature. 

 
5.1.6 Cooler #2A in the receiving area stores wet chemistry samples and 

GC and GC/MS extracts after analysis. 
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5.1.7 Freezer #1 in the receiving area stores biological tissue samples and 

GC and GC/MS extracts on a long-term basis after analysis. 
 

5.2 Sample storage units located in the volatiles laboratory 
 

5.2.1 Refrigerator #4 stores aqueous samples scheduled for OLC03.2 
analysis in the volatiles laboratory. 

 
5.2.2 Refrigerator #5 stores soil samples scheduled for analysis in the 

volatiles laboratory. 
 
5.2.3 Refrigerator #2B stores aqueous samples scheduled for analysis in the 

volatiles laboratory. 
 

5.2.4 Freezer #6 stores Encore samples and performance evaluation 
samples in the volatiles laboratory. 

 
5.3 All coolers and refrigerators used for sample storage are maintained at 2oC 

to 4.4oC.  All freezers used for sample and sample extract storage are 
maintained at –10oC to –20oC. 

 
6.0 Sample Collection, Preservation, & Storage 
 

6.1 Samples collection and preservation requirements are located in Sample Control 
SOP 4.1: “Receiving Samples.” 

 
7.0 Quality Control 
 
 7.1 If a temperature reading is unacceptable, follow these steps: 
 

7.1.1 Check the refrigerator fan operation.  Call the facilities staff if the fan is 
not working. 

 
7.1.2 Close the storage refrigerator doors and take the temperature reading 

again in a half hour.  If the temperature is not within range, call the 
facilities manager. 

 
7.1.3 Note who was contacted and what corrective action was taken in the 

designated columns of the temperature logbook (Attachment 1). 
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8.0 Calibration & Standardization 
 

8.1 Laboratory thermometers are calibrated annually by the Organic Standards 
Chemist according to QA SOP 17.12:“Calibrating Thermometers.” 

 
8.2 The temperature of each sample cold storage unit is checked daily and 

recorded in the temperature logbook for that unit.  (Attachment 1) The 
acceptable temperature ranges for the specific cold storage unit is 
documented in its temperature logbook.   

 
8.2.1 In addition to entering the date, time, temperature and your initials, 

indicate whether the temperature is acceptable and the whether the 
thermometer’s mercury column is intact. 

 
8.2.2 Any excursions from the acceptable temperature range must be 

documented along with the corrective actions taken.  Corrective 
action procedures for temperature excursions are documented in the 
temperature logbooks and posted on the cold storage unit.  

 
8.2.3 Each completed logbook page must be reviewed by the area 

supervisor or his /her designee. 
 
9.0 Procedure 
 

After samples are received (see SOP 4.2 “Receiving Samples”), they are placed in 
the appropriate cold or ambient storage unit.  Samples are removed from these 
storage units by authorized personnel for preparation and analysis.  Sample 
transfer is documented on the internal chain-of-custody (COC). (Attachment 2)  

 
9.1 Removing samples from storage for preparation 

 
Samples that undergo a preparation step (extraction, digestion, distillation) 
are requested from storage using an internal chain-of-custody form. 
 
9.1.1 During first shift hours, the samples are removed from storage by the 

Sample Custodian and delivered to the preparation lab with a COC 
documenting samples were relinquished from storage. 

 
9.1.2 The Sample Custodian (time permitting) delivers the samples to the 

preparation lab with a signed COC at the end of first shift for 
processing during second shift hours. 
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9.1.3 The Sample Custodian puts samples requested for processing during 
weekend hours on a cart in the Walk-in with a COC.  The samples 
remain in the Walk-in until authorized personnel from the 
preparation lab remove them.  Upon removal the COC is signed 
documenting the day that the samples were relinquished from 
storage. 

 
9.1.4 If an additional sample is needed from storage during hours that the 

Sample Custodian is not available, authorized personnel may 
complete an internal COC form and remove the sample form storage. 

 
9.2 Storing Samples After Preparation and Analysis 

 
9.2.1 After sample preparation, unused sample and empty sample 

containers are returned to the Sample Custodian. Unused sample is 
stored in the appropriate storage unit, until it is disposed of (see SOP 
4.7 “Organizing and Designating Raw Samples for Disposal”). 
 
Note: Sample received for volatile analyses are placed in the 

refrigerators or freezer in Volatiles lab until analysis is 
complete.  The samples are returned to the Sample Custodian 
for long-term storage after analysis is complete. 

 
9.2.2 Sample extracts, digestates, or distillates scheduled for analysis by the 

laboratories, are placed in temporary storage in the appropriate 
laboratory.  After analyses are completed, the extracts, digestates, or 
distillates are placed into log-term storage by the Sample Custodian, 
until disposal (see SOP 4.7 “Organizing and Designating Raw 
Samples for Disposal”). 

 
9.3 Contingency 

 
9.31. If due to a lab accident or to QC failures, a re-preparation and 

analysis are required for the sample and insufficient sample volume 
remains, the Project Manager must be alerted and will contact the 
client for direction on how to proceed.  For the CLP, the Sample 
Management Office must be contacted. 

 
9.3.2 If persistent contamination occurs in the laboratory, analysis must be 

halted until the source of the contamination can be identified and 
isolated.  When the contamination issue is resolved, samples analysis 
may proceed. 
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9.3.3 Refer to the corresponding Data Review SOP (number will vary 
among sections) for information on how to handle reporting of data 
that are unacceptable or out-of-control. 

 
9.3.4 Any other issues that potentially effect data quality should also be 

addressed with the Project Manager or for CLP, the Sample 
Management Office. 

 
10.0 Waste Management 
 

It is the laboratory’s responsibility to comply with all federal, state, and local regulations 
governing waste management, particularly the hazardous waste identification rules and 
land disposal restrictions, and to protect the air, water, and land by minimizing and 
controlling all releases from fume hoods and bench operations.  Compliance with all 
sewage discharge permits and regulations is also required. 

 
Samples preserved with HCl, HNO3 or H2SO4 to pH <2 or NaOH to pH >12 are 
hazardous and must be neutralized before being disposed, or must be handled as 
hazardous waste. 

 
Refer to the Hazardous Waste Management and Safety SOPs located in the lab. 

 
11.0 References 
 

11.1 US EPA CLP SOW OLC03.2, OLM04.3, SOM01.1, ILM04.1, ILM05.3, plus 
revisions 

 
11.2 Test Method for Evaluating Solid Waste, Physical/Chemical Methods, 3rd Edition, 

Update III, 12/96 
 
11.3 New York State Analytical Services Protocol, June 2000, plus revisions 
 
11.4 Sample Control SOP 4.1  “Receiving Samples” 
 
11.5 QA SOP 17.12:  “Calibrating Thermometers” 
 
11.6 QCSOP: Proper Documentation Procedures 

 
11.7 QCSOP: Numerical Data Reduction 

 
11.8 “Less is Better: Laboratory Chemical Management for Waste Reduction,” 

American Chemical Society Department of Government Relations and Science 
Policy, 1155 16th Street, N.W., Washington DC, 20036, (202) 872-4477. 
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11.9 Hazardous Waste Management & Safety SOPs: “Hazardous Waste Disposal” and 

“Spill Control & Cleanup.” 
 

11.10 NELAC Standards, June 2003, plus revisions 
 

11.11 QA-G6: Guidance for the Preparation of Standard Operating Procedures for 
Quality-Related Operations EPA/600/R-96/027, November 1995. 

 
11.12 New York State Environmental Laboratory Approval Program, Certification 

Manual, April 2005, plus revisions. 
 

11.13 CompuChem Quality Manual, Revision 7, 11/14/05, plus revisions 
 

11.14 CompuChem Chemical Hygiene Plan 
 

11.15 Sample Control SOP 4.4 “Sample Custody and Responsibilities of the Sample 
Custodian” 

 
11.16 Sample Control SOP 4.5 “Ensuring Sample Security” 

 
11.17 Standard Methods for the Examination of Water and Wastewater, 20th Edition 

(1998) 
 

12.0 Attachments as Tables, Diagrams, Flowcharts & Validation Data 
 

12.1 Attachment 1 - Cooler Temperature Log Example 
 

12.2 Attachment 2 – Internal Chain of Custody (COCs) Examples 
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Attachment 1 
 

 

 
 
 
 

Note:  Attachment subject to change without notice. 
 
 
 
 
 
 

Logbook  7 A 4

Temperature Corrective Action

Date Time
Temperature 

(°C) Initials AC UN If unacceptable, action taken* Yes No

If yes, date 
rejoined** or new 
thermometer ID

AC = Acceptable     UN = Unacceptable
*Once corrective action is completed, document an additional temperature reading to verify unit is within acceptance criteria.
** If mercury separation in the thermometer is evident, notify supervisor immediately so that the mercury can be rejoined following QA SOP 17.12.  

Reviewed by: Date: 10/11/05:jad

Sample Receiving Walk-in Refrigerator #1 Temperature Log
CompuChem, a division of Liberty Analytical

Acceptable temperature range is 2 °C to 4 °C.  Record temperatures to the nearest degree.  If temperature is not within acceptance range, notify supervisor
or maintenance immediately.  Temperature readings should be taken at approximately the same time each day.  Please indicate if the time recorded is am or pm.

Daily Temperature Reading Mercury Separation
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Attachment 2 
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Attachment 2 (Continued) 
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Attachment 2 (Continued) 
 

 
 

Note:  Attachment subject to change without notice. 



APPENDIX C 
 

LOG SHEETS 
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