
Part II 
 

Quality Assurance Project Plan 
 

 

 



KPorro
Rectangle

KPorro
Rectangle

KPorro
Rectangle



Non-Time-Critical Removal Action Final WORK PLAN – Appendix E, Part II 
Municipality of Culebra, Puerto Rico Quality Assurance Project Plan 
 

 
EEG 01/06 Contract # W912DY-05-D-0007, TO #0001 E(II) ii

Contents 

Abbreviations & Acronyms ...............................................................................................................v 

1.0 Introduction.................................................................................................................... 1-1 

2.0 Project Laboratory Organization and Responsibilities ............................................. 2-1 

2.1 Project Organization and Responsibilities ................................................................ 2-2 
2.1.1 EEG Project Quality Assurance Officer .......................................................................................... 2-2 
2.1.2 EEG Project Manager .................................................................................................................... 2-2 
2.1.3 EEG Analytical Coordinator / Chemistry Quality Assurance / Project Chemist .............................. 2-2 
2.1.4 STL Chicago Project Manager ....................................................................................................... 2-2 
2.1.5 STL Chicago Quality Assurance Officer ......................................................................................... 2-3 
2.1.6 STL Sacramento Project Manager ................................................................................................. 2-3 
2.1.7 STL Sacramento Quality Assurance Officer................................................................................... 2-3 

2.2 Key Personnel........................................................................................................... 2-3 

3.0 Data Assessment Organization and Responsibilities ............................................... 3-1 

4.0 Data Quality Objectives ................................................................................................ 4-1 

4.1 Data Use Background............................................................................................... 4-1 
4.2 Measurement Quality Objectives .............................................................................. 4-1 

5.0 Sample Receipt, Handling, Custody and Holding Time Requirements ................... 5-1 

5.1 Verification / Documentation of Cooler Receipt Condition........................................ 5-1 
5.2 Corrective Action for Incoming Samples................................................................... 5-2 

5.2.1 Internal Corrective Actions ............................................................................................................. 5-2 
5.2.2 External Corrective Actions ............................................................................................................ 5-2 
5.2.3 Documentation ............................................................................................................................... 5-2 
5.2.4 Sample Discrepancy Report Responsibility ................................................................................... 5-3 
5.2.5 Sample Discrepancy Report Approval ........................................................................................... 5-3 

6.0 Analytical Procedures................................................................................................... 6-1 

6.1 Explosives Preparation and Analysis........................................................................ 6-1 
6.1.1 Method 8330 – Explosives Residues by HPLC.............................................................................. 6-1 
6.1.2 Method 8330M – NG and PETN by HPLC ..................................................................................... 6-2 

6.2 Metals Preparation Procedures and Analysis........................................................... 6-2 
6.2.1 Method 3050A — Acid Digestion of Sediments, Sludges, and Solids............................................ 6-2 
6.2.2 Method 6010B — Inductively Coupled Argon Plasma Procedures ................................................ 6-2 
6.2.3 Method 7471A — Mercury Procedure by Cold-Vapor Atomic Absorption...................................... 6-2 
6.2.4 Method EPA 314.0 (modified) — Perchlorate ................................................................................ 6-3 

6.3 Analytical Detection Limits ........................................................................................ 6-3 
6.4 Preventive Maintenance ........................................................................................... 6-4 

6.4.1 Routine Maintenance Activities ...................................................................................................... 6-4 
6.4.2 Contingency Plan ........................................................................................................................... 6-5 
6.4.3 Periodic Equipment Calibration ...................................................................................................... 6-5 

6.5 Calibration Procedures and Frequency .................................................................... 6-6 



Non-Time-Critical Removal Action Final WORK PLAN – Appendix E, Part II 
Municipality of Culebra, Puerto Rico Quality Assurance Project Plan 
 

 
EEG 01/06 Contract # W912DY-05-D-0007, TO #0001 E(II) iii

6.5.1 Standards ....................................................................................................................................... 6-7 
6.5.2 Explosives Method Calibration ....................................................................................................... 6-8 
6.5.3 Metals Method Calibration.............................................................................................................. 6-8 

6.5.3.1 Inductively Coupled Argon Plasma......................................................................................... 6-8 
6.5.3.2 Mercury Cold-Vapor Atomic Absorption ................................................................................. 6-9 

6.6 Laboratory Quality Control Procedures..................................................................... 6-9 
6.6.1 Analytical Sequence Quality Control .............................................................................................. 6-9 

6.6.1.1 Metals by ICAP and Mercury.................................................................................................. 6-9 
6.6.1.2 Explosives by HPLC............................................................................................................. 6-10 
6.6.1.3 Perchlorate by Ion Chromatography (IC).............................................................................. 6-10 

6.6.2 Batch / Matrix-Specific / Performance-Based Quality Control ...................................................... 6-10 
6.6.2.1 Quality Control Project Batch ............................................................................................... 6-10 
6.6.2.2 Method Blanks...................................................................................................................... 6-11 
6.6.2.3 Instrument Blank................................................................................................................... 6-11 
6.6.2.4 Laboratory Control Samples................................................................................................. 6-12 
6.6.2.5 Matrix Spike.......................................................................................................................... 6-12 
6.6.2.6 Matrix Spike Duplicate.......................................................................................................... 6-13 
6.6.2.7 Sample Duplicate ................................................................................................................. 6-13 
6.6.2.8 Surrogates ............................................................................................................................ 6-13 
6.6.2.9 Interference Check Sample .................................................................................................. 6-14 

6.7 Performance and System Audits ............................................................................ 6-14 
6.7.1 Internal Audits .............................................................................................................................. 6-15 
6.7.2 External Audits ............................................................................................................................. 6-15 

6.8 Non-Conformance and Corrective Actions ............................................................. 6-15 
6.8.1 Internal Corrective Actions ........................................................................................................... 6-16 
6.8.2 External Corrective Actions .......................................................................................................... 6-16 
6.8.3 Documentation ............................................................................................................................. 6-16 
6.8.4 Sample Discrepancy Report Responsibility ................................................................................. 6-16 
6.8.5 Sample Discrepancy Report Approval ......................................................................................... 6-17 

7.0 Data Reduction / Calculation of Data Quality Indicators........................................... 7-1 

7.1 Precision ................................................................................................................... 7-1 
7.2 Accuracy (Bias) ......................................................................................................... 7-1 
7.3 Sample Quantitation / Reporting Limits (Limit of Detection) ..................................... 7-2 

7.3.1 Calculation of Control Limits........................................................................................................... 7-2 
7.3.2 Method Detection Limit................................................................................................................... 7-2 

7.4 Data Completeness................................................................................................... 7-3 

8.0 Laboratory Operations Documentation ...................................................................... 8-1 

8.1 Sample Management Records ................................................................................. 8-1 
8.1.1 Manual Data Reduction.................................................................................................................. 8-2 
8.1.2 Computer Data Reduction.............................................................................................................. 8-2 
8.1.3 Significant Figures.......................................................................................................................... 8-3 
8.1.4 Data Review ................................................................................................................................... 8-3 
8.1.5 Other Review.................................................................................................................................. 8-5 
8.1.6 Procedures for Handling Unacceptable Data ................................................................................. 8-5 



Non-Time-Critical Removal Action Final WORK PLAN – Appendix E, Part II 
Municipality of Culebra, Puerto Rico Quality Assurance Project Plan 
 

 
EEG 01/06 Contract # W912DY-05-D-0007, TO #0001 E(II) iv

8.2 Data Reporting Procedures ...................................................................................... 8-5 
8.2.1 Data Package Format and Contents .............................................................................................. 8-5 

8.2.1.1 Cover Sheet............................................................................................................................ 8-6 
8.2.1.2 Table of Contents ................................................................................................................... 8-6 
8.2.1.3 Case Narrative........................................................................................................................ 8-6 
8.2.1.4 Analytical Results ................................................................................................................... 8-7 
8.2.1.5 Laboratory Reporting Limits ................................................................................................... 8-8 
8.2.1.6 Sample Management Records ............................................................................................... 8-8 
8.2.1.7 Quality Assurance / Quality Control Information..................................................................... 8-8 

8.2.2 Electronic Deliverables................................................................................................................... 8-9 
8.3 Data Management Procedures ................................................................................. 8-9 

8.3.1 Laboratory Turnaround Time.......................................................................................................... 8-9 
8.3.2 Data Archive / Retention Requirements ......................................................................................... 8-9 

9.0 Data Assessment Procedures...................................................................................... 9-1 

9.1 Data Quality Control Review..................................................................................... 9-1 
9.2 Data Verification / Validation..................................................................................... 9-1 

9.2.1 Method 6010B – Metals ................................................................................................................. 9-1 
9.2.2 Method 7471A – Mercury ............................................................................................................... 9-2 
9.2.3 Method 8330 – Explosives ............................................................................................................. 9-2 
9.2.4 Method 314 – Perchlorate .............................................................................................................. 9-3 

9.3 Data Quality Objectives Reconciliation..................................................................... 9-3 
9.4 Project Completeness Assessment .......................................................................... 9-4 

Tables 

Table 2-1. Points of Contact .................................................................................................................................. 2-4 
Table 6-1. Preventive Maintenance for Laboratory Instruments ............................................................................ 6-4 
Table 6-2. Periodic Equipment Calibrations........................................................................................................... 6-6 

Figures 

Figure 2-1. Chemical Quality Organization Chart ................................................................................................... 2-1 

Attachments 

Attachment A. USACE Chemical Data Quality Management Procedures and Notification  
Attachment B. Personnel Qualifications  
Attachment C. Laboratory Certifications  
Attachment D. Soil Permit  
Attachment E. Chain of Custody and Job Sample Receipt Checklist Report  
Attachment F. Standard Operating Procedures 
Attachment G. Reporting Limits and Method Detection Limits 
Attachment H. Data Quality Objectives 
 
 



Non-Time-Critical Removal Action Final WORK PLAN – Appendix E, Part II 
Municipality of Culebra, Puerto Rico Quality Assurance Project Plan 
 

 
EEG 01/06 Contract # W912DY-05-D-0007, TO #0001 E(II) v

Abbreviations & Acronyms 

%R percent recovery 
°C degrees Celsius 
AA atomic absorption 
ADR Analytical Data Review 
AES atomic emission spectroscopy 
BS Bachelor of Science 
CB calibration blank 
CCB continuing calibration blank 
CCV continuing calibration verification 
CEHNC United States Army Engineering and Support Center, Huntsville 
CFR Code of Federal Regulations 
CVAA cold-vapor atomic absorption 
DoD Department of Defense 
DQO data quality objectives 
EDD electronic data deliverable 
EEG Ellis Environmental Group, LC 
EM Engineer Manual 
FSP Field Sampling Plan 
HMX octahydro-1,3,5-tetranitro-1,3,5,7-tetrazocine 
HPLC high-performance liquid chromatography 
HTRW hazardous, toxic, and radioactive waste  
IC ion chromatography 
ICB initial calibration blank 
ICAP inductively coupled argon plasma 
ICV initial calibration verification 
ID identification 
LCS laboratory control sample 
LIMS Laboratory Information Management System 
LQM laboratory quality manual 
MB method blank 
MEC munitions and explosives of concern  
MD matrix duplicate 
MDL method detection limit 
mL milliliter 
MS matrix spike 
MSA Method of Standard Additions 
MSD matrix spike duplicate 
NG nitroglycerin 



Non-Time-Critical Removal Action Final WORK PLAN – Appendix E, Part II 
Municipality of Culebra, Puerto Rico Quality Assurance Project Plan 
 

 
EEG 01/06 Contract # W912DY-05-D-0007, TO #0001 E(II) vi

NIST National Institute of Standards and Technology 
nm nanometer 
PE professional engineer 
PETN pentaerythritol tetranitrate 
PG professional geologist 
ppb parts per billion 
PQL practical quantitation limit 
QA quality assurance 
QAPP Quality Assurance Project Plan 
QC quality control 
RCRA Resource Conservation and Recovery Act 
RPD relative percent difference 
SDR Sample Discrepancy Report 
SAP Sampling and Analysis Plan 
SOP standard operating procedure 
STL Severn Trent Laboratories 
USACE United Stated Army Corps of Engineers 
USEPA United States Environmental Protection Agency 
VOC volatile organic compound 
 

 

 

 



Non-Time-Critical Removal Action Final WORK PLAN – Appendix E, Part II 
Municipality of Culebra, Puerto Rico Quality Assurance Project Plan 
 

 
EEG 01/06 Contract # W912DY-05-D-0007, TO #0001 E(II) 1-1

1.0 Introduction 

1.0.01 Ellis Environmental Group, LC (EEG) has been contracted by the United States Army 

Engineering and Support Center, Huntsville (CEHNC) to conduct munitions removal and other 

munitions-related services on Culebra Island, Puerto Rico. This project includes the removal of 

munitions, and soil sampling and analyses for explosive compounds, metals, and perchlorate. 

This project is being conducted under Contract Number W912DY-05-D-0007. 

1.0.02 The purpose of this Quality Assurance Project Plan (QAPP) is to define the laboratory 

requirements for the munitions and explosives of concern (MEC) removal action at Culebra 

Island and its surrounding cays, and it strives to be consistent with the EEG Field Sampling Plan 

(FSP) and the following referenced analytical methods: 

• 40 Code of Federal Regulations (CFR) Part 40, Appendix B 

• Department of Defense (DoD) Quality Systems Manual for Environmental Laboratories, 

Version 1, October 2000 

• Test Methods for Evaluation of Solid Waste (SW-846) Update IIIA, Office of Solid 

Waste and Emergency Response, United States Environmental Protection Agency 

(USEPA), 1999 

• USEPA Region 5, Resource Conservation and Recovery Act (RCRA) QAPP, April 1998 

• USEPA QA/R-5, EPA Requirements for Quality Assurance Plans, March 2001 

• United States Army Corps of Engineers (USACE) Shell – Part of Engineering and 

Design-Requirements for the Preparation of Sampling and Analysis Plans (EM [Engineer 

Manual] 200-1-3), February 2001 

• Chemical Quality Assurance for Hazardous, Toxic, and Radioactive Waste (HTRW) 

Projects, EM 200-1-6, October 1997 

• USACE Chemical Quality Management Procedures and Notifications (see Attachment 

A) 

1.0.03 Adherence to the procedures described in this QAPP should ensure data that are 

scientifically sound, valid, defensible, and of known, acceptable, and documented quality. 
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2.0 Project Laboratory Organization and Responsibilities 

This chapter gives an overview of the quality assurance (QA) organization for this project and the 

lines of communication among key personnel. Severn-Trent Laboratory (STL) Chicago is the 

project laboratory, with STL Sacramento to provide analysis for perchlorate. The organization 

chart in Figure 2-1 shows key personnel, and the subchapters following provide brief 

descriptions of their responsibilities. Qualifications for key personnel are in Attachment B. 

Laboratory certifications held by STL are included in Attachment C. 

Figure 2-1. Chemical Quality Organization Chart 
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2.1 Project Organization and Responsibilities 

2.1.1 EEG Project Quality Assurance Officer 

Rusi B. Charna, professional engineer (PE) and EEG’s CEO, is an experienced chemical engineer 

with over 30 years in the environmental field. He holds a Bachelor of Science (BS) degree in 

chemical engineering and a BS degree in chemistry. He will be ultimately responsible for the 

chemical QA system for this project. He will perform appropriate checks on the chemical quality 

organization to ensure that the QA system is being implemented properly. 

2.1.2 EEG Project Manager 

Mark Bagel, professional geologist (PG), is the EEG project manager. He is ultimately 

responsible for the successful and timely completion of the project and is also responsible for: 

• Allocating and directing resources 

• Assigning technical staff 

• Ensuring the completion of all quality control (QC) requirements by team members 

• Supervising the document control process 

• Approving all deliverables and associated documents prior to transmittal 

• Establishing and maintaining communication between the technical staff, project 

managers, QA officer, health and safety coordinator, and regulatory agencies 

• Implementing all programs and protocols related to the project 

2.1.3 EEG Analytical Coordinator / Chemistry Quality Assurance / Project Chemist 

Karen Hatfield is EEG’s analytical coordinator. Her responsibilities include: 

• Ensuring that the laboratory implements the requirements of the project Work Plan 

• Coordinating with the laboratory on QA/QC matters 

• Coordinating the review of laboratory data 

• Coordinating data validation activities 

• Providing updates to the project manager with regard to laboratory performance 

• Documenting changes to this QAPP 

2.1.4 STL Chicago Project Manager 

Nancy McDonald is the STL Chicago project manager. She will serve as the primary contact 

person for EEG, and she will ensure that the laboratory meets the project requirements. She will 

coordinate sampling schedules between the laboratory and EEG, proactively communicate with 
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EEG, ensure laboratory adherence to contract and QAPP requirements, monitor the progress and 

timeliness of the work, review work orders and laboratory reports, and process any changes in the 

QAPP. Along with the laboratory QA officer, she will ensure that project-specific corrective 

action is taken to address problems identified by audits or QC results. 

2.1.5 STL Chicago Quality Assurance Officer 

Terese Preston is the STL Chicago project QA officer. She is responsible for the development and 

administration of this QAPP. This role includes preparation and review of written documents 

defining QC procedures, review and approval of laboratory QC procedures, and development and 

implementation of corrective actions. 

2.1.6 STL Sacramento Project Manager 

Robert Hrabak is the STL Sacramento project manager. He will ensure that the laboratory meets 

the project requirements for perchlorate analysis. He will also coordinate sampling schedules with 

the STL Chicago project manager, ensure laboratory adherence to contract and QAPP 

requirements, monitor the progress and timeliness of the work, review work orders and laboratory 

reports, and process any changes in the QAPP. Along with the laboratory QA officer, he will 

ensure that project-specific corrective action is taken to address problems identified by audits or 

QC results. 

2.1.7 STL Sacramento Quality Assurance Officer 

Pam Schemmer is the STL Sacramento project QA officer. She is responsible for the 

development and administration of this QAPP for perchlorate analysis. This role includes 

preparation and review of written documents defining QC procedures, review and approval of 

laboratory QC procedures, and development and implementation of corrective actions. 

2.2 Key Personnel 

Contact information for key personnel is provided in the Table 2-1. 
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Table 2-1. Points of Contact 

Function Name Location Telephone 

Prime Contractor – EEG 

Project Manager Mark Bagel, PG 

Corporate QA Officer Rusi B. Charna, PE 

Site Manager Gary Tourtellotte 

Project Chemist / Analytical 
Coordinator / Chemistry QA Karen Hatfield 

414 SW 140th Terrace 
Newberry, FL 32669 (352) 332-3888 

Analytical Laboratory – STL Chicago  

Project Manager Nancy McDonald  

Project Manager – Backup Eric Lang 

Project QA Officer Terese Preston 

GC Semi-volatiles & HPLC Section 
Manager Patti Gibson 

Metals Section Manager Jodi Gromala 

Sample Receipt Manager Jeff James 

2417 Bond St. 
University Park, IL 60466-3182 
 

(708) 534-5200  

Analytical Laboratory – STL Sacramento 

Project Manager Robert Hrabak 

Project QA Manager Pam Schemmer 
880 Riverside Parkway 
West Sacramento, CA 95605 (916) 373-5600 

Regulatory Agency 

Puerto Rico Department of 
Environmental Quality 

Yarissa Martinez, 
Project Manager 

PO Box 11488 
San Juan, PR 00910-1498 (787) 767-8056 

CEHNC Personnel 

Project Manager Brendan Slater (256) 895-1507 

Project Chemist Rebecca Terry 

US Army Engineering & Support Center 
Attn: CEHNC-CT-E 
4820 University Square 
Huntsville, AL 35807 (256) 895-1460 

Environmental Chemistry Branch Laboratory 

QA Samples Laura Percefield 420 S. 18th St. 
Omaha, NE 68102 (402) 444-4302 
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3.0 Data Assessment Organization and Responsibilities 

The data assessment organization is shown on Figure 2-1. Data assessment is based on the 

review of the data quality indicators, laboratory operations documentation, and data validation. 

These activities will be performed by the laboratory project managers, the laboratory QA officers, 

the EEG analytical coordinator, and the CEHNC project chemist. Data assessment is discussed in 

detail in Chapters 8 and 9. 
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4.0 Data Quality Objectives 

4.1 Data Use Background 

The data from this project will determine if any residues from destruction of MEC have 

contaminated the surrounding soil. 

4.2 Measurement Quality Objectives 

Data quality objectives (DQOs) will be based on the analytical reporting limits, precision, 

accuracy, and completeness discussed in Chapter 7. 
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5.0 Sample Receipt, Handling, Custody and Holding Time 
Requirements 

5.1 Verification / Documentation of Cooler Receipt Condition 

5.1.01 Sample custody starts in the field as the samples are taken, but sample container 

custody records, in preparation of sampling, start at the bottle manufacturer and the laboratory. 

The integrity of the sample containers depends on the proper cleaning, preparation, storage, 

shipment, and documentation by the bottle manufacturer. The laboratory documentation of 

custody starts when cleaned and preservative-prepared sample containers are shipped to the field 

under custody. Successful sample custody is initiated by field personnel using traceable 

containers and relies on the fastidious completion of field custody protocols.  

5.1.02 EEG will transfer the samples under chain of custody from Puerto Rico to STL 

Chicago. A copy of the chain of custody form will be kept by EEG. The sample shipping 

manifests will include a copy of the United States Department of Agriculture soil permit (see 

Attachment D) along with the manifest stating that these are soil samples for analytic purposes. 

5.1.03 The sample custodian receives samples shipped or delivered to STL. The sample 

custodian inspects the shipping container and samples for integrity and custody seals. The 

samples are checked for breakage, leakage, damage, and preservatives. The Job Sample Receipt 

Checklist Report (Attachment E) is used to check sample receipt condition, including 

temperature. A temperature blank is used to measure the temperature inside the cooler. The 

contents of the shipping container are verified against the chain of custody documentation. The 

chain of custody form is in Attachment E. Documentation of custody seal integrity, temperature, 

and sample preservations are made on the Job Sample Receipt Checklist Report. Any problems 

are documented on the chain of custody or in a sample control communication form. The STL 

project manager will either resolve the problem internally or contact EEG’s analytical coordinator 

for resolution. 

5.1.04 If the samples and documentation are acceptable, each sample is assigned a unique 

laboratory identification (ID) number from STL’s Laboratory Information Management System 

(LIMS). When the LIMS log has been completed, the samples are transferred to the appropriate 

refrigerators. Separate refrigerators are used for samples suspected to contain high levels of 

organic compounds and for samples receiving analysis for volatile compounds. The sample 
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refrigerators are kept at 4±2 degrees Celsius (°C). The refrigerators storing samples for volatile 

analysis are monitored for contamination with refrigerator blanks.  

5.1.05 Sample distribution is controlled and described in facility-specific standard operating 

procedures (SOPs). Thirty days after a final laboratory report has been generated and mailed to 

EEG, the samples are transferred from cold storage to the sample disposal area. 

5.1.06 Holding times for samples are identified in the FSP. 

5.2 Corrective Action for Incoming Samples 

5.2.01 QC elements are used to monitor and assess the validity of sampling and analysis 

activities. Formal corrective actions (see Attachment F, SOP UQA-029) will be initiated in each 

subcontracted laboratory if data are determined to be of questionable validity, if QC elements are 

not within required limits, or if a performance trend develops. For routine problems, the analysts 

correct the problem and document such activity in the analytical run log or worksheet, and a 

formal corrective action report is not required. 

5.2.02 Within each subcontracted laboratory, any employee aware of a problem related to one 

or more samples is responsible for initiating a Sample Discrepancy Report (SDR) (see 

Attachment F). 

5.2.1 Internal Corrective Actions 

Examples of QC elements generally monitored by each subcontractor laboratory are listed in 

Chapter 7 and Chapter 8. Other method-specific QC elements are also monitored during routine 

operations. See Attachment F for the corrective actions for each method. 

5.2.2 External Corrective Actions 

Any actions deemed necessary by EEG, CEHNC, or any other external regulatory or certifying 

agencies will be taken by the affected subcontractor laboratory as necessary. These actions are 

most likely to arise from a systems or performance audit, or from data review conducted by the 

agency. 

5.2.3 Documentation 

5.2.3.01 An SDR will be used by the subcontractor laboratories to document deficiencies and 

exceptions that may impact data quality, production, efficiency, or relations with STL or USACE. 
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To the extent possible, the laboratories will resolve all situations that require corrective action 

before data quality is compromised. These non-conformance actions do not require 

documentation in a formal SDR. 

5.2.3.02 The following standards apply to corrective actions. 

• The Job Sample Receipt Checklist Report (Attachment E) is a form of corrective action 

report. It documents problems encountered during sample receipt. 

• If a critical problem requires immediate action in consultation with EEG (e.g., samples 

received after holding time expired, holding time missed during the analytical process, 

insufficient sample volume), the laboratory will notify EEG’s analytical coordinator 

immediately and the corrective action designed in consultation with the USACE. 

• If the laboratory reports data whose QC elements are not within criteria, the exceptions 

are noted in the case narrative. 

• If the laboratory discovers any problems after the report has been sent to the client (e.g., 

after system or data audit, client inquiries, external review), a formal SDR will be 

initiated. 

5.2.4 Sample Discrepancy Report Responsibility 

5.2.4.01 SDRs are the responsibility of the laboratory staff. Any laboratory employee who 

becomes aware of a problem with any aspect of reported data is responsible for initiating an SDR. 

In most cases, this will be primarily the analyst’s responsibility, but any reviewer or person in 

contact with the client that becomes aware of a problem must initiate a formal corrective action 

report. 

5.2.4.02 The laboratory’s project manager or point of contact as shown in Chapter 2 is 

responsible for reporting to the EEG analytical laboratory coordinator and to EEG’s project 

chemist all corrective actions taken by the laboratory for this project. The laboratory project 

manager is responsible for ensuring that the action is implemented and documented in the case 

narrative. EEG’s project chemist is responsible for reporting the action to EEG’s project manager 

and to the USACE project chemist. 

5.2.5 Sample Discrepancy Report Approval 

SDRs are approved by the originating laboratory’s project manager and QA officer, and 

completed SDRs are filed in the project file(s). 
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6.0 Analytical Procedures 

6.1 Explosives Preparation and Analysis 

6.1.1 Method 8330 – Explosives Residues by HPLC 

6.1.1.01 Method 8330 provides high-performance liquid chromatography (HPLC) conditions 

for the detection of parts per billion (ppb) levels of certain explosives residues in water, soil, and 

sediment matrix. Prior to use of this method, appropriate sample preparation techniques must be 

used. These techniques are as follows. 

6.1.1.02 Sample Homogenization: Soil samples are dried in air at room temperature or colder 

to a constant weight, taking care not to expose the samples to direct sunlight. The dried samples 

are ground and homogenized thoroughly in an acetonitrile-rinsed mortar to pass a 30-mesh sieve. 

6.1.1.03 Explosives will be analyzed on the primary column and all positive results will be 

confirmed on the secondary column. 

6.1.1.04 The laboratory will follow the SOP in Attachment F, which includes surrogates. 

6.1.1.05 Low-Level Salting-Out Method With No Evaporation: Aqueous samples of low 

concentration are extracted by a salting-out extraction procedure with acetonitrile and sodium 

chloride. The small volume of acetonitrile that remains undissolved above the salt water is drawn 

off and transferred to a smaller volumetric flask. It is back-extracted by vigorous stirring with a 

specific volume of salt water. After equilibration, the phases are allowed to separate and the small 

volume of acetonitrile, residing in the narrow neck of the volumetric flask, is removed using a 

Pasteur pipette. The concentrated extract is diluted 1:1 with reagent grade water. An aliquot is 

separated on a C-18 reverse phase column, determined at 265 nanometers (nm), and confirmed on 

a CN reverse-phase column. 

6.1.1.06 High-Level Direct-Injection Method: Aqueous samples of higher concentration can 

be diluted 1:1 volume:volume (v:v) with methanol or acetonitrile, filtered, separated on a C-18 

reverse-phase column, determined at 254 nm, and confirmed on a CN reverse-phase column. If 

octahydro-1,3,5-tetranitro-1,3,5,7-tetrazoncine (HMX) is a target analyte, methanol is preferred. 

6.1.1.07 Soil and sediment samples are extracted using acetonitrile in an ultrasonic bath, 

filtered, and analyzed by either the low level salting-out method or the high-level direct-injection 

method. 
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6.1.2 Method 8330M – NG and PETN by HPLC 

Nitroglycerin (NG) and pentaerythritol tetranitrate (PETN) are analyzed as described in Method 

8330, except the wavelength is 210 nm. 

6.2 Metals Preparation Procedures and Analysis 

Two techniques—inductively coupled argon plasma (ICAP) atomic emission spectroscopy (AES) 

and atomic absorption (AA) spectroscopy—will be employed to measure levels of specified 

metals in the samples. Sample digestion is required prior to most ICAP and AA analyses. 

6.2.1 Method 3050A — Acid Digestion of Sediments, Sludges, and Solids 

This digestion method is used to prepare sediment and soil samples for analysis by ICAP. A 

portion of the sample is digested with nitric acid. A final reflux procedure is performed using 

concentrated hydrochloric acid or concentrated nitric acid based on the SW 6010B method for 

ICAP. The final volume is adjusted to 50 milliliters (mL). 

6.2.2 Method 6010B — Inductively Coupled Argon Plasma Procedures 

6.2.2.01 Method 6010B is a procedure for determining elements in solutions using ICAP AES 

samples. Soils require digestion by Method 3050A prior to analysis. 

6.2.2.02 Method 6010B provides a simultaneous multi-element determination by ICAP. 

Elements for this project are arsenic, barium, cadmium, chromium, lead, selenium, silver, 

aluminum, antimony, beryllium, calcium, cobalt, copper, iron, magnesium, manganese, nickel, 

potassium, sodium, thallium, vanadium, zinc, and strontium. Samples are nebulized, and the 

resulting aerosol is transported to the plasma. Radio frequency ICAP produces element-specific 

atomic line emission spectra. The spectra are dispersed and the lines monitored by photo-

multiplier tubes. The background will be measured and the results corrected for background 

levels. 

6.2.3 Method 7471A — Mercury Procedure by Cold-Vapor Atomic Absorption 

Method 7471A is the procedure for determining mercury in soil samples. Method 7471A is done 

by cold-vapor atomic absorption (CVAA) procedures for determining the concentration of 

mercury. Sample preparation is specified in the method. Following dissolution, mercury in the 

sample is reduced to the elemental state, separated from solution, and passed through a cell 

positioned in the light path of an AA spectrometer or mercury-specific analyzer. 
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6.2.4 Method EPA 314.0 (modified) — Perchlorate 

6.2.4.01 A portion of homogenized sample is leached with deionized water for one hour, 

centrifuged, and filtered. A 1.0 mL volume of sample is introduced into an ion chromatograph. 

Perchlorate is separated and measured using a system comprised of an ion chromatograph pump, 

sample injection valve, guard column, analytical column, suppressor device, and conductivity 

detector. 

6.2.4.02 The complete SOPs for the above methods are found in Attachment F. 

6.3 Analytical Detection Limits 

6.3.01 Various terms are used to express detection and reporting limits in environmental 

chemistry. The terms used for the work performed under this QAPP will be “method detection 

limit” (MDL) and “reporting limit.” 

6.3.02 The MDL is an empirically derived value used to estimate the lowest concentration that 

a method can detect in a matrix-free environment. SW-846 defines the MDL as the minimum 

concentration of a substance that can be measured and reported with 99 percent confidence level 

and where the analyte concentration is greater than zero. The MDL is determined from the 

analysis of replicate samples of a given matrix containing analytes that have been processed 

through the preparation or extraction procedure. The guidance in 40 CFR 136, Appendix B, with 

additional laboratory-specific requirements, is used to produce MDL and is then annually updated 

by the laboratory. The latest values for the MDL are presented in Attachment G, and they may be 

updated during the course of the project as required by methods and regulatory agencies. 

6.3.03 The reporting limit is a uniform reporting limit based on method practical quantitation 

limits (PQLs), actual performance at STL Chicago and STL Sacramento laboratories, and 

expected method performance in routine water and soil samples. The PQL is the lowest 

concentration that a method can reliably achieve within limits of precision and accuracy. 

Although the reporting limit is primarily based on the PQL, the reporting limit also evaluates 

empirical data for soil and water methods. The SW-846 PQLs often extrapolate soil PQL from 

water PQL, and they are not strictly based on the determinant method. Reporting limits are highly 

matrix-dependent. The latest values for the reporting limit are found in Attachment G. 
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6.4 Preventive Maintenance 

6.4.01 The laboratory is equipped with sophisticated instrumentation needed to ensure 

successful completion of this project. A preventive maintenance schedule is in place in each 

laboratory to minimize instrument downtime and to obtain reliable data over the life of the 

instrument. Analysts and supervisors are primarily responsible for routine maintenance and repair 

of the instruments. Service agreements are kept for some major instruments in the each 

laboratory. Major repairs that go beyond the expertise of the analysts and supervisors are 

contracted to external specialists. 

6.4.02 The preventive maintenance schedules are based primarily on manufacturer guidance, 

recommendations in the literature, and the experience of the analysts and supervisors. Some of 

the items will be performed as an integral part of each procedure (e.g., changing the injection port 

septum in gas chromatographs). Others will be followed as closely as possible, balancing to the 

extent possible the workload and the urgency of the need for preventive maintenance (e.g., clean 

and realign torch on ICAPs). Common sense and familiarity with the performance of each 

instrument will dictate whether the preventive maintenance schedule needs to be accelerated or 

delayed for that instrument. Trends and excursions from accepted limits for QC sample results are 

monitored to determine if there is instrument malfunction, and in such cases preventive 

maintenance is provided on an as-needed basis. 

6.4.1 Routine Maintenance Activities 

Preventive maintenance schedules for explosives and metals equipment are listed in Table 6-1. 

Table 6-1. Preventive Maintenance for Laboratory Instruments 

Instrument Activity Frequency 

Check solvents in reservoirs Daily 

Check gas supply Daily 

Flush system with solvent to remove bubbles Daily 

Pre-filter all samples Daily 

Change pump seals when flow becomes inconsistent As needed 

Change guard column As needed 

High-pressure liquid 
chromatograph 

Backflush column As needed 
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Instrument Activity Frequency 

Check aspiration tubing Daily 

Clean torch assembly Monthly 

Clean spray chamber Monthly 

Check gases Daily 

Clean, lubricate pump rollers As needed 

Inductively coupled plasma 
atomic emission 
spectrometer 

Check O-rings Monthly 

Check tubing Daily 

Clean sparger After each sample 

Clean windows Monthly 

Cold-vapor atomic absorption 
spectrometerr 

Change source lamp As needed 

Ion chromatograph Inspect all itelium connections Before each run 

 Calibrate conductivity meter Before each run 

 Prime pump Before each run 

 

6.4.2 Contingency Plan 

6.4.2.01 The laboratory has several pieces of analytical equipment in duplicate. This 

redundancy allows the laboratory to keep performing critical analyses on one instrument should 

the other be out of service. 

6.4.2.02 In the event of instrument failure, or if critical holding times are approaching on a 

number of samples, these samples may be diverted to another laboratory, provided that they are 

properly certified for the project. This will be done in consultation with the USACE project chemist. 

When shipping samples to another laboratory, chain-of-custody procedures are maintained as 

described in Chapter 5. 

6.4.2.03 As a further precaution, the laboratory keeps its major instrumentation connected to 

an uninterruptible power supply, which provides line conditioning and backup power. 

6.4.3 Periodic Equipment Calibration 

Balances are checked every day before the first use with a weight set traceable to Class S weights. 

Temperature in incubators, ovens, and refrigerators are monitored daily using thermometers that 

are calibrated against a National Institute of Standards and Technology (NIST)-traceable 

thermometer. All thermometers in use in the laboratory are verified for accuracy against an NIST-

traceable thermometer at least every 12 months and when they are first placed into service. All 
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mechanical pipettes and other devices used to deliver accurate volumes during the analytical 

process are verified every 12 months. Table 6-2 presents a summary of calibration requirements 

for equipment that is used periodically. 

Table 6-2. Periodic Equipment Calibrations 

Type of 
Equipment Calibration Requirements 

Balances Serviced and calibrated annually by an approved vendor. 
Calibration checked daily or before use by analyst with weight(s) classified as Class S by NIST or Class 1 
traceable. Acceptance criteria vary according to weight used and accuracy of balance. Acceptance criteria 
are documented in the laboratory logbook. 
All Class 1 weights are certified by an outside vendor every 3 years. 
All non-Class 1 weights are checked annually against NIST Class 1 weights annually. 
Acceptance criteria is 1 percent for top-loading and 0.1 percent for analytical balances. 

Thermometers Working glass thermometers are calibrated against a certified NIST thermometer at least annually as 
described in operation-specific SOPs. 
Working non-glass thermometers are calibrated against a certified NIST thermometer at least annually as 
described in operation-specific SOPs. 
The NIST thermometer is re-certified every 3 years. 
Acceptance criteria is ±2°C. 

Refrigerators / 
Freezers 

Thermometers are immersed in a liquid such as mineral oil or glycerol for calibration and placed in all 
refrigerators and freezers.. 
Temperature of units used for sample or standard storage are checked daily as described in operation-
specific SOPs. Refrigerator acceptance limits: 4±2°C; freezer acceptance limits: ±10°C. 

Ovens Temperature of units is checked daily or prior to use. 
Acceptance limits vary according to use as described in operation-specific SOPs and must be documented 
in the temperature logbook. 
Acceptance criteria is ±2°C. 

Micropipettors Calibrations are checked gravimetrically as required by the operation-specific SOP. 
Calibrated at the frequency (normally quarterly) required by the manufacturer at a minimum. 
Acceptance criteria is ±1 percent. 

Syringes, 
Volumetric 
Glassware, 
and Graduated 
Glassware 

Syringes and volumetric glassware are purchased as Class A. 
Class A items are certified by the manufacturer to be within ±1 percent of the measured volume; therefore, 
calibration of these items by the laboratories is not required. 
Analysts are trained in the proper use and maintenance of measuring devices to ensure the measurement 
of standards, reagents and sample volumes are within method tolerances. 
The accuracy of Class A volumetric glassware will be checked when first received at a rate of one per lot.  
Acceptance criteria is ±1 percent. 

 

6.5 Calibration Procedures and Frequency 

6.5.01 This subchapter discusses general requirements for instrument calibration, standard 

preparation, and traceability.  
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6.5.02 Instrument calibration is necessary for accurate sample quantitation. Calibrations 

establish the dynamic range of an instrument and response factors to be used for quantitation, and 

they demonstrate instrument sensitivity. Accurate sample quantitation also relies on accurate 

standards. Standard accuracy may be established by tracing the quantitation standard to a source 

of known and documented quality or by the comparison of standards from different sources. 

Instrument calibrations and standards are unambiguously documented so that the process of 

calibration can be re-created. 

6.5.1 Standards 

6.5.1.01 The accuracy of sample target analytes quantitation is directly related to the accuracy 

of the standards used for instrument calibration. To ensure the highest quality standard, primary 

reference standards used by STL are obtained from the NIST or reliable commercial sources. 

When standards are received at the laboratory, the date received, supplier, lot number, purity and 

concentration, and expiration date are recorded in a standard logbook. Vendor certifications sent 

with the standards are also filed. 

6.5.1.02 Standards purchased by STL may be in a pure form or in a stock or working standard 

solution. Often dilutions are made from vendor standards. All standards made are given a 

standard identification number and have the following information recorded in a standard 

logbook: 

• Source of standard used to prepare dilution 

• Preparer’s initials 

• Initial concentration 

• Final concentration 

• Solvent source and lot number of solvent 

• Volume of final solution 

• Volume of standard diluted 

6.5.1.03 After preparation and before routine use, standards are validated. Validation 

procedures range from a check for chromatographic purity to verification of the concentration of 

the standard using a standard prepared at a different time or obtained from a different source. 

Reagents are also examined for purity by subjecting an aliquot or sub-sample to the analytical 

method in which it will be used. For example, every lot of dichloromethane (for organic 

extractable) is analyzed for undesirable contaminants prior to use in the laboratory. Standards are 
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routinely checked for signs of deterioration (e.g., discoloration, formation of precipitates, and 

changes in concentration), and they are discarded if deterioration is suspected or their expiration 

date has passed. Expiration dates may be taken from vendor recommendations, analytical 

methods, or internal research. 

6.5.2 Explosives Method Calibration 

6.5.2.01 The field of chromatography involves a variety of instrumentation and detection 

systems. While calibration requirements vary depending on the type of analytical system and 

methodology, the following principles of calibration generally apply. 

• Calibration occurs before any sample quantitation. 

• Initial five-point calibrations are performed periodically, which encompass the reporting 

limit. 

• Daily standards (initial calibration verification [ICV] standards) are analyzed prior to 

sample analysis. 

• Continuing calibration verification (CCV) standards are analyzed at a specific frequency 

throughout the sample analysis. 

6.5.2.02 Sample quantitation is with an external calibration technique. 

6.5.2.03 The laboratory will meet the requirements in Attachment H. 

6.5.2.04 See Attachment F for STL Chicago’s explosive calibration and corrective actions. 

6.5.3 Metals Method Calibration 

Twenty-three metals listed in Subchapter 6.2.2 will be analyzed by ICAP, and mercury will be 

analyzed by CVAA. Both techniques are discussed below. The laboratory will follow the SOPs in 

Attachment F, and calibration and corrective actions are described there. 

6.5.3.1 Inductively Coupled Argon Plasma 

6.5.3.1.01 Prior to any sample analyses, the ICAP is calibrated daily using criteria prescribed 

in the analytical method. The calibration is then verified using a standard from an independent 

source ICV. The working range of the instrument is established each quarter-year with a linear 

range verification check standard. Sample quantitation may not be performed outside the linear 

range. 
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6.5.3.1.02 An initial instrument calibration is established daily by analyzing a minimum of 

two standards, one of which is a calibration blank (CB). The calibration is monitored throughout 

the day by analyzing a continuing calibration blank (CCB) and a CCV after every 10 samples. 

The CCV is a standard at the mid-range of the calibration. If the verification standard and blank 

do not meet established criteria, an SDR must be completed. The SDR procedures include 

examination of instrument performance and analysis information, consultation with the group 

leader, and a decision path to determine if re-calibration and re-analysis of samples back to the 

previously acceptable calibration check is warranted.  

6.5.3.1.03 An inter-element check standard is analyzed at the beginning and end (or after 8 

hours) of each analytical run on the ICAP to verify that inter-element and background correction 

factors have remained constant. Results outside of the established criteria require re-analysis of 

samples. 

6.5.3.2 Mercury Cold-Vapor Atomic Absorption 

Each AA unit is calibrated prior to any analyses being conducted. A calibration curve is prepared 

with a minimum of a CB and three standards, and it is then verified with a standard that has been 

prepared from an independent source. The calibration is then verified on an ongoing basis with a 

CCB and a CCV. If the ongoing calibration standard and blank do not meet established 

acceptance criteria, the SDR form must be completed describing what action should be taken. 

6.6 Laboratory Quality Control Procedures 

6.6.1 Analytical Sequence Quality Control 

6.6.1.1 Metals by ICAP and Mercury 

1. Initial calibration (daily) 

2. ICV (after initial calibration) 

3. Initial calibration blank (ICB) (after initial calibration) 

4. Inter-element check (beginning of analytical sequence) 

5. CCB (every 10 samples and end of analytical sequence) 

6. CCV (every 10 samples and end of analytical sequence) 

7. Method blank (MB) (1 per sample batch) 

8. Laboratory control sample (LCS) (1 per sample batch) 

9. Matrix spike (MS) (1 per sample batch) 

10. Matrix duplicate (MD) (1 per sample batch) 
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11. Post digestion spike (as needed) 

12. Serial dilution (as needed) 

13. Method of Standard Additions (MSA) (as needed with samples with matrix effects) 

6.6.1.2 Explosives by HPLC 

1. Initial calibration (daily) 

2. ICV (after initial calibration) 

3. CCV (every 10 samples and end of analytical sequence) 

4. MB (1 per sample batch) 

5. LCS (1 per sample batch) 

6. MS/matrix spike duplicate (MSD) (1 per sample batch) 

7. Surrogates (on each sample, standard, blank, and QC sample) 

8. Confirmation (on all positive results) 

6.6.1.3 Perchlorate by Ion Chromatography (IC) 

1. Initial calibration (daily) 

2. ICV (after initial calibration) 

3. CCV (every 10 samples and end of analytical sequence) 

4. MB (1 per sample batch) 

5. LCS (1 per sample batch) 

6. MS/MSD (1 per sample batch) 

6.6.2 Batch / Matrix-Specific / Performance-Based Quality Control 

Laboratory performance QC is required to ensure that the laboratory systems (instrumentation, 

sample preparation, analysis, data reduction, etc.) are operating within acceptable QC guidelines 

during data generation. Laboratory QC samples consist of MBs, instrument blanks, and LCSs. In 

addition to laboratory performance QC, matrix-specific QC is utilized to determine the effect of 

the sample matrix on the data being generated. Typically, this includes the use of MSs, MSDs, 

sample duplicates, and surrogate compounds. 

6.6.2.1 Quality Control Project Batch 

6.6.2.1.01 The QC batch consists of a set of up to 20 field samples from this project with the 

same matrix (e.g., aqueous, solid, waste) that are processed using the same procedures, reagents, 
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and standards within the same time period. The subcontractor laboratories for this project will 

utilize this definition of a QC batch. 

6.6.2.1.02 In addition to the up to 20 non-QC samples, an analytical batch includes the 

following QC samples: MB, MS, MSD, and LCS. 

6.6.2.2 Method Blanks 

6.6.2.2.01 The MB is an Ottawa sand for solid samples and measures laboratory-introduced 

contamination for the batch. The MB is carried through every aspect of the procedure followed 

for samples, including preparation, cleanup, and analysis, and is analyzed with each QC batch 

processed. 

6.6.2.2.02 The MB is used to identify any interferences or contamination of the analytical 

system that may lead to the reporting of elevated analyte concentrations or false positive data. 

Potential sources of contamination include solvent, reagents, glassware, other sample processing 

hardware, or the laboratory environment.  

6.6.2.2.03 Typically, the requirements for MBs are that any analytes detected must be below 

half of the reporting limit. If there are any positive results for a MB (above or below the reporting 

limit), the data are evaluated to determine impacts and whether the associated sample results are 

adversely impacted. 

6.6.2.2.04 It is a goal to have no detected target analytes in the MBs, but analytes may be 

periodically detected in blanks due to the nature of the analysis or the reporting limit of the analyte. 

For ICAP metals analyses, copper, zinc, and iron may sometimes be found in MBs. For these 

common laboratory contaminants, data may be reported with qualifiers if the concentration of the 

analyte is less than five times the MDL. Any laboratory contaminants found in the MB will be 

discussed in the report narrative. 

6.6.2.2.05 Blank subtraction shall not be performed for this project.  

6.6.2.3 Instrument Blank 

6.6.2.3.01 The instrument blank is an unprocessed aliquot of reagent used to monitor the 

contamination of the analytical system at the instrument. Instrument blanks are typically analyzed 

on each day the instrument is used, and can be replaced by an MB. 
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6.6.2.3.02 System contamination may lead to the reporting of elevated analyte concentrations 

or false positive data. The instrument blank does not undergo the entire sample preparation 

process and generally consists of an aliquot of the same reagent(s) used for a sample dilution. 

6.6.2.3.03 If an instrument blank shows any positive results, analysis is halted and corrective 

action implemented to remove the contamination. If the instrument blank was a part of an 

automatic run, the same criteria and evaluation process is used as for an MB. 

6.6.2.4 Laboratory Control Samples 

6.6.2.4.01 Ottawa sand fortified with known amounts of selected target analytes is used for 

the LCS for solid samples. The LCS is carried through every aspect of the procedure, including 

preparation, cleanup, and analysis of the samples. An LCS is prepared and analyzed with each 

QC project batch processed. 

6.6.2.4.02 Review of the LCS recovery data is used to monitor the performance of the 

analytical methods. Day-to-day performance is characterized by evaluation of the accuracy of the 

results. Ongoing monitoring of the LCS results provides evidence that the laboratory is 

performing the method within both acceptable accuracy and precision guidelines. 

6.6.2.4.03 The recoveries of spiked analytes, LCS, are compared to control limits generated 

from historical data. If any analyte is not within control limits, the data are evaluated to determine 

the severity of the impact on sample data quality. See Attachment H for the corrective action that 

will be taken when data exceed the control limits, and see Attachment F for the SDR form. 

6.6.2.5 Matrix Spike 

6.6.2.5.01 The MS is an environmental sample to which known concentrations of selected 

target analytes have been added. MSs are analyzed to evaluate the effect of the sample matrix on 

the analytical methodology. The MS undergoes the same extraction and analytical procedures as 

the unfortified client sample. An MS is prepared and analyzed for each 20 samples processed 

where appropriate. 

6.6.2.5.02 Evaluation of MS recovery data is used to monitor the effects that the sample 

matrix may have had on the performance of the analytical method. Due to the potential variability 

of the matrix of each sample, these results may have immediate bearing only on the specific 

sample spiked and not on all samples in the QC batch. 
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6.6.2.6 Matrix Spike Duplicate 

6.6.2.6.01 The MSD is a second aliquot of the same sample used for the MS that is spiked 

with known concentrations of selected target analytes. The MSD is analyzed with the associated 

sample and MS. The MSD undergoes the same extraction and analytical procedures as the 

unfortified client sample. An MSD is prepared and analyzed with each QC batch processed where 

appropriate. 

6.6.2.6.02 The results of the MSD by itself are evaluated in the same manner as the MS. The 

results of the MS and MSD are compared to determine the effect of the matrix on the precision of 

the analytical process. Due to the potential variability of the matrix of each sample, the MS/MSD 

results may have immediate bearing only on the specific sample spiked and not on all samples in 

the QC batch. 

6.6.2.6.03 The relative percent difference (RPD) between the duplicate MSs is compared to 

precision control limits. If any analyte is not within precision control limits, the failure is ascribed 

to matrix effects (usually sample non-homogeneity) and the data reported with narration. 

6.6.2.7 Sample Duplicate 

6.6.2.7.01 A sample duplicate is a second aliquot of an environmental sample taken from the 

same sample container. It is processed in the same manner and at the same time as the first 

aliquot of the sample. For most projects, a duplicate is prepared and analyzed only when 

MS/MSDs are not possible. 

6.6.2.7.02 The results of the sample and its duplicate are compared to determine the effect of 

the matrix on the precision of the analytical process. Due to the potential variability of the matrix 

of each sample, the sample duplicate results may have immediate bearing only on the sample 

analyzed in duplicate. 

6.6.2.7.03 The RPD between the duplicates is compared to in-house-generated precision 

control limits. If any analyte is not within precision control limits, the failure is ascribed to matrix 

effects (usually sample non-homogeneity) and the data reported with narration. 

6.6.2.8 Surrogates 

6.6.2.8.01 Surrogates will be used by STL Chicago for Method 8330 (explosives). Surrogates 

are organic compounds that are similar in chemical composition and behavior to the target 
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analytes but are not normally found in environmental samples. Known amounts of the surrogates 

are added to samples and QC samples being tested for organic analytes. 

6.6.2.8.02 Review of surrogate data is used to monitor the effect of the sample matrix and the 

accuracy of the analysis. 

6.6.2.8.03 The recoveries of spiked surrogates are compared to control limits generated from 

historical data. If any analyte is not within control limits, the data are evaluated to determine the 

severity of the impact on sample data quality. 

6.6.2.8.04 Surrogates are analyzed only with organic analyses such as the analysis of 

explosives. 

6.6.2.9 Interference Check Sample 

6.6.2.9.01 An interference check sample is a solution containing known concentrations of 

both interfering and analyte elements. Analysis of this sample will be used to verify background 

and inter-element correction factors (metals analyses only). 

6.6.2.9.02 A minimum of one set of interference check sample solutions will be analyzed at 

the beginning of each ICAP sequence. See the ICAP SOP in Attachment F for the specific criteria 

for the interference check sample.  

6.7 Performance and System Audits 

6.7.01 Internal and external audits are conducted regularly at the laboratory to ensure that the 

guidance provided in this document and in project-specific documents is followed. Internal audits 

are performed by each laboratory’s QA department, which is responsible for all QA/QC functions 

in that laboratory, and/or members of the professional laboratory staff who do not normally work 

in the section being audited. 

6.7.02 To provide an independent and unbiased review of laboratory operation, the laboratory 

participates in external audits conducted by persons who are not direct employees of the 

laboratory. Two types of audits are performed in each laboratory. Performance audits require the 

analysis of blind samples or other samples whose values are not known to the analytical areas. 

These results are used to evaluate the accuracy of the laboratory analytical system. Systems audits 

involve an in-depth review and evaluation of some or all components of the analytical laboratory 
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to determine the proper application of guidelines listed in this document and/or each laboratory’s 

laboratory quality manual (LQM). 

6.7.1 Internal Audits 

6.7.1.01 The QA department at the laboratory conducts several audits (systems, data) during 

the course of each calendar year. During these audits, one or more components of the laboratory 

are reviewed to determine if that part is functioning in compliance with the requirements 

specified in the LQM, the approved SOP, and approved methodology. An audit report, listing 

deficiencies that must be addressed in order to correct or improve the laboratory operations, is 

prepared. 

6.7.1.02 The laboratory performs an annual double blind performance evaluation study in 

which all systems to which a client is normally exposed are evaluated, including customer service 

and turnaround time. The analytical and subjective results of the study are distributed to the 

analytical department within the laboratory for corrective action when applicable. 

6.7.2 External Audits 

6.7.2.01 Each subcontractor laboratory undergoes systems audits as needed to satisfy 

certification or project requirements. These audits are conducted by the certifying agency or 

contractor with the full cooperation of the laboratory staff and management.  

6.7.2.02 Each subcontractor laboratory also regularly participates in three semiannual 

performance testing studies: water supply, water pollution, and soil studies. 

6.8 Non-Conformance and Corrective Actions 

6.8.01 QC elements are used to monitor and assess the validity of sampling and analysis 

activities. Formal corrective actions (see Attachment F, SOP UQA-029) will be initiated in each 

subcontractor laboratory if (a) data are determined to be of questionable validity, or (b) if QC 

elements are not within required limits, or (c) if a performance trend develops. For routine 

problems, the analysts correct the problem and document such activity in the analytical run log or 

worksheet, and a formal corrective action report is not required. 

6.8.02 Within each subcontractor laboratory, any employee aware of a problem related to one 

or more samples is responsible for initiating an SDR (Attachment F). 
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6.8.1 Internal Corrective Actions 

Examples of QC elements generally monitored by each subcontractor laboratory are listed in 

Subchapter 6.5 and Subchapter 6.6. Other method-specific QC elements are also monitored 

during routine operations. See Attachment F for the corrective actions for each method. 

6.8.2 External Corrective Actions 

Any actions deemed necessary by EEG, USACE, or any other external regulatory or certifying 

agencies will be taken by the affected subcontractor laboratory as necessary. These actions are 

most likely to arise from a systems or performance audit, or from data review conducted by the 

agency. 

6.8.3 Documentation 

6.8.3.01 SDRs will be used by the subcontractor laboratories to document deficiencies and 

exceptions that may impact data quality, production, efficiency, or relations with STL Chicago or 

USACE. To the extent possible, the laboratories will resolve all situations that require corrective 

action before data quality is compromised. These non-conformance actions do not require 

documentation in a formal SDR. 

6.8.3.02 The following standards apply to corrective actions: 

• The Job Sample Receipt Checklist Report (Attachment E) is a form of corrective action 

report. It documents problems encountered during sample receipt. 

• If there is a critical problem that requires immediate action (e.g., samples received after 

holding time expired, holding time missed during the analytical process, insufficient 

sample volume), the laboratory will notify EEG’s laboratory coordinator immediately 

and the corrective action designed in consultation with USACE. 

• If the laboratory reports data whose QC elements are not within criteria, the exceptions 

are noted in the case narrative. 

• If the laboratory discovers any problems after the report has been sent to the client (e.g., 

after system or data audit, client inquiries, external review), a formal SDR will be 

initiated. 

6.8.4 Sample Discrepancy Report Responsibility 

6.8.4.01 SDRs are the responsibility of the laboratory staff. Any laboratory employee who 

becomes aware of a problem with any aspect related to reported data is responsible for initiating 
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an SDR. In most cases, this will be primarily the analysts’ responsibility, but any reviewer or 

person in contact with the client that becomes aware of a problem must initiate a formal 

corrective action report. 

6.8.4.02 The laboratory’s project manager or point of contact as shown in Chapter 2 is 

responsible for reporting to the laboratory project manager and to EEG’s project chemist all 

corrective actions taken by the laboratory for this project. The laboratory project manager is 

responsible for ensuring that the action is implemented and documented in the case narrative. 

EEG’s project chemist is responsible for reporting the action to EEG’s project manager and to the 

USACE project chemist. 

6.8.5 Sample Discrepancy Report Approval 

SDRs (see Attachment F) are approved by the originating laboratory’s project manager and QA 

manager, and completed SDRs are filed in the affected project file(s). 
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7.0 Data Reduction / Calculation of Data Quality Indicators 

Project quality indicator, precision, and accuracy measurements employed by the subcontracted 

laboratories to support this project are summarized in Attachment H. 

7.1 Precision 

7.1.01 Precision is an estimate of variability, i.e., it is an estimate of agreement among 

individual measurements of the same physical or chemical property, under prescribed similar 

conditions. The precision of a measurement system is generally affected by random errors (e.g., 

sample non-homogeneity). For this project, precision will be expressed as RPD between duplicate 

measurements. 

7.1.02 Calculation of RPD between duplicates: 

 

 

7.2 Accuracy (Bias) 

7.2.01 Accuracy is a measure of the agreement of an analysis result and a true or expected 

value, or between the average of a number of measurements and the true or expected value. 

Systematic errors affect accuracy. For chemical properties, accuracy is expressed as a percent 

recovery (%R) or as percent bias (100 – %R). 

7.2.02 For this project, accuracy will be measured by analyzing spiked samples (e.g., MS or 

LCS), or by adding surrogate compounds for organic tests. Percent recovery is calculated using 

the following equations. When measured using an MS, accuracy measurements are specific to the 

sample used and may not reflect on the accuracy of associated samples. 

7.2.03 Calculation of %R for MSs: 
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7.2.04 Calculation of %R for LCSs and surrogates: 

 

 

7.3 Sample Quantitation / Reporting Limits (Limit of Detection) 

7.3.1 Calculation of Control Limits 

RPDs are statistical control limits based on laboratory historical data and derived on an annual 

basis. For accuracy, the QC analytes in a given matrix are tabulated over time and a mean 

recovery is established, as is the standard deviation(s) of those recoveries. 

7.3.2 Method Detection Limit 

7.3.2.01 The subcontractor laboratories use MDLs that are verified annually (or more 

frequently) as described below. The MDL is three to five times lower than the reporting limit, 

which is included in most calibration curves and verified daily. The MDL therefore represents a 

value that can be reliably detected and distinguished from noise levels. 

7.3.2.02 Annual verification of the MDLs is performed according to procedures described in 

40 CFR Part 136, Appendix B. 

• MDLs are calculated for each analyte (provided it can be spiked) and matrix type 

(aqueous, solid). 

• An MDL study is performed whenever a new instrument is placed on line, if the 

configuration of any one instrument is changed, or if the sample preparation method or 

technique is changed. 

• The mean of the seven measured concentrations of the MDL spikes, divided by the 

empirically determined MDL, should be between 1 and 5 for reagent water matrix, and 

between 1 and 10 for other matrices. Otherwise, the spike concentrations should be 

adjusted and the MDL studies repeated. 

• If multiple instruments with identical configurations are used, the MDL study is 

performed using one of the instruments. An MDL verification check sample (see below) 

is analyzed on the other instruments to verify sensitivity. 

• If a method is performed using multiple instruments with similar configurations, the 

MDL study will be performed on the least sensitive instrument; however, the MDL 

verification check sample will be analyzed on all instruments. 

100 x 
spikedAmount
foundAmount = R

 
 %
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• MDL samples are prepared using all preparation and cleanup techniques routinely used 

on samples. 

• The static MDL is verified if it is equal to or higher than the measured MDL. 

• If the static MDL is not verified by the measured MDL, the MDL can be verified by an 

MDL check sample that meets criteria. 

• Each MDL study is followed by an MDL verification check sample (see below). 

7.3.2.03 If the annual MDL study is delayed, the previous or theoretical MDL is verified on a 

quarterly basis until the MDL study can be completed. The MDL verification check sample: 

• Consists of a blank (deionized water, Ottawa sand) spiked with the target analytes at a 

concentration up to two times the static MDL 

• Is prepared using all preparation and cleanup techniques routinely used on samples 

• Is analyzed on all instruments routinely used for that method/technique 

• Must have a response that is readily distinct from the instrument’s noise level (signal-to-

noise ratio is equal to or greater than 3) or the analyte can be readily identified and 

quantified (i.e., detected) 

7.3.2.04 The primary evaluation feature of MDL study results is the spike-to-MDL ratio. The 

ideal ratio between the spike level and the MDL value is 5, for at this spike level the random 

effects of analytical variability (i.e., noise) are not overshadowed by the analyte signal. MDLs are 

always adjusted to reflect dilutions and, in the case of solid samples, moisture content. Dilutions 

required to analyze samples within instrument or calibration constraints and the presence of 

moisture in soil samples always results in increased reporting limits. 

7.4 Data Completeness 

7.4.01 Data completeness for acceptable data will be calculated as a percentage of acceptable 

data out of the total amount of data generated. For this project, acceptable data includes both data 

that passed all QC criteria and data that may not have passed all criteria but that had appropriate 

corrective action taken. 

7.4.02 The formula for calculation of data completeness for acceptable data is: 

number of acceptable data %Data completeness for acceptable data = number of possible results 
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7.4.03 Data completeness for acceptable data is calculated and reported for each method, 

matrix, and analyte combination. For completeness requirements, acceptable data are all results 

not qualified with an R flag. The requirement for data completeness for acceptable data for this 

project is 90 percent for each individual analytical method. 

7.4.04 Data completeness for quality data will be calculated as a percentage of quality data out 

of the total amount of data generated. For this project, quality data is only that data that has 

passed all QC criteria described in this QAPP. 

7.4.05 The formula for calculation of data completeness for quality data is: 

number of acceptable data %Data completeness for quality data = number of possible results 
 

7.4.06 The requirement for data completeness for quality data is 80 percent for each individual 

analytical method. 
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8.0 Laboratory Operations Documentation 

8.0.01 The goal of the laboratory is to provide complete, accurate, and verifiable data. To meet 

this goal, procedures for ensuring the correctness of the data must be followed. Subchapter 6.5 

discusses the key elements of the calibration procedures followed by the laboratory to ensure 

traceability of the results. 

8.0.02 Documentation of data reduction requirements ensures that all calculations were 

performed according to method requirements, and that minimum guidelines are followed in 

generating the final sample results. 

8.0.03 The objective of data verification is to provide results of a verifiable and acceptable 

quality whose validity is not jeopardized. The data verification process ensures that: 

• The correct samples are reported 

• No systematic errors were made in calculating the final results 

• Samples were analyzed within calibration criteria 

• Samples were analyzed within holding times 

• QC elements monitored were within known acceptable limits 

8.0.04 The purpose of data reporting is to pass on the analytical information to the user. The 

information must be complete according to the user’s needs and in a format that meets the user’s 

requirements. 

8.1 Sample Management Records 

8.1.01 Data reduction is the first step to sample management records and refers to all activities 

that convert analytical values into final sample concentrations of the target analytes. These 

activities may involve analyte ID, mathematical calculations, and summary statistics. The 

laboratory will calculate results as described in the SOPs (Attachment F). 

8.1.02 Initial data reduction is the responsibility of the analyst who performs the analysis. The 

analyst is responsible for: 

• Ensuring that samples are analyzed only when the instrument is calibrated according to 

the method 

• Ensuring that QC results (spike recoveries, precision for duplicates) are calculated 

correctly and within criteria, and, if not, initiating corrective actions 

• Identifying QC results for review by the responsible person(s) 
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• Documenting sample preparation and analysis, and the conditions under which they were 

performed, in a bound laboratory notebook 

• Ensuring that the laboratory sample ID is correctly transcribed into all analytical records 

• Correctly entering all of the parameters needed for final result calculation, if the data 

reduction will be performed using computer-controlled data acquisition and data 

reduction 

• Performing the calculations according to the method requirements, if data reduction will 

be performed using a pocket calculator 

• Ensuring that the entry is made correctly, if the result is transcribed  

• Performing data review on their own or on peer data 

• Alerting a supervisor about any problems that the analyst believes may affect the quality 

of the data 

8.1.1 Manual Data Reduction 

8.1.1.01 Manual data reduction refers to those activities in which analytical output is 

converted to analyte concentration in samples by calculations performed manually. The analyst: 

• Ensures that all data are correctly transcribed into worksheets, forms, or computer 

applications 

• Keeps raw data as a part of the analysis records, if the analytical instrument used 

generates hardcopy reports (strip charts, tabular reports, etc.) 

• Selects the appropriate, method-specified formulae for calculating results (the formulae 

used are written in the SOPs) 

• Proofreads computer-generated reports to ensure that the raw data manually entered into 

the computer application is correct 

8.1.1.02 Raw data hardcopy reports are identified with date of analysis, laboratory sample ID, 

analyst, and referenced method or SOP. 

8.1.2 Computer Data Reduction 

8.1.2.01 Computer data reduction refers to those activities in which analytical acquisition and 

initial calculations are performed automatically by validated computer applications. Appropriate 

to the method used, the analyst will: 

• Ensure that all variables required for final calculations (sample amount, dilution factor, 

extract volume, percent solids, surrogate amount, etc.) are entered correctly 
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• Verify that computer IDs are correctly made 

• Calculate surrogate recoveries and verify that internal standard responses are acceptable 

• Verify that target compounds analyzed by chromatographic methods are within the 

appropriate retention time or relative retention time windows 

8.1.2.02 Raw data files are assigned a unique filename by the analyst performing the analyses. 

In some instances, the computer performs the filename assignment using rules that ensure that 

filenames will not be repeated. Files containing sample-specific information (laboratory sample 

ID, sample amount, dilution factor, etc.) are cross-referenced to each raw data file using 

application functionality. The sample analysis logbooks can be used as an alternative cross-

reference between the laboratory sample ID and the raw data file name. 

8.1.3 Significant Figures 

8.1.3.01 All organic results are rounded to two significant digits. Inorganic and geotechnical 

results are reported to two significant figures if the value is less than 10, and to three significant 

figures if greater than or equal to 10. 

8.1.3.02 Whenever data is reduced using computer applications, the rounding rules used are 

those provided with the operating software. During manual calculations, the following rounding 

rules are followed. 

• If the digit to be dropped is less than 5, do not change the last digit to be retained (e.g., 

2.23 rounds off to 2.2). 

• If the digit to be dropped is greater than 5, increase the last digit to be retained by one 

(e.g., 2.26 rounds to 2.3). 

• If the digit to be dropped is equal to 5, increase the last digit to be retained by one if it is 

odd (e.g., 2.35 rounds to 2.4) or do not change the last digit to be retained if it is even 

(e.g., 2.45 rounds to 2.4). 

8.1.4 Data Review 

8.1.4.01 All analytical data generated at each laboratory are extensively checked for accuracy 

and completeness. The laboratory is responsible for ensuring that valid data includes several 

levels of review. Each level demands specific action to prevent unqualified release of erroneous 

data and to correct problems discovered during the review process. Each subcontractor laboratory 

data validation process will include data generation, reduction, and three levels of review. 



Non-Time-Critical Removal Action Final WORK PLAN – Appendix E, Part II 
Municipality of Culebra, Puerto Rico Quality Assurance Project Plan 
 

 
EEG 01/06 Contract # W912DY-05-D-0007, TO #0001 E(II) 8-4

8.1.4.02 The Level 1 review is performed by the analyst who generates the analytical data. 

The analyst reviews the data package to ensure that: 

• Sample preparation information is correct and complete 

• Analysis information is correct and complete 

• The appropriate SOPs have been followed 

• Analytical results are correct and complete 

• QC samples are within established control limits (blanks are acceptable) 

• Special sample preparation and analytical requirements have been met 

• Documentation is complete (e.g., all anomalies in the preparation and analysis have been 

documented; out-of-control forms, if required, are complete; holding times are 

documented, etc.) 

8.1.4.03 Level 2 review is performed by the laboratory QA officer, whose function is to 

provide an independent review of the data package. This review is structured to ensure that: 

• Calibration data are scientifically sound, appropriate to the method, and completely 

documented 

• QC samples are within established guidelines 

• Qualitative ID of sample components is correct 

• Quantitative results are correct 

• Documentation is complete and correct (e.g., anomalies in the preparation and analysis 

have been documented; out-of-control forms, if required, are complete; holding times are 

documented, etc.) 

• The data are ready for incorporation into the final report 

• The data package is complete and ready for data archive 

8.1.4.04 Level 2 review is structured so that all calibration data and QC sample results are 

reviewed, and all of the analytical results from 10 percent of the samples are checked back to the 

bench sheet. If no problems are found with the data package, the review is considered complete. 

If any problems are found with the data package, an additional 10 percent of the samples are 

checked to the bench sheet. The process continues until no errors are found, or until the data 

package has been reviewed in its entirety. Level 2 data review is documented, and the signature 

of the reviewer and the date of review recorded. The reviewed data are then approved for release 

and a final report is prepared. 



Non-Time-Critical Removal Action Final WORK PLAN – Appendix E, Part II 
Municipality of Culebra, Puerto Rico Quality Assurance Project Plan 
 

 
EEG 01/06 Contract # W912DY-05-D-0007, TO #0001 E(II) 8-5

8.1.4.05 Before the report is released to EEG, the laboratory project manager reviews the 

report to verify the accuracy and completeness of the Level 2 review and ensure that the data 

meets the overall objectives of the project. This review is the Level 3 review. 

8.1.4.06 Each step of this review process involves evaluation of data quality based on both the 

results of the QC data and the professional judgment of those conducting the review. This 

application of technical knowledge and experience to the evaluation of the data is essential in 

ensuring that data are of consistently of high quality.  

8.1.5 Other Review 

The data derived from this project must be evaluated and approved by a Puerto Rico licensed 

chemist in accordance with Puerto Rico Department of Environmental Quality guidelines.  

8.1.6 Procedures for Handling Unacceptable Data 

All QC information will be recorded in the notebooks and printouts. It is the analyst’s 

responsibility to check the QC information against limits for the analysis. When analysis of a QC 

sample (blank, spike, check standard, replicate, or similar sample) shows that the analysis of that 

batch of samples is not in control, the analyst will perform corrective action or bring the matter to 

the attention of the group leader. The group leader will, if necessary, consult with the laboratory 

QA officer or the laboratory project manager to determine whether the analysis can proceed, 

whether selected samples should be rerun, or whether specific corrective action needs to be taken 

before analyzing additional samples. Out-of-control analyses must be documented. The analyst or 

group leader will file an SDR with the laboratory QA officer for laboratory analysis out-of-

control events that require documentation. 

8.2 Data Reporting Procedures 

8.2.1 Data Package Format and Contents 

The laboratory will supply a definitive data package. The definitive data package format allows 

for the review of the data by an independent organization but the data package does not allow for 

complete independent reconstruction of the analytical data. Definitive data are produced using 

rigorous analytical methods, such as USEPA standard reference methods (e.g., SW-846, Contract 

Laboratory Program). Analyte presence and quantitation are confirmed through extensive QC 

procedures at the laboratory, which may be on site or off site. As discussed in more detail in the 

following chapters, the definitive data package will include a cover sheet, table of contents, case 
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narrative, the analytical results, laboratory reporting limits, sample management records, and 

internal laboratory QA/QC information. The laboratory data package will be organized such that 

the analytical results are reported on a per-batch basis unless otherwise specified. 

8.2.1.1 Cover Sheet 

8.2.1.1.01 The cover sheet will specify the following information: 

• Title of report (i.e., Test Report, Test Certificate) 

• Name and location of laboratory (to include a point of contact, with telephone and fax 

numbers) 

• Name and location of subcontractor laboratories, and appropriate test method performed 

• Contract number 

• Client name and address 

• Project name and site location 

• Statement of data authenticity and official signature and title of person authorizing report 

release 

8.2.1.1.02 Amendments to previously released reports shall clearly identify the serial number 

for the previous report and state the reason(s) for reissuance of the report. 

8.2.1.2 Table of Contents 

Laboratory data packages will be organized in a format that allows for easy identification and 

retrieval of information. An index or table of contents will be included for this purpose. 

8.2.1.3 Case Narrative 

A case narrative will be included in each report. The case narrative will contain a table or tables 

summarizing samples received, providing a correlation between field sample numbers and 

laboratory sample numbers, and identifying which analytical test methods were performed and by 

which laboratories. Samples that were received but not analyzed will also be identified. 

Extractions or analyses that are performed out of holding times will be appropriately noted. The 

case narrative will define all data qualifiers or flags used. Deviations of any calibration standards 

or QC sample results from appropriate acceptance limits will be noted, and associated corrective 

actions taken by the laboratory will be discussed. Any other factors that could affect the sample 

results (e.g., air bubbles in volatile organic compound [VOC] sample vials, excess headspace in 
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soil VOC containers, the presence of multiple phases, sample temperature and sample potential of 

hydrogen (pH) excursions, container type or volume, etc.) will be noted. 

8.2.1.4 Analytical Results 

The results for each sample will contain the following information, at minimum (information 

need not be repeated if noted elsewhere in the data package): 

• Laboratory name and location (city and state) 

• Project name and unique ID number 

• Field sample ID number as written on custody form 

• Laboratory sample ID number 

• Matrix (soil, water, oil, etc.) 

• Sample description 

• Sample preservation or condition at receipt 

• Date sample collected 

• Date sample received 

• Date sample extracted or prepared 

• Date sample analyzed 

• Analysis time when holding time limit is less than 48 hours 

• Method (and SOP) numbers for all preparation, cleanup, and analysis procedures used 

• Preparation, analysis, and other batch numbers 

• Analyte or parameter 

• Method reporting limits adjusted for sample-specific factors (e.g., aliquot size, 

dilution/concentration factors, moisture content) 

• Method quantitation limits (low-level standard concentration) 

• MDLs 

• Analytical results with correct number of significant figures 

• All confirmation data 

• Any data qualifiers assigned 

• Concentration units 

• Dilution factors (All reported data shall reflect any dilutions or concentrations. The 

dilution factor, if applicable, will be noted on the analytical report. If neat and/or diluted 

results are available, data from all runs will be recorded and reported.) 
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• Percent moisture or percent solids (all soils, sediments, sludges, etc., are to be reported on 

a dry weight basis) 

• Chromatograms, as needed 

• Sample aliquot analyzed 

• Final extract volume 

8.2.1.5 Laboratory Reporting Limits 

The laboratory may use a reporting limit expressed in terms of detection limit, quantitation limit, 

regulatory action level, or project-specific threshold limits; however, the laboratory’s use of these 

terms must be well-defined. In addition, the “<” (less than) reporting convention must be used in 

accordance with the requirements established in Subchapter 7.3. 

8.2.1.6 Sample Management Records 

These types of records include the documentation accompanying the samples (i.e., original chain-

of-custody record, shipping documents, laboratory notification sheets), records generated by the 

laboratory that detail the condition of the samples upon receipt at the laboratory (i.e., sample 

cooler receipt forms, any telephone conversation records, etc.), and any records generated to 

document sample custody, transfer, analysis, and disposal. 

8.2.1.7 Quality Assurance / Quality Control Information 

The minimum data package must include the calibration, calibration verification, and internal 

laboratory QA/QC data with their respective acceptance criteria. The data package will also 

include the laboratory’s method quantitation and reporting limits for project-specific parameters. 

The calibration data shall include a summary of the ICV, all calibration verification standards, 

and any performance standards analyzed in conjunction with the test method. All calibration 

deviations shall be discussed within the case narrative. The data package will correlate the 

method QC data with the corresponding environmental samples on a per-preparation batch basis 

with batch numbers clearly shown. Method QC data must include all spike target concentration 

levels, the measured spike concentration and calculated recoveries, all measures of precision, 

including RPD, and all control limits for bias and precision. This would include laboratory 

performance information such as results for MB, recoveries for LCSs, and recoveries for QC 

sample surrogates; and matrix-specific information such as MD RPDs, MS and MSD recoveries, 

MS/MSD RPDs, field sample surrogate recoveries, serial dilutions, and post digestion spike, etc. 

At minimum, internal QC samples will be analyzed and reported at rates specified in the specific 
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methods, within USACE guidance, or as specified in the contract, whichever is greater. Any 

deviations from the measurement quality objectives will be noted. The data package will also 

include any data review, non-conformance, or corrective action forms. 

8.2.2 Electronic Deliverables 

8.2.2.01 Electronic chemical data will be provided to CEHNC in the Analytical Data Review 

(ADR) format. STL will develop a comprehensive library file for all of the methods to be 

analyzed under this Scope of Work. The library file will accurately reflect all of the analytical 

quality requirements as documented in the final Sampling and Analysis Plan for this project and 

will be provided to CEHNC for use in screening electronic data deliverable (EDD) submittals. 

8.2.2.02 All electronic data submitted by STL will be error-free and in complete agreement 

with the hardcopy data. Data files are to be delivered both by e-mail and on high-density compact 

disk accompanying the hardcopy data reports. The disk must be submitted with a transmittal letter 

from the laboratory that certifies that the file is in agreement with hardcopy data reports and has 

been found to be free of errors using the latest version of the ADR evaluation software provided 

to the laboratory. STL will archive the electronic raw data and sufficient associated hardcopy data 

(e.g., sample log-in sheets and sample preparation log sheets) to completely reconstruct the 

analyses that were performed for a period of 10 years after completion of this contract. 

8.3 Data Management Procedures 

8.3.1 Laboratory Turnaround Time 

The laboratory turnaround time will be 28 days for the complete data package. Copies of the 

results only can be received after 14 days 

8.3.2 Data Archive / Retention Requirements 

The laboratory will retain all records that pertain to this project for a minimum of five years from 

the date the records are formally archived. Archived record indexes are maintained in a database, 

which allows rapid retrieval of the archives. Archives are stored on site and are protected against 

fire, theft, loss, deterioration and vermin. Electronic records are protected from deterioration 

caused by magnetic fields and/or electronic deterioration. 
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9.0 Data Assessment Procedures 

9.1 Data Quality Control Review 

Data QC review is discussed in Subchapter 8.2. 

9.2 Data Verification / Validation 

9.2.01 EEG’s project chemist will conduct an independent data validation prior to data 

acceptance. All samples for all methods and analytes in this project will be validated. This data 

validation shall include all data documentation from raw data to the reported results in accordance 

with the requirements specified in the following documents: 

• Project FSP 

• Project QAPP 

• Subcontractor laboratories’ SOPs and LQMs 

• USEPA SW-846 Update IIIA, 1999 

• DQOs in Attachment H 

9.2.02 A thorough review of all data documentation from the raw data to the reported results 

will be performed. For each method, the following types of data will be reviewed to verify that 

they are complete and support the reported values. 

9.2.1 Method 6010B – Metals 

• Case narrative 

• Sample IDs 

• Chain of custody 

• Holding time 

• Initial calibration 

• Instrument precision 

• ICV 

• ICB 

• Inter-element check standards 

• CCB 

• CCV 

• MB 

• LCS 
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• MS 

• MSD 

• Post digestion spike 

• Serial dilution 

• MSA 

9.2.2 Method 7471A – Mercury 

• Case narrative 

• Sample IDs 

• Chain of custody 

• Holding time 

• Initial calibration 

• Instrument precision 

• ICV 

• ICB 

• CCB 

• CCV 

• MB 

• LCS 

• MS 

• MSD 

• Post digestion spike 

• Serial dilution 

• MSA 

9.2.3 Method 8330 – Explosives 

• Case narrative 

• Sample IDs 

• Chain of custody 

• Holding time 

• Initial calibration 

• ICV 

• CCV 
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• MB 

• LCS 

• MS 

• MSD 

• Surrogates 

• Target analyte confirmation 

9.2.4 Method 314 – Perchlorate 

• Case narrative 

• Sample IDs 

• Chain of custody 

• Holding time 

• Initial calibration 

• Second source verification 

• Instrument performance check 

• ICV 

• CCV 

• MB 

• Pretreated laboratory blank 

• LCS 

• MS 

• MSD 

9.2.4.01 Following completion of this review, the project chemist will prepare a narrative 

report describing the data validation process and its results. Data qualifiers will be added to the 

analytical results report following USACE guidelines if the subcontractor laboratory did not 

already flag them. If data reported by the subcontractor laboratory are rejected, EEG will consult 

with the contracting officer regarding appropriate corrective actions. 

9.3 Data Quality Objectives Reconciliation 

The project chemist will determine if the DQOs summarized in the Sampling and Analysis Plan 

were attained. Contract compliance is assessed to ensure that stated requirements for daily QC 

have been met. The daily quality report, the contractor’s data validation report, results from 
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performance evaluation samples, field oversight findings, and/or project-specific laboratory 

audits will all be reviewed to assure that the DQOs have been met.  

9.4 Project Completeness Assessment 

9.4.01 Data completeness for acceptable data is calculated as a percentage of acceptable data 

out of the total amount of data generated. The formula is number of acceptable data divided by 

number of possible results. For this project, acceptable data includes both data that passed all QC 

criteria and data that may not have passed all criteria but had appropriate corrective action taken. 

9.4.02 Data completeness for acceptable data is calculated and reported for each method, 

matrix, and analyte combination. For completeness requirements, acceptable data are all results 

not qualified with a rejected (R) flag. The requirement for data completeness for acceptable data 

for this project is 90 percent for each individual analytical method. 

9.4.03 Data completeness for quality control data will be calculated as a percentage of quality 

data out of the total amount of data generated. For this project, quality data is only that data which 

has passed all QC criteria described in this QAPP. 

9.4.04 The formula for percent completeness is: 

 

 

 Where:   

 A = Total number of measurements 

  B = Total number of unacceptable measurements 

 

 

100 x 
A

BA =complete −%
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Mark Bagel, PG 
 

Experience 

Mr. Bagel has 26 years of professional experience in environmental and engineering-related 
investigations in the following areas: contamination assessments of petroleum-contaminated, 
Superfund, and Resource Conservation and Recovery Act (RCRA) sites; solid waste and 
industrial waste landfill permitting and contamination assessments; stabilization study of organic 
sludges; oversight and evaluation of landfill liner and cover constructions; management and QC 
coordinator of ordnance-contaminated sites; supervision of geotechnical soils and materials 
testing laboratory; soil sampling and laboratory analysis for geotechnical soils investigations; 
preparation of Comprehensive Quality Assurance Plan and other QC and safety programs and 
plans, construction materials testing and analysis, and construction/demolition site QC manager. 

Education 

BA, Geology, State University of New York, 1978 
• Geologic Studies, University of Houston, 1984 
• Engineering Studies, University of Houston, 1986 
• Engineering Studies, University of Florida, 1990 to 1994 
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Karen Hatfield, MS 
 

Areas of Specialization 

• Environmental Chemistry 
• Project Management 
• Data Validation 
• Quality Control / Quality Assurance 

Experience 

Ms. Hatfield has 32 years of environmental and chemistry consulting experience in project 
management, environment chemistry, and environmental quality control. Her experience includes 
data validation, completion of Laboratory Quality Assurance Plans, data validation, and 
preparation of Quality Control Summary Reports. Her experience and insight has provided 
excellent and timely reports and plans to clients, meeting the client requirements within budget 
and on schedule. 

Education 

MS, Environmental Engineering Sciences, University of Florida 
BS, Chemistry, University of Florida, 1971 
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Gary H. Tourtellotte, MS 
 

Areas of Specialization 

• NEPA Documentation 
• Natural Resources Evaluations and Management 
• Ecology of Marine and Freshwater Aquatic Communities 
• Water Quality 
• Design of Sampling Programs 
• Data Analysis / Statistics 

Experience 

Mr. Tourtellotte has 25 years of experience in environmental consulting. His experience includes 
coastal resource evaluations and management, ecology of marine and freshwater aquatic 
communities, water quality, design of sampling programs, data analysis / statistics, NEPA 
documentation, power plant siting and impact analysis, phosphate mine impact analysis, and 
dredge and fill permitting. He has performed numerous studies of estuarine/marine and 
freshwater systems along the East Coast of the U.S. and the Gulf of Mexico. These studies have 
been in support of NPDES permitting, dredge and fill projects, siting of industrial facilities, 
environmental impact statements, environmental assessments, biological assessments, 
contamination and baseline surveys, and ecological risk assessment. 

Education 

MS, Oceanography, Old Dominion University, Norfolk, VA, 1979 
BS, Biology, University of Miami, 1974 
Environmental Toxicology and Risk Assessment Short Course, Duke University, School of the 

Environment, 1992 
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STL Personnel Profiles 
Prepared for Ellis-Culebra Project 

STL Chicago 

Project Manager, Nancy S. McDonald 
Ms. McDonald holds a B.A. in Biology from Augustana College. She has 16 years environmental 
laboratory experience. Her experience includes project management for industrial and municipal 
clients for wastewater discharge (NPDES), groundwater monitoring, soil and waste 
characterization. Ms. McDonald also provides support for engineering consultants contracted by 
the US Army Corps of Engineers (USACE) and US Navy. She has experience meeting the criteria 
in the USACE Louisville Chemistry Guidelines (LCG) and various state programs, including the 
Illinois EPA’s Tiered Approach to Cleanup Objectives (TACO). Ms. McDonald previously served 
as the laboratory’s proposal coordinator and initially worked in the field sampling department. 

Quality Manager, Terese A. Preston 
Ms. Preston has a B.A. degree in Biology from Jamestown College, Jamestown, ND. Ms. Preston 
is STL Chicago’s Quality Manager. She has 21 years experience in the environmental laboratory 
industry and has been with the Chicago laboratory since 1984. She is experienced in 
environmental laboratory quality assurance practices, management, communications and 
analytical chemistry. Ms. Preston is responsible for the development and management of the 
laboratory’s quality assurance program. She has considerable experience in preparing and 
implementing laboratory quality assurance and project specific plans, which include RI/FS and 
other projects for both the IEPA and U.S. EPA Region V contracts. She is an experienced 
laboratory data auditor, and performs contract and method compliance monitoring. 

Customer Service Manager, Eric A. Lang 
Mr. Lang has a M.B.A. with a concentration in Project Manage ment from Keller Graduate 
School of Management and a B.S. in Biology/Chemistry from Eastern Michigan University. He 
has 21 years experience in the environmental laboratory industry, with 13 years experience as a 
project manager. Mr. Lang serves as project manager for several large national industrial 
corporations and engineering clients, including work performed under U.S. Navy and U.S. Army 
Corps of Engineers contracts. He previously managed the laboratory's metals section where his 
responsibilities included implementation of quality control procedures, data package review, 
training of analysts in instrument operation, supervision of metals personnel and method 
development for metals analyses. Mr. Lang initially served as a chemist, performing inorganic 
analyses on water and waste samples. 

Chromatography Laboratory Section Manager, Patti Gibson 
Ms. Gibson has a B.S. in Biology (1984) from Oakland City College. She has 16 years experience 
in the environmental laboratory industry and has been with the Chicago laboratory since 1989. 
Ms. Gibson has been Unit Leader for the Pesticide/PCB group for approximately three years, with 
six years experience in GC analysis of pesticides and PCBs and has recently been promoted to 
Section Manager of Chromatography. She has experience utilizing methods from SW846, 
40CFR, CLP OLM03.2 and OLC02.1. Her responsibilities included sample analysis, supervision 
of day to day operations and data review. She served in the metals department for one year 
performing various duties, including metals analysis on a Flame AA, metals digestions and TCLP 
extractions. Her initial duties were in log-in, where she worked for one year receiving, tracking 
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and storing samples, entering log-in data in the computer system and reviewing associated 
paperwork. 

Metals Laboratory Section Manager, Jodi L. Gromala 
Ms. Gromala has a B.S. degree in Biology from Bradley University. She has over 19 years of 
laboratory experience. Ms. Gromala has an extensive background in inorganic metals analyses 
using SW-846 Methods, U.S. EPA CLP ILM04.0, Standard Methods for the Examination of 
Waters, EPA 600 Series Methods and ASTM Methods of Analyses. Previously Ms. Gromala was 
Unit Leader for the Metals Department and her experience includes ICP, GFAA and Hg analysis 
and Sample Preparation. She has been with the Chicago laboratory since 1988. 

Sample Receipt Manager, Jeffrey A. James 
Mr. James holds a B.A. in Music Education from Eastern Illinois University. He has 16 years of 
environmental laboratory experience and has been with the Chicago laboratory since 1989. Mr. 
James previously served as a project manager for several large industrial programs, including 
NPDES, municipal and wastewater clients. He now manages the Sample Receipt Department. His 
expertise includes consultation on the most cost effective approaches for environmental sampling. 
His experience includes sampling of a variety of matrices, well development, combustible gas 
monitoring, and field data collection. He has extensive training in environmental health and 
safety procedures, and hazardous shipping. Mr. James previously served as Field Sampling Unit 
Leader, Bottle Project Unit Leader, Facility Manager, and Field Technician. 

STL Sacramento 

Quality Assurance Manager, Pam Schemmer 
Ms. Schemmer has a BS degree in Chemistry from the University of Iowa. She brings more than 
12 years of experience in the analytical industry to her current role as Quality Assurance 
Manager. She began her career as an analyst, and quickly advanced into increasingly responsible 
management positions. Her attention to detail and excellent communication skills, make Ms. 
Schemmer an excellent contributor to our STL team. As a senior member of management Ms. 
Schemmer directs and monitors quality assurance activities at the Sacramento facility. She is 
responsible for reports to management, client concerns, project plan review, lab performance 
review, and review of procedures that will ensure the production of data of a defined quality. 

Manager of Project Management, Robert Hrabak 
Mr. Hrabak has a BS in Biological Sciences from the University of California. Over the past 16 
years Mr. Hrabak has specialized in the area of the Advanced Technology Group, focusing on 
low-resolution dioxins and specialty chemicals. His extensive technical knowledge in these areas 
and excellent organizational skills, make him the ideal choice to manage these projects in the 
laboratory. His leadership ability was recognized in 1991 when he was included in a team of 
employees evaluating the application of high performance work teams in our environmental 
laboratory. These same skills were utilized in 1999 when he was chosen to coordinate the 
implementation of a new LIMS at the laboratory facility. In 1994 his customer focus and service 
skills were recognized by awarding him with the Presidential Exceptional Achievement Award, 
which is presented annually to only one percent of the company’s employees. 
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OPERATION-SPECIFIC STANDARD OPERATING PROCEDURE

TITLE: DETERMINATION OF PERCHLORATE BY

ION CHROMATOGRAPHY BASED ON EPA METHOD 314.0

(SUPERSEDES: SAC-WC-0010, REVISION 1.0)

Proprietary Information Statement:

This documentation has been prepared by Severn Trent Laboratories (STL) solely for STL’s own use and the use of
STL’s customers in evaluating its qualifications and capabilities in connection with a particular project.  The user of this
document agrees by its acceptance to return it to Severn Trent Laboratories upon request and not to reproduce, copy,
lend, or otherwise disclose its contents, directly or indirectly, and not to use if for any other purpose other than that for
which it was specifically provided.  The user also agrees that where consultants or other outside parties are involved in
the evaluation process, access to these documents shall not be given to said parties unless those parties also specifically
agree to these conditions.

THIS DOCUMENT CONTAINS VALUABLE CONFIDENTIAL AND PROPRIETARY INFORMATION.
DISCLOSURE, USE OR REPRODUCTION OF THESE MATERIALS WITHOUT THE WRITTEN
AUTHORIZATION OF SEVERN TRENT LABORATORIES IS STRICTLY PROHIBITED.  THIS UNPUBLISHED
WORK BY SEVERN TRENT LABORATORIES IS PROTECTED BY STATE AND FEDERAL LAW OF THE
UNITED STATES.  IF PUBLICATION OF THIS WORK SHOULD OCCUR THE FOLLOWING NOTICE SHALL
APPLY:

©COPYRIGHT 2003 SEVERN TRENT LABORATORIES, INC. ALL RIGHTS RESERVED.
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1. SCOPE AND APPLICATION

1.1. This procedure is based on EPA Method 314.0, Revision 1.0, November 1999,
Dionex Application Note 134 and Dionex IonPac AS16 Anion-Exchange Column
Literature.

1.2. This method covers the determination of perchlorate in drinking, ground, and surface
waters using ion chromatography.  Soils and wastes may also be analyzed using this
procedure, following a DI Leach preparation according to SOP number SAC-WC-
0049.

1.3. This method is only for use by or under the supervision of analysts experienced in the
use of ion chromatography and in the interpretation of the resulting ion
chromatograms.

1.4. This SOP specifies the use of a Dionex AG16, 4mm Guard column and an AS16, 4-
mm Analytical column, and analytical conditions to meet method specifications.
Equivalent columns or conditions may be used if method requirements are still met.

1.5. The reporting limit is 4.0 ug/L for aqueous samples and 40 ug/kg for solid samples.
Lower reporting limits are achievable and may be implemented on a client or project
specific basis.

2. SUMMARY OF METHOD

2.1. A 1.0 mL volume of sample is introduced into an ion chromatograph (IC).
Perchlorate is separated and measured, using a system comprised of an ion
chromatographic pump, sample injection valve, guard column, analytical column,
suppressor device, and conductivity detector.

3. DEFINITIONS

3.1. Definitions of terms used in this SOP may be found in the glossary of the Laboratory
Quality Manual (LQM).

4. INTERFERENCES

4.1. Method interferences may be caused by contaminants in the reagent water, reagents,
glassware, and other sample processing apparatus that lead to discrete artifacts or
elevated baselines in an ion chromatogram.  These interferences can lead to false
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positive results for the target analyte as well as reduced detection limits as a
consequence of elevated baseline noise.

4.2. Samples and reagent solutions that contain particulates larger than 0.45 microns
require filtration to prevent damage to instrument columns and flow systems.
Particulates can be separated by filtering the samples, standards, or reagents through a
filter syringe with a 0.45-micron filter cartridge.  All samples and standards pass
through filter caps prior to injection.  This filtering is sufficient when small amounts
of particulate are present in a sample.

4.3. Sample matrices with high concentrations of common anions such as chloride,
sulfate, and carbonate can destabilize the baseline in the perchlorate retention time
window.  This is evidenced by observing a protracted trailing following these anions,
extending into the perchlorate window.  These anions can be detected by conductivity
testing, and dilutions should be performed accordingly.

4.4. A noisy baseline will also interfere with accurate recovery.  Baseline noise is
considered unacceptable if the peak to peak noise is greater than 0.015.  If the
instrument sits idle for more than a week or runs out of eluent or external water, the
suppressor can become dry or overheated and will be unable to produce a clean
baseline.  Air bubbles trapped in the system, particularly the pump or conductivity
cell, can also cause a noisy baseline.

4.4.1. For contaminated NaOH, remake the 32.7mM with a different source of
50% (w/w).

4.4.2. See the instrument manual for specific instructions on priming the pump,
regenerating the suppressor, and flushing the conductivity cell.

4.5. Over time, some matrices will effect suppressor performance.  This is evidenced by
reduced peak response or asymmetrical perchlorate peaks, and should be corrected by
cleaning the suppressor membranes according to manufacturer's instructions.

5. SAFETY

5.1. Procedures shall be carried out in a manner that protects the health and safety of all
STL Sacramento associates.

5.2. Eye protection that satisfies ANSI Z87.1 (as per the Corporate Safety Manual), a
laboratory coat, and appropriate chemically resistant gloves must be worn while
samples, standards, solvents, and reagents are being handled.  Disposable gloves that
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have been contaminated will be removed and discarded as hazardous waste; other
gloves will be cleaned immediately.

5.3. The health and safety hazards of many of the chemicals used in this procedure have
not been fully defined.  Each chemical should be regarded as a potential health hazard
and exposure should be as low as reasonably achievable.  Additional health and safety
information can be obtained from the Material Safety Data Sheets (MSDS)
maintained in the laboratory.  The following specific hazards are known:

5.3.1. The following materials are known to be corrosive: Sodium hydroxide.

5.3.2. The following materials are known to be oxidizers: Sodium perchlorate
(powder).

5.4. All work must be stopped in the event of a known or potential compromise to the
health and safety of a STL Sacramento associate.  The situation must be reported
immediately to a laboratory supervisor.

5.5. Exposure to chemicals must be maintained as low as reasonably achievable;
therefore, all samples must be opened, transferred, and prepared in a fume hood, or
under other means of mechanical ventilation.  Solvent and waste containers will be
kept closed unless transfers are being made.

5.6. The preparation of standards and reagents will be conducted in a fume hood with the
sash closed as far as the operation will permit.

5.7. Exercise caution when using syringes with attached filter assemblies.  Application of
excessive force has on occasion caused a filter disc to burst.

6. EQUIPMENT AND SUPPLIES

6.1. Ion Chromatograph (IC) – This method uses IC instrumentation manufactured by
Dionex, Model DX500.  Equipped with an autosampler, injection valve, pump with
1.5 mL/min flow rate, integrator, 1 mL sample loop, data acquisition system, and set
up with the following components:

6.1.1. Columns: Dionex AG16, 4 mm (P/N 055377) and Dionex AS16, 4 mm
(P/N 055376).

6.1.2. Suppressor:  Dionex ASRS ULTRA (P/N 53946), external water mode, 300
mA current.
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6.1.3. Detector:  Dionex suppressed conductivity detector, Dionex CD20, cell
temperature setting at 30 °C

6.2. Balance – Analytical balance, capable of accurately weighing to the nearest 0.0001 g.

6.3. Syringe, disposable, 2-10 mL capacity and equipped with male pressure fitting.

6.4. 0.45 micron acrodisk filters.

6.5. Dionex IC sample vials and filter caps –at least 5 mL capacity (P/N 38141).

6.6. Various class A analytical glassware of different sizes – graduated cylinder,
volumetric flask, pipettes, etc.

6.7. Plastic bottles – 2-4L bottles are ideal for water and eluent reservoirs.

6.8. Conductivity meter

Note:  It is permissible to change columns types, injection volumes, and/or eluents to
improve separation or to lower costs, provided that the initial demonstration of
capability is repeated and that the specifications as detailed in the reference method
314.0 are met.

7. REAGENTS AND STANDARDS

7.1. Reagent grade chemicals shall be used in all tests.  Unless otherwise indicated, it is
intended that all reagents shall conform to the specifications of the Committee on the
Analytical Reagents of the American Chemical Society, where such specifications are
available.  Other grades may be used, provided it is first ascertained that the reagent is
of sufficiently high purity to permit its use without lessening the accuracy of the
determination.

7.2. Reagent water:  Distilled or deionized water, free of anions of interest.  Water should
contain particles no larger than 0.20 micron and have a resistance of at least 18 mega-
ohms.  For best results, use reagent water that is taken directly from the Nanopure
water system.

7.3. Eluent solution:

7.3.1. 50% (w/w) NaOH, stock solution:  Must be of highest purity (with low
carbonate content).  Commercially available, preferably in a 500 mL
volume.
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7.3.2. Eluent working solution: 32.7mM NaOH.  Good for 5 days.  A 2-liter
volume will usually last for approximately 24 hours of non-stop use.  A
system that automatically generates eluent is an acceptable alternative.

NOTE:  Avoid the introduction of carbon dioxide from the air into the 50% (w/w)
NaOH.  DO NOT shake the 50% (w/w) NaOH bottle or pipette the required
aliquot from the top of the solution where sodium carbonate may have
formed.  IT IS BEST to pipette the aliquot from the middle of the bottle and
to minimize the time the solution is exposed to air.

7.3.2.1. Fill a 2000-mL volumetric flask to the mark with Nanopure water.
Pipette out 5.23 mL of the reagent water.

7.3.2.2. Transfer the remaining water from the flask to an eluent bottle.

7.3.2.3. De-gas the reagent water with He for at least 10 minutes.

7.3.2.4. Using a glass disposable 5-mL pipette, insert the pipette into the
middle of the 50% (w/w) NaOH stock solution and pipette 5.23 mL,
making sure that there is minimal solution adhering to the outside of
the pipette.

7.3.2.5. Immediately transfer the solution to the reagent bottle. Cover and
seal the bottle with parafilm.  Gently invert the reagent bottle at
least 10 times to properly mix the solution.

7.3.2.6. Remove the parafilm and connect the bottle to the instrument.

7.3.2.7. Dispose of expired eluent waste to the basic waste collection
carboy.

7.4. Perchlorate stock solution, 1000 mg/L (or 1,000,000 ug/L):  Obtain commercially.
Alternatively, use a 1000-mL volumetric flask filled with approximately 600 mL of
reagent water.  Dissolve 1.2314 grams of sodium perchlorate (99% purity).  (Note:
sodium perchlorate represents a molar weight fraction of 81.2% perchlorate anion).
Dilute to the mark with reagent water.  Good for one year.

7.4.1. Intermediate standard solution, 10 mg/L (or 10,000 ug/L): Using a 100 mL
volumetric flask containing at least 50 mL of reagent water, pipette 1 mL of
the 1000 mg/L stock solution and swirl gently.  Dilute to the mark with
reagent water.  Good for one month.
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7.4.2. Working standards: Linear range 2 ug/L to 100 ug/L, good for one month.
Dilute the intermediate standard (10,000 ug/L) with reagent water into 200
mL volumetric flasks as follows:

Standard # Aliquot (mL) Final Volume (mL) Final concentration
(ug/L)

1 0.04 200 2.00

2 0.08 200 4.00-ICCS

3 0.2 200 10.0

4 0.5 200 25.0

5 1.0 200 50.0-CCV

6 2.0 200 100-CCV

7.5. Second-Source Stock Standard, 100 mg/L (or 100,000ug/L): Obtain commercially.
Alternatively, the second-source standard can be prepared from a different lot or
different manufacturer other than the source of the Calibration Stock Standard.  Good
for 1 year.

7.6. Second-Source Working Standard, 50ug/L: Dilute 0.05 mL of the second-source
stock standard to 100-mL in a volumetric flask for a final concentration of 50 ug/L.
Good for one month.

7.7. Mixed Anion Stock Solution: Dissolve the following salts in reagent water for a final
volume of 100 mL: 4.0 grams NaCl, 3.7 grams Na2SO4, and 4.4 grams Na2CO3.  Final
concentration: 25,000 mg/L chloride, sulfate, and carbonate anions.  Good for one
year.

7.8. Maximum Conductivity Threshold Standard (MCT) or Initial Performance Check
standard (IPC), 25 ug/L perchlorate and 200 ug/L mixed anion standard:  Mix 0.25
mL of the 10,000 ug/L perchlorate stock solution with 4 mL mixed anion stock
solution (25000 ug/L) to a final volume of 100 mL.  Good for one month.

Note: The MCT level can be adjusted, provided that the procedure in reference method 314.0
is followed.
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8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Samples should to be collected in pre-cleaned plastic or glass containers.  Volume
collected should be sufficient to ensure a representative sample, allow for replicate
analysis (if required), and minimize waste disposal.

8.2. Samples are stored at room temperature, no preservative.

8.3. Samples should be analyzed within 28 days of collection.

9. QUALITY CONTROL

9.1. Initial Demonstration of Capability: All analysts must successfully complete 4 LCSs
prior to the analysis of any samples.  Calculate the average recovery and standard
deviation of the recovery.  If the analyte does not meet the acceptance criteria, the test
must be repeated.  Repeated failure of the test indicates the need for the laboratory to
evaluate the analytical procedure and take corrective action.

9.2. Method Detection Limit (MDL): The MDL is determined annually as described in
SOP-QA-0006, MDLs and IDLs, and S-Q-003.

9.3. Maximum Conductivity Threshold (MCT): The highest permitted conductance of an
unknown sample matrix, measured prior to conducting the analysis, which is used to
determine when sample matrix dilution is required.  The conductance in the
MCT/sample is proportional to the concentration of common anions present.  The
MCT and the Instrument Performance Check (IPC) contain perchlorate, as well as the
common anions of chloride, sulfate, and carbonate.  These common anions are known
to elute into the perchlorate window and cause potential interference.  After the MCT
is determined, it must be confirmed in each batch by the IPC.  The IPC must meet
three criteria:

9.3.1. Percent Difference of Area/Height ratio between the ICV and the IPC
solution <25%.

9.3.2. 80%-120% Perchlorate Recovery.

9.3.3. Retention time shift <5% from ICV.

9.3.4. Corrective action: Restart batch. If IPC fails repeatedly, MCT must be re-
established.
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9.4. Batch:  A quality control batch is a set of up to 20 field samples that have the same
matrix and are processed using the same procedures, reagents, and standards within a
30 hour time period.  A MB, LCS and MS/SD are also part of the batch.  An analysis
batch must also include all QC samples, however they do not contribute to the
maximum of 20 samples.

Note: A field sample from the original batch can be reanalyzed after the closing
CCV/CCB if it is still within 30 hours of the start of the run.  An ICCS, as well as a
CCV/CCB must be analyzed first, and the run must close with another CCV/CCB
within that 30-hour window.

9.5. One Method Blank (MB) must be processed with every batch of similar matrix, not to
exceed twenty (20) samples.  The method blank is an aliquot of laboratory reagent
water processed in the same manner and at the same time as the associated samples.
Corrective actions must be documented on a Non-Conformance memo, then
implemented when target analytes are detected in the method blank above the
reporting limit.  Re-extraction of the blank, other batch QC and the affected samples
are required when the method blank is deemed unacceptable.

9.5.1. For aqueous analyses, the ICB is evaluated as the MB.

9.5.2. For solid analyses, a blank is prepared with the batch.

9.6. A Laboratory Control Sample (LCS) must be processed with every batch of similar
matrix, not to exceed twenty (20) samples.  The LCS is an aliquot of laboratory
matrix (e.g. water, Ottawa sand, sodium sulfate, etc.) spiked with analytes of known
identity and concentration.  The LCS must be processed in the same manner and at
the same time as the associated samples.  Corrective actions must be documented in a
Non-Conformance memo, then implemented when recoveries of any spiked analyte is
outside control limits provided in LIMS or by the client.  Reextraction of the blank,
other batch QC and all associated samples are required if the LCS is deemed
unacceptable.  See Policy QA-003-SAC for specific acceptance criteria.

9.6.1. For aqueous analyses, the ICV is evaluated as the LCS.

9.6.2. Solid LCSs are spiked with a concentration of 500 ug/kg.  A blank is
prepared with the batch and spiked just prior to analysis.

9.6.3. LCS/DCS recoveries must be 90-110 % with an RPD of < 15% for aqueous
samples, and 75 – 125% with an RPD of < 20% for solid matrices.
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9.7. A Matrix Spike/Matrix Spike Duplicate (MS/MSD or MS/SD) pair must be processed
with every batch of similar matrix, not to exceed twenty (20) samples.  An MS/MSD
are aliquots of a selected field sample spiked with analytes of known identity and
concentration.  The MS/MSD pair must be processed in the same manner and at the
same time as the associated samples.  Spiked analytes with recoveries or precision
outside control limits must be within control limits for the LCS.  Corrective actions
must be documented in a Non-Conformance memo, then implemented when
recoveries of any spike analyte is outside control limits provided in LIMS or by the
client.  Re-extraction of the blank, LCS, the selected field sample and the MS/MSD
may be required after evaluation and review.

9.7.1. Two aliquots of an aqueous sample are spiked with a concentration of 50
ug/L.

9.7.2. Solid samples are spiked with a concentration of 500 ug/kg.  A sample
duplicate is prepared with the batch and two aliquots are spiked just prior to
analysis.

9.7.3. MS/SD recoveries must be 80 – 120% with RPD of <20 for aqueous, and
75 – 125% with RPD of <20% for solid matrices.

9.8. A duplicate control sample (LCSD or DCS) must be substituted when insufficient
sample volume is provided to process an MS/MSD pair.  The LCSD is evaluated in
the same manner as the LCS.  See Policy QA-003-SAC for specific acceptance
criteria.

9.8.1. For aqueous samples, an additional ICV standard can be analyzed, or two 2
CCVs of identical concentration can be evaluated as the LCS/DCS.

9.9. The QC terms and criteria listed below are a combination of those specified by
Method 314.0 and STL Sacramento standard QC requirements.
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Acceptance Criteria and Corrective Actions-Perchlorate
QC Type Frequency Acceptance

Criteria
Corrective Action

Initial Calibration Curve Calibrated initially, then
monthly.  Verified daily prior to
analysis.

r > 0.995 Reanalyze once.  If the problem persists,
reprepare the standards, and recalibrate.  If
the problem persists, consult the supervisor
for instrument repair.

ICV/REF/LCS-50ppb
(Second Source Standard)

At start of every analytical
sequence, following the initial
calibration.

90%-110% Recovery Reanalyze once.  If the problem persists,
reprepare the standards, reanalyze, and/or
recalibrate.

ICB/CCB/MB Directly following ICV/CCVs. <1/2 Reporting Limit Reanalyze once.  If the problem persists,
isolate the source of the problem and fix it.
If the problem is isolated to the blank,
reprepare, reanalyze and proceed.  If the
problem may have affected previous sample
results (i.e. instrument failure, contaminated
vials, etc.), reanalyze samples bracketed by
the failed blank.

IPC/MCT-25ppb perchlorate,
600 ppm anions

1 per batch of 20 samples or
fewer.

1. Percent Difference of
Area/Height ratio between the
ICV and the MCT solution
<25%
2. 80%-120% Perchlorate
Recovery
3. Retention time shift <5%

Restart analysis.  If problem persists, MCT
level may need to be reestablished.

ICCS-4ppb At start of every analytical
sequence, following the MCT.

75%-125% Recovery Restart analysis.  If baseline is noisy,
attempt  to reduce baseline noise.
Recalibration may be necessary.

CCV-Alternate
50ppb/100ppb

After every 10 samples and at
the end of the analytical
sequence.

85%-115% Recovery Reanalyze once.  If the problem persists,
isolate the source of the problem and fix it.
If the problem is isolated to the standard
(i.e. misspike, etc.), reprepare, reanalyze
and proceed.  If the problem may have
affected previous sample results (i.e.
instrument failure, contaminated vials, etc.),
reanalyze samples bracketed by the failed
standard.

MS/SD-50ppb aqueous 1 MS/MSD pair per batch of 20
samples or fewer.

80%-120% Recovery,
15%RPD

Reanalyze once. If reanalysis recovery fails
but % RPD passes, accept data.  If
reanalysis passes, report reanalysis.

MS/SD-500ppb solid 75%-125% Recovery, 20%RPD
MB-solid

(ICB=MB for aqueous)
1 per batch of 20 samples or
fewer

< Reporting limit Reanalyze once.  If problem persists,
reprepare and reanalyze batch.

LCS - solid
(ICV=LCS for aqueous)

1 per batch of 20 samples or
fewer

75%-125% Respike aliquot and reanalyze.  If problem
persists, reprepare and reanalyze batch.

Samples:   (Conductivity of
the sample must be measured
and recorded prior to
analysis).

Water-no preservative.
Soil-10X 1 hour DI leach.
28 day hold time.

RLw=4ppb
RLs=40ppb

Conductivity of the water aliquot must be
less than the conductivity of the MCT/IPC.
If higher, dilute prior to analysis.

10. CALIBRATION

10.1. Initial Instrument Calibration (ICAL): A minimum of five calibration standards that
represent the linear range of the instrument are analyzed and used as the instrument
calibration for a month.  The initial calibration sequence is listed below:
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Reagent Water
2 ppb Standard
4 ppb Standard
10 ppb Standard
25 ppb Standard
50 ppb Standard
100 ppb Standard

10.1.1. Frequency:  Initially, then monthly, or as required due to failed ICV/CCV.
Verify daily with an ICV.

10.1.2. Criteria:  r value of 0.995 or better

10.1.3. Corrective Action for failed ICAL:  Recalibrate.  If ICAL fails again, check
standards and remake as needed.  For failed linear curve due to instrument
failure, consult a Dionex service representative.

10.1.4. Retention time of samples and standards should be within 5% of that
obtained during the initial calibration.  If a shift of > 5% occurs, results can
be used after filing an NCM, provided that the shift is confirmed by the
daily QC.  The instrument should be recalibrated prior to initiating a new
analysis.

NOTE:  A series of reagent water blanks are analyzed prior to the
instrument calibration in order to verify that the instrument baseline is
stable and peak to peak criteria is met.  Peak to peak noise must be less than
0.015.

11. PROCEDURE

11.1. One time procedural variations are allowed only if deemed necessary in the
professional judgment of the supervisor to accommodate variation in sample matrix,
radioactivity, chemistry, sample size, or other parameters.  Any variation in procedure
shall be completely documented using a Nonconformance Memo and approved by a
Technical Specialist and QA Manager.  If contractually required, the client shall be
notified.  The Nonconformance Memo shall be filed in the project file.

11.2. Any unauthorized deviation from this procedure must also be documented as a
nonconformance, with a cause and corrective action described.  See SAC-QA-0023
for additional information on the established procedures for the identification and
documentation of nonconformances and corrective actions.
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11.3. Instrument Start-up

11.3.1. Use fresh reagent water from the Nanopure system to fill the External
Water bottles (EBW1, EBW2 and EBW3).

11.3.2. Fill the Eluent bottle with 32.7mM NaOH.

11.3.3. Inspect all He connections.

11.3.4. Prime the pump.  Refer to the instrument manual, if necessary.

11.3.5. Using the Peak Net workstation menu, access RUN mode.  Under File,
Load Method: newperchlorate.met. The current will change from 0 to 300
mA.  The pump will start.

11.3.6. Ensure that water is flowing through the system.  The water flow rate is
determined by He pressure and can be adjusted by the analyst.  Flow rate
should be between 3-8 mL/minute, and can be measured by collecting
water waste from the appropriate waste line for a specific period of time.

11.3.7. Let the instrument run until the baseline has stabilized.  To monitor the
baseline, under Run of the Run mode, select Baseline. In addition, observe
the total baseline reading in uS at the CD20 screen.

11.3.7.1. To monitor peak to peak noise level, fill a sample vial with reagent
water and run. Access the Optimize menu.  Select the appropriate
chromatogram.  Select a 1 minute portion of the baseline.  Under
the Operations menu, select Autothreshold.  Press Measure.  The
criteria for baseline reading must be met prior to sample analysis.  If
the baseline shows erratic response or severe noise (uS reading
fluctuates frequently), see section 4.4, or consult the instrument
manual.

11.3.8. As soon as the backpressure is stable around 2400 psi, baseline total uS is
<2 uS and the pk to pk noise is <0.015, the instrument is ready for analysis.

11.4. Sample Pretreatment

11.4.1. Measure the conductivity of the sample using a calibrated conductivity
meter and record the readings in the appropriate instrument logbook.  If the
conductivity of the sample is greater than the conductivity of the MCT/IPC,
dilute the sample prior to analysis.  Measure and record the conductivity of
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the diluted sample.  The sample must be diluted to the point that the
conductivity of the sample or diluted portion thereof is less than the
conductivity of the MCT/IPC.  The reporting limit associated with the
diluted sample will increase in proportion to the dilution.

11.4.2. Filter colored or turbid samples prior to analysis.

11.4.3. Arrange standard and sample vials in the same order as below.  Two water
reagent water blanks are recommended prior to each analytical run to
confirm a stable baseline.

ICV @ 50 ppb (use as aqueous LCS)
ICB
IPC (MCT) @ 25 ppb, with 600 ppb mixed anions.
ICCS @ 4 ppb
10 samples, including QC below
LCS @ 500 ppb (soils only)
MS @ 50 ppb (waters), 500 ppb (soils)
MSD @ 50 ppb (waters), 500 ppb (soils)
CCV @ 100 ppb
CCB
10 samples
CCV @ 50 ppb
CCB

11.5. Sample Analysis

11.5.1. Build analysis schedule as noted above.

11.5.2. Access the Run Mode.  Under the File menu, select Load schedule.

11.5.3. On the autosampler, make sure it is in “Run” mode.

11.5.4. Under the run menu, select Start.

11.5.5. Monitor run and noise level from time to time.

11.5.6. Monitor water and eluent levels while the run is in progress.

11.6. Instrument Shutdown
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11.6.1. Access the Run Mode.  Under File, load Method-pre-shutdown.met.  This
method shuts off the water.  Next, load Method-shutdown.met.  This will
stop the pump and current.

-OR-

11.6.2. In the last two lines of the schedule, enter as the method pre-shutdown.met,
followed by shutdown.met.  This will automatically stop the water, eluent,
and current flow at the close of the run.

11.7. Standard Conditions and Equipment

11.7.1. Ion Chromatograph: Dionex DX500

11.7.2. Sample Loop: 1 mL

11.7.3. Eluent: 32.7 mM NaOH

11.7.4. Eluent Flow: 1.5 mL/min

11.7.5. Columns: Dionex AG16, 4 mm / AS16, 4 mm

11.7.6. Suppressor: ASRS ULTRA, external water mode, 300 mA current

11.7.7. Detector: Suppressed Conductivity Detector, Dionex CD20

11.7.8. Pump: Dionex GP50

11.7.9. Peak to Peak Noise: <0.015

11.7.10. Background Conductivity: <2 uS

11.7.11. Typical System Backpressure: 2200 psi-2800 psi

11.7.12. Approximate Retention Time: 9.5 – 10.5 minutes

11.7.13. Allowable shift between calibrations-5%

11.7.14. Approximate Analysis Time-11.5 minutes

12. DATA ANALYSIS AND CALCULATIONS
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12.1. Perchlorate Identification

12.1.1. Identification occurs when a peak matching the retention time of the
reference standard is found at a concentration above the reporting limit, or
above the MDL if J flags are required.

12.1.2. If the analyst is unsure of perchlorate in the sample due to matrix, retention
time shifts, or other factors, the sample should be spiked, analyzed and
evaluated.  A split or shouldering peak is evidence of an interferant and
should not be reported as perchlorate.

12.1.3. The experience of the analyst should weigh heavily in the interpretation of
the chromatogram.  For example, sample matrix or laboratory temperature
fluctuation may result in a variance of retention times.

12.1.4. All manual or re-integration of chromatograms must be documented in
accordance with Policy S-Q-004 and the STL Sacramento-specific
addendum.  Documentation includes, as a minimum, before and after
copies of the chromatograms with a reference to the reason for re-
integration.

12.2. Calibration Range

12.2.1. If the concentration of the perchlorate anion exceeds the working range as
defined by the calibration standards, then the sample must be diluted and
reanalyzed.  The reporting limit must be raised accordingly.

12.2.2. Responses for the diluted sample must be at a minimum 3-5 times the level
of the lowest standard.

12.2.3. It may be necessary to dilute samples due to matrix.

12.3. Calculations

12.3.1. Peak areas are used as a measure of response since they have been found to
be more consistent than peak heights.

12.3.2. All sample concentrations are calculated based on a linear regression.  The
calculation is automatically performed by the instrument, based on the
equation:

Equation 1 Concentration = A + BR
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Where: A = Intercept

B = Slope

R = Response (in area)

Equation 2 Conc in Sample (ug/L) = Concentration (ug/L) x DF

Where: DF = Dilution Factor

Equation 3 Conc in Sample (ug/kg) = Concentration (ug/L) x (Vl/Ms) x DF

Where: DF = Dilution Factor

Vl = Volume of Leachate (in L)

Ms = Mass of soil (in kg)

12.4. Reporting Requirements

12.4.1. When it is necessary to redraw baselines, both the original and the redraw
must be saved in the data system as well as included in the data pack.

12.4.2. Reporting limits and units are described in Section 1.5.

12.4.3. Sample results are entered into a LIMS system in accordance with current
QA policies.

12.4.4. Footnotes and anomalies when applicable must be included in the data pack
and data reduction process.  Exceeded holding times must be immediately
communicated to the project managers and followed by an electronically
filed non-conformance memo.

13. METHOD PERFORMANCE

13.1. The group/team leader has the responsibility to ensure that this procedure is
performed by an associate who has been properly trained in its use and has the
required experience.
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13.2. Both prep and analytical chemists must pass the initial demonstration of capability as
outlined by this facility.  Each laboratory must make a one time initial demonstration
of capability for each individual method.  Demonstration of capability for both soils
and water matrices is required.  This requires analysis of QC check samples
containing all of the standard analytes for the method.  For some tests it may be
necessary to use more than one QC check mix to cover all analytes of interest.

13.3. The laboratory must generate a valid method detection limit for each analyte of
interest.  The MDL must be below the reporting limit for each analyte.  The procedure
for determination of the method detection limit is given in 40 CFR Part 136,
Appendix B, and further defined in SAC-QA-006 and policy S-Q-003.

14. POLLUTION PREVENTION

14.1. When feasible, technological changes have been implemented to minimize the
potential for pollution of the environment.

15. WASTE MANAGEMENT

15.1. Waste generated in the procedure will be segregated and disposed of into the waste
streams detailed in the facility hazardous waste management plan.

15.2. Samples and other solutions containing high concentrations of toxic materials must be
disposed of according to the facility hazardous waste management procedures.

16. REFERENCES

16.1. EPA Method 314.0, Determination of Perchlorate in Drinking Water using Ion
Chromatography, Revision 1.0, November 1999.

16.2. Dionex Application Note 134.

16.3. Dionex IonPac AS16 Anion – Exchange Column Literature.

17. MISCELLANEOUS

17.1. Deviations from reference method.

17.1.1. Alternate matrices included.

17.1.2. According to Method 314.0, MDLs are to be performed over at least a 3-
day period.  Instead, STL's MDL Policy, S-Q-003 will be followed.
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Although this policy allows for MDLs to be performed over multiple days,
it does not require it.  As a result, MDLs will generally be analyzed during
one analysis on one day.

17.2. Summary of modifications to SOP from previous revisions.

17.2.1. The reporting limit was lowered to 4 ug/L for aqueous samples and 40
mg/kg for soil samples.  The units were also corrected to read in ug instead
of mg.

17.2.2. The MDL check standard was removed, as it was an extra step that was not
required by the method or STL’s MDL policy.

17.2.3. The sample duplicate was also removed.  Per the method, it is necessary to
run a sample duplicate, an LCSD, or an MSD per batch for precision
monitoring.  This requirement is met with the MSD.

17.2.4. Stock standards are to be obtained commercially rather than made from
salts when possible.

17.2.5. The linear range was changed to 2 ug/L-100 ug/L.

17.2.6. Additional acceptance criteria for the IPC were added to reflect method
requirements.

17.2.7. The level of the MCT was updated.

17.3. List of other SOPs cross-referenced in SOP.

17.3.1. SOP SAC-QA-0041 Calibration and Calibration Check of Balances.

17.3.2. Policy QA-008-SAC Data Recording Requirements.

17.3.3. Policy QA-003-SAC Quality Control Program

17.3.4. SOP SAC-WC-0009  Determination of Anions by Ion Chromatography

17.3.5. SOP SAC-WC-0049 Deionized Leaching Procedure for General Chemistry
Analyses.

17.3.6. SAC-QA-0023, Nonconformance and Corrective Action System
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17.3.7. SAC-QA-006, Method Detection Limits and Instrument Detection Limits
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1. SCOPE AND APPLICATION

1.1. This method is used for the preparation of samples for the analysis of water-soluble
constituents by leaching with Deionized (D.I) water.  Parameters that can be analyzed
include chloride, sulfate, nitrate, nitrite, fluoride, alkalinity, specific conductivity, hexavalent
chromium, perchlorate and other ions.

1.2. This method also covers soil extraction for ammonia analysis using 10% NaCl (acidified)
instead of deionized water as the extraction buffer.

1.3. This method is applicable to soils, wastes, and other non-aqueous samples that are soluble
in water.

1.4. The reporting limit depends on the analytical method used for the final determination.  This
prep method incorporates a 5X prep dilution.  The prep factor can be adjusted based on
the water absorbency of the sample.  A 10X prep dilution is used for the determination of
perchlorate.

1.5. The dynamic range depends on the analytical method used for final determination.  The
range may be extended by dilution of the leachate.

1.6. The analysis time depends on the analytical method used for final determination.  The D.I.
Leach prep takes approximately two hours per sample from initial weighing to final filtration.
A number of samples can be prepared simultaneously following the standard batching
protocols.

2. SUMMARY OF METHOD

2.1. A portion of a homogenized wet sample is leached with deionized water (DI Leach) for one
hour, centrifuged, and filtered, depending on the nature of the sample.  Aliquots of the
leachate are preserved as appropriate for the parameters to be analyzed.

2.2. For ammonia, 10% NaCl (acidified to pH 2.5) is used for extraction instead of deionized
water.

3. DEFINITIONS

3.1. Definitions of terms used in this SOP may be found in the glossary of the Laboratory Quality
Manual (LQM).
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4. INTERFERENCES 

4.1. For alkalinity determination, leachates must be analyzed immediately after the leaching 
procedure is complete due to the possibility of calcium carbonate precipitation over time.   

4.1.1. Errors may result from the following reactions: peptization, hydrolysis, ion 
exchange, mineral dissolution, absorption, and other phenomena. 

4.1.2. Some samples such as dry drilling muds may soak up large volumes of water and 
prevent any liquid from being recovered.  A smaller soil:water ratio must be used in 
these cases, such as 10X up to 100X prep factor. 

5. SAFETY 
Employees must abide by the policies and procedures in the Corporate Safety Manual, Radiation 
Safety Manual, Sacramento Supplement to the CSM, and this document.  All work must be 
stopped in the event of a known or potential compromise to the health or safety of an associate.  
The situation must be reported immediately to a supervisor, the EH&S Staff, or a senior manager. 

5.1. Specific Safety Concerns or Requirements 

5.1.1. Exercise caution when using syringes with attached filter assemblies.  Application 
of excessive force has, upon occasion, caused a filter disc to burst during the 
process. 

5.1.2. Eye protection that satisfies ANSI Z87.1, laboratory coat, and chemically resistant 
gloves must be worn while samples, standards, solvents, and reagents are being 
handled.  Latex, PVC and nitrile gloves all provide adequate levels of protection 
against the chemicals used in this SOP. 

5.1.3. Exposure to chemicals must be maintained as low as reasonably achievable, 
therefore all samples must be opened, transferred and prepared in a fume hood.  
Solvent and waste containers will be kept closed unless transfers are being made. 

5.1.4. Laboratory procedures such as repetitive use of pipets, repetitive transferring of 
extracts, and manipulation of filled separatory funnels and other glassware 
represent a significant potential for repetitive motion or other ergonomic injuries.  
Laboratory associates performing these procedures are in the best position to 
realize when they are at risk for these types of injuries.  Whenever a situation is 
found in which an employee is performing the same repetitive motion, the employee 
shall immediately bring this to the attention of their supervisor, manager, or the 
EH&S staff.  The task will be analyzed to determine a better means of 
accomplishing it. 
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5.2. Primary Materials Used 
The following is a list of the materials used in this method, which have a serious or significant 
hazard rating.  NOTE:  This list does not include all materials used in the method.  
The table contains a summary of the primary hazards listed in the MSDS for each of 
the materials listed in the table.  A complete list of materials used in the method can be 
found in the reagents and materials section.  Employees must review the information in the 
MSDS for each material before using it for the first time or when there are major changes to 
the MSDS. 

Material 
(1) 

Hazards Exposure 
Limit (2) 

Signs and symptoms of exposure 

Sodium 
Hydroxide 

Corrosive 2 Mg/M3-
Ceiling 

Severe irritant.  Effects from inhalation of dust or mist 
vary from mild irritation to serious damage of the upper 
respiratory tract, depending on severity of exposure.  
Symptoms may include sneezing, sore throat or runny 
nose.  Contact with skin can cause irritation or severe 
burns and scarring with greater exposures.  Causes 
irritation of eyes, and with greater exposures it can 
cause burns that may result in permanent impairment of 
vision, even blindness. 

Sulfuric 
Acid 

Corrosive 
Oxidizer 
Dehydrator 
Poison 
Carcinogen 

1 Mg/M3-
TWA 

Inhalation produces damaging effects on the mucous 
membranes and upper respiratory tract.  Symptoms 
may include irritation of the nose and throat, and 
labored breathing.  Symptoms of redness, pain, and 
severe burn can occur.  Contact can cause blurred 
vision, redness, pain and severe tissue burns.  Can 
cause blindness. 

1 – Always add acid to water to prevent violent reactions. 
2 – Exposure limit refers to the OSHA regulatory exposure limit. 

6. EQUIPMENT AND SUPPLIES 

6.1. Centrifuge tubes, 50 mL capacity. 

6.2. Analytical balance, 0.1 g capability. 

6.3. Mechanical shaker. 

6.4. Centrifuge. 

6.5. Filtration apparatus.  Vacuum, pressure, or gravity filtration may be used depending on the 
nature of the samples. 

6.6. 0.45 µm filters, 47 mm - or acrodisk filters with plastic syringe attachment. 

7. REAGENTS AND STANDARDS 

7.1. Sulfuric acid, 18N or 1:1 ratio: Add slowly, while stirring, concentrated sulfuric acid 
(reagent grade) to an equal volume of deionized water.  Allow to cool before transferring to 
a bottle for storage. 
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WARNING: ALWAYS ADD ACID TO WATER, NEVER WATER TO ACID! 

7.2. Sodium hydroxide, 10N: Dissolve 40 g of sodium hydroxide in deionized water and dilute 
to 100 mL.  Allow to cool before transferring to a bottle for storage. 

7.3. Sodium chloride, 10% (acidified): Dissolve 100 g of NaCl in 800 mL of deionized water.  
Acidify with concentrated HCl to pH of 2.5.  Dilute to 1L. 

7.4. Deionized water, reagent grade. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Samples are to be collected in suitable wide-mouth containers. 

8.2. Samples are to be stored at 4o+ 2oC. 

8.3. Holding times have not been established for the soil samples for most methods.  For most 
methods, holding time calculations begins after leaching.  After the leaching is complete, the 
holding times for each parameter follows the holding time criteria for water samples for most 
tests.  See the table below for specifics. 

TABLE A – HOLD TIMES FOR LEACHATES 

Analyte Hold Time (from leaching to analysis, 
unless noted) 

Preservation 

Alkalinity 14 days (preferably 24 hours) 4+/- 2 degrees C 

Specific Conductance 28 days (Note a) 4+/- 2 degrees C 

Hexavalent Chromium 30 days to extract, 24 hours to analysis 4+/- 2 degrees C 

Ammonia 28 days (Note a) 4+/- 2 degrees C (Note b) 

NO2 48 hours  4+/- 2 degrees C 

NO3 48 hours  4+/- 2 degrees C 

OPO4 48 hours 4+/- 2 degrees C 

Fluoride 28 days 4+/- 2 degrees C 

Bromide 28 days 4+/- 2 degrees C 

Chloride 28 days 4+/- 2 degrees C 

Sulfate 28 days 4+/- 2 degrees C 

NO2 + NO3 (unpreserved) 48 hours (Note a) 4+/- 2 degrees C 

NO2 + NO3 (preserved) 28 days (Note a) 4+/- 2 degrees C (Note c) 

Perchlorate 28 days (Note a) None 
Note a: Hold time is measured from date of sampling. 
Note b: Verify pH is 2.5 or lower.  If not, add 18N sulfuric acid to bring to 2.5 or lower. 
Note c: Verify pH is 2 or lower.  If not, add 18N sulfuric acid to bring to 2 or lower. 
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Note c: Verify pH is 2 or lower.  If not, add 18N sulfuric acid to bring to 2 or lower.

9. QUALITY CONTROL

9.1. One method blank must be extracted with every process batch of similar matrix, not to
exceed twenty (20) samples.  The method blank is an aliquot of laboratory reagent water
processed in the same manner and at the same time as the associated samples.  Corrective
actions must be documented on a Non-Conformance memo, and implemented when target
analytes are detected in the method blank above the reporting limit.  Re-extraction of the
blank, other batch QC, and the affected samples are required when the method blank is
deemed unacceptable.  See Policy QA-003-SAC for specific acceptance criteria.

9.2. Duplicate blank leachate (for later use as an LCS): One duplicate blank must be extracted
with every process batch of similar matrix, not to exceed twenty (20) samples.  The
duplicate blank is then spiked with analytes of known identity and concentration at the time
of analysis.  Corrective actions must be documented on a Non-Conformance memo, then
implemented when recoveries of any spiked analyte is outside control limits provided on the
LIMS or by the client.

9.3. Duplicate leachate (for later use as an MS/MSD): One duplicate sample must be leached,
analyzed, and recorded with each batch of samples, not to exceed 20 samples.  The
duplicate leachate is then spiked with analytes of interest at time of analysis.  If a duplicate
analysis is requested, the relative percent difference (RPD) for the duplicate pair should be
less than 20%.  If the duplicate RPD is outside the control limit, impact on data will be
assessed and narrated in the final report.

9.4. Acceptance criteria and corrective actions depend on the analytical methods used after
sample prep.

10. PROCEDURE

10.1. One time procedural variations are allowed only if deemed necessary in the professional
judgment of supervision to accommodate variation in sample matrix, radioactivity,
chemistry, sample size, or other parameters.  Any variation in procedure shall be completely
documented using a Nonconformance Memo and is approved by a Technical Specialist and
QA Manager.  If contractually required, the client shall be notified.  The Nonconformance
Memo shall be filed in the project file.
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10.2. Any unauthorized deviations from this procedure must also be documented as a
nonconformance, with a cause and corrective action described.

10.3. Homogenize sample by thoroughly mixing the entire contents of the sample bottle with a
spatula before taking a portion.

10.4. Weigh 10.0 g sample into a 50 mL centrifuge tube.  Record the amount of sample used on
the bench sheet.  The centrifuge tube must be properly labeled with the sample ID, date of
preparation, QC batch ID, initials of the prep analyst, and type of leachate.  Perchlorate is
prepared using 5.0 grams of sample.  The soil to water ratio is 1:10.

Note:  Sample weight, DI water volume, and size of bottle may be reduced as long as soil to
water ratio is 1:5 and the final volume of leachate is sufficient for the tests required.

10.4.1. For Method Blanks, use Ottawa sand or similar matrix.

10.5. LCS Spike Levels

10.5.1. A blank is prepared in duplicate with each prep batch.  At the analytical stage, one
blank is analyzed as the method blank.  The other is spike and analyzed as the
LCS.  See below for specific spike levels.  Additionally, a sample is prepared in
duplicate and spiked for MS/SD at the analytical stage.

10.5.2. For alkalinity and specific sonductance, the LCS is a whole volume standard that is
not spiked, but poured directly into tubes for analysis.  No leachate spiking is
necessary.

10.5.3. For hexavalent chromium – Add 0.2 mL of 5 ppm Cr(VI) standard to 9.8 mL of
blank solution prepped with the batch.  The final concentration is 0.10 mg/L.  Be
sure to divide by the weight.

10.5.4. For ammonia – Add 0.1 mL of 100 ppm NH3 standard to .9 mL of blank solution
prepped with the batch.  The final concentration is 2.0 mg/L.  Be sure to divide by
the weight.

10.5.5. For general anions analyzed by ion chromatography (IC) Method 300.0 or 9056 –
Add 0.5 mL of IC spiking solution to 4.5 mL of blank solution prepared with the
batch.  The final concentration is: 1 ppm for NO2, NO3; 2 ppm for OPO4; 5 ppm
for fluoride and bromide; 10 ppm for chloride and 10 ppm for sulfate.  All have to
be divided by the weight to calculate for spike level added in mg/kg units.
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10.5.6. For nitrate, nitrite analyzed by automated colorimetry  – Add 0.2 mL of 10 ppm
NO3/NO2 standard to 4.8 mL of blank solution prepped with the batch.  The final
concentration is 0.40 mg/L.  Remember to divide by the weight.

10.5.7. For perchlorate analyzed by ion chromatography method 314.0 – Add 25 uL of
10,000 ppb Perchlorate working standard to 5 mL of water from the blank
prepared with the batch.  The final concentration is 50 ppb.  Remember to divide
by the weight.

10.6. Add 50 g of deionized water.

Note:  For ammonia leachates, use 10% NaCl (acidified) in lieu of deionized 
water.  Otherwise, prep factor and leaching procedure is the same.

10.7. Cap each centrifuge securely.

10.8. Place the centrifuge tubes on the mechanical shaker.  Agitate the samples at a rate of speed
that maintains a constant state of agitated suspension.  Leave on the shaker for one hour.
Record start time on the bench sheets.

10.9. After one hour, remove the samples from the shaker.  Record end time.

10.10. Separate the liquid phase by centrifuging the samples for 5 - 10 minutes, if needed.  Apply
filtration to the samples using a 0.45 µm filter, if needed.  Treat the method blank in the
same manner.

10.10.1. For hexavalent chromium only - if the sample is high in salts where it is extremely
difficult to settle the particulates or filter them through the 0.45 µm filter, add 0.2 g
of NaCl to the entire suspension.  Shake for 1 minute, then centrifuge and finally
filter prior to Cr+6 determination.  Treat the method blank and duplicate leachate in
the same manner.  No preservation needed.

10.11. Preserve aliquots of the filtrate according to the analyses required.  See Table A, Section 8.

11. DATA ANALYSIS AND CALCULATIONS

11.1. Divide the sample weight by the volume of water added to obtain the weight,  normally a
0.2 weight is used:

    W   =   Mass of wet sample used (g)
Final volume (mL) or mass (g) of water added to the wet sample
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11.2. For final concentration of sample in mg/kg: 
   S, mg/kg   = [Final concentration found in the leachate (mg/L)]/weight 

11.3. Reporting limit (RLs), in mg/kg: 
   RLs, mg/kg =  (RLw) / (W) x (DF) 
   Where: 

RLw = normal reporting limit of water samples (mg/L) 
W = weight (to convert mg/L to mg/kg) 
DF = dilution factor used at the analysis stage 

12. METHOD PERFORMANCE  

12.1. The group/team leader has the responsibility to ensure that this procedure is performed by 
an associate who has been properly trained in its use and has the required expertise. 

12.2. This procedure by itself does not have any results.  However, when calculating the results 
from the analysis of the leachate, report results in mg/Kg. 

13. POLLUTION PREVENTION 

13.1. All waste will be disposed of in accordance with Federal, State and Local regulations.   

13.2. Where reasonably feasible, technological changes have been implemented to minimize the 
potential for pollution of the environment.  Employees will abide by this method and the 
policies in section 13 of the Corporate Safety Manual for “Waste Management and 
Pollution Prevention.” 

13.3. Proportional reductions in sample and reagent volume are permitted in accordance with 
paragraph 10.4.  This reduces the excess sample, waste and unused reagent that must be 
disposed of. 

14. WASTE MANAGEMENT 

 The following waste streams are produced when this method is carried out. 

14.1 Assorted test tubes, autovials, syringes, filter discs and extracted soil samples.  Dump the 
solid waste into a contaminated lab trash bucket.  When the bucket is full or at the end of 
the day, tie the plastic bag liner shut and put the lab trash into the steel collection drum in the 
H3 closet.  When the drum is full or after no more than 75 days, move it to the waste 
collection area for shipment. 
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15. REFERENCES

15.1. This procedure was adapted from Section 10-2.3., “Methods of Soil Analysis, Part 2,
Chemical and Microbiological Properties,” Second Edition, Edited by A.L.  Page.

15.2. Method 300.0, “Determination of Inorganic Anions by Ion Chromatography,” Methods for
the Determination of Inorganic Substances in Environmental Samples, USEPA, August
1993.  Section 11.7.

15.3. SW-846, Third Edition, Chapter 3, December 1996.

15.4. For Ammonia preparation, Methods for Determination of Inorganic Substances in Water
and Fluvial Sediments, USGS, Book 5, Chapter A1, 1979.  Method 1-6523-78.,
Nitrogen, ammonia, total in bottom material, colorimetric, extraction-indophenol,
automated, Section 6.1, page 420.

16. MISCELLANEOUS

16.1. Deviations from reference method.

16.1.1. The sample is not air-dried before prep.  Results are adjusted based on dry weight
if requested.

16.1.2. Sodium hexametaphosphate is not used as a preservative.  The preservative
appropriate to the particular analyte is employed.

16.1.3. A prep factor of 5X is used in lieu of a 10X prep factor as recommended in
Method 300.0.

16.1.4. For ammonia, the final volume is not adjusted at the end of the filtration stage.
Instead the total final volume is added at the beginning of the extraction.

16.2. Summary of modifications to SOP from previous revisions.

16.2.1. Format updated to reflect name change from Quanterra to STL Sacramento.

16.2.2. Added table – Sample collection, preservation and storage

16.2.3. Added perchlorate to list of parameters that can be prepared using DI leach.
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16.2.4. The LCS is now spiked at the analytical stage.

16.3. Procedure flow diagram

START

Homogenize the samples

Weigh 10 g of sample into a 50 mL centrifuge tube

For Perchlorate weigh 5 g of sample

Record the weight on the bench sheet

Add 50 g of deionized water

Label the bottle with sample ID and put a cap on the bottle

Place the sample on a mechanical shaker for one hour

If needed, separate the liquid phase by centrifuging and filtration

Preserve the aliquots of the filtrate appropriately

Calculate and record the prep dilution factor

END
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SOP Number: SAC-WC-0049 Rev. 2                                                                                   Change Form Number: 1 

SOP Title: DEIONIZED WATER LEACHING PROCEDURE FOR GENERAL CHEMISTRY ANALYSES 

SOP Sections 
Affected by 
Change: 

Table A, Sections 5, 14, and 15 

Reason for 
Addition or 
Change: 

Correct the holding time for hexavalent chromium, update to current EH&S Standard. 

Change Effective 
From [Date]: 

12/1/04 

Change or 
Addition 
(Specific Section; 
use additional 
sheets if 
necessary.): 

Table A, amend the hexavalent chromium holding time as follows: 

30 days to extract, 24 hours to analysis  

Section 5, change to read: 

5. SAFETY 

Employees must abide by the policies and procedures in the Corporate Safety Manual, Radiation 
Safety Manual, Sacramento Supplement to the CSM, and this document.  All work must be stopped 
in the event of a known or potential compromise to the health or safety of an associate.  The 
situation must be reported immediately to a supervisor, the EH&S Staff, or a senior manager. 

5.1 Specific Safety Concerns or Requirements 

5.1.1 Exercise caution when using syringes with attached filter assemblies.  Application of 
excessive force has, upon occasion, caused a filter disc to burst during the process. 

5.1.3 Eye protection that satisfies ANSI Z87.1, laboratory coat, and chemically resistant gloves 
must be worn while samples, standards, solvents, and reagents are being handled.  Latex, PVC and 
nitrile gloves all provide adequate levels of protection against the chemicals used in this SOP. 

5.1.4 Exposure to chemicals must be maintained as low as reasonably achievable, therefore all 
samples must be opened, transferred and prepared in a fume hood.  Solvent and waste containers 
will be kept closed unless transfers are being made. 

5.1.5 Laboratory procedures such as repetitive use of pipets, repetitive transferring of extracts, 
and manipulation of filled separatory funnels and other glassware represent a significant potential 
for repetitive motion or other ergonomic injuries.  Laboratory associates performing these 
procedures are in the best position to realize when they are at risk for these types of injuries.  
Whenever a situation is found in which an employee is performing the same repetitive motion, the 
employee shall immediately bring this to the attention of their supervisor, manager, or the EH&S 
staff.  The task will be analyzed to determine a better means of accomplishing it. 

5.2 Primary Materials Used 

The following is a list of the materials used in this method, which have a serious or significant 
hazard rating.  NOTE:  This list does not include all materials used in the method.  The table 
contains a summary of the primary hazards listed in the MSDS for each of the materials listed in the 
table.  A complete list of materials used in the method can be found in the reagents and materials 
section.  Employees must review the information in the MSDS for each material before using it for 
the first time or when there are major changes to the MSDS. 
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--Table of Materials -- 

Material (1) Hazards Exposure Limit (2) Signs and symptoms of exposure 

Sodium Hydroxide Corrosive 2 Mg/M3-Ceiling Severe irritant. Effects from 
inhalation of dust or mist vary from mild irritation to serious damage of the upper respiratory tract, 
depending on severity of exposure. Symptoms may include sneezing, sore throat or runny nose. 
Contact with skin can cause irritation or severe burns and scarring with greater exposures. Causes 
irritation of eyes, and with greater exposures it can cause burns that may result in permanent 
impairment of vision, even blindness. 

Sulfuric Acid CorrosiveOxidizerDehydratorPoisonCarcinogen 1 Mg/M3-TWA Inhalation 
produces damaging effects on the mucous membranes and upper respiratory tract. Symptoms may 
include irritation of the nose and throat, and labored breathing. Symptoms of redness, pain, and 
severe burn can occur. Contact can cause blurred vision, redness, pain and severe tissue burns. Can 
cause blindness. 

1 – Always add acid to water to prevent violent reactions. 

2 – Exposure limit refers to the OSHA regulatory exposure limit. 

-- End of Table -- 

 

Section 13, change to read: 

13. Pollution Prevention 

13.1 All waste will be disposed of in accordance with Federal, State and Local regulations.   

13.2 Where reasonably feasible, technological changes have been implemented to minimize the 
potential for pollution of the environment.  Employees will abide by this method and the policies in 
section 13 of the Corporate Safety Manual for “Waste Management and Pollution Prevention.” 

13.3 Proportional reductions in sample and reagent volume are permitted in accordance with 
paragraph 10.4.  This reduces the excess sample, waste and unused reagent that must be disposed of. 

 

Section 14, change to read: 

14. Waste Management 

 The following waste streams are produced when this method is carried out. 

14.1 Assorted test tubes, autovials, syringes, filter discs and extracted soil samples.  Dump the 
solid waste into a contaminated lab trash bucket.  When the bucket is full or at the end of the day, tie 
the plastic bag liner shut and put the lab trash into the steel collection drum in the H3 closet.  When 
the drum is full or after no more than 75 days, move it to the waste collection area for shipment. 
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Non-Time-Critical Removal Action Final WORK PLAN – Appendix E, Part II 
Municipality of Culebra, Puerto Rico Quality Assurance Project Plan 
 

 
EEG 01/06 Contract # W912DY-05-D-0007, TO #0001 

ATTACHMENT G 

Reporting Limits 
and Method Detection Limits 
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EEG 01/06 Contract # W912DY-05-D-0007, TO #0001 

ATTACHMENT H 

Data Quality Objectives 
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