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1. INTRODUCTION 

1.1 THE QUALI'IT POLICY 
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EA Laboratories, a business unit within EA Engineering, Science, and Technology, Inc., is dedicated 
to providing its clients with on-time, error free analytical hardcopy and electronic data which are 
technicalJy valid and legally defensible, and which meet the Data Quality Objectives (DQOs) identified 
for data use. Accordingly, to ensure achievement of these goals, EA Laboratories has established a 
formal Quality Assurance (QA) program with the following objectives: 

• Define personal and technical performance expectations, 
• Train laboratory staff in order to achieve personal and technical excellence, 
• Implement procedures to monitor the analytical process, 
• Establish a records management system for documentation of process activities, and 
• Assess laboratory compliance with specified requirements. · 

The human factor in any system plays a pivotal role in the ultimate quality of the data. Many times, 
it is human intervention and interpretation which is seemingly excluded in the design and management 

·• of quality systems. Yet the laboratory should not be viewed as a "black box" for the generation of 
data points, and it is the expressed goal of the EA Laboratories Quality Program that each member 
of the laboratory staff is a fully participating TEAM player in the analytical effort. It is expected that 
each member of the laboratory is more than a conduit for sample analysis, providing the consultative 
skills associated with individual areas of expertise, and exercising those skills to the benefit of our 
clients. It is further expected that the management of EA Laboratories encourages excellence in 
analytical testing and provides the necessary resources and environment to develop analytical 
assessment skills to identify problems with all processes associated with their function, and to take 
appropriate corrective actions. 

EA Laboratories QA program objective is to maximize the use of expertise available to the program 
through collaboration. With this as an introduction, it should be clear that each individual has a vital 
role to play in the overall attainment of quality analytical results. 

1.l THE QUALITI' SYSTEM 

The total "quality" of any analytical result is the sum of all the system parts that generate and report 
the value. The system is not static and, by its very nature, should be constantly evolving to reflect 
current quality improvements and technology changes. All parts of the system must be open to 
review and modification if significant quality improvement is to occur over time. The Quality System 
is comprised of related activities covering quality assurance, quality control, and quality assessment 
(U.S. EPA 1976, Taylor 1985; ASTM 1988). 

Quahry Assurlllcr Manqcmcm Plan M:\GROUP\QA\QAMP\9701\SECTOl .ffl 
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1.2.1 Quality Assurance 
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Quality Assurance refers to the system of activities whose purpose is to provide to the producer or 
user of a product or a service the assurance that it meets defined standards of quality with a stated 
level of confidence. The Quality Assurance program elements include the policies, organization, 
objectives, functional activities, and specific activities designed to achieve the desired quality goals 
for laboratory operations. 

1.2.2 Quality Control -

Quality Control refers to the overall system of activities whose purpose is to control the quality of 
a product or service so that it meets· the needs of the users. Quality control includes the routine 
activities and checks; such as periodic calibrations, duplicate analyses, use of spiked samples, etc., 
included in normal internal procedures to control the accuracy and precision of the measurement 
process {U.S. EPA 1976). Also incorporated in this are those activities conducted on an occasional 
basis by persons outside of the data generation process, such as supervisory review of data, updating 
control limits, training, etc. 

1.2.3 Quality Assessment 

Quality Assessment refers to the system of activities whose purpose is to provide assurance that the 
overall quality control job is being done effectively. Quality assessment involves a continuing 
evaluation of the performance of the data generation system and the data produced with a view to 
having corrective measures initiated where necessary. Quality assessment includes those activities 
that are performed on an occasional basis, usually initiated and performed by persons outside of 
normal routine operations, such as on-site system audits, submission of performance evaluation 
samples, deliverables review, etc., to assess the capability and performance of the data generation 
process {U.S. EPA 1976). 

1.3 QUALITY SYSTEM DOCUMENTATION 

The foundation for the Quality System is a tiered documentation hierarchy. The first tier consists of 
the EA Corporate manuals which describe the Corporate Quality Assurance program, and 
administrative policies and procedures. The second tier documentation consists of the laboratory 
Quality Assurance Management Plan, laboratory standard operating procedures (SOPs), analytical 
methods. training records, and laboratory notebooks. The third tier includes all Quality Assurance 
Project Plans which describe how the QA program is implemented to meet project specific data 
quality goals. 

1.3.1 EA Corporate Quality Assurance Program Manual (EA QAPM) 

Qualiry Auuruc:e Muq- Plan M:\GROUP\QA\QAMP\9707\SECTOl .ffl 
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EA' s Corporate Quality Assurance Program Manual provides the policies, procedures, and action 
taken by corporate management to assure the results of studies, analyses, and other work meet 
internal EA minimum requirements, and are acceptable to both clients and regulatory agencies. The 
manual is maintained by the Chief Administrative Officer (CAO} who is responsible for establishing 
the corporate total quality program which is implemented by management staff 

1.3.2 EA Laboratories Quality System Documentation 

1.3.2.1 Quality Assurance Management Plan (QAMP) 

The purpose of the QAMP is to describe EA Laboratories' Analytical Chemistry quality assurance 
program. The QAMP derives elements from the ii QAPM, and specifically provides the baseline 
from which the quality program associated with environmental sample analysis can continually 
improve quality and productivity. By its very nature, the QAMP is constantly evolving to reflect 
current quality improvements and technology changes. 

The manual is organized around the elements required by the U.S. EPA (1980a,b) for QA program 
and project plans. These basic elements include: 

~ • personnel and training; 
• facilities and equipment; 
• sample custody; 
• calibration and preventive maintenance; 
• analytical methods; 
• quality control procedures; 
• data reduction, validation, and reporting; , 
• audits; 
• corrective action; 
• assessment 

A glossary of tenns used throughout the plan is included in Appendix A 

The Quality Services Manager (QSM) is responsible for the production, distribution, and updating 
of the QAMP. The QAMP is distributed as a controlled document with an active distribution list 
maintained by the QSM. At a minimum, the QAMP is reviewed and updated on an annual basis. 

1.3.2.2 Laboratory Standard Operating Procedures (SOPs) 

SOPs for laboratory operations are approved and issued by the QSM. The laboratory SOP Manual 
(EAL-002) is distributed as a controlled document, and assigned to a designated person within each 
area. As SOPs are issued, revised or withdrawn, a new table of contents is distributed with the 
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updated SOPs. A circulation list is given to each SOP manual holder so that each member of the 
laboratory can read the update and acknowledge understanding by signing the list. The circulation 
list and the outdated SOPs are returned to the QSM. 

The QSM is responsible for verifying that outdated SOPs are not in use in the laboratory during 
internal audits. A list of laboratory SOPs can be found in the Table of Contents ofEAL~002, EA 
Laboratories Standard Operating Procedures. 

1.3.2.3 Analytical Methods SOPs 

EA Laboratories uses laboratory specific Methods for all preparation, cleanup and determinative 
analyses. The laboratory Methods Manual (EAL-005) is distributed as a controlled document, and 
assigned to a designated person within each area. These protocols are derived from standard 
environmental methods, and include additional information, including instrument configuration, 
cahbration standard concentrations, quality control sample acceptance criteria and corrective actions. 
Methods are approved by the Section Chief and the QSM. 

The QSM is responsible for verifying that outdated method SOPs are not in use in the laboratory 
during internal audits. A list of method SOPs can be found in the Table of Contents ofE~00S, EA 

~ Laboratories Analytical Methods. 

1.3.2.4 Training Records 

Training records are maintained for each temporary and pennanent employee and include 
documentation on employee orientation, teclmical training, safety training, LIMS training, quality 
improvement training, and proficiency certifications. The training records are the primary 
responsibility of the employee and his/her immediate supervisor. The QSM is responsible for auditing 
training records to verify that the information is complete and current. 

1.3.2.S Laboratory Notebooks 

Laboratory notebooks include logbooks for standards preparation, instrument/analysis runs. and 
instrument maintenance. Copies of the standards preparation and instrument/analysis logs are 
included in all full data packages (EAL-SOP-304) and are reviewed by the analyst and QC Chemist 
as part of the technical data review process. lnstument maintenance notebooks are reviewed by the 
area Section Chief and QC chemist on a on a routine basis. The QSM is responsible for verifying that 
notebooks are properly maintained during internal audits. 

1.3.3 Quality Assurance Project Plan (QAPP) 
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A QAPP is usually required for environmental data operations perfonned under U.S. EPA oversight. 
The U.S. EPA has established guidance for the QAPP fonnat and content (EPA 1994). The QSM 
is responsible for coordinating laboratory input for all QAPPs as requested by the client. This ensures 
that the analytical approach specified for the project will meet the Data Quality Objectives identified 
intheQAPP. · 

1.4 REFERENCES 
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Standards- Guidelines for Selection arid Use. ANSI/ASQC Q90-1987. ASQC, 611 East Wisconsin 
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EA Laboratories is a business unit within EA Engineering, Science, and Technology, Inc. (Figure 
2-1) providing comprehensive environmental analytical services to internal and external clients. 
The organizational structure of EA Laboratories is shown in Figure 2-2. 

EA's Cmpotate Quality Function is the responsibility of the Project Risk Executive who reports 
directly to the Chief Executive Office of EA Engineering, Science, and Technology, Inc. and is 
responsible for providing oversight for EA Laboratories QA program. Specific responsibilities 
to EA Laboratories include: 

• Reviews and approves EA Laboratories Quality Assurance Management.Plan 
• Reviews Quality Assurance Project Plans pMpared by the laboratory. 
• Acts in a role of advise and consent to QSM. 
• Coon:linares quality system improvement initiatives among Operations, Branches and the 

laboratory. 

The responsibilities of the EA Laboratories staff can be outlined as follows (Taylor 1984): 

Upper management 

Supervisory staff 

Technical staff 

Quality Services Staff 

estahJistw policy; provides resources to implement 
program; oversight. 

implementation of the program; general 
supervision. 

technical competence to carry out daily operations; 
strict adherence to methods and procedures; 
identification of any technical defects in program 
and recommendation of corrections. 

oversight of QA program; advisory assistance to 
supervisory staff; evaluation of effectiveness of QA 
propam; recommendation of policy. 

2.2 LABORATORY STAFF POSfflON ROLES AND RESPONSmII.J.TIES 

All laboratory personnel are involved with the QA program. The extent of their involvement 
depends on their assignment in the laboratory. 
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The Laboratory Director reports directly to the Chief Executive Officer of EA Engineering, 
Science, and Technology, Inc. The Director has the following responsibilities: 

■ Provide sufficient and appropriate resources essential to the implementation of quality policies 
and the achievement of quality objectives. Resources may include: 

-
· Laboratory facility with sufficient space and engineering controls to facilitate proper 
performance of all operational and support activities. 

· - Laboratory equipment and reference materials for the correct performance i)f analyses. 
- Personnel staff with sufficient training and background to ensure implementation of the 

quality system. 

■ Identifies quality factors affecting market position and objectives relative to new products. 
processes, or services in order to allocate resources on a planned and timely basis. 

• Determines the level of competence, experience, and training necessary to ensure the 
capability of personnel. 

. ■ Provides the managerial staff with the authority and resources necessary to discharge their 
duties. 

■ Ensures personnel are free from any commercial, financial, and other pressures which might 
adversely affect the quality of their work. 

• &tablishes and documents the responstbility, authority, and interrelation of all personnel who 
manage, perform, or verify work affecting the quality of the client deliverable. 

2.2.2 Quality Services Manager 

The Quality Services Manager reports directly to the Laboratory Director, and is responsible for 
the quality system and its implementation. The Quality Services Manager is responsible for the 
following: 

• Develops EA Laboratories QA program. 
• Establishes documentation requirements for all procedures, quality documents and records. 
• Directs assessment of the QA program through internal performance, systems and data audits 

with follow-up to verify implementation of com:ctive actions 
• Manages laboratory certifications. 
• May exercise authority to shut down any instrument, method or operational group if an 

out-of-control situation persists without corrective action. 
• Provides oversight for all external inspections, coordinates written response to findings, and 

maintains audit records. 
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• Establishes personnel training program, assists with training activities, maintains training 
records, and provides feedback to management with status of staff training activities. 

• Manages the Laboratory Health and Safety Program. 

2.2.3 Business Manager 

The Business Manager reports directly to the Laboratory Director, and is responsible for the 
following: 

• Oversees all financial activities within the laboratory, including budgets, procurement, 
invoicing, cost accounting. 

• Has a reporting responsibility to the Chief Fioancial Officer of EA Engineering, Science, and 
Technology, Inc. 

• Manages all administrative activities within the laboratory. 
• Ensures staff are qualified and trained, and documents qualifications and training according 

to the laboratory policies and procedures. 

2.2.4 Client Services Manager 

• The Client Services Manager reports directly to the Laboratory Director, and is responsible for 
the following: 

• Coordinates all client services group activities to ensure quality of services provided to clients. 
• Ensures staff are qualified and trained, and documents qualifications and training according 

to the laboratory policies and procedures. 
• Establishes and maintains a documented ·eommunication mechanism between Client Services 

and the laboratory to ensure that all contractual and operational reporting requirements are 
met. 

• Establishes and maintains a mechanism to determine client satisfaction. 

2.2.S Laboratory Project Manager 

Each Laboratory Project Manager reports to the Client Services Manager, and is responsible for 
the following: 

• Serves as point source for client-laboratory contact through project duration. 
• Responsible for identifying project specific QA/QC. requirements. 
• Coordinates projects for the duration of their life cycle within the laboratory. 
• Ensures coordination of production efforts, on-time delivery of data packages which meet all 

client specifications for parameters, methods, quality control, and report format. 
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The Sample Management Officer reports to the Client Services Manager, and is responsible for 
~~ning: -

• Receives, logs, and assigns control numbers to incoming samples. 
• Follows standard operating procedures and QA/QC requirements for all analyses performed 

and assignment of samples for analysis and storage by o~r analysts. 
• Responsible for sample storage facilities. Maintains a log record on tllese facilities, including 

temperature of storage rooms, and procedures for sample storage area. 
• May assist in training and supervising technicians in analyses and quality control procedures 

for sample tracking. 
• Follows all laboratory safety rules. 

2.2. 7 Information Systems Manager 

The Information Systems Manager reports directly to the Business Manager, and is tespODSible 
. for the following: 

(.,., • Responsible for development of the laboratory QA program for automated systems, and for 
staff training. 

• Responsible for the site preparation, and onsitl= configuration of hardware and software for EA 
Laboratories• Laboratory Management Information System (LIMS). 

• Identifies custom programming lleed.s, and prepares protocols for system operation. 
• Responsible for routine system maintenance. 

2.2.8 Operations Manager 

The Operations Manager reports directly to the Laboratory Director, and is responsible for the 
following: 

• Is responsible for a]] operational and support activities within EA Laboratories to ensure client 
satisfaction with laboratory performance in all areas of concern, including service, deliverables, 
on-time delivery. 

• Ensures staff are qualified and trained, and documents qualifications and training according 
to the laboratory policies and procedures. 

• Develops cross-functional training program to increase efficiency within the laboratory and to 
improve production operations. 

• Eva1uates equipment and personnel needs within operations groups. 
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• Ensures all operations groups follow the QA program and works closely with the QSM to 
maintain compliance. 

2.2.9 Section Chief 

Each Section Chief reports to the Operations Manager, and is responsible for the following: 

• Participates in planning laboratory programs on the basis of specialized knowledge of 
problems and methods and pro~able value of results. 

• Assist the Operations Manager in one or more areas of overall management of the analytical 
laboratory, including personnel, physical plant, and financial budgeting and planning. 

• Troubleshoots problems regarding analytical procedures and equipment performance. 
• Performs quantitative and qualitative analyses using manual or speciali?l'-d and complex 

instrumental methods. 
• Fully competent and proficient in the operation of sophisticated scientific equipment. 
• Interprets results, prepares reports, and provides technical advice in specialized area. 
• Supervises and trains staff in methods of analyses, staooant operating procedures, and QA/QC 

requirements. 
• Provides advice to the Operations Manager in budgetary and personnel matters. 

(., 2.2.10 Quality Control Chemist 

Each Section Quality Control (QC) Chemist reports to the Operations Manager, and is responsible 
for the following: 

• The QC Chemist initiates and coordinates all quality control measures for the section. 
• Assists the Section Chief in implementing all quality control measures and to provide 

leadership in producing the data and data package quality which meets client specifications. 
• Monitors and verifies the status and quality of analytical data within the section. 
• Responsible for coordinating and facilitating the section(s) interaction with the Quality 

Services and Client Services departments to ensure that clients' expectations and requirements 
are met and the section's perfonnance meets and exceeds such criteria. 

• Reviews training documentation for section staff to ensure analysts have the qualifications and 
training to perfonn quality work and generate acceptable packages. 

• Responsible for 100% technical review of all data packages and preparation of the narrative. 
• Responsible for compliance review against all applicable documents including some or all of 

the following: Methods, Project Summaries, Quality Assurance Project Plans, and Quality 
Assurance Program Plans. 

• Detennines methodologies and instrumentation required to meet project requirements. 
• Ensures section staff implementation of and compliance with all applicable Standard Operating 

Procedures (SOPs) and Method SOPs. 
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Each Chemist reports to the appropriate Section Chief. They are responsible for the on-scheduJe 
performance and documentation of all analyses assigned. Other responsibilities include: 

• Compliance with all applicable Standard Operating Procedures (SOPs) and Method SOPs. 
• Understands and follows all aspects of the QA program and project specific QA/QC 

requirements as they pertain to work assignments. 
• Evaluates and documents results of all quality control parameters. 
• Remains alert to any conditions that may affect data quality and reports them immediately to 

his/her immediate supervisor. 
• Initiates, signs. and submits NoDCODfomJance Records to bis/her section QC Chemist within 

24 hours of occurrence. 
• Maintains bis/her assigned work area in a neat. clean and orderly fashion. 

2.2.U Technician 

:Each Technician reports to the appropriate Section Chief, and is responsible for the following: 

• Compliance with all applicable Standard Operating Procedures (SOPs) and Method SOPs. 
• Understands and follows all aspects of the QA program and project specific QA/QC 

requirements as they pertain to work assigmnents. 
• Maintains complete records of activities as required. 
• Follows all sample disposal · and documentation procedures, in compliance with EA 

Laboratories Chemical Hygiene Plan and SOPs 
• Maintains his/her assigned work area in a neat. clean and orderly fashion. 

2.3 FUNCTIONAL ROLES 

In addition to positions within the organizational strw:tme of EA Laboratories, there are functional 
roles which can be assigned to qualified personnel at the discretion of the Laboratory Director 
regardless of their position within the organintion. 

2.3.1 QC Chemist Function 

This function is performed by a senior level Chemist who is responsible for the following: 

• Worlcs according to priorities set by the Operations Manager. 
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■ Reviews assigned data packages for compliance with all applicable documents including some 
or all of the following: methods, Project Summaries, Quality Assurance Project Plans, and 
Quality Assurance Program Plans. 

■ Interacts with LPMs, the Operations Manager. and Quality Services staff when sample 
nonconfonnance is identified in order to determine client options. 

■ Provides guidance to analysts on analytical requirements for assigned analyses. 
• Maintains current copies of EA Laboratories Methods. 

2.3.2 Group Leader 

This function is performed by a senior level Chenwt who is responsible for the following: 

• Directs the coordination of work assignments for laboratory technicians and chemists, 
monitoring workload to ensure completion of analyses within required time frame and SOPs. 

• Determines methodologies and instrumentation required to meet project requirements. 
• Reviews data requirements and evaluates data deliverables for deficiencies in contractual 

compliance or internal quality control standards. 
• Assists in planning for expansions or purchases to increase the efficiency and outpnt of the 

;. laboratory. 
• Ensures section data quality is compliant with contractual requirements or internal quality 

control requirements. 
• Prepares from experience and skills new procedures specifications, SOPs, methods 

development and other documentation necessary for section perfofflJauce. 
• Troubleshoots instrumentation and keeps abreast of changing technology. Provides technical 

support for chemists, technicians, project managers and clients. 

2.4 DEPUTIES FOR KEY PERSONNEL 

In the event of the absence of key laboratory personnel, EA Laboratories has designated persons 
who are authorized to act in his or her behalf (Table 2-1). 

2.S PERSONNEL QUALIFICATIONS 

Each position within EA Laboratories is described in an official EA Position Description, which 
describes general duties, responsibilities, authority, etc. In addition, functional descriptions are 
used tc describe specific or unique duties. Functional descriptions are approved by the Laboratory 
Director. The EA Corporate Human Resources Policies and Procedures Manual and the EA 
Employee Manual (May. 1996) contains general policy and instructions. Minimum requirements 
of education and experience have been established for each position and are included in each 
Position Description. 
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Educational backgrounds and documented work experience of all degreed EA Laboratories 
employees are summarized in their respective Professional Profiles, which are prepared by each 
employee at time of employment and updated annually at time of performance evaluation. 
Complete resumes and company application are contained in confidential personnel files 
maintained by EA Human Resources. 

2.6 TRAINING 

EA Laboratories uses a formal program for the training of_ employees. A defined sequence of 
events for familiarization and training is followed to prevent placing the employee in a situation 
that is unfamiliar. EA Labmatories employees are provided on-the-job training and certification, 
which cover the following areas: employee: orientation. safety training, UMS training, and 
technical training. 

2.6.1 Employee Orientation 

Employee orientation is conducted for each new staff member to familiarize them with the 
laboratory staff, company policies and benefits, UMS. safety protocols, and the QA program. 

~ Orientation is documented in a checklist (Figure 2-3) which is added to the employee's Training 
Record upon completion. 

l.6.2 Technical Training 

Tecbnical training is the responsfbllity of the employee's immediate supervisor. The training and 
cenification procedures are documented in the chcckJists shown in Figures 2-4 and 2.5. No 
employee is permitted to perform any technical procedure unless proficiency has been 
demonstrated (EAL-SOP-180). 

2.6.3 Training Records 

Training documentation is maintained in a Training Record (EAL-SOP-295) which is initiated at 
orientation and maintained by the QSM. Training records are audited on a regular basis as part 
of EA Laboratories internal audit program. It is the responsibility of the employee and their 
supervisor to document all technical training and to submit proficiency documentation to the QSM. 
It is the responsibility of the QSM to verify that training records are current and complete. 
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TABLE2-1 AUTHORIZED DEPUTIES FOR KEY PERSONNEL 

KEY PERSONNEL DEPUTIES 

Laboratory Director Business Manager 
Operations Manager 

- Quality Services Manager 

Business Manager Operations Manager 
Client Services Manager 

Quality Services Manager Laboratory Director 
Designated Quality Control Specialists 

Operations Manager Business Manager 
Section Chiefs 

Client Services Manager Business Manager 
Operations Manager 

Laboratory Project Manager Client Services Manager 
Altemate Designated Laboratory Project Manager 
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Project Ria 
Exccuth'C 
D. Santoro 

.,.... _____ ,._ _____ ~HcaJlh&Safety 
C.Bock 

OJmricm 
IDt'l Lab 

E. Greco R. Karimi 
Bmcbes 

(Bmcb Mgrs) 

___ , _________ _.1 t 4ll 1. 
I r----' ' ; - -----

CFO Human Rcsoun:cs ii---.....a Sales & Marhting ~--a 
J. Spadaro D. Smith B. Saless 

- Finance 
,.. IS 

- Procurement 
-Travel 
.... Facilities 

- Mmt Seem 

- NatDal Tccbaology 
Leaders 

.... Mm1in¥ 
UJIIIIIUllicati 

--I 
LcgaJ 

J.Adler 

- Cantrads 
- Insmancc 
.... Litiptian 

Figure 2-1. Organizational Structure of EA Enpieering, Science, and Technoloay, Inc. 
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Employee _______________ _ Job Tide __________ _ 

Dare of Hire _____________ _ Bud,et Group ________ _ 

CJ,,ct ea&! llnn III it ii eownd widl lM ..,,,,,,., . .A/tlr Mdi uuion, IM lnli1"r-,,,, ad au, du form. 

1. Human Resources - 7'1oiMr _____________ Datt __________ _ 

2. 

3. 

Job descripcion provided 1111d dilcuued wilb lbe employee. 

EA corpol'lde 111d laboralor)' orpmzadon discuaed 
EEO policies disc::ulsed. 
Employee aipDd Sipalme Lopook. 
Fdity liOmd 11111 funcliom widml mu apllmed 

lnfonnalion Sy11CJDS -Trainer ____________ Dot, _________ _ 

Overview of ay ... llld capabWries provided. 
Tnining needs utellld 111d scbeduled 
Passcard issued. 
LAN 111d LIMS ICCOUDII opeaed. 

Health 11111 Safety• T1oiMr ____________ Datt __________ _ 

Overview of ~I Hypme pmpam pmvidecl, issued copy er' Oemic:al Hy,- Plan. 
TniDing needs utellld 111d ICheduled. 

Respirator filliD& niquired lllll 1Cbed111ed, 

Pllysical ud inon•l11iom niquired and ICbeduled 
Employee -.U,ht IO Know TniDing • C01DF le!ld 

Quality Assunnce - 7'1oiMr ------------ Datt ----------
EA Labomories Quality Auiuwe Piqpam DU1iDs nmple•d. 
Required EA Laboruories Gwnl SOPi Lill ditlCrilwd 111d completion dlla aped upon. 
Uncomrulled copy of EA Labomories (lultily AllunDce Mlllual (EAl.,-001) provided. 

5. Supervisor• Traba,r ______________ Datt __________ _ 

&plained bow work lftilJl'D"'fflS tlfill be liven. 
Discussed rq,onma rel■tionsbip, bow leedback oc:c:un, foraal 1111d iafomal. 
Jdemuied eools 111d nsaun:es available ., lb& employee. 
&plained aeed for CODfidcmiality 111d 1111S1 or pmfenicwlm. 
Introduced die employee 1IO die usiped Sponsor. 

Provided ll'Ulinc sdledule 11111 1ISts fO employee. 

Figure 2-3. Employee Orientation Cbecklid 
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Employee _________ _ Job Tide _________ _ 

Date of Hire ________ _ Procedure __________ _ 

Thi Trainer initials ~ opplit;abl.i ilffll o.s It is t:ONnd with th, onpltJ]te. ,Afl,r co,npl,tion of troimn1, tht 1,nplo111, 

Sulion Chi1/, ad Qulity Sumls Monag,r-,,, ad tlatl tbt fonn. 

Employte 

Discussed the training SOP with the minee. 
Dimibmed a uncamo1led copy of the analyl:ical SOP or refereace procedure IO the uainee. This copy is to 

be lU11ICd into lbe supervisor/trainer at lbe ead of the UaiDiDs period. 
Had the uainee read the applicable procedure. 

Discussed the procedure and clarify sccticms lbat die miDee docs not Ulldcrslalld 
Discussed safety concerm related IO the procedure. 

Demonstrated the procedure illcluctina reclmique and quality comrol. 

Had tbc miDcc conduct the procedure wbiJc the crainu observes and discusses the procedure with the 

trainee. 

Evaluased performance qainst QC criteria for procedures and discuss any out of comol. situations. 
Explained routine instrument maimeoaDc'.e specified in die appmpriale ins1Z'Ulnml manual and bavc miDee 

observe wben needed. 

Had the miDee perform required review and dmnnandc,n. 
Reviewed crouble lhoodna and repair protOCOl. 

ALLPERFORMANCEDOCUMENTAUONISA1TACHEDTOnDSFORM,IDdudlngprecilion 

and accuracy 11Udy (mun be completed for llldlloch wlaich nqulre a P&A ltudy), or· blind 
performance evaluation analysis, or four compliant laboratory eoatrol aamplea. 

Dale 

Stttion Chief Dalt 

Quality Services MON1ger 

Figure 2-4. Technical Trainln& Form 
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Tht building occupied by EA Laboratories Analytical Chemistry Laboratory at 19 Loveton Circle, 
Sparks, Maryland is a 17,600 square-foot, single-story brick building with a small mechanical 
penthouse on the second floor.- The building is located on a five-acre site in an industrial park, north 
of Baltimore, Maryland. Figure 3-1 shows a floor plan of the laboratory, depicting major safety 
features. In addition, exterior structures provide space for storage of analytical samples, hazardous 
waste material, and compressed gases as well as mechanical systems. 

3.2 LABORATORY UTILITIES 

A variety of services are provided to the laboratory on a centralized basis, including potable water, 
AS1M Type I and Type n water, compressed air, vacuum, and general-use compressed gases (e.g., 
nitrogen and argon). Specialized gases (e.g., oxygen, helium, etc.) are provided on a localized basis 
to specific laboratories and/or instruments. The speciaJiz.ed gases are delivered in gas cylinders and 
chained in place as required. 

The building is wired to provide 110. or 220.volt service at single or double phase as required. In 
addition, a 75-kW emergency generator provides emergency electrical service so that all fume hoods, 
certain supply fans, and dedicated outlets are automatically energized in the event of a power 
interruption by Baltimore Gas and Electric Company. Critical freezers, refrigerators, and instruments 
are connected to the emergency ciralits. Instruments in the Metals and Wet Chemistry area are also 
fed from a centralized ISO.kV Conditioned Power Transformer, which protects critical instruments 
from line surges. 

3.3 VENTILATION AND HOOD SYSTEMS 

General Practices: Exhaust hoods are used for all operations that may result in the release of toxic 
gases, vapors, fumes, or mists. Materials stored in hoods are kept to a minimum; these items must 
not block vents or air flow. The hoods are left on when not in use if toxic or volatile substances are 
stored in the hood or in a flammable storage unit below the hood. 

System Pesian: The following are features of the HV AC systems designed to ensure the safety of 
occupants and the prevention of sample contamination: 

• All fume hood exhaust fans are monitored by differential pressure switches such that, upon fan 
failure, an alarm condition is annunciated both audibly and visually at the hood location. 
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Operating policy provides for the proper actions of occupants upon the occurrence of an alann 
condition at any hood. Upon alann condition at a fume hood: 

If either sash is open above 3 in., the sash must be closed fully and the alarm reset. (If 
the alann is cleared but re-alarms when the sash is above 3 in., it is not safe to operate 
the hood in the fully opened position.) 
If neither sash is open above 3 in., or if alarm does not clear as described above, 
operations in th«?. fume hood must be stopped and the sash(es) closed. 

• All exhaust fans for fume hoods are connected to the emergency generator. 
• All supply and return fans associated with the air handlers that serve laboratories are supplied 

with emergency power when the main system fails. 
• The mr systems for laboratories were designed and balanced to provide proper pressurization for 

each room. 
• The Organics VOA laboratory is.maintained at positive pressure to 11µTOunding areas and is 

supplied with 100 percent outdoor air to prevem.. contamination of samples or analytical 
procedures by means of return air from other laboratories. 

• Air from the Extractions laboratory is completely exhausted to prevent contamination of samples 
in other laboratories. 

• To further protect samples, the layout of return air paths to various air handlers was designed to 
prevent the possible cross-contamination of supply air by different laboratories. 

• All fume hoods have the maximum amount of air exhausted from them whenever any sash is 
higher than 3 in. above the fully closed position, ensuring the safety of operating personnel. 

• Exhaust air from fume hoods cannot be turned oft unless they are specifically designated as 
hoods that are not normally used; EA policy provides that such hoods should only be turned off 
when they are not in use. 

Records are kept by the QS Manager to document that EA's facilities and precautions are compatible 
with current federal, state and local standards and regulations. 

3.4 GLASSWARE 

3.4.1 Selection 

The laboratory glassware is specifically selected by EA Laboratories to meet the requirements of a)J 
inorganic and organic analyses conducted. Certain types of glassware are specified by methods or 
contract protocols; other types are selected by the specialists in each area. All volumetric glassware 
is Class A Pyrex or Kimax. Repair of damaged glassware is handled under an annual service contract 
by an outside vendor. 

3.4.2 aeaning 
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The laboratory is equipped with a Lancer Glassware Washer v.ith automatic programmable wash and 
rinse cycles as follows: 

Three washing levels 
Detergent wash 
Acid wash 
Demineralized water rinse 

The exact time in seconds can be varied for each of the above parameters as well as temperature of 
the wash or rinse cycles. Specific cycles are preprogrammed for Organics and Inorganics glassware. 

The facility also includes several different drying ovens, as follows: 

Lancer OJ}'ing Oven Model 14 
Three drying levels, 50.250 °C 
Two hot air filtered turbines 
Size: - 6 cu. ft. 

Organic Oven 
Range: SO.SSO °C 
Operating Temperature: S00 °C 
Size: 60 cu. ft. 

In addition to the automatic washing procedures, manual washing of glassware is handled in specified 
sinks and fume hoods. The following SOPs describe specific cleaning procedures used for inorganic 
and organic glassware and sampling equipment washing and preparation: 

EAL SOP No 

062 
069 
033 
078 

Glassware deaning procedure for inorganic and metals determinations 
Cleaning procedures for hailers 
Cleaning procedures for organic glassware 
Operation of annealing oven controller 

3.5 REAGENTS, SOLVENTS, GASES, AND STANDARDS 

All reagents, solvents, gases, and standards used at EA Laboratories are purchased in accordance to 
specifications using EA purchasing policies. Each individual requiring any item shall prepare a 
standard Purchase Requisition (Form EA 0034, 7/27/84), identifying suggested vendor, address, and 
phone number and also including any special instructions, priority information, etc., obtain 
appropriate departmental approval, and forward the requisition to EA Laboratories Purchasing 
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Specialist. The Purchasing Specialist evaluates the suggested vendor, identifies alternative vendors, 
recommends final vendor, and obtains the required EA Laboratories approvals, up to and including 
Director, EA Laboratories. Once final approval has been obtained, an EA Purchase Order (Form EA 
0420, 12/21/88) is prepared, signed, and issued to the vendor. 

When a vendor delivers supplies, the Purchasing Specialist inspects the shipment and compares it with 
the original· purchase requisition for item number, quantity, catalog number, etc. Supplies are 
distributed to requesting ~dividual/department supervisor/manager, who stores the item in 
accordance with. the type of supply. Specific storage cabinets are available for acids, solvents, 
refrigerated, and explosive samples. Original labels must be maintained as issued by manufacturing 
vendor and classification noted on container. The Section chief is responsible for maintaining records 
of reagent lot testing, date received, date opened, and expiration date. 

Shipping information, bills of lading, etc., are forwarded to the Purchasing Specialist, EA 
Laboratories. The Material Safety Data Sheet {MSDS) is compared to existing MSDS sheets on file 
by the Purchasing Specialist and filed according to EAL-SOP-089. No container of chemicals (e.g., 
reagents, solvents, gases or standards) will be accepted that is not adequately labeled. The 
Purchasing Specialist is responsible for arranging return of any unacceptable shipment. 

• In certain instances, vendors will be required to furnish certificates of quality or other detailed testing 
information describing the quality of the shipment. This material will be reviewed by the Purchasing 
Specialist or Section Chief prior to acceptance of the supplies and release of these supplies to the 
laboratory areas. All traceability documentation is maintained by the appropriate Section Chief 

Consumable supplies such as laboratory glassware, pipet tips, glo~ and sample containers are 
stored in the laboratory warehouse. The Operations Mauager is responsible for maintaining and 
tracking the inventory. 

3.6 ANALYTICAL INSTRUMENTATION 

A current listing of the major analytical instrumentation used by EA Laboratories is maintained by 
the Business Manager. Service contracts are maintained for most of the instrumentation. In certain 
cases, it is impossible or impractical to have annual service contracts on older instruments. In these 
uses, service calls are made on an as-needed basis. 

3.7 COMPUTER SYSTEMS 

Laboratory Information Management System (LIMS): EA Laboratories' LIMS is a Perkin-Elmer 
LIMS 2000 running on a Concurrent Computer Corporation Model 3230 minicomputer platform and 
driven by Concurrent's proprietary Data Management System/32 data base engine. It was installed 
in August 1985 and since that time severa1 additional in-house programs have been developed to 
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better tailor the original system to the needs of the laboratory. Each module is designed to handle 
a particular aspect of laboratory data management. Sample Management performs sample log-in and 
test assignment. Analytical data may be entered either by individual test or by sample using one of 
several Result Entry modules. Canned and ad hoc reports are produced via a handful of supplied or 
customized reporting utilities. 

Local Area Network (LAN): EA Laboratories has installed a Novell Net Ware 386 LAN in its newly 
renovated facility at 19 Loveton Circle, Sparks, MD. The network supports primarily administrative 
functions including word processing, spreadsheets, and E-mail and services over·6o workstations. 
The system has the potential for interfacing with the wide assortment of hardware (minicomputers, 
PCS, and instrumentation) and software {operating systems and technical applications) used in 
laboratories. As such, it plays a critical role in EA's on-going effort to improve product quality by 
allowing data processing, report production, and software development to become more centralized 
and efficient through the sharing of common data bases throughout the laboratory. 

3.7.1. Description of Computer Security System. 

Laboratory Information Management System (LIMS): The LIMS has several layers of security 
mechanisms built into it. The operating system, OS/32, requires that the system administrator assign 

··· a unique account number, password, and privilege mask to each user. During sign-on the system 
prompts for a username, a valid account number, and a valid password. The user can {and should) 
change their password later to one of his/her own choosing. The account number can only be 
changed by a privileged user, this privilege being controlled by the assigned privilege mask. System 
and application programs are protected from tampering by segregating them on accounts, or disk 
volumes, or both separate from user accounts. The LIMS software features additional security 
mechanisms. Prior to allowing access to a program. it checks a user's usemame against a data base 
maintained by the system administrator to verify that a user is on the correct account. If not, access 
is denied; otherwise, access is allowed and the usemame is recorded in all audit trail transactions. 
Finally, the system console is protected against tampering by using a Vll'tUal Console Facility (VCF), 
generally negating the need for a physical console device. The privilege mask assigned to all users 
controls access to the VCF. 

Local Area Network: Novell has build extensive security features into its Netware 386 operating 
system. These features comprise log-in, rights, attribute, and file server security. The system requires 
a valid usemame and password. The username and password required during log-in controls access 
to the network. Trustee assignments (made by the system administrator) establish rights controlling 
which users have access to which directories and files and they are allowed to do with them. 
Attributes (also made by the system administrator) further control available access to files and 
directories. The file server and console is physically secured in a computer closet. 

3. 7 .2. Data Backup Methods, Frequency, and Storage 
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Laboratory Information Management System (L]MS): EA Laboratories maintains a stringent 
magnetic tape backup policy. The system administrator backs up all new or modified files on a daily 
and weekly basis, except for the LIMS data base files which are backed up only once a week. The 
LIMS has a transaction log file that is backed up with each daily and this transaction log allows the 
data base to be reconstructed (rolled forward) from _a weekly security copy. In addition, the system 
administrator petforms monthly backups of the entire system (minus the LIMS data base). -AIi tapes 
are stored in a secure tape cabinet on the premises. 

Local Area Ne'/Work: Toe network is backed up similarly to the LIMS in that .the system 
administrator regularly performs daily, weekly, and monthly backups. Unlike the LIMS the entire 
system is copied for each type of backup. All tapes are kept in a secured computer closet. 

3. 7.3. Arrangements for Emergency Backup Computer Equipment and/or Services. 

· Laboratory Information Management System (LIMS): EA Laboratories outsources to an 
independent contractor its preventative maintenance and emergency hardware repairs. Parts and 
repairs are generally available with 48 hours of an event. 

Local Area Ne'/Work;. Because of the wide availability of PC and network parts and services EA 
.... Laboratories maintains it LAN intemally. 

3.8 FACILl'IY SECVRI.n" 

The EA Laboratories building bas two separate security systems: an exterior penetration system with 
motion detectors that is tied into a central station; and a computerized card access system that 
controls access to critical areas inside and outside the building. The exterior system controls all 
exterior doors and windows with motion detectors and central alarm. All interior laboratory areas 
where samples are maintained, samples are analyzed, or where raw data is accessible are controlled 
by a card reader access system. This system records all attempts to access any door whether or not 
the card used has proper authorization or not. Information is automatically recorded in a centralized 
data base, from which appropriate reports are obtained. Each employee is issued unique computer 
card numbers, which can be electronically blocked out of any area instantly. All samples are 
maintained in refrigerated (4 ~ 2 •c 2 - 4.5°C for North Carolina samples) storage units, which are 
in an exterior Jocked fenced area adjacent to the main building, accessible via card access; each 
storage unit has its own unique lock on the door to the unit. 

3.9 PERMANENT CLOSE OF LABORATORY 

In the event, for any reason, it becomes necessary to permanently close this facility, it is EA 
Laboratories policy that clients will be notified of the date on which no further work will be accepted. 
All work underway will be completed to the client's specifications. 
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The chain-of-custody procedure begins with the preparation of the sample containers and 
preservatives to be used in sample collection. Unless superseded by specific project requirements, 
EA Laboratories purchases ~d distributes pre-cleaned sample containers. Vendors are required 
to provide documentation of analysis for each lot of containers, and the documentation is kept on 

1.ftle in the Sample Management Office. CoDtaminant levels in each lot are also evaluated by the 
laboratory through analysis of randomly selected containers in each vendor lot. 

In the event that precleaned containers are not available, sample containers are cleaned in the 
laboratory according to the procedures given in Table 4-1, which are specific for the parameters 
to be determined. These procedures are documenred in laboratory standard operating procedures 
(EAL-SOP-033 and EAL-SOP-062). 

Tables 4-2 and 4-3 define the type of container required for specific analyses and matrix, 
preservation techniques and holding times for aqueous and solid samples. Preservatives are 

·- supplied with the sample containers to be added in the field. 

Sample kits, which are coolers containing chain-of-custody forms, custody seals, sample 
containers, preservatives, ice and packing material, are prepared by the Sample Management 
Office in response to receipt of the Analytical Task Order (ATO) described in EAL-SOP-208 
(Figure 4-1). 

4.2 SAMPLING 

Samples are not usually collected by EA Laboratories staff; although trained, experienced and 
certified laboratory personnel are available to provide this service. Samplers are alerted to any 
special considerations necessary to ensure collection of representative samples. After the samples 
are collected, they are split as necessary among containers and preservatives appropriate to the 
parameters to be determined. Each container is provided with a sample label that is filled out at 
the time of collection. At this time, a chain-of-custody form (Figure 4-2) is initiated. The 
collected samples are cooled, if necessary, and returned to the laboratory by the most expedient 
means to ensure that holding times will be met. The chain-of-custody form. is signed and dated 
as necessary as the samples pass from the collectors to those persons responsible for their 
transponation. 

4.3 SAMPLE LABELING 

The importance of sample labeling cannot be overstated. Improperly or inadequately labeled 
samples are of little value in any analytical procedure. Improperly labeled samples lead to 
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questions with regard to location, project, sampling station, date sampled, and sampler. All of 
this infonnation is essential for proper sample handling. 

The following information. at a minimum, is reQuired on each sample label: 

Client 
Project number 
Location 
Station 

Date collected 
Time collected 
Collected by 
Analysis/Preservative(s) 

After the label has been completed in the field and has been affixed to the sample container, 
the label is covered with clear tape. Pre-printed pressure-sensitive labels are available from 
the laboratory. 

Failure to provide the requested information may result in wasted time and resources. if it is 
necessary to discard samples because of inadequate information. 
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TABLE 4-1 CLEANING PROCEDURES FOR SAMPLE CONTAINERS 

Parameter Grouo Material Cleanini 

U nprescrved inorganics Plastic Detergent & hot water wash 
Deionized water rinse 

Nutricms Plastic Non-phosphate detergent & hot water wash 
HClloak .-
Deionized water rinse 

Pesticides Glass Detcrgcm & bot water wash 
Acetone and deionized water rinse 
Dry at 400 C 

Metals Plastic Detergent & hot water wash 
HN03 soak 
Deionized Water rinse 

Cyanide Plastic Detergent & hot water wash 
HCl soak 
Deionized water rinse 

Sulfide Plastic Dct.crgent & hot war.er wash 
Deionized water rinse 

Volatile organics 40-mLJlass Detergent & hot water wash 
Deionized water rinse 
Methanol rinse 
Bake at400 C 

Scmivolatile organics Amber glass Det.ergem & hot water wash 
Acetone and deionized water rinse 
Dryat400C 
Methanol rinse 
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TABLE 4-2 REQUIRED CONTAINERS, PRESERVATION TECHNIQUE, AND 
HOLDING TIMES FOR AQUEOUS SAMPLES'-' 

Volume Recommended Required 
Paramerer ;(mJ..) CODlline~1 Preservative Holding TimelC) 

l'byslcal Properties 

Color 50 P.G Cool.4 C 48houn 

Specific c:onducWICe - 100 . P.G Cool,4 C 28 days"" 

Hardness 100 P,G Cool,4 C 6mondls .,, 
HNO,topH <2 

Odor 1000 Gonly Cool,4 C 24houn 

pH 25 P,G None required AnalyP immediately 

Residue 

Filterable 100 P,G Cool,4C 7days 

Nonfilterable 100 P,G Cool,4 C ?days 

SeuleabJe 1,000 P,G Cool,4C 48houn 

Total JOO P,G Cool,4C 7days 

Volatile JOO P,G Cool,4C ?days 

Temperamre 1,000 P,G None required Analyze immediately 

Turbidity 100 P,G Cool,4C 48 hours 

Metals 

Ch~ium (VI) 200 P,G Cool,4C 24 hours 

Mercury 250 P.G HNO, to pH <2 28days 

Other Merals . 

Dissolved 500 P,G Filler Olllite HNO, 
topH <2 

6 IIIOlllbs41) 

Suspended 500 Faber oasile 6moadas 

Total 500 P,G HNO,topH <2 6 mondls .. 

lnoraanics. NonmeaaDic 

Acidity 100 P,G Cool,4C l4days 

Alkalinity 100 P,G Cool,4C 14days 

Bromide 100 P,G Noae required 2Bdays 

Chloride 50 P,G None required 28days 

Chlorine. total residual 200 P,G None required Alla~ itnmediately 

Cyanides 500 P,G Cool,4C 14 days 
Na0H to pH > 12 24houn in 
Alcotbic acid presence of 52-

Fluoride 300 p None required 28days . 
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TABLE 4-2 REQUIRED CONTAINERS, PRESERVATION TECHNIQUE, AND 
HOLDING TIMES FOR AQUEOUS SAMPLES•> 

Volume Recommended Required 
Parameter (mL) .Containerlb1 Preservative Holding Time<•l 

Iodide 100 P,G Cool, 4 C 24 hours 

Nitrogen 

Ammonia 400 P,G Cool, 4 C 28 days 
H,SO, to pH <2 

Kjeldahl, total 500 P,G Cool, 4 C 28 days 
H,SO, to pH <2 

Nitrate plus nitrile 100 P,G Cool, 4 C 28 days 
H,SO, to pH <2 

Nitrate 100 P,G Cool, 4 C 48 hours 

Nitrite so P,G Cool. 4 C 48 hours 

Dissolved oxygen 

Probe 300 Gonly None required Analyze immediately 

Winkler 300 Gonly Fix onsite and store 8 hours 
in dark 

Phosphorus 

Orthophosphate, dissolved so P,G Filter onsite 48 hours 
Cool, 4 C 

Hydrolyzable so P,G Cool, 4 C 24 hours 
H,SO, to pH <2 

Tor.al so P,G Cool, 4 C 28 days 
H,SO, 10 pH <2 

Total, dissolved so P,G Filter onsite 28 days 
Cool, 4 C 
H,SO, to pH <2 

Silica so P only Cool, 4 C 28 days 

Sulfate so P,G Cool. 4 C 28 days 

Sulfide 500 P,G Cool,4 C 
Zinc acetate 

7 days 

NaOH to pH >9 

Orsanics 

Acrolein and acrylonittile 80 G, teflon- Cool, 4 C" 14 days 
linedsepmm pH4•5 

Biochemical oxygen demand 1,000 P.G Cool,4 C 48 hours 

Chemical oxygen demand so P,G H,sO. to pH <2 28 days 

Oil and grease 1,000 Gonly Cool,4 C 28days 
H,sO. to pH <2 
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TABLE4-2 REQUIRED CONTAINERS, PRESERVATION TECHNIQUE, AND 
HOLDING TIMES FOR AQUEOUS SAMPLES•1 

Volume Reamunended Required 
Parameler (mL) Comamet"> Preservative Holding Timc1cl 

Organic carbon so P,G Cool. 4 C 28 days 
.. ffiSO4 or HCI to 

.. . pH <2 ,. 

Pesticidcs/PCBs 2,000 G, tdlon. Cool,4 C 7 days until 
lined cap pH5·9 extraction 

40 days after 
extraction 

Phcnofics (colorimetric) 500 Gonly Cool. 4 C 
H,SO. to pH <2 

28 days 

Purgeable aromatics 80 G, teflon- Cool, 4 Cffi 14 days 
lined scpmm HCl to pH <2Cll 

Purgcablc haloc:arbons 80 G, teflon- Cool, 4 Cffi 14 days 
lined scptUm 

Semivolatile exuac:Dbles4111 4,000 G, teflon- Cool,4~ 7 days until 
lined cap exttaaion 

40 days after 
extraction 

Surfactants 250 P,G Cool,4 C 48 hours 

Toul petroleum hydrocarbons 1.000 GODiy Cool, 4 C lldays 
(IR Spectrometric) H,SO, to pH <2 

Bacteria 

Coliform (fecal and toral) so P,G Cool,4~, 6bours 

Fecal streprococ:ci so P,G Cool,4c<" 6 hours 

Radiological 

Alpha, beta, and radium 1,000 P,G HNO1 to pH <2 6months 

(a) From time of sample collection (40 CFR Part 136.3). 
(b) Polyethylene (P) or glass (G). For metals, polyethylene with a polypropylene cap (no liner) is prefemd. 
(c) Where shipping regulations prevcm the use of the proper preservation tecbnique or the holding time is 

cxcccdc(i, such as the case of a 24-hour composite, 1hc final reported da1a for these umplcs should indicate the 
specific variance. 

(d) If the sample is stabilized by c:oolina. it abould be wanned to 2S C for nadiaa, or u:mpmmre coneclicm made 
and results reported at 25 C. . 

(e) Where HNO, c:annot be used because of shipping res1ricdcms, the ample may be initially preserved by icing 
and immediately shipped to 1hc laboratoly. Upo11 receipt in die laboratoly. the sample mu.st be acidified to a pH 
<2 with HNO, (normally 3 mL 1:1 HNO,IL is sufficient). 

(f) Use 0.008'1 N~~o, in the presence of residual cblorine. 
(g) Samples receiving no pH adjustmcDt mmt be analyzed wilbin seven days of sampling. 
(b) Includes phtbalatcs. nittosamincs, orpnochloriDc pcilicidcs, PCBs. nittoaromatics. isophoroac, polynuclear 

aromatic bydroearbons. haloedlm. chlorinated bydrocarbom, phenols, 1111d TCDD. 
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TABLE4--3 REQUIRED CONTAINERS, PRESERVATION TECHNIQUE, AND 
BOLDING TIMES FOR SOLID SAMPL!s«-' 

Recommended 

Parameter Weight Ct) Comainer") Preservative Holding Time1c1 

Pbvsical Prouerties 

DH 25 P,G None reouired Analvu immediately 

-Solids 

TotaJ 100 P,G Cool,4 C 7days 

Volatile 100 P,G Cool, 4 C 7days 

Temaeramre 100 P,G None Nnuired Analvu immediately 

Chromium (VI) 25 P,G Cool, 4 C 24hours 

Merc:urv s P.G Cool, 4 C 28 davs 

OlherMelals s P.G Cool. 4 C 6mombs 

- . Nonmetallic 

Bromide 10 P,G None . . 
28 daya 

Chloride 10 P.G None rmuired 28davs 

Cvanides 50 P,G Cool.4C 14 davs 

Fluoride 10 p None ftlJallired 28days 

Iodide 10. P.G Cool, 4 C 24 hours 

Nitmffn 

Ammonia 10 P.G Cool,4C 28daYS 

Kieldahl, mta! 50 P.G Cool. 4 C 28davs 

Nitrate plus nine 10 PG Cool, 4 C 28daYS 

Nitrate 10 P,G Cool. 4 C 48boms 

Nitrite 10 P,G Cool, 4 C 48hours 

Phosoborus 

Onhoi,bosohatc JO P,G Cool.4 C 48 hours 

Hvdrolyzable 10 P,G Cool.4 C 24 hours 

Total 50 P,G Cool,4 C 28 davs 

Silica 50 PonlJ Cool. 4 C 28 days 

Sulf11t1• 10 PG Cnol 4 C 28davs 
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TABLE 4-3 REQUIRED CONTAINERS, PRESERVATION TECHNIQUE, AND 
HOLDING TIMES FOR SOLID SAMPLES'•1 

Recommended 

Parameter Weilhtl•\ Co~ Preservative Holdin1 Time411) 

Sulfide 10 P,G Cool, 4 C 7days 

OrEaaics -
Acrolein and acrylonitrile 

. 
~ 80 - G,. aefton-Jinef! Cool, 4 C 14 days 

sentum 

Chemical oxvren demand 50 P,G None Reauired 28davs 

Oil and rrease 50 Gonlv Cool,4C 28 davs 

- · carbon s PG Cool,4C 28 davs • 

PesticideslPCBs 200 G, teflon-liald Cool,4 C 14 days until 
cap auacaion 

40 days after 
all'IClion 

Phenolics (colorimetric) 50 Gmllv Cool,4C 28davs 

Purgeable aromatics 200 G, tefloD.lincd Cool,4C 14 days 
leDIUIII 

Puraeable balocarbcms 200 G, teflon-lined Cool,4 C 14 days 
llel'IIUlll 

Semivolatile fl.ll'aCllbles.., 200 G, llflon-lined Cool,4 C 14 days undl 
cap all'IClion 

40 days after 
nuacdon 

Total petr0leum hydrocarbons 50 Gonly Cool,4C 21days 
(IR.I___ ·-• 

Total petroleum hydrocarbons 100 GODiy Cool,4 C 14 days 
(as 2asoline) 

Toral petroleum hydrocarbons 200 GODiy Cool, 4 C 14 days until 
(as diesel) nuacdon 

40 days after 
em-action 

(a) From time of sample collection (4'0 CFR Pan 136.3, 40 CFR Pan 261). · 
(b) Polyethylene (P) or glass (G). For metals, polyethylene with a po~Jene cap (no liner) is preferred. 
(c) Holding times are based on the date of sample collection. Where shippmg regulad.ons prevent the use of lhc 

proper preservation tcehnique or the holding tim:e is exceeded, such as the case of a 24-hour composite, the final 
rcponed dala for these samples should indicate the specific variance. 

(d) If the sample is stabilized by cooling, it should be warmed to 25 C for readina, or tcmperaturc correction made 
and results reported at 25 C. 

(e) Includes phthalates, nitrosamincs. organochlorinc pesticides, PCBs, nitroaromadcs, isophorone. polynuclear 
aromatic hydrocarbons, haloctbers, chlorinated hydrocarbons, phenols, and TCDD. 
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1 . Turnaround requirement:{See Reverse Side) 
o Regular Status 
o Accelerated Status (additional charge}• 
o Rush Status {additional charge)• 

• RESULTS REQUIRED BY: ---,.---
!Date) 

CONT ACT EA LABS PRIOR TO SENDING SAMPLES 

2. o Original Order 
o Amendmem Order 

(Original ATO Document No __ ) 

3. QUOTATION NUMBER:. _____ _ 

4. PROJECT NUMBER: -~-----
Dept. No.:....,....._.,,.,...,. Task No.: __ _ 

.: Project Name: _______ _ 
Project Contact: _______ _ 

5. SHIPPING ADDRESS: 
Company Name: ______ _ 
Address: _________ _ 

Contact: 
Te~phone-:""'1.--....-------

fax tELEPHONE: I 1 ______ _ 

6. Sample collection: 
Date tor Bottles Due to Site: : ___ _ 
Delivery Date Due to Lab: _____ _ 

7. REPORTING REQUIREMENTS: 
o Report: o EA Standard 

o Other jspecifyJ ____ _ 

o Electronic: Specify Format ______ _ 
(Additional charge 

8. OC REQUIREMENTS MUST BE COMPLETED: See Terms 
and Condrtrons: OC samples billed at regular sample rate. 

o MATRIX DUPLICATE No. __ _ 
o MATRIX SPIKE No. 
o MATRIX SPIKE DUPLICATE No.---
o FIELD BLANKS No. 
o TRIP BLANKS No. ---
o OTHER (as speciofied below) 

9. PROGRAM REQUIREMENTS: 
o NPDES c RCRA 
tl SWDA o Other: ____ _ 
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ANALYTICAL TASK ORDER No: 
EA LABORATORIES 
19 Loveton Circle 
Sparks, MD 21152 
Phone: 14101 771-4920 
FAX (41 OJ 771-4407 

10. PARAMETERS FOR ANALYSIS: 

CATALOG ANALYSIS NUMBEFlol MATRIX•• 
NUMBER SAMPLES 

11. SUPPLIES: 
c D.ionized Water o Chain-of•Custody Formsd 

12. COMMENTS/SPECIAL INSTRUCTIONS: ___ _ 

13. REQUESTED BY: -.!!!!'!!'I!!""""~""""' Date: I I 
Taak Order fflLllt bl compliiid, ... nea and uliipni;loaun ot 

-it. 

14. ACCEPTED BY:_,.,...,...,.. ____ Date: _/_/_ 
EA Laboratories 

Fisure 4-J EA Laboratories Analytica) Tuk Order Form 
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Compan,N-: ....,._u.,... ... or ~Nt.lmbllt-.rarAMlyala Chain of CUstody Record 
F'llonlt: ~•tr•• --

Pfll)NINO. PfllfeotN.,.: ■ ~'fn':t ,~ E,-;·N:.,.W_. 
Dtipl.: 'INlt: Report DehlnlblM: 
.............. Laoatlan: ATV ,_....,._ ........ 

1 2 s .. D E 

I EDD:YNINo 
p ... lfJlt l"..-,w. DUE 1'0 CUENr. 

EALllbs 

I --=ldetllllcalon .. AooMelan \ 

Dela ...... I C'-■ae,,. i .......... ........ 
I I 1111 I II I I I II I I I I I.PM: 
II 1111 I Ill I I II I I I I PreJ-t 811mm■ry No.: 
I I Ill I I Ill I I II I ■ I I 

II I Ill I 11 I I I 11 I II I 

II Ill I I Ill I I II I I I I 

ti 1111 t Ill 11 It•••• 

II Ill I I Ill I I 11 Ill I 

I I 1111 I 11 I I I 11 I II I 

I I Ill I I 111 I I 11 I I I I 
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Samples are physical evidence and are handled according to certain procedural safeguards. For 
the purposes of some types of legal proceedings, a showing to the court that the laboratory is a 
secure area may be all that is required for the analyzed evidence to be admitted. However, it is 
anticipated that in some cases, the court may require a showing of the hand-to-hand custody of 
the samples while they were at the laboratory. In the event that the court requires such a 
comprehensive chain-of-custody demonstration, the laboratory must be prepared to produce 
documentation that ttaces the in-house custody of the samples from the time of receipt to the 
completion of the analysis. 

The National Enforcement Investigations Center (NEIC) of U.S. EPA defines custody of 
evidence in the following ways: 

• it is in your actual possession; or 

· • it is in your view, after being in your physical possession; or 

(. • it was in your possession and then you locked or sealed it up to prevent tampering; or 

• it is in a secure area. 

\ 

S.2 SAMPLE MANAGEMENT 

EA Laboratories has a designated Sample Management Officer whose duties and responsibilities 
are described in Section 2.2. 7. 

5.3 SAMPLE RECEIPT AND LOGGING 

After samples have been collected and labeled and the chain-of-custody forms initiated, the project 
manager completes the right side of the chain-of-custody form. This form provides sample-

. specific information and a listing of the parameters required on each sample, along with the 
required analytical sensitivity. 1he chain-of-custody and appropriate field data sheets (if required 
by client) are sealed in a water-tight plastic envelope and shipped with the samples to the 
laboratory. 

Upon receipt at the laboratory, the Sample Management Officer or designee inspects the samples 
for integrity and checks the shipment against the chain-of-custody/analytical task order form. 
Cooler temperatures are checked and documented on the chain-of-custody. The pH of preserved 
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samples (except volatile organics) is measured and documented on the internal chain of custody 
which is maintained in the Sample Management Office (EAL-SOP-039). The pH of sample vials 
submitted for volatile organics determinations are checked by the analyst during analysis, and the 
pH is recorded in the instrument run logbook. 

Discrepancies are addressed at this point and documented on the chain-of-custody form and must 
be resolved before samples are released to the laboratory for analysis. When the shipment and 
the chain-of-custody are in agreement, the custodian enters the samples into the Analytical 
Custody and Preservation Log (Figure 5-1) and assigns each sample a unique laboratory number. 
This number is affixed to each sample bottle. The custodian then enters the sample and analysis 
information into the laboratory computer system. The original of the chain-of-custody fonn is 
given to the data management group, with copies to the laboratory operations manager, each 
section chief, and the LPM. These log-in procedures are documented in EAL-SOP-035 and 
EAL-SOP-036. 

5.4 SAMPLE STORAGE AND SECURITY 

While in the laboratory, the samples and aliquots that require storage at approximately 4 °C are 
nurimained in a locked refrigeratOr unless they are being used for analysis. Samples for purgeable 

·. organics determinations are stored in a separate locked refrigerator from other samples, sample 
(. extracts, and standards. 

Similarly, there are refrigerators designated for extracts and standards. Samples that are required 
to be froz.en are stored in a freezer. The sample storage areas are within the laboratory to which 
access is limited to laboratory chemists and controlled by doors with controlled access lo.da as 
described in Section 3.8. ' 

So that the laboratory may satisfy sample chain-of-custody requirements, the following standard 
operating procedures for laboratory/sample security are implemented: 

- Samples are stored in a secure area. 
- Access to the laboratory is through a monitored area. Other outside-access doors to the 

laboratory are kept locked. 
- Visitors sign a visitor's log and are escorted while in the laboratory. 
- Refrigerators, freezers, and other sample storage areas are securely maintained or locked. 
- Only the designated sample custodian and supervisory personnel have keys to locked 

sample storage area(s). 
• Samples remain in secure sample storage until removed for sample preparation or analysis. 
• All transfers of samples into and out of storage are documented on an internal chain-of

custody record(EAL-SOP-039). 
- Internal custody records are maintained in the project files. 
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- After a sample has been removed from storage by the analyst, the analyst is responsible 
for the custody of the sample. 

SAMPLE DISPOSAL 

Unless otherwise specified by the client, samples are routinely retained at the laboratory for 60 
days after the final analytical data report has been forwarded to the client so that any analytical 
problems can be addressed. Longer storage is arranged through the Sample Management Office. 
The samples are then discarded in accordance with guidance specified in EA Laboratories 
Laboratocy Safety Plan and EAL-SOP-018. The laboratory reserves the right to return potential 
hazardous samples to the client for disposal . 
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Instruments and equipment used in EA Laboratories are controlled by a fonnal calibration 
program. The program verifies that equipment is of the proper type, range, accuracy, and 
precision to provide data compatible with specified requirements. All instruments and equipment 
that measure a quantity, or whose perfonnance is expected at a stated level, are subject to 
calibration. Calibration is perf onned by EA Laboratories personnel using reference standards or 
externally by calibration ag~ncies or equipment manufacturers. 

This section prescribes the practices used by EA Laboratories to implement a calibration program. 
Development and documentation of the laboratory calibration program is the responsibility of the 
laboratory managers. Implementation is the responsibility of the section chiefs and chemists. The 
Quality Services Manager (QSM) monitors the procedures. Specifics are not provided because 
the requirements for the calibration of instruments and equipment are dependent upon the type and 
expected performance of individual instruments and equipment. Therefore, EA Laboratories uses 
the guidelines provided herein to develop a calibration program. 

Two types of calibration are discussed in this section: 

·- • operational calibration, which is routinely performed as part of an analytical procedure or test 
methcxl, such as the development of a standard curve for use with an atomic absorption spec
trophotometer. Operation calibration is generally performed for instrument systems. 

• periodic calibration, which is performed at prescribed intervals for equipment, such as 
balances and thermometers. In general, equipment which can be calibrated periodically is a 
distinct, singular purpose unit and is relatively stable in performance. 

6.1 CALIBRATION SYSTEM 

The following sections contain a discussion of the elements comprising the calibration system. 

6.1.1 Calibration Procedures 

Written procedures are used by EA Laboratories for all instruments and equipment subject to 
calibration. Whenever possible, recogni2:ed procedures, such as those published by ASTM or the 
U.S. EPA or procedures provided by manufacmrers, are adopted. If established procedures are 
not available, a procedure is developed considering the type of equipment, stability characteristics 
of the equipment, required accuracy, and the effect of operational error on the quantities 
measured. As a minimum, the procedures include: 

Qualiiy Assurance Manasemem Plan M:\GROUP\QA\QAMP\9707\SEC106.977 



• Equipment to be calibrated 
• Reference standards used for calibration 
• Calibration technique and sequential actions 
• Acceptable performance tolerances 
• Frequency of calibration 
• Calibration documentation format 

6.1.2 Equipment Identification 
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Equipment that is subject to calibration are uniquely identified by a unique number assigned by 
EA Laboratories, and calibration records reference the specific instrument identification. 

6.1.3 Calibration Frequency 

Instruments and equipment are calibrated. at prescnl>ed intervals and/or as part of the operational 
use of the equipment. Frequency are based on 1he type of equipment. inherent stability, 
manufacmrer's recommendations, values provided in recognized standards, intended data use, 
specified analytical methods. effect of error upon the measurement process, and prior experience. 

:. 6.1.4 Calibration Reference Standards 

Two types of reference standards are used within EA Laboratories for calibration: 

• Physical standards, such as weights for calibrating balances and certified thermometers for 
calibrating working thermometers, refrigerators and ovens, are generally used for periodic 
calibration. 

• Chemical standards, such as Standard Reference Materials (SRMs) provided by the National 
Institute of Standards and Technology (NIST). These may include vendor..cenified materials 
traceable to NIST SRMs. These are primarily used for operational calibration. 

Whenever possible, physical reference standards have known re1ationsbips to nationally recogniz,ed 
standards (e.g., NIST) or accepted values of natural physical constants. If national standards do 
not exist, the basis for the reference is documented. 

Physical reference standards are used only for calibration and are stored separately from 
equipment used in analyses. In general, physical reference standards are at least four to ten times 
as accurate as the requirements for the equipment which they are used to calibrate. In general, 
physical standards are recalibrated amwally by a certified external agency, and documentation is 
maintained by the QSM. 
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Whenever possible, chemical reference standards are directly traceable to NIST SRMs. If SRMs 
are not available, compounds of vendor-certified high purity are used to prepare calibration 
standards. 

6.1.5 Calibration Failure 

Equipment that cannot be calibrated or becomes inoperable is labeled as such and removed from 
service. Such equipment must be repaired and satisfactorily recalibrated before reuse. For 
equipment that fails calibration, a nonconfonnance record (NCR) (Figure 11-1) is initiated to 
record the corrective action and to demonstrate satisfactory calibration. 

Scheduled calibration of equipment does not relieve the laboratory staff of the responsibility for 
using properly functioning equipment. If an equipment malfunction is suspected, the equipment 
is tagged and removed from service and recalibrated. If it fails recalibration, the above process 
shall apply. The laboratory managers are responsible for the development and implementation of 
a contingency plan for major equipment failure. The plan includes guidelines on waiting for 
repairs, use of other instrumentation subcontractiDg analyses, and evaluating scheduled priorities. 

6.1.6 Calibration Records 

Records are prepared and maintaiDC"d for each piece of equipment subject to calibration. Records 
demonstrating accuracy of preparation, stability, and proof of continuity of reference ~s 
is also maintained. Records for periodically calibrated equipment sball include, as appropriate: 

• unique identification number of. equipment and type of equipment 
• calibration frequency and acceptable tolerances 
• identification of calibration procedure used 
• date calibration was performed 
• identity of EA Laboratories personnel and/or external aaencies performing calibration 
• reference standards used for calibration 
• calibration data 
• cenificates or statements of calibration provided by manufacturers and external agencies and 

traceability to national standards 
• infonnation reaarding calibration acceptance or failure and any repair of failed equipment 

Records for periodically calibrated equipment are 'maintained in the instrument log books, or in 
an equipment file maintained by the QSM, and physical reference standards are kept in a separate 
folder. 

For instruments and equipment that are calibrated on an operational basis, calibration generally 
consists of determining instrumental response against compounds of known composition and 
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concentration or the preparation of a standard response curve of the same compound at different 
concentrations. Records of these calibrations are maintained in the instrument logbook, which 
provides an ongoing record of the calibration undertaken for a specific instrument. The logbook 
should be indexed in the laboratocy operations records but should be maintained at the instrument 
by the chemist. All entries should be signed and dated by the chemist, and reviewed by the QC 
Chemist during technical review of the data package. 

In addition to the instrument logbook, copies of the raw calibration data are kept with the 
analytical sample data. In this way results can be readily processed and verified because the raw 
data package is complete as a unit. If samples from several projects are processed together, the 
calibration data is copied and included with each group of data. 

6.2 OPERATIONAL CALIBRATION 

Operational calibration is generally performed as part of the analytical procedure and refers to 
those operations in which instrument response (in its broadest interpretation) is related to analyte 
concenttation. lnchlded is the prepm.tion of a stamard response (cah'bration) curve and often the 
analysis of blanks. 

·~ 6.2.1 Preparation of Calibration Curve 

Preparation of a standard cah'bration curve is accomplished by using cah'bration standards. The 
process is summarized as: 

• Preparation of a statldanl calibration curve is accomplished by the analysis of calibration 
standards that are prepan:d by adding tbe·analyte(s) of interest to the solvent that is introduced 
into the instrument. 

• The concentrations of the calibration standards are chosen to cover the working range of the 
instrument or method. 

• All sample measurements are made within this working range. 
• The calibration curve is prepan:d by plotting or regressing the instrument responses versus the 

analyte concentrations. 
• The concentrations of the analyi.cd samples are back-calculated from the calibration curve. 

6.2.2 Instrument Calibration Procedures 

Unless superseded by specific method or project requirements, operational calibration 
requirements are specified in the determinative Method SOP. 

6.3 PERIODIC CALmRATION 
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Periodic calibrations are perfonned for equipment, such as balances and thennometers, that are 
required in analytical methods but that are not routinely calibrated as part of the analytical 
procedure. Table 6-1 lists the periodic calibration requirements used by EA Laboratories. 
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TABLE 6-1 SUMMARY OF PERIODIC CALIBRATION REQUIREMENTS 

Calibration Freauency Ace Umils Corrective Actions 

Daily: Sensitivity (Class P weight) 0.001 g Adjust sensitivity 

Monthly: Checked with Class S weights Std. dev. less lhan 0.1 mg Service balance 
\ 

Annually: Calibrated by outside vendor Class S tolerances Service balance 
a2aimt certified Class S wei2hts 

Annually: Calibrated against certified NIST ±0.SC Tag and remove from service 
thennometen bv outside vendor 

Monthly: Gravimetric check High volume(> 100 mL): Service or replacement 
,SI.OS relative error as RSD 

Low volume ( < 100 mL): 
<2.0S relative error as RSD 
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7.1.1 Standard Methods 
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Unless superseded by client or project requirements, analysis of samples is performed using EPA 
or EPA-approved methods, where such methods exist. For those analyses that do not have EPA 
methods, the analytical methods used are taken from standard sources. The analytical methods 
performed by EA Laboratories or its approved subcontractors is maintained by the QS Manager. 

7 .1.2 Initial Demonstration of Method Performance 

All analytical methods used by EA Laboratories, including EPA or an EPA-approved method, 
without published performance criteria. Verification studies for nonstandard analytical methods 
are performed and evaluated using current applicable EPA program guidelines. Documentation 
is maintained by the QSM, and includes the following: 

• Method SOP in EA Laboratories format (EAL-SOP-302) 
• Calibration procedure and method range 
• Initial method precision and accuracy from the analysis of Laboratory Control Samples 
• Method Detection Limit (MDL) study 

7.1.3 Method References 

American Public Health Association, American Water Works Association, Water Poll!,ltion 
Control Federation. 1992. Standard Methods for the Fnroination of Water and Wastewater, 18th 
edition. APHA, Washington, D.C. 

United States Environmental Protection Agency. 1983. Methods for Chemical Analysis of Water 
and Wastes. EPA-600/4-79-020. U.S. EPA, Cincinnati, Ohio. 

United States Environmental Protection Agency. 199S. Test Methods for Evaluating Solid 
Waste. Physical/Chemical Methods. EPA SW-846, 3rd edition, including Update DB. U.S. 
EPA, Washington, D.C. . 

United States Environmental Protection Agency. 1988. Methods for the Determination of 
Organic Compounds in Drinking Water. EPA-600/4-88/039. U.S. EPA, Cincinnati, Ohio. 
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United States Environmental Protection Agency. March 1990. U.S. EPA Contract Laboratory 
Program. Statement of Work for Inorganics Analysis. ILMO3.0. U.S. EPA, Washington, D.C. 

United States Environmental Protection Agency. 1993 U.S. EPA Contract Laboratory Program. 
Statement of Work for Organics Analysis. OLMO3.1. U.S. EPA, Washington, D.C. 

United States Environmcnta1 frotection Ageu;y. 1988. Methods for Organic Chemical Analysis 
of Municipal and Industrial Wastes.·· 40 CFR Part 136, Appendix A. ., · , 

.. ~ . , .. 
United States Environmental Protection Agency. 1993. Mtebods for the Determination · of 
Inorganic Substances in Environmental Samples. EPA/600/R-93/100. U.S. EPA, Washington, 
D.C. 

7.2 STANDARD OPERATING PROCEDURD 

A standard operating procedure (SOP) is a wriam step-by-step description of laboratory operating 
procedures. EA Laboratories documents all procedures in formal, approved SOPs, which are 
issued in a t10e1uncnt<0Dtr01led DJ1D11at (EA Manual EAL-002). All SOPs are submitted in draft 

~ to the QS Manager who is responsible for initiating the review and approval process and for 
distributing and controlling the final SOPs (EAL-SOP-088). 

The SOPs address the following areas: 

• Storage containers and sample preservatives 
• Sample receipt and logging 
• Sample custody 
• Sample handling proccdutes 
• Sample transpOnation 
• Glassware cleaning 
• Laboratory security 
• Equipment calibration and maintenance 
• Documentation 
• Safety 
• Data handling procedures 
• Document control 
• Personnel training and documentation 
• Sample and extract storage 
• Traceability of standards 
• Maintaining instrument records and logbooks 
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• Corrective Action Process 
• Records management 
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The QSM is responsible for maintaining the original copies of all SOPs, as well as a historical file 
of all versions. 

7.3 DETECTION AND QUANTITATION LEVELS 

7 .3.1 Detection Levels 

A detection level, or limit, bas been defined by the Committee on Environmental Improvement 
of the American Chemical Society (ACS) (Anal. Chem. 55:2210-2218 (1983)) as "the lowest 
concentration that can be determined to be statistically different from a blank." Various methods 
are available for detennining detection limits; most of them are based on the standard deviation 
of measurements in the region near the blank responses. The following detection limits are 
detennined routinely in the laboratory: 

Instrument detection limits (IDL) are determined using the protocols given in the inorganic and 
organic statements of work for the U.S. EPA Contract Laboratory Program; the procedures and 
calculations are detailed in EAL-SOP-047 and -048. A standard deviation is calculated from 
replicate measurements of a low-level standard and multiplied by three to give the IDL. IDLs are 
used as an index of instrument performance that does not include sample effects and, therefore, 
represent the lowest detection limit achievable. IDLs can vary between instruments of the same 
type and can change when redetermined. 

Method detection limits (MDL) are determined using the U.S. EPA procedure published in 40 
CFR 136 Appendix B {EAL-SOP-049). The MDL is defined as "the minimum concentration of 
a substance that can be measured and reponed with 99% col'{fidence that the analyte concentration 
is greater than zero and is determined from analysis of a sample in a given matrix containing the 
analyte." This procedure requires that "all sample processing steps of the analytical method be 
included in the determination of the method detection limit. " MDLs therefore are influenced by 
the sample matrix and sample preparation process as well as the analytical instrumentation. A 
minimum of seven replicates spiked at one to five times the expected MDL are analyi.ed. The 
MDL is calculated by multiplying the standard deviation of the measurements by the Student 
t-value for a 99% confidence level. Because of the· wide variety of matrix types analyzed by the 
laboratory, MDLs are routinely detennined only in reagent water. These MDLs represent, 
therefore, the optimwn values, and the MDLs for actual sample matrices are likely to be higher. 
MDLs can be detennined for specific matrices when requested by the client. 
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Unless superseded by other program, project, or client requirements, IDLs and MDLs are 
detennined annually. In addition, IDI..s and MDI..s are redetermined after an instrument is moved 
or modified and MDu after a method has been significantly changed. Where more than one 
instrument is used in sample analyses by a given technique (e.g., GC/MS, GC, GFAA, or ICP), 
detection limit studies are performed for each instrument. A standard laboratory reporting limit 
is established for each analyte based on the highest detection limit determined. Data for all 
instruments are maintained for use in reporting data when project-specific requirements dictate 
lower detection limits. - · 

A detection limit measured at any one time is only an estimate of the 'true' detection limit because 
the measured starv1ard deviation used to ca.lc:11Jate the detection limit is subject to rand.om error and 
is only an estimate of the population standard deviation. The confidence limits on the standard 
deviation, and hence the detection limit, can be determined using the chi-square distribution (40 
CPR 136 Appendix B). The 951, confidence limits for an MDL determined from seven replicates 
are 0.64 MDL and 2.20 MDL. A redetennination of the detection limit could produce any value 
between the chi-square limits, even if all the conditions remain the same. Day-to-day changes in 
instrument perfoTDJance r.an further produce changes in the measured detection limit. 

-· When interpreting data and detection limits it is important to remember that, when a measured 
concentration is greater than the detection limit, the analyte has the specified probability of 
actually being present (i.e., of having a true concentration greater than 7.ero); however, the 
detection limit cannot be used to say anything about the presence or absence of an analyte that has 
a measured concentration less than the detection limit. From the definition of the MDL there is 
only a 1 % chance that a sample with no analyte will produce a concentration greater than or equal 
to the MDL (false positive). The probability-is 50%, however, that a sample with a concentration 
at the MDL wilJ be measured as less than the MDL (false negative). 

It is also important when interpreting low-level data to consider the precision of measurements 
close to the detection limit. The relative standard deviation (six) of a value at the MDL is 32 % , 
aJ¥1 the 3a limits are the MDL ± MDL. For a sample with an analyte concentration at the MDL, 
50% of the time the measured value will be less than the MDL and 50% of the time between the 
MDL and 3 x MDL. 

7 .3.2 Quantitation Level 

To ensure better precision in low-level data and to reduce the false negative error rate, quantitation 
limits have been proposed as the minimllDl concentration at which an analyte can be quantified 
with an acceptable degree of confidence. The ACS Committee on Environmental Improvement 
has recommended that quantitation limits be calculated by multiplying 10 times the standard 
deviation, giving a relative standard deviation of 10%. The Committee further advised that 
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quantitative interpretation, decision-making, and regulatory actions should be limited to data at 
or above the limit of quantitation. 

EA Laboratories has established Reponing Limits (RLs) as laboratory quantitation levels. These 
are the minimum concentrations to be reported for routine laboratory analyses in a variety of 
environmental matrices at the stated precision and accuracy of the method. RLs are derived from 
the MDI.s and from consideration of analyte sensitivity for a given analytical technique. RLs are 

- verified for each analytical run through analysis of a low level standard at a concentration near 
the RL. Unless superseded by client, project or program requirements, RLs are used to report 
analytical results. 

7 .3.3 Sample Quantitation Level 

Quantitation levels are established in clean standard matrices and are optimum values. The sample 
quantitation level (SQL) are influenced by the complexity of the sample matrix which may result 
in SQI.s that are higher than the laboratory RLs. due to the necessity to miuimi1.e interferences 
by diluting the sample or extract, by performing additional cleanup steps, or by modifying the 
method procedures. 

(.,, 7.4 DOCUMENTATION 

EA Laboratom maintains extensive reconts to ensure that all aspects of the analytical process are 
adequately documented. Because the keeping of laboratory records is a legal requirement, it is 
important to consider the format and quality of the records. These records should convey: , 

• What was done. 
• When it was done. 
• Who did it. 
• What was found. 

7.4.1 Recordkeeping 

The requirements for laboratory record.keeping are given in EAL-SOP-065. All data entries are 
made in indelible, water•resistant ink. The date of the entry and the observer is clear on each 
entry. The observer uses his/her full name or initiils. An initial and signature log is maintained 
so that the recorder of every entry can be identified. 

All information is recorded in a notebook or on other records at the time the observations are 
made. Recording injonnatian on loose pieces of paper is not allowed. If a portion of a page is 
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intentionally left blank it is crossed with an "X", and initialed and dated by the person making the 
entry. 

When a mistake is made, the wrong entry is crossed out with a sinale line. initialed and dated by 
the person making the entry, and the correct information recorded. Obliteration of an incorrect 
entry or writing over it is not allowed; neither is the use of correction tape or fluid on any 
laboratory records. 

7 .4.2 Laboratory Records 

The following are some of the records that are used to document activities in the laboratory. 
These are in addition to those discussed elsewhere in tbi.4; mamal, such as chain-of-custody (COC) 
forms, log-in sheets, internal COCs, maintenance records (Section 9), and nonconformance fomis 
(Section 11). 

Reagent and Titrant Preparation Records: The procedure for each analysis includes the 
procedures for reagent/ titrant preparation, including concentration, storage, and discard 
information. After a reagent/titrant is prepared. the following information is entered on a label 

~ affixed to the storage bottle: (1) its identity, (2) intended use, (3) titer/concentration, (4) 
preparation date, (S) storage requirement, (6) discard date, and (7) preparer. For titrimetric 
analyses. the procedure includes directions for standardizing the titrant, and the laboratory data 
sheets include space for titrant staDdardmtion data. 

Standards Preparation Logs: The preparation of stock, intermediate, and working standard 
solutions is recorded in standards preparation logbooks, which are specific to the requimnems of 
each operational group. Each standard is assigned a number that is used to trace the preparation 
from stock to working standards and to reference the analysis of the standards. The logbooks are 
completed by the appropriate analysts as they prepare the standards and are reviewed by the 
section QC Chemist as part of the data package review process. 

Sample Preparation l.JJgs: Sample preparation operations, such as digestions and extractions, are 
documented in sample preparation logs, which are specific to the operations involved. The 
information in these logs can include: date, analyst, sample identification, weight or volume of 
sample used, reagents used. final volume, and volume of spiking. surrogate, or internal standard 
solution. The logbooks are completed by the Chemists or Technicians as they prepare the 
standards and are reviewed by the section QC Chemist as pan of the data package review process. 

Bench Data Sheets: Laboratory bench data sheets are used for those analyses in which instrument 
responses are marwally transcribed from instrument readout or from recorder tracings. The data 
sheets are preprinted to reflect the requirements of the analysis and are used to ensure that the 
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information is recorded in a complete and organized manner. The logbooks are completed by the 
appropriate analysts as they perform the analyses, and are reviewed by the section QC Chemist 
as part of the data package review process. 

Instrument Run Logs: When instrumentation is involved in the data generation, the sequence of 
the introduction of standards, field samples, and QC samples is recorded in an instrument run log. 
The following information !5 recorded when applicable: instrument identification, date, time, 
analyst, sample identifications, dilutions, filenames for disk storage. In addition, instrument 
malfunctions, repairs, and maintenance activities are recorded in the run logs. The logbooks are 
reviewed by the section QC Chemist as part of the data package review process. 

Strip Chan Recordings/Chromatograms/Complller Output: All strip chart recordings, 
chromatograms, computer outpUt, and other instrument-generated records are clearly labeled with 
the following information: instrument identification, date, analyst, sample identifications, and 
operational conditions, if applicable. 
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A quality control program is a systematic process that controls the validity of analytical results by 
measuring the accuracy and precision of each method and matrix, developing expected control 
limits, using these to detect anomalous events, and requiring corrective action techniques to 
prevent or minimize the recurrence of these events. 

8.1 CONTROL SAMPLES 

An important part of analytical quality control are quality control samples, which are samples that 
are introduced in the metsurement process to monitor various aspects of the analytical procedures. 
Control samples can be prepared from environmental samples or be generated from standard 
materials in the laboratory. Figure 8--1 illustrates some of the possible field and laboratory control 
samples and where they are introduced in the sample collection and analysis process. These QC 
samples are discussed below. Not all of these control samples are required· or used for all 
projects. 

8.2 LABORATORY QUALITY CONTROL SAMPLES 

• The frequency and control limits specified below for the QC samples are only general 
requirements. Any requiiements given in a project, program, or sampling plan, EA laboratories 
SOP or method, or client request take precedence over those given here. 

8.2.1 Blanks 

Blanks are materials that are as flee of analytc as possible and that are introduced at various stages 
during sample processing to monitor possible cnntamination introduced by the various operations. 

8.2.1.1 Calibration Blanks 

A calibration blank is an organic or aqueous solution that contains all the reagents and solvents 
in the same proportions as those used to prepare the calibration standards. The use of the 
calibration blank is described in Section 6.2.2. 

8.2.1.2 Method Blanks 

A method blank is a volume of deionized laboratory water for water samples or a purified solid 
matrix for soil/sediment samples that is carried through the entire sample preparation and analysis 
scheme as if it were an environmental sample. The method blank volume or weight will be 
approximately equal to the sample volumes or sample weights being processed. Method blanks 
are used to monitor interferences caused by contaminants in solvents. reagents, glassware, and 
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other sample processing hardware. They are also called reagent blanks and preparation blanks. 
A method blank is always prepared and analyzed for each batch of samples prepared. 

The method blank must contain less than the method detection limit for the compounds of interest 
for any sample concentration less than lOX MDL. If this criteria is not met, then all sample 
processing is halted until corrective measures are taken and documented. All samples processed 
with the. out-of-control method blank will be reprocessed and reanalyzed. 

For methods, such as the determination of nitrate + nitrite in aqueous samples by automated 
colorimetry, in which the samples are not subjected to any processing steps that are not done to 
the standards,. the method and calibration blanks are the same and are not separately prepared. 

8.2.1.3 Volatiles Storage Blanks 

A holding blank is laboratory pure water that is stored alongside a set of samples in the same kind 
of sample container; normally used only for samples destined for determination of volatile 
organics. It is used to monitor posstble contamination introduced into the samples during storage 
(EAL-SOP-317). 

·~ 8.2.2 Calibration Verification ()CV, CCV) 

An Initial Calibration Verification OCV) standard is prepared independently of the calibration 
standards, and is analyzed immediately following initial calibration to verify calibration. 
Acceptance criteria are specified in the determinative method. 

The calibration curve is verified periodically throughout the analytical sequence with a Continuing 
Calibration Verification (CCV) standard which is the midlevel standard from the .initial 
calibration. Acceptance criteria are specified in the determinative method. 

8.2.3 Laboratory Control Samples 

A laboratory control sample (LCS) is an aqueous or solid control sample of known composition, 
which is analyzed using the same sample preparation, reagents, and analytical methods employed 
for field samples. An LCS is obtained from an outside source or is prepared in the laboratory by 
spiking reagent water or a clean solid matrix from a stock solution that is different than that used 
for the calibration standards. The LCSs contain the analytes of interest for single-analyte methods 
and selected analytes for multianaJyte methods according to the appropriate analytical method. 

Laboratory control samples are used to demonstrate whether the sample preparation and analysis 
steps are in control, apart from sample matrix effects. LCSs are also called quality control 
reference sample and method blank spike. 
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Normally, laboratory control samples are analyzed with each batch of twenty (20) or fewer 
samples. The percent recovery is calculated and plotted on control charts and compared against 
control limits (see Section 8.5.2 below). If the recovery is outside the limits, corrective action 
is taken as described in Section 8.5.4. 

For methods, such as the determination of nitrate + nitrite in aqueous samples by automated 
colorimetrY, in which the samples are not subjected to any processing steps that are not done to 
the standards, the laboratory control sample and verification standard are the same and are not 
separately prepared. 

8.2.4 Natural Matrix Spikes 

A spike is a sample to which is added a known amount of analyte(s) before analysis. From the 
concentrations of the analyte in the spiked and unspiked samples a percent recovery is calculated: 

• where: 

Percent recovery = A - B x 100 
C 

A = sample concentration of the spiked sample (ppm) 
B = sample concentration of the unspiked sample (ppm) 
C = concentration of the spike (ppm) 

A matrix spike is prepared by adding analyte to a subsample of a neld sample before sample 
preparation and analysis. Mattix spikes imialte the performance of the entire method in the given 
matrix. Generally, for multianalyie methods a representative suite of the analytes is used in the 
matrix spike. Department of Defense (DoD) programs, such as Naval Facilities Engineering 
Service Center (NFESC) and Air Force Center for Environmental 'Excellence (AFCEE), require 
spiking of all target analytes in the matrix spike. Matrix spikes are performed for every batch 
of twenty (20) or fewer samples for organic analyses and for most inorganic analyses. 

The percent recovery of a matrix spike is compared against the LCS limits (or method project 
limits, as appropriate), and the results are qualified when the percent recovery is outside the 
limits. · 

8.2.5 Analytical Spikes 

An analytical spike is prepared by adding analyte to an aliquot of a processed sample prior to 
analysis. They are used to determined whether the analysis system is in control when a matrix 
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spike is outside its limits. Analytical spikes are used at the d~reti~n of ~e ~lyst as a diagnostic 
tool or when required by a specific program (e.g .• the post d1gesnon spike m furnace AAS under 
CLP). 

8.2.6 Replicates 

Replicate samples are samples that have been divided into two or more portions at some step in 
the measurement process. Each portion is then canied through the remaining steps of the process. 
Replicate samples provide information on the precision of the operations involved. 

The mean and relative percent difference (RPD) of the dufilicates are calculated as follows: 

where: 

X1 + "2 
Mean= ---

2 

RPD = IXi - "2I X 100 
Mean 

X1 = concentration of first replicate 
X2 = concentration of second replicate 

8.2.6.1 Natural Matrix Duplicates 

Method duplicates are a pair of subsamples from a field sample that are taken through the entire 
preparation and analysis scheme. They indicate the precision of the entire method in the given 
matrix. For chromatographic organic methods the mattix spike (8.2.4) is duplicated, providing 
a matrix spike duplicate. Mattix spike duplicates are prepared for every batch of twenty (20) or 
fewer samples for organic analyses. For metallic and inorganic analytes a field sample is 
duplicated. Method duplicates are prepared for every batch of twenty (20) or fewer samples for 
inorganic analyses. 

The RPD of a duplicate determination analyzed under a program or method that has limits 
established is compared against the limits, and the results are flagged when the RPD is outside the 
limits. For samples that do not have limits, the RPD is recorded and reported when requested by 
the client. 

8.2.6.2 Analytical Duplicates 
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Analytical duplicates are prepared by taking two aliquots of a processed sample and analyzing 
them in the same manner. They are used to monitor the precision of the analysis system for the 
processed matrix. Analytical duplicates are used at the discretion of the analyst as a diagnostic 
tool or when required by a specific program (e.g., furnace AAS under CLP). 

8.2. 7 Surrogates 

Surrogates are organic copipounds that are similar to the analytes of interest in chemical 
composition, extraction, and chromatography, but are not normally found in environmental 
samples. These compounds are spiked into all blank, standards, samples, and spiked samples 
prior to purging or extraction in order to monitor p)'.'Cp81"8.tion and analysis of samples. Generally, 
surrogates are used in chromatographic organic analyses, but not in inorganic analyses. Surrogate 
spike recoveries must fall within the control limits specified in the method or program. Surrogate 
recoveries are not calculated if sample dilution causes the surrogate concentration to fall below 
the quantitation limit. 

8.2.8 Performance Evaluation Samples 

Performance evaluation (PE) samples are standard reference materials or QC samples of known 
concentration obtained from EPA, NIST, or a commercial source. The analysis of PE samples 
monitors method accuracy. 

8.2.8.1 Blind Performance Samples 

Blind performance samples are PE samples for which the analyte concentrations are unknown to 
the analysts; they are used as part of external and internal performance audits. The laboratory 
analyzes blind PE samples as part of its laboratory ccnification efforts. Samples from the U.S. 
EPA water supply and water pollution studies are analyzed twice yearly for the Marylantl and 
other state certification programs. In addition, other states and agencies require the periodic 
analysis of their own PE samples. Blind performance samples are also introduced into the 
laboratory by the QS Manager on an as needed basis or as specified by client QA requirements. 
The results of the analysis of PE samples are maintained by The QS Manager. The laboratory 
section chiefs are required to investigate and respond to any results that are outside the control 
limits. 

8.2.8.2 Double Blind Performance Samples 

Double blinds are performance samples which are not identified to the laboratory as performance 
samples as well as for which the analyte concentrations are unknown. EA Laboratories 
participates in a quarterly double blind study through a vendor program. In addition, double 
blinds can be submined with project samples as part of the client's QA program. 
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Reference samples are obtained from the same source as those described in 8.2. 7 ,· but are used by 
the analyst to check the accuracy of an analytical procedure prior to analysis of samples. These 
are particularly applicable when a minor revision has been made to an analytical procedure or 
insttument. 

8.3 FIELD QUALITY CONTROL SAMPLES 

These samples are not included in the laboratory quality control program but are logged in as 
unique samples and analyz.ed when submitted with project samples. Data for these QC samples 
are reported with associated samples. 

8.3.1 Field Blanks 

Blanks that are collected in the field are an important link in the quality control data chain for a 
set of samples. The analytical data derived from these blanks are necessary to assess field 
operations: contaminant-free sample containers, preserving reagents and equipment; potential 
on-site environmental contaminariQn; personnel expertise in sample collection; and problems that 

" may occur in sample storage and transport. 

(. The field quality control blanks should not be isolated from actual samples. They must be 
considered as samples and must be treated identically: preserved with the same reagents; stored 
and transported in the same containers as the samples; etc. 

The types of blanks required and their frequencies are included bl sampling section of all 
site-specific plans. 

8.3.1.1 Trip Blanks 

Trip blanks are to be used when sampling for volatile organics. The purpose is to determine if 
contamination bas occum:d as a n:sult of improper aample container cleaning, contaminated blank 
source water. sample contamination during storage and transponation due to exposure to volatile 
organics (e.g., gasoline fumes) and other environmental conditions during the sampling event. 

Trip blanks are prepared prior to the sampling events either by the laboratory providing sample 
containers or by field team personnel who are responsible for the initial preparation of sample 
container and field equipment. The water must be free of volatile organic contaminants. Any 
appropriate preservatives must be added at the time that the blanks are prepared. The sample 
containers are sealed, labeled appropriately, and transported to the field in the sample containers 
as the sample vials. These blanks are...nm opened in the field. They are transferred to the ice 
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chest designated for volatile sample storage and transport and accompany the samples to the 
analyzing laboratory. Subsequent blanks for volatile organics (field and equipment) should use 
the same source water as the trip blanks, unless the water used for field and equipment blanks can 
be proven equivalent. 

8.3.1.2 Field Blanks 

Field blanks are used to evaluate the effects of on-site environmental contaminants, the purity of 
reagents used as preservatives or additives and the genera! sample containers filling/collection 
techniques. 

Field blanks are prepared on site by filling the sample container(s) with analyte-free water, adding 
appropriate preservatives or additives, sealing the containers and completing the appropriate 
documentation. The field blanks must be handled in the same manner as the sample group for 
which it was intended (i.e., blanks are stored and transpOrted with the sample group). 

8.3.1.3 Sampling Equipment Blanks 

Equipment blanks (also called rinsate blanks) are required if sampling equipment must be cleaned 
-· in the field and reused for subsequent sample collection. These blanks are used to determine the 

effectiveness of field cleaning procedures are well as those sources of contamination that may be 
found in a trip blank. 

The final rinse of analyte-free wat.er is passed over or through the sampling equipment, collected 
in appropriate sample containers, and preserved. These blanks must be included in the same 
storage and transpOrt containers as the samples. 

8.3.2 Replicate Field Samples 

To help assess the precision of the measurement system field replicate samples are collected or 
prepared. These are of two types: collocated samples and split samples. The types of replicate 
field samples and their frequencies will be specified in the site-specific plan. 

8.3.2.1 Collocated Samples 

Collocated samples or collection replicates are two or more separate samples collected 
independently in such a manner that they equally represent a medium at a given time and location 
(e.g., side-by-side soil core sample; two water samples collected at essentially same time from the 
same point in a lake). Collocated samples provide intralaboratory precision information for the 
entire measurement system. including sample collection, homogeneity, handling, shipping, 
storage, preparation, and analysis. 
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A split sample is a single collected sample that is divided into two or more portions in the field; 
each portion is then carried through the remaining steps in the measurement process as a separate 
sample. The splits are either sent to the same laboratory or divided among several laboratories. 
Split samples, when analyzed by the same organization, provide precision infonnation on 
homogeneity. band.Jing, shipping, storage, preparation, and analysis. When analyzed by different 
organizations, they serve an oversight function in assessing the analytical portion of the 
measurement system. 

8.3.3 Blind Samples 

Blind samples are performance evaluation samples (Section 8.2.8) that are introduced into the 
laboratory disguised as field samples. They are double-blind samples, i.e., both the concentration 
and identity are unknown to the analyst. 

8.4 DATA QUALITY OBJECTIVES 

Data Quality Objectives (DQOs) are the chemical data specifications in terms of precision, 
accuracy, completeness, representativeness, and comparability which are developed to ensure 
defensible environmental decision making, DQOs are developed as part of a planning process 
for environmental data collection operations which was developed by EPA. In this section, the 
cbaracteristics of DQOs are described. DQOs are defined for and are specific to each project and 
documented in a Quality Assurance Project Plan (QAPP) or Laboratory Project Summary. 

8.4.1 Precision 

Precision is the mutual agreement among individual measurements of the same property and is a 
measure of the random error component of the data collection process. The overall precision of 
the data is the sum of that due to the sampling and analysis. The sampling precision is assessed 
by collecting field duplicates. The analytical precision is determined by preparing and analyzing 
duplicate subsamples. Precision can be expressed in several different ways, each of which bas its 
uses; for multiple measurements these include the standard deviation,· the relative standard 
deviation, and the range, and for duplicates the relative percent difference. 

8.4.2 Accuracy 

Accuracy is the degree of agreement of a measured value with the true or expected value of the 
measured quantity. It is a measure of the bias or systematic error of the entire data collection 
process. Sources of these etTOrs include the sampling process, field and laboratory contamination, 
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sample preservation and handling, sample matrix, sample preparation methods, and calibration 
and analysis procedures. Sampling accuracy is assessed by evaluating the results of field/trip 
blanks, analytical accuracy through the use of calibration and method blanks, calibration 
verification samples, laboratory control samples, and matrix spikes. 

8.4.3 Representativeness 

Data representativeness is-the degree to which data accurately and precisely represent a 
characteristic of a population, parameter variations at a sampling point, or an environmental 
condition. Representativeness is a quantitative parameter that is most concerned with the proper 
design of the sampling program. The sampling program has been designed so that the samples 
collected are as representative as possible of the medium :t,eing sampled and that a sufficient 
number of samples will be collected. Representativeness is addressed by the description of the 
sampling techniques and the rationale used to select the sampling locations. 

8.4.4 Completeness 

Completeness is defined as the percentage of measurements made that are judged to be valid data. 
To achieve this objective, every effort is made to avoid sample loss through accidents or 
inadvertence. Accidents during sample transport or lab activities which cause the loss of the 
original sample will result in irreparable loss of data. Collection of sufficient sample allows 
reanalysis in the event of an accident involving a sample aliquot. The assignment of a set of 
continuous laboratory numbers to a batch of samples which have undergone chain-of-custody 
inspection makes it more difficult for the analyst to overlook samples when setting up a batch of 
samples for analysis. The continuous laboratory numbers also make it easy during the data 
compilation stage to pick out the samples which have not been analy:zed and to order their analysis 
before the data are reported and before holding times have been exceeded. The complete~ss of 
each batch of samples can be calculated by dividing the total number of analyses completed by the 
number that should have been performed on that batch times 100. 

8.4.5 Comparability 

Data comparability is a measure of the confidence with which one data set can be compared to 
another. It cannot be described in quantitative terms, but must be considered in designing the 
sampling plans, analytical methodology, quality control, and data reporting. The use of standard 
sampling techniques and validated, EPA-approved analytical methods assures that the parameters 
being measured are comparable with data generated from other sources. Reporting of data in units 
used by other organizations also assures comparability. 
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Quality control chans are graphical plots that are used to determine whether a process is in a state 
of statisticaJ control. The vertical axis of the control chart is the value of the parameter being 
measured, and the horizontal axis is the time or sequence of the measurements. A control chart 
is characterized by a central line, warning limits, and control limits. The central line is the mean. 
theoretical, or most probable value for the measured parameter. The limits are values on either 
side of the central line wiUi which are associated probabilities that an observed value will be 
within the limits. The warning limits are the 2o or 95 % limits.; that is, if the process is operating 
correctly and only random scatter is being observed, nineteen out of twenty points should fall 
inside the warning limits. The control limits are the 3o or 99% limits; only one point in a 
hundred should fall outside these limits by chance alone. 

8.5.1 Accuracy and Precision Charts 

The control charts used in the laboratory are generated from the analysis of laboratory control 
samples (LCS), which are used to demonstrate that a method is in control, apart from sample 
matrix effects. The data from the lCS measurements are plotted on two Shewbart control charts. 
One is for the accuracy of the method (Figure 8-2), which determines whether bias is developing 
in the parameter being monitoring. The other is for the pn:cision (Figure 8-3), which 
demonstrates whether the variability of the method is within acceptable limits. The parameter that 
is plotted on the accuracy chart is the percent recovery of the LCS measurement, calculated from: 

percent recovery (0/oR.) = found concentrati~n x 100 
expected concentration 

The moving ranges between each successive pair of percent recoveries are calculated and plotted 
on the precision chart: · 

moving range (Ri) = lo/~ .. 1 - %Rd for i = 1,2,3 ... (n-l) 

8.5.2 Calculation of Chart Limits 

To calculate the warning and control limits for the charts, 20-30 values of the percent recoveries 
are collected. From these data the mean percent ~very t o/o.R, and the mean moving range, R, 
are calculated. The central line of the accuracy chart is the mean percent recovery, %R. For 
control chans based on the moving mige of two measurements, the upper and lower warning and 
control limits of the accuracy chart are given by: 

Upper control limit (UCL) = %R + 2.660R 
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The central line of the precision chart is the mean moving range, R. The warning and control 

limits for the precision cbart are given by: 

UCL = 3.267R 

UWL = 2.SllR 
LWL =0 
LCL = 0 

The limits are updated at least quarterly or when the method is changed significantly. 

8.5.3 How the Charts are Used 

._ As the value for the control sample is calculated it is compared against the established limits. If 
the value is within the limits, the analysis is in control and data generated can be used. The 
percent recovery and the associated run information are entered into the lJMS data base from 
which they can be retrieved to plot control chans and to update the limits. 

8.5.4 Out-of-Control Situations 

The following three conditions are used with the control chans to indicate that a possible 
out-of-control situation exists: 

1) any point outside the control limits; 
2) any two consecutive points between the warning and control limits; or 
3) seven successive points on the same side of the central line. 

When one of these conditions exists, the method and the calculations must be investigated to 
determine if a cause for the condition can be found. When an analyst observes that an out-of
contro1 situation has occurred, the analyst's supervisor is notified, and the appropriate corrective 
action procedures are initiated. The situation is monitored closely to determine whether control 
has been reestablished. Analytical data generated during an out-of-control situation are evaluated 
and reanalyses are performed as necessary where data quality is impacted. If the problem cannot 
be identified or corrected, the QC Chemist is notified and corrective action is initiated. An 
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out-of-control event and the corrective action taken are documented on a nonconformance record 
form (Section 11). 

8.5.5 References 
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Trip blanks are used to determine if C(fflt,amjnarion resulting from glassware cleaning, comamioatcd source water. 
sample contamination during storage or transpon or other exposure during sampling may impact sample 
results. Trip blanks are for voe analyses only. 

Fuld blanks arc used to determine if onsite water sources used for deccmramioation have impacted sample results. 
Rinsatts are used to ascenain the quality of equipment ctecomamination between uses. 
Fi4ld duplicote ltl1llpl6s are utili7.cd to determine the reproducibility of sampling technique and laboratory precision. 
Splu samples are utilized as a quality comrol check on laboratory performance (analyzed by an outside laboratory 

or regulatory agency). 
Field SOPs are wrinen procedures for sample collection. 
Filld audils are independent assessmems of field crew adherence to project-specific work plans and the QAPP and 

corporate QA program. 

LABORATORY QA/QC SAMPLE DEFINITIONS 

Method blanks are samples of laboratory or DI water or sample soJvems which are treated like samples. Method 
blanks identify interfercnts or comamioants which are introduced by the analytical procedure. 

Calibration samples are ccnificd standards cnntaining measurable amounts of the analytes to be identified and 
quantified. 

Laboratory control ,amplts consist of laboratory pure water or solvent and a measured concentration of the 
analyte(s) being tested. Laboratory comrol samples are treated like samples and subjected to all steps of 
the analytical procedure. 

Su"ogatt spiking compounds are compounds similar in performance to the compounds of interest which are 
imroduced into each sample, standard, and blanJc during organic analyses. They are utilized to determine 
the performance of the analytes. 

Matrix spikes are field samples to which a measured amount of analyte(s) of interest are added. Recovery of the 
matrix spike is utili7.cd to determine dJe e1feas of sample matrix on the recovery of the analyte(s) of interest 
and may be indicative of bias. 

Matrix duplicatts, matriz ,pUu 4llplicatts arc second aliquotS of field samples treated identically as samples or 
sample matrix spikes. These are utilized to determine sample matrix effects on analytical precision. 

Figure 8-1 Quality Control Samples 
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Within EA Laboratories, preventive maintenance is an organized program of actions (such as 
equipment cleaning, lubricating, reconditioning, adjustment, and/or testing) taken to maintain 
proper instrument and equipment perfonnance and to prevent instruments and equipment from 
failing during use. An adequate preventive maintenance program increases reliability of a 
measurement system. A preventive maintenance program considers the following: 

• instruments, equipment, and parts thereof that are subject to wear, deterioration, or other 
change in operational characteristics without periodic maintenance 

• spare parts that should be available within the laboratory to minimi:ze downtime 
• frequency that maintenance is required 

The implementation of a preventive maintenance program is dependent upon the specific 
instruments and equipment used. EA Laboratories Managers are responsible for preparation and 
documentation of the program. Section Chiefs implement the program, and the Quality Services 
Manager (QSM) reviews implementation to verify compliance. For each operational group, at 

·- a minimum the preventive maintenance program includes the following: 

• a listing of the instruments and equipment included in the program 
• the frequency of maintenance considering manufacturer's recommendations and/or previous 

experience with the equipment 
• a file for each insttument in the orogram containing the following information: 

a list of spare parts maintained by the laboratory 
external service contracts 
items to be checked and/or serviced during maintenance and directions for performing 
maintenance (if external service is not provided or if not stated in manufacturer's 
instrument manuals). 

Unless superseded by specific project requirements, the preventive maintenance activities 
performed by EA Laboratories are given in Table 9-1. 

9.2 DOCUMENTATION 

Preventive maintenance will be conducted by qualified laboratory personnel or outside vendors 
and documented in instrument logbooks. Date of service, person performing service, type of 
service performed, reason for service, and replacement parts are recorded. Copies of service 
records from outside vendors are maintained by the Section Chief with the instrument file. 
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TABLE 9-1. PREVENTIVE MAINTENANCE REQUIREMENTS 

lnsuumem 

Gas Chromatograph 

GC/MS 

HPLC 

Quality Aauranr:e Mimi- Plan 

Item Checked/Serviced 

EC (Ni-63) wipe rest 
Cmqccohmm 
Cbaqe ps wool plug 
Replace septum 
Cllanpfules 
Clean and silanize or replace 
pm liDm or iqjecron 

Clean FID/NPD delectors 
Clean purge vessel 
Babll'lp 
Replace ll'lp - . - ... filters 

GC/M.~ maintenance is 1be ume as 
GC tri1b me followmg addmons: 

Mr:cba:nical pump oil 
Vacumn daaff filter 
Turbo pump oil 
Computer air filler 
Card cage air filler 
~-clean c:eramics, poJjsh lcmel 
Clean poles ml ceramics 
CleD cnmacu OD die OCCl1111Jqlllll·IOlODllllllll:illl baanls 
Vacuum die compcwm balrds 
.,_ quanz iqjec:dOD pon imen 
Replace leptum 
lnjeclion pon liner dlecbd 
Colmlm mainrenauc:e 
Disk drive 

Primer 

Pressure 
PlqerScale 
Hip Pressure Pump 
Low Preuure Pump 
Check valves 
Lamps / detector 
Column 

Freauencv 

Semiamaa1Jy 
As needed 
As needed 
As needed 
Al needed 
Al needed 

As needed or annually· 
Daily 
Between each analysis 
Al needed · ,. .-.. 
Al needed 

Quanerly 
SmnilDDPIHy 
Amnally 
Sc,:nillJll'IUl)ly 
SemiamaaJly 
Al needed 
Al needed 
Al needed 
Al needed 
Al needed 
As needed 
Daily 
As needed 
Serni•naueJly (service qineer). 
oras needed -
Daily 
Annually 
Annually 
Annually 
Annually or as needed 
As needed 
As needed 
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TABLE 9·1 PREVENTIVE MAINTENANCE REQUIREMENTS 

lnsll'U1Dent Item Checked/Serviced Fre~ 

Atomic Absorption 5-point calibration performed Daily, widl each run 
Spccttopbotometer Ek:cuical Each shift 

Lamps Each parameter 
Optia Annually 

, ClcaD wiDdows Daily, with each paramc1er 

R.eplac:ep-apbitclube At begbming of each run 
Rep)acc CODtatl rmas Quarterly, or as needed 
Replace quanz windows As needed 
Clan fmmce windows At begilmiJJg of new run 
Align bacqrouDd Jamp (3F) When serviced by n:painnan 
Check lanm inlemilY Each 

Inducdvely Coupled Sample introduc1ion sysran Daily 
Plasma Spect:ropbotom:ler Check pumps Daily 

Cbeck electronics Daily 
Clean. ralip larch As needed 
CblDae aeblltizer As needed 
Clean mixilla cbarnba' As needed 
Cbeck izbulizer pras As needed 
Replace pump tubing Daily. or as needed 
Clean air filters {7P) and water filter Semi•ffl'll■II .. 

Ion Chromato,raph Phmger aea1s As needed 
PlambiDa 
Oil pumps 
Check valves 
o,)mnn 

OlaJaefuses 
Prime pump head . 
Cbec:k D.ttilv 

Infrared S - tometer Clean cells Dailv 

Total Organic: Carbon Check OX)'lell purity Each new cylinder 
lnsU'UDlCDl Cbeckbc:ater Dailywllenmed 

Add acid Mnnthtv 

UVNis Spectr0photometcr Clean cells and windows Daily 
Lamp As needed 
Waveleuadl checbd Anm■Uy 
Serviced As needed 

Auto-Analyzer Pump oiled Mombly 
Tubing As needed ,,._ As-.tl!II 
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TABLE 9-1 PREVENTIVE MAINTENANCE REQUIREMENTS 

Instrument l1al1 Cbecbd/Serviced F 

pH Meter ElecttoDicscbecked Daily 
Elccttolyte cbqed Cbecbd weekly; c:baDaed when 

low 

Rcfriacmors/Frcczers Tcmperamre cbccked and loged Daily on each wort day 
tcleancd • .n 

Walk-in Coolers TemperalUJ'C cbecbd and Joued Daily on each wort day 
Unit cleaned • Iv 

Batances Service zeprescllll1ive c:allbration Ammally 
Jlllemal wcJabl uaiD. pm. e1ecaoaics Amma1 aenice 
Calibrauon Cbecbd Daily with clus .,. weiabts 

Analylical: Weelcly wilh c:lals 
-s·weipls 
Toploacfi:na: Monthly with class 
-s• weildm 

Thermometers Calibmed Amlually for mercury in glass 
1betmameaers 
Quarterly for all Olbcr 
1be:rmometers 

Class S Weil!bts Calibmed ... .. 
-

Deionized/Orpnopu.rc Waaer Conducmty cbl:ck Daily 
loD-adlaDae bed dllDpd Weetly 
Renlac:e fillers Mneeded 

Vacuum Pumps and Air Cbect perfonmnce Weekly 
Comnrcssor Lubrica1ion. belts. eu:. Mneeded 

Water Baths Water level Added u needed 
Balbcleanr:d Semianralllly 
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The procedures for data handling followed in the laboratory are an important part of the laboratory 
quality assurance program. The overall flow of data through the laboratory from project start 
through sample analysis and data generation and reporting is shown in Figure I 0-1. EA Laboratories 
treats all records and project data as client confidential; no infonnation will be shown to anyone 
outside EA without client approval. 

10.l DATA COLLECTION 

For inorganic and general organic analyses where the instruments are not directly coupled to 
computerized data systems. the raw data are instrument responses in the form of meter, recorder, or 
printer output. The chemist performing the analysis enters the bench-generated data into a bound 
laboratory workbook specific for each parameter. All entries are made in ink. These data consist of 
instrumental responses (absorbances, percent transmittances, etc.), standard and spike concentrations, 
sample numbers, and any other pertinent information. The workbooks are under the control of the 
group supervisor who is responsible for their security. For computerized instruments the output is 
in the form of printer output and files on magnetic disks, which are filed by sample batch. 

For chromatographic organic analyses, the raw data are instrument responses in the form of 
chromatograms, integrator output, or computer- generated data files. The chromatograms and printer 
output are stored in project-specific files. The data files are archived on magnetic tape or disks. 

10.2 DATA REDUCTION 

Data reduction includes all processes that change either the values or numbers of data items. The 
data reduction processes used in the laboratory include establishment of calibration curves, calculation 
of sample concentrations from instrument responses, and computation of quality control parameters. 

10.2.1 Calibration 

The calibration or standard curve is the curve that plots instrument response against analyte 
concentration. The curve is prepared by measuring the responses of a series of solutions of the 
analyte (calibration standards) with known concentrations. Least-squares regression can be used to 
fit a curve through the standard concentration- response data. The regression analysis also provides 
parameters, such as the correlation coefficient, that can be used to assess the condition of the analysis. 

For many chromatographic methods the calibration factor (CF) is used to establish the linearity of the 
instrument response over the calibration range. If the calibration curve satisfies the specified linearity 
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criteria, a single-point standard can be used for sample calculations. Use of the internal standard 
method with GC/MS analyses requires the determination of response factors (RF). 

Formulas used in calibration are in Table 10. I. 

10.l.2 Sample Calculations 

The reduction of instrument responses to sample concentrations takes different fonns for different 
types of methods. The discussion below deals with non-chromatographic and chromatographic 
methods and solid sample calculations. Formulas used to calculate sample concentrations are in 
Tables 10.2. 

Non-chromatographic Methods - For most spectrophotometric analyses, the sample concentrations 
are calculated from the measured instrument responses using a calibration curve. The sample concen
trations can be back-calculated fi'om a regression equation fitted to calibration data. For gravimetric 
and titrimetric analyses, the calculations are performed according to equations given in the method. 

Chromatographic Methods - For chromatographic analyses, the unknown concentrations are 
determined using response factors with either internal or external standardization. When the 

~ compound has been identified, the quantitation of that compound is based on the integrated 
abundance of the primary ion(s). If the sample produces an interference for the primary ion, a 
secondary ion is used to quantify. The concentration in the sample is calculated using the response 
factor (RF). 

Quantitation by the external standard technique for GC analyses involves calculation of the 
concentrations of the target compound from the sample response and the response of a standard 
solution of the compound. These calculations are generally performed by the associated 
computerized data systems. 

Solid Samples - The dry-weight concentration of a solid sample is calculated from the analytical 
concentration according to the formula in Table 10.2. 

Significant Figures and Units - The number of significant figures in the reported data is consistent 
with the limits of uncertainty inherent in the analytical method. The data reporting conventions are 
set forth in EAL-SOP-172. The units used in reporting data are those commonly used for the 
analyses performed. Concentrations in liquid samples are expressed in terms of weight per unit 
volume (e.g., milligrams per liter or micrograms per liter}. Concentrations in solid or semisolid 
matrices are expressed in terms of weight per unit weight (e.g., milligrams per kilograms). In addition 
solid concentrations are converted to a dry-weight basis, using the percent solids of the sample. 

10.2.3 Quality Control Parameten 
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Important data reduction methods for quality control samples are the expression of the precision and 
accuracy of the measurements. Formulas used in these processes are in Table 10.3. 

Precision is the mutual agreement among individual measurements of the same property, usually 
under similar conditions. Precision can be expressed in several different ways, such as relative percent 
difference and relative standard deviation. The relative percent difference (RPD) is used for duplicate 
measurements. The relative standard deviation (R.SD) is used for replicate measurements. 
Accuracy is the degree of agreement of a measured value with the true or expected value of the 
measured quantity. The accuracy of control sample measurements is generally expressed as a percent 
recovery. For samples without a background level of the analyte, such as reference materials, 
Jaboratory control samples, and performance evaluation samples, the percent recovery (%R) is used 
to estimate accuracy. The percent recovery for measurements in which a known amount of analyte 
(a spike) is added to an environmental sample can also be used to evaluate accuracy. 

10.3 LABORATORY DATA VERIFICATION 

Data verification is a systematic process of reviewing data against a set of criteria to identify outliers 
or errors and to delete suspect values or to flag them for the user. There are at least two types of 
data validation which are used for environmental analytical data: verification of reported results, and 
validation of data for useability using guidelines developed by the U. S. EPA for Contract Laboratory 
Program protocols. While there is overlap in the ICView requirements between the two, evaluation 
criteria are different due to distinct objectives between the two processes: data verification is 
perfonned to assess the ability of the laboratory to analyze samples according to a prescribed 
anaJytical method; data validation is designed to verify the usability of a body of data as defined 
by project specific Data Quality Objectives. 

10.3.1 Laboratory Verification of Reported Results 

This validation is referred to as data verification to avoid confusion with other types. Data 
verification is performed by the Jaboratory prior to release of results, and to evaluate the data against 
acceptance criteria specified for Quality Control samples either in the laboratory QAMP or in a 
Quality Assurance Project Plan (QAPP). The quality control data produced during analysis are 
reviewed by the analyst and QC Chemist during the analytical process to validate data integrity during 
collection and reporting of analytical data. Figure 10-1 shows the review process. Technical Review 
Checklists (Figure 10.2) are used to document the performance and review of the quality control and 
analytical data. 

Where spreadsheets or databases are developed by laboratory staff for the purpose of manipulating 
data, these software applications must be verified and documented prior to use and must be reverified 
if changes are made. The documentation will include: 
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• A description of the program 
• A copy of the test data, and the resulting output 
• A copy of the manual calculations used to verify the software. 
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All documentation for initial verification or modifications must be reviewed and approved by the 
Section Chief prior to implementation, and maintained on file by the Section Chief or QC Chemist 
to be reviewed by the QSM during routine internal audits. 

-
10.3.1.1 Laboratory Verificadon Process and Responsible Penonnel 

Initial review of analytical and quality control data is the responsibility of the analyst. Data are 
chec:ked for errors in transcription, calculations, and dilution factors and for compliance with quality 
control requirements. Failure to meet method performance quality control aiteria results in reanalysis 
of the sample or lot if data usability is affected. After the initial review is completed, the data are 
collected from summary sheets, workbooks, or computer files and assembled into a data package. 
The second level of data review is the prime responsibility of the QC Chemist , who verifies the data 
is compliant with method and project requirements. 

The Section Chief is responsible for development and implementation of data review checklists for 
• use in their respective groups. An er.ample of this teclmical review checklist is shown in Figure I 0-2. 

The areas addressed in the checklist include the following: 

• proper chain-of-custody and sample handling procedures followed 
• parametric holding times met 
• samples prepared and analyzed according to specified methods 
• instrumentation calibrated according to specified methods 
• spike ( surrogate or standard) recoveries within specified ranges 
• blanks prepared and analyzed as required 
• calculations perfonned correctly and verified 
• transcription of raw and final data correct 
• detection limits detennined correctly and within required limits 

The checklist is completed and signed by the analyst and QC Chemist. 

The third level of review is performed by the Laboratory Project Manager who certifies the data by 
signing the Analytical Narrative in the final report. · 

Finally, the QS staff is responsible for a minimum 100/4 audit of all final reports. The reports are 
chosen randomly for review. 

10.3.1.2 Identification and Treatment of Outlien 
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There are llQ absolute guarantees against nonrepresentative data points. Therefore, all personnel 
involved in sample handling, analysis, and data management must be alert to potential contamination 
and procedural errors. However, if nonrepresentative data points appear in the final stages of 
analysis, there is a mechanism for identifying apparently or obviously erroneous or nonrepresentative 
data (outliers). The following procedures are primary methods for outlier identification and represent 
the type of logic to be applied to situations or parameters not specifically dealt with here. 

Jnte"elated Data Cross Checks 

• Inotianic carbon species and pH. The carbonate equilibrium dictates that ( 1) below a pH of 
8.2-8.3, bicarbonate is completely dominant with only undetectable amounts of carbonate (and 
hydroxide) present, and (2) below a pH of 4.2-4.5, only CO2 should exist in detectable amounts. 
These interactions are used as cross-checks for alkalinity determinations involving speciation. 

• Phase chanae speciations. Any suite of analyses involving total, particulate, or dissolved 
speciation will generally be subject to comparisons between parameters (e.g., total vs. dissolved 
metals concentrations). Obviously, dissolved concentrations should not exceed total concentra
tions ( disregarding combined precision effects when true total and dissolved concentrations are 
the same or very similar). 

All such speciation analyses must be checked for such impossible situations before final data 
sign-off For all parameters with short holding times, these determinations must be made as soon 
as possible. For this reason, it is often advisable for the analyst(s) to perform certain analyses 
concurrently (e.g., ammonia and total Kjeldahl nitrogen, total and dissolved phosphorus, and total 
oxidized nitrogen and nitrate). Frequently, similarity of variances is increased, thus improving the 
reliability of comparisons (and differences). 

• Residue-analyses. Analyses for total dissolved residue and similar analyses are also a type of 
speciation and are therefore subject to comparisons similar to those mentioned above. For 
instance, total residue should exceed all other species values, at least within the combined effects 
of individual analysis precisions. 

• Compound list duplication. When requested analyses result in duplication of reported analytes, 
the results should be checked to ensure reasonable agreement between the reported values. 

Correction/Elimination-Procedures: If simple errors { e.g .• miscalculations) cannot be identified, the 
analysis must be perfonned again (with the project manager's knowledge). Obvious corrections due 
to miscalculation may be made with the knowledge of the laboratory manager. 

10.3.2 EPA Contract Laboratory Program Data Validation 
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Data validation procedures described in Section 10.3.1 should not be confused with those of the U.S. 
EPA Contract Laboratory Program as specified in Functional Guidelines for Evaluating 
Organic/Inorganic Analyses (U.S. EPA, June 1988). This process is used to validate the usability 
of a body of data as defined by project specific Data Quality Objectives. The data review is 
perfonned from the petspective of the end-users, and requires their input on the intended use of the 
data. There is some overlap in the review requirements between laboratory data validation and CLP 
Data Validation; however, the data review criteria are different, and includes areas not covered by 
the CLP Statements of Worl,t (SOWs) and some over which the laboratory has no control, such as 
field and trip blanks and holding times from sampling. 

EA Laboratories does not perform CLP Data Validation which is not a part of the Quality Assurance 
or reporting requirements of the SOWs. When required, it should be done by a group not associated 
with the laboratory performing the analysis. Both field and laboratory activities are evaluated in CLP 
Data Validation to ensure that all posS1ole sources of error associated with data collection are 
reviewed. 

10.4 DATA REPORTING 

10.4.1 Data Release 

It is the policy of EA Laboratories that no data is nkased to a clia.t 11nlas it is final and has been 
through a tiered review process, including the analyst, QC Chemist, and Laboratory Project Manager 
(LPM) responsible for certification of the results. 

In the event that results are required by the client on a fast turnaround prior to release of the entire 
report.final data may be released with knowledge and approval of the clia.t and LPM after review 
by the analyst and certifying Manager. A signed cover sheet must be used for all data released prior 
to the final report, and must be signed and dated by the analyst or QC Chemist and the LPM to 
indicate review, certification, and approval. 

Furthermore, the LPM must include any data released prior to the final report in the report file as a 
facsimile or as a copy of the signed cover sheet and results sent to the client. 

This policy ensures that only accurate data will be released to the client. In the past the laboratory 
has released data as preliminary results which changed upon further review. Although such data was 
clearly stamped "Preliminary Data Subject to Change", there have been instances where the data was 
used by the client, the results changed, and the laboratory was judged to be at fault. In order to avoid 
such occurrences, it is EA Laboratories position that no result will be released unless it is supportable 
and final. 

10.4.l Bard copy Reports 
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After a data package has been reviewed and signed off on, it is given to the laboratory Reports group. 
The Reports Group Leader is responsible for collecting the data packages and other report-related 
infonnation, such as copies of chain-of-custody, communication record, and nonconfonnance forms, 
and for tracking analysis status and the date the data are due to the client. The sample data and any 
required backup information are assembled into a draft data report, which is formatted according to 
project/client requirements (EAL-SOP-303). An analytical narrative, method table, and tables of data 
qualifiers are generated. The report preparation is tracked using the Report Review Checklist 
(EAL-SOP-187). Each report is assigned a unique report number that is used in tracking, problem 
resolution, and archiving. The draft report is reviewed by the Reports staff using the Report Review 
Checklist (Figure 10-4). Each completed report is reviewed by the Reports Group Leader or by 
someone other than the preparer for compliance with all report deliverables requirements 

After completion of the review of the data report, the Laboratory Project Manager or his deputy signs 
off on the data report, and the report is forwarded to the project manager/ client. The laboratory 
copy of the report is filed by the Reports Group in the Central Project File according to report 
number. 

10.4.3 Electronic Reports 

:. Electronic reports are prepared by the Information Systems (IS) group to the client specifications 
which are determined at the time of project start•up. It is the responsibility of the IS Manager to 
oversee the preparation of the electronic deliverable and to reconcile it with the hardcopy report. 
Electronic data files are maintained on the laboratory computer network or in electronic archive by 
the IS Network Administrator. 

10.5 DATA STORAGE 

All client data are maintained in a secure nwmer either within EA Laboratories or in a secure off-site 
location. Project-related hardcopy information is maintained in the Central Project Ftles, which are 
the responsibility of the QS Manager and the Laboratory Project Manager. The procedures used to 
organize, maintain, and archive the Central Project Files are detailed in EAL-SOP•l96. The central 
files include project statements of work or proposals, correspondence to and from the client, chain.of
custody records, quality assurance plans, final data reports, and references as to where laboratory 
backup data can be located in the laboratory or in archives. The analytical data reports are filed by 
report number in a separate section of the central files and contain all documentation sent to the 
project manager/client as well as all backup information on the analyses. The central files do not 
include laboratory notebooks, stripcharts, instrument logbooks, or computer disks/tapes, which are 
stored within the responsible operational groups. When a project is complete, the project files and 
other related data are checked, inventoried, and put into the archive system at EA's Hunt Valley 
warehouse. A unique box number is assigned to each archive box and entered into the archive file 
on the LAN system; the contents of each box are also listed in the file. 
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the disposal date of archived JIARDCOPY files is TEN YEARS from the archive date., 
and the disposal date of ELECTRONIC data is TWO YEARS from the archive date. 

This policy for electronic data is consistent with Good Laboratory Practices prescribed in 21 CFR 
58, and Good Manufacturing Practices designated in 21 CFR 820. The Laboratory Managers are 
responsible for ensuring that all electronic data is stored to prevent deterioration and that records are 
maintained identifying the tape/disk, archive date, and discard date. 
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Application 

Linear regression 
calibration curves 

Calibration factors 1 

Response factors 2 
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TABLE 10.1 CALIBRATION FORMULAS 

Formula Symbols 

R == Ca1 +&o C== concentration of the calibration standard 
R= instrument response 
ao= intercept of regression curve (instrument 

- response when concentration is zero) 
81 = slope of regression curve ( change in 

response per change in concentration) 

C= concentration of the calibration standard 

Ax v, CF= calibration factor 
CF• A.= peak size of target compound in sample 

cvi extract 
V,= final volume of extracted sample (mL) 
V.= 1 initial volume of sample extracted (mL) 

C= concentration of the calibration standard 

C. Ax Vr RF= internal standard response factor 
RF= C.= concentration of the internal standard 

CA;. Vi • 
(ug/L) 

A.- area of the cbaracteristic ion for the target 
compound 

V,= final volume of extracted sample (ml.) 
A.= area of the characteristic ion for the 

internal standard . 
Va• initial volume of samole extracted (mL) 

1. Used for quantitation by the external standard technique. 
2. Used for quantitation by the internal standard technique. 
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TABLE 10.2 SAMPLE CONCENTRATION FORMULAS 

Application 

Concentrations calculated 
from linear regression 
calibration curves 

Concentrations calculated 
from calibration factors l 

Concentrations calculated 
. . from response factors l 

Solid samples 3 

Formula 

A.. Vr 
C•

CFV; 

CVD 
K= 

W (%S/100) 

I. Used for quamitadon by lbc extcmal StaDdard cecbnique. . 
2. Used for quantiration by lbc imemal standard technique. 

Symbols 

C = analytical concc:ntration 
R = instrument response 
ao • intercept of regression curve (instrument 

response when concentration is zero) 
a1 • slope of regression curve ( change in response 

rier change in concentration) 

C • concentration (ug/L) 
CF• calibration factor 
A.. • peak size of target compound in sample extract 
Vr • final volume of~ sample (mL) 
V; • initial volume of sample extracted (ml.) 

C = concentration (ug/L) 
RF • internal standard rcspome factor 
c. -= concentration of the intern.al standard (ug/L) 
A.. • area of the cbaractcristic ion for thc target 

compound 
Vr - final volume of extracted sample (ml..) 
A,. • area of the characteristic ion for the intc::mal 

standard 
V, • initial volume of sample extracted (ml.) 

K "" dcy-wcight conccntration (mg/kg) 
C • analytical concentration (mg/L) 
V • final volume (ml.) ofproc:csscd sample 

solution 
D • dilution factor 
W • wet weight (g) of as-rec:eived sample taken for 

analysis 
%S • percent solids of as-received sample 

3. Used to calculate the dzy-weipt concemralion of a solid sample from the analydcal c:oa::emalioD of the 
processed sample. 

M;'Glt.OtJP\Ql.~10.ffl 
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CHARACTERISTIC 

Precl<ilon 

(as relative percent difference, «Jr,RPD) 

Prtthlon 

(as relative standard deviation, «Jr,RSD) 

Accuracy 

(as percent recovery (%R) for samples 
without a bactground level of the analyte, 
such as reference materials. laboratory 
control samples, and performance evaluation 
samples) 

Accuracy 

(as percent recovery (%R) for measuremen~ 
in which a known amount of analyte (a spite) 
is added to an environmental sample) 

Quality Anurance Mmugement Plln 
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TABLE 10.3 QUALITY CONTROL FORMULAS 

FORMULA 

lx1 RPO = 
- x2I 

X (00 
Ix, 

= 
- x2I 

X 200 
(x1 + x,,)/2 (x1 + x,,) 

RSD(%) = s 
:-X too 
X 

%R = X -x too 
T 

X-8 %R = X 100 
T 

M·\OROUl"QA\QAMP\9707\SECTI0.971 

SYMBOLS 

xt. x2 = duplicate values. 

s = standard deviation -
X = mean of the measurements. 

X = found concentration 
T = true or assumed concentration 

X = found concentration 
B = baclcground concentration 
T = true or assumed concentration 
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FIGURE 10-1. LABORATORY INFORMATION FLOW 

PERSONNEL RESPONSIBILfflF.S 

LABORATORY PROJECT MANAGER a. Through clienl contact determines the project-specific data package/client report deliverables. and any 
modifications to the standard. Distributes the information to the laboratorv staff. 

ANALYST a. Generates complete data pacbge ("D" or•£•) according to requirements specified ror project. 
b. Performs initial a1U1lb control reYiew. 

QC CHEMIST a. Evaluates data package for compliance widt deliverable order according to •o• or "E" specifications. 
b. Performs technical data review for compliance wkh analydcal melhod. QAPjP. and client QA program. data 

EDD SUIJDIRECTORYIFILE NAME• validation criteria. or other client specifacations. 
c. Develops analytical namcive. 
d. Transfen inlermedille files to networt project subdirectory specified by IS 1roup. and identifies subdirectory 

and file names on Initial Report Review Form. 
e. Certifies data ouality meets all sneciraed mauimnents before release to Laboratory Suoervisor. 

LABORATORY SUPERVISOR a. Checks data package 11ainst COC: samples. methods. pacta1e level. 
b. Certifies data quality meets all snecified requirements before release to Division Manaier. 

REPORTS GROUP LEADER a. Checlts lhe data pact■ae against COC for EDD, Summary Table. and control chart requirements. 
b. Routes to Omlitv Services for control charts. and Information Services for EDDs/Summarv Tables. 

OS MANAGER· CONTROL CH.fRTS • a. Generalel control charts. wrilea narrathe secdon on melhod control. 

IS MANAGER - EDDS, SUMMAltY TAIJLES • a. PreDares EDDs and/or summarv tables accord• to client snecificalions. 

REPORTS GROUP LEADER a. Assembles draft report from al datl packages. 
b. Orpnizes and completes namdve. 
c. Reviews report for completeness. speding. grammar before release. 
d. Routes report to Laboratory Project Manager for final reYiew and signature to certify results. 
e. Sends • • m,ort to client. flies laboratorv conv in Central Proiect Files. 

LABORATORY PROJECT MANAGER a. Reviews final report for completeness. sips narrative certifying results, signs cover letter, and reviews 
lnYoice. 

• Thae areoptions which depend upon elienl n,quirements. and are generated by the specefaed group, except USAEC con1ml chartl which are generated by the analyst and submitted with 
the lol data package. 

nnce Manlaefflent ~ M IOROlJPIQA\QAMP\9101\SECT10971 
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All questions sbou1d be answered with a •r for yes. •N" for no or "NA• for not applicable. AH "N" answers require an explanation in die comments section. 

PRQJECTINFQRMATIQN REPQRTNQ· 

Atmt; Jpt; INSDIDIDI; 

EAN■; Matm; 

CQMMUNICATIQN 

NCR 

Hu thc Project S1lmmary bNn revinld? 
Have•" a"IOCilled fflllllGI or E-mail 1-rl included? 
Have the cbain-of-CllltOdies 1-rl reviewed far lfflln? 

HQIDJNG TIMES 

Were TCLP/DI WET extraction holdiag times met? 
Wm utncSiaa boldinc lim• met? 
Were amples praperly pnNl"Wld? 
Were samples iniliatly analy.zed within boldq lime? 
Were dilutioat/reanafyl completed within boldinl time? 
Were l'HXlra&:liclll initiated within bolding lime? 

£XTMCTIQNS 

w. the CXlraClion lhelt rewrwed farmanlcampletmm? 
Wn tJ!ll'8dl cw::wadia&ld to the appniprilte final volmnl? 
Were tllrlelldaned by appropriatemllhoda? 
Was an MSIMSD~ with this batch? 
If not. wu an LCS duplic::alc ClClr'ldl:d? 

CAL[BRATIQNS 

Did DFTPP/BFB 1llne 11111t specified aitaia? 
Did the raolutian chec:k 11111t apec:ified crila'ia? 
Did the dcpadatjon chec:k melt spec:ifiedcriwia? 
Did the initial calibration meet specified criteria? 
Did lhe dailylconlinuing calibrations llllll specified criteria? 
Has an RF/'%RSD/%D beer hanck::almlalld'> 

QUAJ,ID'.CQNTRQL ANALYSIS 

Did lhe method blank and LCS meet 11111op1e criteria'? 

C9pognd Yu; 

Did lhe method blank and LCS meet intcmal lllndard lrilria? 
Did lhe LCS meet specified target analyte criteria? 
Did lhe LCS duplic::alc meet specified iarget analyte crilaia? 
Was the method blank tree of target analytcs? 

SAMPLEANALYS[S 

Did all samples meet sunogate c:ri1Cria" 
Did all samples meet internal IW!Clard criteria? 
Were all samples analyzed within approprialc cal/nme time" 
Did the MS/lvfSD meet specified critma'1 
Were all target an.alytcs within witn.uon range? 
Were lhe appropriate diluuons performed? 
Were lhe appropriate ran&l)'HS performed? 
Have all reported resuhs been confumcd? 
Have thr proper rq>anmg limitslanalytc lists been used? 

Metbm1; 

Tics; 

Primal)' QC 

Analysl Qemjst # 

_NA _NA 
_NA __ NA_ 

Figure 10-2. Example Technical; Review Checklist, Page 1 

Quality Au..-.ncc: Manascment Plan 
M•IOROUP\QAIQAMP\9107\SECTI0.9n 



C..,tdCKd,GE QBQANIZ4UQN 

Have all umpla been included in the data pacbp? 
Have all forms boc:n c:bccked for c:omct infannation? 
Are all required farms present in the da&a pa.ckage? 
Has the eltcfronjc file been gcnenled? 
If c:arrec:lions 'MR made, bu a new EDD been pncnled? 

Cbain-of-cullOdies 
TCLP/DJ WET mrac:aion shed 
usnctianlMIII 
Dry weigbt lop 
Example call:lllation \Wltksheet 
JnjlClion lop 
Standlrdslop 
GPC lop and UV 1r1ec c:hmmltograpbs 
Form Jl.1 (Surropse Rccowry Forms) 
Form ms (MS/MSD Recowry forms) 
Farm ms (LCS Recovery Forms) 
Form IVs (Mllhod Blalllt Fcrms) 
Form Vs (Tune Fanm) 
form VDis (ldtlrDl1 SUndlnl Fanna) 
FClffll la (Slmpl1 Data Penis) 
Are apec1ra included for all reportecl tar&Cl analytes? 
Are lplClla included far all npan,,d '11CI? 
Fann Xs (Pat/PCB Wcntifieation Farm) 
Form Vis (hwal Calibntion Farms) 
Are all iailial calilntians included? 
Arc all lCV calibntiom included? 
Form VUs (Cont. Calibratian FCIIIIIII) 
Are all daily calilntiam includld? 
Are all tune calilntiom included? 

l'"'~Vllls (Sequenc:eSammaryfCID) 
..,..... IXs (OPCJflorilil Farms) 

ERM DirectD,y:. ______________________ _ 

forms Filcnamc:. ___________ Genorued by:. _______ _ 

ln1ennedil.te Filename:. _____________________ _ 

NARRATMNQTES 

Primary Analyst· .. _---------- QC Cbanist: __________ _ 

EAL-001 
Section No.: 10 
Revision No.: 4 
Date: July 1997 
Page: J4 of 14 

_NA -:;u;;-

-:;u;:- ~ 
_NA __ NA_ 

Figure 10-2. Example Technical; Review Checklist, Page 2 
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11. THE CORRECTIVE ACTION PROCESS 

The Corrective Action Process is the laboratory's mechanism for identifying and solving 
nonconformance problems. The objective of the Com:ctive Action Process is to ensure that 
recognized nonconf(fflll!Dces in performance of any activity associated with laboratory processes 
lead to effective remedial measures, and the steps taken to comet an existing condition are 
documented to provide assurance that any deficiencies are recognized in later interpretation and 
are not recurrent. 

The steps comprising the Corrective Action Process and an example are listed in the table below: 

Corrective Action Steps Example 

1. Define the problem. LCS recoveries m GU1Side comol limils. 

2. Investigate. Analyst reviews nm data, includillg calibration and 4','INitarion. 

2. Determme the came. 1. Analyst finds LCS spike solution ii B mombs older !ban the atandard 
used to prepare lbe c:alibralicm allDdards. 

2. Analyst analyzes LCS atandard and finds recoveries a,ree with 
processed LCS. 

3. Develop a corrective I.Clion 1. lmmectiate Com:cave Action ii to prepare and verify a fresh LCS 
plan. &pike samdard for laboratory use. ml dilcard any remaining oJd 

IIIDdard. 
2. Laboratory Section Chief/Group leader reviews shelf life 

sequhemems and rmaes SOP to ensure lbat I.CS allDdard ii made at 
the am: fteql1eDcy U di: calibmiOD &tocb. 

3. Implement and document f,be Staff advised of cbqe in procedure and impJemenraoou. . 
conective I.Clion. 

4. FoUow-:-UJ> to verify tbat the SecrioD Chief verifies dllt l1lff ii following mw procedure, and 1bat the 
corrective action nas eliminated problem bas not noccuned. 
dle problem. 

s. Document process. All documemalion ffl to~ raolution i, maintame4 by tbe mu 
Section Chief. Revised OP cbansed procedure. 

In the example given above, the solution was straightforward; however, in many cases the solution 
takes some time to find. In cases where an investigation is underway, doromentafi.on of the 
noncomformancc and the Corrective Action contains a diso1ssinu of the status of the investigation. 
In addition, there may be instances where a nonconformance is investigated and there is no 
assignable cause after all quality control checks have been evaluated. In this case, the Corrective 
Action documentation should state and indicate that the laboratory wilt continue to observe the 
process to determine if the nonconfonnance was isolated or reoccurs. 

Qualiry Auulucir Manqaall Plan M:\GROUPIQA,OAMP\9707\Sl!CTI 1.ffl 



11.1 NONCONFORMANCES 

11.1.1 Defmition of Nonconformance 
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A nonconforming item or situation (EAL-SOP..072) is one that has the potential to affect the 
quality or quantity of data gc;nerated by the laboratory or the interpretation or use of the data by 
the client. These include: 

• Deviations or variances from the prescribed requirements in the QAMP, SOP, or Method SOP 
• Deviations or variances from the prescribed requirements in Quality Assurance Project Plan 

(QAPP) or Project Summary 
• Out-of-control laboratory performance quality control samples 
• Malfunctions of equipment or instruments; or any unusual occurrences or circumstances. 

Nonconfcm»a1'0$ may be identified at any point along the flow of samples and data through the 
laboratory. 

. 
~ 11.1.2 Classifications or Nonconformances 

Nonconformances are designated as CRITJCAL, MAJOR or MINOR, and are differentiated with 
respect to the impact on the quality of the sample data for its intended use. 

CRI11CAL nonconfonnm:es an: those that prevent the laboratory from initiating sample analysis. 
so that no results can be reported to the client. Generally, ' but not always, critical 
nonconformances are identified during sample receipt. 

MAJOR nonconformances are those that occur in the course of analysis and report generation 
which would affect the quality of reported results. Generally, but not always, major 
nonconformances are identified during sample analysis . 

MINOR nonconformances are those associated with failed laboratory method performance, but 
which do not affect the reportability or quality of client sample results. Minor nonconformances 
are addressed through the corrective action pr~; however, no client contact is required. 

11.2 NONCONFORMANCE AND CORRECTIVE ACTION DOCUMENTATION 

CRITICAL, MAJOR, and MINOR nonconfonnances are recorded and reported using EA 
Laboratories Laboratory Nonconformance Record (NCR). Each NCR has a unique control 

Qualiiy Aaurancc Mania- Plan M:\GROUP\QA\QAMP\9707\SEC'Tl 1.ffl 
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munber that is used to cross•reference the nonconformance and its resolution in instrument logs, 
Technical Data Review Forms. on control charts, etc. 

The NCR is a three-part form. After all the sections have been completed and signed, the top 
(white) copy is retained by the Quality Services Manager, the second (yellow) copy is given to 
the QC Chemist and put in the data package after the narrative has been written, and the third 
(pink) copy is maintained by the LPM in the project file. 

1be Nonconfonnance Record (NCR) form is divided into four sections: Nonconformance, LPM 
Review/Client Contact, Corrective Action, and Verification of Nonconformance and Corrective 
Action. 

Nonconformance: The person who identifies the nonconformance (the Originator) initiates the 
NCR by completing this section. ALL ITEMS MUST BB COMPLETED. A space for the date 
of the nonconfmmance is also provided. A checklist of typical nonconforming situations and their 
clmification is given, followed by space for a detailed description of the occurrence. The section 
is signed and dated by the originator and the QC Chemist and forwarded to the assigned 
Laboratory Project Manager (LPM) within 8 hours of the occurrence. · 

NONCONFORMANCE (EALeSOP-07: • 

ClienllSlaBOOMAAP Pnljaal• 123456.78 ...... Numller(a) 870023- 870030 

Parameter SNA I Mllhod3540/8270 Matrix SOIL EAL lllapoltNumbrlt' 970001 I DllledOcuNnce1/3197 

fAMPbli ftECEPT· cean• NUQR IHIYPIP6MJRlftN8X111 .. NMIN!A g; ¥¥Ni • .,,,.,.. lllll!'IE:·11! l0MfllR 
_ ~, ..... Clleill..,.-.ir _....,. 11111•111111101M1aN11111i1111lla ::x::--- - lllfllgl k lltW:ur _ 8IOl!aftor..._._. _ ..._...., 1s ,11, 1ClulllNNlllllilll,_ _...._ _....._,,a......_...T _ _ --.... .... ~wMSIMa:> _ ............... _11wa.eaw1 
- AliQullPI _ __, - ,_.,.a.illlt._...,_ _MSIMID -Weltlllll _c.i.rTu11 ....... 1Clllcll _ __.,_ _Dupi.- _ ......... ,....,. 
- 11111"'-nlluffllll■ MDIIII - ~c.lillnllllft 

. 
Dulcnplio,I: LCS recoveries below QC limits, ue dllched summary. surrogates in LCS and method 

blank are acceptable. 

tmfflli.-CcllllclMtAcllllll ..!,. .... RI.pr C II ,.-....... a.. ..... T-•MAJCIR 

- .. ,,...,.... ........ ,......,. ............ ,_.a1011 - .... ---....ou.illl ..... tlfflu•MAJOR 
- ..................... ..... OIMia.....,,_•MUaR 

- &lflllll■ RNulylll ... MaldintT-•WOI - .._ ........ O....HalllingT._,MA.10111 

~ Hugh N. Crier CIC a-.t Sue P. Erman I a. 113191 

FORWARD FORM TO LPM WTrHIN THE I fl.OUlt SHIFT Ill WHICH THE NOIICONFORIIAIICE OCCURS. 

LPM Review/Client Cont«t: Upon receipt of the ·NCR, the LPM reviews the nonconfonnance 
to determine if client contact is required. 

ALL CRJTICAL AND MAJOR NONCONFORMANCBS REQUIRE CLIENT CONTACT 
WITHIN 24 HOURS OF THE OCCURRENCE. 

Qualily Auu1aace ~ PIIII M:\GIIOUP\QA'4AMP\970'NECT1l.ffl 
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This turnaround is required in the event that the client decides on disposition of the affected 
samples which makes the initiated corrective action identified by the originator unnecessary. An 
exception to this requirement is where several analytical fractions are required for a set of 
samples. In that case, the LPM may choose to delay client contact until all NCRs have been 
submitted in order to deal with disposition of the samples eftlciendy. 

LPM REVIEW /CLIENT CONTACT 

..L, CLIENT CONTACT REOUlltE!' wrtHIN H HOURS • CRITICAL/MAJOR NONCONFORMAIICE fEAL-SONm) 

- CLIENT CONTACT NOT REQUIRED ·MINOR NONCOIIF01WAIIC (EAL4IOP-o71J 

ll'npac:t al No!ICOl1fonn91- an Sllmpla Rasulla 
.. 

s.we1.E BEliEleI • CRITICAL NPACT e,Hiilllli.E OPTIOtil 
- -

-••••---cac IApl Dllll■i~I-- ctDIIII .... eu.ar.t,--..IIDDlcunad__., ___ 
_ ...... 1 .. --. ................ c.i,, 11 _.,c:. .. Omlt .... ,_.Dllllllt...._ 
- c.lll"Tc.r+u ..... _... ...... ,_..., ........, ......... ~ Ollllt .... FafflDMla.t ........ 

Me:E ffllNMJIONIANA1:X§IS •IMJOR 

_..,..,..,...O...HllltilW1'111111 ......., • ......,.0w,_,_ MIIJDWIRlpoltDMlwllltO..cM ¥1 .......... 
_ ................... a.te .... 1'111111 ......., ......... c:.. ..... MIIJD•RlpoltO.wlltO: 1D1 r1 :,......_ - llllulhcialll---~ MMll0 .. ............ ··~-- .... ... , _,,...,_._.Q lltHI I 
_ Allalylll01111ideHelilllll1ilM ......,,.,.._C':elllslliM _ .-...,.. .. ......,.o..we0:sr lit: .... 

QCSAMf'Ll •IMJOR 

:x:..~-- O.AW-,••-.--•·- ...,._ .... ,<Wlll!Kllllllitl; ........ wllt ... Hlil I 

MCulSIC'flllll II iDllaftlaa .. llDllll,ellllilll- ~lslldl;.....,_ ... .-•• ra111, 

Resollltian par Clllnt Discusaed with Mr. Tom Thumb. ft was decided to report the results without re-extracting 
since the failed compounds are not chemicals of concern at the site, and the low 
recoveries do not impact the detection limits. No ....,...ction is required, and the narrative 
will indicate that this Is at the client's direction. 

LllbanlloryPnljacl ...... Happy N. Pleasant 1~113,497 

FORWARD FORM TO 8Ul'EIMSOlt /IMIEDIATEL YFOLLO- Ll'IIMVEWORCLIEIITIESoumoN. 

Corrtcti,e Action: The LPM is requin:d to forward the NCR to die section QC Chemist 
immediately following review or client resolution on the disposition of the sample results. The 
QC Chemist is responsible for initiating the Corrective Action Process. The NCR form lists the 
commonly observed general conective actions, and the appropriate one is checked. The 
Laboratory Group leader/Section Chief then completes the description of.the corrective action 
taken. Documentation must be attached to show what actions have been taken to resolve the 
problem (For example, data for verification of a standard, communications records if discussion 
with vendor are required, temperature logs if requind for process control, etc.). 

CORRECTIVE ACTION 

_ All palential w of emw .,.lulilld, Nt. wiglllllllll--.111111111ar'•'1 ,._.far-. NGOCIIIINlm . 
...L.. Root - Df no.wwwlfom•• found, cor,ectiw .ICtiaft lmplelMnlld. 
_ Nu.tco,11cM11wnc=- llflNlouslr ldenlified, ..onectiw .dlon ,._. ._ bNn lnllialed and an .-11'9111 Wt a ongoing. 
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Description LCS standard analyzed to verify accuracy. Concentrations of those compounds which were found to be below 
acceptance limits was below 80%. A new stock standard has been ordered from the vendor, and the shelf life 
criteria for the BNA standard used for LCS preparation has been reduced from S months to five. A revision to 
EAL-SOP-299 has been submitted to QS for processing. · 

QC Chemist Sue P. Erman I Section Chief Juana 8. Chief I Date 1/6/97 

Verijication of Nonconfonnance and Corrective Action: This section is signed and dated by the 
QSM to acknowledge the receipt of the Nonconfonnance Record. and verification of the status 
of the Corrective Action. 

VERIFICATION OF NONCONFORMANCE AND CORRECTIVE ACTION 

I QualltySemcesMllnager Harry D. Trainer 1 Dale 1/6197 

11.3 NONCONFORMANCES AND DATA USEABILITY 

EA Laboratories stated policy (EAL-SOP-305) appears in every Laboratory Analytical Data Report 
narrative (EAL-SOP-304): .A.II quality control criteria/or method pe,jormance must be met/or all 
target analytes for data to be reported These criteria generally apply to instrument tune, 

- calibration, method blanks. and Laboratory Control Samples (LCS). In some instances where method 
criteria/ail. useable data can be ob'lained and are reported with client approval. The narrative will 
then include a thorough discussion of the impact on data quality. 

The NCR must document the steps of the Corrective Action Process as described above. The end 
user of the data, not the laboratory, will evaluate uscability for the decision process. Laboratory 
input is important to assist the client in making a decision regarding the disposition of the affected 
data; however, that is a separate situation from the nonconfonnance and input can be given to the 
assigned LPM at the time of the OCCUll'CDCC. Such input is attached to the NCR. · 

11.4 CORRECTIVE ACTIONS REPORTS TO MANAGEMENT 

The Quality Services Manager provides the Laboratory Director, Section Chiefs and QC Chemists 
with monthly summary reports detailing QA activities during the month. The purpose of the 
monthly summary is to provide management with a tool for the identification of problem areas so 
that decisions can be made on ways to improve the Quality system and to prevent reoccurrences. 
These summary reports include: 

• Nonconf ormance Report Summary 
• SOP Status Summary 
• Method SOP Status Summary 
• Laboratory Data Repon Audit Summary 

Qualuy Auurancc ManqCIIIClll Plan M:\GROUP\QA\QAMP\9707\SECTI 1.977 
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• 
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Method Detection Limits Status Summary 
Certifications/Proficiency Expenditures Summary 

Quality Assurance MarlasCIIIClll Plan 
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Audits are systematic checks to determine the quality of operation of some activity or function. 
Audits are of two types: performance and system. 

12.1 PERFORMANCE AUDITS 

Performance audits are independent sample checks made by a section chief or auditor to arrive at 
a guantit,ative measure of the quality of the data produced by one section or the entire 
measurement process. Performance audits are conducted by introducing control samples. in 
addition to those used routinely. into the data production process. These control samples may 
include: performance evaluation samples of known concentrations; field samples spiked with 
known amounts of analyte; and split field samples that are analymi by two or more analysts 
within or without the organization. · 

The laboratory regularly participates in external performance audits as part of its laboratOij' 
certification efforts. Performance evaluation (PE) samples from the U.S. EPA water supply and 
water pollution studies are analyzed twice yearly for Maryland and any other state certification 

. program which requires participation. In addition, other states and agencies require the periodic 
· · analysis of their own PE samples. 

The results of performance audits are summarized and maintained by the laboratory QS manager 
and distributed to the section chiefs and QC Chemists who must investigate and respond to any 
results that are outside the control limits. 

12.2 SYSTEM AUDITS 

System audits are on-site qualitative inspections and reviews of the quality assurance system· used 
by some pan of or the entire measurement system. System audits are conducted by the corporate 
QA group with the assistance and involvement of field, laboratory, and project personnel. The 
audits are performed against a set of requirements, which may be a QA project or program plan, 
a standard method, or a project statement of work. A checklist is generally generated from the 
requirements and becomes the basis for the audit. The results of any deficiencies noted during 
the audit are summarized in a Audit Finding Report. Examples of an audit checklist and Audit 
Finding Report form are shown in Figures 12-1 and 12-2, respectively. 

12.3 RESPONSmILITY, AUTHORITY, AND TIMING 

The Quality Services Manager (QSM) is responsible for the conduct of all internal audits, which 
include system. performance, and data audits. Audits will be conducted at appropriate intervals 
for each operational and support, but at a minimum on an annual basis. Audits may be conducted 

Quiil)' Assurance ManqCIIIClll Plan M:\GROUP\QA\QAMP\9'707\SECTI2.977 



(.., 

EAL-001 
Section No.: 12 
Revision No.: 4 
Date: July 1997 

Page: 2 of 5 

more frequently for a specific task or activity. The QSM will keep on record a tentative schedule 
that details the number and types of audits, both scheduled and unscheduled, for the current year 
and a current list of the dates of completed audits. 

All audits may be conducted by teams that will consist of, at B minimum, an audit team leader and 
an auditor. The audit team leader will be responsible for all the activities of a specific audit 
including organization, implementation, completion, and reporting. The audit team may also 
include a technical assistant who will provide technical expertise and assistance to the team on a 
specific task or function. Members of the auditing team will have auditing experience or will be 
trained in the use of the auditing procedures. 

Specific audits will be planned, organimt, and clearly defined before they are initiated. 
Procedures for the auditing activities will be identified prior to implementation of the audit, and 
will be designed to meet all requirements for the specific audit. In general, auditors will identify 
nonconformances or deficiencies, report and document them, initiate corrective action through 
appropriate channels, and follow up with a compliance review. 

12.4 DOCUMENTATION 

To ensure that the previously defined scope of the individual audits is accomplished and that the 
audits follow established procedures, a checklist will be completed during each audit. The 
checklist will detail the activities to be executed and ensure that the auditing plan is accurate. 
Audit checklists will be prepared in .advance and will be available for review. At a minimum, the 
checklist will allow space for the following information: • 

• date and type of audit 
• name and title of auditor 
• description of group, task or facility being audited 
• names of lead technical personnel present at audit 
• checklist of audit items according to scope of audit 
• deficiencies or nonconforrnances 

Following each system, performance and data audit, the QSM will prepare a report to document 
the findings of the specific audit. The report is· submitted to the Director. EA Laboratories; 
Director, Corporate Quality Assurance; and the Section Chief and QC Chemist of the audited 
group to ensure that objectives of the QA program are met. In general, the format of the audit 
quality assurance reports will consist, at a minimum, of the following: 

• description and date of audit; 
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summary of findings of the audit including any nonconformance or deficiencies; 

date of report and appropriate signatures; and 

description of corrective actions 

A copy of the signed and dated report for each audit will be maintained by the QSM, and will also 
be place in project files, as necessary. 
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EA LABORATORIES INSPECTION CHECKLIST 

DMSION/AREA;.· _________ PROJECT/PROGRAM: _____ _ 

AUDIT NUMBER: AUDIT ANDING REPORT: ___ _ 

Q.A. AUDITOR: DATE: _________ _ 

Nf•• 

1. Standard n-n,in• Procedures 

a. Date/Revision No. of -licable SOPs 

b. I"___,, of SOPC1> -• in wort ara 

c. SOPCsl ban .,,_ Ii.........,,. 111d are cumm1 

d. Penonnel a'lll'ffl!MIS or SOPls\ -•iranems 

2 .............. 

a. Personnel 1wa11111C11 of-t _,,;rcnenu 

b. Are~ 11roioc:ot -uiremalll hto!ifte folloMd? 

3. l=lllHIIIIN!nt lteconls 

a. An ............,.llilmnlmcnt SOPlsl available for-....., 

b. h user aware or SOPCs\'? 

c. Is die --....cna1insuufflall IIJIDml In die wort era? 

d. lslbm:u' u., ........ , 
c. Where arc maimenanc:e/serviee nards widl -•l -lacenlcat mmibcrs 1-, An thf!v cumnt? 

f. Wherc are calibration, llllldlrdimion · 111d clania• Namts bm? An 111ft Cllfflllll? 

4. p-1 .. r--... 

a. Is the ..-;"' clolllina _,uil'III for .._ ollll:TYal ...._ 11-iv worn? 

5. Dala Records 

a. Arr IIUMl'\lilor's sil!natureS 11,-i wi- Nfflrilwl? 

b. Arc dlll __ ... ncordld in ink? On 1111 -
c. Are m-or comclions fllldc bv a mn•te liDe in ink widl dllC initials and -lamdon? 

d Are all blanks filled in? 

YD 
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•COMMENTS 

HO NIA 

Figure 12-1. Example of an Audit Checklist. 
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Finding Report 
Sparks, M-vtand 21152 
(4101 771-4920 

AUDITOR 
SIGNATURE DAffl 

INOIVIOUAL CONTACTS> 

COMPLETED BY AUDITOR 

fll!QIJIIIEMENTS 

Nl0ING 

IIECOMMENDID CORRECTIVE ACTION 

~ 

SCHEDULED ll&l'ONSE OATE 

EA Laboratories 
1 9 Loveton Circle 

AUOIT NUMBER 
~ 

AMA 

COMPUTED BY AUDITED ORGANIZA110N 

COMECTIVE ACTION 

DATE &uaMITTID IV 

COMPLETED BY AUDn-oR 

DATE IIESl'ONSE flECIIVED AUDITOR 

llfASON FOii 11£.JECTION 

AFII VfRIFICA TION 

'OAT£ VEIIIF1£0 AUOITOII SIGNATURE 

·. 
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AUDIT FINDING NUMISI AUDIT DATE 

MOJECTIPROGIIAM NUMIIR 

-1"0•-LE FOIi COIIIIICTIVE ACTION 

~GBdNT APPflOVAL 

IIESl'ONSEACCll'TAILE YES NO 

DOCUMENT USED FOR CLOSE OUT CLOSED DATE 

Figure 12-2. Audit Finding Report Form 
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Analytical Duplicate: Two aliquots of a processed sample that are analyzed in the -same manner. 
Used to monitor the precision of the analysis system for the processed matrix. 

Analytical Spike: An aliquot of a processed sample to which a known amount of analyte is added 
prior to analysis. Used to determined whether the analysis system is in control when a matrix 
spike is outside its limits. 

Ba.u;h: A group of samples that are prepared or analyzed together with the same method sequence 
and the same lots of tea.gents and with the manipulations common to each sample within the same 
time period or in continuous sequential time periods. 

Calihn.tion Blank: An organic or aqueous solution that contains all the reagents ind solvents in 
the same proportions as those used to prepare the calibration standards. 

Calibration Check Compounds (CCC): Target compounds used to evaluate the calibration stability 
of a GC/MS system. 

-· Calibration Standard: A material of known concentration or composition used to establish the 
concentration-response relationship. It is usually not processed through the whole analytical 
scheme. 

Ca,libration Verification Solution: A standard. solution, prepared independently of the calibration 
standards, used to verify calibration. Also called reference standard, check standard, and quality 
control sample. 

Continuin& Calibration Verification (CCV): The periodic analysis of the calibration verification 
solution during the analytical nm. 

Data Validation: Data validation is a systematic process of reviewing data against a set of criteria 
to identify outliers or errors and to delete suspect values or to flag them for the user. 

Diption Blank: A specific type of method blank (q.v.); sometimes 1JSed instead of method blank 
when the sample preparation procedure involves a ~igestion. 

Extraction Blank: A specific type of method blank (q.v.); sometimes used instead of method 
blank when the sample preparation procedure involves an extraction. 

Field Sample: A representative sample of any material collected from any source and submitted 
to the laboratory for analysis. Also called an environmental sample. 
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HoldinK Blank: Laboratory pure water stored alongside a set of samples in the same kind of 
sample container; nonnally used only for samples destined for detennination of volatile organics. 

Initial Calibration Verification (ICV): The analysis of the calibration verification solution 
immediately after calibration. 

Laboratozy Control Sample:- An aqueous or solid control sample of known composition, which 
is analyzed using the same sample preparation, reagents, and analytical methods employed for 
field samples. Used to demonstrate whether the sample preparation and analysis steps are in 
control, apart from sample matrix effects. Also called spilced method blank and laboratory 
fortified blank. 

Mattix Spike: A subsample of a field sample to which is added a known amount of analyte(s) 
before sample preparation and analysis. Indicates the performance of the entire method in the 
given matrix by measuring recovery. Also called a method spike. 

Matrix Spike Duplicate: A second aliquot of the same sample as that used for the matrix spike 
that is also spiked. 

Method Blank: A volume of deionized laboratory water for water samples or a purified solid 
matrix for soil/sediment samples that is carried through the entire sample preparation and analysis 
scheme as if it were a field sample. Used to monitor interferences caused by contaminants in 
solvents, reagents, glassware, and other sample processing hardware. Also called reagent blank 
and preparation blank. 

Method Duplicate: A pair of subsamples from a field sample taken through the entire preparation 
and analysis scheme. Indicates the performance of the entire method in the given matrix by 
measuring the precision. 

Perfonnance Evaluation Sample: A reference material, the analyte concentrations of which are 
unknown to the analysts, that is used as pan of an external or internal perfonnance audit. Also 
called single blind sample. 

Processed Sample: A sample that bas been carri~ through the sample preparadon steps of a 
method. 

System Perfonnance Check Compounds (SPCC): Target compounds designated to monitor 
chromatographic perfonnance, sensitivity, and compound instability or degradadon. 

Surrazatc;: An organic compound that is similar to the analytes of interest in chemical 
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composition, extraction, and chromatography, but not nonnally found in environmental samples. 
Used to monitor preparation and analysis of samples. 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES la) 

Parameter Units 

Explosives - nitroaromatics (SW846 8330 revision I/salting out, Dec 1990) 
HMX ug~ 
RDX ug~ 
135TNB ug~ 
I3DNB ug~ 
NB ug~ 
TETRYL ug~ 
246TNT ug~ 
26DNT ug~ 
24DNT ug~ 
4amDNT ua/1. 
2amDNT uga 
2NT uga 
4NT ua/1. 
3NT uga 
PETN uga 
NG uga 

Herbicides GC/ECD - chlorinated compounds (SW846 8150) 
Dicamba u,a 
Dalapon u,a 
MCPP uga 
MCPA u,a 
Dicbloroprop uga 
2,4-D u,a 
2,4.S-TP u,a 
2,4.S-T uga 
2,4-DB uga 
Dinoscb uga 

Reporting Limit 

0.50 
0.50 
0.25 
0.25 
0.25 
0.75 
0.50 
0.50 
0.25 
0.50 
0.50 
o.so 
0.50 
0.50 
2.0 
2.0 

2.7 
58 

1900 
2500 

6.5 
12 
1.7 
2.0 
9.1 
2.0 

Herbicides GC/ECD - chlorinated compounds (SW846 8150) - Appendix IX compounds 
2.4-D uga 12 
2,4,5-TP ua/1. 1.7 
2,4,5-T uga 2.0 

Herbicides GC/ECD - chlorinated compounds (SW846 8150) - Appendix ll compouncb 
2,4-D uga 12 
2.4,5-TP ua/1. 1.7 
2,4,5-T uga 2.0 

Pesticides and PCBs GC/ECD - orpnocblorine compounds (SW846 8080, EPA 8) 
Aldrin ua/L 
a.-BHC ug/L 
~-BHC ug/L 
6-BHC ua/L 
y-BHC (I .indane) q/L 
a-Chlordane ug/L 
-y-Chlordane uaJL 
Chlordane-Technical u,/L 

0.05 
0.0S 
0.05 
0.05 
0.05 
0.05 
0.05 
1.0 

ta) EA LlboralOrils Ills llllblilllod R,poni,,J Lillfia (Ru) 11 llbanlory qnanrilaaiaa lewls. 11lne .. dla miniaalm COIIClllll'llia ID be reponecS 
for routine labora,ry analyses in dean &llh'iloamemal lllllrices. The RLs ve values believed to provide greaser dlan SOI pn,bability of avaidillg a 
false neptive. 
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Parameter 

4,4'-DDD 
4,4'-DDE 
4.4'-DDT 
Dieldrin 
Eadosulfan I 
EadosulfmD 
EndosulfaD au1fare 
EadriD 
EadriD aldehyde 
Eadrin ketOllc 
Hcptaeblor 
Hcpiacblor epoxide 
Merhoxycblor 
Toxapbene 
Aroclor 1016 
Aloclor1221 
Aroclor 1232 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 

EA LA.BORA TORIES 

REPORTING LIMITS FOR WATER SAMPLES"' 

Units 

u,/L 
ug/L 
ug/L 
ug/L 
ug/L 
UJ/L 
ug/L 
ug/L 
UJ/L 
ua/L 
ug/L 
ua/L 
111/L 
ug/L 
ug/L 

ua/L 
111/L 
ug/L 
111/L 
ua/L 
ua/L 

Rcponing Limit 

0.10 
0.10 
0.10 
0.10 
o.os 
0.10 
0.10 
0.10 
0.10 
0.10 
o.os 
o.os 
o.s 
5.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 

•• Pesticides and PCBs GC/ECD -~ campoaam (SWM6 INO) • Appendix IX compoaam 
AldriD 
c-BHC 
(S-BHC 
6-BHC 
y-BHC (I indarte) 
Clllordw-Tecbmcal 
4,4"-DDD 
4,4'-DDE 
4,4'-DDT 
Die1drin 
Eadosulfan I 
EadosulfanD 
Eadosulfan sulfate 
Endrin 
Endrin aldehyde 
Heptaeblor 
Hcp&acblor epoxide 
Methoxycblor 
Toxapbme 
Aroclor 1016 
Aroclor 1221 
Aroclor 1232 
Aroc:lor 1242 
Aroc:lor 1248 
Aroclor 1254 
Aroclor 1260 

ug/L 
ug/L 
ug/L 
111/L 
ua/L 
ua/L 
UIIL 
ua/L 
ua/L 
ug/L 
ug/L 
ug/L 
ug/L 

ua/L 
ug/L 
ug/L 
111/L 
111/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
111/L 
u,/L 

o.os 
o.os 
o.os 
o.os 
o.os 
1.0 
0.10 
0.10 
0.10 
0.10 
o.os 
0.10 
0.10 
0.10 
0.10 
o.os 
o.os 
o.s 
5.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 

(a) EA Labonllaries IIU lllllblisbld Rlponi111 Limla (RLs) u llbormy tplnamian ltnls. Tbae n die adaiam CIOIM tlWllioiil ID be npClllld 
for l'IIUlille labantory 11111)'111 in cla. llft'in••- ..... Tbe lU.I are Yllaes lleliev9II ID pnwide .... 111111 sos pnlblbilll)' of naidill a 
false aeptive. 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES 111 

Parameter Units Reponing Umit 

Pesticides and PCBs GC/ECD • organocblorine compounds (SW846 8080) • Appendix II compo1D1ds 
Aldrin ug/L 0.0S 
a-BHC us/L 0.05 
P-BHC ua/L 0.0S 
6-BHC ug/L 0.0S 
y-BHC (l..i.nda=) ua/L 0.05 
Chlordane-Technical ug/L 1.0 
4.4'-DDD ua/L 0.10 
4,4'-DDE ug/L 0.10 
4,4'-DDT ug/L 0.10 
Dicldrin ug/L 0.10 
Endosulfan I ua/L 0.0S 
Endosulfan U ua/L 0.10 
Endosulfan sulfate ug/L 0.10 
Endrin ug/L 0.10 
Endrin aldehyde ug/L 0.10 
Hcpiachlor u,/L 0.OS 
Hcptacblor cpoxide ug/L 0.OS 
Methoxychlor u,/L O.S 
Toxaphene ug/L 5.0 
Aroclor 1016 ug/L 1.0 
Aroclor 1221 ua/L 2.0 
Aroclor 1232 ug/L 1.0 
Aroclor 1242 ug/L 1.0 
Aroclor 1248 ug/L 1.0 
Aroclor 1254 ug/L 1.0 
Aroclor 1260 ug/L 1.0 

Pesticides GC/NPD • orpnopbaspborus compounck (SWl46 81,iO) 
Azinphos mclhyl 
Bolstar 
Chlorpyrifos (Dursban) 
Coumapbos 
Dcmeton (-0 & -S) 
Dim.non 
Dichlorvos 
Disulfoton 
Ethoprop 
Fcnsulfotbion 
Fenthion 
Merpbos 
Mevinpbos 
Nalcd 
Methyl Parathion 
Phorate 
Ronncl 
Stirphos 
Tokutbion 
Trichloronatc 

ug/L 
ug/L 
ug/L 

ua/L 
ua/L 
ug/L 
ug/L 
ug/L 
u,/L 
ua/L 
u,/L 
ug/L 
ug/L 
111/L 
UJ/L 
ug/L 
111/L 
ug/L 
ug/L 

ua/L 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

(a) EA Llboralories bu eacablilbld R,ponilfl Lhnill (JU.I) IS laboralory 1p1......, levels. 1'bll1 are .. millimnm COIDUll'mClbi ,-, bl npana4 
for rauune laboralory aml)'ln in clan IDYironmemll llllll'ica. Tbe ILi 11'1 Y111m bllilwd to provide ....... 111aD 50S prablbillly of &Wlidm, a 
false neptive. 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES 1111 

Parameter 

Pesticides GC • thiocarbamate (EPA 634) 

EPTC 
Butylatc 
Vemolatc 
Pcbulatc 
Molinate 
CycJoatc 

Units 

ug/1. 
ug/L 
ug/L 
ug/L 
ug/L 
ua/L 

Semivolatile organics GC/ECD -pbtbalate esters (SW846 8060, EPA 606) 
Bis (2-ethylhexyJ) pbtbalate ug/L 
Butylbenzylpbthalate ua/L 
Diethyl pbtbalatc ug/L 
Dimethyl pbtbalatc ug/L 
Di-n-butyl phthalatc ug/L 
Di-D-octyl pbtbaJatc ua/L 

SemivoJatile orpnlcs GC/ECD - cblorlaated compomads (SW846 1120, EPA ,12) 
2-ChlorouapbthaJene ua/L 
1.2-DichtorobemeDe ug/L 
1.].DichtorobemeDe u,/L 
1.4-DicblorobemeDe ug/L 
Hmcblorobenzcllle u,/L 
Hcucblorobuiadicne ua/L 
Heucblorocyclopemadiene ug/L 
Hcxacbloroethane ug/L 
1.2.4-Tricblorobemene ug/L 

SemivoJatile orpnlcs GC/FID • PAIis (SW846 8100, EPA ,10) 
Aceoapbthene 
Aceoaphthylenc 
Anthracene 
Bcmo(a)ambracene 
Bcmo(b]fluorambenc 
Benzo(k)fluorambene 
Bemo[a)pyrene 
Bem:o(gbi)perylenc 
Cbryscne 
Dibenzo[a.b)anthraceDe 
Fluoranthcne 
Fluorene 
lndeno[l.2.3-cd]pyrene 
Naphthalene 
Phenantbrcnc 
Pyrcne 

ua/L 
111/L 
ua/L 
ug/L 
111/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ua/L 
ug/L 
ug/L 
ug/L 
ug/L 

Semivolatlle organics GC/MS-(SW846 8270, EPA 625) 
Accnapbthene ug/L 
Accnaphthylcne ug/L 
Aniline ug/L 

Reporting Limit 

1.0 
1.0 
2.0 
1.0 
1.0 
2.0 

5.0 
o.s 
0.5 
0.5 
0.5 
s.o 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

10 
10 
10 

(al EA Laboratories bas euablished kponing Limits (RLs) u laborarory quamiwion leYels. These lff r:111' minimum~ co be rq,oned 
for routine laboralDry analyses in dean environmemal lllllrices. The JU.s are Yllues believed ro provide parer dlan 501 probability of avoidiJla a 
false negative. 
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Parameter 

AntbraceDe 
Benzidine 
Bemo[a]amhraccnc 
Benzo[b]fiuorantbene 
Bemo[lc]fluoranthene 
Bemo[a)pyrcne 
Benzo(abl1perylene 
Benzoic acid 
Benzyl alcohol 
Bis(2-cbloroethyl) ether 
Bis(2-chloroethoxy)metbane 
Bis(2-c:thylbexyl) pbdlalatc 
Bis(2-cbloroisopropyl) erbcr 
4-Bromophenyl phenyl ether 
Butylbemylphtbalate 
Carbazole 
4-Chll\l'OllriHne 
4-Chloro--3-mcthylpbenol 
2-ChlonmapbtbaJeae 
2-Chlorophenol 
4-Clllorophcnyl phenyl ether 
Chrysene 
Cycloheunone 
Dibenz[aJl]ambracenc 
Dibemofuran 
Di-n-butyl phthalate 
1.2-Dicblorobemcnc 
1.3-Dicblorobemeae 
1,4-Dichlorobemcnc 
3.3 '•Dichlorobemidine 
2.4-Dichlorophenol 
Diethyl pbthalate 
2,4-Dimethylphenol 
Dimethyl phthalate 
2,4-Dinitrophcnol 
2,4-Diniuotolucne 
2,6-Dinitrotoluene 
1.2-Diphenylbydrazine 
Di-n-octyl phthalate 
Fluorambene 
Fluorene 
Hexachlorobemcnc 
Hexachlorobutadiene 
Hexachlorocyclopemadiene 
Hexachloroethane 
lndeno[l .2,3-cd]pyrene 
lsophorone 
2-Methyl-4.6-dinitrophenol 
2•Methylnapbtbalenc 

EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES 1o1 

Units 

111/L 
q/L 
111/L 
ua/L 
111/L 
111/L 
1JI/L 
111/L 
111/L 
q/L 
q/L 
111/L 
ualL 
111/L 
111/L 
ua/L 
q/L 
ua/L 
ualL 
u,/L 
111/L 
q/L 
1JI/L 
ua/L 
ualL 
ualL 
ua/L 
ualL 
ua/L 
ua/L 
q/L 
q/L 
1JI/L 
ualL 
ualL 
ua/L 
ua/L 
ua/L 
1JI/L 
ua/L 
ua/L 
ug/L 
ua/L 
ug/L 
ua/L 
ua/L 
ua/L 
1JI/L 
1JI/L 

Reporting Limit 

10 
so 
10 
10 
10 
10 
10 
so 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
JO 
10 
10 
10 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
50 
10 

(a) EA Labonlories bu establisblll Rqonini Limits (JU.I) as 1abonrory quanlilatklll le¥els. 111esa • dlr mjttiapn rm.lliont • be nporlld 
for raulille labaralory wlysea in clan tn¥iromaaral lllllrica. Tbe JU.a 111 Yllues llllinal ID pn,¥idl ...-1111115H pnlblbili1y cl avoiding a 
falseaeptivc. 
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Parameter 

2•Mcthylphenol 
4-Mctbylphcnol 
Naphthalene 
2-Nitroaoiliae 
3-NitroaaiJiae 
4--Nitrnaailinc 
Nitrobcmcne 
2-Nitrophcnol 
4-N'ltrophcno) 
N-Nilrosodiphcnylamine 
N-Nitrosodimctbylamine 
N-NitroscH.ti-n-propyJa:minc 
Pemacblorophcnol 
Phenanthrcnc 
Phenol 
Pyrdinc 
Pyrene 
1.2.4--Tricblorobemenc 
2.4.5-TricbloropbcDol 
2.4.6-TricblorophcDOl 

EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES w 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ua/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

Semivolatile orpnics GC/MS - (SWM6 8270) -Appendix IX compounds 
•. Acenaplnbene ug/L 

Acenapbthylcne ug/L 
Aeetophenone ug/L 
2-AcctylaminofluoRS ug/L 
4-Aminobiphcnyl ug/L 
Anilim ug/L 
AmhraceDc ug/L 
Arami'le ug/L 
Bemo[a]ambracene ug/L 
Bemo[b]ftuorandlene ug/L 
Bemo[k]fluorambene ug/L 
Bemo[a]pyrenc ug/L 
Bcnzo[ahi]perylcnc ug/L 
Bcnzyl alcohol ug/L 
Bis(2-chlorocthyl) ether ug/L 
Bis(2-chlorocthoxy)rnetbam: ug/L 
Bis(2-chloro-1-methylcthyl)ether ug/L 
Bis(2-cthylbexyl) pblbala1e ug/L 
4-Bromophcnyl phenyl ether ug/L 
Butylbenzylpbthalate ug/L 
4-Chloroanilinc ug/L 
Chlorobenzilate ug/L 
4-Chloro-3-methylphenol ug/L 
2-Chloronapbthalene ug/L 
2-Chlorophenol ug/L 
4-Chlorophcnyl phenyl ether ug/L 
Chryscne ug/L 

Reporting Limil 

10 
10 
10 
so 
50 
50 
10 
10 
so 
10 
10 
10 
50 
10 
10 
10 
10 
10 
50 
10 

10 
10 
10 
20 
20 
10 
10 
20 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10· 
10 
10 
10 
10 
10 
10 
10 
10 

(1) EA Laboralorifi bas fillbhsbed tupon;ng Luriiu {IU.s) IS labor'&IOI')' quantilllion levels. These ll'C the minimum CGIICCDll'llioo IO be npon,:d 
for rtJUtine 1abonrory ualyscs in dean environmemal atrices. The JU.a are '\'Imes believed to provide Irater dlan 501 probabili1y of avaidilll a 
false neptive. 
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. .. 

EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES 111 

Parameter 

m-Cresol 
o-Cresol 
p-Cresol 
Diallate 
Dibenz(a.h)ambracene 
Dibenzofilran 
Di-n-butyl ph1halate 
1.2-Dichlorobemene 
1.3-Dichlorobemene 
1,4-Dichlorobemene 
3 ,3 '-Dichlorobenzidine 
2.4-Dicblorophenol 
2,6-Dichlorophenol 
Diedlyl phtbaJare 
Dimetboate 
p-(Dimetbylamino)azobc:DzeDc 
7 ,12-Dimelhylbem(a)ambracene 
3.3 '-Dimelhylbemidine 
a.a-Dimethylphcnctbylaminc 
2,4-Dimetbylpbcnol 
Dimethyl phlbalare 
m-DiDhrobem.ene 
4,6-Dinitro-o-cresol 
2,4-Diniuophenol 
2,4-Dinitrotoluenc 
2,6-Dinit:rotoluene 
Di-n-octyl phlbaJare 
Dinoseb 
1,4-Dioxane 
DiphenylamiDe 
Disulfoton 
Ethyl metbanesulfonare 
Fampbur 
Fluorambenc 
Fluorene 
Heuchlorobenzene 
Hcxacblorobutadicne 
Hcxacblorocyclopcmadiene 
Hcxac:hloroedlanc 
Hexac:blorophcnc 
Hexacbloropropenc 
lndcno( 1.2,:kd]pyrenc 
lsodrin 
lsophorone 
Isosafrole 
Keponc 
Mcthapyrilene 
3-Mcthylcbolamhrcoe 
Methyl mctbancsulfonate 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
111/L 
ug/L 
111/L 
ug/L 
ug/L 
111/L 
ua/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
111/L 
111/L 
ug/L 
ua/L 
uaJL 
uaJL 
ug/L 
uaJL 
111/L 
ug/L 
ug/L 
ug/L 
111/L 
111/L 
uatL 
111/L 
ualL 
ua/L 
ua/L 
111/L 
111/L 
u,/L 
u,/L 
u,/L 

Reporting Limit 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
20 
10 
10 
10 
10 
10 
10 
20 
50 
50 
10 
10 
10 
20 
20 
10 
10 
20 
20 
10 
10 
10 
10 
10 
10 
50 
10 
10 
20 
10 
10 
20 

100 
10 
10 

(a) EA Labonlories 1115 esllblished ICl!ponin, lJIIIIU (RLa) u llbaralory .. NiWioo 1-.vtls. Tbae 11'1 die milliam CXIIICMll&iuai ., be nponal 
for routine laboralory analyses ill clan awiroamaa1 marriccs. TIIC ltLs arc talUI$ believed IO provide pealCf 1ban SOI prababilily of avoiding a 
falsenep1ive. 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES 1111 

Parameter Units 

2-Metbylnaphthalcne ualL 
Methyl parathion ug/L 
Naphthalene ug/L 
1,4-Naphtboquinooe uslL 
1-Napbtbylamine ug/L 
2-Napbtbylamine uslL 
2-NiffflNPJine uslL 
3-NiffflNPJine ug/L 
4-NirroaniJine ug/L 
Niuobeazcae ug/L 

2-Niuophenol ug/L 

4-Nittophenol ug/L 
4-NhroquiDoline 1-oxide ug/L 
N-Niuosodi-n-butylamine ug/L 
N-Niuosodietbylami:ac ug/L 
N-Nittosodipbenylamine ug/L 
N-Nitrosodimetbylamine ug/L 
N-Niuoso-di-n-propylamine ug/L 
N-Nittosomedlyletbylamine uaJL 
N-NitroSOSmOrpholine uaJL 
N-NitrosopipcridiDc ug/L 
N-NitrosOpynOliclin 1l8IL 
N-Niuo-o-toluidine ug/L 
Parathion ug/L 
Pcmacblorobemene u,/L 
Pcmacbloronitrobenzene u,/L 
Pcntachlorophcool ug/L 
Pbcnacelin u,/L 
Pbenambrenc u,/L 
Phenol u,/L 
p-Pbenylenedianrine ug/L 
Pborate ug/L 
2-Picoline ug/L 
Pronamide us/L 
Pyrdine u,/L 
PYrene ug/L 
Safrole uslL 
Sulfotepp ug/L 
1.2.4.S-Teuachlorobenzenc ug/L 
2,3.4,6-Teuacblorophenol ug/L 
Thionazin ug/L 
o-Toluidine ug/L 
1.2,4-Tricblorobemcoe ug/L 
2,4,S-Tricblorophcool ug/L 
2,4,6-Tricbloropbenol ug/L 
o,o,o-Trietbylphospborodlioarc 1111I.. 
1.3 .S-Trinitrobenzeoe u,/L 

Semivolatile organics GCJMS - (SW846 8278) -Appendix ll campounds 

Reponin& Limit 

10 
10 
10 
10 
10 
10 
so 
so 
so 
10 
10 
so 
40 
10 
20 
10 
10 
10 
10 
10 
20 
40 • 
10 
10 
10 
20 
so 
20 
10 
JO 
10 
JO 
10 
JO 
JO 
10 
10 
40 
10 
JO 
20 
JO 
JO 
so 
10 
10 
10 

(I) EA Laboraulria bas ISClblisbed ..,,.,,, Limits (IU.s) as labon&ory qu11•ililion llwls. T1lese • 1111 ainialm ___,._•lie llpDrlld 
for IIIUlifte laboratory lllilytel ia clan eavirlllmlelal ..... 'l1le JU.I ut walw bllinld to pn,vide,.... 1111115015 prablbiUly of uoidilil a 
falseaepiive. 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES .. , 

Parameter 

Accnaphthene 
Accnaphthylene 
Acetophenone 
2-Acetylaminofluorene 
4--Aminobipbcnyl 
Anthracene 
Benzo[a]anthracene 
Bcnzo[b )fluorantbenc 
Bcnzo[k]fluorantbcne 
Benzo[a]pyrcne 
Benzo[ghi)pcrylene 
Bcnzyl alcohol 
Bis(2-cltloroethyl) ether 
Bis(2--chluroethoxy)methane 
Bis(2--chloro--1 •mcthylethyl)etber 
Bis(2.ethylhexyl) plubalatc 
4--Bromophenylphenylether 
Butylbenzylphthalatc 
4-Chloroanilinc 
Cblorobcnzilatc 
4--Chloro.3-methylpbcnol 
2-Cbloronapbtbalcnc 
2-Cbloropbcnol 
4--Chlorophcnyl phenyl ether 
Chrysene 
m-Cresol 
o--Cresol 
p-Cresol 
Diallate 
Dibcnz[a.b]anthracene 
Dibcnzofuran 
Di-n-butyl phthalate 
1 ;J.-Dichlorobenzene 
1.3-Dichlorobcnzcnc 
1 .4-Dichlorobcnzcnc 
3 .3 '-Dichlorobcnzidinc 
2,4--Dichloropbcnol 
2,6-Dicbloropbcnol 
Diethyl phtbalatc 
Dimethoatc 
p-(Dimcthylamino)azobenzene 
7, 12-Dimethylbcnz(a)anthraccnc 
3 ,3 '-Dimethylbcnzidine 
2,4-Dimethylphenol 
Dimethyl phthalate 
m-Diniuobenzcne 
4,6-Dinitro-o--cresol 
2.4-Dinitrophenol 
2,4--Dinitrotolucne 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

ua/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
lJI/L 
111/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
u,/L 
ug/L 
ug/L 
ug/L 
ua/L 
ug/L 
ug/L 
ua/L 
ua/L 
ug/L 
ug/L 

ua/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

Reponing Limit 

10 
10 
10 
20 
20 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
20 
10 
10 
10 
10 
10 
20 
50 
so 
10 

(al EA Laboralorics bas esllblished kponillg limils (IU..s) as laboralory quamilltion levels. These are cbe minimum concemrations to be rcponed 
for routine laborauiry analyses in clean enviromnenw matrices. The RLs IJ'I! values believed to provide greaier than 50$ probability of avoidinB a 
false negative. 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES'"' 

Parameter Units Reporting Limit 

2.6-Dinitrotoluene ug/L 10 

Di-n-octyl phthalatc ug/L 10 

Dinoseb ug/L 20 

Diphcnylamine ua/L 10 
Disulfoton u,/L 10 

EtbyJ metbanesulfonatc ug/L 20 
Famphur ug/L 20 
Fluoramhene ug/L 10 
Fluorene ug/L 10 
Hexachlorobemcne ua/L 10 
Hexacblorobutadiene ua/L 10 
Hcxacblorocyclopcm:adiene ug/L 10 
Hc:uchloroctbane ug/L 10 
Hcxacbloropropene u,/L 10 
JndeDo[l,,2,3-ed]pyrene u,/L 10 
lloclriD va/L 20 
Jsophorone u,/L 10 
lsosafrole u,/L 10 
Kq,onc u,/L 20 
Mctbapyrilene u,/L 100 
3-Metbylcholambrene u,/L 10 
Methyl metbaDcsu1fonat va/L 10 
2-Methylnaphtbalene u,/L 10 
Methyl parathion ua/L 10 
Naphthalene u,/L 10 
1.4-Napbthoquinonc u,/L 10 
1-Naphthylaminc u,/L 10 
2-Naphthylamine va/L 10 
2-Niuou,iline va/L so 
3-Nitroaniline va/L so 
4-Nitroaniline va/L so 
Nitrobenzene u,/L 10 
2-Nitrophcnol ug/L 10 
4-NittophenoJ u,/L so 
N-Nitrosodi-n-butylaminc u,/L 10 
N-Nitrosodietbylamine ug/L 20 
N-Nitrosodiphenylamine u,/L 10 
N-Nitrosodimethylamine u,/L 10 
N-Nitroso-di-n-propylamine ug/L 10 
N-NitrosometbyJctbylaminc u,/L 10 
N• Nitrosopiperidine ug/L 20 
N-Niuosopyrrolidine ug/L 40 
N-N itro-o-toluidinc ug/L 10 
Parathion ug/L 10 
Pcntachlorobenzenc ug/L 10 
Pcmachloronitrobcnzene ug/L 20 
Pcmachlorophcnol ug/L 50 
Phenacetin ug/L 20 
Phenanthrene ug/L IO 

(a) £A Laboratories bas esiablisbed Rlponing Limits (R.Ls) u laborl1ory quantitllion levels. These an di,, minimum C\ODCelllrl1ioa to be nponed 
for routine llboralory analyses in dean CIIYirtlmneaW lllllrices. Tbe RLs are values belicYecl to provide ,rmer than 501, prablbility of avoiding a 
false negative. 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES w 

Parameter 

Phenol 
p-Phenylenediamine 
Phorate 
Pronamide 
Pyrene 
Safrole 
1,2.4 ,5-Tetrachlorobenzcne 
2,3,4,6-Tetrachlorophenol 
Toionazin 
o-Toluidinc 
1,2,4-Trichlorobcnzcne 
2,4 ,5-Trichlorophenol 
2,4,6-Trichloropbcnol 
o,o,o-Triethylpbospbororhioate 
1,3 ,S-Trinitrobcnzcne 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

Semivolatile organics HPLC • PAIis (SW846 8310, EPA 610) 
Acenapbthene 
Accnapbthylene 
Ambraccnc 
Bcmo[a]anr.hraccne 
Benzo[b ]fluoranthcne 
Benzo[k]tluoranthcne 
Benzo[a]pyrenc 
Bcnzo[gbi]pcrylcne 
Cbryscne 
Dibcnzo[a,b]antbracene 
Fluoranthenc 
Fluorcnc 
lndeno[l ,2,3-cd]pyrenc 
Naphthalene 
Phcnanthrcne 
Pyrcne 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

Total petroleum hydrocarbons GC (EAL..M-8015-GRO) 
TPH as gasoline (GC) ug/L 

Total petroleum hydrocarbon GC/FID (EALL-M-8015-DRO) 
TPH as JP4 (extractable) ug/L 
TPH as diesel (GC) ug/L 
TPH as JPS (extractable) ug/L 

Total petroleum hydrocarbons GC (Mississippi) 
TPH as diesel (GC) ug/L 

Volatile organics GC/ELCD • halogenated compounds (SW 846 5030/8010, EPA Q)l) 
Bromodichloromcthane ug/L 
Bromoform ug/L 
Bromomcthane ug/L 

Reporting Limit 

10 
10 
10 
10 
10 
10 
10 
10 
20 
10 
10 
50 
10 
10 
10 

1.0 
2.0 
0.20 
0.10 
0.15 
0.10 
0.10 
0.20 
0.10 
0.20 
0.20 
0.20 
0.10 
1.0 
0.20 
0.20 

100 

2000 
500 

2000 

160 

1 
1 
1 

(a) EA Laboralories bas esllblished R.q,oning Limiu (Rl.s) as laboralory quantiwioa levels. 'Illese an the minimum concemruiolls to be reported 
for routine laboralory analyses in clean environmemal lllltl'iCC5. The RL.s ll'i values believed to pnlYide paaer dlan 50S probability of avoiding a 
false neptive. 
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Parameter 

Carbon tetrachloride 
ChJorobcnzene 
Cbloroetb.ane 
2-Chloroetbylvinyl ether 
Chloroform 
Chlorometb.ane 
Dibromocbloromctb.ane 
1,2-Dichlorobenzene 
1.3-Dicblorobenzene 
1,4-Dicblorobcmcue 
1.1-Dicbloroedwle 
1,2-Dicbloroetbane 
1.1-Dichloroelhene 
cis-1,2-DicbloroelbeDc 
uaus-1.2-Dichloroemenc 
Dicblorofluoromedllne 
Dicblorometbane 
1,2-Dichloropropanc 
cis-1.3-Dicbloropropcnc 
uaus-1.3-Dichlorop1ope:ne 
1.1,2,2-Tetraebloroedlane 
Tettachloroetbenc 
l, 1,1-Tricbloroetbane 
1.1,2-Trichloroetbane 
Tricbloroetbcne 
Tricblorofluornrnetbaoe 
Vinyl chloride 

EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES 11' 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
u,/L 
ug/L 
ug/L 
u,/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
u,/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

Volatile orpnics GC/FID • acrolein, acrylonltrlle (SWl46 8030, EPA "3) 
Acrolcin ug/L 
Aetylonittile . ug/L 

Volatile orpnics GC/FID - DOIHUdogcnated compounds (SWl46 8015) 
Diethyl ether ua/L 
Methyl ethyl ketone (MEK) ug/L 
Methyl isobutyl ketone (MIBK) ua/L 

Volatile organics GC/PID - aromatic compound.1 (SW846 5030/8020, EPA '°2) 
Bcnzcnc ug/L 
ChJorobenzene ug/L 
1.2-Dichlorobenzene ug/L 
1,3-Dichlorobenzene ug/L 
1.4-Dichlorobcnzcne ug/L 
Ethylbcnzcne ug/L 
Toluene ug/L 
m&p-,Xylene ug/L 
o-Xylcnc ug/L 

Volatile organics GC/MS - 5 mL purge (SW84(; S030/8l40, EPA 624) 

Reponing Limit 

1 
1 
1 
1 
1 
l 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
I 
I 
1 
1 
1 
1 

s 
s 

s 
s 
s 

1 
1 
1 
1 
1 
1 
1 
1 
1 

(a) EA Laboraloria 1w cslabhsbed Rq,oning Llmiu (Rl..s) as llbon1ory quantiwion levels. 1bese are the minimum coac:encralions to be reported 
for routine laboratory analyses in dean envinlnmemal mlll'ices. Tbe IU.s an vaJues believed to provide ,razer lban .501' probability of avoiding a 
false neprivc. 
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EA LABOR.A TORIES 

REPORTING LIMITS FOR WATER SAMPLES'"' 

Parameter 

Acetone 
Acrolein 
Acryloniuilc 
Benzene 
Bromodicbloromethane 
Bromoform 
Bromomethane 
2-Buumone 
n-Butylbenzenc 
sec:-Butylbemcne 
ten-Butylbenzenc 
ten-Butyl methyl edler (MTBE) 
Carbon disulfide 
Carbon tctrachloride 
CblorobcDzenc 
Cbloroethane 
2-Cbloroetbyl vinyl edler 
Chloroform 
Cblorometbanc 
2-Cblorotoluene 
4-Cblorotoluene 
3-Cbloro-1-J)fOpelle 
Dibromocblorometbane 
1.2-Dibromo-3-cbloropropane 
1,2-l>lbromoetbane 
Dibromometbane 
1.2-Dicblorobeazcne 
1,3-Dichlorobemcnc 
1,4-Dicblorobcmene 
Dicblorodifiuorometbanc 
1,1-Dicbloroelhane 
1,2-Dichloroct.bane 
l, l-Dichlorocthene 
1,2-Dicbloroclbene (total) 
1,2-Dicbloropropane 
2,2-Dichloropropane 
1.1-Dichloropropene 
cis-1,3-Dicbloroptopenc 
uans-1,3-Dicbloropropenc 
Diisopropyl edler 
Ethylbcnzenc 
Hcxachlorobutadicnc 
2-Hcxanonc 
lsopropylbenzenc 
4-lsopropyltoluene 
4-Mctbyl-2-pcmanonc (MIBK) 
Methylene chloride 
Naphthalene 
n-Propylbenzenc 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
111/L 
ua!L 
ug/L 
111/L 
ug/L 
ug/L 
ug/L 
111/L 
ug/L 
111/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
111/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ua/L 
u,/L 
ug/L 
ug/L 
ug/L 
u,/L 
ug/L 
ug/L 
ug/L 
ug/L 

Reporting Limit 

10 
so 
so 
s 
s 
s 

10 
10 
s 
s 
s 
s 
s 
s 
s 

10 
10 
s 

10 
s 
s 
s 
s 

10 
s 
s 
s 
s 
s 

10 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
S· 
s 

10 
s 
s 

10 
s 
s 
s 

(I) EA Labo.ata1iis bas esaablished lllportin, Limits (ILs) IS labantory qiawitericm levels. T1lae .. -. IDillimum coacemnlioas ID be reported 
for routine llborarory amlyses ill dean envilmlalmal .... TIie 1tLs n .. lletiewd topnwidt ..- 11111150'1 probability of ....... a 
falseneptive. 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES 1111 

Parameter Units Reporting Limit 

Styrene ug/L s 
1.1, 1,2-Tetrachloroethane ug/L s 
1.1.2.2-Tetrachlorocthane ug/L s 
Teuachloroetbenc ug/L s 
Toluene ug/L s 
1.2.3-Trichlorobenzene ug/L s 
1.2.4-TrichlorobcDZmc ug/L s 
1,1.1-Trichloroctbanc ug/L s 
1,1 .2-Trichloroctbanc ug/L s 
Trichloroethene ug/L s 
Trichlorofluofffl'IC':!bane ug/L s 
1.2,3-Trichloropropane ug/L s 
1.2.4-TrimetbylbenzeDC ug/L s 
1,3,5-Trimedly!bcmenc ug/L s 
Viaylaccratc ug/L 10 
Viayl chloride ug/L 10 

m-Xym ug/L s 
m&p-Xylene ug/L s 
o&p-Xylene ug/L s 
o-Xylene ug/L s 

Volatile orpnics GC/ECD and PID la Nries (SWMci 5030/8021) 
Benzene ug/L 1 
Bromobemene ug/L 1 
Bromochloromcthane ug/L 1 
Bromodichlorometbane ug/L 1 
Bromoform ug/L 1 
Bromometbanc ug/L 1 
n-Butylbermmc ug/L 1 
sec-Buiylbcmene ug/L 1 
ten-Butylbcnzene ug/L 1 
Carbon tetrachloride ug/L 1 
Cblorobenu:ne ug/L 1 
Cblorodibrom,,metbane ug/L 1 
Cbloroethane ug/L 1 
Chloroform ug/L 1 
Chloromethane ug/L 1 
2-Chlorotoluene ug/L 1 
4-Chlorotoluene ug/L 1 
1.2-Dibromo-3-chloropropane ug/L 1 
1.2-Dibromoetbane ug/L l 
Dibromomctbane ug/L 1 
1.2-Dichlorobenzenc ug/L 1 
l , 3-Dichlorobenzsenc ug/L 1 
1,4-Dichlorobenzcnc ug/L 1 
Dichlorodifluormethane ug/L 1 
l , 1-Dichloroethanc ug/L 1 
1.2-Dichloroethanc ug/L 1 
1.1-Dichlorocthcnc ug/L 1 

(~) EA Labonuor!CJ bas estabhsbcld hponing Limus (RLs) as laboralory quami1ation levels. Tbesc arc the minimum eoncenuations 10 be reponed 
for rouune laboracory analyses in clan envimnmcmal IDllrices. The JU.s ate values believed to provide parer than SOS probability of avoidiDg a 
false nq:ative. 
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Parameter 

cis-1,2-Dicblorocthcne 
trans-1,2-Dicbloroethene 
l ,2-Dicbloropropaoc 
1,3-Dichloropropane 
2,2-Dichloropropane 
l, 1-Dichloropropcnc 
cis-1,3-Dicbloropropene 
trans-1,3-Dichloropropcne 
Etbylbemcne 
Heuchlorobutadiene 
lsopropylbemcne 
p-lsopropyltoluene 
Methylene Cbloricle 
Naptbalene 
n-Propylbcnzcne 
Styrene 
1, 1,1 ,2-Tetraehloroc:thanc 
l, l ,2,2-Tetraehloroetllane 
Tmacbloroethene 
Toluene 
1,2,3-Tricblorobemcne 
1,2,4-Trichlorobenzene 

•· 1,1,1-Trichloroc:lbane 
l, 1,2-Tricbloroethanc 
Trichloroc:tbcne 
Tricbloroftuorom:tbane 
1.2,3-Trichloropropane 
1,2,4-Trimcthylbem.cnc 
1,3.S-Trimetbylbe.azene 
Vinyl chloride 
o-Xylcnc 
m-Xylcnc 
p-Xylene 

EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES., 

Units 

ug/L 
uaJL 
ua/L 
ug/L 
ua/L 
ua/L 
uaJL 
ua/L 
uaJL 
uaJL 
uaJL 
ug/L 
ua/L 
uaJL 
ua/L 
ua/L 
ug/L 
ug/L 
ug/L 
uaJL 
ua/L 
ua/L 
ua/L 
ua/L 
ua/L 
uaJL 
ua/L 
ua/L 
ug/L 

ua/L 
ua/L 
ua/L 
ug/L 

.• 

Reponing Limit 

1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
l 
1 
l 
1 
1 
1 
1 
1 
1 
1 

Volatile organics GC/MS • 5 mL purp (SW846 5030/1268) - including Appendix IX CGmpoands 
ACClODC ug/L 10 
Acetonitrilc ua/L 100 
Acrolein ug/L 50 
Acryloniuilc ua/L 50 
Allyl chloricle ua/L s 
Benzene uaJL s. 
Bromodichloromelbanc ua/L s 
Bromobenzenc ug/L s 
Bromochloromclhane ug/L s 
Bromoform 111/L s 
Bromomethane ug/L s 
n-Butylbenzenc q/L 5 
sec-Butylbenzene uaJL s 
1en-Bmylbenzene ua/L s 

(a) EA Llbontories bas establisbld Rqonh,i £units (11..a) as laboratory cp11milldoa levels. Tbae are w, miainnn CIIIIICIIIIUllklas to be rcponed 
for ftlUtme laboralory amlyses in dlan IIJMftWIIIIIIII man:es. 1be ILi ~ values beliMd to proridc 11'11m 1111D 501' prababilily of •voidiac a 
false negative. 
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EA LABORATORIES 

REPORTING UMITS FOR WATER SAMPLES.., 

Parameter 

2-Butanonc 
Carbon disulfide 
Carbon tetraehloride 
Cblorobenzenc 
Cbloroetbanc 
2-ChloroclhyJvinyl etbcr 
Chloroform 
Cblorometbane 
Cbloroprcne 
2-CblorotOluene 
4-Cblorotoluene 
Dl'bromocblorometbane 
1.2-Dibromo-kbloropropane 
l .l•Dibromoetbane 
Dibromomethanc 
1.2-Dicblorobemenc 
1.3-Dicblorobemenc 
1.4-Dicblorobenzcne 
ll'IDS• l ,4-dicbloro-2-butene 
Dicblorodifluorom:thanc 
1.1-Dicbloroethanc 
1.2-Dicbloroedlane 
1, 1-Dicbloroetbene 
cis-1,2-Dicbloroclhenc 
ll'IDS• l .l•Dicbloroetbene 
1,2-Dicbloropropane 
1,3-Dicbloropropanc 
2.2-Dicbloropropane 
1,1-Dicbloropropene 
cis-1,3-Dicbloropropene 
mns-1.3-Dicblcm,propeae 
DiisopropyJ ether 
Ethylbcnzene 
Ethyl melbacrylate 
Heucblorobuladim: 
2-Hcxanone 
lsobutyl alcohol 
lsopropylbemene 
4-lsopropyltolucne 
Melbac:rylonitrile 
Mclhyl bromide 
Melbyl cbloridc 
Melbylcne bromide 
Mclbylcne chloride 
Melbyl iodide 
Melbyl melbylacrylate 
Melby) ten-butyl ether (MTBE) 
4-Melbyl-2-penranc,ne 
Naphlbalene 

Units 

111/L 
111/L 
ug/L 
uJIL 
111/L 
ug/L 
u,IL 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
u,IL 
u,IL 
ug/L 
ug/L 
ug/L 
ug/L 
u,IL 
ug/L 
ug/L 
ug/L 
111/L 
ug/L 
ug/L 
ug/L 
ug/L 
u,/L 
ug/L 
ug/L 
v,IL 
ug/L 
ug/L 
ug/L 
u,/L 
ug/L 
u,IL 
ug/L 
ug/L 
ug/L 
111/L 
ug/L 
111/L 
ug/L 
ug/L 
ug/L 
u,/L 
ug/L 
ug/L 

Reporting Limit 

10 
s 
s 
s 
s 

10 
s 
s 

JO 
5 
s 
s 
s 
s 
5 
s 
s 
s 

100 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

10 
100 

s 
s 

JOO 
5 
s 
s 
s 
s 
s 
s 

10 
s 

(a) EA Laboraloria bas lllablilbed ..,,_, Lilnm (ILi) u labonrary qnaadWion levels. Tbelt are dw miniaNm -:aacaaa&iom ID be npaned 
for rauune labcnmry ml,- in elm -..Ila em' amrica. TIie ILi are '¥Ihm beliewd ID provide.....-- lllum 505 prablbility or avoidillg a 
false-,aiive. 
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Parameter 

Pentachloroetbane 
Propioniuilc 
n-Propylbenzene 
Styrene 
1.1.1,2-Tctrachloroethane 
1,1,2,2-Tctrachloroctbane 
Tctracbloroethcne 
Toluene 
1.2,3-Trichlorobcnzcne 
1,2,4-Tricblorobenzenc 
1 ,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethcne 
Tric:hlorofluorometbane 
1,2,3-Trichloropropane 
1,2,4-Trimctbylbcnzcne 
1,3 ,5-Trimedlylbenzene 
Vinyl acetate 
Vinyl chloride 
m-Xylenc 
m&p--Xylcne 
o&p-Xylene 
o-Xylene 

EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES '" 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
u,/L 
ug/L 
ug/L 
ug/L 
u,/L 
u,/L 
ug/L 
ug/L 
ug/L 

ualL 
u,/L 
u,/L 
uan.. 
ualL 
ug/L 
u,/L 

Reporting Limit 

10 
100 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

10 
s 
s 
s 
s 
s 

Volatlle organics GC!MS • 5 mL purge (SW846 5030/8260) • Appendix D comJ>OWlds 
Acetone ug/L 10 
Acetoniuile uaJL 100 
Acrolein ug/L SO 
Acrylonitrile q/L SO 
Allyl chloride u,/L S 
Benzene ug/L S 
Bromochloromcthane ug/L S 
Bromoclicbloromcthane ug/L 5 
Bromoform ug/L 5 
2-Buranone ug/L 10 
Carbon disulfide q/L S 
Carbon tetrachloride ua/L S 
Cblorobcnzcne ug/L S 
Chlorocthane ug/L S 
Chloroform ug/L S 
Chloroprenc ug/L 10 
Dibromochloromethane ug/L 5 
1.2-Dibromo-3-cbloropropane ug/L 5 
1.2-Dibromoethane u,/L 5 
trans-1,4-dichloro-2-butene ug/L 100 
Dichlorodifluorometbane ua/L s 
1.1-Dichloroethane ug/L 5 
1,2-Dichloroethane ug/L S 
1,1-Dichlorocthene ug/L S 

(a) EA Laboratories bas esrablished R,poning Limiu (RLs) as laboraiory qwmrhaaol1 levels. These are die minimum concenuuiom ro be reported 
for routine labol'llOly analyses in clean enviroamemal nwrices. Tbe JU.s arc "1lues believed to provide grarer than SOS probability of avoiding a 
false neptive. 
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c., 

Parameter 

cis-1,2-Dichloroethene 
trans-1.2-Dic:hloroetbenc 
1.2-Dichloropropanc 
1,3-Dichloropropane 
2.2-Dichloropropanc 
1.1-Dichloropropcne 
cis-1,3-Dichloropropene 
trans• 1,3-Dichloropropcne 
Ethylbemene 
Ethyl methacrylate 
2-Hexanone 
lsobutyl alcohol 
Methacrylonittile 
Methyl bromide 
Medlyl chloride 
Methylene bromide · 
Medlylcne chloride 
Medlyl iodide 
Methyl metbylacrylate 
4-Medlyl-2-pentanone 
Propionitrile 
Styrene 
1. 1, 1.2-Tetrachloroethane 
1,1.2,2-Tctrachloroethanc 
Tetrachloroethene 
Toluene 
l , l, 1-Tricbloroethane 
1.1.2-Trichloroethanc 
Trichloroetbcne 
Trichlorofluoromethanc 
l .2 ,3-Trichloropropanc 
Vinyl acetate 
Vinyl chloride 
Xylenes (total) 

EA LADORA TORIES 

REPORTING LIMITS FOR WATER SAMPLES "' 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

Reponing Limit 

s 
s 
s 
s 
s 
s 
s 
s 
s 
s 

10 
100 
100 

s 
s 
s 
5 
s 
s 

10 
100 

s 
5 
s 
s 
5 
s 
s 
5 
s 
s 

10 
s 
s 

Volatile organics GC/MS - 25 mL purp (EPA 524.2, SWM6 5030/8260, CLP OLC0l, SW846 5030/8240) 
Acetone ug/L s 
Benz.enc ug/L 1 
Bromodichloroincthanc ug/L 1 
Bromobenzcnc ug/L 1 
Bromochlorometbane ug/L 1 
Bromoform 111/L l 
Bromomcthane ug/L 1 
n-Butylbem.ene ug/L 1 
sec-Butylbenzcnc ua/L 1 
ten•Butylbcnzene ug/L 1 
2-Butanone ug/L 5 
Carbon disulfide 111/L 1 
Carbon lCtJ'achloride 111/L 1 

(a) EA Laborarories bas estlblisllld Rlrporlinf Ulfliu (JU.a) u blbclrllary ~ le\llls. 'lllae are 1bl miaimam ~ to be nponed 
for roulinc laborarory analyses in dean CIMIOIIIDlll&II marras. 1be RLI are values believed to provide parer dllll SOS prabability of avoidillg a 
false aeplive, 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES w 

Parameter 

Chlorobenzene 
Chloroethane 
2-Chloroethylvinyl ether 
Chloroform 
Chlorometbane 
2-Chlorotoluene 
4-Chlorotoluene 
Dibromochloromethane 
1.2-Dibromo-3-chloropropane ~ 
1.2-Dibromoethane 
Dibromomethane 
1,2-Dichlorobenzene 
1.3-Dichlorobenzene 
1.4-Dichlorobenzene 
l Dichlorodifluoromethane 
1.1-Dichloroethane 
1.2-Dic:hloroethane 
1.1-Dichloroethene 
cis-1.2-Dichloroethene 
tram-1.2-Dichloroetbene 
1.2-Dichloropropane 
1,3-Dichloropropane 
2.2-Dichloropropane 
1.1-Dichloropropene 
cis-1.3-Dichloropropene 
tram-1,3-Dichloropropenc 
Diisopropyl ether 
Ethylbenzene 
Hexachloroburadienc 
2-He:xanonc 
lsopropylbenzene 
4-lsopropyltoluene 
Methylene chloride 
Methyl ten-butyl ether (MTBE) 
4-Methyl-2-pcnranone 
Naphthalene 
n-Propylbenzene 
Styrene 
1.1.1.2-Tetrachloroethane 
l , 1.2 .2-Tetrachloroethane 
Tetrachloroelhene 
Toluene 
1.2.3-Trichlorobenzenc 
1.2,4-Trichlorobenzene 
1.1.1-Trichloroethane 
l, 1.2-Trichloroetbane 
Trichloroethene 
Trichlorofluoromethane 
1.2.3-Trichloropropanc 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ua/L 
ug/L 
ua/L 
ug/L 
ug/L 
ug/L 
ug/L 

Reponing Limit 

1 
1 

10 
1 
1 
I 
I 
l 
1 
1 
1 
1 
I 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
s 
1 
1 
1 
l 
s 
1 
1 
1 
1 
l 
1-
1 
1 
1 
1 
1 
1 
1 
1 

(a) EA Llbonuories bas esllblisbed Reponing Limirs (RLs) as labonrory quamilllioa levels. Tbese are lbe minimum COIIClllll'llio to be nponed 
for routine laboratory ll'llllyses in clean enviroamemal Dlllrices. Tbe RLs are values believed m pn,vide paler 1111D 50~ pnibabilily of ffl>idm, a 
false nera1ive. 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES.., 

Parameter Units Reporting Limit 

1,2,4-Trimelhylbenzene ug/L 1 

1,3 ,S-Trimethylbenzcne ug/L 1 

Vinyl acetate ug/L s 
Vinyl chloride ug/L 1 

m-Xylene ug/L I 
m&p-Xylcnc ug/L 1 

o&p-Xylcnc ua/L 1 

o-Xylcnc ug/L 1 

Inorganic Nonmetals/General Orpaics 
BOD (EPA 405.1) mg/L 1.0 
Chloride (EPA 300.0) mg/L 0.10 
Chloride (EPA 325.2) mg/L 1.0 
Total Residual Chlorine (EPA 330.4) mg/L 0.10 
Chromium, hcxavalem (SW846 7196) mg/L 0.01 
COD (EPA 410.4) mg/L 10 
Conductivity (EPA 120.1) umbos/cm 1.0 
Cyanide (EPA 335.2) mg/L 0.01 
Fluoride (EPA 300.0) ma/L 0.10 
Fluoride (EPA 340.2) mg/L 0.20 
Hardness (EPA 130.2) mg/L 1.0 
Hydrocarbons, 
tow petroleum (USBPA 418.1) ma/L 1.0 

NitroJCD, 
ammonia (EPA 350. l) m,/L 0.10 
niuate (EPA 300.0) mg/L 0.10 
niuate (EPA 353.2) ma/L o.os 
niuate+niuite (EPA 353.2) mg/L o.os 
nittilC (EPA 300.0) ma/L 0.10 
nittite (USGS 4540-84) mg/L 0.05 
tolal Kjcldahl(351.2) ma/L 0.25 

Oil&. Grease (EPA 413.1) mg/L 1.0 
Phenols (EPA 420.1) m,/L 0.01 
Phosphorus, orthophosphate (EPA 300.0) mg/L 0.10 
Phosphorus, onhophosphate (EPA 365.1) ma/L o.os 
tow (EPA 365.3) mg/I.. 0.05 

Sulfaac (EPA 300.0) ma/L 0.10 
Sulfate (EPA 375.4) mg/L 2.0 
Surfactants (EPA 425.1) ma/L 0.1 
Sulfide (EPA 376.1) mg/L 1.0 
Sulfite (EPA 377. I) ma/L 3.0 
TOC (EPA 415.2) mg/L 1.0 
TFR (EPA 160.1) q/L 10.0 
TNFR (EPA 160.2) q/L s.o 
TR (EPA 160.3) mg/L 10.0 
Alkalinity (3 IO .1 ) mg/L 1.0 
Color (110.2) color units 1.0 
Silicia (EPA 370.1) mg/L 2.0 
Turbidity (EPA 180.1) NTU 0 

ta) EA uboralones bas established Rq,oning Limirs (RLs) as ilbonu>ry quamiwion lft'Cls. 1bese are the minimum coacena-ations 10 be reponed 
for routine laboralory analyses in clean cnviromntmal lllllrices. Tbe RLs are values believed ro provide ll'Cllll' dl&n 50~ probability of avoiding a 
false negauvc. 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES 111 

Parameter Unirs Rcponins Limit 

Bromide (EPA 300.0) mg/L 0.1 

Metals-Cold Vapor (SW846 7470, EPA .245.1, EPA CLP SOW 3/90) 
Mercury ug/L 0.20 

Metals. Fumace (SW846 7000 series, EPA 200 series, EPA CLP SOW 3/90) 
Antimony ug/L 6.0 

Arsenic ug/L 10.0 

Cadmium ug/L 5.0 
Chromium ug/L 10.0 

Copper ug/L 10.0 

Lead ug/L 3.0 

Selenium ug/L s.o 
Silver ug/L 10.0 

Thallium ug/L 10.0 

Metals - ICP (SW846 6010, EPA 200.7, EPA CLP ILMO3.0) 
AJumim1m ug/L 200 
AmimoDy ug/L 60.0 
Arsenic ug/L 100 
Barium ug/L 200 
Beryllium ug/L 5.0 
Boron ug/L 100 
Cadmium ug/L s.o 
Calcium ug/L 1000 
Chromium ug/L 10.0 
Cobalt ug/L so.o 
Copper ug/L 10.0 
Iron ug/L 100 
Lead ug/L 100 
Uduum ug/L 2.0 
Magnesium ug/L 1000 
Manganese ug/L 15.0 
Molybdenum ug/L so.o 
Nickel ug/L 40.0 
Phosphorus ug/L 100 
Potassium ug/L 1000 
Selenium ug/L 100 
Silicon ug/L 200 
Silver ug/L 10.0 
Sodium ug/L 1000 · 
StrontilDll ug/L 100 
Thallium ug/L 100 
Tin ug/L 25.0 
Titanium ug/L 10.0 
Vanadium ug/L so.o 
Zinc ug/L 20.0 

Metals • TRACE ICP (SWl46 6010, EPA 200.7, EPA CLP ILMO3.G) 

(a) EA 1.abomories bu esrablished Rq,oning Limits (Rl.s) IS llborafory quamitadaa Inell. These are die miDbrmn com._ fO be nponed 
for rou&ine laboraloey analyses in clan enviroamelllal fflllricls. Tbe lU.I are 'Vllut:s belilMld ID provide ...., 111111 50$ pnlblbilily err IIYOidiag 1 
false nep1ive. 
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Parameter 

Antimony 
Arsenic 
Cadmium 
Lead 
Selenium 
1ballium 

EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES'"' 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

Total organic lead• GC (California LUFf,1988) 
Total organic lead (ICP) mg/L 

Reponing Limit 

6.0 
10.0 
s.o 
3.0 
s.o 

10.0 

0.33 

ta) EA Laboruories bas established a.omng I.imiu (Rl..s) as llborarory quam,italion levels. These are lbe miru,m,m ~ to be reported 
for routine laboratory ualyses in clean enviromnencal lllllrices. The RLs are Yllues believed to provide parer dlan 50" prababillty of avoidio,g a 
false neJative. 

Page 22 of 42 
Updated: April 1, 1996/HJG 

Supm:edes: Febnwy 6, 1996/mmu 



.. 

Parameter 

EA LABORATORIES 

REPORTING LIMITS FOR SOIL SAMPLES.,, 

Units 

Explosives - nitroaromatics (SW846 8330 revision 1) 
HMX mg/kg 
ROX mg/kg 
135TNB mg/kg 
13DNB mg/kg 
NB mg/kg 
TETRYL mg/kg 
246TNT mg/kg 
26DNT mg/kg 
24DNT mg/kg 
4amDNT mg/kg 
2amDNT mg/kg 
2NT mg/kg 
4NT mg/kg 
3NT mg/kg 
PETN mg/kg 
NG mg/kg 

Herbicides GC/ECD - chlorinated compounds (SW846 8150) 
Dicamba ug/q 
Dalapon ug/kg 
MCPP ug/q 
MCPA ug/kg 
Dicbloroprop Ug/q 
2,4-D ug/kg 
2.4,5-TP UJ/q 
2,4.S-T ug/kg 
2,4-DB ug/kg 
Dinoseb ug/kg . 

Pesticides and PCBs GC/ECD • orpnocblorint compounds (SW846 8080) 

Reporting Limit 

0.50 
0.50 
0.25 
0.25 
0.25 
0.65 
0.25 
0.25 
0.25 
0.50 
o.so 
0.25 
0.25 
0.25 
1.0 
1.0 

54 
1200 

38000 
50000 

130 
240 
34 
40 

180 
40 

Aldrin ug/q 1.7 
a-BHC ug/kg 1.7 
~-BHC uaJq 1.7 
6-BHC ug/kg 1.7 
y-BHC (Undane) ug/kg 1.7 
a-Chlordane ug/kg 1.7 
y-Chlordane ug/kg 1.7 
Chlordane-Technical ug/kg 33 
4.4'-DDD ug/kg 3.3 
4,4'-DDE ug/kg 3.3 
4.4'-DDT ug/kg 3.3 
Dieldrin ug/kg 3 .3 
Endosulfan I UJ/kg 1.7 
Endosulfan II ug/kg 3.3 

(al EA Laboratories has esllblisbed Rq,onillg Limits (RLs) as laboraloey quaalilanon levels. These an: die minimum concentmioas to be ffPOIUld 
for rounne laboratOry analyses in specified environmemal matrices. The RLs are values believed to provide greater lhan 501; probability of 
avoidini! a false neJative. 
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EA LABORATORIES 

REPORTING LIMITS FOR SOIL SAMPLES 1111 

Parameter Units Reporting Limit 

Endosulfan sulfate ugfk& 3.3 

Endrin uglq 3.3 
Endrin aldehyde uafk& 3.3 
Endrin ketoDC ugfk& 3.3 
Heprachlor ugJta 1.7 
Heptacblor epoxide ugfk& 1.7 

Medloxycblor ugfk& 17 

Toxaphene ug/tg 170 
Aroclor 1016 ugfk& 33 
Aroclor 1221 ug/q 61 
Aroclor 1232 ug/kg 33 
Aroclor 1242 ugfk& 33 
Aroclor 1248 ug/tg 33 
Aroclor 12S4 ualta 33 
Aroclor 1260 ug/tg 33 

Pesdc:ldes GC/NPD -orpnopbospborw campounds (SW84611•) 
Azinpbos metbyJ ug/kg 33 
Bolsw ug/tg 33 
Cblorpyrifos (Dmsban) ug/tg 33 
Coumaphos UJ/kg 33 
Demeton(-O&-S) uglq 33 
Diazinon ug/kg 33 
Dicblorvos ugfk& 33 
Disulfoton ugfk& 33 
Ethoprop ug/tg 33 
Fcnsulfotbion ug/kg 33 
Fcntbion uaJtg 33 
Merphos ug/kg 33 
Mevinpbos ug/kg 33 
Naled uaJtg 33 
Melby) Parathion ug/kg 33 
Phorate ug/tg 33 
Ronncl 111/ka 33 
Sliq,hos 111/ka 33 
Tolculbion us/kg 33 
Tricbloronate ug/q 33 

Pesticides-GC-thlocarbamates (EPA 634) 
EPTC ug/kg 30 
Butylate 111/ka 30 
Vemolate ualk& 60 
Pebulate ug/kg 30 
Molinate 118/ka 30 
Cycloate ugfk& 60 

(a) £A Llbonlories IIIS alablilbed lqonil,J Liars (Ill.a) u llbor11ary 111111nimlon 11Mb. n.e • die lllillam. CIIIUialillh& ID be nporlld 
for routine laborllory analyse, in apll:ified MWililiGliNIGI lllllrices. TIie RLs an: valllCI blli1¥111 ID pnmdc pwr dllll 50S pniblbility of 
avoidinJ a false aep&iYe. . 
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Parameter 

EA LABORATORIES 

REPORTING LIMITS FOR SOIL SAMPLES w 

Units 

Semivolatile organics GC/ECD - phtbalate esters (SW846 8060) 

Reporting Limit 

Bis (2-ethylhexyl) phthalate ug/kg 170 
Butyl benzyl phthalate ug/kg 17 
Diethyl phthalate ug/kg 17 
Dimethyl pbthalate ug/kg 17 
Di-n-butyl phthalate ug/kg 170 

Semivolatile organics GC/ECD -chlorinated compounds (SW846 8120) 
2-Chloronaphthalene ug/kg 67 
1.2-Dichlorobenzene ug/kg 67 
1.3-Dichlorobenzene ualkg 67 
1,4-Dichlorobenzene ug/kg 67 
Hexachlorobcnzene ug/kg 67 
Hexachlorobutadiene ug/kg 67 
Hexachlorocyclopcmadiene ug/kg 67 
Hexachloroethane ug/kg 67 
1.2,4-Trichlorobemene ug/kg 67 

Semlvolatile organics GC/FID- PABs - GC (SW846 8100) 
Acenaphthene ug/kg 
Acenapbthylene ug/kg 

·· · Anthracene ug/kg 
Benzo[a]anthrac:ene ug/kg 
Benzo[b ]fiuorantbenc ug/kg 
Benzo[k]fluoranthene ug/kg 
Benzo[a]pyrene ug/kg 
Benzo[ghi]pcrylene ug/kg 
Chrysene ug/kg 
Fluoranthene tJg/kg 
Fluorene ug/kg 
lndeno[ 1,2,3-cd]pyrene ug/kg 
Naphthalene ug/kg 
Pbenanthrene ug/kg 
Pyrene ug/kg 

Semivoladle organics GC/MS - (SW846 3450/8270) 
Acenaphthene ug/kg 
Acenaphthylene ug/kg 
Aniline ug/kg 
Anthracene ug/kg 
Benzidine ug/kg 
Benzo(a]aruhracene ug/kg 
Benzo[b]fluorantbene ug/kg 
Benzo[k]fluoranthene ug/kg 
Benzo(a)pyrene ug/kg 

33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 

330 
330 

1700 
330 

1700 
330 
330 
330 
330 

(a) EA Laboraaories bas atablisbld Rlponi,,g Lbniu (JU.I) 11 llboruxy IPllllilllion 1Mb. 1'1lese .. die 1Dinim1nD c:oacemradoas 10 lie nponad 
for rauline labonrory analyaes in lplCified envilaamlalal lllllricll. TIie I.La • ..._ lleliMd 10 pnMdl ...., • 5041 problbillty or 
avoidm, a false nep1ive. 
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EA LABORATORIES 

REPORTING LIMITS FOR SOIL SAMPLES.., 

Parameter Units Reponing Limit 

Benzo[ghi)perylene ug/kg 330 

Benzoic acid ug/kg 1700 

Benzylalcohol ug/kg 330 
Benzyl butyl pbtbalatc ug/kg 330 
Bis(l-cbloroethyl) ether ug/kg 330 
Bis(2-cbloroethoxy)mctbane ug/kg 330 
Bis(l-ethylhexyJ) phtbalate ug/kg 330 
Bis(l-cbloroisopropyl) ether ug/kg 330 
4-Bromophenyl phenyl ether ug/kg 330 
Carbazole ug/kg 330 
4-Cbloroaniline ug/kg 330 
4-Cbloro-3-methylpbalol ug/kg 330 
2-Chloronaphtbalene ug/kg 330 
2-CbJoropbenol ug/kg 330 
4-CbloropbenyJ phenyl ether ug/kg 330 
Chrysene ug/kg 330 
Dibenzo(aJl]antbracene ug/kg 330 
Dibenzofuran ug/kg 330 
Di-n-butyl phthaJate ug/kg 330 
1.2-Dicblorobemene ug/kg 330 
1.3-Dichlorobenzene ug/kg 330 
1,4-Dichlorobemene ug/kg 330 
3.3 '-Dichlorobemidine ug/kg 330 
2,4-Dicbloropbenol ug/kg 330 
Diethyl phtbalate ug/kg 330 
2,4-Dimethylpbenol ug/kg 330 
Dimethyl phthalate ug/kg 330 
2,4-Dinittophenol ug/kg 1700 
2,4-Dinitr0t0luene ug/kg . 330 
2,6-Dinittotolucne ug/kg ' 330 
1,2-Diphenylhydrazine ug/kg 330 
Di-n-octyl pbthalate ua'kl 330 
Fluoranthene ug/kg 330 
Fluorene ualkg 330 
Hexachlorobenzene ug/kg 330 
Hexachlorobutadiene ug/kg 330 
Hexachlorocyclopemadiene ug/kg 330 
Hexacbloroetbane ug/kg 330 
lndeno[ 1.2.3-cd]pyrene ug/kg 330 
lsophorone ug/kg 330 
2-Merhyl-4 ,6-dinitropbenol ug/kg 1700 
2-Merhylnapbthalcne ug/kg 330 
2-Merhylphenol ug/kg 330 
4-Merhylphenol ug/kg 330 
Naphthalene ug/kg 330 

v.l EA Laboratorie5 bu cscablisbed Rq,onurg Limiu (Rl.s) as bbc:nlory qulllliwion levels. These are die minimum c:oac:emraaom u, be reported 
for routine laboratory analyses in specified enviroamenral nwrices. Tbe RLs are valves believed to provide parer lhan SO~ probability of 
avo1d111!! a false nc,:a.tive. 
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Parameter 

2-Nitroaniline 
3-Nitroaniline 
4-Nitroaniline 
Nitrobcnzcne 
2-Nitrophenol 
4-Nitrophenol 
N-Ni1rosodipbenylaminc 
N-Nitrosodimethylaminc 
N-Nitroso-di-n-propylamine 
Pcmaehloropbcnol 
Phcnanthrene 
Pbcnol 
Pyrene 
1.2,4-Trichlorobcnzene 
2,4 ,5-Trichloropbenol 
2,4,6-Trichlorophcnol 

EA LADORA TORIES 

REPORTING LIMITS FOR SOIL SAMPLES 1a1 

Units 

ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
q/kg 
q/kg 
q/kg 
ug/kg 
q/kg 
ug/kg 

Semivolatile organics HPLC • PAHs (SW846 8310) 
Accnaphthcnc ug/kg 
Accnaphthylcne q/kg 
Anthracenc ug/kg 
Bcnzo(a]anthracene q/kg 
Bcnzo[b ]fluorambenc ua/kg 
Bcnzo[k]fluorantbenc ua/kg 
Benzo[ a ]pyrcne ua/kg 
Benzo[gbi]pcrylcne ug/kg 
Chryscne ug/kg 
Dibenzo[aJl]anthraccne ug/kg 
Fluoranthcnc ug/kg 
Fluorcne ug/kg 
lndcno[ 1,2,3-cd]pyrcne ug/kg 
Naphthalene ug/kg 
Pbenantbrcne ug/kg 
Pyrcne ug/kg 

Total petroleum hydrocarbons GC (EAL-M-8015-GRO) 
TPH as gasoline (GC) ug/kg 

Total petroleum hydrocarbon GC/FID (EALL-M-801S.DRO) 
TPH as JP4 (emactable) mg/kg 
TPH as diesel (GC) mg/kg 
TPH as JPS (extractable) mg/kg 

Total petroleum hydrocarbons GC (Mississipp0 

Reporting Limit 

1700 
1700 
1700 
330 
330 

1700 
330 
330 
330 

1700 
330 
330 
330 
330 

1700 
330 

40 
70 
5.0 
2.0 
2.0 
2.0 
2.0 
2.0 
s.o 
2.0 
7.0 
7.0 
2.0 

40 
5.0 
9.0 

100 

100 
25 

100 

(a) EA Laboratories bas established Reporting Limits (IU.s) as llborltory quamilalion lcw:ls. Tbese are lbe minimum c:oacemnlions to be nponed 
for routine laboratory analyses in specified cnvironmenlaJ mauices. Tbe RLs are Yllues belieWld to provide ....., dwl SOS probability or 
avoidill!i a false ncptive. 
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Parameter 

TPH as diesel (GC) 

EA LABOR.A TORIES 

REPORTING LIMITS FOR SOIL SAMPLES .., 

UnilS 

malka 

Volatile organics GC/ELCD • balc,aenated compounds (SW ._ 8010) 
Bromodichlorometbane ualka 
Bromoform ualka 
Bromometbane ualka 
Carbon tea-achloride ua/ka 
CblorobenzcDc 1111kg 
Chloroetbane 1111kg 
2-Chloroctbylvinyl ether Ill/ta 
Chloroform ualk8 
Cblorometbane Ill/ta 
Dibromocblorometbane ua/kg 
Dibromometbane ualta 
1.2-Dicblorobemelle 111/ta 
1.3-Dicblorobcnzeae ua/kg 
1,4--Dicblorobcnzelle ua/ta 
Dichlorodifluorom-rbane 111/ta 
1.1-Dicbloroelbane ualk& 
1.2-Dichloroelbanc ualta 
1,1-Dichloroetbene Ill/ta 

,.- traDS• l .2-Dichloroelhenc 111/ka 
1.2-Dicbloropropane ualta 
cis-1,3-Dicbloropropene ua1ta 
traDS-1.3-Dicbloropropene Ill/ta 
Medlylcne chloride ualkg 
1,1,1.2-Tecracbloructbane 111/ta 
1 .1 .2.2-Tea-achloroetbane 111/ka 
Tetracbloroetbene 111/ta 
1.1, l-Tricbloroelbane ua/ta 
1.1.2-Tricbloroetbane Ullka 
Trichloroetbene llllk& 
Trichloroftuoromc:lbane ualk& 
1.2,3-Trichloropropane 111/ka 
Vinyl chloride Ullka 

Volatile organics GC/FID • acroleln, aerylonltrile (SWM6 8030) 
Acrolcin ua1ta 
Aclylonittile 111/ta 

Volatile orpnlcs GC/FID • non-laalopaated compounds (SWM6 8015) 
Diedlyl edler ualkg 
Medlyl edlyl ketone (MEK) 111/ka 
Medlyl isobutyl ketone (M]BK) 111/ka 

Reporting Limit 

6.4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

.s 

.s 

s 
s 
5 

(a) EA Laboraloric5 has established ltlponi111 Liaili (Rl.a) • laboraloly qnandWior levels. Tllese are die milliam crae1m11ioas fD lie nponed 
for routine llborltory Ullyu, in IPICifild ----- alricls. 'llllt lU.s are values beliMd to pnwide,,..... 1111115H prablbilily of 
avoiding I false aeptivc. 
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EA LABOR.A TORIES 

REPORTING LIMITS FOR SOIL SAMPLES 1a1 

Parameter Units 

Volatile organics GC/PID - aromatic compowuls (SW846 5030/8020) 
Benzene ug/kg 
Chlorobenzcne ug/kg 
1,2-Dichlorobenzcne ug/kg 
1,3-DichlorobenzcDc ug/kg 
1,4-Dicblorobenzcne ug/kg 
Elbylbenzene ug/kg 
Toluene ug/kg 
m&p-Xylene ug/kg 
o-Xylenc ug/kg 

Volatile organics GC/ECD and PID in series (SW846 5030/8021) 
Benzene ug/kg 
Bromobenz.ene ug/kg 
Bromochloromcthane ug/kg 
Bromodichloromethane ug/kg 
Bromoform ug/kg 
Bromomcthane ug/kg 
n-Butylbcnzcnc ug/kg 
sec-Butylbenzenc ug/kg 
ten-Butylbcnzcne ug/kg 
Carbon tetrachloride ug/kg 
Chlorobcnzcnc ug/kg 
Chlorodibromomethane ug/kg 
Chlorocthane ug/kg 
Chloroform ug/kg 
Chlorometbanc ug/kg 
2•Chlorotoluene ug/kg 
4-Chlorotoluene ug/kg , 
1.2-Dibromo-3.cbloropropauc ug/kg 
1.2-Dibromoetbanc ug/kg 
Dibromomcthane ug/kg 
1.2 -Dichlorobcnzcnc ug/kg 
1,3-Dichlorobenzsenc ug/kg 
1,4-Dichlorobcnzcne ug/kg 
Dichlorodifluormcthane ug/kg 
1.1-Dichloroetbanc ug/kg 
1.2-Dichloroethane ug/kg 
1, 1-Dichloroethcne ug/kg 
cis-1.2-Dichlorocdicne ug/kg 
uans-1.2-Dichloroerhene ug/q 
1,2-Dichloropropa:ne ug/q 
1,3-Dicbloropropane ug/q 
2,2-Dicbloropropane ug/kg 
1, 1-Dicbloropropene ug/q 

Reporting Limit 

l 
1 
1 
1 
1 
1 
I 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
1 

ca> EA Labonlorits bas emblilbed bponb,i Limia OU.S) as llbcnlory 9flDl'Uldon levels. n.. we die millimum OIIIIClllllllio • be NPCIC'l,ed 
for routine 1aboralory ualyses in specified CIMRIIIIIIIIIII aaaices. TIie lU.s an values llclined ID pnmde src-t' man SOS probability of 
avoidin, a false neptivc. 
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EA LADORA TORIES 

REPORTING LIMITS FOR SOIL SAMPLES 1o1 

Parameter Units Reporting Limit 

cis-1,3-Dicbloropropcne ug/kg l 

traDS· 1,3-Dicbloropropcnc ug/kg 1 

Ethyl benzene ug/kg 1 

Hexacblorobutadienc ug/kg 1 

lsopropylbenzene UJ/kg 1 

irlsopropyltolucnc ug/kg 1 

Methylene Chloride ug/kg l 

Napth.alene ug/kg 1 
n-Propylbenzene ug/k.g 1 

Styrene ug/kg l 

1.1.1.2-Tetrachlorocthane ug/kg l 
I, 1,2,2-Tetrachlorocthane ug/kg 1 
Tetraebloroetbene ug/kg 1 
Toluene ug/kg l 

1,2,3-Tricblorobenzene ug/kg 1 
1,2,4-Tricblorobcnzene ug/kg 1 
l , l, 1-Tricbloroethane ug/kg 1 
l, 1.2-Tricbloroethane ug/kg l 
T ricbloroctbene ug/kg 1 
T ricblorofluoromethane ug/kg 1 

1.2.3-Tricbloropropane ug/kg 1 
1,2.4-Trimetbylbenzenc ug/kg 1 
1,3 ,5-Trimetbylbenzeue ug/kg 1 
Vinyl chloride ug/kg 1 
o-Xylene ug/kg l 
m-Xylcne ug/kg 1 

p-Xylene ug/q l 

Volatile organics GC/MS • (SWl46 503018240) 
Acetone ug/q 10 
Acrolein ug/kg so 
Acrylonitrile ug/kg so 
Benzene ug/kg 5 
Bromodicbloromethane ug/kg 5 
Bromoform ug/kg 5 
Bromomethane ug/kg 10 
2-Butanone ug/kg 10 
n-But:ylbenzcne ug/kg s 
scc-Butylbenzene ug/kg s 
ien-Butylbenzcne ug/kg s 
ten-Butyl methyl ether (MTBE) 111.lka 5 
Carbon disulfide ug/kg 5 
Carbon tetrachloride ug/kg 5 
Cblorobenzene ug/q 5 
Cbloroetbane ug/kg 10 

(a) EA LabonlOries bu emlllilhld Reponing Limiu (Rl.s) as llborlmry quaalimion lnels. 'lbae are tbl millimum conceabadons ID lie nponed 
for rouune laboratory analyses iD specified cnvU'OIIIDEDlal maarica. Tbe ltLs 1n values llelinld ID provide .,._ dllll 50• problbitity of 
avoiding a false ne1ative. 
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EA LADORA TORIES 

REPORTING LIMITS FOR SOIL SAMPLES '"' 

Parameter 

2-Chloroethyl vinyl ether 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotolucnc 
3-Chloro-1-propene 
Dibromochloromcthane 
1.2-Dibromo-3-chloropropane 
l .2-Dibromocthane 
Dibromomethane 
1.2 ••Dicblorobcnzcne 
1,3-Dichlorobenzenc 
1 ,4--Dicblorobcnzene 
Dicblorodifluoromcthane 
l , l -Dichlorocthane 
1,2-Dicbloroethane 
l, 1-Dichlorocthcne 
1,2-Dichlorocthene (total) 
1,2-Dicbloropropane 
2,2-Dicbloropropane 
1, 1-Dicbloropropene 
cis-1,3-Dicbloropropene 
trans-1.3-Dichloropropene 
Diisopropyl ether 
Ethylbcnzene 
Hcxachlorobutadicne 
2-Hexanone 
Isopropylbemcne 
4-lsopropyltoluene 
4-Methyl-2-pemanone (MIBK) 
Methylene chloride 
Naphthalene 
n-Propylbenzene 
Styrene 
l, 1, l ;2. • Tctracbl orocthane 
1.1.2,2-Tctrachloroethanc 
Tci:rachloroethene 
Toluene 
1,2,3-Trichlorobenzene 
1.2,4-Tricblorobenzene 
l , 1, J -Trichloroethane 
1, 1.2-Tricblorocthane 
Trichloroedlenc 
Trichlorofiuoromcthane 
1.2,3-Tricbloropropane 

Units 

ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
u1/kg 
111/ka 
q/kg 

111/ka 
q/kg 
ug/kg 

Reporting Limit 

10 
5 

10 
5 
5 
5 
5 

10 
5 
5 
5 
5 
s 

10 
s 
5 
5 
5 
5 
s 
5 
5 
5 
5 
s 
5 

10 
5 
s 

10 
s 
5 
5 
5 
s 
5 
s 
s 
5 
s , 
.s 
5 
s 
s 

(a) EA Labonloria bis esllblished Rlporting Limia (IU.s) 11 lllborltory qlWllilalioG ltvcb. 'l1llae an lbt miaiada rmnaions III be nponm 
for routine llboralory 1111.lyses in specified emronmemal mmices. Tbe 11.s 11e Yllues beliMd to pn,vide,... lblft ,01, pnibability of 
IVOidin, I false ncpliYC. 
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EA LABORATORIES 

REPORTING LIMITS FOR SOIL SAMPLES w 

Parameter Units Reporting Limit 

1.2.4-Trimcthylbemene ug/kg s 
1,3.S-Trimetbylbemene ug/kg s 
Vinyl acetate ug/kg 10 
Vinyl chloride ua/kg 10 
m-Xy1cne ug/kg s 
m&p-Xylcne ug/kg s 
o&p-Xylene ug/kg s 
o-Xylene ug/kg s 

Volatile organics GC/MS • (SW846 5030/8260) 
Acetone ug/kg 10 
Bemcnc ug/kg s 
Bromodicblorometbanc ug/kg s 
Bromobenzene ug/kg s 
Bromochlorometbane ua/k& s 
Bromoform ua/k& s 
Bromometbanc ualkg s 
n-Butylbenzene ug/kg s 
sec-Butylbenzene ug/kg s 
tcn-Butylbenzene ua/ta s 
2-Butancme u11k& 10 
Carbon disulfide u,/kg 5 
Carbon tetrachloride ug/kg s 
Cblorobenzene ug/kg s 
Cbloroetbanc ug/kg s 
2-Cblorocthylvinyl ctbcr ug/kg 10 
Chloroform ua/k& s 
Cblorometbanc ualk& s 
2-Cblorotoluene ug/kg s 
4-Cblorotoluene ug/kg s 
Dibromochlorometbane ua/kg s 
1 .2-Dibromo--3-cbloropropanc ug/kg s 
1 .2-Dibromocthane ug/kg s 
Dibromometbane u,/kg 5 
1.2-Dicblorobenzene ug/kg s 
1.3-Dichlorobenzene ug/kg s 
1,4-Dichlorobenzene ug/kg s 
1 Dichlorodiftuoromclhane ug/kg s 
1, 1-Dicbloroctbane ua/kg s 
1,2-Dicbloroctbane ug/kg s 
1.1-Dicblorocthcnc ug/kg s 
cis· l ,2-Dichlorocthene ug/kg s 
trans-1,2-Dichloroethcne ug/kg s 
1,2-Dichloropropane ug/kg s 
1.3-Dicbloropropane ug/kg s 

1a) EA Laboratona bas established Rqx,nint limits (Rl.s) as laboratory qua.ntiwion levels. These are the minimum concemrations to be reponcd 
for rounnc laboratory analy1C$ in specified environmenw mauices. The RLs are values believed to provide rrc:aier than 50~ probability of 
avo«ling a false nepuve. 
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EA LABORATORIES 

REPORTING LIMITS FOR SOIL SAMPLES"' 

Parameter Units Reporting Limit 

2,2-Dicbloropropanc ug/kg s 
1.1-Dichloropropene ua/ka s 
cis-1,3-Dicbloropropene ug/kg s 
trans-1.3-Dicbloropropene ugJk& s 
Diisopropyl ether ug/kg s 
Etbylbenzenc ugJk& s 
Hexacblorobutadicnc ua/ka s 
2-Hcxancmc ua/ka 10 
Isopropylbenzenc ug/kg s 
4-lsopropy ltolucne ug/kg 5 
Methylene chloride ugJk& s 
Methyl ten•butyl ether (MTBE) ug/kg s 
4-Methyl-2-pemannnc ug/kg 10 
Naphthalene ug/q s 
n-Propylbemene UJ/q s 
Styrene ug/q s 
1, 1 .1 .2-Tetraebloroetbane ug/kg s 
1.1.2.2-Tctraebloroetbane ugJk& s 
Tetracbloroethene ug/q s 
Toluene ug/kg s 
1.2,3-Trichlorobemene ug/kg s 
1.2.4-Trichlorobenzene ug/q s 
1.1.1-Trichloroetbane ug/kg s 
l. 1.2-Trichloroctbane ug/kg s 
Trichloroetbene ug/tg s 
Tricblorofluoromethane ug/q s 
1.2.3-Tricbloropropane ug/q s 
1.2.4-Trimctbylbenzme UJ/q s 
1,3.5-Trimetbylbenzene ug/tg s 
Vinyl acetate ug/tg 10 
Vinyl chloride ug/tg s 
m-Xylenc ug/q 5 
m&p-Xylene ug/tg s 
o&p.Xylene 111/ka s 
a-Xylene ug/kg s 

Inorganic nonmetals 
Bromide-IC ma/kg 2.0 
Chloride· IC lDllka 2.0 
Chloride - Automated colorimetry mglk:g 10 
Cyanide mg/kg 0.2 
Fluoride - IC mg/kg 2.0 
Hydrocarbons. 
total pctrolewn (USEPA 9071/418.1) mg/kg 25.0 

Nitrogen, 

(a) EA Laboratories 1w Cllablished Rl!poning Limiu (R.La) IS labontmy cpllacinlicla kMls. Tbese 1R lbe minimum c:oacemraliom 10 be ftPOl'led 
for rouune laboratory amlysu in specified aivinlmnelllal IDlll'ices. Tbe Rl.s arc values belilMd u, pn,ride an:mr man SOS probability of 
avoiding a false ncgaiive. 
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EA LABORATORIES 

REPORTING LIMITS FOR SOIL SAMPLES 111 

Pai:amcter Units Reporting Limit 

ammonia malkl 25.0 

nitrate - IC mg/q 2.0 
nitrite - IC mg/q 2.0 
total KjeldahJ malkl 10 

Phenols mg/q 0.13 
Phosphonls, 

2.0 orthophosphate - IC maJtg 
Sulfate - IC ma/kc 2.0 

Sulfide mg/q 2S 
TOC (SW846 9060) m&ikg 4000 

Metals • Cold Vapor 
Mercury 0.10 

Metals • Furaaee 
Amimony 1111/ka 0.60 
Arsenic: malka 1.0 
Cadmium 1111/Jca 0.50 
Chromium malka 1.0 
Copper 1111/ka 1.0 
Lead ma/Jca 0.30 
Selenium mg/q 0.50 
Silver mg/q 1.0 
Tballium mg/q 1.0 

Metals-ICP 
Aluminum 1111/ka 20.0 
Antimony ma/Jca 6.0 
Arsenic: mg/q 10.0 
Barium malt& 20.0 
Beryllium 1111/ka 0.50 
Boron maJtg 10.0 
Cadmium mg/q 0.50 
Calcium ma/Jca 100 
Chromium mg/kg 1.0 
Cobalt malk& s.o 
Copper malk& 1.0 
Iron mg/kg 10.0 
Lead malka 10.0 
Magnesium malk& 100.0 
Manganese malk& 1.5 
Molybdenum malk& 5.0 
Nickel maJtg 4.0 
Potassium JIii/kg 100 
Selenium malka 10.0 

(a) EA Laboralories lw esablisbed a.,,n;ng Lilllltl (Rl.s) u llbonroly....,.... lmds. Tllrese •.,. mininlnn concamllions to lie reportld 
for nMine 1111onrory 11111yses in lpll:if.cl erwh---1 IIIMrica. 111e 1Ls me ffllNIS beliMd to pnwide,.... 11m 501' probability or 
avoid111J a false ncplivc. 
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Parameter 

Silicon 
Silver 
Sodium 
Thallium 
Tin 
Titanium 
Vanadium 
Zinc 

Total organic lead 
Lead (Flame AA) 

EA LABORATORIES 

REPORTING LIMITS FOR SOIL SAMPLES 111 

Units 

mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 

mg/kg 

Reporting Limit 

20.0 
1.0 

100 
10.0 
2.S 
1.0 
5.0 
2.0 

0.33 

(a) EA Laboralorics has established R.eporr;,,g Limits ('IU..s) as llborltory quandlaaioa Inds. Tbae are the minimum coacena'ltioas to be n:poned 
for routine laboralory lllllyses in speeiflld cnviroamemal lllllric:es. The RIA llff values believed 1iO provide ..,..a=r 11111D ,OS problbUlty of 
avoiding a false negative. 
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EA LABORATORIES REPORTING LIMITS FOR TCLP LEACHATES (a) 

Parameter Units Rcponing Limi, (b) TC Rule 
Regulatory Level 

Herbiddes GC/ECD - chlorinated compounds (SW846 8150) 
2,4-D u,/L 120 10,000 

2,4.S-TP ug/L 17 1,000 

Pesticides and PCBs GC/ECD • orpnocblorine compounds (SW846 3520/8-) 
y-BHC a .iDdane) ug/L 0.25 400 

Chlordanc-Tcclmical ug/L 5.0 30 
Endrin u,/L 0.50 20 
Hepiacblor (and its oxides) u,/L 0.25 8 

Metboxychlor ug/L 2.5 10,000 
Toxaphcne 111/L 25 soo 

Semivolatlle arpnlcs GC/MS - (SW846 3520/8270) 
1,4-Dicblorobemcne ug/L so 7.SOO 
2,4-DinitrotolUCDI: q/L so 130 
Haac:bJorobeDzenc q/L so 130 
HexacblorobuWliene 111/L so so 
Hexacbloroelhane ua/L so 3,000 
2-Melhylpheaol q/L 50 200.000 
3-Melhylphenol q/L 50 200,000 
4-Melhylpbenol ug/L 50 200,000 
Nitrobemcnc q/L 50 2,000 
Pentacblorophenol 111/L 2SO 100.000 
Pyrdine ug/L so S,000 
2,4.5-Trichloropbenol ug/L 250 400,000 
2,4,6-Trichlorophenol ug/L so 2,000 

Volatile orpnics GC/MS • 5 mL pmse (SW846 5030/8240) 
Benzene ug/L 5 500 
2-Butanone (MEK) ua/L 10 200.000 
Carbon tcuacbloridc 111/L s soo 
Cblorobenzcne 111/L s 100.000 
Chloroform ug/L s 6,000 
1 .2-Dicbloroelhane ug/L s 500 
1. 1-Dicbloroelhenc q/L 5 700 
Tctrachloroethenc 111/L s 700 
TrichJoroetbene q/L 5 soo 
Vinyl cbloride u,/L 10 200 

Metals • Cold Vapor (SW846 7410) 
Mercury 111/L 0.20 200 

Metals • ICP (SW846 3010/6010) 
Arsenic ug/L 100 S,000 
Barium ua/L 200 100,000 
Cadmium ua/L 5.0 1.000 

(a) 40 CFR 264 
(b) EA Laboratories bas esrablisbed Rq,oning limits (Ru) as laboratory qmm.dwion levels. Tbele are lbe 

minimum concemrations to be rcponcd for routine laboratory analyses in clean enviroamemal mmica. Tbe 
RLs arc values believed to provide parer tban SO% probability of avoidiDa a false mplive. 
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EA LABORATORIES REPORTING LIMITS FOR TCLP LEACHATE~ (a) 

Parameter Units Reporting Limit (b) TC Rule 
ReplatorY Level 

Chromium ug/L 10.0 5.000 

Lead uaJL 100 5.000 

Selenium ug/L 100 1.000 

Silver ug/L 10.0 5.000 

(a) 40 CFR 264 
(b) EA Laboratories his establisbed Rq,orring Limiu (RLs) as laborarmy quamilllion levels. Tbae are 1he 

minimum concemra1ions to be rcponed for roulinc laboratory analyses in clean cnvirmanemal mauices. The 
RLs are values believed 10 provide greater lb.an SOS probal>iliiy of avoiding a false neplivc. 
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EA LABORATORIES 

REPORTING LIMITS FOR TISSUE SAMPLES I>) 

Parameter Units Reporting Limit 

Pesticides and PCBs - GC/ECD organocblorine compounds (SW846 8080) - Clam tissue 

Aldrin mg/kg 
a-BHC mg/kg 
J>,BHC mg/kg 
6-BHC mg/kg 

y-BHC (Lindanc) mglk& 
a-Chlordane mg/kg 
y-Chlordane mg/kg 
4,4'-DDD mg/kg 
4,4'-DDE mg/kg 
4.4'-DDT mg/kg 

Dieldrin mg/kg 
Endosulfan I mg/kg 
Endosulfan n mg/kg 
Endosulfan sclfate mg/kg 
Endrin mg/kg 
Endrin aldehyde mg/kg 
Endrin ketone m,c/kg 
Heptachlor mg/kg 
Heptachlor epoxide mg/kg 
Methoxychlor mg/kg 
Toxapbene mg/kg 
Aroclor 1016 mg/kg 
Aroclor 1221 mg/kg 
Aroclor 1232 mg/kg 
Aroclor 1242 mg/kg 
Aroclor 1248 mg/kg 
Aroclor 1254 mglq 
Aroclor 1260 mglq 

2,4'-DDD og/g 
2,4'-DDE ng/g 
2,4'-DDT og/g 
uans-Nonachlor ng/g 

Pesticide-GC\ECD ( SW846 8080) - Clam Tmue 
Isodrin mglq 

PCBs GC/ECD • Congeners (SW846 8080) - Clam Tissue 
2.4 .s .6-tetrachloro-meta-xylene ug/kg 
2.4 · -dichlorobiphenyl ug/kg 
2 .2' ,5-trichlorobipbenyl UJ/kg 
2,4.4 '•trichlorobipbenyl UJ/ka 
2.2.5.5'-teu-achlorobiphenyl UJ/kg 
2.2 · .4 ,5 · -tctrachlorobipbcnyl ug/kg 

0.0017 
0.0017 
0.0017 
0.0017 
0.0017 
0.0017 
0.0017 
0.0033 
0.0033 
0.0033 
0.0033 
0.0017 
0.0033 
0.0033 
0.0033 
0.0033 
0.0033 
0.0017 
0.0017 
0.017 
0.170 
0.033 
0.067 
0.075 
0.033 
o.oso 
0.033 
0.033 

0.0017 

(a) EA l.aboralories has csllblished Rq,o,ting Limiu (RLs) as laborllory quamitation levels. Tbcse an die IIWllllll.lm COIICClllnlioll robe reponed 
for routine laboralory analyses in apecifild cnviroamallll mattices. TIie RLs an: values believed to provide rraacr 1ban SO~ probability of 
avoiding a false neJativ¢. 
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EA LABORATORIES 

REPORTING LIMITS FOR TISSUE SAMPLES 111 

Parameter Units 

2.2' .3,S'-tetrachlorobiphenyl ug/kg 
2,3' ,4,4 '-tettaehlorobipbenyl ua/ka 
2.2' ,4,S,S'-pemacblorobiphenyl 111/ka 
2.2'.3,4,S'-penracblorobiphenyl ug/ka 
3.3',4,4'-tcuacblorobipbcnyl \11/ka 
2,3 • ,4,4 • ,S-penracblorobiphmlyl ua/ka 
2.3.3' ,4.4'-penracblorobiphenyl ug/kg 
2.2'.4,4' .S.5'-hexacblorobipbcnyl ua/ka 
2.2'.3,4,4' ,6,6'-hepllcblorobiphmlyl ug/kg 
2.2'.3,4,4' ,.S-heucblorobiphenyl ug/kg 
3.3'.4,4' ,5-pemacbJ.orobl q/kg 
2.2' ,3,4.S.5' ,6-hepllcblorobipmnyl ug/kg 
2.2'.3,3'.4,4'-beucblorobiphmlyl ug/kg 
2.2'.3,4,4' .S'.6-bcptacblorobipbenyl ug/kg 
2,3,3' ,4,4' ,5-beucblorobiphenyl ug/kg 
2.2' ,3,4,4' .S.5'-hepuchlorobipbcnyl ug/q 
3,3' ,4,4 • .s.s· -bexacblorobipbeayl ualk& 
2.2' .3,3' ,4,4' .5-beptac:blorol ug/kg 
2.2' ,3,3 ',4.4' .S.6-ocracblorobipbenyl ug/q 
2.2' .3,3 '.4,4 '.S.S' ,6-ncmacblorobipl ug/q 
decachlorobiphmlyl ug/kg 

SemivolatUe Orpnics HPLC - PAIis (SWl461310) - Clam tissa 
Acenaphthene 
Acenapbthylene 
Anlhracene 
Bemo{a]antbracene 
Benzo[b]fluorambene 
Benzo[k)fluoramhme 
Bemo[a)pyrene 
Bemo[&bllperylene 
Cbrysenc 
Dibemo(a,h)anthracenc 
Fluorambae 
Fluorcnc 
lndeno[l.2,3-cd]pyrene 
1-Melhyl Napbtbalenc 
2-Mcthyl Napbtbaleue 
Naphlhalene 
Pbcnamhrene 
Pyrenc 

ma/ta 
mg/kg 
ma/ta 
m,/kg 
ma/kg 

malka 
q/kg 
ma/kg 
ma/kg 
m,/kg 
m,/kg 
m,lk& 
q/kg 
mc/ka 
1111/ka 
m,lk& 
1111/ka 
q/q 

Reporting Limit 

0.060 
0.077 
0.0050 
o.ooso 
0.007S 
0.0050 
0.0050 
0.0075 
0.0050 
0.0075 
0.0070 
0.0070 
o.ooso 
0.060 
0.060 
0.060 
0.0050 
0.009 

Semivolatile Orpnics GC • Phenols 1111d Substituted Pbmoli (SW846 8040) - Clam t1ssa 
Phenol 1111/ka 0.75 
2.4-dimethylpbenol q/kg 0.75 

(a) £A Laborafories bas esrablisbod "'1ponillg liaits (JU.a) • WlonfDry ..... illlioa levels. 'l'lllle 1111 ... Ill! Ii 1m cou:c1111 .... «-> lie nponed 
for nMillle labontory analyses in ,peeffild envinlamlaal ..,.._ 1'llt RI.I 1111 _,_ blliMd a, proridll sr-111111 '°" pnmbility of 
avoidin, a false neplive. 
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EA LABORATORIES 

REPORTING LIMITS FOR TISSUE SAMPLES lo) 

Parameter Units Reponing Limit 

2,4,6-Trichlorophenol 
4-Chloro-m-cresol 
2-Chlorophenol 
2,4-Dichlorophenol 
2-Nitropbenol 
4-Nitropbenol 
2,4-Dinitrophenol 
4 ,6-Dinitro-o-cresol 
Pentachlorophcnol 

mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 

Vobttile organics GC/PID -Aromatic Hydrocarbons (SW846 8020) - Clam tissue 

0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 

1,4-Dichlorobcnzene p.g/kg 1.0 

Inorganic nonmetals - Clam tissue 
Cyanide mg/kg 

Metals - Cold Vapor (SW846 7471) - Clam tissue 
Mercury mg/kg 

Metals - Furnace (SW846 7000 Series)- Clam tissue 
Antimony mg/kg 
Arsenic mg/kg 
Beryllium mg/kg 
Cadmium mg/kg 
Chromium mg/kg 
Copper mg/kg 
Lead mg/kg 
Nickel mg/kg 
Selenium mg/kg 
Silver mg/kg 
Thallium mg/kg 

Metals - ICP (SW846 6010) - Clam Tissue 
Nickel mg/kg 
Aluminum mg/kg 
Chromium mg/kg 
Copper mg/kg 
Iron mg/kg 
Zinc mg/kg 
Silver mg/kg 

Metals-lCP (Trace) - Clam Tissue 
Arsenic mg/kg 
Cadmium mg/kg 
Lead mg/kg 

(a) EA Laborasories bu established luponi111 Limin (RLa) u laboratory quamimion levels. Tbae are the minimum concentradons ao be reponed 
for routine laboraao,y analyses in 1peclflld enviromaearal lllllrices. TIie RLs are values belin9d ao provide ,raaer lban 50S probability of 
avoiding a false neplive. 
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Parameter 

Antimony 
Selenium 
Beryllium 

EA LABOR.AT(~ _ 

REPORTING LIMITS FOR TISSUE SAMPLES 1o1 

Units 

mg/kg 
mg/kg 
mg/kg 

Reporting limit 

(a) EA Laboralories bu established lkponing Limits (Rl..s) as llboralory quamitation lc'Yels. These are She miDimum conceatraliom to be ftPOl'led 
for routine laboratory analyses in specified environmcnw maaices. The RLs are values believed to provide ,raier than 501'. probability of 
avoiding a false ne,auve. 
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EA LABORATORIES MDLs for SW 846 Methods in Water 

SW301 OA/601 0A ICP 65.0 NB 

SW3010A/6010A ICP 24.0 500 

SW3010A/6010A ICP 29.0 NB 

SW3010A/6010A ICP 8.0 NB 

SW3010A/6010A ICP ug/L 1.0 NB 

SW3010A/6010A ICP ug/L 3.0 9 

SW3010A/6010A ICP 39.0 NB 

SW301 OA/601 0A ICP 4.0 NB 

SW3010A/6010A ICP 7.0 NB 

SW3010A/6010A ICP 5.0 NB 

Iron SW3010A/6010A ICP 53.0 NB 
Lead SW3010A/6010A ICP-Traco 2.0 8.5 

Magnesium SW3010A/6010A ICP 35.0 NB 

Manganese SW3010A/6010A ICP 2.0 NB 

Nickel SW3010A/6010A ICP 5.0 NB 
Potassium SW3010A/6010A ICP 71.0 NB 
Selenium SW3010A/6010A ICP 44.0 71 . 

Silver SW'3010Al6010A /CP-Trace 1.0 0.92 

SW3010A/6010A ICP 81.0 NB 

' 
SW3010A/6010A ICP 56.0 NB 

SW3010A/6010A ICP 3.0 NB 
SW3010A/6010A ICP 12.0 88 

SW7470 Cold Vapor 0.2 0.025 

SW'3520A/8082A GCIECD ug/L 0.05 0.03 
SW'3520Al8082A GCIECD ug/L 0.10 0.03 
SW'3520A/8082A GCIECD ug/L 0.05 0.03 
SW'3520A/8082A GCIECD ug/L 0.05 0.03 
SW'3520Al8082A GCIECD ug/L 0.05 0.03 
SW'3520A/8082A GCIECD ug/L 0.05 0.03 
SW'3520A/8082A GCIECD ug/L 0.05 0.03 

(Method modification to 1mL final volume and lower standard.) 

SW5030B/8260B-5mL GC/MS 3.3 NB 

SW5030B/8260B-5mL GC/MS 30 NB 

SW5030B/8260B-5mL GC/MS 18 NB 

SW5030B/8260B-5mL GC/MS 12 NB 

SW5030B/8260B-5mL GC/MS 0.9 NB 

Benzene SW5030B/8260B-5mL GC/MS ug/L 0.5 700 
Bromobenzene SW5030B/8260B-5ml GC/MS ug/L 0.4 NB 

Bromochloromethane SW5030B/8260B-5mL GC/MS u IL 0.5 NB 
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EA LABORATORIES MDLs for SW 846 Methods in Water 

SW5030B/8260B-5ml GC/MS ug/l 2.8 NB 

SW5030B/8260B-5mL GC/MS ug/l 0.4 NB 

SW5030B/8260B-5mL GC/MS ug/l 1.7 NB 

SW5030B/8260B-5ml GC/MS 2.3 NB 

SW5030B/8260B-5mL GC/MS 0.7 NB 

SW5030B/8260B-5mL GC/MS 0.7 NB 

SW5030B/8260B-5mL GC/MS 0.6 NB 

SW5030B/8260B-5mL GC/MS 0.8 NB 

SW5030B/8260B-5mL GC/MS 1.2 NB 

SW5030B/8260B-5mL GC/MS 0.4 129 

SW5030B/8260B-5mL GC/MS 0.4 6400 

Chloroethane SW5030B/8260B-5mL GC/MS 1.8 NB 

2-Chloroethylvinyl ether SW5030B/8260B-5mL GC/MS 2.3 NB 

Chloroform SW5030B/8260B-5mL GC/MS 0.7 NB 

1-Chlorohexane SW5030B/8260B-5mL GC/MS 0.7 NB 

hloromethane SW5030B/8260B-5mL GC/MS 1.1 NB 

hloroprene SW5030B/8260B-5ml GC/MS 1.0 NB 

2-Chlorotoluene SW5030B/8260B-5mL GC/MS 0.4 NB 

-Chlorotoluene SW5030B/8260B-5mL GC/MS 0.6 NB 

Dibromochloromethane SW5030B/8260B-5ml GC/MS 3.5 NB 

1,2-Dibromo-3-chloropropane SW5030B/8260B-5ml GC/MS 0.9 6400 

Dibromofluoromethane SW5030B/8260B-5ml GC/MS 3.5 NB 

Dibromomethane SW5030B/8260B-5ml GC/MS 0.6 6400 

1,2-Dibromoethane (EDB) SW5030B/8260B-5ml GC/MS 0.4 NB 

1,2-Dichlorobenzene SW5030B/8260B-5ml GC/MS 0.4 129 

1,3-Dichlorobenzene SW5030B/8260B-5mL GC/MS 0.5 129 

1,4-Dichlorobenzene SW5030B/8260B-5mL GC/MS 0.4 129 

rans-1,4-Dichloro2-Butene SW5030B/8260B-5mL GC/MS 4.4 NB 
Dichlorodifluoromethane SW5030B/8260B-5ml GC/MS 1.0 6400 

1, 1-Dichloroethane SW5030B/8260B-5ml GC/MS 0.8 NB 
1,2-Dichloroethane SW5030B/8260B-5ml GC/MS 0.4 NB 
1, 1-Dichloroethene SW5030B/8260B-5ml GC/MS 1.0 NB 
cis-1,2-Dichloroethene SW5030B/8260B-5mL GC/MS 0.7 NB 
rans-1,2-Dichloroethene SW5030B/8260B-5mL GC/MS 0.7 NB 

1,2-Dichloroethene (total) SW5030B/8260B-5mL GC/MS 0.7 NB 
1,2-Dichloropropane SW5030B/8260B-5ml GC/MS 0.5 NB 
1,3-Dichloropropane SW5030B/8260B-5ml GC/MS 0.5 NB 

,2-Dichloropropane SW5030B/8260B-5ml GC/MS 2.0 NB 
1, 1-Dichloropropene SW5030B/8260B-5ml GC/MS 0.6 NB 
·s-1,3-Dichloropropene SW5030B/8260B-5ml GC/MS 0.4 NB 
rans-1,3-Dichloropro ne SW5030B/8260B-5mL GC/MS 0.4 NB 

Diisopropyl ether SW5030B/8260B-5ml GC/MS 0.6 NB 
Ethyl acetate SW5030B/8260B-5mL GC/MS 2.6 NB 
Ethyl benzene SW5030B/8260B-5mL GC/MS 0.5 NB 

Ethyl ether SW5030B/8260B-5mL GC/MS ug/l 1.3 NB 

Ethyl methacrylate SW5030B/8260B-5ml GC/MS ug/L 0.8 NB 

~ 
Hexachlorobutadiene SW5030B/8260B-5ml GC/MS ug/L 0.7 NB 

-Hexanone SW5030B/8260B-5mL GC/MS ug/l 2.3 NB 
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EA LAB ORA TORIES MDLs for SW 846 Methods in Water 

et a e SW5030 8260B 5ml GC/MS ug/L 2 0 NB 

lsobutyl Alcohol SW5030B/8260B-5ml GC/MS ug/L 38.0 NB 

lsopropylbenzene SW5030B/8260B-5ml GC/MS ua/L 0.6 NB 

p-lsopropyltoluene SW5030B/8260B-5mL GC/MS ua/L 0.6 NB 
Methacryonltrile SW5030B/8260B-5ml GC/MS ua/L 29.0 NB 

Methylene chloride SW5030B/8260B-5ml GC/MS ua/L 0.7 NB 

Methyl methacrylate SW5030B/8260B-5ml GC/MS ug/L 0.5 NB 

14-Methyl-2-Pentanone SW5030B/8260B-5mL GC/MS ua/L 2.0 NB 

Methyl t-butyl ether SVV5030B/8260B-5ml GC/MS uo/L 1.9 NB 

Naphthalene SW5030B/82608-5ml GC/MS ua/L 1.1 NB 

12-Nitropropane SW5030B/8260B-5ml GC/MS ua/L 3.4 NB 

Pentachloroethane SW5030B/8260B-5ml GC/MS ua/L 0.4 281 

Propionitrile SW5030B/8260B-5ml GC/MS ua/L 27.0 NB 
n-Propylbenzene SW5030B/8260B-5mL GC/MS ug/L 0.5 NB 
Styrene SW50308/8260B-5ml GC/MS ua/L 0.4 NB 
1, 1, 1,2-Tetrachloroethane SW5030B/8260B-5mL GC/MS ua/L 0.4 NB 
1, 1,2,2-Tetrachloroethane SW5030B/8260B-5ml GC/MS ug/L 0.9 NB 

IT etrachloroethene SW5030B/8260B-5ml GC/MS ug/L 0.6 NB 
IT etrahydrofuran SW5030B/8260B-5ml GC/MS ug/L 7.6 NB 
!Toluene SW5030B/82608-5mL GCIMS ug/L 0.4 NB 
1,2,3-Trichlorobenzene SW5030B/8260B-5mL GC/MS ug/L 0.7 NB 
1,2,4-Trichlorobenzene SW5030B/8260B-5mL GC/MS ug/L 0.8 NB 
1, 1, 1-Trichloroethane SW5030B/8260B-5mL GC/MS UQ/L 1.6 NB 
1, 1,2-Trichloroethane SW5030B/8260B-5mL GC/MS ua/L 0.5 NB 
Trichloroethene SW5030B/8260B-5ml GC/MS ug/L 0.5 NB 
Trichlorofluoromethane SW5030B/8260B-5ml GC/MS ua/L 1.6 NB 
1,2,3-Trichloropropane SW5030B/8260B-5mL GC/MS ug/L 0.5 NB 
1, 1,2-Trichlorotrifluoroethane SW5030B/8260B-5mL GC/MS ug/L 1.0 NB 
1,2,3-Trimethvlbenzene SW5030B/8260B-5ml GC/MS ug/L 0.4 NB 
1,Z,4-Trimethylbenzene SW5030B/8260B-5mL GCIMS ug/L 0.4 NB 
1,3,5-Trimethylbenzene SW5030B/8260B-5mL GC/MS ug/L 0.4 NB 
Vinyl acetate SW5030B/8260B-5ml GC/MS ug/L 1.4 NB 
IVinyl chloride SW5030B/8260B-5ml GC/MS ug/L 0.9 NB 
m&p-Xylenes SW5030B/8260B-5ml GC/MS ug/L 0.8 NB 
io-Xylene SW5030B/8260B-5ml GC/MS ug/L 0.4 NB 
IXylenes SW5030B/8260B-5mL GC/MS ug/L 1.3 NB 

Polynuclear Aromatic Hydrocarbons (PAHs} 
IAcenaphthene SW3520A/8310 HPLC ua/L 0.08 710 

IAcenaphthylene SW3520A/8310 HPLC ug/L 0.53 NB 
IAnthracene SW3520A/8310 HPLC ua/L 0.02 NB 
Benzo[a]anthracene SW3520A/8310 HPLC ug/L 0.02 NB 
Benzolblfluoranthene SW3520A/8310 HPLC ua/L 0.03 NB 
Benzo[k]fluoranthene SW3520A/8310 HPLC ua/L 0.008 NB 
Benzo[a]pyrene SW3520A/8310 HPLC ug/L 0.021 NB 
Benzo[ghi)perylene SW3520A/8310 HPLC ua/L 0.028 NB 
Chrysene SW3520A/8310 HPLC ua/L 0.014 NB 

(.., 
Dibenzo[a,h]anthracene SW3520A/8310 HPLC ua/L 0.022 NB 
Fluoranthene SW3520A/8310 HPLC ug/L 0.047 16 
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EA LABORATORIES MDLs for SW 846 Methods in Water 

HPLC 

SW3520A/8310 HPLC 0.10 NB 
SW3520A/8310 HPLC 0.13 NB 

Naphthalene SW3520A/8310 HPLC ug/L 0.15 NB 
Phenanthrene SW3520A/8310 HPLC ug/L 0.007 4.6 
Pyrene SW3520A/8310 HPLC ug/L 0.016 NB 

1 The benchmark used for determining the appropriate analytical detection limits was based on the NOAA 

Screening Guidelines for lnorganics and Organics. The values selected are reflective of the US EPA 

Ambient Water Quality Criteria for marine waters and chronic exposures. It is our opinion, based on our 
understanding of the project, that drinking water criteria are not appropriate because all of the samples will 

be collected from a marine/estuarine system; thus, the sample stations are not drinking water resources. 

Ambient Water Quality Criteria are the appropriate values for situations such as this program. 

Parameters indicated with italics represent those analyteslcompounds whose MDL is higher than the Benchmark. 
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EA LABORATORIES MDLs for SW846 Methods in Solids 

~ 

NB 

SW3010A/6010A 6.5 NB 
SW301OA/6010A 2.4 NB 
SW3050A/6010A 2.9 8.2 
SW3050A/601 0A 0.80 NB 
SW3050A/6010A 0.10 NB 
SW3050A/6010A ICP 0.30 1.2 
SW3050A/601 0A ICP 3.9 NB 
SW3050A/601 0A ICP 0.40 81 
SW3050A/601 0A ICP 0.70 NB 
SW3050A/6010A ICP 0.50 34 

C 5.3 NB 
5 5.1 46.7 

SW3050A/6010A ICP 3.5 NB 
SW3050A/6010A ICP 0.20 NB 
SW3050A/6010A ICP 0.50 20.9 
SW3050A/6010A ICP 7.1 NB 
SW3050A/6010A ICP 4.4 NB 
SW3050A/6010A ICP 0.40 1 
SW3050A/601 0A ICP 8.1 NB 
SW3050A/6010A ICP 5.6 NB 
SW3050A/6010A ICP 0.30 NB 

" 
SW3050A/6010A ICP 1.2 150 

SW7471 Cold Vapor 0.10 0.15 

SW3540A8082 GC/ECD 9.3 
SW3540A8082 GC/ECD 7.4 22.7 
SW3540A8082 GC/ECD 10 22.7 
SW3540A8082 GC/ECD 4.7 22.7 
SW3540AB082 GC/ECD 8.4 22.7 
SW3540AB082 GC/ECD 3 22.7 
SW3540A8082 GC/ECD 8 22.7 
SW3540A8082 GC/ECD 18 22.7 
SW3540A8082 GC/ECD 28 22.7 

SW5030A/8260B GC/MS 3 NB 
SW5030A/8260B GC/MS 18 NB 
SW5030A/8260B GC/MS 12 NB 
SW5030A/8260B GC/MS 14 NB 
SW5030A/8260B GC/MS 3 NB 
SW5030A/8260B GC/MS 1 NB 
SW5030A/8260B GC/MS 1 NB 

Bromochloromethane SW5030A/8260B GC/MS 0.80 NB 
Bromodichloromethane SW5030A/8260B GC/MS 0.90 NB 
Bromofluorobenzene SW5030A/B260B GC/MS 0.80 NB 
Bromoform SW5030A/B260B GC/MS 1 NB 

~ Bromomethane SW5030A/8260B GC/MS 3 NB 
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EA LABORATORIES MDLs for SW846 Methods in Solids 

2-Butanone SW5030A/8260B GC/MS ua/kg 4 
n-Butylbenzene SW5030A/8260B GC/MS ug/kg 1 NB 
sec-Butylbenzene SW5030A/8260B GC/MS ua/kg 1 NB 

!benzene SW5030A/8260B GC/MS ug/kg 0.90 NB 
varbon Disulfide SW5030A/8260B GC/MS ug/kg 2 NB 
Carbon tetrachloride SW5030A/8260B GC/MS ug/kg 1 NB 
Chlorobenzene SW5030A/82608 GC/MS ug/kg 0.90 NB 
Chlorodibromomethane SW5030A/82608 GC/MS ug/kg NB 
Chloroethane SW5030A/8260B GC/MS uo/ka 1 NB 

l~loroethylvinyl ether SW5030A/8260B GC/MS ug/kg 4 NB 
oroform SW5030A/8260B GC/MS ug/kg 1 NB 

Chlorohexane SW5030A/8260B GC/MS Ug/kQ 2 NB 
nloromethane SW5030A/8260B GC/MS ug/kg 2 NB 
hloroprene SW5030A/8260B GC/MS ug/kg 1 NB 

2-Chlorotoluene SW5030A/8260B GC/MS uo/ka 0.90 NB 
-Chlorotoluene SW5030A/8260B GC/MS ua/kg 2 NB 

Dibromochloromethane SW5030A/8260B GC/MS ug/kg 0.80 NB 
1,2-Dibromo-3-chloropropane SW5030A/8260B GC/MS ug/kg 2 NB 
Dibromofluoromethane SW5030A/8260B GC/MS ug/kg 1 NB 
Dibromomethane SW5030A/8260B GC/MS ug/kg 1 NB 
1,2-Dibromoethane (EDB) SW5030A/8260B GC/MS ug/kg 0.90 NB 
1,2-Dichlorobenzene SW5030A/8260B GC/MS ug/kg 0.90 NB 
1,3-Dichlorobenzene SW5030A/8260B GC/MS ug/kg 1 NB 
1,4-Oichlorobenzene SW5030A/8260B GC/MS ug/kg 1 NB 
rans-1,4-Dichloro2-Butene SW5030A/8260B GC/MS ug/kg 4 NB 
Dichlorodifluoromethane SW5030A/8260B GC/MS ug/kg 2 NB 
1, 1-Dichloroethane SW5030A/8260B GC/MS ug/kg 1 NB 
1,2-Dichloroethane SW5030A/8260B GC/MS ug/kg 1 NB 
1, 1-Dichloroethene SW5030A/8260B GC/MS ug/kg 2 NB 
cis-1,2-Dichloroethene SW5030A/8260B GC/MS ug/kg 1 NB 
rans-1,2-Dichloroethene SW5030A/8260B GC/MS ug/kg 2 NB 
1,2-Dichloroethene (total) SW5030A/8260B GC/MS ug/ka 2 NB 
1,2-Dichloropropane SW5030A/8260B GC/MS ug/kg 4 NB 
1,3-Dichloropropane SW5030A/8260B GC/MS ug/kg 1 NB 
2.2-Dichloropropane SW5030A/8260B GC/MS ug/kg 2 NB 
1, 1-Dichloropropene SW5030A/8260B GC/MS ug/kg 1 NB 
cis-1,3-Dichloropropene SW5030A/8260B GC/MS ug/kg 0.80 NB 
rans-1,3-Dichloropropene SW5030A/8260B GC/MS ug/kg 0.80 NB 
Diisopropyl ether SW5030A/8260B GC/MS ug/kg 2 NB 

I acetate SW5030A/8260B GC/MS ug/kg 2 NB 
!benzene SW5030A/8260B GC/MS ug/kg 2 NB 
I ether SW5030A/8260B GC/MS ug/kg 2 NB 
methacrylate SW5030A/8260B GC/MS ug/kg 2 NB 

Hexachlorobutadiene SW5030A/8260B GC/MS ug/kg 1 NB 
2-Hexanone SW5030A/8260B GC/MS ug/kg 4 NB 
lodomethane SW5030A/8260B GC/MS ug/kg 0.80 NB 
lsobutyl Alcohol SW5030A/8260B GC/MS uQ/kg 40 NB 
lsopropylbenzene SW5030A/8260B GC/MS ug/kg 1 NB 
p-lsopropyltoluene SW5030A/8260B GC/MS ug/kg 0.90 NB 
Methacryonitrile SW5030A/8260B GC/MS ug/kg 3 NB 
Methylene chloride SW5030A/8260B GC/MS ug/kg 1 NB 
Methyl methacrylate SW5030A/8260B GC/MS uQ/kg 2 NB 
-Methyl-2-Pentanone SW5030A/8260B GC/MS ug/kg 5 NB 

IAethyl t-butyl ether SW5030A/8260B GC/MS ug/kg 2 NB 
Naphthalene SW5030A/8260B GC/MS ug/kg 2 NB 
2-Nitropropane SW5030A/8260B GC/MS ug/kg 3 NB 
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SW5030A/82608 
Propionitrile SW5030A/8260B 20 
n-Propylbenzene SW5030A/8260B 1 
Styrene SW5030A/82608 0.80 NB 
1, 1, 1,2-Tetrachloroethane SW5030A/8260B 1 NB 
1, 1,2,2-Tetrachloroethane SW5030A/8260B 1 NB 
etrachloroethene SW5030A/82608 GC/MS 2 NB 
etrahydrofuran SW5030A/8260B GC/MS 4 NB 
oluene SW5030A/8260B GC/MS 1 NB 

1,2,3-Trichlorobenzene SW5030A/8260B GC/MS 1 NB 
1,2,4-Trichlorobenzene SW5030A/8260B GC/MS NB 
1, 1, 1-Trichloroethane SW5030A/8260B GC/MS NB 
1, 1,2-Trichloroethane SW5030A/8260B GC/MS 1 NB 
richloroethene SW5030A/8260B GC/MS 0.90 NB 
richlorofluoromethane SW5030A/8260B GC/MS 2 NB 

1,2,3-Trichloropropane SW5030A/8260B GC/MS 1 NB 
1, 1,2-Trichlorotrifluoroethane SW5030A/8260B GC/MS 3 NB 
1,2,3-Trimethylbenzene SW5030A/8260B GC/MS 2 NB 
1,2,4-Trimethylbenzene SW5030A/8260B GC/MS NB 
1,3,5-Trimeth !benzene SW5030A/8260B GC/MS NB 

SW5030A/8260B GC/MS 1 NB 
SW5030A/8260B GCIMS 2 NB 
SW5030A/8260B GC/MS 2 NB 
SW5030A/8260B GC/MS 1 NB 

es SW5030A/8260B GC/MS 2 NB 

Polynuclear Aromatic H drocarbons (PAHs 
cenaphthene SW3540A/8310 HPLC 11 16 
cenaphthylene SW3540A/8310 HPLC 51 44 
nthracene SW3540A/8310 HPLC 0.68 85.3 

Benzo[a]anthracene SW3540A/8310 HPLC 0.52 261 
o[b]fluoranthene SW3540A/8310 HPLC 1.1 NB 

enzo[k)fluoranthene SW3540A/8310 HPLC 0.44 NB 
Benzo[a]pyrene SW3540A/8310 HPLC 1.8 430 
Benzo{ghijpe lene SW3540A/8310 HPLC 1.3 NB 
Chrysene SW3540A/8310 HPLC 0.52 384 
Dibenzo[a,h]anthracene SW3540A/8310 HPLC 1.4 69.4 
Fluoranthene SW3540A/8310 HPLC 0.84 600 
Fluorene SW3540A/8310 HPLC 2.0 19 

eno[1,2,3-cd]p rene SW3540A/8310 HPLC 0.93 NB 
thylnaphthalene SW3540A/8310 HPLC 10 NB 
thylnaphthalene SW3540A/8310 HPLC 13 70 

hthalene SW3540A/8310 HPLC 7.4 160 
HPLC 0.65 240 
HPLC 0.48 65 

1 Benchmark based on EPA Region I ERL Guidelines. 

Page 3 of 3 
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------------ ----------- ------ ---- --- - -------- --------
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\~~~~~~lf!f:~~~~::~:"&~f:;;J~~ :~ ?, ~ ~;t: = v~ ~~ ~ s~-t! ~~: -,.,: !<:i!:S 
Aluminum SW3010A/6010A ICP mg/kg 11 NB 
Antimony SW301 0A/601 0A ICP-Trace mg/kg 0.9 NB 
Arsenic SW3050A/6010A ICP-Trace mg/kg 0.8 NB 
Barium SW3050A/601 0A ICP mg/kg 12 NB 
Beryllium SW3050A/601 0A ICP mg/kg 0.3 NB 
Cadmium SW3050A/6010A ICP-Trace mg/kg 0.04 NB 
Calcium SW3050A/601 0A ICP mg/kg 191 NB 
Chromium SW3050A/601 0A ICP mg/kg 1.4 NB 
Cobalt SW3050A/6010A ICP mg/kg 3.1 NB 
Copper SW3050A/6010A ICP mg/kg 1.5 NB 
Iron SW3050A/6010A ICP mg/kg 16 NB 
Lead SW3050A/601 0A ICP-Trace mg/kg 0.23 NB 
Magnesium SW3050A/601 0A ICP mg/kg 69 NB 
Manganese SW3050A/601 0A ICP mg/kg 2.9 NB 
Nickel SW3050A/601 0A ICP mg/kg 3.0 NB 
Potassium SW3050A/6010A ICP mg/kg 579 NB 
Selenium SW3050A/7740 GFAA mg/kg 0.9 NB 
Silver SW3050A/601 0A ICP-Trace mg/kg 0.27 NB 
Sodium SW3050A/601 0A ICP mg/kg 1058 NB 
Thallium SW3050A/7841 GFAA mg/kg 0.3 NB 
Vanadium SW3050A/601 0A ICP mg/kg 2.8 NB 
IZinc SW3050A/6010A ICP mg/kg 9.1 NB 

Mercury SW7471 Cold Vapor mg/kg 0.14 NB 

ORGAM 
PCBs 
~roclor 1016 SW3540A/3640A/8082 GC/ECD ug/kg 12.0 NB 
~roclor 1221 SW3540A/3640A/8082 GC/ECD ug/kg 13.0 NB 
~roclor 1232 SW3540A/3640A/8082 GC/ECD ug/kg 17 NB 
Aroclor 1242 SW3540A/3640A/8082 GC/ECD ug/kg 23.0 NB 
~roclor 1248 SW3540A/3640A/8082 GC/ECD ug/kg 12.0 NB 
Aroclor 1254 SW3540A/3640A/8082 GC/ECD ug/kg 14 NB 
Aroclor 1260 SW3540A/3640A/8082 GC/ECD ug/kg 14 NB 
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EA LA BORA TORIES 

REPORTING LIMITS FOR SOIL SAMPLES ,., 

Parameter Units Reporting Limit 

Pesticides and PCBs GC/ECD - organochlorine compounds (SW846 3540/8082A) 
Aroclor 1016 ug/kg 33 
Aroclor 1221 ug/kg 67 
Aroclor 1232 ug/kg 33 
Aroclor 1242 ug/kg 33 
Aroclor 1248 ug/kg 33 
Aroclor 1254 ug/kg 33 
Aroclor 1260 ug/kg 33 

Semivolatile organics HPLC - PAHs (SW846 3540A/8310) 
Acenaphthene ug/kg 40 
Acenaphthylene ug/kg 70 
Anthracene ug/kg 5.0 
Benzo[a]anthracene ug/kg 2.0 
Benzo[b]fluoranthene ug/kg 2.0 
Benzo[k]fluoranthene ug/kg 2.0 
Benzo[a]pyrene ug/kg 2.0 
Benzo[ghi]perylene ug/kg 2.0 
Chrysene ug/kg 5.0 
Dibenzo[a,h]anthracene ug/kg 2.0 
Fluoranthene ug/kg 7.0 
Fluorene ug/kg 7.0 
lndeno[1,2,3-cd]pyrene ug/kg 2.0 
Naphthalene ug/kg 40 
Phenanthrene ug/kg 5.0 
Pyrene ug/kg 9.0 

Volatile organics GC/MS • (SW846 5030A/8260B) 
Acetone ug/kg 10 
Benzene ug/kg 5 
Bro mod ich loromethane ug/kg 5 
Bromobenzene ug/kg 5 
Bromochloromethane ug/kg 5 
Bromoform ug/kg 5 
Bromomethane ug/kg 5 
n-Butylbenzene ug/kg 5 
sec-Butyl benzene ug/kg 5 
tert-Butylbenzene ug/kg 5 
2-Butanone ug/kg 10 
Carbon disulfide ug/kg 5 
Carbon tetrachloride ug/kg 5 
Chlorobenzene ug/kg 5 
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(a) EA Laboratories has established Reporting Limits (Rls) as laboratory quantitation levels. These are the minimum 
concentrations reported within the method precision and accuracy, and are indicative of routine laboratory analyses in clean 
environmental matrices. 
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EA LABORATORIES 

REPORTING LIMITS FOR SOIL SAMPLES <•1 

Page2 

Parameter Units Reporting Limit 

Chloroethane 
2-Chloroethylvinyl ether 
Chloroform 
Chloromethane 
2-Chlorotoluene 
4-Chlorotoluene 
Dibromochloromethane 
1,2-Dibromo-3-chloropropane 
1,2-Dibromoethane 
Dibromomethane 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1 Dichloroditluoromethane 
1, 1-Dichloroethane 
1,2-Dichloroethane 
1, 1-Dichloroethene 
cis-1,2-Dichloroethene 
trans-1,2-Dichloroethene 
1,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dlchloropropane 
1, 1-Dichloropropene 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 
Diisopropyl ether 
Ethylbenzene 
Hexachlorobutadiene 
2-Hexanone 
lsopropylbenzene 
4-lsopropyltoluene 
Methylene chloride 
Methyl tert-butyl ether (MTBE) 
4-Methyl-2-pentanone 
Naphthalene 
n-Propylbenzene 
Styrene 
1, 1, 1,2-Tetrachloroethane 
1, 1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1,2,3-Trichlorobenzene 

ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
I.lg/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 
ug/kg 

5 
10 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

10 
5 
5 
5 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 

(a) EA Laboratories has established Reporting Limits (Rls) as laboratory quantitation levels. These are the minimum 
concentrations reported within the method precision and accuracy, and are indicative of routine laboratory analyses in clean 
environmental matrices. 

Updated: 09 SEP 97/nks 
Supercedes: 13 JAN 97/amt 



(. 
Parameter 

1,2,4-Trichlorobenzene 
1, 1, 1-Trichloroethane 
1, 1,2-Trichloroethane 
Trichloroethane 
Trichlorofluoromethane 
1,2,3-Trichloropropane 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Vinyl acetate 
Vinyl chloride 
m-Xylene 
m&p-Xylene 
o&p-Xylene 
o-Xylene 

Inorganic nonmetals 
Cyanide 
TOC (SW846 9060) 

Metals - Cold Vapor 
Mercury 

EA LABORATORIES 

REPORTING LIMITS FOR SOIL SAMPLES 1•1 

Units Reporting Limit 

ug/kg 5 
ug/kg 5 
ug/kg 5 
ug/kg 5 
ug/kg 5 
ug/kg 5 
ug/kg 5 
ug/kg 5 
ug/kg 10 
ug/kg 5 
ug/kg 5 
ug/kg 5 
ug/kg 5 
ug/kg 5 

mg/kg 0.2 
mg/kg 6000 

mg/kg 0.10 

Page3 

Metals - ICP(SW-846 3050A/601 0A) 
Aluminum mg/kg 20.0 
Antimony mg/kg 6.0 
Arsenic mg/kg 10.0 
Barium mg/kg 20.0 
Beryllium mg/kg 0.50 
Cadmium mg/kg 0.50 
Calcium mg/kg 100 
Chromium mg/kg 1.0 
Cobalt mglkg 5.0 
Copper mg/kg 1.0 
Iron mg/kg 10.0 
Lead mg/kg 10.0 
Magnesium mg/kg 100.0 
Manganese mg/kg 1.5 
Nickel mg/kg 4.0 
Potassium mg/kg 100 
Selenium mg/kg 10.0 
Silver mg/kg 1.0 
Sodium mg/kg 100 

(a) EA Laboratories has established Reporling Limits {Rls) as laboratory quantltation levels. These are the minimum 
concentrations reported within the method precision and accuracy, and are indicative of routine laboratory analyses in clean 
environmental matrices. 

Updated: 09 SEP 97/nks 
Supercedes: 13 JAN 97/amt 



Parameter 

Thallium 
Vanadium 
Zinc 

EA LA BORA TORIES 

REPORTING LIMITS FOR SOIL SAMPLES c•> 

Units Reporting Limit 

mg/kg 
mg/kg 
mg/kg 

10.0 
5.0 
2.0 

Page4 

(a) EA Laboratories has established Reporting Limits (RLs) as laboratory quantitation levels. These are the minimum 
concentrations reported within the method precision and accuracy, and are indicative of routtne laboratory analyses in clean 
environmental matrices. 

Updated: 09 SEP 97/nks 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES 00 

Parameter Units Reporting Limit 

Pesticides and PCBs GC/ECD - organochlorine compounds (SW846 3520A/8082) 
Aroclor 1016 ug/L 
Aroclor 1221 ug/L 
Aroclor 1232 ug/L 
Aroclor 1242 ug/L 
Aroclor 1248 ug/l 
Aroclor 1254 ug/l 
Aroclor 1260 ug/L 

Semivolatile organics HPLC-PAHs (SW846 3520A/8310) 
Acenaphthene ug/L 
Acenaphthylene ug/L 
Anthracene ug/L 
Benzo[a]anthracene ug/L 
Benzo[b]fluoranthene ug/l 
Benzo[k]fluoranthene ug/L 
Benzo[a]pyrene ug/L 
Benzo[ghi]perylene ug/L 
Chrysene ug/L 
Dibenzo[a,h]anthracene ug/L 
Fluoranthene ug/L 
Fluorene ug/L 
lndeno[1,2,3-cd]pyrene ug/L 
Naphthalene ug/L 
Phenanthrene ug/L 
Pyrene ug/L 

1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
2.0 
0.20 
0.10 
0.15 
0.10 
0.10 
0.20 
0.10 
0.20 
0.20 
0.20 
0.10 
1.0 
0.20 
0.20 

Volatile organics GC/MS - 5 ml purge (SW846 5030A/8260B) - Including Appendix IX compounds 
Acetone ug/L 10 
Acetonitrile ug/L 100 
Acrolein ug/L 50 
Acrylonitrile ug/L 50 
Allyl chloride ug/L 5 
Benzene ug/L 5 
Bromodichloromethane ug/L 5 
Bromobenzene ug/L 5 
Bromochloromethane ug/l 5 
Bromoform ug/L 5 
Bromomethane ug/L 5 
n-Butylbenzene ug/L 5 
sec-Butylbenzene ug/L 5 
tert-Butylbenzene ug/l 5 
2-Butanone ug/L 10 
Carbon disulfide ug/L 5 
Carbon tetrachloride ug/L 5 
Chlorobenzene ug/L 5 
Chloroethane ug/L 5 
2-Chloroethylvinyl ether ug/L 10 

(a) EA Laboratories has established Reporting Limits (RLs) as laboratory quantitation levels. These are the minimum 
concentrations reported within the method precision and accuracy, and are indicative of routine laboratory analyses in clean 
environmental matrices. 

Page 1 of 3 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES w 

Parameter 

Chloroform 
Chloromethane 
Chloroprene 
2-Chlorotoluene 
4-Chlorotoluene 
Dibromochloromethane 
1,2-Dibromo-3-chloropropane 
1,2-Dibromoethane 
Dibromomethane 
1,2•Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
trans-1,4-dichloro-2-butene 
Dichlorod ifluoromethane 
1, 1-Dichloroethane 
1,2-Dichloroethane 
1, 1-Dichloroethene 
cis-1,2-Dichloroethene 
trans-1,2-Dichloroethene 
1,2-Dichloropropane 
1,3-0ichloropropane 
2,2-Dichloropropane 
1, 1-Dichloropropene 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 
Diisopropyl ether 
Ethyl benzene 
Ethyl methacrylate 
Hexachlorobutadiene 
2-H, • .<anone 
lsobutyl alcohol 
lsopropylbenzene 
4-lsopropyltoluene 
Methacrylonitrile 
Methylene chloride 
Methyl iodide 
Methyl methylacrylate 
Methyl tert-butyl ether (MTBE) 
4-Methyl-2-pentanone 
Naphthalene 
Pentachloroethane 
Propionitrile 
n-Propylbenzene 
Styrene 
1, 1, 1,2-Tetrachloroethane 
1, 1,2,2-Tetrachloroethane 
Tetrachloroethene 

Units 

ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 
ug/L 

Reporting Limit 

5 
5 

10 
5 
5 
5 
5 
5 
5 
5 
5 
5 

100 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

10 
100 

5 
5 

100 
5 
5 
5 
5 

10 
5 

10 
100 

5 
5 
5 
5 
5 

(a) EA Laboratories has established Reporting Limits (Rls) as laboratory quantitation levels. These are the minimum 
concentrations reported within the method precision and accuracy, and are indicative of routine laboratory analyses in clean 
environmental matrices. 
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EA LABORATORIES 

REPORTING LIMITS FOR WATER SAMPLES 1•> 

Parameter Units Reporting Limit 

Toluene ug/L 5 
1,2,3-Trichlorobenzene ug/L 5 
1,2,4-Trichlorobenzene ug/L 5 
1, 1, 1-Trichloroethane ug/L 5 
1, 1,2-Trichloroethane ug/L 5 
Trichloroethene ug/L 5 
Trichlorofluoromethane ug/L 5 
1,2,3-Trichloropropane ug/L 5 
1,2,4-Trimethylbenzene ug/L 5 
1,3,5-Trimethylbenzene ug/L 5 
Vinyl acetate ug/L 10 
Vinyl chloride ug/L 5 
m-Xylene ug/L 5 
m&p-Xylene ug/L 5 
o&p-Xylene ug/L 5 
o-Xylene ug/L 5 

Inorganic Nonmetals/General Organics 
Cyanide (EPA 335.2) mg/L 0.01 

Metals - Cold Vapor (SW846 7 470) 
Mercury ug/l 0.20 

Metals - ICP (SW846 3010A/6010A) 
Aluminum ug/l 200 
Antimony ug/l 60.0 
Arsenic ug/L 100 
Barium ug/L 200 
Beryllium ug/L 5.0 
Cadmium ug/L 5.0 
Calcium ug/L 1000 
Chromium ug/L 10.0 
Cobalt ug/L 50.0 
Copper ug/L 10.0 
Iron ug/L 100 
Magnesium ug/L 1000 
Manganese ug/L 15.0 
Nickel ug/L 40.0 
Phosphorus ug/l 100 
Potassium ug/L 1000 
Selenium ug/L 100 
Sodium ug/L 1000 
Strontium ug/L 100 
Thallium ug/L 100 
Vanadium ug/L 50.0 
Zinc ug/L 20.0 

(a) EA Laboratories has established Reporting Limits (Rls) as laboratory quantitation levels. These are the minimum 
concentrations reported within the method precision and accuracy, and are indicative of routine laboratory analyses in clean 
environmental matrices. 
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EA LA BORA TORIES 

REPORTING LIMITS FOR WATER SAMPLES 1•1 

Parameter 

Metals -TRACE ICP (SW846 3010A/6010A) 
Lead 

Units 

ug/L 

Reporting Limit 

3.0 

(a) EA Laboratories has established Reporting Limits (RLs) as laboratory quantitation levels. These are the minimum 
concentrations reported within the method precision and accuracy, and are indicative of routine laboratory analyses in clean 
environmental matrices. 
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EA LA BORA TORIES 

METHOD DETECTION LIMITS (MDLS) FOR WATER SAMPLES 

' Parameter Units MDL (a) 

Pesticides and PCBs GC/ECD - organochlorine compounds (SW846 3520A/8082) 
Aroclor 1016 ug/L 0.62 
Aroclor 1221 ug/L 0.61 
Aroclor 1232 ug/L 0.76 
Aroclor 1242 ug/L 0.54 
Aroclor 1248 ug/L 0.54 
Aroclor 1254 ug/L 0.68 
Aroclor 1260 ug/L 0.14 

Volatile Organics GC/MS -5 ml purge - Capillary Column (SW846 5030A/8260B) 
Acetone ug/L 3.3 
Acetonitrile ug/L 30 
Acrolein ug/L 18 
Allyl Chloride ug/L 0.9 
Acrylonitrile ug/L 12 
Benzene ug/L 0.5 
Bromobenzene ug/L 0.4 
Bromochloromethane ug/L 0.5 
Bromodichloromethane ug/L 0.4 
Bromofluorobenzene ug/L 2.8 
Bromoform ug/L 0.4 

' 
Bromomethane ug/L 1.7 
2-Butanone ug/L 2.3 
sec-Butylbenzene ug/L 0.7 
n-Butylbenzene ug/L 0.7 
tert-Butylbenzene ug/L 0.6 
Carbon Disulfide ug/L 0.8 
Carbon tetrachloride ug/L 1.2 
Chlorobenzene ug/L 0.4 
Chlorodibromomethane ug/L 0.4 
Chloroethane ug/L 1.8 
2-Chloroethylvinyl ether ug/L 2.3 
Chloroform ug/L 0.7 
1-Chlorohexane ug/L 0.7 
Chloromethane ug/L 1.1 
Chloroprene ug/L 1.0 
2-Chlorotoluene ug/L 0.4 
4-Chlorotoluene ug/L 0.6 
Dibromochloromethane ug/L 3.5 
1,2-Dibromo-3-chloropropane ug/L 0.9 
1,2-Dibromoethane (EDB) ug/L 0.4 
Dibromofluoromethane ug/L 3.5 
Dibromomethane ug/L 0.6 
1,2-Dichlorobenzene ug/L 0.4 
1,3-Dichlorobenzene ug/L 0.5 
1,4-Dichlorobenzene ug/L 0.4 

(a) Determined according to 40 CFR 136 Appendix 8. 

Page 1 of 4 

Date 

DEC97 
DEC97 
DEC97 
DEC97 
DEC97 
DEC97 
DEC97 

18 FEB 98 
18 FEB 98 
16 JAN 97 
18 FEB 98 
18 FEB98 
18 FEB 98 
18 FEB 98 
18 FEB98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB.98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
11 DEC 94 
18 FEB 98 
18 FEB 98 
18 FEB98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 

Updated: 5 JUNEhnjb 
Supercedes: 31 MAR98/mjb 



EA LA BORA TORIES 

METHOD DETECTION LIMITS (MDLS) FOR WATER SAMPLES 

Parameter Units MDL (a) Date 

trans 1,4-dichloro2-Butene ug/L 4.4 18 FEB 98 
Dichlorodifluoromethane ug/L 1.0 18 FEB 98 
1, 1-Dichloroethane ug/L 0.8 18 FEB 98 
1,2-Dichloroethane ug/L 0.4 18 FEB98 
1,2-Dichloroehtane-d4 ug/L 2.~ 18 FEB 98 
1, 1-Dichloroethene ug/L 1.0 18 FEB 98 
cis-1,2-Dichloroethene ug/l 0.7 18 FEB 98 
trans-1,2-Dichloroethene ug/L 0.7 18 FEB 98 
1,2-Dichloropropane ug/l 0.5 18 FEB 98 
1,3-Dichloropropane ug/l 0.5 18 FEB 98 
2,2-Dichloropropane ug/l 2.0 18 FEB 98 
1, 1-Dichloropropene ug/L 0.6 18 FEB 98 
cis-1,3-Dichloropropene ug/L 0.4 18 FEB 98 
trans-1,3-Dichloropropene ug/l 0.4 18 FEB 98 
Diisopropyl ether ug/L 0.6 18 FEB 98 
Ethylbenzene ug/l 0.5 18 FEB 98 
Ethyl Acetate ug/L 2.6 18 FEB 98 
Ethyl Ether ug/L 1.3 18 FEB 98 
Ethyl Methacrylate ug/l 0.8 18 FEB 98 
Hexachlorobutadiene ug/l 0.7 18 FEB 98 
2-Hexanone ug/l 2.3 18 FEB 98 
lodomethane ug/l 2 16 JAN 97 
lsobutyl Alcohol ug/L 38 18 FEB 98 
lsopropylbenzene ug/L 0.6 18 FEB 98 
p-lsopropyltoluene ug/L 0.6 18 FEB 98 
Methacrylonitrile ug/L 29 18 FEB 98 
Methylene chloride ug/L 0.7 18 FEB 98 
Methyl Methacrylate ug/L 0.5 18 FEB 98 
4-Methyl-2-Pentanone ug/L 2.0 18 FEB 98 
Methyl t-butyl ether ug/L 1.9 18 FEB 98 
Naphthalene ug/l 1.1 18 FEB98 
2-Nitropropane ug/L 3.4 18 FEB 98 
Pentachloroethane ug/L 0.4 18 FEB 98 
Propionitrile ug/L 27 18 FEB 98 
n-Propylbenzene ug/L 0.5 18 FEB98 
Styrene ug/L 0.4 18 FEB 98 
1, 1, 1,2-Tetrachloroethane ug/l 0.4 18 FEB 98 
1, 1,2,2-Tetrachloroethane ug/L 0.9 18 FEB 98 
Tetrachloroethene ug/L 0.6 18 FEB 98 
Tetrahydrofuran ug/l 7.6 18 FEB 98 
Toluene-d8 ug/l 2.5 18 FEB 98 
Toluene ug/l 0.4 18 FEB 98 
1,2,3-Trichlorobenzene ug/L 0.7 18 FEB 98 
1,2,4-Trichlorobenzene ug/L 0.8 18 FEB 98 
1, 1, 1-Trichloroethane ug/L 1.6 18 FEB 98 
1, 1,2-Trichloroethane ug/l 0.5 18 FEB 98 

~ 
(a) Determined according to 40 CFR 136 Appendix 8. 

Page2 of4 Updated: S JUNE/mjb 
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EA LABORATORIES 

METHOD DETECTION LIMITS (MDLS) FOR WATER SAMPLES 

' 
Parameter Units MDL (a) 

Trichloroethene ug/L 0.5 
Trichlorofluoromethane ug/L 1.6 
1,2,3-Trichloropropane ug/L 0.5 
1, 1,2-Trichlorotrifluoroethane ug/L 1.0 
1,2,3-Trimethylbenzene ug/L 0.4 
1,2,4-Trimethylbenzene ug/L 0.4 
1,3,5-Trimethylbenzene ug/L 0.4 
Vinyl chloride ug/L 0.9 
Vinyl Acetate ug/L 1.4 
m&p-Xylenes ug/L 0.8 
o-Xylene ug/L 0.4 
Xylenes ug/L 1.3 

Semivolatile organics HPLC - PAHs (SW846 3520A/8310) 
Acenaphthene ug/L 0.08 
Acenaphthylene ug/L 0.53 
Anthracene ug/L 0.024 
Benzo[a]anthracene ug/L 0.017 
Benzo[b ]fluoranthene ug/L 0.027 
Benzo[k]fluoranthene ug/L 0.008 
Benzo[a]pyrene ug/L 0.021 
Benzo[g h i]perylene ug/L 0.028 

' 
Chrysene ug/L 0.014 
Dibenzo[a,h]anthracene ug/L 0.022 
Fluoranthene ug/L 0.047 
Fluorene ug/L 0.041 
lndeno[1,2,3-cd]pyrene ug/L 0.042 
1-Methylnaphthalene ug/L 0.10 
2-Methylnaphthalene ug/L 0.13 
Naphthalene ug/L 0.15 
Phenanthrene ug/L 0.007 
Pyrene ug/L 0.016 

Inorganic nonmetals/general organics 
Cyanide (EAL-M-9012) mg/L 0.007 

Metals - Cold Vapor (SW846 7470) 
Mercury ug/L 0.10 

Metals - ICP (SW846 3010A/6010A) 
Aluminum ugll 65 
Antimony ug/L 24 
Arsenic ug/L 29 
Barium ug!L 8.0 
Beryllium ug/L 1.0 
Cadmium ug/L 3.0 

(a) Determined according to 40 CFR 136 Appendix B. 
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Date 

18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB 98 
18 FEB98 

30JUL 97 
30 JUL 97 
30JUL 97 
30JUL 97 
30JUL 97 
30 JUL 97 
30 JUL 97 
30 JUL 97 
30 JUL 97 
30 JUL 97 
30JUL97 
30 JUL 97 
30 JUL 97 
30JUL 97 
30 JUL 97 
30 JUL 97 
30 JUL97 
30 JUL 97 

25JUL 97 

24APR 97 

11 JUL 97 
11 JUL 97 
11 JUL97 
11 JUL 97 
11 JUL 97 
11 JUL 97 
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EA LABORATORIES 

METHOD DETECTION LIMITS (MDLS} FOR WATER SAMPLES 

Parameter Units MDL (a) 

Calcium ug/L 39 
Chromium ug/L 4.0 
Cobalt ug/L 7.0 
Copper ug/L 5.0 
Iron ug/L 53 
Magnesium ug/L 35 
Manganese ug/L 2.0 
Nickel ug/L 5.0 
Potassium ug/L 71 
Selenium ug/L 44 
Silver ug/L 4.0 
Sodium ug/L 81 
Thallium ug/L 56 
Vanadium ug/L 3.0 
Zinc ug/L 12.0 

Metals-Trace ICP (SW846 3010A/6010A) 
Lead ug/L 1.0 
Silver ug/L 1.0 

(a) Determined according to 40 CFR 136 Appendix B. 
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11 JUL 97 
11 JUL 97 
11 JUL 97 
11 JUL 97 
11 JUL 97 
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EA LA BORA TORIES 

METHOD DETECTION LIMITS (MDLS) FOR SOIL SAMPLES 1•1 

' 
Parameter Units MDL 

Pesticides and PCBs GC/ECD • organochlorine compounds (SW846 3450A//8082) 
Aroclor 1016 ug/kg 9.3 
Aroclor 1221 ug/kg 7.4 
Aroclor 1232 ug/kg 10 
Aroclor 1242 ug/kg 4.7 
Aroclor 1248 ug/kg 8.4 
Aroclor 1254 ug/kg 3.0 
Aroclor 1260 ug/kg 8.0 

Semivolatile organics HPLC • PAHs (SW846 3540A/8310)-30 grams• Soll 
Acenaphthene ug/kg 11 
Acenaphthylene ug/kg 51 
Anthracene ug/kg 0.68 
Benzo[a]anthracene ug/kg 0.52 
Benzo[b]fluoranthene ug/kg 1.1 
Benzo[k]fluoranthene ug/kg 0.44 
Benzo[a]pyrene ug/kg 1.8 
Benzo[ghi]perylene ug/kg 1.3 
Chrysene ug/kg 0.52 
Dibenzo[a,h]anthracene ug/kg 1.4 
Fluoranthene ug/kg 0.84 
Fluorene ug/kg 2.0 
lndeno[1,2,3-cd]pyrene ug/kg 0.93 

' 
Naphthalene ug/kg 7.4 
Phenanthrene ug/kg 0.65 
Pyrene ug/kg 0.48 
1-Methylnaphthalene ug/kg 10.0 
2-Methylnaphthalene ug/kg 13 

Volatile Organics GC/MS -Capillary Column (SW846 5030A/8260B) 
Acetone ug/kg 3 
Acetonitrile ug/kg 18 
Acrolein ug/kg 12 
Allyl Chloride ug/kg 3 
Acrylonitrile ug/kg 14 
Benzene ug/kg 1 
Bromobenzene ug/kg 1 
Bromochloromethane ug/kg 0.8 
Bromodichloromethane ug/kg 0.9 
Bromofluorobenzene ug/kg 0.8 
Bromoform ug/kg 1 
Bromomethane ug/kg 3 
2-Butanone ug/kg 4 
sec-Butylbenzene ug/kg 1 

(a) Detennined according to the procedure specified in 40 CFR J36, Appendix B. 
(c) Quantitated using DB-S column due to coelution with interfercnt on DB-35. 
(d) Quantitated using DB-5 column due to coelution on DB-35. 

M:IGROUPIQAILIMITSIWOIUCING\WCMDLSOLUM 
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Date 

DEC97 
DEC97 
DEC97 
DEC97 
DEC97 
DEC97 
DEC97 

30 JUL 97 
30JUL 97 
30JUL 97 
30 JUL 97 
30JUL 97 
30 JUL 97 
30JUL 97 
30 JUL 97 
30 JUL 97 
30 JUL 97 
30JUL 97 
30 JUL 97 
30JUL 97 
30JUL 97 
30JUL 97 
30 JUL 97 
30JUL 97 
30JUL 97 

27 FEB 97 
27 FEB97 
27 FEB 97 
27 FEB 97 
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27 FEB97 
27 FEB 97 
27 FEB 97 
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27 FEB97 
27 FEB97 
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EA LABO RA TORIES 

METHOD DETECTION LIMITS {MDLS) FOR SOIL SAMPLES 1•1 

' 
Parameter Units MDL 

n-Butylbenzene ug/kg 1 
tert-Butylbenzene ug/kg 0.9 
Carbon Disulfide ug/kg 2 
Carbon tetrachloride ug/kg 1 
Chlorobenzene ug/kg 0.9 
Chloroethane ug/kg 1 
2-Chloroethylvinyl ether ug/kg 4 
Chloroform ug/kg 1 
1-Chlorohexane ug/kg 2 
Chloromethane ug/kg 2 
Chloroprene ug/kg 1 
2-Chlorotoluene ug/kg 0.9 
4-Chlorotoluene ug/kg 2 
Dibromochloromethane ug/kg 0.8 
1,2-Dibromo-3-chloropropane (DBCP) ug/kg 2 
1,2-Dibromoethane (EDB) ug/kg 0.9 
Dibromofluoromethane ug/kg 1 
Dibromomethane ug/kg 1 
1,2-Dichlorobenzene ug/kg 0.9 
1,3-Dichlorobenzene ug/kg 1 
1,4-Dichlorobenzene ug/kg 1 
trans 1,4-dichloro2-Butene ug/kg 4 
Dichlorodifluoromethane ug/kg 2 

' 
1, 1-Dichloroethane ug/kg 1 
1,2-Dichloroethane ug/kg 1 
1,2-Dichloroethane-d4 ug/kg 0.8 
1, 1-Dichloroethene ug/kg 2 
cis-1,2-Dichloroethene ug/kg 1 
trans-1,2-Dichloroethene ug/kg 2 
1,2-Dichloroethene, total ug/kg 2 
1,2-Dichloropropane ug/kg 4 
1,3-Dichloropropane ug/kg 1 
2,2-Dichloropropane ug/kg 2 
1, 1-Dichloropropene ug/kg 1 
cis-1,3-Dichloropropene ug/kg 0.8 
trans-1,3-Dichloropropene ug/kg 0.8 
Diisopropyl ether ug/kg 2 
Ethylbenzene ug/kg 2 
Ethyl Acetate ug/kg 2 
Ethyl Ether ug/kg 2 
Ethyl Methacrylate ug/kg 2 
Hexachlorobutadiene ug/kg 1 
2-Hexanone ug/kg 4 
lodomethane ug/kg 0.8 

(a) Determined according to the procedure specified in 40 CFR 136, Appendix B. 
(c) Quantitated using DB-S column due to coelution with interferent on DB-3S. 
(d) Quantitated using DB-S column due to coelution on DB-3S. 
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27 FEB 97 
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27 FEB 97 
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27 FEB 97 
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27 FEB 97 
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EA LABORATORIES 

METHOD DETECTION LIMITS (MOLS) FOR SOIL SAMPLES 1•1 

' Parameter Units MDL 

lsobutyl Alchol ug/kg 40 
lsopropylbenzene ug/kg 1 
p-lsopropyltoluene ug/kg 0.9 
Methacrylonitrile ug/kg 3 
Methylene chloride ug/kg 1 
Methyl Methacrylate ug/kg 2 
4-Methyl-2-Pentanone ug/kg 5 
Methyl t-butyt ether ug/kg 2 
Naphthalene ug/kg 2 
2-Nitropropane ug/kg 3 
Pentachloroethane ug/kg 2 
Propionitrile ug/kg 20 
n-Propylbenzene ug/kg 1 
Styrene ug/kg 0.8 
1, 1, 1,2-T etrachloroethane ug/kg 1 
1, 1,2,2-Tetrachloroethane ug/kg 1 
Tetrachloroethene ug/kg 2 
Tetrahydrofuran ug/kg 4 
Toluene-d8 ug/kg 1 
Toluene ug/kg 1 
1,2,3-Trichlorobenzene ug/kg 1 
1,2,4-Trichlorobenzene ug/kg 1 
1, 1, 1-Trichloroethane ug/kg 1 
1, 1,2-Trichloroethane ug/kg 1 
Trichloroethene ug/kg 0.9 
Trichlorofluoromethane ug/kg 2 
1,2,3-Trichloropropane ug/kg 1 
1, 1,2-Trichlorotrifluoroethane ug/kg 3 
1,2,3-Trimethylbenzene ug/kg 2 
1,2,4-Trimethylbenzene ug/kg 1 
1,3,5-Trimethylbenzene ug/kg 1 
Vinyl chloride ug/kg 2 
Vinyl Acetate ug/kg 1 
m&p-Xylenes ug/kg 2 
a-Xylene ug/kg 1 
Xylenes (total) ug/kg 2 

Inorganic nonmetals 
Chromium, hexavalent (SW846 7196A) mg/kg 0.05 
Cyanide (SW846 9012) mg/kg 0.19 
TOC (SW846 9060) mg/kg 4880 

Metals - Cold Vapor (SW846 7471) 
Mercury mg/kg 0.10 

(a) Detennined according to the procedure specified in 40 CFR 136, Appendix B. 
(c) Quantitated using DB-5 column due lo coelution with interferent on DB-35. 
(d) Quantitated using DB-5 column due to coelution on DB-35 
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EA LABORATORIES 

METHOD DETECTION LIMITS (MDLS) FOR SOIL SAMPLES 1•1 

' Parameter Units MDL 

Metals - ICP (SW846 3050A/601 0A) 
Aluminum mg/kg 6.5 
Antimony mg/kg 2.4 
Arsenic mg/kg 2.9 
Barium mg/kg 0.8 
Beryllium mg/kg 0.1 
Cadmium mg/kg 0.3 
Calcium mg/kg 3.9 
Chromium mg/kg 0.4 
Cobalt mg/kg 0.7 
Copper mg/kg 0.5 
Iron mg/kg 5.3 
Lead mg/kg 5.1 
Magnesium mg/kg 3.5 
Manganese mg/kg 0.2 
Nickel mg/kg 0.5 
Potassium mg/kg 7.1 
Selenium mg/kg 4.4 
Silver mg/kg 0.4 
Sodium mg/kg 8.1 
Thallium mg/kg 5.6 
Vanadium 4 mg/kg 0.3 
Zinc mg/kg 1.2 

' Metals -Trace ICP (SW846 3050A/6010A) 
Lead mg/kg 0.1 

(a) Detennined according to the procedure specified in 40 CFR 136, Appendix B. 
(c) Quantitated using DB-5 column due to coelution with intcrferent on DB-35. 
(d) Quantitated using DB-5 column due to coelution on DB-35. 
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EA LABORATORIES 

METHOD DETECTION LIMITS (MDLS) FOR TISSUE SAMPLES (a> 

Parameter Units MDL (b) Date 

Pesticides and PCBs - GC/ECD organochlorine compounds (SW846 3540/8081/8082) - Clam tissue 
Aroclor 1016 ug/kg 12 10 FEB 98 
Aroclor 1221 ug/kg 13 10 FEB 98 
Aroclor 1232 ug/kg 17 1 0 FEB 98 
Aroclor 1242 ug/kg 23 24 JUN 98 
Aroclor 1248 ug/kg 12 1 0 FEB 98 
Aroclor 1254 ug/kg 14 10 FEB 98 
Aroclor 1260 ug/kg 14 10 FEB 98 

Metals - Cold Vapor (SW846 7471) - Clam tissue 
Mercury mg/kg 

Metals - Furnace (SW846 3050/7000 Series) - Clam tissue 
Selenium mg/kg 
Thallium mg/kg 

Metals - ICP (SW846 3050/6010) - Clam Tissue 
Aluminum 
Barium 
Beryllium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Magnesium 
Manganese 
Nickel 
Potassium 
Sodium 
Vanadium 
Zinc 

Metals-lCP(Trace) - Clam Tissue 
Antimony 
Arsenic 
Cadmium 
Lead 
Silver 

(a) Determined by according 40 CFR 136 Appendix B. 
(b) MDLs are given on a wet weight basis. 
(c) Coplanar PCB congener. 

mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 

mg/kg 
mg/kg 
mg/kg 
mg/kg 
mg/kg 
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0.9 
0.3 

11 
12 
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191 
1.4 
3.1 
1.5 

16 
69 

2.9 
3.0 

579 
1058 

2.8 
9.1 

0.9 
0.8 
0.04 
0.23 
0.27 
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05 FEB 98 

05 FEB 98 
05 FEB 98 
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05 FEB 98 
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05 FEB 98 
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EA LABORATORIES EAL-M-5030 GROUP: Volatiles 
ANALYTICAL METHOD 

Sample Preparation of Purge and Trap Volatiles Page: I of: 6 

1.0 SCOPE AND APPLJCA TION 

I .1 · This method describes sample preparation and extraction for the analysis of volatile organics by a purge-and-trap 
procedure. The gas chromatographic determinative steps are found in Methods 8010, 8015, 8020, 8021 and 8030. 
Although applicable to Methods 8240 and 8260, the purge-and-trap procedure is already incorporated into Methods 
8240 and 8260. 
J .2 Method 5030 can be used for most volatile organic compounds that have boiling points below 200°C and are 
insoluble or slightly soluble in water. Volatile water-soluble compounds can be included in this analytical technique; 
however, quantitation limits (by GC-or GC/MS) are approximately ten times higher because of poor purging efficiency. 
1.3 . Water samples can be analyzed directly for ~olatile organic compounds by purge-and-trap extraction and gas 
chromatography. Higher concentrations of these analytes in water can be determined by direct injection of the sample 
into the chromatographic system. 
1.4 This method also describes the preparation of water-miscible liquids, solids. wastes, and soils/sediments for analysis 
by the purge-and-trap procedure. 
1.6 Any changes in the analytical procedures must be approved by the Operations Manager and the Quality Services 
Ma."lager before samples can be analyzed. 

2.0 SUMMARY OF METHOD 

2.1 The purge-and-trap process: An inert gas is bubbled through the solution at ambient temperature, and the volatile 
components are efficiently transferred from the aqueous phase to the vapor phase. The vapor is swept through a sorbent 
column where the volatile components are adsorbed. After purging is completed, the sorbent column is heated and 
backflushed with inert gas to desorb the components onto a gas chromatographic column. 
2.2 If the sample introduction technique in Section 2.1 is not applicable, a portion of the sample is dispersed in 
methanol to dissolve the volatile organic constituents. A portion of the methanol solution is combined with water in 
a specially designed purging chamber. It is then analyzed by purge-and-trap GC following the normal water method. 

3.0 DEFINITIONS 

Method and project specific quality control components requirements will be defmed in each determ~tive method. 

4.0 INTERFERENCES 

4.1 Impurities in the purge gas, and from organic compounds out-gassing from the plumbing ahead of the trap, account 
for the majority of contamination problems. The analytical system must be demonstrated to be free from contamination 
under the conditions of the analysis by running laboratory reagent blanks. The use ofnon-lFE plastic coating. non-lFE 
thread sealants, or flow controllers with rubber components in the purging device should be avoided. 
4.2 Samples can be contaminated by diffusion of volatile organics (particularly methylene chloride and fluorocarbons) 
through the septum seal of the sample vial during shipment and storage. A trip blank prepared from organic-free reagent 
water and carried through sampling and handling protocols serves as a check on such contamination. 
4.3 Contamination by carryover can occur whenever high-concentration and low-concentration samples are analyzed 
sequentially. Whenever an unusually concentrated sample is analyzed, it should be followed by an analysis of 
organic-free reagent water to check for cross-contamination. The trap and other parts of the system are subject to 
contamination. Therefore, frequent bake-out and purging of the entire system may be required. 

5.0 APPARATUS AND MATERIALS 

5.1 Syringe~ S ml, gas-tight with shutoff valve. 
5.2 Purge-and-trap device: The purge-and-trap device consists of three separate pieces of equipment: the sample purger 
(TEKMAR, LCS 2000), the trap, and the desorber (model ALS 2016). 
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EA LABO RA TORIES EAL-M-5030 GROUP: Volatiles 
ANALYTICAL METHOD 

Sample Preparation of Purge and Trap Volatiles Page: 2of: 6 

5.2. l The recommended purging chamber is designed to accept 5 ml samples with a water column at least 3 cm deep. 
The gaseous headspace between the water column and the trap must have a total volume of less than 15 ml. The purge 
gas must pass through the water column as finely divided bubbles with a diameter of less than 3 mm at the origin. The 
purge gas must be introduced no more than S mm from the base of the water column. 
5 .2.3 The trap must be at least 25 cm long and have an inside diameter of at least 0.1 OS in. V ocarb 3000 used µL carbo 
pack B Carboxen 1000 & I 001. Trap condition at 270 C prior to analysis. 
S .2.4 The desorber should be capable of rapidly heating the trap to 250 ° C for desorption. The polymer section of the 
trap should not be heated higher than 2S0°C, and the remaining sections should not exceed 260°C during bake-out 
mode. 

S.3 Heater jackets used to heat soil/solid samples. 

6.0 REAGENTS 

6.1 Organic-free reagent water -All references to water in this method refer to organic-free reagent water. 
6.2 Methanol, CH30H • Pesticide quality or equivalent. Store away from other solvents. 

7.0 SAMPLE PRESERVATION, AND HANDLING 

Samples should be stored in capped bottles, with minimum headspace. at 4 °C or less and the pH measured and recorded 
after the aliquot has been removed for analysis. 

8.0 PROCEDURE 

(., 8.1 Initial calibration: Prior to using this introduction technique for any GC method. the system must be calibrated. 
General calibration procedures are discussed in the determinative methods. 

8.1.1 The samples and required quality control samples are prepared as described in the determinative methods. 

8.2 On-going calibration: Refer to the determinative method for details on continuing calibration. 
8.3 Water samples: 

8.3.1 Screening of the sample prior to purge-and-trap analysis will provide guidance on whether sample dilution is 
necessary and will prevent contamination of the purge-and-trap system. With FID detector and headspace analyzer. 
8.3.2 All samples and standard solutions must be allowed to warm to ambient temperature before analysis. 
8.3.3 Daily GC calibration criteria as specified in the determinative method must be met before analyzing samples. 
8.3.4 Adjust the purge gas flow rate to 40 mUmin. 
8.3.S Remove the plunger from a S mL syringe and attach a closed syringe valve. Open the sample or standard bottle, 
which has been aUowed to come to ambient temperature, and carefully pour the sample into the syringe barrel to just 
short of overflowing. Replace the syringe plunger and compress the sample. Open the syringe valve and vent any 
residual air while adjusting the sample volume to S.O mL. This process of taking an aliquot destroys the validity of the 
liquid sample for future analysis; therefore, ifthere is only one VOA vial, the analyst should fill a second sample bottle 
at this time to protect against possible Joss of sample integrity. This second sample is maintained only until such time 
when the analyst has detennined that the first sample has been analY7.ed properly. Filling one 20 mL bottle would allow 
the use of only one syringe. 
8.3 .6 The following procedure is appropriate for diluting purgeable samples. AIJ steps must be perfonned without 
delays until the diluted sample is in a gas-tight syringe. 

8.3.6.l Dilutions may be made in volumetric flasks (10 mL to 100 mL). Select the volumetric flask that will allow 
for the necessary dilution. Intermediate dilutions may be necessary for extremely large dilutions. 
8.3.6.2 Calculate the approximate volume of organic-free reagent water to be added to the volumetric flask selected 
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and add slightly less than this quantity of organic•free reagent water to the flask. 
8.3.6.3 Inject the proper aliquot of samples from the syringe prepared in Section 8.3 .5 into the flask. Aliquots of less 
than I mL are not recommended. Dilute the sample to the mark with organic-free reagent water. Cap the flask. invert, 
and shake three times. Repeat the above procedure for additional dilutions. 
8.3.6.4 Fill a S mL syringe with the diluted sample as in Section 8.3.S. 

8.3.7 Add 1.25 µL of surrogate spiking spiking solution (found in each determinative method, Section 5.0). Matrix 
spiking solutions, if indicated, for 8015 gas add 1.25 µL to the sample at this time. 
8.3.8 Attach the syringe-syringe valve assembly to the syringe valve on the purging device. Open the syringe valves 
and inject the sample into the purgi..'lg chamber. 
8.3.9 Close both valves and purge the sample for the time and at the temperature specified in Table 1. 
8.3.10 At the conclusion of the purge true, attach the trap to the chromatograph, adjust the .device to the desorb mode, 
and begin the gas chromatographic temperature program and GC data acquisition. Concurrently, introduce the trapped 
materials to the gas chromatographic column by rapidly heating the trap to 260°C while backflushing the trap with 
inert gas between 20 and 60 mL/min for the time specified in Table 1. 
8.3.11 While the trap is being desorbed into the gas chromatograph, empty the purging chamber. Wash the chamber 
with a minimum of two S mL flushes of organic.free reagent water to avoid carryover of pollutant compounds into 
subsequent analyses. 
8.3.12 After desorbing the sample, recondition the trap by returning the purge-and•trap device to the purge mode. Wait 
15 sec; then close the syringe valve on the purging device to begin gas flow through the trap. The trap temperature 
should be maintained at 260°C for Methods 8010, 8020, 8021, 8240, 8260, and Methods 8015 and 8030. Trap 
temperatures up to 270°C may be employed. However, the higher temperatureS will shorten the useful life of the 
trap. After approximately 7 min, tum off the trap heater and open the syringe valve to stop the gas flow through the 
trap. When cool, the trap is ready for the next sample. 
8.3.13 If the initial analysis of a sample or a dilution of the sample has a concentration of analytes that exceeds the 
initial calibration range, the sample must be reanalyzed at a higher dilution. When a sample is analyzed that has 
saturated response from a compound, this analysis must be followed by a blank organic-free reagent water analysis. 
If the blank analysis is not free of interferences, the system must be decontaminated. Sample analysis may not resume 
until a blank can be analyzed that is free of interferences. 
8.3.14 All dilutions should keep the response of the major constituents (previously saturated peaks) in the upper half 
of the linear range of the curve. Proceed to the specific detenninative method for details on calculating analyze 
response. Unless all detenninative method compounds are detected or an undiluted analysis confirms level of 
compounds found in secondary dilution. 

8.4 Sediment/soil and waste samples: 

Samples requiring GC/MS analysis are screened if suspect, display background or sample emits a petroleum odor. 
It is highly recommended that all samples of this type be screened by using GC/FID prior to the purge-and-trap GC 
analysis. These samples may contain percent quantities of purgeable organics that will contaminate the purge-and-trap 
system, and require extensive cleanup and instrument downtime. Use the screening data to determine whether to use 
the low-con·centration method (0.005-1 mg/Kg) or the high concentration method (> I mg/Kg). 

8.4. l Low-concentration method: This is designed for samples containing individual purgeable compounds of <l 
mg/Kg. It is limited to sediment/soil samples and waste that is of a similar consistency (granular and porous). The 
low-concentration method is based on purging a heated sediment/soil sample mixed with organic-free reagent water 
containing the surrogate and, if applicable, internal and matrix spiking standards. Analyze all reagent blanks and 
standards under the same conditions as the samples. 

8.4.2 Use a 5 g sample if the expected concentration is <0. I mg/Kg or a I g sample for expected concentrations 
between 0.1 and l mg/Kg. 
8.4.3 The GC system should be set up as described in the specific detenninative method. This should be done prior 
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to the preparation of the sample to avoid loss of volatile from standards and samples. A heated purge calibration curve 
must be prepared and used for the quantitation of all samples analyzed with the low-concentration method. Follow the 
initial and daily calibration instructions, except for the addition of a 40°C purge temperature for Methods 8010, 8020, 
and 8021. 
8.4.4 Remove the plunger from a 5 mL Luerlock type syringe equipped with a syringe valve and fill until overflowing 
with organic-free reagent water. Replace the plunger and compress the reagent water to vent trapped air. Adjust the 
volume to 5.0 mL. Add 10 µLeach of surrogate spiking solution to the syringe through the valve. Matrix spiking 
solutions, if indicated, should be added (10 µL) to the sample at this time. 
8.4.5 The sample (for volatile organics) consists of the entire contents of the sample container. Do not discard any 
supernatant liquids. Mix the contents of the sample container with a narrow metal spatula. Weigh the amount 
determined in Section 8.4.2 into a tared purge device. Note and record the actual weight to the nearest 0.1 g. 
8.4.6 Add the spiked organic-free reagent water to the purge device, which contains the weighed amount of sample, 
and connect the device to the purge-and-trap system. 

NOTE: Prior to the attachment of the purge device, Sections 8.4.5 and 8.4.6 must be performed rapidly and without 
interruption to avoid loss of volatile organics. These steps must be performed in a laboratory free of solvent fumes. 

8.4.7 Heat the sample to 40°C ± 1 °c (GC Methods 8010, 8020, 8021; GC/MS Methods 8240, 8260, and CLP) or to 
85 °C± 2 °c (GC Methods 8015 and 8030) and purge the sample for the time shown in Table 1. 
8.4.8 Proceed with the analysis as outlined in Sections 8.3.11-8.3.14. Use 5 mL of the same organic-free reagent water 
as in the reagent blank. If saturated peaks occurred or would occur if a I g sample were analyzed, the 
high-concentration method must be followed. 
8.4.9 For matrix spike analysis of low-concentration sediment/soils, add 10 µL of the matrix spike solution to 5 mL 
of organic-free reagent water. The concentration for a 5 g sample would be equivalent to 50 µg/kg of each matrix spike 
standard. 

8.5 High-concentration method: The method is based on extracting the sediment/soil with methanol. A waste sample 
is either extracted or diluted, depending on its solubility in methanol. 

8.5.1 The sample (for volatile organics) consists of the entire contents of the sample container. Do not discard any 
supernatant liquids. Mix the contents of the sample container with a narrow metal spatula. For sediment/soil and waste 
that are insoluble in methanol, weigh 4 g (wet weight) of sample into a tared 20 mL vial. Use a top-loading balance. 
Note and record the actual weight to 0.1 gram and determine the percent dry weight of the sample using the procedure 
in Section 8.4.2. For waste that is soluble in methanol, weigh 1 g (wet weight) into a tared scintillation vial or culture 
tube or a IO mL volumetric flask. (If a vial or tube is used, it must be calibrated prior to use. Pipet 10.0 mL of methanol 
into tile vial and mark the bottom of the meniscus. Discard this solvent.) 
8.5.2 For sediment/soil or solid waste, quickly add 9.0 mL of appropriate solvent; then add 1.0 mL of the surrogate 
spiking solution to the vial. For a solvent miscible sample, dilute the sample to 10 mL with the appropriate solvent after 
adding 1.0 mL of the surrogate spiking solution. Cap and shake for 2 min. 

NOTE: Sections 8.5.1 and 8.5.2 must be performed rapidly and without intenuption to avoid loss of volatile organics. 
These steps must be performed in a laboratory free from solvent fumes.] 

8.5.3 Pipet approximately 1 mL of the extract into a GC vial for storage, using a disposable pipet. The remainder may 
be discarded. Transfer approximately 1 mL of reagent methanol to a separate GC vial f~r use as the method blank for 
each set of samples. These extracts may be stored at 4 °C in the dark, prior to analysis. 
8.5.4 The GC system should be set up as in Section 8.0 of the specific determinative method. This should be done prior 
to the addition of the methanol extract to organic-free reagent water. 
8.5.5 Table 2 can be used to determine the volume of methanol extract to add to the 5 mL of organic-free reagent water 
for analysis. If a screening procedure was followed, use the estimated concentration to determine the appropriate 
volume. Otherwise, estimate the concentration range of the sample from the low-concentration analysis to determine 
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the appropriate volume. If the sample was submitted as a high-concentration sample, start with 100 µL. All dilutions 
must keep the response of the major constituents (previously saturated peaks) in the upper half of the linear range of 
the curve. 
8.5.6 Remove the plunger from a 5.0 mL Luerlock type syringe equipped with a syringe valve and fill until overflowing 
with organic-free reagent water. Replace the plunger and compress the water to vent trapped air. Adjust the volume 
to 4.9 mL. Pull the plunger back to 5.0 mL to allow volume for the addition of the sample extract and of standards. 
Add 10 µL of internal standard solution. Also add the volume of methanol extract determined in 
Section 8.S.S and a volume of methanol solvent to total 100 µL (excluding methanol in standards). 
8.5.7 Attach the syringe-syringe valve assembly to the syringe valve on the purging device. Open the syringe valve 
and inject the water/methanol sample into the purging chamber. 
8.5.8 Proceed with the analysis as outlined in the specific determinative method. Analyze all reagent blanks on the 
same instrument as that used for the samples. The standards and blanks should also contain 100 µL of methanol to 
simulate the sample conditions. 
8.S.9 For a matrix spike in the high-concentration sediment/soil samples, add 8.0 mL of methanol, 1.0 mL of surrogate 
spike solution and 1.0 mL of matrix spike solution. Add a 100 µL aliquot of this extract to 5 mL of water for purging 
(as per Section 8.5.6). 

8.6 Sample analysis: 

The samples prepared by this method may be analyzed by Methods 8010, 8015, 8020, 8021, 8030, 8240, and 8260. 
Refer to these methods for appropriate analysis conditions. 

9.0 QUALITY CONTROL 

9.1 Method blanks, LCS, and MS/MSD samples are be subjected to exactly the same procedures as those used upon 
actual samples. 
9 .2 Initial Demonstration of Precision and Accuracy: Prior to the extraction of samples, each analyst is required to 
demonstrate the ability to generate data of acceptable bias and precision by meeting the acceptance criteria specified 
in the determinative method for the method blank and LCS in three extraction batches. The documentation of this 
demonstration is included in the analyst's Training Record. 

10.0 REFERENCES 

I 0.1 U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the Analysis of Pollutants Under the 
Clean Water Act; Final Rule and Interim Final Rule and Proposed Rule, " October 26, 1984. 
10.2 U.S. EPA, .. Test Methods for Evaluating Solid Waste," SW-846, 1995, third edition, Office of Solid Waste and 
Emergency Response, Washington, D.C. 
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Sample Preparation of Purge and Trap Volatiles Page: 6 of: 6 

TABLE I. PURGE-AND-TRAP OPERATING PARAMETERS 

ANALYSIS METHOD 

8010 8240 8240 8020/ 8260 8260 
2Sm.L 8021 2SmL 
Purge Purge 

Purge gas ~ Helium Helium Helium Helium Helium Helium 

Purge gas flow rate (mUmin) 40 40 40 40 40 40 

Purge time (min) I 1.0± 0.1 I l.0±0.1 11.0±0.1 l 1.0-± 0.1 11.0± 0.1 I l.0± 0.1 

Purge temperature (0 C) 35± 2 3S± 2 3S ± 2 35± 2 3S ± 2 3S± 2 

Desorb temperature (0 C) 2S0 250 250 250 250 250 

Backflush inert gas flow 20-60 20-60 20-60 20-60 20-60 20-60 
(mUmin) 

Desorb time (min) 4 4 4 4 4 4 

TABLE l. QUANTITY OF METHANOL EXTRACT REQUIRED FOR ANALYSIS OF 
HIGH-CONCENTRATION SOILS/SEDIMENTS 

Approximate Concentration Range Volume of Methanol Extract (a) 

500-10,000 µg/Kg IOOµL 

1,000 -20,000 µg/Kg 50µL 

5,000 - 100,000 µg/K.g lOµL 

25,000 - 500,000 µg/Kg 100 µL of l / 50 dilution (b) 

Calculate the appropriate dilution factor for concentrations exceeding this table. 

(a) The volume of methanol added to 5 mL of water being purged should be kept constant. Therefore, add to the S mL 
syringe whatever volume of methanol is necessary to maintain a volume of 1 OOµL added to the syringe. 

(b) Dilute an aliquot if the methanol extract and then take I 00 µL for analysis. 
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ANALYTICAL METHOD 

VOLATILE ORGANIC COMPOUNDS BY GC/MS: Page 1 of 24 
CAPILLARY COLUMN TECHNIQUE 

1.0 SCOPE AND APPLICATION 

1.1 This method is used to determine the concentration of volatile organic compounds in a variety of 
solid waste matrices. This method is applicable to nearly all types of samples, regardless of water 
content, including ground water, aqueous sludges, caustic liquors, acid liquors, waste solvents, 
oily wastes, mousses, tars, fibrous wastes, polymeric emulsions, filter cakes, spent carbons, 
spent catalysts, soils, and sediments. 

1.2 Table 1 lists the compounds that are routinely determined by this method. Other compounds 
which can be determined are in the reference method. The laboratory Reporting Limits are listed 
in Table 2. Modifications to the analyte list or procedural changes to reach lower Reporting Limits 
are allowed if required by client, project or program. Any changes in the analytical procedures 
must be approved by the Section Chief, QC Chemist, and the Quality Services Manager before 
samples can be analyzed. 

1.3 This method is based upon a purge-and-trap, gas chromatographic/mass spectrometric (GC/MS) 
procedure. It is restricted to use by, or under the supervision of, analysts experienced in the use 
of purge-and-trap systems and gas chromatograph/mass spectrometers, and skilled in the 
interpretation of mass spectra and their use as a quantitative tool. 

Table 1. Method Analytes and Characteristic Masses (M/Z) 
Analyte CAS# Primary Characteristic Secondary 

Ion Characteristic lon(s) 
Acetone 67-64-1 58 43 
Acetonitrile 75-05-8 41 40,39 
Acrolein 107-02-8 56 55,58 
Acrylonitrile 107-13-1 53 52,51 
Allyl chloride 107-05-1 76 41,39, 78 
Benzene 71-43-2 78 -
Bromobenzene 108-86-1 156 77,158 
Bromochloromethane 74-97-5 128 49,130 
Bromodichloromethane 75-27-4 83 85,127 
Bromoform 75-25-2 173 175,254 
Bromomethane 74-83-9 94 96 
2-Butanone (MEK) 78-36-3 56 41 
n-Butylbenzene 104-51-8 91 92,134 I 

sec-Butylbenzene 135-98-8 105 134 
tert-Butylbenzene 98-06-6 119 91, 134 
Carbon disulfide 75-15-0 76 78 
Carbon tetrachloride 56-23-5 117 119 
Chlorobenzene 108-90-7 112 77,114 
Chloroethane 124-48-1 64 66 
2-Chloroethvl vinyl ether 110-75-8 63 65,106 
Chloroform 75-00-3 83 85 
Chloromethane 67-66-3 50 52 
2-Chlorotoluene 74-87-3 91 126 
4-Chlorotoluene 95-49-8 91 126 
1,2-Dibromo-3-chloropropane 106-43-4 75 155,157 
Dibromochloromethane 96-12-8 129 127 
1,2-Oibromoethane 106-93-4 107 109,188 
Dibromomethane 74-95-3 93 95,174 
1,2-Dichlorobenzene 95-50-1 146 111, 148 
1,3-Dichlorobenzene 541-73-1 146 111,148 
1 4-Dichlorobenzene 106-46-7 146 111 148 
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i 
' Table 1. Method Analvtes and Characteristic Masses {M/Zl 

Analyte CAS# Primary Characteristic Secondary 
Ion Characteristic lon(s) 

Dichlorodifluoromethane 75-71-8 85 87 
1, 1-Dichloroethane 75-34-3 63 65,83 
1,2-Dichloroethane 107-06-2 62 98 
1, 1-Dichloroethene 75-35-4 96 61,63 
cis-1,2-Dichloroethene 156-59-2 96 61, 98 
trans-1,2-Dichloroethene - 156-60-5 96 61,98 
1,2-Dichloropropane 78-87-5 63 112 
1,3-Dichloropropane 142-28-9 76 78 
2,2-Dichloropropane 594-20-7 77 97 
1 , 1-Dichloropropene 563-58-6 75 110, 77 

, cis-1,2-Dichloropropene 10061-01-5 75 77,39 
trans-1,2-Dichloropropene 10061-02-6 75 77,39 
Ethyl acetate 141-78-6 88 43,45,61 
Ethyl methacrvlate 97-63-2 69 41,99,86, 114 
Ethylbenzene 100-41-4 91 106 
Hexachlorobutadiene 87-68-3 225 223,227 
2-Hexanone 591-78-6 43 58,57, 100 
lodomethane 74-88-4 142 127,141 
lsopropylbenzene 98-82-8 105 120 
p-lsoprop)'ltoluene 99-87-6 119 134,91 
Methacrylonitrile 126-98-7 41 67,39,52,66 
4-Methyl-2-pentanone (MIBK) 108-10-1 100 43,58,85 
Methylene chloride 75-09-2 84 86,49 
Naphthalene 91-20-3 128 -
Pentach loroethane 76-01-7 167 130,132,165,169 
n-Propvlbenzene 103-65-1 91 120 
Styrene 100-42-5 104 78 
1, 1, 1,2-Tetrachloroethane 630-20-6 131 133,119 
1, 1,2,2-Tetrachloroethane 79-34-5 83 131,85 
Tetrachloroethene 127-18-4 166 168,129 
Toluene 108-88-3 92 91 
1,2,3-Trichlorobenzene 87-61-6 180 182,145 
1,2,4-Trichlorobenzene 120-82-1 180 182,145 
1, 1, 1-Trichloroethane 71-55-6 97 99,61 
1, 1,2-Trichloroethane 79-00-5 83 97,85 
T richloroethene 79-01-6 95 130,132 
Trichlorofluoromethane 75-69-4 101 103 
1,2,3-Trichloropropane 96-18-4 75 77 
1,2,4-Trimethvlbenzene 95-63-6 105 120 
1,3,5-Trimethylbenzene 108-67-8 105 120 
Vinyl acetate 108-054 43 86 
Vinyl chloride 75-01-4 62 64 
o-Xylene 95-47-6 106 91 
m-Xylene 108-38-3 106 91 
p-Xylene 10642-3 106 91 

i INTERNAL STANDARDS/SURROGATES: 
! 4-Bromofluorobenzene 460-00-4 95 174, 176 

Dibromofluoromethane 113 
T oluene-d(8) 2037-26-5 98 
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Table 1. Method Analytes and Characteristic Masses (M/2) 
Analyte CAS# Primary Characteristic Secondary 

Ion Characteristic lon(s) 
Pentafluorobenzene 363-72-4 168 
1,4-Difluorobenzene 540-36-3 114 
Chlorobenzene-d(5) 117 
1,4-Dichlorobenzene-d(4) 152 115, 150 

Table 2. Reporting Limits for Volatile Analytes (a) 

(ug/L) (ug/kg) (b) 

Water (5 ml Purge) 5 (Ketones - 25) -
Water (25 ml Purge) 1 (Ketones - 5) -
Soil/Sediment - 5 

{a) Reporting Limit (RL) - The lowest concentration that can be reliably achieved within specified limits of precision 
and accuracy during routine laboratory operating conditions. The RL is derived from the MDL and the sensitivity of 
the analytical technique. Sample Rl are highly matrix-dependent and may not always be achievable. 
(b) RL listed for soil/sediment are based on wet weight. Normally data are reported on a dry weight basis; therefore, 
Rl will be higher, based on the percent dry weight in each sample. 

2.0 SUMMARY OF METHOD 

2.1 Volatile compounds are introduced into the gas chromatograph by the purge-and-trap method. 
Purged sample components are trapped in a tube containing suitable sorbent materials. When 
purging is complete, the sorbent tube is heated and back flushed with helium to desorb trapped 
sample components. The analytes are desorbed directly to a large bore capillary for analysis. The 
column is temperature programmed to separate the analytes which are then detected with a mass 
spectrometer (MS) interfaced to the gas chromatograph. 

2.2 If the above sample introduction techniques are not applicable, a portion of the sample is 
dispersed in solvent to dissolve the volatile organic constituents. A portion of the solution is 
combined with organic-free reagent water in the purge chamber. It is then analyzed by purge-and
trap GC/MS following the normal water method. 

2.3 Qualitative identifications are confirmed by analyzing standards under the same conditions used 
for samples and comparing resultant mass spectra and GC retention times. Each identified 
component is quantitated by relating the MS response for an appropriate selected ion produced 
by that compound to the MS response for another ion produced by an internal standard. 

3.0 DEFINITIONS 

3.1 

3.2 

3.3 

Organic-free reagent water refers to water in which no target analyte is observed at the 
Reporting Limit of the compounds of interest. EA Laboratories uses a Culligan reverse osmosis 
(R/O) water purification system to generate organic-free deionized water. 
Initial Calibration Verification (ICV) is a second source calibration standard used to verify the 
initial calibration and evaluate method performance. It contains all the analytes listed in Table 1. 
The stock used to prepare the ICV must be from a source that is different from the stocks used to 
prepare the calibration standards. 
Continuing Calibration Verification(CCV) is a mid-level calibration standard used to verify the 
initial calibration throughout the analytical sequence. 
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3.4 Method Blank is a reagent water or standard solid matrix spiked with all surrogates of interest 
and taken through the entire analytical procedure. 

3.5 Surrogate is a non-target compound spiked into all samples and QC samples and taken through 
the entire analytical procedure to determine purging efficiency, and any possible matrix bias. 

3.6 Laboratory Control Sample (LCS) is an aliquot of reagent water or a standard solid matrix, e.g. 
Na2S04 or sand, spiked with a representative subset of the analytes of interest and taken through 
the entire analytical procedure. It is used to monitor the analytical process and recoveries of 
target analytes are compared to laboratory or project specified control limits for precision and 
accuracy. 

3.7 Matrix Spike/Matrix Spike Duplicate (MS/MSD} are two sample duplicates spiked with a 
representative subset of the analytes of interest and taken through the entire analytical procedure. 
Results are used to evaluate measurement bias due to the sample matrix. Recoveries of target 
analytes are compared to LCS control limits. 

3.8 Reference the terminology used to identify the native sample used for matrix spiking purposes. 

4.0 SAFETY AND ALCHEMICAL HYGIENE 

4.1 The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined; 
however, each chemical compound should be treated as a potential health hazard, and exposure 
to these chemicals must be reduced to the lowest possible level by whatever means available. 
The laboratory maintains a reference file of material safety data sheets for the chemicals specified 
in this method. Additional information on general laboratory safety is available from the 
Laboratory Safety Officer. 

4.2 Good laboratory technique dictates the use of appropriate dermal protection. A laboratory coat, 
eye protection, and gloves are the minimum requirements. 

4.3 All wastes must be disposed of following the procedure outlined in EAL-SOP-018. 

5.0 SAMPLE HANDLING AND PRESERVATION 

5.1 Samples are stored in the laboratory at4°C :1:: 2°c. 
5.2 Prior to analysis the analyst should check the sample for air bubbles, and should notify the 

laboratory Project Manager (LPM) immediately if present. Analysis will proceed if holding times 
will be affected. 

5.3 Two vials are sent to the laboratory for 5 ml purge analysis; three vials are needed for 25 ml' 
purge. The pH is determined for all samples received. Notify the LPM if the pH > 2. 

Table 3. Recommended Sample Containers, Preservation Techniques, and Holding Times 

Parameter Container Preservative Holding Time 
Concentrated Waste 8-oz. widemouth glass None 14 days 
Samples with Teflon liner 
liquid Samples: No 2 40-mL vials with 4 drops cone. HCI, Cool to4°:2°C 14 days 
Residual Chlorine Teflon lined septum 
Present caps 
Liquid Samples: 2 40-ml vials with Coiled sample in a 4 oz. soil VOA 14 days 
Residual Chlorine Teflon llned septum container which has been pre•preserved 
Present caps with 4 drops of 10% sodium thiosulfate. 

Gently mix sample and transfer to a 40-mL 
VOA vial that has been pre-preserved with 
4 drops cone. HCI, Cool to 4°C ± 2°c 

Soil/Sediments and 4 oz (120-mL) Cool to 4°± 2°c 14 days 
Sludges widemouth glass with 

Teflon liner 
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6.0 INTERFERENCES 

6.1 

6.2 

6.3 

6.4 

Major contaminant sources are volatile materials in the laboratory and impurities in the inert 
purging gas and in the sorbent trap. The use of non-polytetrafluoroethylene (PTFE) thread 
sealants, plastic tubing, or flow controllers with rubber components should be avoided since such 
materials out-gas organic compounds which will be concentrated in the trap during the purge 
operation. Analyses of calibration and reagent blanks provide information about the presence of 
contaminants. When potential interfering peaks are noted in blanks, the analyst should change 
the purge gas source an~ regenerate the molecular sieve purge gas filter. Subtracting blank 
values from sample results is not permitted. If reporting values not corrected for blanks result in 
what the laboratory feels to be a false positive for that sample, an detailed explanation with 
accompany the uncorrected data. 
Interfering contamination may occur when a sample containing low concentrations of volatile 
organic compounds is analyzed immediately after a sample containing high concentrations of 
volatile organic compounds. After each sample batch is complete, the auto-sampler is purged to 
remove residual water. To assure that any contamination is eliminated the auto-sampler position 
that contained samples that may have been saturated is purged with 1:1 methanol/water and 
instrument is programed to bake for 9 minutes and 30 seconds. Prior to and after analyses the 
glassware used is rinsed and baked in an oven at 250°C. 
Special precautions must be taken to analyze for methylene chloride. The analytical and sample 
storage area should be isolated from all atmospheric sources of methylene chloride. Otherwise 
random background levels will result. Since methylene chloride will permeate through PTFE 
tubing, all gas chromatography carrier gas lines and purge gas plumbing should be constructed 
from stainless steel or copper tubing. Laboratory clothing worn by the analyst should be clean 
since clothing previously exposed to methylene chloride fumes during liquid/liquid extraction 
procedures can contribute to sample contamination. 
Samples can be contaminated by diffusion of volatile organics (particularly methylene chloride and 
fluorocarbons) through the septum seal into the sample during shipment and storage. A trip blank 
prepared from organic-free reagent water and carried through the sampling and handling protocol 
can serve as a check on such contamination. 

7.0 APPARATUS/INSTRUMENTATION 

7.1 Microsyringes - 5, 10, 25, 100,250, 500, and 1,000-uL. 
7.2 Syringes - 5, 10, or 25-ml, gas-tight. 
7.3 Balance -Analytical, 0.0001 g, and top-loading, 0.1 g. 
7.4 Glass scintillation vials, 1 and 2-ml, with Teflon lined screw-caps 
7.5 Disposable Pasteur pipets. 
7.6 Volumetric flasks, Class A-10 ml, 40 mL, 100 ml, 200 ml, 250 ml, and 1000 ml with ground

glass stoppers. 
7. 7 Spatula - Stainless steel. 
7.8 Purge-and-Trap device -The purge-and-trap device, a TEKMAR 2000 or equivalent, consists of 

three separate pieces of equipment: the sample purger, the trap, and the desorber 

7 .8.1 Sample Purger: The purgir,g chamber is designed to accept 5 mL (and 25 ml if the 
lowest detection limit is required) samples. 

7.8.2 The traps are purchased from Supelco K (VOCARB 3000) with Carbopack B/Carboxen 
1000 & 1001. 

7.8.3 The desorber should be capable of rapidly heating the trap to 250°C for desorption. The 
trap bake-out temperature should not exceed 260°C 

7.9 Heater• The heater used is capable of maintaining the purging chamber to within 1 °C over the 
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temperature range of ambient to 100°C. 
7.10 Gas chromatograph 

7.10.1 HP 5890 GCs are equipped complete with a temperature-programmable gas 
chromatograph suitable for splitless injection and all required accessories. including 
syringes, analytical columns, and gases. 

7.10.2 Gas chromatographic columns: Rtx 502.2, 105 m x 0.53 mm ID, 3.0 µm film thickness (or 
equivalent). 

Injector temperature 
Transfer line temperature 
Carrier gas (He) flow rate 
Initial temperature 
Temperature program: 
Final temperature 

2so 0 c 
250-300°C 
40 mUmin 
35°C, hold for 5 minutes 
5°C/min to 85°C, then 8°C/min to 230°C. 
230°C, hold until all expected compounds have 
eluted. 

7.11 Mass spectrometer - Capable of scanning from 35 to 300 amu every 2 seconds or less, using 70 
volts (nominal) electron energy in the electron impact ionization mode. 

7.12 GC/MS interface - The GC is interfaced to the MS with an all glass enrichment device and an all 
glass transfer line that gives acceptable calibration points at 50 ng or less per injection for each of 
the analytes and achieves all acceptable performance criteria (see Table 8). 

7.13 Data system - HP Enviroquant data system allows the continuous acquisition and storage on 
machine-readable media of all mass spectra obtained throughout the duration of the 
chromatographic program must be interfaced to the mass spectrometer. The computer must 
have software that allows searching any GC/MS data file for ions of a specified mass and plotting 
such ion abundances versus time or scan number. This type of plot is defined as an Extracted 
Ion Current Profile (EICP). Software must also be available that allows integrating the 
abundances in any EICP between specified time or scan-number limits. The most recent version 
of the EPA/NIST Mass Spectral Library is used. 

8.0 STANDARDS AND REAGENTS 

8.1 Reagents 

8.1.1 The Reagent log book will be filled out completely following EA-SOP-299. 
8.1.2 Organic Free Water, laboratory reagent water purged with helium. 
8.1.3 Methanol, CH3OH - Purge and Trap Grade or equivalent, demonstrated to be free of 

analytes. Store apart from other solvents. 

8.2 Standards 

8.2.1 Stock Calibration Standards 

8.2.1.1 Stock solution for all method analytes are purchased from Supelco and 
Accustandard as certified solution kits at a concentrations of 200 mg/L. 

8.2.1.2 Gas standards should be replaced after 1 week or as recommended by 
manufacturer's recommendation. 

8.2.1.3 Other standards should be replaced after 6 months. 
8.2.1.4 All standards should be stored at -10°C - -20°c in amber bottles with Teflon lined

screw caps. 
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8.2.2 Intermediate Calibration Standards 

502+ 

8260VOC1 

8260VOC2 

8260VOC3 

8260$S 

KETONES 

2-CLEVE 

ACROLEIN 

FINAL 
VOLUME 

502+ 

8260VOC1 

8260VOC2 

8260VOC3 

8260SS 

KETONE$ 

2-CLEVE 

ACROLEIN 

FINAL 
VOLUME 

8.2.2.1 Prepared by diluting (Tables 4a and 4b). 
8.2.2.2 Intermediate standards are stored with no headspace at-10°C - -20°C, and 

should be replaced after 1 week. 

TABLE 4a • 5 ml Purge 

4 PPB ~ 200 PPB 100 PPB 50 PPB 20 PPB 10 PPB 

2uL 5 UL 2.5 uL 1.25 ul 5 UL 2.5 uL 

2 UL Sul 2.5 uL i 1.25 uL 5 uL 2.5 ul 

2 UL 5 uL 2.5 uL 1.25 UL 5 UL 2.5 uL 

2 uL 5 ul 2.5 UL 1.25 ul 5 uL 2.5 uL 

2 ul 5 uL 2.Sul 1.25 uL 5 ul 2.5 UL 

1.6 UL 4uL 2 uL 1 UL 4 UL 2 uL 

8 uL 20 uL 10 uL 5 uL 20uL 10 ul 

2 UL 5 ul 2.5 ul 1.25 ul 5 UL 2.5 uL 

100ml 5ml SmL 5mL 50ml 50ml 

TABLE 4b - 25 ml purge 

0.8 PPB 40 PPB 20 PPB 10 PPB 5PPB 2 PPB 

0.8 UL 5 UL 2.5 ul 1.25 uL 2.5 ul 1 uL 

0.8 UL 5 UL 2.Sul 1.25 ul 2.5ul 1 ul· 

0.8uL 5 uL 2.5 uL 1.25 ul 2.5 ul 1 UL 

0.8 ul Sul 2.SuL 1.25 UL 2.5 ul 1 ul 

0.8 uL 5 ul 2.5 ul 1.25 ul 2.5 uL 1 ul 

1.6 uL 10 UL 5 uL 2.5 UL 5 uL 2 uL 

3.2 UL 20 ul 10 uL 5 UL 10 ul 4 ul 

1.6 UL 10 ul 5 uL 2.5 UL 5 UL 2 uL 

200 ml 25 ml 25ml 25ml 100ml 100 ml 

8.2.3 Working Calibration Standards 

8.2.3.1 Calibration standards are prepared at a minimum of five concentrations as 
directed in Table 5. 
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8.2.3.2 To prepare a calibration standard, add an appropriate volume of a secondary 
standard solution to an aliquot of DI water in a volumetric flask. Use a 
microsyringe and rapidly inject the alcoholic standard into the expanded area of 
the filled volumetric flask. Remove the needle as quickly as possible after 
injection. 

8.2.3.3 Mix by inverting the flask three times only. Discard the contents contained in the 
neck of the flask. 

Ta_ble 5. Calibrations Standard Preparation 

200 ppm 200 p~m Final Volume Standard Concentration 
Stock Standard Surrogate tandard (ml) (ng/mL) 

(uL) (ul) 

5 5 5 200 

2.5 2.5 5 100 

1.25 1.25 5 50 

0.5 0.5 5 20 

0.5 0.5 10 10 

2 2 100 4 

8.2.4 Surrogate standards - The surrogates recommended are toluene-dB, 4-
bromofluorobenzene, dibromofluoromethane, and 1,2-dichloroethane-d4. 

8.2.4.1 A stock surrogate solution in methanol is purchased as a vendor certified solution 
at a concentration of 25 µg/ml. 

8.2.4.2 An intermediate surrogate standard spiking solution is prepared from the stock at 
a concentration of 50-250 ug/10 ml in methanol. 

8.2.4.3 Each sample undergoing GC/MS analysis is be spiked with 10 ul of the surrogate 
spiking solution prior to analysis. 

8.2.5 Internal standards 

8.2.5.1 Internal standards are chlorobenzene•d5, 1,4-difluorobenzene, 1 ,4-
dichlorobenzene-d4, and pentafluorobenzene. 

8.2.5.2 A stock internal standard solution in methanol is purchased as a vendor certified 
solution. 

8.2.5.3 Prepare the internal standard spiking solution from the stock at a concentration of 
250 ug/1 O ml in methanol. 

8.2.5.4 1 O ul of the internal standard solution to 5.0 ml of sample or calibration standard 
results in 50 ug/L 

8.2.6 Initial Calibration Verification (ICV) 

8.2.6.1 A second source calibration standard is purchased as a vendor certified solution. 
8.2.6.2 1 0 uL of the internal standard solution to 5.0 mL of sample or calibration standard 

results in 50 ug/L 

8.2.7 Tuning Standard 

M:\GROUP\QA\METHOD\FINAL\8260B.R02 



' 
EA LABO RA TORIES EAL•M-8260B-02 I Group: Volatiles 

ANALYTICAL METHOD 
VOLATILE ORGANIC COMPOUNDS BY GC/MS: Page 9 of 24 

CAPILLARY COLUMN TECHNIQUE 

8.2. 7.1 4-Bromofluorobenzene (BFB) neat solution is purchased from the vendor. 
8.2.7.2 BFB Intermediate Solution: Mix 0.1 g neat BFB to 10 ml methanol. 
8.2.7.3 A standard solution containing 50 ng/ul of BFB in methanol is prepared by 

diluting 125 µL of the intermediate solution to 25 ml. 

8.2.8 LCS and Matrix Spiking Standards 

8.2.8.1 Prepared from separate solutions as the calibration standards. 
8.2.8.2 Matrix s,piking standards should be prepared from volatile organic compounds 

which will be representative of the compounds being investigated. At a minimum, 
the matrix spike should include 1, 1-dichloroethene, trichloroethene. 
chlorobenzene, toluene, and benzene. The analyst must review the project 
summary for information on spiking compounds. It is desirable to perform a matrix 
spike using compounds found in samples. Some projects may require spiking 
specific compounds of interest, especially if they are polar and would not be 
represented by the above listed compounds. The standard should be prepared in -
methanol, with each compound present at a concentration of 250 ug/10.0 ml. 

8.2.9 Great care must be taken to maintain the integrity of all standard solutions. It is 
recommended all standards in methanol be stored at -10°C to -20°C in amber bottles with 
Teflon lined screw-caps. 

9.0 PROCEDURES 

9.1 Instrument Set Up 

9.1.1 Instrument Tuning 

9.1. 1.1 For each 12 hour shift, prior to initial calibration of the instrument, daily calibration 
of the instrument, and analysis of samples, a GC/MS tuning standard must be 
analyzed. 

9.1.1.2 Each GC/MS system must be hardware-tuned to meet the criteria in Table 5 for a 
50 ng injection of 4-bromofluorobenzene (1 uL injection of the BFB standard). 
Analyses must not begin until these criteria are met. 

Table 6. BFB Mass - Intensity Specifications 
(4 -Bromofluorobenzene) 

Mass lntensttv Required (relative abundance) 
50 15 to 40% of mass 95 
75 30 to 60% of mass 95 
95 base peak, 100% relative abundance 
96 5 to 9% of mass 95 
173 less than 2% of mass 17 4 
174 greater than 50% of mass 95 
175 5 to 9% of mass 174 
176 greater than 95% but less than 101% of mass 174 
177 5 to 9% of mass 176 

9. 1.1. 3 Three scans (the peak apex can and the scans immediately preceding and 
following the apex} are acquired and averaged. Background subtraction is 
required, and must be accomplished using a single scan acquired no more than 
20 scans prior to the elution of BFB. 
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NOTE: All subsequent standard, sample, MS/MSOs and blanks associated with a 
BFB analysis must use the identical mass spectrometer instrument conditions. 

9.1.2 Purge and Trap 

9.1.2.1 Assemble a purge-and-trap device. For new traps, condition the trap at 260°C in 
the purge mode with an inert gas flow of at least 20 mUmin for 30 minutes. Prior 
to analysis, bake out the trap at 260°C for 9 minutes at an oven temperature of 
1so0 c. 

9.1.2.2 Sample desorption - After the 11 minute purge, adjust the purge and trap system 
to the desorb mode and initiate the temperature program sequence of the gas 
chromatograph and start data acquisition. Introduce the trapped materials to the 
GC column by rapidly heating the trap to 250°C while back flushing the trap with 
an inert gas at 1 O mUmin for 4 minutes. If the non-cryogenic cooling technique is 
followed. the trap must be preheated to 245°C just prior to trap desorption at 
250°C. While the purged analytes are being introduced into the gas 
chromatograph. 

9.1.2.3 Hold the column temperature at 10°c for 5 minutes, then program at 6°C/min to 
160°C and hold until all analytes elute. After desorbing the sample for 4 minutes, 
bake trap for 9.5 minutes at 260°C using "bake gas by-pass" mode for 120 
seconds. 

9.2 Initial Calibration 

9.2.1 Transfer 5.0 ml (or 25 ml if lower detection limits are required) of each calibration 
standard (Table 5) to a gas tight syringe along with 10 ul of internal standard solution. 
Open the flask containing the standard solution and carefully pour the standard into a 
designated 5 ml syringe barrel to just short of overflowing. Replace the syringe plunger 
and compress the standard solution. Vent any residual air while adjusting the standard 
volume to 5.0 ml. Then transfer the contents to a purging device. Analyze the calibration 
standards with the volume of sample that will be analyzed (5 ml or 25 ml). 

9.2.2 Carry out the purge-and-trap analysis procedure for each standard. 

9.2.2.1 Traditionally, the purge-and-trap of aqueous samples is performed at ambient 
temperature, while purging of soil/solid samples is performed at 40°C, to improve 
purging efficiency. 

9.2.2.2 Aqueous and soil/solid samples may also be purged at temperatures above those 
being recommended as long as all calibration standards, samples, and QC 
samples are purges at the same temperature, appropriate trapping material is 
used to handle the excess water, and the laboratory demonstrates acceptable 
method performance for the project. Purging of aqueous samples at elevated 
temperatures (e.g., 40°C) may improve the purging performance of many of the 
water soluble compounds which have poor purging efficiencies at ambient 
temperatures. 

9.2.3 Tabulate the area response of the characteristic ions (see Table 1) against concentration 
for each compound and each internal standard. Calculate relative response factors 
{RRFs) for each compound relative to one of the internal standards. The internal standard 
selected for the calculation of the RRF for a compound should be the internal standard 
that has a retention time closest to the compound being measured. Calculate relative 
response factors (RRFs) for each compound as follows: 
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where: 
RRF 
Ax 
A,s 
Cx 
C,s 

= 
= 
= 
= 
= 

Relative response factor 
Area of the characteristic ion for the compound being measured 

,Area of the characteristic ion for the specific internal standard 
Concentration of the compound being measured (ng on column} 
Concentration of the specific internal standard (ng on column) 

9.2.4 The percent relative standard deviation (%RSD) is calculated for each compound: 

9.2.5 

where: 
%RSD = 
SD = 
RRFA = 

Percent Relative Standard Deviation 
Standard Deviation 
Average Relative response factor 

System performance check compounds (SPCC) 

9.2.5.1 A system performance check must be made before the calibration curve is used. 
Five System Performance Check Compounds (SPCCs) are checked for a 
minimum average relative response factor. 

Compound 
Chloromethane 

Minimum RRF 
0.10 

1, 1,-Dichloroethane 
Bromoform 
Chlorobenzene 

0.10 
0.10 
0.30 

1, 1,2,2,-Tetrachloroethane 0.30 (0.1 for 25 ml purge) 

9.2.5.2 These compounds are used to check compound instability and to check for 
degradation caused by contaminated lines or active sites in the system. 

9.2.5.2.1 

9.2.5.2.2 

9.2.5.2.3 

chloromethane is the most likely compound to be lost if the purge 
flow is too fast. 
Bromoform is one of the compounds most likely to be purged 
very poorly if the purge flow is too slow. Cold spots and/or active 
sites in the transfer lines may adversely affect response. 
Response of the quantitation ion (m/z 173) is directly affected by 
the tuning of BFB at ions m/z 17 4/176. Increasing the m/z 
174/176 ration relative to m/z 95 may improve bromoform 
response. 
Tetrachloroethane and 1, 1-0ichloroethane are degraded by 
contaminated transfer lines in purge-and-trap systems and/or 
active sites. 

9.2.5.3 If the minimum response factors are not met, the system must be evaluated, and 
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corrective action must be taken before sample analysis begins. Possible 
problems include standard mixture degradation, injection port inlet contamination, 
contamination at the from end of the analytical column, and active sites in the 
column or chromatographic system. 

9.2.6 Calibration Check Compounds (CCC) 

9.2.6.1 The purpose of the CCCs are to evaluate the calibration from the standpoint of 
the integrity of the system. High variability for these compounds may be 
indicative of system leaks or reactive sites on the column. Meeting the CCC 
criteria is not a substitute for successful calibration of the target analytes. 

9.2.6.2 The RSD for each individual Calibration Check Compound (CCC) should be 
:!: 15%. The CCCs are: 

1, 1-Dichloroethene 
Chloroform 
1,2-Dichloropropane 

Toluene 
Ethyl benzene 

Vinyl chloride 

9.2.6.3 If a% RSD of greater than 30% is measured for any CCC, then corrective action 
to eliminate a system leak and/or column reactive sites is necessary before 
reattempting calibration. The relative retention times of each compound in each 
calibration standard should agree within 0.06 relative retention time units. 

9.2.7 The relative retention times (RRT) of each compound in each calibration run should agree 
to ±0.06 relative retention time units. 

9.3 If the percent relative standard deviation (%RSD) of the response factor for any target analyte is :!: 

15% over the working range, linearity through the origin can be assumed, and the average 
response factor can be used in place of a calibration curve. 

9.3.1 If the %RSD criteria for initial calibration is >15%, the laboratory has the following options: 

9.3.1.1 Review the results (area counts, response factors) for those analytes which failed 
the %RSD acceptance criteria to determine if the problem is with just one of the 
standards. Should this be the case, the analyst has the option to reanalyze and 
replace the standard in question. 

9.3.1.2 The calibration range may be narrowed by replacing one or more of the standards 
with standards of different concentrations. 

9.3.1.2.1 
9.3.1.2.2 

If the high standard is dropped, more dilutions may be required. 
If the low standards are dropped, the analyst must verify that 
changing the low standard concentration would not effect any client 
DQO's (that the new quantitation level is at least as low as any 
required regulatory limits or action levels). 

9.3.1.3 The laboratory may use a linear regression analysis to establish the curve and 
use for quantitation. 

9.3.1.3.1 Make certain that the instrument response is treated as the dependent 
variable (y) and the concentration as the independent variable (x). 
The regression will produce the slope and intercept terms for a linear 
equation in the form: 
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y = mx + b 

where: 
y = Instrument response (ratio of standard response to IS 

response) [Ax/Ais] 
m = Slope of the line (also called the coefficient of x)(ratio of 

standard concentration to IS concentration) [Cis/Cx] 
x = Concentration of the calibration standard 
b = intercept 

9.3.1.3.2 The line must not be forced through the origin. (Do not include the 
origin [0,0] as the sixth point!) 

9.3.1.3.2.1 The regression calculation will generate a correlation 
coefficient (r) that is a measure of the "goodness of fit" of 
the regression line to the data. A value of 1.00 indicates 
a perfect fit The correlation coefficient must be r~0.990 
(r2~0.980). 

9.3.1.3.2.2 The calculated intercept value must also be evaluated 
before reporting sample results. A positive value for the 
intercept indicates that there is some threshold 
instrument response which is the limiting factor in 
establishing linearity. A negative intercept value can be 
transformed into an x-intercept value that represents a 
threshold concentration which is the limitation. If the 
intercept is positive, then, as a general rule, results 
where the instrument response is less than three times 
(3x) the intercept value may be unreliable. This will 
afford some protection against false positive results. If 
the intercept is negative, results below the concentration 
of the lowest concentration calibration standard may be 
unreliable. These adjustments to the quantitation limits 
will apply to all samples analyzed using the regression 
line. In calculating sample concentrations, the 
regression equation is rearranged to solve for the 
concentration (x), as shown below. 

x=y-b 
m 

9.3.1.3.2.3 An acceptable approach is to raise the reporting limit to 
above they-intercept (or at least meet they-intercept) if 
it would not change required client reporting limits. 

9.4 Initial Calibration Verification: 
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9.4.1 The initial calibration curve or calibration factor must be verified immediately after the 
calibration is performed with a mid-level Initial Calibration Verification(ICV) standard (50 
µg/mL). 

9.4.2 

9.4.3 

9.4.1.1 The percent difference from the initial calibration must be within ± 20% for CCC 
compounds. If the ICV standard fails the acceptance criteria the standard should 
be reanalyzed immediately. If the standard fails again, the analysis is stopped 
and a n~w initial calibration is performed. 

where: 
RF = 
RRFA = 

RRF - RF 
% t;)ifferenc• = _A_ x 100 

RRF 

Calibration factor from the analysis of the verification standard 
Mean calibration factor from the initial calibration. 

Note: concentrations are used when linear regression is the quantitation 
technique 

Retention Times 

9.4.2.1 Target Analytes - The relative retention times of the target analyte in each 
calibration standard should agree within 0.06 relative retention time units. 
Late-eluting compounds usually have much better agreement. 

9.4.2.2 Internal standard - The retention times of the internal standards in the calibration 
verification standard must be evaluated immediately after or during data 
acquisition. If the retention time for any internal standard changes by more than 
30 seconds from the that in the mid-point standard level of the most recent initial 
calibration sequence, then the chromatographic system must be inspected for 
malfunctions and corrections must be made, as required. When corrections are 
made, reanalysis of samples analyzed while the system was malfunctioning is 
required. 

Continuing Calibration Verification (CCV) 

9.4.3.1 Prior to the analysis of samples, inject or purge 50 ng of the 4-
bromofluorobenzene standard. The resultant mass spectra for the BFB must 
meet all of the criteria given in Table 5 before sample analysis begins. These 
criteria must be demonstrated for each 12-hour tune period. 

9.4.3.2 The calibration curve for each,compound of interest must be verified initially, and 
once every 12 hours of analysis time. This is accomplished by analyzing a mid
level calibration standard and evaluating it against the following SPCC and CCC 
criteria. 

9.4.3.2.1 System Performance Check Compounds (SPCCs) - A system 
performance check must be made each 12 hours. If the SPCC criteria 
are met. a comparison of relative response factors is made for all 
compounds. This is the same check that is applied during the initial 
calibration. If the minimum relative response factors are not met, the 
system rr_iu.st be evaluated, and corrective action must be taken before 
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sample analysis begins. 
9.4.3.2.2 Calibration Check Compounds (CCCs) -After the system performance 

check is met, CCCs are used to check the validity of the initial 
calibration. Calculate the percent difference using the following 
equation: 

where: 
%D 
RRF1 

RRFc 

= 
= 
= 

RRF1-RRFc 
%D-----X100 

RRF1 

Percent Deviation (SW-846, 8270 percent difference) 
Average relative response factor from initial calibration. 
Relative response factor from current verification check 
standard. 

9.4.3.2.3 If the percent deviation for each CCC iss 20%, the initial calibration is 
assumed to be valid. If the criterion is not met (>20%D), for any one 
CCC, remake and reanalyze the CCV. 

9.4.3.2.4 If the CCV still fails to meet acceptance criteria, the instrument must be 
recalibrated prior to sample analysis. 

9.4.4 Internal Standard 

9.4.4.1 The internal standard responses and retention times in the check calibration 
standard must be evaluated immediately after or during data acquisition. If the 
retention time for any internal standard changes by more than 30 seconds from 
the last calibration check (12 hours), the chromatographic system must be 
inspected for malfunctions and corrections must be made, as required. 

9.4.4.2 If the EICP area for any of the internal standards changes by a factor of two 
(-50% to +100%) from the midpoint of the curve, the mass spectrometer must be 
inspected for malfunctions and corrections must be made, as appropriate. When 
corrections are made, samples analyzed during the period of malfunction must be 
reanalyzed. 

9.5 Sample Analysis 

9.5.1 

9.5.2 

9.5.3 

Screening of the sample, using a headspace analysis by gas chromatography with a FID, 
prior to purge-and-trap analysis will provide guidance on whether sample dilution is 
necessary and wilt prevent contamination of the purge-and-trap system. 
All samples and standard solutions must be allowed to warm to ambient temperature 
before analysis. 
Analysis of Water Samples 

9.5.3.1 If lower detection limits are required, use a 25 ml syringe. Open the sample or 
standard bottle and carefully pour the sample into the syringe barrel to just short 
of overflowing. Replace the syringe plunger and compress the sample. Vent any 
residual air while adjusting the sample volume to 5.0 ml. 

9.5.3.2 The following procedure is appropriate for diluting purgeable samples. All steps 
must be performed without delays until the diluted sample is in a gas-tight 
syringe. Dilutions may be made in volumetric flasks (10 to 100 ml). Select the 
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volumetric flask that will allow for the necessary dilution. Intermediate dilutions 
may be necessary for extremely large dilutions. Calculate the approximate 
volume of DI water to be added to the volumetric flask selected and add slightly 
less than this quantity of DI water to the flask. Inject the proper aliquot of sample 
from the syringe into the flask. Aliquots of less than 1 ml are not recommended. 
Dilute the sample to the mark with DI water. Cap the flask, invert, and shake 
three times. Repeat above procedure for additional dilutions. Fill a 5 ml syringe 
with the diluted sample. 

9.5.3.3 Add 10..0 uL of the surrogate spiking solution and 10.0 uL of the internal standard 
spiking solution to each sample. The surrogate and internal standards may be 
mixed and added as a single spiking solution. The addition of 1 0 ul of the 
surrogate spiking solution to 5 ml of aqueous sample will yield a concentration of 
50 ug/l of each surrogate standard. The addition of 10 uL of the surrogate spiking 
solution to 5 g of a non.aqueous sample will yield a concentration of 50 ug/kg of 
each standard. 

9.5.3.4 Add 1 0 uL of the matrix spike solution (Section 8.8) to a 5--mL aliquot of the 
sample chosen for spiking. Disregarding any dilutions, this js equivalent to a 
concentration of 50 ug/L of each matrix spike standard. Follow the same 
procedure in preparing the laboratory control sample (LCS) and method blank 
(MB), except the spike is added to a clean matrix. 

9.5.3.5 Inject the sample into the purging chamber. Purge the sample for 11.0 +/- 0.1 
minutes at ambient temperature. Trap temperature is set to 35°C. 

9.5.4 Analysis of Sediment/Soil and Waste Samples 

9.5.4.1 Use the screening data to determine whether to use the low•concentration 
method (0.005-1 mg/Kg) or the high-concentration method(> 1 mg/Kg). 

9.5.4.2 Low.concentration method - This is designed for samples containing individual 
purgeable compounds of <1 mg/Kg. The low.concentration method is based on 
purging a heated sediment/soil sample mixed with DI water containing the 
surrogate and internal standards. Analyze all blanks and standards under the 
same conditions as the samples. Use a 5 g sample if the expected concentration 
is < 0.1 mg/Kg or a 1 g sample for expected concentrations between 0.1 and ·1 
mg/Kg. A heated purge calibration curve must be prepared and used for the 
quantitation of all samples analyzed with the low-concentration method. Follow 
the initial and daily calibration instructions, except for the addition of a 40"C purge 
temperature. 

9.5.4.3 Remove the plunger from a 5 ml Luerlock type syringe equipped with a syringe 
valve and fill until overflowing with DI water. Replace the plunger and compress 
the water to vent trapped air. Adjust the volume to 5.0 mL. Add 10 ul each of 
surrogate spiking solution and internal standard solution to the syringe through 
the valve. The addition of 10 ul of the surrogate spiking solution to 5 g of 
sediment/soil is equivalent to 50 ug/Kg of each surrogate standard. The sample 
(for volatile organics) consists of the entire contents of the sample container. Do 
not discard any supernatant liquids. Mix the contents of the sample container 
with a narrow metal spatula. Weigh the sample into a tared purge device. 

9.5.4.4 Add the spiked DI water to the purging device, which contains the weighed 
amount of sample, and connect the device to the purge--and-trap system. Heat 
the sample to 40° :I: 1 °C and purge the sample for 11.0 :t 0.1 minutes. The initial 
trap temperature is set at 35°C. For matrix spike analysis of low-concentration 
sediment/soils, add 1 0 uL of the matrix spike solution to the 5 ml of DI water. 
The concentration for a 5 g sample would be equivalent to 50 ug/Kg of each 
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matrix spike standard. 
9.5.4.5 High-concentration method - The method is based on extracting the sediment/soil 

with methanol. An aliquot of the extract is added to DI water containing surrogate 
and internal standards. This is purged at ambient temperature. All samples with 
an expected concentration of> 1.0 mg/Kg should be analyzed by this method. 
The sample (for volatile organics) consists of the entire contents of the sample 
container. Do not discard any supernatant liquids. Mix the contents of the sample 
container with a narrow metal spatula. For sediment/soil and solid wastes that 
are insqJuble in methanol weigh 4 g (wet weight) of sample into a tared 20 ml 
vial. Use a top-loading balance. Note and record the actual weight Quickly add 
10.0 mL ,Jf methanol. Cap and shake for 2 minutes. 

9.5.4.6 Pipet approximately 1 mL of the extract to a 2-mL screw cap vial for storage, 
using a c;isposable pipet. The remainder may be disposed. Transfer 

· approximately 1 mL of appropriate solvent to a separate GC vial for use as the 
method blank for each set of samples. These extracts may be stored at 4 ° ± 2 °C 
in the dark, prior to analysis. 

9.5.4.7 Setup up the GC/MS system prior to the addition of the solvent extract to DI 
water. Add 100 uL of the solvent extract to the 5 mL of DI water for analysis. 
Remove the plunger from a 5.0 ml Luerlock type syringe and fill until overflowing 
with water. Replace the plunger and compress the water to vent trapped air. 
Adjust the volume to 4.9 mL. Pull the plunger back to 5.0 ml to allow volume for 
the addition of the sample extract and of standards. 

9.5.4.8 If a screening procedure was followed, use the estimated concentration to 
determine the appropriate volume of solvent extract. Otheiwise, estimate the 
concentration range of the sample from the low concentration analysis to 
determine the appropriate volume. If the sample was submitted as a high
concentration sample, start with 100 uL. All dilutions must keep the response of 
the major constituents (previously saturated peaks) in the upper half of the linear 
range of the curve. Add 10 uL of internal standard/surrogate solution. Also add 
the volume of solvent extract and a volume of extraction or dissolution solvent to 
total 100 ul (excluding solvent in standards). 

9.5.4.9 Attach the syringe-syringe valve assembly to the syringe valve on the purging 
device. Open the syringe valve and inject the water/solvent sample into the . 
purging chamber. Proceed with the analysis. Analyze all blanks on the same 
instrument as that used for the samples. The standards and blanks should also 
contain 100 uL of the dilution solvent to simulate the sample conditions. 

9.5.4.1 O For a matrix spike in the high-concentration sediment/soil samples, add 
9.0 ml of methanol and 1.0 mL of matrix spike solution. This results in 
a 6,200 ug/Kg concentration of each matrix spike standard when added 
to a 4 g sample. Add a 100 uL aliquot of this extract to 5 ml of DI 
water for purging. 

Laboratory Control Samples - are prepared by spiking a deionized water blank sample with a 
secondary independent source vendor certified gas standard solution (containing Chloromethane, 
Vinyl Chloride, Bromomethane and Chloroethane) and matrix spike standard solution. The gas 
standard is added at 1.25 ul into 25 mL of the blank and 1 O uL of matrix spike standard 
containing the reminding target compounds to achieve 50 ppb concentration. 
If the initial analysis of the sample or dilution of the sample has a concentration of analytes that 
exceeds the initial calibration range, the sample must be reanalyzed at a higher dilution. All 
dilutions should keep the response of the major constituents in the upper half of the linear range of 
the curve. 
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10.0 CALCULA l"IONS 

10.1 Qualitative 

10.1.1 The qualitative identification of compounds determined by this method is based on 
retention time, and on comparison of the sample mass spectrum, after background 
correction, with characteristic ions in a reference mass spectrum. The reference mass 
spectrum must be generated by the laboratory using the conditions of this method. The 
characteristic ions from the reference mass spectrum are defined to be the three ions of 
greatest relative intensity, or any ions over 30% relative intensity if less than three such 
ions occur in the reference spe,::trum. Compounds are identified as present when the 
following criteria are met. 

10.1.1.1 The intensities of the characteristic ions of a compound maximize in the same 
scan or within one scan of each other. Selection of a peak by a data system 
target compound search routine where the search Is based on the presence of 
a target chromatographic peak containing ions specific for the target 
compound at a compound-specific retention time will be accepted as meeting 
this criterion. 

10.1.1.2 The relative retention time (RRT) of the sample component is within ± 0.06 RRT 
units of the RRT of the standard component. 

10.1.1.3 The relative intensities of the characteristic ions agree within 30% of the relative 
intensities of these ions in the reference spectrum. 

(., EXAMPLE: For an ion with an abundance of 50% in the reference spectrum, 
the corresponding abundance in a sample spectrum can range between 20% 
and 80%. 

10.1.1.4 Structural isomers that produce very similar mass spectra should be identified 
as individual isomers if they have sufficiently different GC retention times. 
Sufficient GC resolution is achieved if the height of the valley between two 
isomer peaks is less than 25% of the sum of the two peak heights. Otherwise, 
structural isomers are identified as isomeric pairs. 

10.1.1.5 Identification is hampered when sample components are not resolved 
chromatographically and produce mass spectra containing ions contributed by 
more than one analyte. When gas chromatographic peaks obviously represent 
more than one sample component (i.e., a broadened peak with shoulder(s) or a 
valley between two or more maxima), appropriate selection of analyte spectra 
and background spectra is important. 

10.1.1.6 Examination of extracted ion current profiles of appropriate ions can aid in the 
selection of spectra, and in qualitative identification of compounds. When 
analytes coelute (i.e., only one chromatographic peak is apparent), the 
identification criteria may be met, but each analyte spectrum will contain 
extraneous ions contributed by the coeluting compound. 

10.1.2 For samples containing components not associated with the calibration standards, a 
library search may be made for the purpose of tentative identification. The analyst must 
review the Project Summary or contract the LPM if there are any questions. Data system 
library search routines should not use normalization routines that would misrepresent the 
library or unknown spectra when compared to each other. Use the following guidelines 
for making tentative identifications: 
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10.1.2.1 Relative intensities of major ions in the reference spectrum (ions greater than 
10% of the most abundant ion} should be present in the sample spectrum. 

10.1.2.2 The relative intensities of the major ions should agree within +/- 20%. For 
example, an ion with an abundance of 50% in the standard spectrum, the 
corresponding sample ion abundance must be between 30 and 70%. 

10.1.2.3 Molecular ions present in the reference spectrum should be present in the 
sample spectrum. 

10.1.2.4 Ions present in the sample spectrum but not in the reference spectrum should 
be reviewed for possible background contamination or presence of coeluting 
compounds. 

10.1.2.5 Ions present in the reference spectrJm but not in the sample spectrum should 
be reviewed for possible subtractior, from the sample spectrum because of 
background contamination or coeluting peaks. Data system library reduction 
programs can sometimes create these discrepancies. 

10.2 Quantitative Analysis 

10.2.1 

10.2.2 

When a compound has been identified, the quantitation of that compound will be based 
on the integrated abundance from the EICP of the primary characteristic ion. Quantitation 
will take place using the internal standard technique. The internal standard used shall be 
the one nearest the retention time of the given analyte. 
Calculate the concentration of each identified analyte in the sample as follows: 

10.2.2.1 Water and Water-Miscible Wastes: 

where 
Concsamp1e = 
Asampla = 
cis = 
& = 
RRF = 

OF = 

A xC 
Cone • •-P1• "•DF 

••mp1e -R 
A 11x RF 

Sample concentration in ug/L 
Area of characteristic ion for compound being measured in 
the sample. 
Concentration of internal standard injected (ng/uL). 
Area of characteristic ion for the internal standard. 
Average relative response factor of compound being 
measured from initial calibration. 
Dilution factor 

10.2.2.2 Sediment/Soil, Sludge, and Waste 

where: 
Conc1111111p1e 

A..,.p1e 
C;s 
A. 
RRF 

= 
= 
= 
= 
= 

Sample concentration in ug/kg 
Area of characteristic ion for compound being measured. 
Concentration of internal standard injected (ug/kg). 
Area of characteristic ion for the internal standard. 
Average relative response factor of compound being 
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DWF 
OF 

= 
= 

measured from initial 
calibration. 
Dry Weight Factor 
Dilution factor 

10.2.2.2.1 Sediment/soil samples are generally reported on a dry weight 
basis, while sludges and wastes are reported on a wet weight 
basis. 

10.2.2.2.2 The dry weight factor (DWF) of the sample is calculated using 
the following equation. 

DWF=--1_0O __ 
10O-%Molsture 

10.2.3 Where applicable, an estimate of concentration for noncalibrated components in the 
sample should be made. The formulae given above should be used with the following 
modifications: The areas A.mill• and A,. should be from the total ion chromatograms, and 
the RRF for the compound should be assumed to be 1. The concentration obtained 
should be reported indicating (1) that the value is an estimate and (2) which internal 
standard was used to determine concentration. Use the nearest internal standard free of 
interferences. 

11.0 QUALITY CONTROL 

11.1 Quality Control Acceptance Criteria for this method, including the frequency and corrective actions 
are shown in Table 6. 

11.2 Initial Calibration 

11.2.1 In order to produce acceptable sample results, the response of the instrument must be 
within the working range established by the initial calibration. 

11.2.2 The extrapolation of the calibration to concentrations above or below those of the actual 
calibration standards is not permitted. 

11.3 The standard curve is verified using a second source standard (ICV). 
11.4 The standard curve is verified every 12 hour analytical shift using a continuing calibration 

verification standard (CCV). 
11.5 Method Blank 

11.5.1 A method blank is analyzed once per analytical batch of 20 or fewer samples to determine 
whether or not the analysis has introduced any contamination to the samples 

11.5.2 Results from the method blank are not subtracted from the samples. 
11. 5. 3 When method or solvent blanks are not used after the analysis of high level samples, the 

results for at least two of the following samples are carefully reviewed to determine if 
there was any contamination. If the analytes are not present in the samples following the 
highly concentrated sample, that data is usable. Otherwise, the sample are reanalyzed. 

11.6 Laboratory Control Sample: Analyzed once per analytical batch of 20 or fewer samples. 

11.6.1 LCS Recovery 
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% LCS Recovery (%R) .. f!!.!!.!!!!. x 100 
True 
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11. 7 Matrix Spike/Matrix Spike Duplicate: Analyze one MS/MSO pair once per analytical batch of every 
20 or fewer samples. 

11.7.1 Report the results of the both the %R in the MS and MSD samples and the %RPO 
between the MS and MSD. Note results in the case narrative. 

11.7.1.1 

where: 
SSR = 
SR = 
SA = 

11.7.1.2 

where: 
MSR= 
MSRD= 

Spike Recovery 

% Spike Recovery (%R) • SSR - SR x 100 
SA 

Spiked Sample Result 
Sample Result 
Spike Added 

%RPO 

% RPO = jMSR-MSRDI x 100 
(MSR+MSRD)/2 

Matrix spike recovery 
Matrix spike duplicate recovery 

(The vertical bars in the formula above Indicate the absolute value of the difference, therefore, RPD is always 
expressed as a positive value.) · 

12.0 REFERENCES 

12.1 United States Environmental Protection Agency. 1997. Test Methods for Evaluating Solid Waste. 
Physical/Chemical Methods. EPA SW-846, 3rd Edition, Method 8260B. U.S. EPA, Washington, 
D.C. 

12.2 American Public Health Association (APHA), American Water Works Association, and Water 
Environmental Federation. 1992. Standard Methods For The Examination of Water and 
Wastewater (18th edition). APHA, Washington, D.C. 

12.3 United States Environmental Protection Agency. 1995. Contract Lab Program, Statement of 
Work OLM03.2. U.S. EPA, Washington, D.C. 
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TABLE 8. SUMMARY OF LABORATORY QUALITY CONTROL REQUIREMENTS AND CORRECTIVE ACTION PROCEDURES FOR SW-846 METHOD 8260 

QC Check Frequency Acceptance Criteria Laboratory Corrective Action 

Holding time See Table 3 Analysis is completed within holding time. Notify LPM, determine if laboratory is to proceed or if client will resample. 

Tuning Every 12 hours Within limits of method Adjust instrument parameters. \ 

Calibration curve Established initially at 5 1. Initial calibration %RSD for all CCCs is 1. Recalibrate instrument. 
concentration levels, less than 30 percent. 2. Reanalyze samples since last criteria met. 
verified daily at mid level 2. %RSD for all other analytes must by 3. Document actions taken. 

s15%. 
3. RRF for SPCCs is >0.05. 
If %RSD fails, there are several options: 
1. Reanalyze any outlier standards, 
2. Average of an analytes d5%, ICAL valid, 
Linear regression with rs0.99, ICAL valid. 

Initial Calibration After each initial Recoveries for target analytes must be ±20% 1. Verify ICV preparation and reanalyze the ICV standard once to verify. 
Verification calibration using second 2. If still fails, recalibrate the instrument. 

source standard 

Continuing Verified every 12 hour 1. %0 for each CCC must be .:;20%, then 1. If acceptance criteria is not met, reanalyze the CCV .. 
Calibration analytical shift at mid- the ICAL is assumed to be valid; if the 2. If still fails, recalibrate the instrument. 
Verification level criteria is not met (>20%0) for any one 

CCC, then corrective action must be 
taken. 

2. %0 for all target analytes, on average, 
±20%. 

3. Rf for SPCC is >0.05. 

Method Blank 1 per analytical batch Analyte concentration :s:RL, except that the 1. Determine source of contamination, i.e. instrument, blank water, reagents. 
common laboratory contaminates CH2C1 2 2. Take appropriate corrective action and document. 
and CCI,. are :s; 5X the MDL. 3. Reanalyze or prepare analytical batch. 

4. If samples cannot be reanalyzed or reprepared, qualify data. 
5. Document actions taken. 
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TABLE 8. SUMMARY OF LABORATORY QUALITY CONTROL REQUIREMENTS AND CORRECTIVE ACTION PROCEDURES FOR SW-846 METHOD 8260 

QC Check 

LCS 

Internal Standard 
Responses and 
Retention Times 

Surrogate spike 

Frequency 

1 per analytical batch 

Internal standards are 
added to all calibration 
standards, LCS, samples 
and blanks 

All field and QC samples 

Acceptance Criteria 

All recoveries must be within laboratory 
control limits. 

1. Retention time for any internal standard 
must be within 30 seconds of the 
mid-point standard level of the most 
recent initial calibration sequence. For 
samples analyzed with an initial 
calibration, the retention times are 
compared to the 10 µg/L standard 
(waters), 50 µg/L standard (soils). 

2. The area counts for all internal standards 
in the CCV must be within a factor of two 
(-50% to +100%) of the initial calibration. 

Surrogate recoveries must be within 
laboratory limits. 
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Laboratory Corrective Action 

1. Examine instrument parameters, sensitivity and linearity. Correct problems 
and document. 

2. Review standard and LCS preparation. Correct any problems and document. 
3. Evaluate against project specific DQOs and report data if there is not impact on 

data usability. 
4. If data is not usable, reprepare/reanalyze the method blank, LCS and all field 

samples in the batch. 
5. If repreparation of samples is not possible, qualify data. 
6. Document all actions taken in a Nonconformance Record and in the report 

narrative. 

1. Inspect the mass spectrometric system for malfunction and correct. 
2. Reanalyze affected samples. If the areas meet criteria, report data from the 

compliant analysis. 
3. If reanalysis of the sample does not solve the problem, submit data from both 

runs, and document all inspection and corrective actions taken in the analytical 
narrative. 

1. Examine all QC, including calibration and quantitation. 
2. If surrogates in LCS and/or MB are out-of-control reprepare/reanalyze the 

entire batch. 
3. If samples cannot be reprepared, qualify data. 
5. If surrogate spike in LCS and MB are acceptable but out-of-control for 

samples, examine preparation of samples. If no errors or problems are 
discovered for samples preparation, a matrix effect is assumed. 

6. If errors are discovered in preparation of samples, reprepare/reanalyze the 
entire batch. 

7. Document actions taken in a Nonconformance Record, and in the analytical 
reoort. 
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1.0 SCOPE AND APPLICATION 

1.1 Method 3540 is a procedure for extracting nonvolatile and semivolatile organic compounds from solids such as soils, 
sludges, tissues, and wastes. The Soxhlet extraction process ensures intimate contact of the sample matrix with the 
extraction solvent. 
l .2 This method is restricted to use by or under the supervision of trained analysts. Each analyst must demonstrate the 
ability to generate acceptable results )Vith this method. 

2.0 SUMMARY OF METHOD 

2.1 The solid sample is mixed with anhydrous sodium sulfate and extracted using an appropriate solvent in a Soxhlet 
extractor. 
2.2 The extract is then dried, concentrated, and, as necessary, exchanged into a solvent compatible with the cleanup or 
determinative step being employed. 
2.3 Samples of interest are organized into analytical batches by the Section Chief and Group Leader based on specific 
project summaries. At a minimum, each batch will contain the required quality control samples consisting of one method 
blank, one LCS, and one MS/MSD for every 20 samples. 
2.4 Sample amounts and spiking concentration and volumes are prepared by the Section Chief and Group Leader based 
on specific project summaries. 

3.0 DEFINITIONS 

3.1 Organic-free reagent water refers to water in which no target analyte is observed at the Reporting Limit of the 
compounds of interest. EA Laboratories uses a Culligan reverse osmosis (R/0) water purification system to generate 
organic-free deionized water. 
3.2 Laboratory Control Sample (LCS) is a standard used to evaluate method perfonnance and contains some or all 
of the target analytes specified in the determinative method. The stock used to prepare the LCS must be from a source 
that is different from the stocks used to prepare the calibration standards and taken through the entire analytical 
procedure. 
3.3 Matrix Spike/Matrix Spike Duplicate (MS/MSD) are two sample duplicates spiked with the same standard used 
to prepare the LCS and taken through the entire analytical procedure. 
3.4 Method Blank is a reagent water or standard soil spiked with all surrogates of interest and taken through the entire 
analytical procedure. 
3.5 Surrogate is a non-target compound spiked into all samples and QC samples and taken through the entire analytical 
procedure to determine matrix bias and overall system perfonnance. 

4.0 SAMPLE HANDLING, PRESERVATION, AND HOLDING TIME 

Sample container, preservation and holding time requirements are given in Table I. While sample extracts are in the 
custody of the laboratory, they are stored in the semivolatiles laboratory at 4 °C :I: 2°C prior to and during analysis. 
After analysis is completed, samples are stored by the Sample Management Office in laboratory walk-ins until disposal. 
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TABLE 1. RECOMMENDED SAMPLE CONTAINERS, PRESERVATION TECHNIQUES, AND 
HOLDING TIMES 

Parameter Container Preservative Holding Time 
Soil/Sediments and 8 oz widemouth glass Cool to 4° ± 2°C Samples must be extracted within 14 
Sludges with Teflon liner days and extracts analyzed within 40 

days following extraction. 
Tissues 8 oz.glass jar or Frozen Samples must be extracted within I 

wrapped in aluminum year of collection and extracts 
foil analyzed within 40 days following 

extraction. 

5.0 INTERFERENCES 

5. i Solvents, reagent, glassware, and other sample processing hardware may yield artifacts and/or interferences to 
sample analysis. All these materials must be demonstrated to be free from interferences under the conditions of the 
analysis by analyzing method blanks. 
5.2 Interferences coextracted from the samples will vary considerably from source to source. If analysis of an extracted 
sample is prevented due to interferences, further cleanup of the sample extract may be necessary. 
5.3 Phthalate esters contaminate many types of products commonly found in the laboratory. Plastics, in particular. must 

. be avoided because phthalates are commonly used as plasticizers and are easily extracted from plastic materials. Serious 
phthalate contamination may result at any time if consistent quality control is not practiced. 
5.4 Glassware contamination resulting in analyte degradation: Soap residue on glassware may cause degradation of 
cenain analytes. Specifically, aldrin, heptachlor, and most organophosphorous pesticides will degrade in this situation. 
This problem is especially pronounced with glassware that may be difficult to rinse (e.g., 500-mL K-D flask). These 
items should be hand-rinsed very carefully to avoid this problem. 

6.0 APPARATUS AND MATERIALS 

6.1 Soxhlet extractor • 40 mm ID, with 500-mL round bottom flask. 
6.2 Drying column - 20 mm JD Pyrex® column with sodium sulfate and Pyrex® glass wool at bottom (both purified 
y by heating at 400°C for4 hours). 
6.3 Kudema-Danish (K-D) apparatus 

6.3.1 Concentrator tube - I 0-mL, graduate (Kontes K-570050-1025 or equivalent). 
6.3.2 Evaporation flask - 500-mL (Kontes 570001-500 or equivalent). Attach to concentrator tube with clamps or 
equivalent. 
6.3.3 Snyder column - Three-ball macro (Kontes K-503000-0121 or equivalent). 

6.4 Boiling chips • Solvent extracted, approximately I 0/40 mesh (silicon carbide or equivalent). 
6.5 Water bath - Heated, with concentric ring cover, capable of temperature control (±5°C). Baths are used in the hood. 
6.6 Vials - Glass, 2-mL capacity, with polytetrafluoroethylene (PTFE)-lined screw or crimp top. 
6.7 Hot plJte - thermostat controlled 
6.8 Disposable glass Pasteur pipets and bulb. 
6.9 Apparatus for grinding/mixing the sample with anhydrous sodium sulfate. 
6.10 Analytical balance - capable of weighing to 0.01 g. 
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7.0 SAFETY 

The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined: however, each 
chemical compound should be treated as a potential health hazard, and exposure to these chemicals must be reduced 
to the lowest possible level by whatever means available. The laboratory maintains a reference file of Material Safety 
Data Sheets (MSDS) for the chemicals specified in this method. Additional infonnation on laboratory safety is available 
in the Laboratory Safety Plan and from the Laboratory Safety Officer (LSO). 

8.0 REAGENTS 

8.1 Reagent grade inorganic chemicals shall be used in all tests. 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. 
8.2 Organic-free re.agent water. All references to water in this method refer to organic-free reagent water, defined as 
water in which no target analyte is observed at the Reporting Limit of the compounds of interest. EA Laboratories uses 
a Culligan reverse osmosis (RIO) water purification system to generate organic-free deionized water which meets or 
exceeds the specifications of ASTM Type II water. 
8.3 Sodium sulfate (granular, anhydrous), Na2SO4 • Purify by heating at 400°C for 4 hours in a shallow tray. 
8.4 Extraction solvents - All solvents must be pesticide quality or equivalent. Samples shall be extracted using one of 
the following solvent systems: 

8.4.1 Methylene chloride, CH 2Cl2• 

8.5 Exchange solvents. All Solvents must be pesticide quality or equivalent. 

8.5.1 Hexane, CoH 14• 

8.5.2 Acetonitrile, CH.1CN. 

8.6 Stock Solutions: Refer to EAL-SOP-331; Organic LCS, MS. MSD. and Surrogate Stock So/uJion Preparation. 

9.0 PROCEDURE 

9.1 Set Up 

9.1.1 Rinse beakers, flasks and Soxhlet extractors with CH2Cl2• Check glassware for cracks. 
9.1.2 Pour approximately 300 mL of extraction solvent into a 500-mL Erlenmeyer flasks and add boiling chips. 
9.1.3 Prepare Soxhlet extractor by plugging the bottom of the Soxhlet with glass wool. The glass wool should cover 
the ann of the extractor to prevent sample particles from clogging the arm and decreasing efficiency of the extraction. 
9 .1.4 Using the extraction sheet as a reference, prepare labels and attach to the extractors. 
9 .1.5 Calibrate the scale(s) which will be used to weigh the sample and sodium sulfate (EAL-SOP-0 t 5). Use weights 
that approximate the amount of sample and sodium sulfate that will be added. 

9.2 Sample Handling 

9.2. l Retrieve samples according to EAL-SOP-039; Internal Custody Transfer of Samples. 
9.2.2 Sediment/soil samples• Decant and discard any water layer on a sediment sample. Mix sample thoroughly, 
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especially composited samples. Discard any objects such as sticks, leaves, and rocks. 
9.2.3 Waste samples - Samples consisting of multiphases must be prepared by phase separation. This extraction 
procedure is for solids only. 
9.2.4 Tissue samples are homogenized prior to extraction. See EAL-SOP-289. 

9 .3 Using a top loader balance or equivalent, weigh appropriate amount of sample into a beaker and add sufficient 
amount of anhydrous sodium sulfate to dry sample. 
9.4 Mix sample and sodium sulfate with a spatula until a loose pouring consistency is achieved. Pour into the Soxhlet 
extractor, and rinse beaker into extractor. Rinse the spatula with CH2Cl2 after each sample to prevent potential 
contamination. 
9.5 Once all samples have been weighed and tr.msferred into the Soxhlet, select the surrogate and matrix spike solutions 
as indicated on the extraction sheet. Check expiration dates and note the identification number of the solutions on the 
extraction sheet. Have the appropriate QC Chemist revlew the extraction sheet to ensure that the solutions and spiking 
levels are correct. 
9.6 Before spiking, check that the correct solution is being used (i.e. surrogate for surrogate spike, matrix for matrix 
spike). 

Note: Another person shall assist with the spiking. One person pipers appropriate volume of solution into the Soxhlet. 
The uther person keeps track of which samples have been spiked. 

9.6.1 Using a disposable pipet, add the surrogate standard spiking solution to each sample, method blank, and LCS. 
Avoid air bubbles in the pipet as this could affect recovery. 
9.6.2 For the LCS and sample in each analytical batch selected for spiking, add matrix spiking standard. 

Note: The amount of surrogate spiking solution and matrix spiking solution to be added are determined by the 
Section Chief a11dlor the Group Leader and will be indicated on the extraction sheet. 

9.7 Sample Extraction 

9.7. I Attach the Soxhlet extractor and Erlenmeyer flask to the condenser. The flask should rest even on the hot plate. 
9.7.2 Transfer the label from the Soxhlet to the flask. 
9.7.3 Once all samples have been connected to the condenser, check that hoses connected to condensers are not kinked. 
Check that water is running. Tum on hot plates and extract samples for 16-24 hours. Verify the extraction rate once 
started. 
9.7.4 Give the extraction sheet to the Group Leader or Section Chief to log information into the sample status database. 
9.7.5 Tum off the hotplate. Allow the extract to cool. Remove Soxhlet and flask. It may be necessary to gently tap the 
connection points with a smaller wooden hammer if any of the glass joints are adhered to one another. 

9.8 Drying the Sample 

<>.8.1 Assemble a Kudema-Danish (K-D) apparatus by attaching a I 0-mL concentrator tube to a 500-mL evaporation 
t1ask. Rinse with CH 2Cl2 and add boiling chips. 
9.8.2 Using large tweezers, insert a piece of pre-baked glass wool into the drying column. Scoop anhydrous sodium 
sulfate with a beaker and pour into the column. Fill the column approximately 2/3 full. Rinse with MeC12• 

9.8.3 Inspect the extracted sample for water before pouring into the K-D apparatus. If water is present, add anhydrous 
sodium sulfate directly into the Erlenmeyer flask and swirl. Pass the extract through the drying column. Rinse the flask 

M IGROllPICJAIMETHODIFINAL\3~0C".R0I febN1ry 27. JWM 



EA LABORATORIES EAL-M-3540C-1 Group: Extractions 
ANALYTICAL METHOD 

Soxhlet Extraction Paue 5 of 6 

twice with CHiC12 using the appropriate extraction solvent and pass each rinse through the column. Rinse the column 
to complete the quantitative transfer. 

Note: Excessive water in extract must be pipeted out before passing through the drying column. 

9.9 Transferthe label from the flask to the K-D apparatus. 
9. JO Concentrating the Sample 

9.10.1 Pre-wet a Snyder column by adding about I mL of methylene chloride to the top of the column. lnsen the 
Snyder column into the K-D apparatus. Place on a hot water bath (15 to 20°C above the boiling point of the solvent) 
so that the concentrator tube is partially immersed in the hot water and the entire lower rounded surface of the flask is 
bathed with hot vapor. Adjust the vertical position of rhe apparatus and the water temperarure, as required, to complete 
the concentration. At the proper rate of distillation the balls of the column will actively chatter, but the chambers will 
not flood. When the apparent volume of liquid reaches IO -15 mL, remove the K-D apparatus from the water bath and 
allow it to drain and cool. 

Note: Before placing apparatus on hot water bath, check temperature of water bath and ensure that boiling chips have 
been added to the K-D apparatus. 

9. I 0.2 If a solvent exchange is required, remove the K-D apparatus from the water bath, pour approximately 50 mL 
of the exchange solvent into the top the Snyder column, and return K-D apparatus to the water bath. Concentrate the 
extract as described above (Section 9. I 0.1 ), raising the temperature of the water bath, if necessary, to maintain proper 
distillation. When the apparent volume again reaches 10-15 mL, remove the K-D apparatus from the water bath and 
allow it to drain and cool for several minutes. If GPC cleanup is required, the extract must remain in MeCl2• Solvent 
exchange will occur after this cleanup. 

Note: It is important that tubes do not become dry as this may severely affect recoveries. 

9.10.3 Remove the Snyder column and rinse the flask and its lower joints into the concentrator tube with J-2 mL of 
methylene chloride or exchange solvent. Transfer the label from the K-D flask to the concentrator tube. 

9.11 Nitrogen blowdown technique 

9. I 1.1 Place the concentrator tube in a warm water bath (approximately 35°C) and evaporate the solvent to the required 
level using a gentle stream of clean, dry nitrogen. (Proper flow should just ripple the surface of the extract.) 
9. I 1.2 Rinse the internal wall of the tube several times with the appropriate solvent during the operation. During 
evaporation, the solvent level in the tube must be positioned to prevent water from condensing into sample (i.e .. the 
solvent level should be below the level of the water bath). The extract should NOT be allowed to become dry. 
9. J 1.3 Transfer the extract from the concentrator tube to an appropriate volumetric flask once it has reached slightly 
below final volume. Rinse the concentrator tube with appropriate exchange solvent. Add the rinse to the volumetric 
flask and bring to final volume (or other appropriate volume). 

9.12 See the appropriate Method SOPs for the clean-up methods that are required. 
9.13 Transfer the extract from the volumetric flask to a labeled PTFE-lined screw or crimp top vial. Amber-colored 
vials should be used to store extracts for PAH or BNA analysis. 
9.14 When finished, complete the extraction sheet and have it reviewed and signed by the Group Leader or Section 
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Chief before transferring samples and internal chain of custody to the instrumentation laboratory. 
9. I 5 Relinquish custody of the extracted samples to the instrumentation laboratory for analysis by signing and dating 
the extraction sheet after the instrumentation analyst has inspected the sample extracts. The receiving instrumentation 
analyst will then sign and date the extraction sheet. Make a copy of the sheet to accompany the sample extracts in the 
instrumentation laboratory. Keep the original extraction sheet on file in the Organic Extraction Laboratory. 
9.16 Table 2 below lists the appropriate weights, volumes, and solvents for the determinative methods. 

Table 2. Determinative Method Weights, Volumes and Solvents 

Method lnital Sample Fianl Extract Initial Solvent Final Extract 
Weight Volume Extraction Exchange? Solvent 

Solvent 

80158 20 grams 5 mL MeC12 N MeCl2 

8080 30 grams I0mL MeCl2 y Hexane 

8081 30 grams l0mL MeC12 y Hexane 

8082 30 grams l0mL MeC12 y Hexane 

8100 30 grams I mL MeC12 N MeCl2 

8140 30 grams I mL MeCl2 y Hexane 

8141 30 grams I mL MeCl2 y Hexane 

8270 30 grams 1 mL MeCl2 N MeCl2 

8310 30 grams I mL MeCl2 
y Acetonitrile 

J 0.0 QUALITY CONTROL 

I 0.1 Method blanks, LCS, and MS/MSD samples are be subjected to exactly the same procedures as those used upon 
actual samples. 
I 0.2 Initial Demonstration of Precision and Accuracy: Prior to the extraction of samples, each analyst is required to 
demonstrate the ability to generate data of acceptable bias and precision by meeting the a~ceptance criteria specified 
in EAL-SOP 293. The documentation of this demonstration is included in the analyst's Training Record. 

J J.O REFERENCES 

11.1 U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the Analysis of Pollutants Under the 
Clean Water Act; Final Rule and Interim Final Rule and Proposed Rule," October 26, 1984. 
11.2 U.S. EPA. "Test Methods for Evaluating Solid Waste," SW-846, 1997, third edition including Update Ill, Office 
of Solid Waste and Emergency Response, Washington, D.C. 
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1.0 SCOPE AND APPLICATION 

1.1 This method describes a procedure for isolating organic compounds from aqueous samples. The method also 
describes concentration techniques suitable for preparing the extract for the appropriate determinative method. 
1.2 This method is applicable to the isolation and concentration of water-insoluble and slightly soluble organics in 
preparation for a variety of chromatographic procedures. 

2.0 SUMMARY OF METHOD 

A measured volume of sample, usually I liter, is placed into a continuous liquid-liquid extractor, adjusted, if necessary, to 
a specific pH (see Table 2). and extracted with organic solvent for 18-24 hours. The extract is dried, concentrated (if 
necessary), and, as necessary, exchanged into a solvent compatible with the cleanup or determinative method being 
employed. 

3.0 DEFINITIONS 

3.1 Organic-free reagent water refers to water in which no target analyte is observed at the Reporting Limit of the 
compounds of interest. EA Laboratories uses a Culligan reverse osmosis (RIO) water purification system to generate 
organic-free deionized water. 
3.2 Laboratory Control Sample (LCS) is a standard used to evaluate method performance and contains all the analtyes 
specified in the detenninative method. The stock used to prepare the LCS must be from a source that is dilf erent from the 
stocks used to prepare the calibration standards and taken through the entire analytical procedwe. 
3.3 Matrb. Spike/Matrb. Spike Duplicate (MS/MSD) are two sample duplicates spiked with the same standard used 
to prepare the LCS and taken through the entire analytical procedure. 
3.4 Method Blank is a reagent water or standard soil spiked with all surrogates of interest and taken through the entire 
analytical procedure. 
3 .5 Surrogate is a non-target compound spiked into all samples and QC samples and taken through the entire analytical 
procedure to detennine matrix bias and overall system perfonnance. 

4.0 SAMPLE HANDLING, PRESERVATION, AND HOLDING TIME 

Sample container, preservation and holding time requirements are given in Table l. While sample extracts are in the 
custody of the laboratory. they are stored in the semivolatilcs laboratory at 4°C ± 2°c prior to and during analysis. After 
analysis is completed, samples are stored by the Sample Management Office in laboratory walk-ins until disposal. 

Table 1. Recommended Samole Containen. Preservation Techniques, and Holdin2 Times 
Parameter Container Presenrative Holdin2 Time 
Liquid Samples: 

No Residual Chlorine I -gal. or 0.5 gal. or 2 Cool.4°C Samples must be extracted within 7 
Present x 1 L amber glass with days and extracts analyzed within 

Teflon liner 40 davs following extraction. 
Residual Chlorine Present I-gal. or 0.5 gal. or 2 Add 3 mL of 100/o Samples must be extracted within 7 

x IL amber glass with sodium thiosulfate per days and extracts analyzed within 
Teflon liner gallon. 40 days following extraction. 

Cool to4"C 

5.0 INTERFERENCES 

5.1 Solvents, reagent, glassware, and other sample processing hardware may yield artifacts and/or interferences to sample 
analysis All these materials must be demonstrated to be free from interferences Wlder the conditions of the analysis by 
analyzing method blanks. Specific selection of reagents and purification of solvents by distillation in all-glass systems may 
be required. Refer to the specific determinative method for specific guidance on quality control procedures. 
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5.2 Interferences cocxtracted from the samples will vary considerably from source to source. If analysis of an extracted 
sample is prevented due to interference~. :further cleanup of the sample extract may be necessary. Refer to Method 3600 
for guidance on cleanup procedures. 
5.3 Phthalate esters contaminate many types of products commonly found in the laboratory. Plastics, in particular. must be 
avoided because phthalatcs are commonly used as plasticizers and are easily extracted from plastic materials. Serious 
phthalate contamination may result at any time if consistent quality control is not practiced. 
S.4 Glassware contamination resulting in analyte degradation: Soap residue on glassware may cause degradation of 
certain analytes. Specifically, aldrin. heptachlor, and most organophosphorous pesticides will degrade in this situation. 
This problem is especially pronounceg with glassware that may be difficult to rinse (e.g., S00-mL K-D flask). These items 
should be hand-rinsed very carefully to avoid this problem. 

6.0 APPARATUS AND MATERIALS 

6.1 Continuous liquid-liquid extractor - Equipped with Teflon or glass connecting joints and stopcocks requiring no 
lubrication (Hershberg-WolfExtractor--Ace Glass Company, Vineland, New Jersey, PIN 6841-1-, or equivalent). 
6.2 Drying column - 20 mm ID Pyrex chromatographic column with Pyrex glass wool at bottom, with Teflon stopcock. 

[NOTE: Fritted glass discs are difficult to decontaminate after highly contaminated extracts have been passed through. 
Columns without flits may be purchased. Use a small pad of Pyrex glass wool to retain the adsorbent Prewash the glass 
wool pad with SO ml. of acetone followed by 50 mL of elution solvent prior to packing the column with adsorbent.] 

6.3 Kudema-Danish (K-D) apparatus 

6.3. I Concentrator tube -10 ml. graduated (Kontes K-S70050-102S or equivalent). 
6.3.2 Evaporationtlask - S00 ml. (KontesK-570001-SOO or equivalent). 
6.3.3 Snyder column - Three ball macro (Kontes K-S03000-0121 or equivalent). 
6.3 .4 Snyder coJumn - Two ball micro (Kontes K-569001-0219 or equivalent). 

6.4 Boiling chips - Solvent extracted. approximately l 0/40 mesh (silicon carbide or equivalent). 
6.5 Water bath- Heated, with concentric ring cover, capable of temperature control(+/- S-C). The bath should be used in 
a hood. 
6.6 Vials - 2 mL. glass with Teflon lined screw-caps or crimp tops. 
6. 7 pH indicator paper - pH range including the desired extraction pH. 
6.8 Heating mantle - Rheostat controlled. 
6. 9 Syringe - S ml. 

7.0 SAFETY 

The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined~ however. each chemical 
compol.Dlds should be treated as a potential health hazard, and exposure to these chemicals must be reduced to the lowest 
possible level by whatever means available. The laboratory maintains a reference file of Material Safety Data Sheets 
(MSDS) for the chemicals specified in this method. Additional information on laboratory safety is available in the 
Laboratory Safety Plan and from the Laboratory Safety Officer (LSO). 

8.0 REAGENTS 

8.1 Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is intended that all reagents shall 
conform to the specifications of the Committee on Analytical Reagents of the American Chemical Society, where such 
specifications are available. Other grades may be used, provided it is first ascertained that the reagent is of sufficiently 
high purity to pennit its use without lessening theaccuracy of the determination. Reagents should be stored in glass to 
prevent the leaching of contaminants from plastic containers. 
8.2 Organic-free reagent water - All references to water in this method ref er to organic-free reagent water. defined as 
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water in which no target analyte is observed at the Reporting Limit of the compounds of interest. EA Laboratories uses a 
Culligan reverse osmosis (RIO) water purification system to generate organic-free deionized water which meets or 
exceeds the specifications of ASTM Type 11 water. 
8.3 Sodium hydroxide solution (I ON), Na OH Dissolve 40 g NaOH in organic-free reagent water and dilute to l 00 mL. 
8.4 Sodium sulfate (granular, anhydrous), Nt¼SO4• Purify by heating at 400-C for 4 hours in a shallow tray, or by 
precleaning the sodium sulfate with methylene chloride. If the sodium sulfate is precleaned with methylene chloride, a 
method blank must be analyzed, demonstrating that there is no interference from the sodium sulfate. 
8.5 Sulfuric acid solution (1: 1 v/v), H2s0 •. Slowly add 50 mL ofH2S04 (sp. gr. 1.84) to 50 mL of organic-free reagent 
water. 
8.6 Extraction/exchange solvents 

8.6. l Methylene chloride, CH2Cl2 - Pesticide quality or equivalent 
8.6.2 Hexane, C6H14 • Pesticide quality or equivalent. 
8.6.3 2-Propanol, (CH3) 2CHOH - Pesticide quality or equivalent. 
8.6.4 Cyclohexane, CJ12 - Pesticide quality or equivalent. 
8.6.5 Acetonitrile, CH3CN • Pesticide quality or equivalent. 

8. 7 Stock Solutions: Refer to EAL-SOP-331; Organic LCS, MS, MSD, and Surrogate Stock Solution Preparation. 

9.0 PROCEDURE 

9.1 The extraction analyst reviews the sample chain-of-custody upon receipt in the laboratory and prepares the 
appropriate electronic extraction sheet. 
9.2 The samples are retrieved and returned according to EAL-SOP-039; Internal Custody Transfer of Samples. 
9.3 The samples of interest are then organized into analytical batches containing the required quality control samples 
consisting of one method blank, one LCS, and one MS/MSD for every 20 samples. 
9.4 If high concentrations are anticipated, a smaller volume may be used and then diluted with organic-free reagent water 
to 1 liter alternatively. Mark the meniscus on each sample bottle. Transfer the entire sample (from 1 liter capacity 
containers only) to the continous extractor. Pour 100 ml of methylene chloride into the sample container. Replace the lid 
and shake for 15-20 seconds. Pour the methylene chloride into the continous ext,Tactor (taking care to re.move the lid 
carefully due to the possiblity of vapor pressure build up from the shaking process). Fill the sample container to the 
meniscus with deionized water. Quantitatively transfer the deionized water to a 1000 ml graduated cylinder, measure amd 
record the sample volume. Using a graduated cylinder for samples, measure out I liter (nominal) of sample and transfer it 
quantitatively to the continuous extractor. Check the pH of the sample with wide-range pH paper and adjust the pH, if 
necessary, to the pH indicated in Table 2. Pipet 1.0 mL of the surrogate standard spiking solution into each sample into the 
extractor and mix well. (See Method 3500 and the determinative method to be used, for details on the surrogate standard 
solution and the matrix spike solution.) For the sample in each analytical batch selected for spiking, add 1.0 mL of the 
matrix spiking standard. For base/neutral-acid analysis, the amount of the swrogates and matrix spiking compounds added 
to the sample should result in a final concentration of 100 ng/uL of each base/neutral analyze and 200 ng/uL of each acid 
analyze in the extract to be analyzed (assuming a I uL injection). If Method 3640, Gel-Permeation Cleanup, is to be used, 
add twice the volume of surrogates and matrix spiking compounds since half the extract is lost due to loading of the GPC 
colunm. 
9.5 Add 300-500 mL of methylene chloride to the distilling flask. Add several boiling chips to the flask. 
9.6 Add sufficient water to the extractor to ensure proper operation and extract for J 8-24 hours. 
9. 7 Allow to cool; then detach the boiling flask. If extraction at a secondary pH is not required (see Table 2), the extract is 
dried and concentrated using one of the techniques referred to in Section 9.9. 
9.8 Carefully, while stirring, adjust the pH of the aqueous phase to <2 with sulfuric acid(]: 1 ). Attach a clean distilling 
flask containing 500 mL of methylene chloride to the continuous extractor. Extract for 18-24 hours, allow to cool, and 
detach the distilling flask. 
9.9 If performing GC/MS analysis (Method 8270), the acid and neutral/base extracts may be combined prior to 
concentration. However, in some situations, separate concentration and analysis of the acid and neutral/base extracts may 
be preferable (e.g. if for regulatory purposes the presence or absence of specific acid and neutral/base compounds at low 
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concentrations must be determined, separate extract analyses may be warranted). 
9.10 Assemble a Kuderna-Danish (K-D) concentrator by attaching a 10-mL concentrator tube to a 500-mL evaporation 
tube. 
9 .11 Dry the extract by passing it through a drying column containing about 10 cm of anhydrous sodium sulfate. Collect 
the dried extract in a K-D concentrator. Rinse the flask which contained the solvent extract with 20-30 mL of methylene 
chloride and add it to the colwnn to complete the quantitative transfer. 
9.12 Add one or two clean boiling chips to the flask and attach a three ball Snyder column. Prewet the Snyder column by 
adding about J mL of methylene chloride to the top of the column. Place the K-D apparatus on a hot water bath (15-20-C 
above the boiling point of the solvent) }O that the concentrator tube is partially immersed in the hot water and the entire 
lower rounded swface of the flask is bathed with hot vapor. Adjust the vertical position of the apparatus and the water 

. temperature, as required, to complete the concentration in I 0-20 minutes. At the proper rate of distillation the balls of the 
colwnn will actively chatter, but the chambers will not flood. When the apparent volume of liquid reaches I mL, remove 
the K-D apparatus from the water bath and allow it to drain and cool for at least 10 minutes. Remove the Snyder column 
and rinse the flask and its lower joints into the concentrator tube with 1-2 mL of extraction solvent 
9.13 JI a solvent exchange is required (as indicated in Table 2), momentarily remove the Snyder column, add SO mL of the 
exchange solvent, a new boiling chip, and reattach the Snyder column. Concentrate the extract, as described in Section 
9.12, raising the temperature of the water bath, if necessary, to maintain proper distillation. 
9.13 Remove the Snyder column and rinse the flask and its lower joints into the concentrator tube with 1-2 mL of 
methylene chloride or exchange solvent. If sulfur crystals are a problem, proceed to Method 3660 for cleanup. The extract 
may be further concentrated by using the techniques outlined in Section 9.12 or adjusted to 10.0 mL with the solvent last 
used. 
9.14 Remove the concentrator tube and place in a nitrogen evaporator apparatus. Attach a Pastew' pipet to the evaporator 
and adjust its height and the nitrogen flow so as to just ripple the surface of the extract in each concentrator tube. 
Evaporate the solvent until 2.0 mL remains in the tube. 
9 .15 The extracts obtained may now be analyzed for analyte content using a variety of organic techniques. If analysis of 
the extract will not be perfonned immediately, stopper the concentrator tube and store refrigerated. If the extract will be 
stored longer than 2 days it should be transferred to a vial with a Teflon-lined screw cap and labeled appropriately. 
9.16 At the completion of the sample extraction process, the analyst completes and prints the electronic extraction sheet 
which is then reviewed by the Group Leader/Supervisor before the internal custody of the samples is transferred to the 
instrumentation laboratory. 

9 .16.1 The extraction analyst relinquishes custody of the extracted samples to the instrumentation laboratmy for analysis 
by signing and dating the extraction sheet after the instrumentation analyst inspects the sample extracts. The receiving · 
instrumentation analyst then signs and dates the extraction sheet and a copy is made to accompany the sample extracts in 
the instrumentation laboratory. The orginial copy of the extraction sheet is kept in the Organic Extraction Laboratory 

10.0 QUALITY CONTROL 

I 0.1 Method blanks, LCS, and MSJMSD samples are be subjected to exactly the same procedures as those used upon 
actual samples. 
I 0.2 lnitial Demonstration of Precision and Accuracy: Prior to the extraction of samples, each analyst is required to 
demonstrate the ability to generate data of acceptable bias and precision by meeting the acceptance criteria specified in the 
determinative method for the method blank and LCS in three extraction batches. The documentation of this demonstration 
is included in the analyst's Training Record. 

11.0 REFERENCES 

11.1 U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the Analysis of Pollutant Under the Clean 
Water Act; Final Rule and Interim Final Rule and Proposed Rule, fl October 26, 1984. 
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11.2 U.S. EPA. "Test Methods for Evaluating Solid Waste," SW-846. 1995, third edition. Office of Solid Waste and 
Emergency Response, Washington. D.C. 
11.3 EA Laboratories, EA Laboratories Standard Operating Procedure Manual. EAL-SOP-33~ "Organic LCS, MS, 
MSO. and Surrogate Stock Solution Preparation.", 1996. EA Laboratories, Sparks, MO 21152 

TABLE 2. SPECMC EXTRACTION CONDITIONS FOR VARIOUS DETERMINATIVE METHODS 
Determinative Initial Secondary Es.change Es.change Volume of Final a:tract 

Method Extraction Extraction IOlvent 1olvent Enract volume for 
pH ~ 

pH required for required for required for analy1is (mL) 
analvals cleanun cleanun (mL} 

8040 <=2 none 2-1'.)l'OJ)anol hexane 1.0 1.0,10.0(a) 
8060 as received none hexane hexane 2.0 10.0 
8080 S-9 none hexane hexane 10.0 10.0 
8100 as received none none cvclohexane 2.0 1.0 
8140 6-8 none hexane hexane 10.0 10.0 
8141 as received none hexane hexane 10.0 10.0 

82S0(b) >11 <2 none - - 1.0 
8270(b) >11 <2 none - - 1.0 

8310 as received none acetonitrile - - 1.0 

(a) Phenols may be analyzed, by Method 8040, using a 1.0 mL 2-propanol extract by GCJFID. Method 8040 also contains 
an optional dcrivatization procedure for phenols which results in a IO mL hexane extract to be analyzed by GC/ECD. 
(b) The specificity of GC/MS may make cleanup of the extracts unnecessary. Refer to Method 3600 for guidance on the 
clean-up procedures available if required. 
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1.0 SCOPE AND APPUCA TION 

This method is intendea for the trace analysis of Polynuclear Aromatic Hydrocarbons (P AHs) by high performance 
liquid chromatography using a UV and a Fluorescence detector. Table l lists the compounds that are routinely 
determined by this method, and the laboratory Reporting Limit for each analyte. Modifications to the analyte list or 
procedural changes to reach lower Reporting Limits are allowed if required by client, project or program. Any changes 
in the analytical prqcedures must be approved by theOperations Manager and the Quality Services Manager before 
samples can be analyzed. 

TABLE 1. 8310 Analvte List and Reportin2 Limits 
Analyte: 

~ 

CAS#(a) Reporting Limit Reporting Limit 
(1111/L) {112/k.2) 

Acenaohthene 83-32-9 1.0 40 
Acenaphthvlene 208-96-8 2.0 70 
Anthracene 120-12-7 0.20 5.0 
Benzo(a)anthracene 56-55-3 0.10 2.0 
Benzo( a)ovrene 50-32-8 O.JO 2.0 
Benzo(b )fluoranthene 205-99-2 0.15 2.0 
Benzo(g,h,i)pervlene 191-24-2 0.20 2.0 
Benzo(k )fluoranthene 207-08-9 0.10 2.0 
Chrvsene 218-01-9 0.10 5.0 
Dibenzo( a,h )anthracene 53-70-3 0.20 2.0 
Fluoranthene 206-44-0 0.20 7.0 
Fluorene 86-73-7 0.20 7.0 
Indeno(l ,2,3-cd)pvrene 193-39-5 0.10 2.0 
Naphthalene 91-20-3 1.0 40 
Phenanthrene 85-01-8 0.20 5.0 
Pvrene 129-00-0 0.20 9.0 

(a)= Chemical Abstract Services Registry Number 

Sample reporting limits are highly matrix-dependent. These are provided for guidance and may not always be 
achievable. 

2.0 SUMMARY OF METIIOD 

This method provides high perf onnance liquid chromatography (HPLC) conditions for the detection of P AH 
compounds. Prior to use of this method, appropriate sample extraction techniques must be used. The sample extract is 
injected into a HPLC using an autosampler, and the compounds in the LC effluent are detected by an ultraviolet (UV) 
and a Fluorescence detector. 

3.0 DEFINITIONS 

3.1 Organic-free reagent water refers to water in which no target analyte is observed at the Reporting Limit of the 
compounds of interest. EA Laboratories uses a Culligan reverse osmosis (R/0) water purification system to generate 
organic-free deionized water. 
3.2 Initial Calibration Verification (ICV) is a second source calibration standard used to verify the initial calibration 
and evaluate method performance. It contains all of the analytes listed in Table 1. The stock used to prepare the must be 
from a source that is di.ff erent from the stocks used to prepare the calibration standards. 
3.3 Continuing Calibration Verification(CCV) is a mid level calibration standard used to verify the initial 
calibration throughout the analytical sequence at a frequency of 1 /20 injections. 
3.4 Laboratory Control Samples (LCS) consist oflaboratory pure water or solvent and a measured concentration of 
the analyte(s) being tested. Laboratory control samples are treated like samples and subjected to all steps of the 
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analytical procedure. . 
3.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD) are two sample duplicates spiked with a representative subset 
of the analytes of interest and taken through the entire analytical procedure. 
3.6 Method Blank is a reagent water or standard solid spiked with all swrogates of interest and taken through the 
entire analytical procedure. 
3.7 Surrogate is anon-target compound spiked into all samples and QC samples and taken through the entire analytical 
procedure to determine purging efficiency, and any possible matrix bias. 

4.0 SAMPLE HANDLING, PRESERVATION,AND HOLDING TIME 

Sample container, preservation and holding time requirements are given in Table 2. While sample extracts are in the 
custody of the laboratory, they are stored in the HPLC laboratory at 4°C :t: 2°C prior to analysis. After analysis is 
completed, samples are stored by the Sample Management Office in laboratory walk-ins until disposal. 

Table 2. Recommended Samnle Containen. Preservation Techniques. and Holdln2 Times 
Matrix Container Presen'ative Holdln2 Time 

Concentrated Waste 8-oz. wide mouth None Samples must be extracted within 14 days 
Samples glass with Teflon liner of sample collection and extracts analyzed 

within 40 davs followin2 extraction. 
Liquid Samples 1-gal. or 2 x 0.5 gal. Cool, 4°C Samples must be extracted within 7 days 

or 2 x IL amber glass of sample collection and extracts analyzed 
with Teflon liner within 40 davs followiniz extraction. 

SoiVSolid Samples 8 oz wide mouth glass Cool to4"C Samples must be extracted within 14 days 
with Teflon liner of sample collection and extracts analyzed 

within 40 days followiniz extraction. 

S.O INTERFERENCES 

S. l Contamination by carryover can occur. To reduce carryover. the injection loop is rinsed between samples with 
mobile phase. Whenever an wiusually concentrated sample is encountered, the following sample(s) may need to be 
reanalyzed to determine if carryover contamination bad occurred. 
S.2 Analytical interferences may be caused by contaminants in solvents, reagents, glassware. and other sample 
processing hardware. All of these materials must be routinely demonstrated to be free of interferences, under the 
conditions of the analysis, by running laboratory method blanks. 
S.3 Interferences coextracted from the samples will vary considerably from source to sow-ce. 'If analysis of an extracted 
sample is prevented due to interferences, further cleanup of the sample extract may be necessary. 'If additional cleanups 
do not help. the analyst should advise theLaboratmy Supervisor and the Laboratory Project Manager. GCJMS analysis of 
the extract may be necessary. 

6.0 APPARATUS AND MATERIAU 

6.1 HPLC System 

6.1.1 HPLC - Hewlett-Packard Model 1090 equipped with a pwnp capable of achieving 4000 psi, a 250 µL variable 
injector and a 254 nm UV detector coupled to the fluorescence detector. 
6.1.2 Column: SUPELCOSIL LC-PAH, 5-micron particle size diameter, in a 150-mm x 4.6-mm I.D. stainless steel 
colwnn. 
6.1.3 Data system. 

(.,, 6.2 Materials 

6.2.1 High pressure injection syringe - 25 µL. 

F:IOROUPIQAIME'l1fOIMEVISIONIIJIO.M'l'1) 
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6.2.2 Disposable cartridge filters - 0.45 um. (PVDF or equivalent) 
6.2.3 Micro syringes -·class A, glass, Appropriate sizes. 
6.2.4 Pasteur pipets. 
6.2.S Vials - IS mL, glass, Teflon-lined cap. 
6.2.6 Vials- 40 mL, glass, Teflon-lined cap. 
6.2.7 Disposable syringes - Plastipak, 3 mL and 10 mL or equivalent. 
6.2.8 Volumetric flasks -Appropriate sizes with ground glass stoppers, Class A 
6.2.9 Graduated cylinders -Appropriate sizes. 

7.0 SAFETY AND CHEMICAL HYGIENE 

EAL-M-8310 I GROUP: HPLC 

Page: 3 of IO 

The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined; however, each 
chemical compound should be treated as a potential health hazard, and exposure to these chemicnls must be reduced to 
the lowest possible level by whatever means available. The laboratory maintains a reference file of Material Safety Data 
Sheets (MSDS) for the chemicals specified in this method. Additional information on laboratory safety is available in 
the Laboratory Safety Plan and from the Laboratory Safety Officer. 

8.0 REAGENTS 

8.1 Acetonitrile, CH3CN - HPLC grade. 
8.2 Stock standard solutions are purchased as certified solutions. 
8.3 Standard Solutions are prepared from the stock standard solution(s) and must include any surrogates used. Table 3 
lists the concentrations of the standard solutions used in the initial calibration. All stock standards must be replaced after 
1 year or sooner if comparison with check standards indicates a problem. 
8.4 Surrogate standards: The analyst should monitor the performance of the extraction, cleanup (when used), analytical 
system and the effectiveness of the method in dealing with each sample matrix by spiking each sample, standard, and 
reagent water blank with the surrogates 4,4 • -dibromooctafluorobiphenyl, benzo( e )pyrene, and p-terphenyl.. 
8.5 HPLC Mobile Phase: approximate gradient as follows: 

TIME (min) 
0 
s 
30 
35 
40 

%WATER 
60 
60 
0 
0 

60 

% ACETQNITRILE 
40 
40 
100 
100 
40 

TABLE 3. Standard Concentrations (u2/L) 

STANDARD (u2/L) 

ANALYTE 1 2 3 4 

p-Terphenvl (surrogate) 200 500 2000 S000 
4,4 '-Dibromooctafluorobiphenvl (surrogate) 400 2000 5000 10000 
Benzo( e )pyrene ( surro izate) 400 2000 5000 10000 
Acenaphthene 500 2000 10000 25000 
Acenaohthvlene 1000 4000 20000 50000 
Anthracene so 200 1000 2S00 
Benzo( a)anthracene so 200 1000 2S00 
Benzo( a)ovrene so 200 1000 2S00 
Benzo(b )fluoranthene 100 400 2000 SOO0 
Benzo(iz.h i)oervlene 100 400 2000 S000 

F:'GROUPIQAIMETHOOIREVISION\1310.MTO 
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10000 
20000 
20000 
37S00 
7S000 
37S0 
37S0 
37S0 
7SO0 
7S00 
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Benzo(k)fluoranthene so 200 1000 2500 3750 
Chrvsene so 200 1000 2500 3750 
Dibenzo( a,h )anthracene 100 400 2000 5000 7500 
Fluoranthene 100 400 2000 5000 7500 
Fluorene 100 400 2000 5000 7500 
Indeno( 1,2,3-cd)i:,vrene so 200 1000 2500 3750 
Nanhthalcne 500 2000 10000 25000 37500 

. Phenanthrene so 200 1000 2500 3750 
Pvrene - so 200 1000 2500 3750 

8.6 Different standards concentrations may be used if linearity (regression coefficienu 0.990) is achieved with a 
minimum offive points. Refer to Table 4. for standard and surrogate preparation. 

9.0 PROCEDURE 

9.1 Calibration of HPLC: 

9.1.1 Samples are analyzed in a set referred to as an analytical sequence. The sequence begins with instrument 
calibration or calibration verification followed by samples or extracts. To validate the HPLC system qualitative 
performance, a continuing calibration standard is analyzed at the end of every sequence and, at a minimum, at a 
frequency of I per 20 samples for this method. If the continuing calibration fails the acceptance criterion the standard 
should be reanalyzed immediately. If the standard fails again the analysis is stopped, instrument maintenance and/or a 
new initial calibration is performed. The impact to data usability must be determined for the samples bracketed by the 
failing standard. If data usability is impacted. all samples after the last successful calibration are to be reanalyzed. The 
sequence ends when the set of samples has been injected or when qualitative and/or quantitative QC criteria are 
exceeded. If any analyte in any of the standards falls outside their retention time window. the system is out of control. 
The cause of the problem must be determined and corrected. 
9.1.2 HPLC conditions must be set to ensw-e acceptable method perfor.mance: 
9 .1.3 Calibration: Calibration curves are required for all target compoW'lds, including surrogate compounds. 

9.1.3.1 Initial calibration: For each analyte of interest, prepare calibration standards at the concentrations listed in 
Table 3 by adding volumes of one or more stock standards to a volumetric flask and diluting to volume with an 
appropriate solvent 

Inject each calibration standard using the technique that will be used to introduce the actual samples into the HPLC. A 
regression analysis (r 2: 0.990) is used to establish the curve and used for quantitation. If the correlation coefficient 
criteria is not met, the system is out-of-control. Corrective action must be taken (i.e. instrument maintenance) and a new 
initial calibration performed. 
9.1.3.2 Daily Calibration: The working calibration curve must be verified on each working day. If the calculated result 
for any analyte varies from the predicted response by more than +!- 15%, reanalyze or reprepare the standard If the 
analyte responses are still more than +/- J 5%, instrument maintenance and/or a new calibration curve must be prepared 
for that analyte. The retention time windows are updated based on the daily calibration standard retention time. 

9 .2 Retention Time Window 

9 .2.1 Each analyte will be ±() .15 minutes from the average retention time of the initial calibration. Confirm that all 
cahbration standards are within the windows. If not. calibration fails and the initial calibration is performed again. 

P:IOR0UPIQA\Ml!'l1fODlllEVISleNIIJID.M'Ttl 



I 

_______ E_A_L_A_B_O_R_A_T_O_R_IE_S ________ ('EAL-M-8310 
GROUP: HPLC 

Calihratlon 
Stock 
Standard 
Concentration 

400ugfmL 

200ug/mL 

IOOug/mL 

ANALYTICAL METHOD 
Polynuclear Aromatic Hydrocarbons by High Performance Liquid 

Chromato ra h 

TABLE 4. 

Analylc(s) Volume of Acctonllrilc 
Stock Final 

Standard Volume 
(uL) (mL) 

Acenaphthylene 100 10 
--· 

187-S 1.0 

250 1.0 

500 10.0 

625 5,0 

Acenaphlhenc 100 10 
Naphthalene 

187,5 l.O 

250 l.O 

500 10.0 

625 S.0 

Benzo( e )pyrene (surrogate) 100 10 
4,4' -Dibromooctofluorobiphcnol 
(surrogate) 187.S 1.0 

250 1.0 

soo 10.0 

62S s.o 

F:IOI.OUl'IQAll.lETIIOOIR.ltVISlON\8310.~ITO 
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Standard PrcJ!aratlon 

C111ibration Analylc(s) 
Final Stock 

Co11cen. Standard 
(ug/mL) Concentration 

.(()(} 60ugfmL 1-Melhylnapthylene (surrogate) 
2-Methylnapthylene (surrogate) 

75.0 
,' 

JOO 

20.0 

50.0 

2.00 40 ugfml. flern:ofbJfluoranthene 

• 17.5 
Benzo(g.h,i Jperylene 
Dibcnzo(a,hJanthracene 
Fluoranthene 

50.0 Fluorcne 
p-Terphenyl (surrogate) 

10.0 

250 

/,00 20ug/mL Anthracene 
lleru:o(a)anthracenc 

18.75 lleru:olk}lluoranthene 
lleru:o( a )pyrene 

15.0 Chrysene 
lndcno( I ,2,3-cdjp)'Tene 

5.00 Phenanthrene 
Pyrene 

,2.s 

f.' 

I 
Volume of Acctonitrilc 

Stock Final Final 
Standard Volume Concen. 

(uL) (mL) (ug/mL) 

100 10 0.60 

187.S 1.0 IJ.25 

250 1.0 15.0 

500 10.0 3.00 

625 5.0 7.50 

100 10 o.~oo 

187.S 1.0 7.50 

250 1.0 /0.0 

500 10.0 2.00 

625 5.0 5.00 

100 10 0.20 

187.S 1.0 J.75 

250 1.0 5.00 

soo 10.0 J.OIJ 

625 5'.0 2.50 

,. 
i 
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9.3 Sample analysis: · · 

9.3. l If the sample extract responses exceed the calibration range of the system, dilute the extract and reanalyze. 
9.3.2 Each sample analysis must be monitored for retention time shifts by evaluating the retention time of the 
surrogates. If eithez: of the surrogate retention times is outside of the retention time window established during the initial 
calibration or daily calibration, the sample must be reanalyzed. If the same problem occurs and the standards bracketing 
the sample do not exhibit the same shift. matrix interferences can be assumed. Notify the laboratory supervisor or 
manager before proceeding any further. 
9.3.3 Tentative identification of an analyte occurs when a peak from a sample extract falls within the retention time 
window of a target analyte. The peak response of both the UV and the fluorescence detector should be compared to the 
responses in the analytical standards to determine if the presence of a target analyte is confinned. Note: the analytes 
acenaphthylene and 4,4 '-dibromooctafluorobiphenyl (surrogate) will not respond with the fluorescence detector. Unless 
otherwise required by client, project or program, additional confinnation is not required. 
9.3.4 The analytical sequence sample volwne injected (10 µL), dilutions and standards are identified in the instrwnent 
injection log (EAL-SOP-100). 
9.3.5 Using the calibration procedure (Section 9.2), identity and quantitate each component peak (using equations in 
Section l 0.0) in the sample chromatogram which corresponds to the compounds used for calibration purposes. Only 
target compounds that quantitate above the reporting limit will be reported as being present 

10.0 CALCULATIONS: 

10.1 The concentrations of the target analytes in the sample extracts are calculated by using least squares linear 
regression from the initial calibration curve. See Table 5 to determine which detector the target analyte is quantitated 
from. The sample concentration is calculated from the following equations: 

10.1.l Water: 

Concentration (µg/L) = ((Ce)(Vt)(Dt)) / ((Vo)) 

where: 
Ce= Concentration of analyte in extract (µg/L). 
Vo= Volwne of water extracted in liters (L) 
Vf = Volume of the concentrated extract in liters (L) 
Df = Dilution Factor. The dilution factor for analysis of water samples by this method is defmed as follows: 

µL extract used to make dilution + µL clean solvent 
µL extract used to make dilution 

If no dilution is performed, Df = 1.0. 

10.1.2 Soil/Sediment: 

Concentration (µg/kg) • ((Ce)(Vt)(Df)) I ((Ws)(D)) 

where 
Ce, Vf, and Df are as given for water, above. 
D -= (100 -o/o moisture)/ 100 
Ws -= Weight of sample extracted in grams (g) 

F:\OR.01Jl'\QA\ME"ra00\QVISIONll31O.MTD Auaust 141, l'915 
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TABLE 5. 8310 ANALYTE LIST AND OUANTITATION DETECTOR 

ANALYTE: DETECTOR: 
4,4 • -Dibromooctafluorobiphenvl (surroizate) UV 
Benzo( e )pvrene ( surro1Zate) Fluor. 
Acenaphthene Fluor. 
Acenaphthvlene UV 
Anthracene Fluor. 
Benzo< a)anthracene Fluor. 
Benzo(a)ovrene Fluor. 
Benzo(b )fluoranthene Fluor. 
Benzo(g,h,iroervlene Fluor. 
Benzo(k)fluoranthene Fluor. 
Chrvsene Fluor. 
Diben7n( a.h)anthrracene Fluor. 
Fluoranthene Fluor. 
Fluorene Fluor. 
lndeno( 1,2,3-cdrovrene Fluor. 
Naphthalene Fluor. 
Phenanthrene Fluor. 
Pyrene Fluor. 

11.0 QUALITY CONTROL 

11. l Before processing any samples, the analyst must demonstrate the ability to generate acceptable accuracy and precision, 
the analyst must perfonn the following operations. 

11.1. l Analyze four LCSs according to the method beginning with preparation of the samples. 
11.1.2 Calculate the average recovery (x) in ug/L, and the standard deviation of the recovery (s) in ug/L, for each analyte 
of interest using the four results. 
11.1.3 For each analyte compares and x with the LCS laboratory control limits for precision and accuracy, established :from 
historical data. Ifs and x for all analytes meet the acceptance criteria as specified in Table 6., the system perfonnance is 
acceptable and analysis of actual samples can begin. If any individual s exceeds the precision limit or any individual falls 
outside the range for accuracy, then the system perfonnance is wiacceptablc for that a:nalyte. 

NOTE: 17re large number of method tllUl.{vta represent a su.bstantilll probability 'that one or more will/ail at last one 
of'the acceptance criteria when all analytes of a given method are analyzed. 

11.1.4 When one or more of the analytes tested fail at least one of the acceptance criteria, the analyst must locate and correct 
the source of the problem and repeat the test for those analytes th at failed to meet criteria. Repeated failure, however, will 
confirm a general problem with the measurement system. If this occurs, locate and correct the source of the problem and 
repeat the test for all method compounds beginning with the procedures in Section 11.1 

11.3 Laboratory Control Sample: Calculate the spiked compound recoveries in the LCS and determine if they are within 
the laboratory detemuned limits. 
11.4 If surrogate recoveries or spike recoveries are outside QC limits in the method blank and/or LCS, the impact to data 
usability needs to be determined. The entire sample batch may need to be reextracted if a significant impact to data useability 
is detennined. 
11.S The MS/MSD recoveries must be determined and compared against the LCS or established MS/MSD QC limits. 

11.5.1 If the MS/MSD recoveries are outside the QC limits and the LCS recovery was acceptable, the method is 

F:IOllOUP\QA IMEnlOD\REVISION\1310.MTD August 16. 1996 
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considered in-control and a matrix bias is assumed. 
11.5.2 If the MS/MSD and LCS recoveries are outside the QC limits, the method is considered out-of-control. The entire 
extraction batch should be re-e>..1:racted. Note: High recoveries, indicating a positive bias, may yield useful data if the specific 
target analyte(s) is not detected above the reporting limits. Notify the Department Supervisor or Division Manager if this 
situation should occur. 

12.0 GC/MS CONFIRMATION 

12.1 All positive results must be confirmed by quantitative second column analysis. 
12.2 Any confirmation results which differs form the primary column result by more than 25% must be evaluated by the 
analyst for integration error and/or measurement bias due to the sample matrix. The analyst will report the results form the 
column with the lowest overall %RSD for initial calibration, or %D for calibration verification, as applicable. 

13.0 HPLC CONFIRMATION 

13.1 Positive results are confirmed by the secondary (UV) detector, except for acenaphthylene, for which no confirmation 
is performed. Confirmed results should not differ by more than 25%, but are dependent on analyst judgement and are 
subject to the following considerations: 

13 .1.1 Extremely low level results will not appear on the UV detector due to its lesser sensitivity. 
13 .1.2 The two detectors respond differently to matrix interferences. 

13.2 Only primary detector results are report~d. 

14.0 REFERENCES 

United States Environmental Protection Agency. 1986. Revised July 1992. Test Methods for Evaluating Solid Waste. 
Physical/Chemical Methods. EPA SW-846, 3rd edition. including Update Il. U.S. EPA, Washington, D.C. 

TABLE 6. OC Acceptance Criteria 
Parameter Test cone. (p,g/L) Limit for s 

fop/L) (b) 

Acenanhthene 6.4 40.3 
Acenaohthvlene 12.8 45.1 
Anthracene 0.64 28.7 
Benzo( a )anthracene 0.64 4.0 
Benzo(a)t>vrene 0.64 4.0 
Benzo(b )fluoranthene 1.28 3.1 
Benzol 2,h,i)oervlene 1.28 2.3 
Benzo(k)fluoranthene 0,64 2.5 
Chrvsene 0.64 4.2 
Dibenzo( a,h )anthracene 1.28 2.0 
Fluoranthene J.28 3.0 
Fluorene 128 43.0 
lndeno( 1,2,3-cd)nyrene 0.64 3.0 
Naohthalene 6.4 40.7 
Phenanthrene 0.64 37.7 
Pvrene 0.64 3.4 

s == Standard deviation of four recovery measurements, in µg/L. 
x = Average recovery for four recovery measurements, in µg/L. 

F:IORO\JP\QA IMETHODIII.EVlSION\1310.MTD 

Rangeforx 
(11P/L) (a) 

D-6.8 
2.8-14.3 

0.072-0.72 
0.20-0.74 
0.013-0.70 
0.23-1.8 
D-1.4 

D-0.90 
D-1.1 

0.038-1.3 
0.35-1.4 

D-1.5 
0.077-0.64 

1.4-6.4 
0.054-0.86 
0.090-0.77 

Range P, Ps (%) 
(b) 

D-124 
D-139 
D-126 
12-135 
D-128 
6-150 I 
D-116 
D-1S9 
D-199 
D-110 
14-123 
D-142 
D-116 
D-122 
D-155 
D-140 
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P, P(s) = Percent recovery measw-ed. 
D = Detected; result musrbe greater than zero. 

(a) Criteria from 40 CFR Part 136 for Method 610 adjusted for the concentration added. 
(b) Criteria from 40 CFR Part 136 for Method 610. 
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TABLE 7. SUMMARY OF LABORATORY QUALITY CONTROL REQUIREMENTS AND CORRECTIVE ACTION PROCEDURES FOR SW-846 METHODS IA> 

QC Check I Freauency Acceptance Criteria Laboratorv Corrective Action 
. 

SW8310 Polvnuclear Aromatic I lvdrocarbons bv I !PLC 

Holding time Water: c1lracl within 7 days of samping; Extroction and analysi, are completed within holding time Notify client, determine if laboratory to proceed or ifclienl will rc,ample. 
analyu within 40 days of extraction, 
Solid: extrlcl within 14 days ofsam. 
piing; analyu within 40 days of 
extraction, 

Calibration curve Initial 5 point calitntion., verified daily l, Initial calibration CUIVC (r ~.990) 1 Reanalyze check standard, 
at mid level and 11 end of ,equence. 2. Continuing colibution "loD from initial calibration no 2, If similar results are obtained. recalibrate imtrument 

greater than +/-15 percent 3 Evaluate data useability, Reanalyze if data useability is iml"'cted 
4. Docwncnt actions taken in • Nnnwnformance Rcoord, md in the analytical report 

Method Blank I per analytical batch Concentration is less lhan the MDL or the analytc, I. Dclem,ine source of contamination. i c, imtrumenl. blank water, reagents. 
2. Take appropriate corrective action and document. 
3. ff preparation in eiror reanalyu or prcpsre analytical batch. 
4. Ir sample, cannot be reanalyzed 0< reprepared, qualify dala 
5. Document actiorui taken in a Nonconformancc Record, and in the an&lvtical rcoort 

LCS I per analytical batch Control analyte values are within llvee SD or mun histoncal I. Validate imtrument parameters, semitivity and linearity, Cottect problems and document 
values 0< mclhod comrol limils of precision and accutacy 2. Validate st&ldsrd and LCS preparation, Correc:t 111)' problems and document. 
Acceptance criteria are in Table 6, 3. Evaluate agairut project specific DQ0s and report data irtherc is no! impact on data u.ability 

4. ff data is not usable, reprepare and reanalyze the method blank. LCS and all field sample• in the batch, 
5, Ir reprcparation of samples is not po,,ible, qualify data, and note in the report narrative 
6, Document all actions taken in a Nonconformancc Record and in the renort narrative. 

SU1Togatc spike All field and QC Slllnplcs S\llTogatc spiking compounds spike concentratioru and I. Examine all QC (including but nOI limited to LCS, MB} 
control limits 11c in Table 6, 2 If swrogate in LCS and/or MD is out-of-con!Jol, check quantitation If quantitation is correct reanalyze 

3, tr similar resulls are obtained from reanalysis, obtain fresh, verified surrogate solution and reanalyze the analytical batch, 
4, If samples cannot be repreparcd,. qualify data. 
5. If sunogate spike in LCS and MB are acceptable but out-of-control for samples, validate preparation of samples If no errors or 
problems are discovered for sample preparation, qualify data. 
6, If errors arc dimMered in preparation of samples, rcprepare QC ,amples and all affected samples, 
7:_ Document •ction• taken in a NonconfOfTllan<:e Record and in the report nam,tive .. 

MSIMSD I set per 20 samples Matrix spiking compounds, spike concentrations, ond control I Analyze spiking solution. 
limits are in Table 6. 2. Verify that axrect spiking solutions and amounts WCfC used. 

3, Cheek mediod blinks and LCS recovery. 
4. Reanalyze -.,!es iflaborlloly c:mlf is suspected, . 
~ n..,.,. ___ , .... ,_ ,_.,_ 

I 

(a) Abbreviations: CCV, continuing calibration verification standarcl; F, graphite furnace atomic absorption; ICV, initial calibration verification standard; LCS, laboratory control sa~ple; MDL, method 
dctedion limit; MS/MSD, matrix spike/matrix spike duplicate; NCR, Nonconformance Record; IS, internal standard; QC, quality control; RPD, relative percent difference; SD, standard deviation; 
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Supcrcedes:Febmary S, 1996/nunu 



PCBi 
~w 8082 

....._____.__............_., ...... +~··••.•··~••• . .........._"··· ~ 



EA Engineering, Science, and Technology, Inc. 

EA Laboratories 

METHOD STANDARD OPERATING PROCEDURE 

Number: EAL-M- 8081A/8082 Rev. No.: _.....,O ___ _ 

Title: Organochlorine Pesticides and PCBs, and PCB Congeners by 
Gas Chromatography 

Approved By: ~~c:::""~. ~~~~~-
Glen Gregory, Section Date J J 

M. M. Uhlfelder, a Services Manager Date 

. ~--:~ 
Approved Sy: C· r/i:~ 

-.. · A. R. Karimi, Lab~ratorypirector -- Date 

'WHEN STAMPED IN RED. iHlS tS A , 
... .,.,._"'""·"' , E=> COPY. If STAMP IS NOT 
\..,\;lf1r"a,,L1.. ~ r-•"1"'"' 
RED VHH~Y -;·HAT YOU ARE U::,11,u 
n;E.CURRENi REV!SiON SEFORE 

.,,·-•) t,'"'RK PROC£EDl\G V\.; il •' V 

CNDER THIS PROCEDURE 

M:\G ROUP\QA \METHOD\FfNAL \808182.ROO 



EA Engineering, Science, and Technology, Inc. 

EA Laboratories 

METHOD STANDARD OPERATING PROCEDURE 

Number: EAL-8081Al8082 Rev. No.: _...,.O __ _ 

Revisions 

Rev. No. Date of Release Description 

0 Initial distribution for updated/new 
methods 

. 

-

M:\GROUP\QA\METHOD\FINAL\808182.ROO 



EA Engineering, Science, and Technology, Inc. 

EA Laboratories 

METHOD STANDARD OPERATING PROCEDURE 

Number: EAL-8081A/8082 

Controlled Distribution 

Name 

Walter Miller 
Glen Gregory 
Athene Steinke 
Helen German 
Natasha Sullivan 
Craig Schenning 
Reza Karimi 
Mohammed Haq 

M:\GROUP\QA \METHOD\FINAL\808182.ROO 

Rev. No.: _.....:O __ _ 

Manual No. 

2 
3,6 

4 
5 
8 

17 
18 
19 



EA LABORATORIES EAL-SOP- Group: GC 
STANDARD OPERATING PROCEDURE 8081A/8082 Extractables 

Organochlorine Pesticides, PCBs, and PCB Congeners Page 1 of25 

bv Gas Chromatoarachv 

1.0 SCOPE AND APPLICATION 

1.1 This SOP is used to determine the concentration of various organochlorine pesticides and 
polychlorinated biphenyls (PCBs). Tables 1a and 1 b list the compounds that are routinely 
determined by this method, and the laboratory Reporting Limit for each analyte. Analytes with [ ] 
are only reported when requested by the client. These are provided for guidance and may not 
always be achievable: 

1.2 Modifications to the analyte list or procedural changes to reach lower Reporting Limits are allowed 
if required by client, project or program. Any changes in the analytical procedures must be 
approved by the Section Chief and the Quality Services Manager before samples can be 
analyzed. Sample reporting limits are highly matrix-dependent. 

TABLE 1a. METHOD 8081 ANALYTE UST 

ANALYTE: CASNUMBER REPORTING LIMIT REPORTING LIMIT (ug/kg) lun/L\ 
Aldrin 309-00-2 0.05 1.7 
aloha-BHC 319-84-6 0.05 1.7 
beta-BHC 319-85-7 0.05 1.7 
delta•BHC 58-89-9 0.05 1.7 
gamma•BHC (Lindane) 319-86-8 0.05 1.7 
[Chlordane (technical)] 57.74-9• 1.0 33 
a-Chlordane 5103-71-9 0.05 1.7 
y-Chlordane 5103-74-2 0.05 1.7 
Chlorobenzilatel 510-15-6 0.10 3.3 

[Oiallate] 2303-16-4 0.10 3.3 
[OBCP (1,2-0ibromo-3-chlroprooane)l 96-12-8 0.10 3.3 
4,4'-000 72-54-8 0.10 3.3 
4,4'-DDE 72-55-9 0.10 3.3 
44'-DDT 50-29-3 0.10 3.3 
Oieldrin 60-57-1 0.10 3.3 
Endosulfan I 959-98-8 0.05 1.7 
Endosulfan II 33213-65-9 0.10 3.3 . 
Endosulfan sulfate 1031-07-8 0.10 3.3 
Endrin 72-20-8 0.10 3.3 
Endrin aldehyde 7421-93-4 0.10 3.3 
Endrin ketone 53494-70-5 0.10 3.3 
HeDtachlor 76-44-8 0.05 1.7 
Heotachlor epoxide 1024-57-3 0.05 1.7 
Hexachlorobenzene] 118-74-1 0.10 3.3 
HexachlorocyclopentadieneJ 96-12-8 0.10 3.3 
lsodrin] 465-73-6 0.10 3.3 

Methoxvchlor 72-43-5 0.50 17 
Toxaohene 8001-35-2 5.0 170 
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TABLE 1 b. METHOD 8082 ANAL YTE LIST 

ANALYTE BZ# CASNUMBER REPORTING REPORTING I 
UMIT(ug/L) LIMIT (ug/kg) 

PCB-1016 NA 12674-11-2 1.0 33 
PCB-1221 NA 11104-28-2 2.0 67 
PCB-1232 NA 11141-1&-5 1.0 33 
PCB-1242 NA 53469-21-9 1.0 33 
PCB-1248 NA 12672-29-6 1.0 33 
PCB-1254 NA 11097-69-1 1.0 33 
PCB-1260 NA 11096-82-5 1.0 33 
2,4'-Dichlorobiphenyl 8 0.1 3.3 
2,2',5-Trichlorobiphenyl 18 37680-65-2 0.1 3.3 
2,4,4'-Trichlorobiphenyl 28 0.1 3.3 
2,2' ,3,5'-Tetrachloroblphenyl 44 41464-39-5 0.1 3.3 
2.2' .4,5'· Tetrachlorobiphenyl 49 0.1 3.3 
2,2' ,5,5'-Tetrachlorobiphenyl 52 35693-99-3 0.1 3.3 
2,3' .4.4'-Tetrachlorobiphenyl 66 32598-10-0 0.1 3.3 
3,3',4,4'• Tetrachlorobiphenyl 69 0.1 3.3 

2,2',3,4,5'-Pentachlorobiphenyl 87 38380-02-8 0.1 3.3 
2,2',4,5,5'-Pentachlorobiphenyl 101 37680-73-2 0.1 3.3 
2,3,3' ,4,4'-Pentachlorobiphenyl 105 0.1 3.3 
2,3',4,4,5'-Pentachlorobiphenyl 118 0.1 3.3 
3,3',4,4,5'-Pentachlorobiphenyl 126 0.1 3.3 
2,2',3,3',4,4'-Hexachlorobiphenyl 128 0.1 3.3 
2,2' ,3,4,4',5'-Hexachlorobiphenyl 138 35065-28-2 0.1 3.3 
2,2',4,4',5,5'-Hexachlorobiphenyl 153 35065-27-1 0.1 3.3 
2,3,3' ,4,4', 5-Hexachlorobiphenyl 156 0.1 3.3 
3,3',4,4',5,5'-Hexachlorobiphenyl 169 0.1 3.3 
2,2' ,3,3' ,4,4' ,5-Heptachlorobiphenyl 170 35065-30-6 0.1 3.3 
2.2' ,3,4,4' .5,5'-Heptachlorobiphenyl 180 35065-29-3 0.1 3.3 
2,2',3,4.4',5',6-Heptachlorobiphenyl 183 52663-69-1 0.1 3.3 
2,2',3.4,4',6,6'•Heptachlorobiphenyl 184 0.1 3.3 
2,2' ,3,4',5,5' ,6-Heptachlorobiphenyl 187 52663-68-0 0.1 3.3 
2,2'3,3' ,4, 4' ,5,6-Octachlorobiphenyl 195 0.1 3.3 
2,2' ,3,3' ,4,4' ,5,5' ,6-Nonachlorobiphenyl 206 40186-72-9 0.1 3.3 
2,2',J,J'.4,4 ,5.5',tf6'-Decachlorobiphenvl .!IN 0.1 J.J 

2.0 SUMMARY OF METHOD 

2.1 This SOP provides gas chromatographic conditions for the detection of ppb levels of certain 
organochlorine pesticides and PCBs. 

2.1. 1 Prior to the use of this method, appropriate sample extraction techniques must be used. 

2. 1.1.1 A single extraction is done if no clean-up are required. 

2.1.1.2 Should a clean-up be required, the sample extract is split prior to any clean up 
steps. One portion is processed for organochlorine pesticides and the other for 
PCB analysis. 
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2.1.2 The sample extract is injected into a gas chromatograph (GC) using an autosampler, and 
compounds in the GC effluent are detected by an electron capture detector (ECO). 

2.2 The sensitivity of this method usually depends on the level of interferences rather than on 
instrumental limitations. 

2.2.1 If interferences prevent detection of the pesticide tar:get analytes, this method may also be 
performed on samples that have undergone cleanups such as EAL-M-3620 (Florisil 
Column Cleanup) and for EAL-M-3660 (Sulfur Cleanup). 

2.2.2 Extracts for PCB analysis may be subjected to a modified sulfuric acid cleanup designed 
specifically for these analyses. This cleanup technique will remove (destroy) many of the 
single component organochlorine or organophosphorous pesticides. 

2.3 Quantitation of PCBs as Aroclors is appropriate for many regulatory compliance determinations, 
but is particularly difficult when the Aroclors have been weathered by long exposure in the 
environment. 

2.3.1 Due to these difficulties, provisions are outlined for the determination of selected 
individual PCB congeners. The PCB congener approach potentially affords greater 
quantitative accuracy when PCBs are know to be present, especially in determining 
weathered Aroclors. 

2.3.2 The laboratory must exercise caution using the congener method when regulatory 
requirements are based on Aroclor concentrations. 

3.0 DEFINITIONS 

3.1 Organic-free reagent water refers to water in which no target analyte is observed at the . 
Reporting Limit of the compounds of interest EA Laboratories uses a Culligan reverse osmosis 
(RIO} water purification system to generate organic-free deionized water. 

3.2 Initial Calibration Verification (ICV) is a second source calibration standard used to verify the 
initial calibration and evaluate method performance. It contains all the analytes listed in Table 1. 
The stock used to prepare the ICV must be from a source that is different from the stocks used to 
prepare the.calibration standards. 

3.3 Continuing Calibration Verlfication(CCV) is a mid-level calibration standard used to verify the 
initial calibration throughout the analytical sequence. 

3.4 Method Blank is a reagent water or standard solid matrix spiked with all surrogates of interest 
and taken through the entire analytical procedure. 

3.5 • Surrogate is a non-target compound spiked into all samples and QC samples and taken through 
the entire analytical procedure to determine purging efficiency, and any possible matrix bias. 

3.6 Laboratory Control Sample (LCS) is an aliquot of reagent water or a standard solid matrix, e.g. 
Na2S0,. or sand, spiked with a representative subset of the analytes of interest and taken through 
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the entire analytical procedure. It is used to monitor the analytical process and recoveries of 
target analytes are compared to laboratory or project specified control limits for precision and 
accuracy. 

3.7 Matrix Spike/Matrix Spike Duplicate (MSIMSD) are two sample duplicates spiked with a 
representative subset of the analytes of interest and taken through the entire analytical procedure. 
Results are used to etlaluate measurement bias due to the sample matrix. Recoveries of target 
analytes are compared to LCS control limits. 

3.8 Reference the terminology used to identify the native sample used for matrix spiking purposes. 

4.0 SAFETY AND CHEMICAL HYGIENE 

4.1 The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined; 
however, each chemical compound should be treated as a potential health hazard, and exposure 
to these chemicals must be reduced to the lowest possible level by whatever means available. 
The laboratory maintains a reference file of material safety data sheets for the chemicals specified 
in this method. Additional information on general laboratory safety is available from the 
Laboratory Safety Officer. 

4.2 The following parameters covered by this method have been tentatively classified as known or 
suspected, human or mammalian carcinogens: 4,4'-DOT, 4.4'-DDD, the BHCs, and the PCBs. 
Primary standards of these toxic compounds should be prepared in a hood. A NIOSH/MESA 
approved toxic gas respirator should be wom when the analyst handles high concentrations of 
these toxic compounds 

4.3 Good laboratory technique dictates the use of appropriate dermal protection. A laboratory coat, 
eye protection, and gloves are ~he minimum requirements. 

4.4 All wastes must be disposed of following the procedure outlined in EAL-SOP-018. 

5.0 SAMPLE HANDLING AND PRESERVATION 

5.1 Sample container, preservation and holding time requirements are given in Table 3. 

5.2 While sample extracts are in the custody of the laboratory, they are stored in the semivolatiles 
laboratory at 4 °C :t 2°c prior to and during analysis. 

5.3 After analysis is completed, samples are stored by the Sample Management Office in laboratory 
walk-ins until disposal. 

Table 3. RECOMMENDED SAMPLE CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES 
Matrix Container PreHrvatlve Holdlna Time 
Concentrated Waste 8-oz. wide mouth glass None Extract samples within 14 days; analyze 
Sam01u: with Teflon liner extracts within 40 days of extraction. 
Liquid Samples: Amber glass • Teflon Coolto4°C Extract samples Within 7 days; analyze 
No Residual ~hlorine liner extracts within 40 days of extraction. 
p ... ,.,.nt 
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Liquid Samples: Amber glass • Teflon Add 3 ml of 10% Extract samples within 7 days; analyze 
Residual Chlorine liner NazSA!gal. extracts within 40 days of extraction. 
Present Coolto4•C 
SoiUSediments and 8 oz wide mouth glass Coolto4°C Extract samples within 14 days; analyze 
Sludges: with Teflon liner extracts within 40 days of extraction. 

6.0 INTERFERENCES r 

6.1 Contamination by carryover can occur whenever high-level and low-level samples are sequentially 
analyzed. To reduce carryover, the injection syringe must be rinsed between samples with 
solvent. Whenever an unusually concentrated sample is encountered, the following sample(s) 
may need to be reanalyzed to determine if carryover contamination had occurred. 

6.2 Analytical interferences may be caused by contaminants in solvents, reagents, glassware, and 
other sample processing hardware. All of these materials must be routinely demonstrated to be 
free of interferences, under the conditions of the analysis, by running laboratory reagent blanks. 

6.3 Interferences coextracted from the samples will vary considerably from source to source. If 
analysis of an extracted sample is prevented due to interferences, further cleanup of the sample 
extract may be necessary. 

6.4 Interferences by phthalate esters introduced during in sample preparation can pose majors 
problems in pesticide determinations. These materials may be removed prior to analysis using 
EAL-M-3640 (Gel Permeation Cleanup). 

6.5 The presence of elemental sulfur will result in broad peaks that interfere with the detection of 
early-eluting organochlorine pesticides. 

6.5.1 Sulfur contamination should be expected with sediment samples. EAL-M-3660 is 
suggested for the removal of sulfur. 

6.5.2 Since the recovery of Endrin aldehyde (using the TBA procedure) is drastically reduced, 
this compound must be determined prior to sulfur cleanup. 

6.6 Waxes, lipids, and other high molecular weight materials can be removed by EAL-M-3640 (Gel 
Permeation Cleanup). 

6. 7 Other halogenated pesticides or industrial chemicals may interfere with the analysis of pesticides. 
Certain co-eluting organophosphourus pesticides are eliminated by EAL-M-3640. Co-eluting 
chlorophenols may be eliminated by using EAL-M-3620 (Florisil cleanup). 

6.8 PCBs may also interfere with the analysis of organochlorine pesticides. This problem may be 
most severe for the analysis of multi-component analysis such as Chlordane, Toxaphene, and 
Strabane. 

6.9 Glassware contamination 

6.9.1 Clean all glassware as soon as possible after use by detergent washing with hot water, 
and rinses with tap water and organic-free reagent water. The glassware is rinsed with 
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isopropanol, drained and dried in an oven at 400°C for several hours. 

6.9.2 Glassware contamination resulting in analyte degradation includes soap residue on 
glassware may cause degradation of certain analytes. Specifically, aldrin, heptachlor, and 
most organophosphorous pesticides will degrade in this situation. This problem is 
especially pronounced with glassware that may be difficult to rinse (e.g., 500-ml K-D 
flask). These ifems should be hand-rinsed very carefully to avoid this problem. 

NOTE: Oven-drying of glassware used for PCB analyses can increase contamination 
because PCBs are readily volatilized in the oven and spread to other glassware. It is 
important that glassware from samples containing high concentration of PCBs are not 
dried with glassware that may be used for trace analyses. 

7.0 APPARATUS/INSTRUMENTATION 

7.1 Gas chromatograph: Analytical system complete .with gas chromatograph suitable for on-column 
injections and all required accessories, including detectors, column supplies, data system, gases, 
and syringes. 

7.2 

7.3 

7.4 

7.5 

8.0 

8.1 

Columns: V\lide bore capillary column (30m x 0.53 mm ID). Examples of phases include RTX-5 
and RTX-35. 

Detectors: Electron capture (ECD). 

Microsyringe: various sizes 

Vials: Glass, 2-, 10-, and 20-ml capacity with Teflon-lined screw cap. 

STANDARDS AND REAGENTS 

Reagents 

8.1.1 Hexane (pesticide quality or equivalent). 

8.1.2 lsooctane (2,2,4-trimethylpentane) (pesticide quality or equivalent). 

8.2 Standards 

8.2.1 The Standards Log Book must be filled out completely following EA-SOP-299. 

8.2.2 Stock standard solutions are purchased as certified solutions. These solutions must be 
replaced after six months or sooner if routine checks indicate a problem. 

8.2.3 All standards must be replaced after 6 months, or sooner if comparison with check 
standards indicates a problem. 

8.2.4 Certificates of analysis for all purchased standards will kept on file. 

8.2.5 Pesticide Calibration Standards: 
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8.2.5.1 Pesticide calibration standards are prepared at a minimum of five concentration 
levels and are prepared through dilution of the stock standards with hexane. 
One of the concentration levels should be at a concentration at the laboratory 
Reporting Limit. The remaining concentration levels should correspond to the 
expe~ed range of concentrations found in real samples or should define the 
working range of the GC. 

8.2.5.2 Stock Standards: Commercially prepared stock standards are purchased pre
mixed at various levels ( 8-80 µg/mL - Restek Pest Mix A and Pest Mix B or 
equivalent). 

8.2.5.3 Intermediate standards are prepared by diluting the stock standards 500 µL to 
100 ml (resulting in concentrations between 0.04 - 0.081,,19/mL). 

8.2.5.4 Instrument calibration standards are prepared by diluting the working standards to 
the concentrations identified in Table 4. 

8.2.5.5 Surrogates are added to the standards at the levels indicated in Table 4. 

8.2.6 Multi-component Pesticide Standards. 

8.2.7 

8.2.6.1 Some Toxaphene components, particularly the more heavily chlorinated, are 
subject to dechlorination reactions. As a result, standards from different vendors 
may exhibit marked differences which could lead to possible false negative 
results or to large differences in quantitative results. 

8.2.6.2 Stock Standards: Commercially prepared stock standards are purchased pre
mixed. 

8.2.6.3 Toxaphene and (technical) Chlordane working standards are prepared 
individually at 0.100 µg/mL for chlordane and at 0.500 µg/ml for Toxaphene All 
multi-component standards must contain the surrogates at 20.0 ng/mL 

8.2.6.4 Instrument calibration standards are prepared by diluting the working standards to 
the concentrations identified in Table 4 (50 µL ➔ 100 µL to a final volume of 100 
mL). 

Aroclor Calibration Standards 

8.2.7.1 A standard containing a mixture of Aroclor 1016 and Aroclor 1260 will include 
many of the peaks represented in the other five Aroclor mixtures. Therefore, a 
five point initial calibration using a mixture of Aroclors 1016 and 1260 are 
sufficient to demonstrate the linearity of the detector response without having to 
perform initial calibration for each of the remaining Aroclors. This mixture is also 
used to demonstrate that a sample does not contain peaks that represent any 
one of the Aroclors. 

8.2.7.2 Single standards of each of the other Arocfors are required to aid in pattern 
recognition. Once linearity is demonstrated by 8.2. 7.1, a single standard 
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corresponding to the point of the linear range of the detector is prepared for the 
other Aroclors. 

8.2.7.3 Stock Standards: Commercially prepared stock standards are purchased pre
mixed at a concentration of 1000 µg/mL .. 

8.2.7.4 Instrument calibration standards are prepared by diluting the stock standards to 
the concentrations identified in Table 4 (10 µL ➔200 µL to 100 ml final volume) .. 

8.2.8 PCB Congener Calibration Standards 

8.2.8.1 If the samples are to be quantitated as individual PCB congeners, standards for 
the pure congeners are prepared. 

8.2.8.2 Stock standards are purchased as commercially-prepared solutions. 

8.2.8.3 Calibration standards are prepared at a minimum of five concentrations by 
dilution the stock standard with lsooctane or hexane at the concentrations 
specified in Table 4. 

Table 4. Concentration of Calibration Standards (ug/ml) 

Compound CON1 CON2 CON3 CON4 CONS 
tetrachloro-m-xvlene (TCX} • surroQate 0.005 0.020 0.040 0.060 0.080 
decachlorobiohenvl CDCBl - surroaate 0.010 0.040 0.080 0.120 0.160 
al0ha-BHC 0.005 0.020 0.040 0.060 0.080 
beta-BHC 0.005 0.020 0.040 0.060 0.080 
delta-BHC 0.005 0.020 0.040 0.060 0.080 
aamma-BHC lllndane) 0.005 0.020 0.040 0.060 0.080 
aldrin 0.005 0.020 0.040 0.060 0.080 
he0tachlor 0.005 0.020 0.040 0.060 0.080 
heptachlor eooxide 0.005 0.020 0.040 0.060 0.080 
aloha-chlordane 0.005 0.020 0.040 0.060 0.080 
gamma-chlordane 0.005 0.020 0.400 0.060 0.080 
dieldrin 0.010 0.040 0.080 0.120 0.160 
endosulfan I 0.005 0.020 0.040 0.060 0.080 
endosulfan II 0.010 0.040 0.080 0.120 0.160 
endosulfan sulfate 0.010 0.040 0.080 0.120 0.160 
endrin 0.010 0.040 0.080 0.120 0.160 
endrin aldehyde 0.010 0.040 0.080 0.120 0.160 
endrin ketone 0.010 0.040 0.080 0.120 0.160 
DDT 0.010 0.040 0.080 0.120 0.160 
DOE 0.010 0.040 0.080 0.120 0.160 
ODD 0.010 0.040 0.080 0.120 0.160 
methoxvchlor 0.050 0.200 0.400 0.600 0.800 
technical chlordane (TCHLOR) 0.100 0.200 0.400 0.800 1.600 
toxaohene rTOXAPH) 0.500 1.000 2.000 4.000 8.000 
PCB-1016 AR1016)* 0.100 0.400 0.800 1.200 1.600 
PCB-1221 AR1221) 0.200 0.800 1.600 2.400 3.200 
PCB-1232 (AR1232) 0.100 0.400 0.800 1.200 1.600 
PCB-1242 lAR1242) 0.100 0.400 0.800 1.200 1.600 
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Table 4. Concentration of Calibration Standards (ug/ml) 

Compound CON1 CON2 CON3 CON4 CONS 

PCB-1248 (AR1248) 0.100 0.400 0.800 1.200 1.600 
PCB-1254 (AR1254) 0.100 0.400 0.800 1.200 1.600 
Pr.R-1?Fm 1Ao12em• O 1nn n.:1.nn nRnn 1 ,nn 1 Rnn . '' *Mult1-pomt mtt1al cahbrat1on includes Aroclors 1016 and 1260 only. For all other multi-component analytes, a single point 
representing the reporting limit is used. 

8.2.9 ICV/CCV Standards: Prepared from a separate stock as the calibration standards and at 
the mid-point of the calibration curve. (See Table 4.) 

8.2.10 Matrix Spike Standards: 

8.2.10.1 Pesticide stock standards are purchased as commercially-prepared solutions. 

8.2.10.1.1 Working standards are prepared from the stock standard. The 
standard contains the entire target analyte list (not including 
Toxaphene and technical chlordane) at 0.25, 0.5, and 1,25 
µg/mL. 

8.2.10.1.2 2.0 ml of matrix spike working stock solution are added to every 
sample, resulting in 0.05, 0.1, and 0.25 µg/ml in the extract. 

8.2.11 Surrogate standards: The analyst should monitor the performance of the extraction, 
cleanup (when used), analytical system and the effectiveness of the method in dealing 
with each sample matrix by spiking each sample, standard, and reagent water blank with 
the pesticide surrogates tetrachloro-m-xylene (TCMX) and decachlorobiphenyl (DCB). 

8.2.11.1 Pesticide and Aroclor surrogate stock standards are purchased as 
commercially-prepared solutions at 200 µg/mL. 

8.2.11.1.1 

8.2.11.1.2 

The intermediate surrogate standard is prepared from a stock 
standard and contains both tetrachloro-m-xylene (TCMX} and 
decachlorobiphenyl (DCB} by diluting 0.0750 µl if the stock 
solution to a final volume of 250 ml, resulting in a concentration 
of 0.6 µg/mL. 

1.0 ml of surrogate stock are added to every sample, resulting in 
0.06 µg/ml in the extract. 

8.2.12 Column Degradation Check Standard: 

8.2.12.1 Stock standards are purchased as commercially-prepared solutions. 

8.2.12.2 The standard contains the following compounds at the specified 
concentrations: 
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9.0 PROCEDURES 

9.1 Sample Extraction 

Compound 
Endrin 
4,4'-DDT 

Cone Cug/mL} 
0.050 
0.10 

9.1.1 Samples may be extracted by several different methods for soil, water, and waste 
matrices: 

~ SW846 Method EA SOP Number 

aqueous Method 3510 (Sep Funnel) EAL-M3510 
aqueous Method 3520 (Cont Liq-Liq) EAL-M-3520 
soil Method 3540 (Soxhlet) EAL-M-3540 
soil Method 3550 (Ultrasonic) EAL-M-3550 
waste Method 3580 (Waste Dilution) EAL-M-3580 

9.1.2 Hexane-acetone (1:1) may be more effective as an extraction solvent forOCP in some 
environmental and waste matrices than Methylene Chloride:Actone. The use of 
Hexane:Acetone generally reduces that amount of interferences that are extracted and 
improve signal-to-noise. 

9.2 Extract Cleanup 

9.2.1 Extracts may be •cleaned" using several different techniques depending upon the 
analytes of interest. 

9.2.2 Option for extract cleanup include: 

SW846 Cleanup Method 

Method 3620 (Florisil Cleanup} 
Method 3640 (Gel Permeation Cleanup) 
Method 3660 (Sulfur Cleanup) 
Method 3665 (Sulfuric Acid [mod] Cleanup) 

EA SOP Number 

EAL-M-3602 
EAL-M-3640 
EAL-M-3660 
EAL-M-3665 

9.3 INSTRUMENTATION 

9.3.1 

• 9.3.2 

Gas chromatograph: Analytical system complete with gas chromatograph suitable for on
column injection. Hewlett Packard 5890 . 

Gas chromatography conditions. The chromatographic columns and operating condition 
for the instrument are: 

9.3.2.1 Te~perature program for columns 1 and 2: 
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Injector temperature: 
Carrier gas {He) flow rate: 
Initial temperature: 
Temperature program: 

Final temperature: 

Detector temperature: 

9.3.3 Automated Data Acquisition System: 

240°C 
4-5 mUmin 
140°C, hold for 5 minutes 
15°C/min to 210°c, then 6°C/min to 240°C, 
then 15°C/min to 300°C 
300°C, hold until all expected compounds have 
eluted. 
32s0c 

9.3.3.1 HP3365/Enviroquant. The system allows for the continuous acquisition and 
storage of all mass spectra obtained throughout the duration of the 
chromatographic program. 

9.3.3.2 The data system has the capability to search any GC/MS data file for ions of a 
specific mass and plot such ion abundances versus time or scan number 
(Extracted Ion Current Profile (EICP). The most recent version of the EPA/NIH 
Mass Spectral Library is used. 

9.4 Column Conditioning 

9.4.1 Because of the low concentration of pesticide standards injected on a GC/ECD, column 
adsorption may be a problem when the GC has not been used for a day. 

9.4.2 Therefore. the GC column(s) must be primed or deactivated by injecting a PCB or 
pesticide standard mixture approximately 20 times more concentrated than the mid-level 
standard. Inject this prior to beginning initial or daily calibration. 

9.4.3 Several analytes, including Aldrin, may be observed in the injection just following this 
system priming. An acceptable blank must be achieved prior to analysis of any 
subsequent standards and samples. 

9.5 Retention Time Windows: Default values of ±0.05 and :t0.07 minutes are used. 

9.6 Initial Calibration 

9.6.1 Pesticides 

9.6.2 Introduce 2-5 µL of each calibration standard into the gas chromatograph using the 
same technique that will be used to introduce the actual samples. 

9.6.3 Using peak responses and mass injected, the software calculates a response factor (RF) 
for each compound for each concentration in the standard curve, and calculate the 
percent relative standard deviation (%RSD)of the five responses for each compound. 

9.6.4 If the percent relative standard deviation (%RSD} of the response factors is less than 20% 
over the working range, linearity through the origin can be assumed, and the average 
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response factor can be used in place of a calibration curve. 

9.6.4.1 Should the %RSD fail to meet the 20% criteria, the following may apply: 

9.6.4.1.1 Review the results {area counts, response factors) for those analytes 
which failed the %RSD acceptance criteria to determine if the problem 
is with just one of the standards. Should this be the case, the analyst 
has the option to reanalyze and replace the star:dard in question. 

9.6.4.1.2 The analyst also has the option of narrowing the calibration range by 
replacing one or more of the standards with standards of different 
concentrations. 

9.6.4.1.3 It is important to remember that this may cause samples to be diluted at 
the high end of the curve. 

9.6.4.1.4 In addition, the analyst must verify that changing the standard 
concentration would not effect any client DQO's (that the new 
quantitation level is at least as low as any required regulatory limits or 
action levels). 

9.6.4.2 In instances where the RSO for one or more analytes exceed 20%, the initial 
calibration may still be acceptable if the following conditions are met: 

9.6.4.2.1 The mean of the RSD values for .ell analytes in the calibration is less 
than or equal to 20%. 

9.6.4.2.2 The mean RSD is calculated by summing RSD values for each analyte 
and dividing by the total number of analytes. 

9.6.4.2.3 the mean RSD criteria applies to all analytes in the standards, 
regardless of whether or not they are of interest for a specific project. 
(If the target analyte is part of the cal standard, its RSD value is 
included in the evaluation.) 

9.6.4.2.4 The lab must provide either a summary of the ICAL data or a specific 
list of those compounds for which the RSD is exceeded and the results 
of the mean RSD calculation. 

9.6.4.3 If the %RSD criteria for any compound in the initial calibration is exceeded, the 
lab may opt to use a regression analysis to establish the curve for that 
compound and used for quantitation. 

9.6.4.3.1 The correlation coefficient must be r.i:0.990 (r2.i:0.980). 

9.6.4.3.2 If the r2 value does not meet the acceptance criteria, remake the curve 
(or outlier points) and reanalyze. 
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9.6.4.3.3 The nae must not be forced through the origjn. Do not include the 
origin (0,0) as the sixth point. 

9.6.4.3.4 If they-intercept is higher than the reporting limit. 

9.6.4.3.4.1 The best approach is to raise the reporting limit to above 
they-intercept (or at least meet they-intercept) if it 
would not change required client reporting limits. This 
must be approved by the QC Chemist, QSM, and the 
LPM prior to reporting of the data package. 

9.6.4.3.4.2 If they-intercept is above the reporting limits and using 
average or mean RSD criteria is not an option (due to 
client DQOs), the initial calibration is not acceptable for 
that analyte and must be repeated. 

9.6.5 Aroclor Calibrations 

9.6.5.1 When PCBs are to be determined as Aroclors, the following calibration scheme is 
used: 

9.6.5.1.1 A 5 level calibration curve will be performed for PCB 1016 and 1260 
(see Table 4). 

9.6.5.1.2 A single standard corresponding to the reporting level is prepared for 
the other Aroclors. 

9.6.5.1.3 In situations (i.e., client DQOs} where only a few Aroclors are of 
interest for a specific project, a five-points curve for individual Aroclors 
may be analyzed along with the 1016/1260 standard described above. 
(See Table 4.) 

9.6.5.1.4 A minimum of 3 peaks must be chosen for quantitation of each Aroclor. 
The peaks must be characteristic of the Aroclor in question. Choose 
peaks in the Aroclor standards that are at least 24% of the height of the 
largest Aroclor peak. For each Aroclor, the chosen peaks should 
include at least one peak that is unique to that Aroclor. Use at least 
five peaks for the Aroclor 1016/1260 mix, none of which should be 
found in both of these Aroclors. 

9.6.5.1.5 Aroclor 1016/1260 is used to demonstrate the detector response; 
therefore this mixture must be applied to the other five Aroclors for 
which only single standards are analyzed. 

9.6.5.1.6 The response factors or calibration factors from the initial calibration 
are used to evaluate the linearity of the initial calibration. 

9.6.5.1.7 Alternately, a 3-5 point mufti-point calibration may be performed for 
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each individual Aroclor. When the multi point calibration approach is 
chosen, use the calibration factors from these standards to evaluate 
linearity. 

9.6.5.2 When PCBs are to be quantitatively determined as congeners, and initial five
point curve is performed that in includes standards for all of the target congeners. 

9.6.5.2.1 This involves the calculation of the mean response or calibration factor, 
the standard deviation, and the relative standard deviation for each 
congener or Aroclor peak. 

9.7 Initial Calibration Verification 

9.7.1 The initial calibration curve must be verified immediately after the calibration is performed 
using a second source stock. 

9. 7.2 The % R calculated from the initial calibration curve must be ±15% of the true value. 

where: 
CE = 
CF = 

%Difference = CF - CF ,c 100 
CF 

Calibration factor from the analysis of the verification standard 
Mean calibration factor from the initial calibration 

9.7.3 If this standard fails, the standard should be remade immediately and the curve verified. 

9.7.4 Should it fail a second time, the analysis is stopped and a new initial calibration curve is 
prepared. 

9.8 Endrin/DOT Breakdown Check 

9.8.1 Because Endrin and DDT are easily degraded if the injection port is contaminated with 
high boiling residue from sample injections or when the injector contains metal fittings, 
check for degradation by injecting a standard containing on 4,4'-DDT and Endrin. The 
presence of DOE, DOD, Endrin ketone, or Endrin aldehyde indicates breakdown is 
occurring. 

9.8.2 If the degradation of either DDT or Endrin exceed 15%, corrective action must be taken 
before proceeding with the calibration. 

9.8.3 The breakdown of DDT and Endrin must be measured before samples are analyzed and 
at the beginning of each 12 hour shift or every 20 samples, whichever is sooner. 

9.8.4 Injector maintenance and recalibraton should be completed if the breakdown is greater 
than 15% of either compound. 
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%Breakdown of DDT = total of degradtlon peak area (ODD + ODE) x 100 
total of all peak atwas DDT + ODE + DOD) 

% Breakdown of Endrin .. ~total of degradation peak areas (Endrin Aldehyde + Endrin ketone ) x 100 
total of all peak area (Endrin + Endrln aldehyde + Endrin ketone) 

9.9 Continuing Calibration Verification 

9.9.1 The calibration is verified every 12 hours by injecting the calibration verification standards 
prior to conducting any sample analyses. 

9.9.2 

where: 

9.9.1.1 A calibration standard must also be injected at intervals of not less than once 
every 20 samples [every 10 samples may cut down on repeat analysis] and at 
the end of the analysis sequence. 

9.9.1.2 The high and low concentration mixtures of single component analyses and multi
component analyses are alternated from calibration verification. 

The calibration factor for each analyte must not exceed a ±15% difference from the 
nominal (or true) value from the initial calibration. 

%Difference • CF - CF x 100 
CF 

9.9.3 Alternatively, if the average of the responses for all analytes is within ±15% (absolute 
value}, then the calibration has been verified. However, the average must include all 
analytes in the calibration, whether or not they are targets of interest for a specific project. 
Information regarding the compounds which exceed the 15% criteria must be provided to 
the client 

9.9.4 If the CCV fails to meet acceptance criteria, the standard should be reanalyzed 
immediately. 

9.9.5 Should the standard fail a second time, the analysis is stopped and a new Initial curve is 
analyzed. 

9.9.6 All samples since the previo~s acceptable verification standard must be rerun. Ibil 
includes the ending yerificat;on standard, 
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9.1 o Matrix Spike (Matrix Spike Duplicate) 

9.10.1 With each analytical batch of 20 or fewer client samples an MS/MSD pair must be 
analyzed. 

9.10.2 Spike each aliquot and analyze in the same manner as the reference sample. 

9.10.3 Report the results of the both the %R in the MS and MSD samples and the %RPO 
between the MS and MSD. Note results in the case narrative. 

9.10.3.1 Spike Recovery 

% Spike Recovery (%R) SSR - SR x 100 
SA 

where: 
SSR = Spiked Sample Result 
SR = Sample Result 
SA = Spike Added 

9.10.3.2 %RPO 

% RPD • IMSR-MSRDI 
X 100 

(MSR+MSRD)/2 

where: 
MSR = Matrix spike recovery 
MSRO = Matrix spike duplicate recovery 

(The vettical bars in the formula above indicate the absolute value of the difference, therem, RSD is always 
expressed as a pcniitive value.) 

10.0 IDENTIFICA TION/QUANTITATION/CALCULA TIONS 

10.1 Quantitation of Pesticides 

10.2 

10.1.1 Analytes are quantitated by comparing the measured response in the sample against the 
initial standard curve. 

10.1.2 The concentration in the extract for each analyte is taken directly from the standard curve. 

Quantitation of Multi-component Analytes 

10.2.1 Multi-component analyses present problems in measurement. Suggestions are offered in 
the following sections for handing Toxaphene and Chlordane. 
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10.2.1.1 Identification of mixtures (i.e. Chlordane and Toxaphene) is based on the 
characteristic "fingerprint'' retention time and shape of the indicator peak(s); and 
quantitation is based on the area under the characteristic peaks as compared 
to the area under the corresponding calibration peak(s) of the same retention 
time and shape generated using either internal or external calibration 
proc~dures. If compound identification or quantitation is precluded due to 
interference {e.g., broad, rounded peaks or ill-defined baselines are present) 
cleanup of the extract or replacement of the capillary column or detector is 
warranted. Rerun the sample on another instrument to determine if the problem 
results from analytical hardware or the sample matrix. Refer to Method 3600 for 
the procedures to be followed in sample cleanup. 

10.2.1.2 Toxaphene - Toxaphene is manufactured by the chlorination of camphenes. 
Quantitation of Toxaphene is difficult, but reasonable accuracy can be obtained. 

10.2.1.2.1 Quantitate Toxaphene using the total area of the Toxaphene 
pattern or using 3 to 5 major peaks. 

10.2.1.2.2 While Toxaphene contains a large number of compounds that will 
· produce well resolved peaks in a GC/ECD chromatogram, it also 

contains many other components that are not 
chromatographically resolved. This unresolved complex mixture 
results in the "hump" in the chromatogram that is characteristic of 
this mixture. Although the resolved peaks are important for the 
identification of the mixture, the area of the unresolved complex 
mixture contributes a significant portion of the area of the total 
response. 

10.2.1.2.3 To measure total area, construct the baseline of Toxaphene in 
the sample chromatogram between the retention times of the first 
and last eluting Toxaphene components in the standard. In order 
to use the total area approach, the pattern in the sample 
chromatogram must be compared to that of the standard to 
ensure that all of the major components in the standard are 
present in the sample. Otherwise, the sample concentration may 
be significantly underestimated. 

10.2.1.2.4 When Toxaphene is determined using the 3 to 5 peaks approach, 
the analyst must take care to evaluate the relative areas of the 
peaks chosen in the sample and standard chromatograms. It is 
highly unlikely that the peaks will match exactly, but the analyst 
should not employ peaks from the sample chromatogram whose 
relative sizes or areas appear to be disproportionally larger or 
smaller in the sample compared to the standard. 

10.2.1.2. 5 The heights or areas of the 3 to 5 peaks should be summed 
together and used to determine the Toxaphene concentration. 
Alternatively, use each peak in the standard to calculate a 
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calibration factor for that peak, using the total mass of 
Toxaphene in the standard. These calibration factors are then 
used to calculate the concentration of each corresponding peak 
in the sample chromatogram and the 4 to 6 resulting 
concentrations are averaged to provide the final result for the 
sample. 

10.2.1.3 Chlordane • Technical Chlordane is a mixture of at least 11 major components 
and 30 or more minor components that is used to prepare specific pesticide 
formulations. The CAS Registry number for Technical Chlordane is properly 
given as 12789-03-6. Trans-Chlordane (or a-Chlordane, CAS RN 5103-71-9) 
and cares-Chlordane {y-Chlordane, CAS RN 5103-74-2), are the two most 
prevalent major components of Technical Chlordane. 

10.2.1.3.1 The exact percentage of each in the technical material is not 
completely defined, and is not consistent from batch to batch. 
Moreover, changes may occur when the technical material is 
used to prepare specific pesticide formulations. The approach 
used for evaluating and reporting Chlordane results will often 
depend on the end use of the results and the analyst's skill in 
interpreting this multi-component pesticide residue. 

10.2.1.3.2 EA Laboratories uses two options for reporting Chlordane: 
reporting Chlordane (not otherwise specified, 57-74-9), and 
reporting the individual a- and v- isomers that can be identified 
under their individual CAS numbers. 

10.2.1.3.3 When the GC pattern of the residue resembles that of Technical 
Chlordane, EA quantitates Chlordane residues by comparing the 
total area of the Chlordane chromatogram using three to five 
major peaks or the total area. If the Heptachlor epoxide peak is 
relatively small, Include it as part of the total Chlordane area for 
calculation of the residue. If Heptachlor and/or Heptachlor 
epoxide are much out of proportion, calculate these separately 
and subtract their areas from the total area to give a corrected 
Chlordane area. 

NOTE: Octachloro epoxide, a metabolite of Chlordane. can easily 
be mistaken for Heptachlor epoxide on a nonpolar GC column. 

10.2.1.3.4 The GC pattern of a Chlordane residue in a sample may differ 
considerably from that of the Technical Chlordane standard. In 
such instances, it may not be practical to relate a sample 
chromatogram back to the pesticide active ingredient Technical 
Chlordane. Therefore, depending on the objectives of the 
analysis, the analyst may choose to report the sum of all the 
identifiable Chlordane components as "Chlordane (n.o.s.)" under 
the CAS number 57-74-9. 

M:\GROUP\OA\METHOD\F~AL\808182.R00 July 27. 1998//mjb 



EA LA BORA TORIES EAL-SOP· Group: GC 
STANDARD OPERATING PROCEDURE 8081A/8082 Extractables 

Organochlorine Pesticides, PCBs, and PCB Congeners Page 19 of 25 

by Gas Chromatoaranhv 

10.2.1.3.5 The second option is to quantitate the peaks of a-Chlordane, 
v-Chlordane, and Heptachlor separately against the appropriate 
reference materials, and report these individual components 
under their respective CAS numbers. To measure the total area 
of the Chlordane chromatogram, inject an amount of a Technical 
Chlordane standard which will produce a chromatogram in which 
the major peaks are approximately the same size as those in the 
sample chromatograms. 

10.3 Polychlorinated biphenyls (PCBs) 

10.3.1 Quantitation of residues of PCB involves problems similar to those encountered in the 
quantitation of toxaphene, Strabane, and chlordane. In each case, the chemical is made 
up of numerous compounds: So the chromatograms are multi-peak. Also in each case, 
the chromatogram of the residue may not match that of the standard. 

10.3.2 Mixtures of PCBs of various chlorine contents were sold for many years in the U.S. by the 
Monsanto Co. under the trade name Aroclor (1200 series and 1016). Though these 
Aroclors are no longer marketed, the PCBs remain in the environment and are 
sometimes found as residues in foods, especially fish. 

10.3.3 PCB residues are quantitated by comparison to one or more of the Aroclor materials, 
depending on the chromatographic pattern of the residue. 

10.3.3.1 A choice must be made as to which Aroclor or mixture of Aroclors will produce 
a chromatogram most similar to that of the residue. 

10.3.3.2 This may also involve judgment about what proportion of the different Aroclors 
to combine to produce the appropriate reference material. 

10.3.4 Quantitate PCB residues by comparing total area or height of residue peaks to total area 
of height of peaks from appropriate Aroclor{s) reference materials. 

10.3.4.1 Measure total area or height response from the common baseline under all 
peaks. Use only those peaks from the sample that can be attributed to 
chlorobiphenyls. 

10.3.4.2 These peaks must also be present In the chromatogram of the reference 
materials. Mixtures of Aroclors may be required to provide the best match of 
the GC patterns of the sample and reference. 

10.4 Calculations 

• 10.4.1 Water 
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where: 
Concumpie= 
Ax = 
CF = 
v, = 
V; = 

v. = 
OF = 

where: 

-

Sample concentration ( ug/L) 
Area or height of the peak for the compound to be measured. 
Calibration factor from the initial calibration (area per pg) 
Volume of the concentrated extract in milliliters {ml) 
Volume of extract injected in microliter (ul). If a single injection 
is made onto two columns, use one half the volume in the 
syringe as the volume injected onto each column. 
Volume of sample extracted in milliliters (ml) 
Dilution Factor. If no dilution is performed, DF = 1.0. The dilution 
factor is defined as follows: 

V +V 
DF•-•-• 

v. 

v. = Volume of extract used to make dilution (ul) 
V, = Volume of clean solvent (ul) 

10.4.2 SoiVSediment 

where: 
Conc_P• = 
Ax = 
CF = 

w. = 
FdHn = 

OF = 

A.• V,•DF•F 11:IHII Conc,.m,,.••-_____ _ 
CF Xv, IC w. 

Sample concentration on wet weight basis (ug/kg} 
Area or height of the peak for the compound to be measured. 
Calibration "factor from the initial calibration (area per pg) · 
Volume of the concentrated extract in milliliters (ul) 
Volume of extract injected in microllter (ul). If a single injection 
is made onto two columns, use one half the volume in the 
syringe as the volume injected onto each column. 
Weight of sample extracted in grams (g) 
Volume correction factor for cleanup procedures. When GPC 
cleanup is used the factor is 2. 
Dilution Factor. If no dilution is performed, OF = 1.0. The dilution 
factor is defined as follows: 

v.+v. 
DF•-

v. 

where: 

v. 
v. 

= Volume of extract used to make dilution (ul) 
= Volume of clean solvent (ul) 
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10.4.3 If sample concentrations are to be reported on a dry weight basis, the following equation 
is used: 

where: 

Cone dry = 
Concump1e 

%Solid = 

11.0 QUALITY CONTROL 

Cone 
Cone = -P"'x100 

dry %Solid 

Concentration of the sample on a dry weight basis (ug/kg) 
= Concentration of the sample on a wet weight, or -as 

received" basis (ug/kg) 
Percent solids determined gravimetrically. 

11.1 Quality Control Acceptance Criteria for this method, including the frequency and corrective actions 
are shown in Table 9. 

11.2 Initial Calibration 

11.2.1 In order to produce acceptable sample results, the response of the instrument must be 
within the working range established by the initial calibration. 

11.2.2 The extrapolation of the calibration to concentrations above or below those of the actual 
calibration standards is not permitted. 

11.3 The standard curve is verified using a second source standard (ICV). 

11.4 Method Blank: A method blank is analyzed once per analytical batch of 20 or fewer samples to 
determine whether or not the analysis has introduced any contamination to the samples. 

11.5 Laboratory Control Sample: Analyzed once per analytical batch of 20 or fewer samples. 

11.6 Matrix Spike/Matrix Spike Duplicate: Analyze one MS/MSD pair once per analytical batch of every 
20 or fewer samples. 

11. 7 Confirmation 

11. 7.1 Second column confirmation is required for all reported results above the RL . 

11.7.2 All QC criteria must me met in order to use a column for second column confirmation. 

11. 7.3 If confirmed by GC/MS. a minimum concentration of 1 0 ng/ul in the final extract for each 
single-component compound is required. 
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TABLE 9. ORGANOCHLORINE PESTICIDES AND PCBS BY GC/ECD: SW846 METHODS 8081A and 8082 
EAL-M-8081A / 8082 Organochlorine Pesticides and Polychlorinated Biphenyls 
QC CHECK FREQUENCY ACCEPTANCE CRITERIA LABORATORY CORRECTIVE ACTION 
Holding time Aqueous samples within 7 Extraction and analysis must be completed Notify client to determine if laboratory is to proceed with analysis or if client will 

days; Solid and waste within holding time. resampte 
• samples within 14 days; 

Analyze all extracts within 
40davs 

Initial Calibration Initial 5 point calibration Initial calibration for all single peak target Verify standard preparation and instrument operations, correct problem. 
Low standard sPQL. analytes, and Aroclors 1016 and 1260: <20 

%RSD; or mean %RSD for all analytes in the Recalibrate instrument. 
standard s20%; or use calibration curve (r ?! 

Document aclions taken. 0.990). 

Initial Calibration Second source mid-level %D from initial calibration no greater than Verify standard preparation, if incorrect reprepare ICV 
Verification (ICV) standard following initial :1:15%. 

calibration Verify preparation of calibration standards if Incorrect reprepare standards, 
and recalibrate Instrument. 

Document actions taken. 
Continuing Calibration Begiooing of each 12 hour %0 from initial calibration no greater than If %0> 15 and no target analytes are found, no further action is required. 
Verification analytical shift and after :1:15%. 
(CCV) every 20 samples (10 Verify standard preparation and instrument operations, correct problem. 

recommended) 
Repeat initial calibration if problem cannot be identified. 

Documenl actions taken. 

Degradation Standard Beginning of analytical Breakdown of Endrin : <15% Evaluate system perform system maintenance. 
sequence Breakdown of DDT : <15% 

Recalibrate as necessarv. 
Method Blank 1 per analytical batch All target compound concentrations must be Determine source of contamination, i.e. instrument, reagent water, reagents. 

<PQL. 
Must be analyzed on each Take appropriale corrective action and document. If preparation in error reana-
instrument used to analyze lyze or prepare analytical batch. 
samples 

If samples cannot be reanalyzed or reprepared, qualify data. 
document actions taken. 
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TABLE 9. ORGANOCHLORINE PESTICIDES AND PCBS BY GC/ECD: SW846 METHODS 8081A and 8082 

EAL-M-8081A / 8082 Oraanochlorine Pesticides and Polvchlorinated Biphenvls 
QC CHECK FREQUENCY ACCEPTANCE CRITERIA 

laboratory Control 
Sample (LCS) 
• 

Surrogate spike 

1 per analytical batch 

All field and QC samples 

M:\GROUP\QA\METHOO\FINAL\808182.R00 

Values are within project specified control 
limits (or lab determined) for precision and 
accuracy. 

Evaluate %R for primary surrogate. If low, 
evaluate secondary surrogate compound. 

Secondary surrogate values must be within 
project specified control limits (or Iba 
detremlned) for precision and accuracy. 

LABORATORY CORRECTIVE ACTION 

Reanalyze the LCS. 

Check Instrument parameters. sensitivity and linearity. Correct any problems. 

Validate LCS preparation. If error is found, reprepare the LCS, and 
reanalyze the method blank, LCS and all field samples in the batch. 

If LCS is valid, evaluate against project specific 000s and report data if there 
is not impact on data usability. 

If data is not usable, reprepare and reanalyze the method blank, LCS and all 
field samples in the batch. 

If repreparalion of samples is not possible, qualify data, and note in the report 
narrative. 

Document all actions taken in a NCR and in the reoort narrative. 
Examine all ac (including but not limited to LCS, MB). 

IF surrogate in LCS and/or MB Is out-of-control, check quantitatlon. If quantl
tation Is correct reanalyze. 

If similar results are obtained from reanalysis, obtain fresh, verified surrogate 
solution, and reprepare and reanalyze the analytical batch. 

If samples c.annot be reprepared, qualify data. 

If surrogate recoveries in LCS and MB are acceptable but below the control 
limit for any sample, validate sample preparation. Correct any problem then 
restrict and reanalyze the sample 

If surrogate recoveries in LCS and MB are acceptable but above the upper 
control limit for any sample and no target analytes are delected, data is 
rennrted with discussion In the analvlical narrative. • 
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TABLE 9. ORGANOCHLORINE PESTICIDES AND PCBS BY GC/ECD: SW846 METHODS 8081A and 8082 
EAL-M-8081A / 8082 Organochlorine Pesticides and Polychtonnated Biphenyls 
QC CHECK FREQUENCY ACCEPTANCE CRITERIA LABORATORY CORRECTIVE ACTION 

MS/MSD 1 set per analytical batch Values are within project specified control I analyte recovery is outside control limits in LCS and data is judged unusable, 
• limits (or lab determined) for precision and reanalyze the analytical batch . 

accuracy 
If LCS acceptable but recovery Is outside control limits in MSIMSO, validate 
preparation of samples. If no errors or problems are discovered for sample 
preparation, data is reported with discussion in analytical narrative. 

2nd Column 100% for all positive results Same acceptance criteria as for primary Same correclive actions as for primary column. 
Confirmation column. 
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Total Metals Determination By ICP and GFAA 
Soectroscoov 

1.0 SCOPE AND APPLICATION - This method is an acid digestion procedure used to prepare sediments, 
sludges, paint chips, biological tissues, wipes, and soil samples for total metals determinations by 
inductively coupled argon plasma spectroscopy (ICP) or by furnace atomic absorption spectroscopy 
(GFAA). Tables 1 and 2 list the method analytes. 

Table 1. Method Analytes by ICP Analysis 

Analyte: Symbol CAS# Digestion . Initial Reflux Final Reflux Final Digestate 
Acid Acid Matrix 

Aluminum Al 7440-36-0 HNO3/H2~ HCI dilute HCI 5%v/v HNO:,IHCI 

Antimony Sb TT40-36-0 HNO:,IH2~ HCI dilute HCI 5%v/v HNO:,IHCI 

Arsenic As 7440-38-2 HNO:,IH202 HCI dilute HCI 5%v/v HNO3'HCI 

Barium Ba 7440-39-3 HNO:,IH202 HCI dilute HCI 5%v/v HNO:,IHCI 

Beryllium Be 7440-41-7 HNO3/H2~ HCI dilute HCI 5%v/v HNO:,IHCI 

Boron B 7440-42-8 HNO1HP2 HCI dilute HCI 5%v/v HNO:,IHCI 

Cadmium Cd 7440-43-9 HNO:,IH2~ HCI dilute HCI 5%v/v HNO:,IHCI 

Calcium Ca 7440-70-2 HNO3/H2~ HCI dilute HCI 5%v/v HNO:,IHCI 

Chromium Cr 7440-43-9 HNO3/H202 HCI dilute HCI 5%v/v HNO:,IHCI 

Cobalt Co 7440-48-4 HNO:,IH202 HCI dilute HCI 5%v/v HNO:,IHCI 

Copper Cu 7440-50-8 HNO,IH202 HCI dilute HCI 5%v/v HNOJHCI 

Iron Fe 7439-89-6 HNO:,IH2~ HCI dilute HCI 5o/ov/v HNO/HCI 

Lead Pb 7439-92·1 HNO:,IH202 HCI dilute HCI 5%v/v HNO:,IHCI 

Magnesium Mg 7439-95-4 HNO:,IH2~ HCI dilute HCI 5%v/v HNO:,IHCI 

Manganese Mn 7439-96-5 HNO:,IHA HCI dilute HCI 5%v/v HNO:,IHCI 

Molybdenum Mo 7439-98-7 HNO3/HA HCI dilute HCI 5o/ov/v HNO:,IHCI 

Nickel Ni 7440-02-0 HNO:,IH202 HCI dilute HCI 5%v/v HNO:,IHCI 

Potassium K 7440-09-7 HNO:,IH202 HCI dilute HCI 5%v/v HNO,IHCI 

Selenium Se 7782-49-2 HNO3/H2~ HCI dilute HCI 5o/ov/v HNO:,IHCI 

Silica SiO2 7631-86-9 HNO:,IH202 HCI dilute HCI 5%v/v HNO3/HCI 

Silver Ag 7440-22-4 HNO3/H202 HCI dilute HCI 5%v/v HNO3'HCI 

Sodium Na 7440-23-5 HNO3'H202 HCI dilute HCI 5%v/v HNO3/HCI 

Thallium Tl 7440-28-0 HNO:,IH202 HCI dilute HCI 5%v/v HNO3'HCI 

Tin Sn 7440-31-5 HNO,IH202 HCI dilute HCI 5%v/v HNO3'HCI 

Vanadium V 7440-62-2 HNO3'H202 HCI dilute HCI 5%v/v HNO/HCI 

Zinc Zn 7440-66-6 HNO3'H202 HCI dilute HCI 5%v/v HNOiHCI 
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Table 2. Method Analytes by GFAA Analysis 

Analyte: Symbol CAS# Digestion Initial Reflux Final Final Digestate 
Acid Reflux Acid 

Antimony Sb 7440-36-0 HNO:/H202 HN03 dilute HN03 5%v/vHN03 

Arsenic As 7440-38-2 HNO/H202 HN03 dilute HN03 5% v/v HN03 

Beryllium Be 7440-41-7 HNO/H202 HN03 dilute HN03 5% v/v HN03 

Cadmiun Cd 7440-43-9 HN03'H2~ HN03 dilute HN03 5o/ov/vHN03 

Chromium Cr 7440-43-9 HN03'H202 HN03 dilute HN03 5% v/vHN03 

Lead Pb 7439-92-1 HNO/H202 HN03 dilute HN03 5% v/v HN03 

Selenium Se 7782-49-2 HNO/H2~ HN03 dilute HN03 5%v/v HN03 

Silver Ag 7440-22-4 HN03'H202 HN03 dilute HN03 5%v/vHN03 

Thallium Tl 7440-28-0 HN03'H202 HN03 dilute HN03 5% v/vHN03 

2.0 SUMMARY OF METHOD -A representative 1-to 2-g (wet weight) sample is digested in nitric acid and 
hydrogen peroxide. The digestate is then refluxed with either nitric acid or hydrochloric acid (Tables 1, 
2). 

3.0 INTERFERENCES - Interferences are discussed in the determinative methods 

4.0 APPARATUS AND MATERIALS 

4.1 Griffin beakers - 250-mL 
4.2 Watch glasses - ribbed 
4.3 Drying ovens - That can be maintained at 30°C. 
4.4 Whatman cellulose nitrate membrane filters (0.45 µm) 
4.5 Vacuum filtration apparatus. 
4.6 Graduated cylinders or equivalent-100 mL, Class A 
4.7 250-mL plastic bottles for digestates. 
4.8 Electric Hot Plate - Adjustable and capable of maintaining a temperature of 90-95°C. 

5.0 REAGENTS 

5.1 High purity reagent grade chemicals shall be used 
5.2 DI Water. De-ionized reagent water supplied through the laboratory's reverse osmosis system. 
5.3 Nitric acid (1:1). HNO3. 

5.4 Hydrochloric acid (concentrated), HCI. 
5.5 Hydrogen peroxide (30%), H20 2• 

6.0 SAMPLES PRESERVATION ANO HANDLING - Refer to the applicable determinative EAL Method 
SOP for sample preservation and handling. 

7.0 PROCEDURE FOR ICP ANALYSIS 

7. 1 Using PURPLE tape, label a 250-mL Griffin beaker {beakers are segregated and labeled for lead paint 
analysis only) for each sample with the EA sample number, the final volume of the digestate and the 
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date of the digestion. 
7 2. Mix the sample thoroughly to achieve homogeneity. Separate paint samples from substrate, 

homogenize With mortar and pestle. Soil samples are stirred and whole wipe samples are consumed 
for analysis. Tissue samples are homogenized according to EAL SOP-289 prior to digestion. Weigh 
1.00-2.00 g of sample to the nearest 0.01 g and transfer to a Griffin 250 ml beaker. 

7.3 Add 10 mLof 1:1 HN03, mix the slurry, and cover with a ribbed watch glass. Heat the sample to 95°C 
and reflux for 10 to 15 minutes without boiling. Cool the sample (5 - 10 minutes}. add 5 ml of 
concentrated HN03, replace the watch glass, and reflux for 30 minutes. Repeat this last step to ensure 
complete oxidation. Using a ribbed watch glass, allow the solution to evaporate to 5 ml without boiling, 
while maintaining a covering of solution over the bottom of the beaker. 

7.4 Cool the sample, add 2 ml 01 water and 3 ml of 30% H20 2• Cover the beaker with a watch glass and 
return the covered beaker to the hot plate for warming and to start the peroxide reaction. Care must be 
taken to ensure that losses do not occur due to excessively vigorous effervescence. Heat until 
effervescence subsides and cool. 

7.5 Continue to add 30% H20 2 in 1-ml aliquots With warming until the effervescence is minimal or until the 
general sample appearance is unchanged. 

7.6 

7.7 

7.8 

7.9 

7.10 

DO NOT ADD MORE THAN A TOTAL OF 10 ML 30% H20 2 

Add 5 ml of concentrated HCI and 1 0 ml of DI water, cover the beaker with a ribbed watch glass, and 
return to the hot plate. Reflux for an additional 15 minutes without boiling. 
Set up filtration apparatus using a vacuum filtration apparatus with a Whatman cellulose nitrate 
membrane filter (0.45 µm}. Rinse the filter and filter apparatus with DI water and discard the rinsate. 
Wash down the beaker walls and watch glass With DI water, and filter the sample. Transfer the filtered 
di gestate to a 100 ml graduated cylinder and adjust the final volume to 100 ml with DI water. 
Transfer the digestate to a 250 ml plastic digestate bottle. Transfer the beaker label to the digestate 
bottle. NOTE: A DISTINCT GRAOUA TEO CYLINDER MUST BE USED FOR EACH SAMPLE FOR 
USACE PROJECTS. 
The digestion chemist completes all documentation on the Digestion Log for the samples, signs the log 
sheet and delivers the digestates to the instrument laboratory where the log sheet is signed and dated 
by the receiving chemist to document the custody transfer. 

8.0 PROCEDURE FOR GFAA ANALYSIS 

8.1 Using GREEN tape, label a 250-ml Griffin beaker for each sample with the EA sample number, the 
final volume of the digestate and the date of the digestion. 

8.2 Mix the sample thoroughly to achieve homogeneity.· Separate paint samples from substrate, 
homogenize with mortar and pestle, soil samples are stirred and whole wipe samples are consumed 
for analysis. Weigh 1.00-2.00 g of sample to the nearest 0.01 g and transfer to a Griffin 250 ml 
beaker. 

8.3 Add 10 ml of 1:1 HN03, mix the slurry, and cover with a ribbed watch glass. Heat the sample to 95°C 
and reflux for 10 to 15 minutes without boiling. Cool the sample (5 - 10 minutes), add 5 ml of 
concentrated HN03, replace the watch glass, and reflux for 30 minutes. Repeat this last step to ensure 
complete oxidation. Using a ribbed watch glass, allow the solution to evaporate to 5 ml without boiling, 
while maintaining a covering of solution over the bottom of the beaker. 

8.3 Cool the sample, add 2 ml DI water and 3 ml of 30% H20 2. Cover the beaker with a watch glass and 
return the covered beaker to the hot plate for warming and to start the peroxide reaction. Care must be 
taken to ensure that losses do not occur due to excessively vigorous effervescence. Heat until 
effervescence subsides and coof. 

8.4 Continue to add 30% Hp2 in 1-ml aliquots with warming until the effervescence is minimal or until the 
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general sample appearance is unchanged. 
8.5 Cover the sample with a ribbed watch glass and continue heating the acid-peroxide digestate until the 

volume has been reduced to approximately 5 ml. 

DO NOT ADD MORE THAN A TOTAL OF 10 ML 30¾ H20 2 

8.6 Set up filtration apparatus using a vacuum filtration apparatus with a Whatman cellulose nitrate 
membrane filter (0.45 µm). Rinse the filter and filter apparatus with DI water and discard the rinsate. 

8. 7 Wash down the beaker walls and watch glass with DI water, and filter the sample Transfer the filtered 
digestate to a 100 mL graduated cylinder and adjust the final volume to 100 ml with DI water. NOTE: 
A DISTINCT GRADUATED CYLINDER MUST BE USED FOR EACH SAMPLE FOR USACE 
PROJECTS. 

8.8 Transfer the digestate to a 250 ml plastic digestate bottle. Transfer the beaker label to the digestate 
bottle. 

8.9 The digestion chemist completes all documentation on the Digestion Log for the samples, signs the log 
sheet and delivers the digestates to the instrument laboratory where the log sheet is signed and dated 
by the receiving chemist to document the custody transfer. 

9.0 QUALITY CONTROL 

9.1 Samples are prepared in a batch of up to 20 samples. QC required for each digestion batch: 

9.1.1 Prep Blank (PBW) or Method Blank - Prepare a method blank with each batch of samples analyzed or 
a minimum of one method blank per 20 samples. For the wipe analysis, a clean unused wipe is used 
for the prep blank sample (beakers/watch glasses are segregated and labeled for lead paint analysis 
only). 

9.1.2 Reagent Blank: Prepared for wipe samples only, per each analytical batch to verify glassware cleaning 
acid baths are free from contamination. 

9.1.3 Laboratory Control Sample (LCSW): Prepare and analyze a laboratory control sample (LCS) with each 
batch samples analyzed. Prepare a minimum of one LCS per 20 samples. The percent recovery must 
fall within EA Laboratories established control limits or the samples must be reprepared and reanaly?ed. 

9.1.3.1 Solid Laboratory Control Sample (LCSS): One of the following are employed for the respective 
solid matrices; (1) NIST Solid LCS, (2) NIST Tissue SRM, (3) Lead paint SRM, and (4) Wipes; 
clean unused wipe with powdered paint 

9.1.4 Duplicate {DUP) - If sufficient sample is available, duplicate one sample per batch or one for every 20 
samples in a batch. Duplicate RPO should be <20%. Reanalyze for verification if laboratory error is 
suspected. For wipe samples, the duplicate sample must be provided by the client. 

9.1.5 Matrix Spike (SPK) - If sufficient sample is available, prepare and analyze a spiked sample once every 
20 samples. If the analyzed spike sample is not recovered within the specified limits, reanalyze for 
verification particular1y if laboratory error is suspected. Evaluate bias associated with recovery, flag data 
as appropriate and address in the narrative of the final report. For wipe samples , the samples can be 
spiked only when a duplicate sample aliquot has been collected. 

9.1.6 Laboratory Background Wipe Test: Perform quarterly monitoring of background levels of lead by 
preparing and analyzing background wipes. Refer to EAL-M-287; Preparing and Collecting Wipe 
Samples. 

9.2 For quality control samples preparation refer to Preparation of Matrix Spike and LCS Solutions for SW-
846, 200 Series CLP Methods and AFCEE Protocols (EAL-SOP-337). 
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Acid Digestion Of Aqueous Samples For Total Metals 
For Analvsis Bv ICP Soectroscoov Paae:1 of 3 

1.0 SCOPE AND APPLICATION 

1.1 This digestion procedure is used for the preparation of aqueous samples that contain suspended solids 
for analysis, by inductively coupled argon plasma spectroscopy (ICP). The procedure is used to determine 
total metals. Samples prepared by Method 3010A may be analyzed by ICP for the following: 

ANALYTE: SYMBOL CAS# 

Aluminum 
~ 

Al 7429-90-5 

Antimony Sb 7440-36-0 

Arsenic As 7440-38-2 

Barium Ba 7440-39-3 

Beryllium Be 7440-41-7 

Cadmium Cd 7440-43-9 

Calcium Ca 7440-70-2 

Chromium Cr 7440-47-3 

Cobalt Co 7440-48-4 

Copper Cu 7440-50-8 

Iron Fe 7439-89-6 

Lead Pb 7439-92-1 

Magnesium Mg 7439-95-4 

Manganese Mn 7439-96-5 

Molybdenum Mo 7439-98-7 

Nickel Ni 7440-02-0 

Potassium K 7440-09-7 

Selenium Se 7782-49-2 

Silver Ag 7740-22-4 

Sodium Na 7440-23-5 

Thallium Tl 7440-28-0 

Vanadium V 7440-62-2 

Zinc Zn 7440-66-6 

1.2 This digestion procedure is not suitable for samples which will be analyzed by graphite furnace atomic 
absorption spectroscopy except antimony because hydrochloric acid can cause interferences during furnace 
atomization. Consult Method 3020A for samples requiring graphite furnace analysis. 
1. 3 Silver is only slightly soluble in the presence of chloride unless there is a sufficient chloride concentration 
to form the soluble chloride complex. Therefore, low recoveries of silver may occur in field and laboratory 
quality control samples. This method is suitable for the determination of silver in samples containing 
concentrations ~ 100 ug/l. 
1.4 Antimony is easily lost through volatilization during digestion. The analyst is cautioned not to boil the 
samples. 

M:\GROUP\QA\METHOD\FINAL\3010A.R02 



EA LA BORA TORIES EAL-M-301 0A-02 I Group: Metals 
ANALYTICAL METHOD Prep 

Acid Digestion Of Aqueous Samples For Total Metals 
For Analvsis Bv ICP SoectroscoPv Paae:2 of 3 

2.0 SUMMARY OF ME"rHOD - A mixture of nitric acid and the material to be analyzed is refluxed in a 
covered Griffin beaker. This step is repeated with additional portions of nitric acid until the digestate is light 
in color or until its color has stabilized. After the digestate has been brought to a low volume, it is refluxed with 
hydrochloric acid and brought up to volume. If sample should go to dryness, it must be discarded and the 
sample reprepared. 

3.0 INTERFERENCES- Interferences are discussed in EAL-M-60108 

4.0 APPARATUS AND MATERIALS 

4.1 Griffin beakers - 250-mL 
4.2 Watch glasses - Ribbed 
4.3 Whatman cellulose nitrate membrane filters (0.45 µm) 
4.4 Vacuum filtration apparatus. 
4.4 Graduated cylinders or equivalent - 100ml, Class A 
4.5 250 ml plastic bottles for digestates. 
4.6 Hot plate or equivalent heating source - adjustable and capable of maintaining a temperature of 90-95-C. 

5.0 REAGENTS 

5.1 High purity reagent grade chemicals shall be used 
5.2 Reagent Water. Reagent water will be interference free. 
5.3 Nitric acid (concentrated), HNO3. 
5.4 Hydrochloric acid (1: 1 ). 

6.0 SAMPLE PRESERVATION AND HANDLING 

6.1 Aqueous samples must be acidified to a pH of <2 with nitric acid. 
6.2 The maximum holding time is six months from the date of collection. 

7.0 PROCEDURE 

7.1 Using RED tape, label a 250-ml Griffin beaker for each sample with the EA sample number, the final 
volume of the digestate and the date of the digestion. 
7.2 Using a graduated cylinder, transfer 100-mL of the well-mixed sample to a 250-mL Griffin beaker and add 
3 ml of concentrated HNO3. NOTE: A DISTINCT GRADUATED CYLINDER MUST BE USED FOR EACH 
SAMPLE FOR USACE PROJECTS. Cover the beaker with a ribbed watch glass. Place the beaker on a hot 
plate (90°C - 95°C)) and cautiously evaporate to a low volume (~5 ml.). 

Make certain that the sample does not boil. 
Make certain that no portion of the bottom of the beaker Is allowed to go dry. 

Low recoveries of metals, especially antimony, will result. 
Should this occur, discard the sample and reprepare. 

7.3 Cool the beaker (5 - 10 minutes) and add another 3-ml portion of concentrated HNO3. Cover the beaker 
with a ribbed watch glass and return to the hot plate. Maintain the temperature of the hot plate so that a 
gentle reflux action occurs. 
7.4 Continue heating, adding additional acid as necessary, until the digestion is complete (25 - 30 min). This 
is (generally indicated when the digestate is light in color or does not change in appearance with continued 
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refluxing. 
7.5 Again, uncover the beaker or use a ribbed watch glass, and evaporate to a low volume (3 ml), not 
allowing any portion of the bottom of the beaker to go dry. Cool the beaker. Add a small quantity of 1: 1 HCI 
(10 ml/100 ml of final solution), cover the beaker, and reflux for an additional 15 minutes to dissolve any 
precipitate or residue resulting from evaporation. 
7.6 Set up filtration apparatus using a vacuum filtration apparatus with a Whatman cellulose nitrate 
membrane filter {0.451,1m). Rinse the filter and filter apparatus with 10% nitric acid and discard the rinsate. 
7.7 wash down the beaker walls and watch glass with 10% nitric acid, and filter the sample Transfer the 
filtered digestate to a 100 ml graduated cylinder and adjust the final volume to 100 ml with deionized water 
so that the final acid concentration is 10%. NOTE: A DISTINCT GRADUATED CYLINDER MUST BE USED 
FOR EACH SAMPLE F:OR USACE PROJECTS. 
7.8 Transfer the digestate to a 250 ml plastic digestate bottle. Transfer the beaker label to the digestate 
bottle. 
7.9 The digestion chemist completes all documentation on the Digestion Log for the samples, signs the log 
sheet and delivers the digestates to the instrument laboratory where the log sheet is signed and dated by the 
receiving chemist to document the custody transfer. 

8.0 QUALITY CONTROL 

8.1 Samples are prepared in a batch of up to 20 samples and includes a Prep Blank, {PBW), a Laboratory 
Control Sample (LCSW), a Duplicate (DUP), a Matrix Spike (SPK), and a Matrix Spike Duplicate (MSD). 
8.2 Refer to EAL-SOP-337; Preparation of Matrix Spike and LCS Solutions for SW-846, 200 Series CLP 
Methods and AFCEE Protocols, for preparation of the required quality control samples. 

9.0 REFERENCES 

9.1 Rohrbough, W.G.; et al. Reagent Chemicals. American Chemical Society Specifications, 7th ed.; 
American Chemical Society: Washington, DC, 1986. 
9.2 1985 Annual Book of ASTM Standards, Vol. 11.01; "Standard Specification for Reagent Water"; ASTM: 
Philadelphia, PA, 1985; 01193-77. 
9.3 United States Environmental Protection Agency. 1995. Test Methods for Evaluating Solid Waste. 
Physical/Chemical Methods. EPA SW-846, 3rd edition. including UPDATE II. U.S. EPA, washington, D.C. 
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1.0 SCOPE AND APPLICATION 

1.1 This method may be used for the determination of dissolved, suspended or total elements in all 
matrices, including ground water, aqueous samples, TCLP extracts, industrial and organic wastes. soils. 
sludge, sediments, and other solid wastes. All matrices require digestion prior to analysis. 
1.2 Table 1 lists elements for which this method applies along with recommended wavelengths and 
laboratory reporting limits using conventional ICP and TRACE ICP. Actual working method detection limits 
are determined annually and are matrix dependent. Other elements may be determined under this 
method as needed following th~ instrument manufacturers specifications. Modifications to the analyte list 
or procedural changes to reach lower Reporting Limits are allowed if required by client, project or 
program. Any changes in the analytical procedures must be approved by the Inorganic Division Manager 
and the Quality Services Manager before samples can be analyzed. 

2.0 SUMMARY OF METHOD 

2.1 Prior to analysis, samples must be solubilized or digested using appropriate sample preparation 
methods. 
2.2 The method describes a technique for the simultaneous, or sequential, multi-element determination of 
trace elements in solution. The basis of the method is the measurement of atomic emission by an optical 
spectroscopic technique. Samples are nebulized and the aerosol that is produced is transported to the 
plasma torch where excitation occurs. Characteristic atomic-line emission spectra are produced by a 
radio.frequency inductively coupled plasma (ICP). The spectra are dispersed by a grating spectrometer, 
and the intensities of the lines are monitored by photomultiplier tubes. The photocurrents from the 
photomultiplier tubes are processed and controlled by a computer system. A background correction 
technique is required to compensate for variable background contribution to the determination of trace 
elements. Background must be measured adjacent to analyte lines on samples during analysis. The 
position selected for the background intensity measurement, on either or both sides of the analytical line, 
will be determined by the complexity of the spectrum adjacent to the analyte line. The position used must 
be free of spectral interference and reflect the same change in background intensity as occurs at the 
analyte wavelength measured. Background correction is not required in cases of line broadening where a 
background correction measurement would actually degrade the analytical result. The possibility of 
additional interferences named in 5.1-5.3 (and tests for their presence are described in 5.4) should also be 
recognized and appropriate corrections made. 
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TABLE 1. ANAL YTES (ICAPAES TECHNIQUE) 
Reporting Limits 

Element Liquid (µg/L) Solid (mg/kg) Wavelength 
Conventional Trace Conventional Trace JY24 JYS0 TRACE 

Al 200 20 308.215 396.152 
Sb 60- 6.0 6.0 0.6 206.833 206.833 206.831 

206.832 
As 100 10.0 10.0 1.0 188.983 193.695 189.042 

193.699 
Ba 200 20 455.403 233.527 
Be 5.0 0.5 313.042 313.042 
Cd 5.0 5.0 0.5 0.5 214.438 226.502 226.502 
Ca 1000 100 317.933 317.933 
Cr 10.0 1.0 267.716 267.716 
Co 50 5.0 228.616 228.616 
Cu 10 1.0 324.754 324.754 
Fe 100 10.0 259.940 259.940 

310.050 
Pb 100 3.0 10.0 0.3 220.353 220.353 220.351 

220.352 
Li 2.0 670.783 

Mg 1000 100 279.553 279.079 
Mn 15 1.5 257.610 257.610 
Mo 50 5.0 202.030 202.032 
Ni 40 4.0 231.604 231.604 
p 100 213.618 
K 1000 100 766.490 766.490 

Se 100 5.0 10 0.5 196.030 196.026 . 196.021 
196.022 

Ag 10 1.0 328.068 328.068 
Na 1000 100 588.995 589.592 
Sr 100 407.771 
Tl 100 10 10 1.0 190.804 190.800 190.864 
V 50 5.0 292.402 292.402 
Zn 20 2.0 213.856 213.856 
Sn 25 2.5 189.930 189.926 
Ti 10 1.0 334.940 
B 100 10.0 208.959 249.678 
Si 200 20.0 251.611 251.611 

3.0 DEFINITIONS 

3.1 Dissolved-Those elements which will pass through a 0.45 µm membrane filter. 
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3.2 Suspended--Those elements which are retained by a 0.45 µm membrane filter. 
3.3 Total-The concentration determined on a unfiltered sample following vigorous digestion, or the sum 
of the dissolved plus suspended concentrations. 
3.4 Total recoverable-The concentration determined on an unfiltered sample following treatment with hot, 
dilute mineral acid. 
3.5 Instrumental detection limit-The concentration equivalent to a signal, due to the analyte, which is 
equal to three times the standard deviation of a series of seven replicate measurements of a blank spiked 
at 3-5 times the expected detection limit measured on three non-consecutive days. 
3.6 Sensitivity-The slope of the analytical curve, i.e. functional relationship between emission intensity 
and concentration. 
3.7 Instrument check standard - Multi.element standard of known concentrations prepared by the analyst 
to monitor and verify instrument performance on a daily basis. 
3.8 Interference check sample-A solution containing both interfering and analyte elements of known 
concentration that can be used to verify background and interelement correction factors. 
3.9 Quality control sample -A solution obtained from an outside source having known concentration 
values to be used to verify the calibration standards. 
3.10 Calibration standards-A series of known standard solutions used by" the analyst for calibration of the 
instrument (i.e., preparation of the analytical curve). 
3.11 Linear dynamic range-The concentration range over which the analytical curve remains linear. 
3.12 Reagent blank-A volume of deionized, distilled water containing the same acid matrix as the 
calibration standards carried through the entire analytical scheme. 
3.13 Calibration blank-A volume of deionized, distilled water acidified with the same acid matrix as the 
calibration standards. 
3.14 Method of standard addition-The standard addition technique involves the use of the unknown and 
the unknown plus a known amount of standard. 
3.15 Reagent Water - All references to water in the method refer to reagent water unless otherwise 
specified. Reagent water will be interference free. Reagent water refers to water that has been generated 
by any method which would achieve the performance specifications for ASTM Type II water or better. 

4.0 SAMPLE HANDLING, PRESERVATION AND HOLDING TIME 

4.1 For the determination of trace elements, contamination and loss are of prime concern. Dust in the 
laboratory environment, impurities in reagents and impurities on laboratory apparatus which the sample 
contacts are all sources of potential contamination. Sample containers can introduce either positive or 
negative errors in the measurement of trace elements by (a) contributing contaminants through leaching 
or surface desorption and (b) by depleting concentrations through adsorption. Thus the collection and 
treatment of the sample prior to analysis requires particular attention. 
4.2 Sample holding times, preservation and suggested collection volumes are listed in Table 2. 
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TABLE 2. SAMPLE HOLDING TIMES, REQUIRED DIGESTION VOLUMES 
AND RECOMMENDED COLLECTION VOLUMES FOR METALS 
DETERMINATIONS 

Measurement Digestion Vol. Collection Preservative/ 
Req. (a) (ml) Volume (b) {ml) Holding Time 

Metals (except hexavalent chromium and mercury): 

Total 100 1000 HN03 to pH< 2 
recoverable 6 months 

Dissolved 100 1000 Filter on site and 
preserve; 
6 months 

Suspended 100 1000 Filter on site; 
6 months 

Total 100 1000 HN03 to pH< 2 
6 months 

(a) Solid samples should be at least 200 g and usually require no preservation other than 
storing at 4 °C until analyzed. 
(b) Either plastic or glass containers may be used. 

5.0 INTERFERENCES 

There are three types of phenomena that may interfere with the analysis of metals by ICAPAES. 

5.1 Spectral interferences. These can be categorized as: 

(a) overlap of a spectral line from another element, 
(b) unresolved overlap of molecular band spectra; 
© background contribution from continuum or recombination phenomena, and 
(d) background contribution from stray light from the line emission of high concentration elements. 

5.2 Physical interferences. These are generally considered to be transport processes. These include 
viscosity, surface tensions and high dissolved solids. 
5.3 Chemical interferences. These are characterized by molecular compound formation, ionization effects 
and solute vaporization effects. Normally these effects are not pronounced with ICAPAES techniques, 
however, if observed they can be minimized by careful selection of operating conditions. 
5.4 The following techniques can be used to detect and/or correct for interferences. 

5.4.1 Serial dilution-If the analyte concentration is sufficiently high (minimally a factor of 1 O above the 
instrumental detection limit after dilution}, an analysis of a dilution should agree within 10% of the original 
determination. If not, a chemical or physical interference effect should be suspected. 
5.4.2 Spike addition-The recovery of a spike addition added at a minimum level of 1 OX the instrumental 
detection limit to the original determination should be recovered to within 80 to 120 percent or within the 
established control limit for that matrix. If not, a matrix effect should be suspected. The use of a standard 
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addition analysis procedure can usually compensate for this effect. Caution: The standard addition 
technique does not detect coincidental spectral overlap. If suspected, use of computerized compensation, 
an alternate wavelength. or comparison with an alternate method is recommended. 
5.4.3 Comparison with alternate method of analysis-When investigating a new sample matrix, 
comparison tests may be performed with other analytical techniques such as atomic absorption 
spectrometry. or other approved methodology. 
5.4.4 Wavelength scanning of analyte line region-If the appropriate equipment is available, wavelength 
scanning can be performed to detect potential spectral interferences. 

6.0 INS"rRUMENTATION & OPERATING CONDITIONS 

6.1 Instruments, S.A. JY50 Inductively Coupled Argon Plasma Atomic Emission Spectrometer with IBM 
personal system/2 computer with printer for data reduction and reporting. Nitrogen purge system for 
analysis of elements with analytical wavelengths in far ultraviolet. The JY50 ICP is operated as follows: 

• Sheath gas argon flow rate: 0.2 Liter/min. 
• 100 PSI argon pressure to ICP reducer and regulator 
• Sample uptake through peristaltic pump 
• Plasma argon flow rate: 12-15 Liter/min. 
• Pressure of argon within the system: 2.9 Bars 

6.2 Instruments, S.A. JY24 Inductively Coupled Argon Plasma Atomic Emission Spectrometer with IBM 
compatible computer with printer for data reduction and reporting. Nitrogen purge system for analysis of 
elements with analytical wavelengths in far ultraviolet. The JY24 ICP is operated as follows: 

• Sheath gas argon flow rate: 0.2 Liter/min. 
• 100 PSI argon pressure to ICP reducer and regulator 
• Sample uptake through peristaltic pump 
• Plasma argon flow rate: 12-15 Liter/min. 
• Pressura of argon within the system: 2.9 Bars 

6.3 Thermal Jarrell Ash Trace 61E Inductively Coupled Plasma Emission Spectrometer with IBM 
compatible computer and printer for data reduction and reporting. The T JA Trace is operated as follows: 

• Torch gas - High flow 
• Aux gas- Med 1.0 Umin 
• Neb gas -15 psi 
• RF power -950W 
• Pump rate - 2.4 mUmin 

7.0 SAFETY INFORMATION 

The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined; 
however, each chemical compound should be treated as a potential health hazard. As such, protective 
gloves should be worn when handling samples or reagents. Additionally, the Laboratory Safety Office 
maintains a reference file of material safety data sheets which are available to all personnel involved in the 
analysis. 

8.0 REAGENTS AND STANDARD REFERENCE MATERIAL (SRM) 
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8.1 Nitric acid (HNO3); ultra high purity or equivalent. 
8.2 Hydrochloric acid (HCI); ultra high purity or equivalent. 
8.3 Deionized reagent water: Prepared by a reverse osmosis system by McNew Culligan with an E-Pure 
polishing system including an ultrafilter assembly. This system passes all ASTM Type I water 
requirements. Use deionized water for the preparation of all reagents, calibration standards and as dilution 
water. 
8.4. Calibration Stock SRMs, 1,000 mg/L - 10,000 mg/L: The trace metals SRMs are available as 
commercially prepared stock solutions for each analyte. All parent compounds will either be obtained from 
NIST or must be traceable to NtST standards. All standard stock solutions are warranted stable for up to a 
year from the date received. The Calibration Stock SRM solutions are used to prepare calibration 
substock solutions. For SRMs not obtained from NIST, traceability documentation will be maintained on 
file in the laboratory. 
8.5 Continuing Calibration Check Standard Stock SRMs, 1,000 mg/L-10,000 mg/L: QC SRMs must meet 
the same specifications as the Calibration SRMs Stock solutions but must come from a different source 
than those used for Calibration SRMs. The QC SRM stock solutions are used to prepare the check 
standards. Traceability documentation for SRMs will be maintained on file at the laboratory. 
8.6 The interference check solution is purchased prepared to contain known concentrations of interfering 
elements that will provide an adequate test of the correction factors. 
8. 7 Mixed calibration and calibration check standard solutions: Commercially prepared mixed calibration 
standard solutions are purchased as certified stock solutions. The metals standards obtained from private 
sources are certified traceable to NIST standards. Traceability documentation is maintained on file at the 
laboratory. All secondary standards, traceable to NIST SRMs, used for certification and calibration will be 

. checked against existing SRMs the first time a bottle is used and every six months thereafter to confirm 
its concentration. All results must be within 10 percent of the certified value, thus certifying the integrity of 
the initial calibration. Records for solution verification are kept on file in the metals office. 

9.0 PROCEDURE 

9.1 Sample preparation. Preliminary treatment of most matrices is necessary because of the complexity 
and variability of sample matrices. Solubilization and digestion procedures are presented in Sample 
Preparation Methods (Methods 3005A-3050A). 
9.2 Standard preparation. Working calibration and QC verification standards (initial and continuing) are 
prepared by dilution of commercially prepared mixed stock solutions or NIST traceable 1000 or 5000 ppm 
single element stocks. ( Refer to EAL-SOP-332 and EAL-SOP-333.) Dilutions are made in volumetric 
flasks using volumetric pipets or calibrated micropipets. Preparation of calibration, QC standards, and 
interference checks are recorded in the appropriate standards logbook. Working standards must be 
verified prior to use and are discarded every three months; QC verification standards are prepared fresh 
weekly. Standards are prepared in the same acid matrix as the sample digestates. Calibration standards 
and QC calibration verification {initial and continuing) standards must be prepared from different 
calibration verification lots of stock solutions. 
9.3 Instrument Set-up and Daily Maintenance 

9.3.1 Peristaltic pump tubing should be checked at the beginning of each analytical day and changed if 
excessive wear is evident. 
9.3.2 The waste container should be checked and emptied if necessary. 
9.3.3 Establish the operating conditions detailed In Section 6.0. With the gases on at specified flows, 
deionized water should be aspirated and the nebuliZer spray chamber should be examined to ensure the 
sample is being nebulized properly. Light the torch according to manufacturing instructions and allow at 
least 30 minutes for complete warm-up before continuing with analysis. 
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9.4 Calibration and Sample Analysis 

9.4.1 When the instrument has warmed up sufficiently conduct an autosearch (wavelength search) using 
the appropriate procedure for each ICP. After the autosearch is completed, select the method for 
analysis, place the appropriate standards in the autosampfer and calibrate the instrument. Use the 
average intensity of multiple exposures for both standardization and sample analysis to reduce random 
error. Calibration curves must be composed of a minimum of a blank and three standards. The 
correlation coefficient of the curve must be 0.995 or better to continue analysis. 
The lowest standard should be at or near the reporting limit or PQL. If the calibration curve does not 
include the PQL standard, then a PQL standard must be run directly after calibration and agree within 
10%, in order to show accuracy at the reporting limit. 

NOTE : For boron concentrations greater than 500 µg/L extended flush times of 1 to 2 min may be 
required. 

9.4.2 Once calibration is complete. select "analyze" from the menu, create an ID file for the samples to be 
run, place samples in the autosampler and proceed with analysis according to the following run sequence: 

Calibration Blank 
Standard 1 
Standard 2 
Standard 3 
CKS ( Calibration standard 3) 
ICV 
ICB 
ICSAI (interference check sample) 
ICSABI (interference check sample) 
CCV1 
CCB1 
PB (preparation blank) 
LCS (laboratory control sample) 
SAMPLE 1 
SAMPLE 1 DUPLICATE 
SAMPLE 1 MATRIX SPIKE 
SAMPLE 1 MATRIX SPIKE DUPLICATE 
SAMPLE 1 POST DIGESTION SPIKE 
SAMPLE2 
SAMPLE 3 
SAMPLE 3 SERIAL DILUTION 
CCV2 
CCB2 
ICSAF 
ICSABF 
CCV3 
CCB3 

9.4.3 Before beginning the sample run, reanalyze the high mixed calibration standard as if it were a 
sample. Concentration values obtained should not deviate from the actual values by more than ± 5 
percent 

M:IGROUP\QA\METHODIFINAL\50108.ROO 



~ 

EA LA BORA TORIES EAL-M-601 0B-00 I Group: Metals 
ANALYTICAL METHOD Analysis 

Determination Of Metals For Inductively Coupled Plasma- Page 8 of 9 
Atomic Emission S0ectrosco0v 

9.4.4 Flush the system with the calibration blank solution for at least 1 minute before the analysis of each 
sample. Analyze the calibration verification standard and the calibration blank after each 1 O samples. 
9.4.5 Dilute and reanalyze samples that are more concentrated than the highest calibration standard. 

10.0 CALCULATIONS 

10.1 The microprocessor on the ICP will read will calibration standards in emission counts. Following 
calibration, the microprocessor will calculate the concentration of each sample in µg/L. 
10.2 If dilutions were performed-, the appropriate factor must be applied to sample values. 
10.3 Data should be rounded to the thousandth place and all results should be reported in µg/L or mg/kg 
up to three significant figures. 

11.0 QUALITY CONTROL 

11. 1 Employ a minimum of one preparation blank per sample batch to determine if contamination or any 
memory effects are occurring. A preparation blank is a volume of reagent water acidified with the same 
amounts of acids as were the standards and samples, and prepared in the same manner as the samples. 
All analytes must be below the Rl as required by the project plan or QAPjP or the samples must be 
redigested or reanalyzed. In addition, if the method blank concentration of a particular element is above 
the limit and the samples are greater than 20 times the blank concentration, the data is considered 
acceptable with no furthe.r corrective action. In the event of all other blanks the analyte concentration 
must be less than 5% of the regulatory limit. 
11.2 Employ a minimum of one Laboratory Control sample (LCS) per batch to determine if the method 
performance is acceptable. A LCS is a check standard which has been processed through the entire 
method beginning with sample preparation. LCS recoveries for all elements must be within EA 
Laboratories established control limits or the samples must be redigested and reanalyzed (possible 
exception: high LCS recovery and no analyte detected in the sample). Solid samples require the 
preparation of a solid matrix LCS. A tissue (NIST SRM) matrix LCS is prepared for the analysis of tissue 
samples in addition to a liquid LCS. 
11.3 Initial and Continuing Calibration Verification. Analyze an appropriate instrument check standard 
containing the elements of interest at a frequency of 10%. This check standard is used to determine 
instrument drift. If agreement is not within ± 10% of the expected values or within the established con~ol 
limits, whichever is lower, the analysis is out of control. The analysis should be terminated, the problem 
corrected, and the instrument recalibrated. All samples following the last successful CCV must be 
reanalyzed after recalibration. 
11.4 Analyze the calibration blank at a frequency of 10%. The result should be within the ± 3X the MDL 
or less than the reporting limit. If not, terminate the analysis, correct the problem and recalibrate the 
instrument. All samples following the last successful CCB must be reanalyzed after recalibration. 
11.5 Analyze duplicate samples at the frequency of 5% (1 per 20 or per batch). A duplicate sample is a 
sample brought through the whole sample preparation and analytical process in duplicate. Duplicate RPD 
should be <20% or matrix effects should be suspected. Reanalyze for verification and redigest and 
reanalyze if lab error is suspected. 
11.6 Serial dilution: If the analyte concentration is sufficiently high (minimally, a factor of 10 above the 
instrumental detection limit after dilution), an analysis of a 1:4 dilution should agree within ±10% of the 
original determination. If not, a chemical or physical interference effect should be suspected. 
11. 7 Analyze one spike sample for every 20 samples or analytical batch. A matrix spike is a sample 
brought through the entire sample preparation and analytical process. The recovery of the matrix spike 
should be recovered to within 75-125% of the known value. If the spike is not recovered within the 
specified limits, a matrix effect should be suspected. Reanalyze for verification and redigest and reanalyze 
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if lab error is suspected. Evaluate bias associated with recovery, flag data as appropriate and address in 
the narrative of the final report. 
11.8 Analyze one spike duplicate sample for every 20 samples or analytical batch. A matrix spike 
duplicate is a sample brought through the entire sample preparation and analytical process. The recovery 
of the matrix spike should be recovered to within 75-125% of the known value. If the spike is not 
recovered within the specified limits. a matrix effect should be suspected. Reanalyze for verification and 
redigest and reanalyze if lab error is suspected. Evaluate bias associated with recovery, flag data as 
appropriate and address in the narrative of the final report. The RPO between MS and MSD should be 
within +/-20%. 
11.9 To verify the inter-element and background correction factors, analyze the interference check 
sample at the beginning and end of the sample run. Results should fall within the established control limits 
of± 20%. If not, terminate the analysis, correct the problem and recalibrate the instrument. 
11.10 Standard Addition {AnalyticaVPost Digestion} Spike. Refer to Section 5.4.2. If the spike recovery 
does not meet the 75-125% criteria, a matrix effect should be suspected. 
11.11 In addition, for TCLP extracts the method of standard addition is required if the matrix spike 
recovery is <50%, the sample concentration is less than the regulatory limit. but within 20% of the 
regulatory limit 

12.0 REFERENCES 

United States Environmental Protection Agency. 1986. Update I, July 1992. Test Methods for Evaluating 
Solid Waste. Physical/Chemical Methods. EPA SW-846, 3rd edition. U.S. EPA, Washington, D.C. 
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ANALYTICAL METHOD 

Acid Digestion Of Aqueous Samples For Total 
Metals For Analvsis Bv GFAA Soectroscot1v Pace 1 of 2 

1.0 SCOPE AND APPLICATION 

1.1 This digestion procedure is used for the preparation of aqueous samples, mobility-procedure extracts, 
and wastes that contain suspended solids for analysis by furnace atomic absorption spectroscopy (GFAA) 
for the metals listed below. The procedure is used to determine the total amount of the metal in the sample. 
1.2. Samples prepared for analysis by GFAA for the metals listed in Table 1. 

Table 1. Method Analytes 

Analyte ~ Symbol CAS# 

Arsenic As 7440-38-2 

Cadmium Cd 7440--43-9 

Chromium Cr 7440--47-3 

Lead Pb 7439-92-1 

Silver Ag 7440-22--4 

Thallium Tl 7440-28-0 

Selenium Se 7782--49-2 

1.3 For an alternative digestion and GFAA analysis of arsenic and selenium, see Methods 7060 and 7740. 
For an altemative digestion and GFAA analysis of silver, see Method TT61. 

' 2.0 SUMMARY OF METHOD 

A mixture of nitric acid and the material to be analyzed is refluxed in a covered Griffin beaker. This step is 
repeated with additional portions of nitric acid until the digestate is light in color or until its color has stabilized. 
After the digestate has been brought to a low volume, it is cooled and brought up in dilute nitric acid such 
that the final dilution contains 3% (v/v) nitric acid. This percentage will vary depending on the amount of acid 
used to complete the digestion. 

3.0 INTERFERENCES- Interferences are discussed in the determinative method. 

4.0 APPARATUS AND MATERIALS 

4.1 Griffin beakers - 250-mL 
4.2 Watch glasses -ribbed 
4.3 Whatman cellulose nitrate membrane filters (0.45 µm) 
4.4 Vacuum filtration apparatus. 
4.5 Graduated cylinders or equivalent-100 ml, Class A. 
4.6 250 mL plastic bottles for digestates. 
4.7 Hot plate - adjustable and capable of maintaining a temperature of 90-95°C. 

5.0 REAGENTS 

5.1 High purity reagent grade chemicals shall be used 
5.2 Reagent Water - Deionized water supplied by the laboratory's reverse osmosis treatment system. 
5.3 Nitric acid (concentrated}, HN03. 

6.0 SAMPLE PRESERVATION AND HANOI.ING 

6.1 Aqueous samples must be acidified to a pH of <2 with nitric acid. 
6.2 The maximum holding time is six months from the date of collection. 
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Acid Digestion Of Aqueous Samples For Total 
Metals For Analvsis Bv GFAA Soectrosconv Pace 2 of 2 

7.0 PROCEDURE 

7.1 Using YELLOW tape, label a 250-mL Griffin beaker for each sample with the EA sample number, the 
final volume of the digestate and the date of the digestion. 
7.2 Using a graduated cylinder, transfer 50 mL * of the well-mixed sample to a 250-mL Griffin beaker and add 
1.5 mL of concentrated HNO3• NOTE: A DISTINCT GRADUATED CYLINDER MUST BE USED FOR EACH 
SAMPLE FOR USA CE PROJECTS. Cover the beaker with a ribbed watch glass. Place the beaker on a hot 
plate (90- 95°C) and cautiously evaporate to a low volume (5 mL), making certain that the sample does not 
boil and that no portion of the bottom of the beaker is allowed to go dry. Cool the beaker (5 -10 minutes) and 
add another 1.5-mL portion of concentrated HNO3• Cover the beaker with a ribbed watch glass and return 
to the hot plate. Increase the temperature of the hot plate so that a gentle reflux action occurs. 
7.3 Continue heating, adding additional acid as necessary, until the digestion is complete (25-30 minutes). 
This is generally indicated when the digestate is light in color or does not change in appearance with continued 
refluxing. 
7.4 When the digestion is complete, use a ribbed watch glass and evaporate to a low volume (3 mL). Add 
approximately 1 O mL of DI water, mix, and continue warming the beaker for 1 O to 15 minutes. 

Do not allow any portion of the bottom of the beaker to go dry. 

7.5 Set up filtration apparatus using a vacuum filtration apparatus with a Whatman cellulose nitrate 
. membrane filter (0.45 µm). Rinse the filter and filter apparatus with DI water and discard the rinsate. 

7.6 Wash down the beaker walls and watch glass with DI water, and filter the sample. Transfer the filtered 
digestate to a 100 mL graduated cylinder and adjust the final volume to 50 mL * with DI water. NOTE: A 
DISTINCT GRADUATED CYLINDER MUST BE USED FOR EACH SAMPLE FOR USACE PROJECTS. 
7.7 Transfer the digestate to a 250 mL plastic digestate bottle. Transfer the beaker label to the digestate 
bottle. 
7.8 The digestion chemist completes all documentation on the Digestion Log for the samples, signs the log 
sheet and delivers the digestates to the instrument laboratory where the log sheet is signed and dated by the 
receiving chemist to document the custody transfer. 

* Where project specific requirements dictate (noted on the digestion assignment page) that a 100 mL initial 
volume is used, bring to final volume of 100 mL and double all reagent volumes. 

8.0 QUALITY CONTROL 

8.1 Samples are prepared in an analytical batch (20 samples or fewer). Included in the batch are a Prep 
Blank, (PBW), a Laboratory Control Sample (LCSW), a Duplicate (DUP), a Matrix Spike (SPK), and a Matrix 
Spike Duplicate (MSD). 
8.2 Refer to EAL-SOP-337; Preparation of Matrix Spike and LCS Solutions for SW-846, 200 Series CLP 
Methods and AFCEE Protocols for the preparation of the required quality control samples. 

9.0 REFERENCES 

9.1 Rohrbaugh, W.G.; et al. Reagent Chemicals. American Chemical Society Specifications, 7th ed.; 
American Chemical Society: Washington, DC, 1986. 
9.2 1995 Annual Book of ASTM Standards, Vol. 11.01; "Standard specification for Reagent Water''; ASTM: 
Philadelphia, PA, 1995; 01193-91. 
9.3 United States Environmental Protection Agency. 1995. Test Methods for Evaluating Solid Waste. 
Physical/Chemical Methods. EPA SW-846, 3rd edition. including UPDATE II. U.S. EPA, Washington, D.C. 
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ANALYTICAL METHOD 

Determination of Metals in Water, Wastes and Solids by Page: I Of: 10 
Graphite Furnace Atomic Absorption (GFAA) Spectrometrv 

1.0 SCOPE AND APPLICATION 

1.1 Liquid. This method is approved for detennining dissolved. suspended or total metals in TCLP 
extracts, aqueous. wastes. groundwater, drinking, surface and saline water, domestic and industrial 
wastes. 

1.2 Solid or Semisolid. This method is approved for measuring all metals in soils, sediments, bottom 
deposits and sludge type materials. 

1.3 Analytes, reporting limits and recommended wavelengths are detailed in Table I. Other elements 
may be detennined under the method following the instrument manufacturer's specifications. 
Modifications to the analyte list or procedural changes to reach lower reporting limits are allowed 
if required by client, project or program. Any changes in the analytical procedures must be 
approved by the Inorganic Division Manager E.nd the Quality Services Manager before samples 
can be analyzed. 

TABLE I. ANAL YTES (AA, FlJR:-,iACE TECHNIQl; E) 
.\:\AL\TE: CAS# REPORTING LIMIT WAVELENGTH 

(µ1[/L) (mg/kg) 
Antimony (Shi 7440-36-0 6 0.60 217.6 
Arsenic (A,) 7440-38-2 10 1.0 193.7 
Beryllium (Bel 7440-41-7 I 0.1 234.9 
Cadmium (Cd) 7440.•~.9 5 0.50 228.8 
Chromium (Cr) 7440-47-3 10 1.0 357.9 
Copper (C,1) 7440-50-8 IO l.O 324.8 
Lead (Pb) 7439-92-1 3 0.30 283.3 
Nickel (Nil 7440-02-0 10 1.0 232.0 
Silver (Ag) 7440-22-4 10 1.0 328.l 
Thallium (Tl) 7440-28-0 10 l.O 2768 
Selenium (Se) 7782-49•2 5.0 0.50 196.0 

Actual working method detection limits are detennined annually and are matrix dependent. 

2.0 SUMMARY OF METHOD 

2.1 
2.2 

Drinking water free of particulate matter may be analyzed directly. 
Preliminary treatment of waste water, ground water, TCLP extracts, and industrial waste is always· 
necessary because of the complexity and variability of sample matrix. Solids. slurries, and 
suspended material must be subjected to a solubilization process before analysis. This process 
may vary because of the metals to be detennined and the nature of the sample being analyzed. 
When using the furnace technique in conjunction with an atomic absorption spectrophotometer. a 
representative aliquot ofa sample is placed in the graphite tube in the furnace. evaporated to 
dryness, charred, and atomized. As a greater percentage of available analyte atoms is vaporized 
and dissociated for abso!'ption in the tube rather than the flame. the use of smaller sample volumes 
or detection of lower concentrations of elements is possible. The principle is essentially the same 
as with direct aspiration atomic absorption, except that a furnace, rather than a flame, is used to 
atomize the sample. Radiation from a given excited element is passed through the vapor 
containing ground-state atoms of that element. The intensity of the transmitted radiation 
decreases in proportion to the amount of the ground state element in the vapor. The metal atoms to 
be measured are placed in th.: beam of radiation by increasing the temperature of the furnace, 
thereby causing the injected specimen to be volatilized. A monochromator isolates the 
characteristic radiation from the hollow cathode lamp or electrodeless discharge lamp, and a 
photosensitive device measures the attenuated transmitted radiation. When using furnace 
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techniques, however, the analyst should be cautioned as to possible chemical reactions occurring 
at elevated temperatures which may result in either suppression or enhancement of the analysis 
element. 

3.0 DEFINITIONS 

3.1 
... "') ., __ 
...... 
.J • .J 

3.4 

3.5 

3.6 

3.7 

3.9 

3.10 

3.11 
3.12 

3.13 

3.14 

3.15 

Dissolved--Those elements which will pass through a 0.45 µm membrane filter . 
Suspended-Those elements which are retained by a 0.45 µm membrane tilter . 
Total--The concentration detennined on a unfiltered sample following vigorous digestion, or the 
sum of the dissolved plus suspended concentrations. (See Section 9.1) 
Total recoverable--The concentration determined on an unfiltered sample following treatment 
with hot. dilute mineral acid. 
Instrumental detection limit--The concentration equivalent to a signal. due to the analyte, which is 
equal to three times the standard deviation of a series of seven rep I icate measurements of a reagent 
blank spiked at 3-5 times the expected detection limit measured on three non-consecutive days. 
Sensitivity--The slope of the analytical survey, i.e. functional relationship between emission 
intensity and concentration. 
Instrument check standard -- Multi-element standard of known concentrations prepared by the 
analyst to monitor and verify instrument perfonnance on a daily basis. 
Quality control sample--A solution obtained from an outside source having known, concentration 
values to be used to verify the calibration standards. 
Calibration standards--a series of known standard solutions used by the analyst for calibration of 
the instrument (i.e., preparation of the analytical curve). 
Linear dynamic range--The concentration range over which the analytical curve remains linear. 
Reagent blank--A volume of deionized, distilled water containing the same acid matrix as the 
calibration standards carried through the entire analytical scheme. 
Calibration blank--A volume of deionized, distilled water acidified with the same acid matrix as 
the calibration standards. 
Method of standard addition-The standard addition technique involves the use of the unknown 
and the unknown plus a known amount of standard. 
Reagent Water -- All references to water in the method refer to reagent water unless otherwise 
specified. Reagent water will be interference free. Reagent water refers to water that has been 
generated by any method which would achieve the performance specifications for ASTM Type II 
water. 

4.0 SAMPLE HANDLING, PRESERVATION, ANO HOLDING TIME 

4.1 All sample containers must be prewashed with detergents, acids, and Type If water. Plastic and 
glass containers are both suitable. 

4.2 Special containers (e.g .• containers used for volatile organic analysis) may have to be used if very 
volatile arsenic compounds are to be analyzed. 

4.3 Aqueous samples must be acidified to a pH of <2 with nitric acid. and analyzed within 6 months 
of collection. 

4.4 Nonaqueous samples shall be refrigerated. and analyzed within 6 months of collection. 
4.5 Silver standards and samples should be stored in the dark, in brown bottles, and refrigerated, when 

possible. 

5.0 INTERFERENCES 

\I 'GROL'P•QA·~lET!lOD'flSAL 7000 RVI 
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5.1 Although the problem of oxide formation is greatly reduced with furnace procedures because 
atomization occurs in an inert atmosphere, the technique is still subject to chemical interferences. 
The composition of the sample matrix can have a major effect on the analysis. It is those effects 
which must be detennined and taken into consideration in the analysis of each different matrix 
encountered. To help verify the absence of matrix or chemical interference. the serial dilution 
technique may be used. Those samples which indicate the presence of interference should be 
treated in one or more of the following ways: 

• Successively'oilute and reanalyze the samples to eliminate interferences. 

• Modify the sample matrix either to remove interferences or to stabilize the analyte. 
Examples are the addition of ammonium nitrate to remove alkali chlorides and the 
addition of ammonium phosphate to retain cadmium. Refer to the following table for a 
list of recommended matrix modifiers: 

Element 

As 
Se 
Pb 
Tl 
Sb 
Cd 
Be 
Ag, Cr, Cu, Ni 

Matrix Modifier 

Nickel Nitrate 
Nickel Nitrate 
Magnesium Nitrate/Ammonium Phosphate 
H1S04 
Nickel Nitrate 
Magnesium Nitrate/Ammonium Phosphate 
Magnesium Nitrate 
None 

• Analyze the sample by method of standard additions while noticing the precautions and 
limitations of its use. 

5.2 Gases generated in the furnace during atomization may have molecular absorption bands 
encompassing the analytical wavelength. When this occurs, use either background correction or 
choose an alternate wavelength. Background co1Tection may also compensate for nonspecific 
broad-band absorption interference. 

5.3 Continuum background correction cannot correct for all types of background interference. When 
the background interference cannot be compensated for, chemically remove the analyte or use an 
alternate form of background correction, e.g., Zeeman background correction. 

5.4 Interference from a srnokewproducing sample matrix can sometimes be reduced by extending the 
charring time at a higher temperature or utilizing an ashing cycle in the presence of air. Care must 
be taken, however, to prevent loss of the analyte. 

5.5 Samples containing large amounts oforganic materials should be oxidized by conventional acid 
digestion before being placed in the furnace. In this way, broad-band absorption will be 
minimized. 

5.6 Anion interference studies in the graphite furnace indicate that, under conditions other than 
isothermal, the nitrate anion is preferred. Therefore, nitric acid is preferable for any digestio1, .:ir 

solubi lization step. If another acid in addition to HN03 is required, a minimum amount should be 
used. This applies particularly to hydrochloric and, to a lesser extent, to sulfuric and phosphoric 
acids. 
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5.7 Carbide fonnation resulting from the chemical environment of the furnace has been observed. 
Carbide fonnation is greatly reduced and the sensitivity increased with the use of pyrolytically 
coated graphite. 

5.8 Cross-contamination and contamination of the sample can be major sources of error because of 
the extreme sensitivities achieved with the furnace. The sample preparation work area should be 
kept scrupulously clean. All glassware should be cleaned as directed in EAL-SOP-062. Special 
anention should be given to reagent blanks in both analysis and in the correction of analytical 
results. Lastly, pyrolytic graphite, because of the production process and handling, can become 
contaminated. As many as five to ten high• temperature bums may be required to clean the tube 
before use. 

5.9 In addition to the nonnal interferences experienced during graphite furnace analysis, arsenic, 
cadmium, selenium, and silver analyses can suffer from severe nonspecific absorption and light 
scattering caused by matrix components during atomization. Arsenic and selenium analyses are 
particularly susceptible to these problems because of their low analytical wavelength (193.7 nm, 
arsenic) ( 196.0 nm, selenium). Simultaneous background correction must be employed to avoid 
erroneously high results. Aluminum is a severe positive interferent in the analysis of arsenic, 
especially using D2 arc background correction. For selenium analysis. high iron levels can give 
overcorrection with deuterium background. Zeeman background correction is very useful in these 
situations. 

5.10 If the analyte is not completely volatilized and removed from the furnace during atomization. 
memory effects will occur. If this situation is detected by means of blank bums, the tube should be 
cleaned by operating the furnace at full power at regular intervals in the analytical scheme. 

6.0 INSTRUMENTATION AND OPERA TING CONDITIONS 

6.1 Perkin Elmer Model 5100 Zeeman Atomic Absorption Spectrophotometer, equipped with a model 
HGA-600 Graphite Furnace and a Model AS-60/70 Autosampler or equivalent. Zeeman 
background correction is applied for all analytes and Argon is used as the purge gas in the 
graphite furnace. 

6.2 Perkin Elmer Model 5000 Atomic Absorption Spectrophotometer, equipped with a Model HGA-
500 Graphite Furnace and an AS•40 Autosampler or equivalent. Deutorium Arc or Tungsten 
Background wavelengths are applied for all analytes and Argon is used as the purge gas in 
graphite furnace. 

6.3 Instrument Operating Parameters. The operating conditions used for each specified analytes are 
listed in Table 2 below. 

TABLE 2. WAVELENGTHS, SLIT SIZE, SAMPLE ALIQUOT, AND LAMP CONDITIONS 
Analyte Wavelength (nm) Slit Size (L) Sample Aliquot Lamp 

(uL) 

Antimony {Sb) 217.6 0.7 20 EDLor HCI 
Arsenic (As) 193.7 0.7 20 EDL 
Beryllium (Be) 234.9 0.7 15 HCI 
Cadmium (Cd) 228.8 0.7 10 EDLor HCI 
Chromium (Cr) 357.9 0.7 10 HCI 
Copper (Cu) 324.8 0.7 20 HCI 
Nickel (Ni) 232.0 0.20 20 HCI 
Lead (Pb) 283.3 0.7 15 EDL or HCI 
Selenium (Se) 196.0 2.0 20 EDL 
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Silver (Ag) 328.I 0.7 20 HCI 
Thallium (Tl) 276.S 0.7 20 EDL orHCI 

6.4 Graphite Furnace Conditions. The following graphite furnace conditions are used for each 
specified analyte: 

ANTIMONY 
Step# Temp {0 C} Ramp Hold Gas Flow 

I 140 I 50 300 
2 700 I 30 300 .. 2400 0 6 0 ., 
4 2600 I 5 300 
5 20 I 5 300 

ARSENIC 
Step# Temp ("C) Ramp Hold Gas Flow 

I 120 I 50 300 
2 1300 I 30 300 
., 20 I 15 300 ., 
4 2300 0 s 0 
5 2600 I 5 300 

BERYLLIUM 
Step# Temp ("C) Ramp Hold Gas Flow 

l 120 15 15 300 
2 1S00 IS 15 300 
., 2500 0 5 0 ., 
4 2650 I 5 300 
5 20 I 5 300 

CADMIUM 
Step# Temp ("C) Ramp Hold Gas Flow 

I 120 I 50 300 
2 900 I 30 300 
3 20 I 15 300 
4 1650 0 s 20 
5 2600 I 5 300 

CHROMIUM 
Step# Temp (°C) Ramp Hold Gas Flow 

I 140 1 ~o 300 
2 1650 5 30 300 
3 20 l 15 300 
4 2500 0 5 0 
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5 2650 10 300 

COPPER 
Step# Temp ( 0 C) Ramp Hold Gas Flow 

I 140 I 60 300 
2 1300 l 30 300 
.., 

20 I 15 300 ' ., 
4 2500 0 5 0 
5 2650 I 5 300 

NICKEL 
Step# Temp ( 0 C) Ramp Hold Gas Flow 

I 120 I 70 300 
2 1400 I 30 300 
~ 20 I 15 300 ., 
4 2400 0 5 0 
5 2600 I 5 300 

LEAD 
Step# Temp ( 0 C) Ramp Hold Gas Flow 

1 120 5 50 300 
2 900 I 30 300 
~ 20 I 15 300 ., 
4 1800 0 5 0 
5 2600 l 5 300 

SELENIUM 
Step# Temp ( 0 C) Ramp Hold Gas Flow I 

1 120 I 50 300 
2 1100 l 30 300 
3 20 I 15 300 
4 2100 0 5 0 
5 2600 I 5 300 

SILVER 
Step# Temp ( 0 C) Ramp Hold Gas Flow 

I 120 15 30 300 
2 500 15 15 300 
3 1600 0 5 60 
4 20 I 5 300 
5 2600 I 5 300 
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THALLIUM 
Step# Temp (0 C) Ramp Hold Gas Flow 

I 120 5 50 300 
2 600 5 30 300 .. 20 1 15 300 ., 
4 1400 0 5 0 
5 2600 I 5 300 

During routine use of this method. slight modifications may be necessary to compensate for sample 
matrices, conditions of graphite contact rings. or other environmental factors that may affect the 
performance of the program. 

7.0 SAFETY AND CHEMICAL HYGIENE 

The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined; however. 
each chemical compound should be treated as a potential health hazard, and exposure to these chemicals must 
be reduced to the lowest possible level by whatever means available. The laboratory maintains a reference file 
of Material Safety Data Sheets (MSDS) for the chemicals specified in this method. Additional infonnation on 
laboratory safety is available in the Laboratory Safety Plan and from the Laboratory Safety Officer. 

8.0 REAGENTS AND STANDARD REFERENCE MATERIALS (SRMs) 

8.1 HNOh cone., ultra high purity or equivalent. 
8.2 HNO3 I: I (v:v), prepared from ultra high purity HNO3. 
8.3 HNO3 1%, prepared from ultra high purity HNO3. 
8.4 Hydrogen peroxide, 30%, reagent grade. 
8.5 Deionized water: Prepared by a reverse osmosis system by McNew Culligan with an E-Pure 

polishing system including an ultrafilter assembly. This system passes all ASTM Type I water 
requirements. Use deionized water for the pri-paration of all reagents, calibration standards and as 
dilution water. 

8.6 Matrix Modifiers 
8.6. l Nickel Nitrate Hexahydrate, reagent grade 
8.6.2 Nickel Nitrate stock: dissolve 24.780 g of Nickel Nitrate Hexahydrate in deionized water and 

dilute to 50 mL. Add l 0 µL to I mL of sample. Use for the analysis of arsenic, selenium and 
antimony on the Perkin Elmer Model 5000. 

8.6.3 Nickel Nitrate matrix modifier: dilute 2 mL nickel nitrate substock to 50 mL with deionized water. 
Use for the analysis of arsenic, selenium, and antimony on the Perkin Elmer 5 I 00. 

8.6.4 Magnesium Nitrate, reagent grade. 
8.6.5 Ammonium Phosphate, monobasic, reagent grade. 
8.6.6 Ammonium Phosphate/Magnesium Nitrate substock: Dissolve 5.2 g Mg(NO,h*H2O) and 20 g 

NHJH 2POJ in deionized water and dilute to I 00 ml. Use for the analyses of cadmium ( IO µL/ l 
mL) and lead (20 µLI I mL) on the Perkin Elmer Model 5000. 

8.6. 7 Ammonium Phosphate/Magnesium Nitrate solution: Dilute 2 mL of ammonium 
phosphate/magnesium nitrate solution at 50 mL with deionized water. Use for the analysis of lead 
and cadmium on the Perkin Elmer Model SI 00. 

8.6.8 Sulfuric Acid (H2SOJ}, cone. 
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8.6.9 Sulfuric Acid (H~SO4) 25%. Cautiously add 25 mL of concentrated H:SO, to 50 ml deionized 
water. Mix frequently during addition and then dilute to 100 mL. Use l 0 µL/ I mL for the 
analysis of thallium on the Perkin Elmer Model 5000. 

8.6.10 Sulfuric Acid, 4%. Dilute 4 mL of cone. sulfuric acid to 100 mL with deionized water. Use 10 
µLI I mL for the analysis of thallium on the Perkin Elmer Model 5100. 

8.7 Calibration Stock Solutions, SRMs, 1,000 mg/L - 10,000 mg/L: The trace metal SRMs are 
available as commercially prepared stock solutions for each analyte. All parent compounds will 
either be obtained frorfi NIST or must be traceable to NIST standards. All standard stock 
solutions are warranted stable for up to a year from the date of receipt. The Calibration Stock 
SRM solutions are used to prepare calibration substock solutions. Traceability documentation of 
SRMs not obtained from NIST will be maintained on file at the laboratory. 

8.8 Calibration Check Standard Stock SRMs, 1,000 mg/L - 10,000 mg/L: Check Standard SRMs must 
meet the same specifications as the Calibration SRM Stock solutions but must come from a 
different source than those used for Calibration SRMs. The Check Standard stock solutions are 
used to prepare the Check Standard Substocks. Traceability documentation ofSRMs will be 
maintained on file at the laboratory. 

8.9 Standard substock ( I mg/L): Prepared by diluting appropriate volumes of stock solution with 
deionized water including nitric acid to result in a I% HNO3 matrix. Refer to EAL-SOP-334 for 
preparation instructions. 

8.10 Working standards: Prepare dilutions of the stock solution to be used as calibration standards at 
the time of the analysis. Refer to EAL-SOP-334 for preparation instructions. 

' 9.0 PROCEDURE 

9.1 Furnace devices (flameless atomization) are a most useful means of extending detection limits. 
Because of differences between various makes and models of satisfactory instruments, no detailed 
operating instructions can be given for each instrument. Instead, the analyst should follow the 
instructions provided by the manufacturer of a particular instrument. 

9.2 Background correction is important when using flameless atomization. especially below 350 nm. 
Certain samples, when atomized, may absorb or scatter light from the lamp. This can be caused by 
the presence of gaseous molecular species, salt particles, or smoke in the sample beam. If no 
correction is made, sample absorbance will be greater than it should be. and the analytical result 
will be erroneously high. Zeeman background correction is effective in overcoming composition 
or structured background interferences. It is particularly useful when analyzing for As in the 
presence of Al and when analyzing for Se in the presence of Fe. 

9.3 Memory effects occur when the analyte is not totally volatilized during atomization. This 
condition depends on several factors: volatility of the element and its chemical form, whether 
pyrolytic graphite is used. the rate of atomization, and furnace design. This situation is detected 
through blank bums. The tube should be cleaned by operating the furnace at full power for the 
required time period. as needed, at regular intervals during the series of determinations. 

9.4 Furnace parameters suggested in Section 6.4 ~hould be employed as guidelines. Because 
temperature-sensing mechanisms and temperature controllers can vary between instruments or 
with time, the validity of the furnace parameters must be periodically confinned by systematically 
altering the furnace parameters while analyzing a standard. In this manner, losses ofanalyte due to 
overly high temperature settings or losses in sensitivity due to less than optimum settings can be 
minimized. Similar verification of furnace parameters may be required for complex sample 
matrices. 
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9.5 An autosampler is used to inject the sample into the furnace and atomize. If the concentration 
found is greater than the highest standard, the sample should be diluted in the same acid matrix 
and reanalyzed. The use of multiple injections can improve accuracy and help detect furnace 
pipening errors. 

9.6 All samples that suffer from matrix interferences should be analyzed by the method of standard 
additions. 

9. 7 Run a check standard after every 20 injections of samples. Standards are run in part to monitor the 
life and performance of the graphite tube. Lack ofreproducibility or significant change in the 
signal for the standard1ndicates that the tube should be replaced. 

9.8 Calculate metal concentrations by (I) the method of standard additions. or (2) from a calibration 
curve, or (3) directly from the instrument's concentration readout. All dilution or concentration 
factors must be taken into account. Concentrations reported for multiphased samples must be 
appropriately qualified (e.g., S ug/g aqueous phase). 

9.9 Duplicates, spiked samples, and check standards should be routinely analyzed. 

10.0 CALCULATIONS 

10.1 For determination of metal concentration by furnace: Read the metal value in ug/L from the 
calibration curve or directly frnm the read-out system of the instrument. 

10.2 If dilution of sample was required: 

10.3 

ug/L metal in sample = A({C+B)/C) 

where: 
A "' ug/L of metal in diluted aliquot from calibration curve. 
B = Acid blank matrix used for dilution, ml. 
C = sample aliquot. ml. 
For solid samples, report all concentrations as ug/kg based on wet weight. Hence: 

ug/kg metal in sample= A (V/W) 

where: 
A= ug/L of metal in processed sample from calibration curve. 
V = final volume of the processed sample, ml. 
W = weight of sample, grams. 

I 1.0 QUALITY CONTROL 

I 1.1 

I 1.2 

11.3 

Calibration curves must be composed of a minimum of a blank and three standards. verified by 
use of one standard at or near the mid-range. The mid-range standard must be within 5% of the 
orignial curve. The lowest standard should be at or near the reporting limit or PQL. The curve 
must be verified by a check standard analyzed approximately every 20 injections. Results of the 
check standard must be± I 0% or the analysis should be stopped. the problem corrected and the 
instrument recalibrated. 
Dilute samples if they are more concentrated than the highest standard or if they fall on the 
plateau of a calibration curve. 
Employ a minimum of one blank per sample batch to determine if contamination or any memory 
effects are occurring. A preparation blank is a volume of reagent water acidified with the same 
amounts of acids as were the standards and samples and prepared in the same manner as the 
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samples. All analytes must be below the RL, PQL or CRDL as required by the project plan or 
QAPjP; otherwise. the samples must be redigested or reanalyzed. In addition, if the method blank 
concentration of a particular element is above the I imit and the samples are greater than IO times 
the blank concentration, the data is considered acceptable with no further corrective action .. 

11 .4 Analyze the calibration blank at a frequency of I 0%. The result shouid be within the+/. 3X the 
MDL or less than the reporting limit. If not, tenninate the analysis. correct the problem and 
recalibrate the instrument. All samples following the last successful CCB must be reanalyzed 
after recalibration. 

11.5 Verify calibration withan independently prepared check standard every :?0 injections. Results of 
check standard must be +/- I 0% or the analysis should be stopped, the problem corrected and the 
instrument recalibrated. All samples following the last successful CCV must be reanalyzed after 
recalibration. 

11.6 Employ a minimum of one Laboratory Control Sample (LCS) per batch to determine if the 
method perfonnance is acceptable. A LCS is a check standard which has been processed through 
the entire method beginning with sample preparation. LCS recoveries for all elements must be 
within EA Laboratories established control limits or the samples must be redigested and 
reanalyzed (possible exception: high LCS recovery and no analyte detected in the sample). Solid 
samples require the preparation of a solid matrix LCS. A tissue (NIST SRM) matrix LCS is 
prepared for the analysis of tissue samples in addition to a liquid LCS. 

11. 7 Run one duplicate sample for every 20 samples. Duplicate data should be qualified and relative 
percent difference should be+/. 20%. If the duplicate RPD exceeds 20%. reanalyze for 
verification and redigest and reanalyze if lab error is suspected. 

11.8 Run one spike sample for every 20 samples or with each sample digestion group. The criteria for 
recovery of matrix spike is 75-125% or matrix effect should be suspected. Reanalyze for 
verification and redigest and reanalyze if lab error is suspected. Evaluate bias associated with 
recovery, flag data as appropriate and address in the narrative of the final report. 

11. 9 Run one spike duplicate sample for every 20 samples or with each sample digestion group. The 
criteria for recovery of matrix spike is 75-125% or matrix effect should be suspected. Reanalyze 
for verification and redigest and reanalyze if lab error is suspected. Evaluate bias associated with 
recovery, flag data as appropriate and address in.the narrative of the final report. 

11.10 The method of standard additions shall be used for the analysis. whenever the analytical spike 
recovery does not meet 85-115% criteria (per CLP protocol). 

11.11 Serial dilution: The dilution volume should be based on the analysis of the undiluted sample. The 
dilution should be I :4, while keeping in mind that the diluted value should be at least S times the 
instrument detection limit. The diluted aliquots should then be analyzed and the unspiked results, 
multiplied by the dilution factor, should be compared to the original determination. Agreement of 
the results (within I 0%) indicates the absence of interference. Comparison of the actual signal 
from the spike with the expected response from the analyte in an aqueous standard should help 
confinn the finding from the dilution analysis. 

12.0 REFERENCES 

United States Environmental Protection Agency. 1986. Revised July 1992. Test Methods for Evaluating 
Solid Waste. Physical/Chemical Methods. EPA SW-846, 3rd edition, including Update II. U.S. EPA, 
Washington. D.C. 
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Purpose: To describe the appropriate digestion procedure for soil, sediments, and sludge samples requiring 
mercury analysis by Methods SW-747 IA. 

Scope: EPA SW-846 Method is an approved procedure for determining the concentrations of mercury in soil, 
sediments. and sludge samples. All samples must be subjected to an appropriate dissolution step prior 
to analysis. 

Prucedure: 
1. Soil Digestion 

1.1 Weigh 0.2g of sample and transfer to a BOD bottle. Also transfer the appropriate volwne of 
standards, blanks, and quality control samples to BOD bottles. 

1.2 Add 5 ml concentrated H2S04 and 2 ml concentrated HNOJ, mixing after each addition. 
1.3 Add 15 ml potassium permanganate solution. Swirl and cover each bottle with foil and place in the 

autoclave. 
1.4 Autoclave at 121 C and 1 S psi for 15 minutes. 
1.S Remove from autoclave and allow to cool completely. Just prior to analysis add 6 ml hydroxylamine-

hydrochloride, swirl, and then continue with the analysis. Soil Digestion 

2. Quality Control: 

The EPA SW- 846 Method 747 IA specific quality control samples required for each digestion batch or for every 
20samples: 

2.1 

2.2 

2.3 
2.4 

2.S 

2.6 

Method Prq,aration Blank (PBW) - An analyte-ftee matrix to which all reagents arc added in the 
same volumes or proportion as used in sample processing. The method blank is carried though the 
complete sample preparation and analytical proccdme The method blank is used to detect 
contamination resultmg from the analytical process. 
Laboratqy Control Semple (LCSW) - A known matrix spiked with compound(s) rq,resentative of 
target analytes. Results of the LCS are used to monitor the method performance. 
Dyplicate (DUP) • An intra laboratory spilt sample which is used to monitor the method precision. 
Matrix §pike (SPK) - An aliquot of sample spiked with a known concentration of target analyte(s). 
The spiking occurs prior to sample preparation and analysis. The matrix spike is used to monitor the 
sample matrix bias of a method. 
Matrix Spike I)yplicate (MSD) • Intra laboratory split sample spiked with identical concentrations of 
target analyte(s). The spiking occurs prior to sample preparation and analysis. The matrix spiked 
duplicate sample is used to monitor the sample matrix bias and precision of a method. 
Serial Dilution (L) - A randomly selected sample within the analytical batch that is diluted S: 1 to 
detect sample matrix interference. 
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Purpose: To describe the appropriate digestion procedure for aqueous waste and ground waters requiring 
mercwy analysis by Methods SW-7470A. 

Scope: EPA SW-846 Method is an approved procedure for determining the concentrations ofmercwy in 
aqueous waste and ground waters. All samples must be subjec:ted to an appropriate dissolution step 
prior to analysis. 

Procedure: 
J. Aqueous Digestion 

1.1 Shake sample to mix and measure l 00 ml into a BOD bottle. Also transfer l 00 ml of all standards. 
blanks. and quality control samples to BOD bottles. 

1.2 Add 5 ml concentrated H2SO4 and 2.5 ml concentrated HNO3. mixing after each addition. 
1.3 Add IS ml potassium permanganate solution. Swirl and add additional portions of permanganate, if 

necessary, until the purple color persists for at least 15 minutes. 
1.4 Add 8 ml potassium persu1fate solution. 
1.5 Heat for two hours in a water bath at SOC. 
1.6 Remove from water bath and allow to cool completely. Just prior to analysis add 6 ml hydroxylamine-

hydrochloride, swirl, and then continue with the analysis. 

2. Quality Control: 

The EPA SW- 846 Method 7 4 70A specific quality control samples required for each digestion batch or for every 
20 samples: 

2.1 Method Pre,paration Blank (PBW) - An analyte-free matrix to which all reagents are added in the 
same volumes or proportion as used in sample processing. The method blank is carried though the 
complete sample preparation and analylica1 procedure The method blank is used to detect 
contamination resulting fi'om the analytical process. 

2.2 Laboratqy Control !'lgmf P. (LCSW) - A known matrix spiked with compound(s) representative of 
target analytes. Results of the LCS are used to monitor the method performance. 

2.3 Duplicate (DUP) - An intra laboratory spilt sample which is used to monitor the method precision. 
2.4 Matrix $,pike (SPK) - An aliquot of sample spiked with a known concentration of target analyte(s). 

The spiking occurs prior to sample preparation and a:na1ysis. The matrix spike is used to monitor the 
sample matrix bias of a method. 

2.5 Matrix Spike Duplicate (MSD) - Intra laboratory split sample spiked with identical concentrations of 
target analyte(s). The spiking occurs prior to sample preparation and analysis. The matrix spiked 
duplicate sample is used to monitor the sample matrix bias and precision of a method. 

2.6 Serial Dilution (L) - A randomly selected sample within the analytical batch that is diluted 5: 1 to 
detect sample matrix interference. 
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1.0 SCOPE AND APPLICATION 

1. l Liquid. This method is a cold-vapor atomic absorption procedure for determining the concentration 
of mercury in mobility-procedure extracts, aqueous wastes, and ground waters. (Method 7470 can 
also be used for analyzing certain solid and sludge-type wastes; however, Method 7471 is usually the 
method of choice for these waste types.) All samples must be subjected to an appropriate dissolution 
step prior to analysis. 

1.2 Solid or Semisolid. This method is for measuring total mercury (organic and inorganic) in soils, 
sediments, bottom deposits, and sludge-type materials. All samples must be subjected to an 
appropriate dissolution step prior to analysis. 

2.0 SUMMARY OF METHOD 

2.1 Prior to analysis, all samples must be prepared according to the procedure discussed in this method. 
2.2 This method, a cold-vapor atomic absorption technique, is based on the absorption of radiation at 

253. 7 nm by mercury vapor. The mercury is reduced to the elemental state and aerated from solution 
in a closed system. The mercury vapor passes through a cell positioned in the light path of an atomic 
absorption spectrophotometer. Absorbance (peak area) is measured as a function of mercury 
concentration. 

2.3 The Reporting Limits for this method are listed in Table 1. 

Table 1. Mercury Reporting Limits 

ANALYTE: CAS# MATRIX RL 
Mercury (Hg) 7439-97-6 w 0.0002 mg/L 

Mercury (Hg) .. s 0.10 mg/kg 

3.0 DEFINITIONS 

3.1 Dissolved--Those elements which will pass through a0.45 l,lffl membrane filter. 
3.2 Suspended--Those elements which are retained by a 0.45 ,im membrane filter. 
3.3 Total--The concentration determined on an unfiltered sample following vigorous digestion, or the 

sum of the dissolved plus suspended concentrations. (See Section 9. 1) 
3.4 Total recoverable--The concentration determined on an unfiltered sample following treatment with 

hot, dilute mineral acid. 
3.5 Instrumental detection limit (IDL)-· The concentration, which is equal to three times the standard 

deviation of a series of seven replicate measurements of a standard approximately 3-5 times the 
expected JDL. The average standard deviation of this analysis on three separate nonconcurrem days 
should be used. 

3.6 

3.7 

3.8 

3.9 

3.10 

Sensitivity--The slope of the analytical curve, i.e. functional relationship between emission intensity 
and concentration. 
Instrument check standard -- Standard of known concentrations prepared by the analyst to monitor 
and verify instrument performance on a daily basis. 
Quality control sample--A solution obtained from an out~ ide source having known, concentration 
values to be used to verify the calibration standards. 
Calibration standards-A series of known standard solutions used by the analyst for calibration of the 
instrument (i.e., preparation of the analytical curve). 
Linear dynamic range--The concentration range over which the analytical curve remains linear. 
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3.11 Reagent blank--A volume of deionized, distilled wacer containing the same acid matrix as the 
calibration standards carried through the entire analytical scheme. 

3.12 Calibration blank--A volume of deionized, distilled water acidified with the same acid matrix as the 
calibration standards. 

3. 13 Reagent water--All references to water in this method refer to reagent water unless otherwise 
specified. Reagent water will be interference free. Reagent water refers to water that has been 
generated by any method-which would achieve the performance specifications for ASTM Type II 
water. 

4.0 SAMPLE COLLECTION. PRESERVATION, AND HANDLING 

4.1 All sample containers are purchased prewashed and certified. The lot certifications are maintained on 
file at the laboratory. 

4.2 Plastic and glass containers are both suitable. 
4.3 Aqueous samples must be acidified to a pH <2 with HN03• The maximum holding times for these 

samples is 28 days. 
4.4 Nonaqueous samples shall be refrigerated at 4°C ± 2°c when possible, and analyzed as soon as 

possible. 

5.0 INTERFERENCES 

5.1 

5.2 

S.3 

Potassium permanganate is added to eliminate possible interference from sulfide. Concentrations as 
high as 20 mg/L of sulfide as sodium sulfide do not interfere with che recovery of added inorganic 
mercury from Type II water. 
Copper has also been reported to interfere; however, copper concentrations as high as 10 mg/L had 
no effect on recovery of mercury from spiked samples. 
Sea waters, brines, and industrial effluents high in chlorides require additional permanganate (as. 
much as 25 mL) because, during the oxidation step, chlorides are converted to free chlorine, which 
also absorbs radiation of 253. 7 nm. Care must therefore be taken to ensure that free chlorine is 
absent before the mercury is reduced and swept into the cell. This may be accomplished by using an 
excess of hydroxylamine hydrochloride reagent (25 mL). Both inorganic and organic mercury spikes 
have been quantitatively recovered from seawater by using this technique. 

6.0 APPARATUS AND MATERIALS 

6.1 Glassware/Hardware 

1. 300 mL BOD bottles 
2. Graduated cylinders, 100 mL capacity 
3. Glass pipettes and micropipettes 
4. Volumetric Flasks: 50 ml, 100 mL, 1000 mL, and 2000 ml 
5. Erlenmeyer Flask: > 300 mL capacity 
6. Autoclave 
7. Wa·er bath 

6.2 Instrumentation. 
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6.2.1 Perkin Elmer Model 5100 Atomic Absorption Spectrophotometer, equipped with a model FIAS-200 
Flow Injection Atomic Spectroscopy unit and a Model AS-90 Amosampler or equivalent. Argon is 
used as the purge gas. 

6.2.2 Instrument Operation Parameters. The operating conditions are: 

Wavelength: 253.7 nm / 
Slit: 0. 7 run Low 
Sample Volume: lOOOµL 
Lamp: EDU4 watts, HCL/6 ma 
Cell Temperature: 200°c 
Integration Time: 30 sec 
Measurement Type: Peak Area 

6.2.3 FIAS-200 Operation Conditions are summarized in Table 2. 

Table 2. FIAS-200 Conditions 

STEP TIME (sec) PUMP SPEED (rpm) VALVE POSITION 

PUMP#l PUMP#2 FILUINJECT 

Prefill 30 100 120 Fill 
l 15 100 120 Fill 

2 12 0 100 Inject 

3 1 0 100 Fill 

6.3 Mercury hollow cathode lamp or electrodeless discharge lamp. 
6.4 Absorption cell: Standard spectrophotometer cells 10 cm long with quartz end windows may be used. 

Suitable cells may be constructed from Plexiglas tubing. 1 in. O.D. x 6.5 in. The ends are ground 
perpendicular to the longitudinal axis, and quartz windows (1 in. diameter x 1/16 in. thickness) are 
cemented in place. The cell is trapped to a burner for support. The cell is then positioned and 
adjusted vertically and horizontally to give the maximum transmittance. 

7.0 SAFETY AND CHEMICAL HYGIENE 

7 .1 The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined; 
however, each chemical compound shouJd be treated as a potential health hazard, and exposure to these 
chemicals must be reduced to the lowest possible level by whatever means available. The laboratory 
maintains a reference file of Material Safety Data Sheets (MSDS) for the chemicals specified in this 
method. 

7 .2 Because mercury vapor is toxic, precaution must be taken to avoid its inhalation. Therefore, a bypass 
has been included in the system to vent the mercury vapor into an exhaust hood. 

7 .3 Additional information on laboratory safety is available in theLab Safety Plan and from the 
Laboratory Safety Officer. 

8.0 REAGENTS AND STANDARD REFERENCE MATERIALS (SRMS) 
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8.1 Nitric acid (HN03), cone., ultra high purity or equivalent. 
8.2 HNO3 l: l (v:v), prepared from ultra high purity HNO3• 

8.3 Sulfuric acid (H,SO~). cone., ultra high purity or equivalent. 
8.4 Hydrochloric acid (HCI), cone., ultra high purity or equivalent. 
8.5 HCI. IO% (v:v), prepared from ultra high purity HCI. 
8.6 Deionized water: Prepared by a reverse osmosis system by McNew Culligan with an E-Pure 

polishing system including an ultrafilter assembly. This system passes all ASTM Type I water 
requirements. Use deionized water for the preparation of all reagents, calibration standards and as 
dilution water. 

8.7 Calibration Stock Solutions, SRMs, 1,000 mg/l - 10,000 mg/l: The mercury SRMs are available 
as commercially prepared stock solutions. All parent compounds will either be obtained from NIST 
or must be traceable to NIST standards. All standard stock solutions are warranted stable for up to a 
year from the date of receipt. The Calibration Stock SRM solutions are used to prepare calibration 
substock solutions. Traceability documentation of SRMs not obtained from NIST will be maintained 
on file at the laboratory. 

8.8 Calibration Check Stock Solutions, SRMs, 1,000 mg/L - 10,000 mg/l: Check standards must meet 
the same specifications as the Calibration SRM Stock solutions but must come from a different 
source than those used for Calibration SRMs. The Check Standard Stock solutions are used to 
prepare the Check Standard Substocks. Traceability documentation of SRMs will be maintained on 
file at the laboratory. 

8.9 Stannous Chloride solution: Transfer 200 ml of cone. HCI to a Erlenmeyer flask and heat on a 
hotplate. Add 100 g SnCl2• Heat until SnCl2 dissolves. Transfer to 2000 ml volumetric flask 
containing approximately 1000 rnL of deionized water and dilute to volume with deionized water. 

8.10 Potassium Permanganate, 5% solution, (w/v): Transfer 50 g KMnO~ to a 1000 mL volumetric flask 
containing approximately 500 ml deionized water. Mix to dissolve and dilute to volume with 
deionized water. 

8.11 Potassium Persulfate, 5% solution, (w/v): Transfer 50 g K2S204 to a 1000 mL volumetric flask 
containing approximately 500 mL deionized water. Mix to dissolve and dilute to volume with 
deionized water. 

8.12 Sodium Chloride - Hydroxylamine Hydrochloride solution: Transfer 120 g NH2OHHC1 and 120 g 
NaCl to a 1000 mL volumetric flask containing approximately 500 ml of deionized water. Mix to 
dissolve and dilute to volume with deionized water. · 

8.13 Mercury Intermediate solution. 10 mg/l. Prepared from stock solutions in a 1 % HNO3 matrix. 
8.14 Working Mercury solution. 100 µg/L. Prepared from IOmg/L intermediate solution 1 % HNO3 

matrix. 

9.0 PROCEDURE 

9.1 Liquid Sample Preparation. 
9.1. l Sample preparation: Transfer 100 mL, or an aliquot diluted to 100 ml, containing 1.0 g of mercury, 

to a 300-mL BOD bottle. Add 5 ml of H~SO 4 and 2.5 mL of concentrated HNO3, mixing after each 
addition. Add 15 mL of potassium permanganate solution co each sample bottle. Sewage samples 
may require additional permanganate. Ensure that equal amounts of permanganate are added to 
stand.irds and blanks. Shake and add additional portions of potassium permanganate solution, if 
necessary, until the purple color persists for at least 15 min. Add 8 mL of potassium persulfate to 
each bottle. Cover the bottle with foil and heat in an autoclave for 15 minutes at 120°C and 15 psi. 

f..,, NOTE: Alternatively, samples and standards must be heated in a water bath for 2 hrs maintained at 95°C for 
specific projects or regulatory requirements. 
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Cool and just prior to placing samples in the autosampler add 6 mL of sodium chloride-hydroxylamine 
hydrochloride to reduce the excess permanaganate. Continue as described in step 9.3. 

9.1.2 Liquid Standard preparation: Transfer 0-, 0.5-, 1.0-, 2.0-, 5.0-, and 10.0-mL aliquots of the 
mercury working standard, containing 0-1.0 ug of mercury, to a series of 300-mL BOD bottles. Add 
enough Type fl (or better) water to each bottle to make a total volume of 100 mL. Mix thoroughly 
and add 5 mL of concentrated H2SO4 and 2.5 mL of concentrated HNO3 to each bottle. Add 15 mL 
of KMnO4 solution to each boule and allow to stand at least 15 min. Add 8 ml of potassium 
persulfate to each bottle. Cover the bottle with foil and heat in an autoclave for 15 min at 120°C and 
15 psi. 

NOTE: Alternatively samples and standards must be heated in a water bath for 2 hrs maintained at 95°C for 
specific projects on Regulatory Requirements. 

Cool and just prior to placing standards in the autosampler add 6 ml of sodium chloride-hydroxylamine 
hydrochloride to reduce the excess permanaganate. Continue as described in step 9.4. 

9.2 
9.2.1 

9.2.2 

9.3 

9.4 
9.4. l 
9.4.2 

9.4.3 

Solids and Semi-solids Sample Preparation. 
Weigh 0.2 g portions of untreated sample and place in the bottom of a 300mL BOD bottle. 
Triplicate portions will be performed on a projected-by-project basis. Add 5 mL of concentrated 
H?SO4 and 2 mL of concentrated HNO3• Add S ml of KMnO, solution and cover the bottle with 
aluminum foil. Place in the autoclave for 15 min at 120°C and 15 psi. Cool and dilute to a volume 
of 100 mL with Type II water. Just prior to placing in the autosampler add 6 mL of sodium 
chloride/hydroxylamine hydrochloride to reduce the excess permanganate. Continue to step 9.3. 
Transfer 0-. 0.5-, 1.0-, 2.0-, 5.0- and 10 mL aliquots of mercury working standard containing 0-1.0 
µ.g of mercury to a series of 300 mL BOD bottles. Add deionized water to ma.Ice a total volume of 
10 mL. Add 5.0 mL of concentrated H1SO4 and 2.0 mL of concentrated HNO3• Add 5.0 mL of 
KMnO, solution and cover the bottle with aluminum foil. Place in the autoclave for 15 min at 
120°C and 15 psi. Cool and dilute to a volume of 100 ml with Type II (or better) water. Just prior 
to placing in the autosampler, add 6.0 mL of sodium chloride/hydroxylamine hydrochloride solution 
to reduce the excess permanganate. Continue to step 9.3. 
Analyze all EP extracts, all samples analyzed as part of a delisting petition, and all samples that 
suffer from matrix interferences by the method of standard additions (see Section 11. 7). 
Instrument Setup and Daily Maintenance 
Set the instrument operating conditions as described in section 6.2. 
Peristaltic pump tubing should be checked at the beginning of each analytical run and changed if 
excessive wear is evident. Fill the two reagent bottles with 10% HCI (v:v) and stannous chloride 
solution respectively. 
15 mL plastic centrifuge vials are filled with standards or sample digestates. The 5100 software is 
programmed for the autosampler and FIAS pumps to deliver the appropriate sample aliquot and 
necessary reagents for release of mercury vapor. Argon carrier gas carries the mercury vapor to the 
cell where atomic absorption is measured. 

10.0 CALCULATIONS 

10, l 

10.2 

The computer system software automatically stores the successful calibration data and will generate 
rhe sample concentrations in units of µg/L. 
If any sample response exceeds that of the highest calibration standard aliquots of the digestates are 
diluted with a calibration blank and reanalyzed. 
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10.3 Calculate metal concentrations (1) by the method of standard additions, or (2) from a calibration 
curve. All dilution or concentration factors must be ralcen into account. Concentrations reported for 
multiphased or wet samples must be appropriately qualified (e.g., 5 µ.g/g dry weight). 

11.0 QUALITY CONTROL 

11.1 Employ a minimum of one blank per sample batch to determine if contamination or any memory 
effects are occurring. The mercury concentration must be below the RL, PQL or CRDL as required 
by the project plan or QAPjP; otherwise, the samples must be redigested and reanalyzed. In 
addition, if the method blank concentration is above the limit and the samples are greater than 20 
times the blank concentration, the data is considered accceptable with no further corrective action. 

11.2 Verify calibration with an independently prepared check standard immediately after calibration and 
after every 10 samples. The recovery of the initial calibration verification check standard must be 
within the control limits 90-110 % , and all subsequent check standards must be within the control 
limits 80-120%. If the check standards are not within the control limits the analysis should be 
terminated, the problem corrected and the instrument recalibrated. All samples following the last 
successful CCV must be reanalyzed after recalibration. 

11.3 Run one duplicate sample for every 20 samples or analytical batch. A duplicate sample is a sample 
brought through the entire sample preparation and analytical process. The relative percent difference 
should be +/- 20% or matrix effectS should be suspected. Reanalyze for verification; redigest and 
reanalyze if lab error is suspected. 

11.4 Run one spike sample for every 20 samples or analytical batch. A matrix spike sample is a sample 
brought through the entire sample preparation and analytical process. The recovery of the matrix 
spike should be within 75-125% or matrix effects should be suspected. Reanalyze for verification and 
redigest and reanalyze if lab error is suspected. Evaluate bias associate with recovery, flag data as 
appropriate and address in the narrative of the final report. 

11.S Run one spike duplicate sample for every 20 samples or analytical batch. A matrix spike duplicate 
sample is a spiked sample brought through the entire sample preparation and analytical process in 
two separate aliquots. The recovery of the MSD should be within 75-125% or matrix effects should 
be suspected. The RPO between the MS and MSD should be with+/- 20%. 

11.6 Calibration curves must be composed of a minimum of a blank and three standards. The correlation 
efficient of the curve must be 0.995 or better to continue analysis. 

12.0 REFERENCES 

United States Environmental Protection Agency. 1986. Revised July 1992. Test Methods for Evaluating 
Solid Waste. Physical/Chemical Methods. EPA SW-846 (Methods 7470, 7471), 3rd edition, including 
Update I. U.S. EPA, Washington, D.C. 
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1.0 SCOPE AND APPLICATION 

l. l This method is used to process soil and sediment samples for Acid Volatile Sulfide (A VS) and Simultaneously 
Extractable Metals (SEM). 
1.2 The concentration of A VS is indicative of the amount of sulfide available in the sample for binding trace metals. 
The SEM procedure detennines the concentration of trace metals that are solublized under the given conditions and 
available for binding to the sulfide. 

2.0 SUMMARY OF METHOD r 

An aliquot of the sample is acidified in a solution of 1.2 M hydrochloric acid in a closed system. Any hydrogen sulfide 
gas generated is purged from the reaction vessel with nitrogcin gas into an absorber solution of sodium hydroxide for a 
period of one hour. The reaction mixture is stirred but not heated during the one hour reaction period. The absorber 
solution is titrated to detennine the acid volatile sulfide conr::entration and the acidified contents of the flask is filtered 
and analyzed for various trace metals to determine the simultaneously extractable metals concentrations. 

3.0 DEFINITIONS 

3.1 Acid Volatile Sulfide (AVS): Amorphous, moderately crystalline monosulfides, and other sulfides that form 
hydrogen sulfide under the conditions of this test. 
3.2 Simultaneously Extractable Metals (SEM): Metals, commonly cadmium, copper, lead, mercury, nickel, lead, and 
zinc, which form less soluble sulfides than do iron, or manganese, and which are at least partially soluble under the 
conditions of this test 

4.0 SAMPLE HANDLING AND PRESERVATION 

Samples should be collected with a minimum of aeration. The sample bottle should be filled as completely as possible, 
excluding head space, and stoppered. Analysis should commence as soon as possible. Samples should be kept in a cool, 
dark place until analysis. 

5.0 INTERFERENCES 

5.1 Oxygen in reagents and apparatus is the primary interference reported. Purging of the apparatus with oxygen-free 
nitrogen or argon will remove oxygen. 
S.2 The pH of the sample must be below 3 after the addition of the acid during the A VS generation procedure or the 
generation of hydrogen sulfide gas may hindered. 

6.0 APPARATUS AND MATE~ 

6.1 Flask, 500 mL, two- or three-necked, T 24/40 ground-glass joints. 
6.2 Dropping (addition) fimne~ 250 mL, with pressure-equalizing tube, stopcock, and T 24/40 ground-glass joint and 
Teflon sleeve. 
6.3 Absorber tube. 
6.4 Stirring bars. 
6.5 Rotometer, capable of measuring 40 mUmin of nitrogen. 
6.6 Stir plate. 

7.0 SAFETY AND CHEMICAL HYGIENE 

The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined; however, each 
chemical compound should be treated as a potential health hazard, and exposure to these chemicals must be reduced to 
the lowest possible level by whatever means available. The laboratory maintains a reference file of material safety data 
sheets for the chemicals specified in this method. Additional information on general laboratory safety is available in the 

M:\Gll.OUPIQA IMETiiOD\PJNAL \A VS.. l .MTD September 11, 1997 
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EA Laboratories' Safety Plan (EAL-004) and from the Laboratory Safety Officer. 

8.0 REAGENTS 

Group: Metals, 
General Chemistry 

Page 2 of5 

8.1 Sulfide quality control solution, -1,000 mg s2·1I..: Dissolve 0.8 g of sodium sulfide, N3:iS·9H20, in 100 mL of 
deionized water. Sulfide solutions are very unstable and must be titrated against iodine dlib'., prior to use to detennine 
the exact concentration. Prepare fresh monthly or when titrated sulfide concentration falls below 800 mg/L. The QC 
solution is used to prepare the laboratory control sample (LCS). 
8.2 Hydrochloric acid solution, 6 M: Cautiously add 500 mL of concentrated HCl to 500 mL of deionized water. 
8.3 Sodiui:n, hydroxide solution, 0.1 N: Dissolve 4.0 g of NaOH in deionized water and dilute to 1000 mL. 

9.0 PROCEDURE 

9 .1 Assemble the apparatus as shown in Figure 1. A two-necked flask and magnetic stirrer can be used instead of the 
arrangement in Figure 1. 
9.2 Add 50 mL of 0. lN NaOH solution to the absorber tube and dilute with deionized water to obtain an adequate depth 
ofliquid. 
9.3 With addition funnel stopcock closed, add 20 mL of6 M hydrochloric acid to the funnel. 
9.4 Add IO g of the soil or sediment to be tested to the flask. Record the weight of waste to nearest 0.01 g. Add 100 
mL of deionized water to the sample in the flask. 
9.5 Close the system and adjust the nitrogen flow rate to 40 mL/min. 
9.6 With the nitrogen flowing, open the dropping funnel stopcock and add the 20 mL 6 M HCI solution to the 500-mL 
flask. The resulting HCl concentration in the flask will be approximately 1.2 M HCI. Begin stining the mixture (do not 
create a vortex) while the acid is entering the flask, and start the 1 hour test period. 
9.7 After 60 min, tum off the nitrogen and disconnect the absorber. Record the time interval used. 
9.8 Record the final absorber solution volume. Analyze the absorber solution for sulfide using method EAL-M-
376.1, Sulfide (Titrimetric). 
9.9 Filter the acidified contents of the SOO-mL flask through an acid washed 0.45 um membrane filter. Record the final 
volwne of the filtrate. Do not digest the filtrate. Analyze the filtrate directly by ~ductively Coupled Plasm.a (ICP) or 
Atomic Absorption Spectroscopy (AA) for Cadmium, Copper, Nickel, Lead, and Zinc. 
9.10 Preparation of method blank: Place JO g (10 mL) of deionized water in a flask in place of sample. Proceed with 
steps 9.1 through 9.10. 
9.11 Preparation of sulfide laboratory control sample (LCS): Pipet 2.0 mL of ~1,000 mg/L sulfide QC stock into a the 
500-mL flask in place of sample. Process according to steps 9.1 to 9.9 to a final absorber volume of 50 mL. The target 
concentration of the LCS in SO mL of absorber solution is -SO mg/I... The exact target concentration is calculated from 
the titrated concentrations of the QC stocks prior to use. 

10.0 CALCULATION 

10.1 Calculate the concentration of Acid Releasable Sulfide as S2- in the waste sample as follows: 

CV 
A VS as S2• (mg/kg-dry)= 

WD 
where: 

C = titrated concentration of S2• in absorber solution (mg/L) 
V = total volume of absorber solution (mL) 
W = as-received weight of sample used (g) 
D = percent solids as decimal fraction 

10.2 Convert from units of mg S2/kg-(d:ry) to umole H2S/g-(d:ry): 

M:IOROUl'\()A\METHODIFINAL\A VS-1.MTD Scp,,mber 11, 1997 
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A VS as umole H2S/g-(dry) == C/32.06 

where: C = concentration of A VS as mg S ~./ kg-(dry) 

10.3 Simultaneously Extractable Metals (SEM): Convert the concentration of each trace metal from mg/kg-dry to 
umole/g-dry: 

Toe general fonnula for conversion for any metal detennined by the SEM procedure is: 

Metal umole/g-dry = __ ..___ (C) 
atomic weight 

Where C = concentration of metal as mg/kg-dry 

Toe specific conversion for Cd, Cu, Ni, Pb, Zn is as follows: 

Cd umole/g-dry • 0.008896 (C) 
Cu umole/g-dry = 0.01574 (C) 
Ni umole/g-dry = 0.01704 (C) 
Pb umole/g-dry • 0.004827 (C) 
Zn umole/g-dry = 0.01529 (C) 

10.4 Calculate the Total SEM molar concentration as the sum of the individual trace metals concentrations in units of 
umole/g-dry. 
10.5 Calculate ratio of A VS to Total SEM as follows: 

A VS/SEM molar ratio= _A., 
B 

Where: 
A = A VS molar concentration as umole HiS/g-dry 
B = Total SEM molar concentration as umole/g-dry 

11.0 QUALITY CONTROL 

Calculate the AVS percent recovery of the LCS from the measured analytical concentration of the absorber solution and 
the calculated target concentration: 

A VS Percent recovery= 

12.0 OPERA TING NOTES 

analytical concentration (mg/L) 

target concentration (mg/L) 
x 100 

The original draft method suggests three possible analytical methods for detennining the sulfide concentration of the final 
A VS impinger solution: gravimetric - generation of silver sulfide, colorimetric - diamine color development, and sulfide 
ion selective electrode. This method uses direct titration of the impinger solutions by EPA method 376.1. 

13.0 REFERENCES 

13.1 Allen, H.E. and F. Gongmin et al. 1991. Detennination of Acid Volatile Sulfide and Simultaneously Extractable 
Metals in Sediment, April 1991 (Draft Analytical Method for the Determination of Acid Volatile Sulfide in Sediment, 
U.S. EPA Office of Water and Office of Science and Technology, Health and Ecological Criteria Division, Washington, 
D.C., August 1991). 
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13.2 Allen, H.E. and F. Gongmin, et al. "Analysis of Acid Volatile Sulfide (AVS) and Simultaneously Extracted Metals 
(SEM) for the Estimation of Potential Toxicity in Aquatic Sediments". 1990. Environmental Toxicology and 
Chemistry, vol. 12, pp 1441-1453. 
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1. Scope and Application 

1.1 This method may be used to determine the concentration of dissolved he 
ground and surface waters and toxicity extracts. This method may a be ap 
industrial wastes provided that no interfering substances are pre 
1.2 The applicable concentrationJange is 0.02 to 1 mg of Cr( 
1.3 This method is approved for NPDES compliance monitor· 

2. Summary of Method 

2.1 Dissolved hexavalent chromium, in the absence of 
molybdenum, vanadium, and mercury, may be determined col 
in acid solution. A red-violet product is produced, and its abs 

3. Definitions 

3.1 Chromium can exist in aqueous samples in 
Cr(VI). 
3.2 Trivalent chromium is the more stable 
with other anions in solution. At an acidic 
or high pH, Cr(III) can form a chromic 
in water and would be found in the s 

f su such as 
with diphenylcarbazide 
tometrically at 540 nm. 

, Cr(III), and the hexavalent, 

nerally hydrated or complexed 
the anions of the acid; at a neutral 

oxide and other chromites are insoluble 

3.3 Hexavalent chromium forms se 
At a pH of ater than 6, t 
dichromate · r20/·, is i 

Ho 

ecies depending upon the pH of the water. 
inates. If the pH is between 2 and 6, the 

ion. The dichromate ion predominates at pH <2 
s easily reduced to Cr(III) in the presence of 

4.1 Wat 
4.2 Wa 
tim ·f·'alysis. 

stability of 
nature oft 
alysis sho 

thro a 0.45-um membrane filter as soon as possible after collection. 
rved by acidification, but instead transported and stored at 4 C until 

romium in environmental samples is not completely understood. The 
le matrix can have a definite effect on the chemistry of chromium; therefore, 

arried out as soon as possible. The NPDES holding time is 24 hours. 
pies should be processed by the alkaline digestion procedure as soon as possible. 

mium reaction with diphenylcarbazide is usually free from interferences. However, certain 
substances may interfere if the chromium concentration is relatively low. Hexavalent molybdenum and 
mercury also react to color with the reagents; however, the red-violet intensities produced are much lower than 
those for chromium at the specified pH. Concentrations of up to 100 mg/L of molybdenum and mercury can 
be tolerated. 
5.2 Vanadium should not be present in concentrations exceeding 4 mg/L. The chromium color develops 
almost instantly and is stable, whereas vanadium color develops instantly and the fades rapidly. If the original 
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vanadium concentration is less than 10 mg/l, no vanadium color persists after 1 0 min. 
5.3 Iron in concentrations greater than 1 mg/l may produce a yellow color, b t the ferr' 
strong and no difficulty is normally encountered if the absorbance is mea 
appropriate wavelength. 
5.4 The effect of water color is small, and color up to 50 platinu 
5.5 If the sample contains materials capable of reducing he 
acidification (e.g., cyanides, thiosulfate, organic matter), an· 
conditions the rigorous determination of hexavalent chromium 
frequently occurs slowly and usable results can be obtaine 
acidification. 

6. Apparatus and Materials 

6.1 Spectrophotometer, for use at 540 nm, with a light path 
6.2 Volumetric flasks, 1-L, 500-ml, and 100-mL capa · 
6.3 Tubes, 50-mL capacity, graduated at 50, 35, 2 
6.4 Vortex mixer. 

7. Safety and Chemical Hygiene 

Group: General 
Chemistry 

Page 2 of 6 

7.1 The toxicity or carcinogenicity of 
however, each chemical compound 
chemicals must be reduced to th 
maintains a re erence file of m 

sed in th ethod has not been precisely defined; 

information eral labora 

ntial health hazard, and exposure to these 
hatever means available. The laboratory 

chemicals specified in this method. Additional 
i aboratory safety and chemical hygiene manuals. 

8.1.1 
dichro 
8 

sol on, 500 mg/L: Dissolve 1.414 ± 0.0005 g of dried potassium 
er in a 1000-ml volumetric flask and dilute to the mark. 
solution, 10 mg/L: Pipet 10.0 ml of the 500 mg/l stock solution into 

e up to volume with deionized water. 
Prepare a blank and calibration standards by pipetting the indicated amounts 

-ml volumetric flasks and diluting to volume with deionized water. Prepare fresh 
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Substock 
Volume 

(ml) 

10.0 

5.0 

1.0 

5.0 of 1.0 mg/L 

10.0 of 0.1 mg/L 

8.1.4 Quality control (QC) stock, 500 mg/l: Pre 
different lot of K2Cr20 7• 

8.1.5 Laboratory control sample (lCS): Prepa, hexav 
from the QC stock (8.1.4), or use a comm · Uy pre 

8.2 Sulfuric acid, 3.0 M: Dilute 16.3 
8.3 1,5-Diphenylcarbazide (1,5-diph 
25,922-5 or equivalent. 
8.4 NPDES roved reag 

8.4.1 Et hol). 

Final 

EAL-M-7196A.O Group: General 
Chemistry 

Page3 of6 

rd stock (8.1.1), but use a 

ion of appropriate concentration 
solution. 

100 ml with deionized water. 
NHCONHNHC6H5, reagent grade, Aldrich 

8.4.2 Pht 
8.4.3 Dipheny 

Aldrich 32,006-4 or equivalent. 

few minutes. 
dissolve the .i1 
may be ~•1!. but this 

i,\tF 

9.1 Sample preparation: 

hthalic anhydride to 80 ml of 95% ethanol and shake for a 
1de and dilute to 100 ml with ethanol. Shake occasionally to 

le. This reagent is stable for several weeks; slight discoloration 
ir the usefulness of the reagent. 

entgrade. 
gent: Dissolved 250 mg of 1,5-diphenylcarbazide into 50 ml of acetone. Store 

solution when discolored. 

9.1.1 Water samples must be filtered through a 0.45-um membrane filter prior to colorimetric analysis. 
9.1.2 Soil and sediment samples must be prepared by a soluble salts extraction. 

9.2 Sample screening: High concentration of Cr(VI) will destroy the diphenylcarbazide reagent so that no 
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color will develop. Samples with such high concentrations will be colored from yellow throug range to burnt 
orange. The darker the orange color, the higher the level. Depending upon the xidation '.• of chromium 
present, blue or green samples are also possible. To avoid reagent destructi wing: 

9.2.1 Record the original color of the sample before reagent ad 
orange, burnt orange. 
9.2.2 If the sample develops an-initial purple color upon th 
reagent destruction is taking place, and the sample m•Jst be 
9.2.3 If the original sample is colored and no color i::level 
persists and add the reagents. If no color develops, either 
sample is still destroying the reagent Therefore, run the sa 
to see if color develops at either dilution. It has been found n 
sample as much as 1: 10,000 to avoid reagent destruction. 

the 
lution 

burnt-orange colored 

9.2.4 Record all dilutions attempted on a sample and the results o 
developed, if color developed and then faded, if the co o dark, 

9.3 Color development and measurement: 

9.3.1 Set spectrophotometer wavelengt ro the instrument with deionized 

dan:ts and a calibration blank. Develop 
as described in steps 9.3.3 through 9.3.7. 

sample into a separate graduated test tube. 

water. 
9.3.2 Prepare a calibration curve 
the color and measure the absorb 
9.3.3 Pour 0-ml aliquot 
9.3.4 Add 
9.3.5 
the pro 
9.3.5 
9.3.6 
9.3.7 
again. 

nt (either that in 8.4.3 or in 8.5.2, depending on 
ediately. 

r full color development. 
tion cell and measure its absorbance at 540 nm. 
r than the highest standard must be diluted and prepared 

mples , even after filtering, may be very turbid or dark brown in color 
e colorimetric analysis. It may be possible to overcome interferences 

g the following procedure (Friedman and Erdmann 1982): 

orimetric reagents, measure the absorbance of the sample at 540 nm. 

t, the abso ..... reading is less than -0.010 absorbance units, proceed with color development as 
~;~cribe .ti'.1 to 9.3.6. 
d'.~:1.2 lfth· rbance reading is greater than -0.010 but less than 0.050 absorbance units, proceed to 
stej:r9 4.2. 
9.4.1.3 If the absorbance reading is greater than -0.050, dilute an aliquot of the sample until the absorbance 
reading is :,; 0.050. Record the dilution used. Proceed to step 9.4.2. 

9.4.2 Proceed with color development as described in steps 9.3.1 to 9.3.6 using two aliquots of the sample 
or the dilution. Add 1.0 ml of sulfuric acid to both aliquots. Add 1.5 ml of the dipheny!carbazide reagent to 
one aliquot and 1.5 ml of the diphenylcarbazide solvent only to the other. Record the absorbance readings 
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of the both aliquots. 
9.4.3 Calculate the sample concentrations of both aliquots from the calibration c rve, usi 
if any. 
9.4.4 Subtract the apparent concentration of the aliquot without dip 
that with diphenylcarbazide to obtain a corrected sample concen 

NOTE: If a dilution is required in this procedure, the detecti 
used. Highly turbid or colored samples may require dilutions t 
In this case an alternate method, such as Hexavalent Chromi 
be used. 

10. Calculations 

10.1 Prepare a calibration curve by regressing the 
absorbances) of the standards against their concentra i 

10.1.1 Use a degree one (1) for a linear fit, wi 
10 .1.2 Proceed if the correlation coefficient o 
10.1.3 Back-calculate the concentration of tn 
10.1.4 Compare the calculated blan -40 

Group: General 
Chemistry 

Page 5 of 6 

10.2 Back-calculate the analytical coo 
curve. Use any dilution and sampl il paratio 
10.3 Calculaithe concentrati id samp 

instrument responses using the regression 
late the sample concentrations. 

) from the analytical concentration using the 
following for · · 

tion(mglkg dry}=..£.!!... 
ws 

C = analyti , concentration of digested solid sample (mg/L) 
V = volu f digested sample (ml) 
W = wej i of solid sample digested (g) 
S = -rnal percent solids of the sample = percent solids/100 

11.1 Perform the quality control specified in EAL-SOP-185 (Quality Control for Colorimetric Analyses). 
Additional quality control procedures that apply to this method are specified in the following sections. 

11.1.1 Laboratory control sample (LCS): For this method, the initial calibration verification (ICV) serves as 
the LCS for water sample analyses. 
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11.2 For soil and sediment samples prepare the following additional quality control sa 
alkaline digestion procedure: 

11.2.1 Laboratory control sample (LCS): Preparation of the LCS is 
Digestion for Hexavalent Chromium). 
11.2.2 Method matrix spike: Preparation of a method matrix s 
Digestion for Hexavalent Chromi0m). 
11.2.3 Method blank: Preparation of the method blank spec· 
for Hexavalent Chromium). 

12. Operating Notes 

12.1 The procedure approved for NPDES compliance man· 
1979) and 307B (APHA 1976). The RCRA Method 7196 (U. 
which eliminate the phthalic anhydride and use aceton 

ethods 1-1230-78 (U.S. GS 
od 312B (APHA 1985), 

PDES approved. 
12.2 A lower detection limit and working range ca ell instead of the 1-cm in 
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EA LA BORA TORIES 
ANALYTICAL METHOD 

Total Organic Carbon (Catalytic Combustion, Infrared) 

1.0 SCOPE AND APPLICATION 

I. I This method is applicable to soils, sediments, and other solid wastes. 
1.2 Sludges or other waste liquids can.also be analyzed by this methods. 

2.0 SUMMARY OF METHOD 

EAL-M-9060 Group: lnorganics 

Page: 1 or: 5 

2.1 Organic carbon in the sample is converted to carbon dioxide, CO2, by high temperature oxidation. The 
oxidation of the sample occurs in a quartz furnace tube, packed with an oxidation promoter compound, under an 
oxygen atmosphere at approximately 800 C. The CO2 produced is measured directly by a nondispersive infrared 
(IR) analyzer. 
2.2 Many instrument configurations are available to carry out the high temperature oxidation procedure. The 
Dohrman Model DC-80 TOC analyzer and PRG-1 furnace unit described in this method perform as follows. A 
small aliquot of solid (or liquid) sample is placed in a clean platinum boat. The sample is treated with phosphoric 
acid to remove inorganic carbon. The platinum boat containing the treated sample is placed in the sealed, 
oxygen-purged PRG-I unit and pushed into the heated quartz furnace tube containing the oxidation promoter. The 
oxygen gas flow then carries the CO2 generated from the oxidized sample to the DC-80 infrared (IR) analyzer. 

3.0 DEFINITIONS 

3.1 Total carbon (TC): The total of inorganic and organically bound carbon in a sample. 
3.2 Total organic carbon (TOC): All carbon atoms covalently bonded in organic molecules. 
3.3 Inorganic carbon (IC): Carbonate, bicarbonate. and dissolved carbon dioxide in the sample. In most samples 
the IC concentration greatly exceeds the TOC concentration. IC is usually removed from the sample prior to 
determining the TOC concentration. See section 5.1. 

4.0 SAMPLE HANDLING AND PRESERVATION 

4.1 Soil, sediments, and other solid waste samples are stored in glass jars at 4 C until analysis. Samples should be 
analyzed within 28 days of 1..:>llection. 

5.0 INTERFERENCES 

5.1 In most samples the IC concentration greatly exceeds the TOC concentration. IC is usually removed from the 
sample prior to determining the TOC concentration. IC interference is removed by acidify the sample to pH 2 or 
less to convert the IC to CO2 and heating the acidified sample to remove the CO2• 

6.0 APPARATUS AND MATERIALS 

6.1 Dohnnan DC-80 total organic carbon analyzer: A schematic of the instrument is shown in Figure I . 
6.2 Dohrman PRG-I furnace unit (Figure 2). 
6.3 Platinum boats. 

7.0 SAFETY AND CHEMICAL HYGIENE 

7. I The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined; however, 
each chemical compound should be treated as a potential health hazard, and exposure to these chemicals must be 
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reduced to the lowest possible level by whatever means available. The laboratory maintains a reference file of 
• material safety data sheets for the chemicals specified in this method. Additional information on general laboratory 

safety is available in the laboratory safety and chemical _hygiene manuals. 

8.0 REAGENTS 

8.1 Calibration solutions: 

8.1.1 TOC standard stock, 2,000 mg TOC/L: Dissolve 4.250 g of dried, primary standard grade potassium 
hydrogen phthalate (KHP), C8H50 4K, in 800 mL deionized water, add I mL of phosphoric acid, and dilute to final 
volume of 1,000 mL. Refrigerate at 4 C. Discard after 6 months. 
8.1.2 TOC calibration standards (Table I): 

Because most soil and sediment samples are typically very high in TOC, the least sensitive setting (40 uL) of the 
DC-80 is calibrated and used to analyze soil and sediment samples. The calibration standards specified below are 
used with the 40-uL sensitivity setting. Prepare 1000-uL volumes of the calibration standards using the TOC stock 
and digital micropipettors. Only 40 uL of the calibration standards will be required to calibrate the instrument. 
Prepare fresh the day of use. 

Table 1. CALIBRATION STANDARD PREPARATION 

Substock Volume Final Volume Final Concentration of l000 uL 
(mL) (IO mL) (mgTOC/1) 

5.0of2000 10 l000 
-~* 

5.0ofl000 10 500 

5.0 of 500 10 250 

1.0 of 1000 10 100 

1.0 of500 10 50 

1.0 of250 10 25 

8.1.3 Quality control (QC) stock, 2,000 mg TOC/L: Prepare in same manner as standard stock (8.1.1 ), but use a 
different lot of KHP. 
8.1.4 Laboratory control sample (LCS): Prepare a TOC solution of appropriate concentration from the QC stock 
(8.1.3 ), or use a commercially prepared quality control solution. 

8.2 Nitric acid solution: Acidify approximately 100 mL of deionized water to a pH less than 2 using concentrated 
nitric acid. Use the solution to fill the sparger and humidifier vessels of the PRG-1 unit. 
8.3 Nitric acid, l + l: Ca· tiously add I 00 mL of concentrated nitric acid to 100 mL of deionized water. 

<-.,, 9.0 PROCEDURE 

9.1 PRG-1 furnace operating conditions: 
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9.1.1 Make sure the quartz furnace tube is intact and is packed with cobalt oxide. (Refer to the TOC System 
Manual, Figure 2.) 
9.1.2 Condjtionina the Oxidation Promoter - Conditioning the catalyst helps trap any toxic fumes which may be 
released by the cobalt oxide during its initial heating. Excercise caution when handling parts. If necessary, wait 
until heated components have coored to ensure the greatest level of safety. Proceed as follows: 

9.1.2.l Remove the Teflon line at the exit end of the combustion tube. In its- place, install a 15" length of 1/8" OD 
Teflon tubing with cored grey septum. 
9.1.2.2 Place the free end of the Teflon line into a flask containing basic sodium hydroxide solution. 
9.1.2.3 Flip the toggle between the sparger and mist trap to the up position. Oserve the brisk bubbling of gas 
through the flask (at about 200 cc/minute). 
9.1.2.4 Power up the Boat Sampling Module using the POWER switch on the front panel of the Boat Sampling 
Module. (This provides power to the combustion fumance.) Observe that the red light on the rocker switch 
becomes lit. 
9.1.2.S Allow the furnace to get hot. Then, allow the gas to flow and the catalyst to condition for about I hour. 
The furnace will require about 15 minutes to become fully stablized at 800 C. When the furnace reaches this 
temperature, the green LED on the front panel will tum on. 
9.1.2.6 Carefully remove the Teflon line installed in Step 9.1.2.2. (The furnace will be hot!) 
9. 1.2. 7 Reinstal I the teflon line removed in Step 9 .1.2. l. 

9.1.3 Tum on oxygen carrier flow. Set oxygen pressure to 30 psi. Tum on furnace unit. Allow furnace to heat to 
800 C, as indicated by a reddish glow of the furnace tube. 
9.1.4 Place fresh nitric acid water in sparge and humidifier vessels on front of PRG-1 . .Ds2 DS2l use unacidified 
deionized water in the vessels or the generated CO2 will dissolve in the water instead of passing on to the DC-80 
unit. Never use hydrochloric acid to acidify any solutions used in the TOC unit or damage to the instrument could 
occur. Oxygen flow is indicated by the presence of sparger bubbles. 

Note: For soils/furnace boat application of the PRG-1 unit it is not necessary to have the oxygen flow coming from 
the furnace unit to the acidified sparge and humidiier vessel. The exit line from the furnace can be directed in to the 
proper inlet bulkhead of the DC-80 unit. 

9.1.5 The toggle switches on the front of the PRG-1 unit are at the following settings for soils/furnace boat 
applications: 

9.2 DC-80 Instrument Operating Conditions: 

9.2.1 Refer to Figure I for a diagram of the DC-80 unit. Note that the persulfate reactor vessel and UV light source 
are DS2l used for the Combustion-IR method ofTOC determination. 
9 .2.2 Connect the gas line exiting the humidifier of the PRG-1 unit to the DC-80 bulkhead inlet port of the DC-80. 
If the sparge and humidifier of the PRG-1 unit are bypassed, connect the gas line exiting the PRG-1 furnace tube to 
the DC-80 inlet bulkhead. 
9.2.3 Connect the DC-80 bulkhead gas line directly to the top port of the U-tube inside the DC-80, bypassing the 
reaction vessel. 
9.2.4 Tum on power to the DC-80 unit. The UV light source and reactor vessel are not required. Adjust front 
panel controls to the following settings: 

TOC-40 ul 
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9.3 Calibration procedure: 

9.3.1 Clean platinum boats as follows: 

9 .3. I. I Soak in 10% nitric acid ov,.emight. 
9.3.1.2 Allow to dry. 

9.3.2 Analysis of standards 

9.3.3 Calibration of DC-80 

9.4 Preparation of soils and sediment samples: 

EAL-M·9060 Group: lnorganics 
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9.4.1 Weigh 0.0015 ± 0.0005 g of sample in to a tared, clean platinum boat. Record the weight. Place the 
weighboat on a watchglass. (Note: Aluminum weigh dishes will react witht ehnitric acid, causing errors in the TOC 
operation.) 
9.4.2 Add I drop of l + 1 nitric acid to the sample. If effervescence occurs, add additional acid until bubbling 
ceases. Place acidified sample in an oven at 70°C for I hour to remove inorganic carbon from the sample. 
9.4.3 The treated sample can be stored in a desiccator until analysis. 
9.4.4 Using the magnet and wire basket assembly of the PRG-1 unit, place the platinum boat into the wire basket 
and slide the sample into the furnace unit. Push the "START' button, and remove sample boat when the "READY" 
light comes on. 
9.4.5 If the TOC concentration of the sample aliquot exceeds the calibration range of the system, prepare a smaller 
aliquot of sample for analysis. 
9.4.6 If the response of the aliquot exceeds the calibration range of the instrument, the TOC concentration will have 
to be reported as a "greater than" concentration, which is calculated from the formula ht 10.3 using the 
concentration of the highest calibration standard as the analytical concentration. 
9.4.7 Prepare a sample spike as follows: Add 40 ul ofa 400 mg/L solution to the pre~ared sample. 

10.0 CALCULATIONS 

I 0.1 Prepare a calibration curve by regressing the instrument responses (peak heights or areas) of the standards 
against their concentrations. 

I 0.1.1 Use a degree one (J) for a linear fit or a degree two (2) for a parabolic fit, with at least four levels of 
standards plus the blank. 
JO. 1 .2 Proceed if the correlation coefficient of the regression is greater than 0.995. 
I 0.1.3 Back-calculate the concentration of the standards from the regression curve. 
I 0.1 .4 Compare the calculated blank concentration against the instrument detection limit. 

10.2 Back-calculate the analytical concentrations from the sam }le instrument responses using the regression curve. 
10.3 Calculate the concentration of solid samples (in mg/kg dry) from the analytical concentration using the 
folJowing formula: 

CV 
Concentration (mg/kg dry)"" -

ws 
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where: 

C = analytical concentration of analyzed solid sample (mg/L) 
V = volume of sample (mL) =. 0.04 mL (see Note 12.1 below) 
W = weight of solid sample analyzed (g) 
S = decimal percent solids of the sample= percent solids/JOO 

I 1.0 Ql ALITY CONTROL 

EAL-M-9060 Group: lnorganics 
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11.1 Perform the quality control specified in EAL-SOP-185 (Quality Control for Colorimetric Analyses). 
Additional quality control procedures that apply to this method are specified in the following sections. 

11.1. I Laboratory control sample (LCS): For this method, the initial calibration verification (ICY) serves as the 
LCS. 
11.1.2 Method matrix spike: Preparation of method matrix spike specified in section 9.4.7. Calculate the matrix 
spike recovery as follows: 

Percent Matrix Spike = Spiked Sample Concentration <me/Ke} - Sample Concentration <roe/Kg} x I 00 
Recovery Spike Amount (mg/Kg) 

12.0 OPERA TING NOTES 

12.1 For the purposes of the calculation, the volume of the analyzed sample is considered to be 0.040 mL or 40 uL, 
which is the volume of standard used in the calibration. The use of a volume in the calculation is necessary because 
the concentrations of the standards, rather than the weights of carbon added to the boat, are used in preparing the 
calibration curve and, therefore, the analytical concentrations of the samples are expressed in mg/L. 

13.0 REFERENCES 

13.1 Rosemont Analytical - Dohrman Division. February 1989. DC-80 Automated Laboratory Total Organic 
Carbon Analyzer Manual, Edition 13. Santa Clara, Calif. 
13.2 United States Environmental Protection Agency. 1986. Method 9060 - Total Organic Carbon in Test 
Methods for Evaluating Solid Wastes. Physical/Chemical Methods. EPA SW-846, 3rd edition. U.S. EPA, 
Washington, D.C. 
13.3 Annual Book of ASTM Standards, Part 31, "Water," Standard D 2574-79, p. 469 (1976). 
13.4 Standard Methods for the Examination of Water and Wastewater, 14th Edition, p.532, Method 505 ( 1975). 
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1.0 SCOPE AND APPLICATION 

This method is a procedure for the preparation of animal tissue for preparation methods or instrumental analysis. 

2.0 SUMMARY OF METHOD 

The frozen whole body animal or selected part of animal is prepared for analysis by being chopped into small pieces, 
and homogenized in a blender or other homogenization device (i.e., HOBART). 

3.0 PROCEDURE 

3.1 Sample Collection 

3. I . I A sufficient number of organisms or parts of organisms should be combined by sampling site location and species 
to obtain the minimum weight (250 grams). 
3.1.2 The collected samples are wrapped in aluminum foil and frozen for transport to the lab. 

3.2 Sample Homogenization 

3.2.1 At the laboratory. unwrap the organisms or parts of organisms and chop into small pieces suitable for the 
homogenization device. Small portions of the frozen organism are blended until tissue is completely pulverized. 
Repeated additions of small portions of the organism are blended until all of the tissue is completely pulverized. 
Repeated additions of small portions of the organism aids in maintaining a powdery fluff that will mix more uniformly. 

3.2.2 Weigh two I 0.0 g portions of the sample into separate VOA vials, and store in a freezer. These sample aliquots 
are ready for volatile organic analysis. 
3.2.3 Divide the remaining homogenized tissue sample equally between two liter-size glass containers, cap with Teflon
lined lids and store in a freezer. 
3.2.4 One aliquot will be used for extractable organic determinations (e.g., semivolatile and pesticide/PCB analysis), 
and the second aliquot for the determination of metals and genera] chemistry parameters. 

4.0 QUALITY CONTROL 

4.1 Standard clam tissues should be used for the method blank and laboratory control sample, and should be processed 
through all the sample preparation steps including blending for the same length of time as the samples. 
4.2 For analysis, the QA/QC requirements in the method or project must be satisfied. 

5.0 REFERENCES 

S.1 "Interim Methods for the Sampling and Analysis of Priority Pollutants in Sediments and Fish Tissue". EPA 600/4-
81-055. U.S. Environmental Protection Agency;Cincinnati, Ohio, October 1980. 

F:\GROUP\SOP\FlNAL\289-1.FIN June 2, 1998/mew 
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1.0 SCOPE AND APPLICATION 

This method is used to determine the concentration of the lipid content in animal tissue such as fish/invertebrates. 
Various organic environmental pollutants are lipid-soluble in biota samples. This method provides integral analytical 
information for further biological assessments. 

2.0 SUMMARY OF METHOD 

Homogenized tissue is extracted with ~methylene chloride by vortexing. The extract is concentrated by heating. Percent 
lipids is determined gravimetrically. 

3.0 DEFINITIONS 

Laboratory Control Sample (LCS) is extracted with each analytical batch to determine if the spiked compound 
recoveries are within the laboratory limits. 

Metbod Blank is extracted with each analytical batch to detennine whether or not the extraction and/or analysis 
introduced any target analytes into the samples. If the Method Blank contains any target analytes, the analytical batch 
is considered contaminated and should be re-extracted. 

4.0 SAMPLE HANDLING, PRESERVATION, AND HOLDING TIME 

4.1 Samples are received in coolers packed with ice to preserve the animal tissue. The tissue samples are contained 
in plastic bags or glass jars. 
4.2 While samples are in the custody of the laboratory they are stored in the sample walk-in freezer by the Sample 
Management Office. 
4.3 Holding times have not been established at this time by any regulatory agencies for the percent lipid detennination. 

5.0 INTERFERENCES 

All glassware used for the lipid detennination must be free from all types of animal fat. Rinsing glassware with 
methylene chloride wilJ significantly eliminate most grease or fat residues. 

6.0 APPARATUS AND MATERIALS 

6.1 Analytical Balance:(± 0.0001 g. Accuracy} 
6.2 Tissuemiser, Hobart food chopper or other mechanical device. 
6.3 Filter paper: Whatman PS · 
6.4 VOA vials: 40-ml, glass, Teflon-lined cap. 
6.S Vonex mixer. 
6.6 100 ml beaker, glass-powder funnel. 
6.7 Hot plate: capable of maintaining constant temperatures. 

7.0 SAFETY AND CHEMICAL HYGIENE 

The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined; however, each 
chemical compound should be treated as a potential hazard, and exposure to these chemicals must be reduced to the 
lowest possible level by whatever means available. The laboratory maintains a reference file of Material Safety Data 
Sheets (MSDS) for the chemicals specified in this method. Additional information concerning laboratory safety is 
available in theLaboratory Safety Plan and from the Laboratory Health and Safety Officer. 

8.0 REAGENTS 

M:\GROUP\QA\METHOD\FINAL\LIPID-2.MTD September 11, 1997/mew 
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8.1 Methylene Chloride, CH2Cb - supplied by laboratory vendor. 
8.2 Anhydrous Sodium Sulfate, NaSO4 - supplied by laboratory vendor. 
8.3 Cod Liver Oil - commerical source. 

9.0 PROCEDURE 

Page: 2 

GROUP: Extractions 

of 4 

9.1 Sample Preparation: Tissue homogenization is performed by tissuemiser, Hobart food chopper, or other mechanical 
means. 
9.2 Weigh 3.0 g of the homogenized tissue into a VOA vial. Record the sample weight onto the EA Laboratories% 
Lipids Extraction Sheet to the nearest 0.0001 g. (FIGURE 1 ), 

9.2.1 The method blank consists ofa clean VOA vial. 
9.2.2 For the LCS, add approximately 30-60 mg (0.0300-0.0600 grams) of cod liver oil to a clean VOA vial (this 
represents a 1-2% lipid content based on a 3 gram sample). 

9.3 Add 25 mL of methylene chloride to the sample in the VOA vial. Vortex for one minute. 
9.4 Weigh a dean, dry l 00 mL beaker on analytical balance, record the tare weight to nearest 0.0001 g. 
9.5 Set beaker on clean surface. Place glass funnel in mouth of beaker, place folded phase-separating filter paper 
(Whatman PS) in funnel. 
9.6 Quantitatively transfer the vortexed contents of the VOA vial to the filter paper-lined funnel in the beaker. Add 5 
mL of methylene chloride to the empty VOA vial to rinse the vial, transfer rinseate to funnel. Repeat rinse with another 
5 mL of methylene chloride. 

' NOTE: If sample contains a significant amount of free water, anhydrous sodium sulfate may be placed in the phase
separator paper to absorb excess water. 

9.7 Remove funnel from beaker, place beaker on clean hot plate set at medium (50%) heat and evaporate sample to near 
dryness. Care must be taken not to splatter sample during boiling nor bum residual oil. Allow beaker to cool for five 
minutes. Remaining solvent will evaporate during cooling. 
9 .8 Using analytical balance, weigh beaker and lipid residue. Record weight to nearest 0.0001 g. 

10. CALCULATIONS-Calculation of the Lipid Content as follows: 

Where: 

Percent Lipid = !A:fil x 100 
C 

A = weight of beaker and dried residue (g) 
B = tare weight of beaker (g) 
C = weight of tissue sample (g) 

11.0 QUALITY CONTROL - To establish the ability to generate data of acceptable bias and precision, the analysis 
must meet the following quality control criteria: 

11.1 The method blank is acceptable if the fmal weight deviates from the initial weight by less than 0.0030 grams (which 
is equivalent to less than 0. I% lipid based on a 3 gram sample). If the weights deviate by 0.0030 grams or more, the 
entire batch must be reprepared and %lipid determination redone. 
11.2 The percent recovery for the cod liver oil added to the LCS is detennined and evaluated against laboratory 
established limits. 

M:\GROUP\QA \METHOD\FrNAL \LIPJD-2.MTD September 11, 1997/mew 
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112.1 If the recovery is above the upper QC limit, determine if any samples had a percent lipid value above 0.1 % (based 
on 3 gram sample). If any associated samples have lipid values above 0.1%, then those samples must be re-extracted 
and %lipid determination re-reanalyzed. 
112.2 If the recovery is below the lower QC limit, the entire batch must be re-extracted and %lipid determination re
analyzed. 

12.0 REFERENCE 

12.l Bligh, E.G., and Dyer, W.J., 1959. A Rapid Method of Total Lipid Extraction and Purification: Canadian Journal 
of Biochemistry and Physiology, Vol 37, pp 911-917. 
12.2 Gardner, W.S., Frez, W.A., Chichocki, E.D. and Parrish, C.C., 1985. Micro Method for Lipid Analyses in Aquatic 
Invertebrates. Limnology and Oceanography, Vol 30, pp 1099-1105. 
12.3 National Oceanic and Atmospheric Administration, July 1993. Tissue Lipid Determination Method in Sampling 
and Analysis Methods of the National Bethie Surveillance and Mussel Water Projects. 1984-1992. Volume II. 
comprehensive Descriptions of Complementary Measurements. NOAA, Silver Spring, Maryland. 
12A Randall, RC., Lee II, H., Ozretich, R., Lake, J.L., and Pruell, R.J., 1991. Evaluation of Selected Lipid Methods 
for Normalizing Bioaccumulation: Environmental Toxicology and Chemistry. Vol IO, pp 1431-1436. 
12.5 United States Anny Engineer Waterways Experiment Station. May 1995. A Comparison of Three Lipid Extraction 
Methods. Technical Note EEDP-01-35. 3909 Halls Ferry Road, Vicksburg, Mississippi 39180-6199. 
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EA LABORATORIES PERCENT LIPIDS EXTRACTION SHEET 

CLIENT: 
BATCH#: UP-

EA 
NUMBER 

LPBLK 
LPLCS 

• f!o' · ... -

CLIENT 
ID 

EXTRACTION CHEMIST: 
CONCENTRATION CHEM 
DATE: 

FRACTION MATRIX 

LIPIDS TISSUE 
LIPIDS TISSUE 
LIPIDS TISSUE 
LIPIDS TISSUE 
LIPIDS TISSUE 
LIPIDS TISSUE 
UPIDS TISSUE 
UPIDS TISSUE 
UPIDS TISSUE 
LIPIDS TISSUE 
LIPIDS TISSUE 
UPIDS TISSUE 
LIPIDS TISSUE 
UPIDS TISSUE 
UPIDS TISSUE 
LIPIDS TISSUE 
UPIDS'- TISSUE 
LIPIDS TISSUE 
LIPIDS TISSUE 
UPIDS TISSUE 
LIPIDS TISSUE 
LIPIDS TISSUE 

MASS 
BEAKER 

EAL-M-LIPID-02 GROUP: Extractions 

MASS 
SAMPLE 

Page: 4 of 4 

METHOD: EA IN HOUSE 
EXTRACTION SOLVENT: 
SOL VENT LOT: 

MASS BEAKER 
PLUS RESIDUE % LIPIDS COMMENTS 

FIGURE 1. 
EA Laboratories Percent Lipids Extraction Sheet 
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PROTOCOL ATS-SCI-LP-00 

SEDIMENT 28-DAY TOXICITY TEST WITH Leptocheirus plumulosus 

1. TEST OBJECTIVE 

To assess the toxicity of a whole sediment sample to estuarine amphipod Leptocheirus 
plumulosus and determine the effects on survival, growth (determined by dry weight and/or 
length) and reproduction of the test organisms compared to controls. 

2. TEST ARTICLE 

2.1 Description/Identification 

Unless otherwise specified, the test material is supplied by the client. The test article is a 
whole sediment sample. Adequate chemical specifications with special reference to hazardous 
properties and storage conditions are also supplied by the client. When available, information 
on the stability, composition, or other characteristics which define the test article are on the 
file with the client. 

2.2 Sample Preparation 

<..,. Depending upon the project, the sediment may be screened through a suitably sized sieve to 
remove large particles and indigenous organisms, and then homogenized before being placed 
in the test chambers. Sediment and overlying water may be added to test vessels 24 hours 
prior to introduction of test organisms in order to allow suspended sediments to settle. 

3. EXPERIMENTAL DESIGN 

3.1 Test Organisms 

3.1.1 Species 

The test species is the estuarine amphipod Leptocheirus plumulosus. 

3.1.2 Source 

Leptocheirus plumulosus used for toxicity tests are obtained from in-house cultures, or from a 
scientific organism vendor as specified in the report. 
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C 3.1.3 Culturing and Holding Conditions 

Stocks obtained from a scientific vendor are transferred into holding tanks with clean control 
sediment and overlying water. The Leptocheirus plumulosus are maintained in an 
environmentally controlled laboratory at 20±2°C with a 16-hour light/8-hour dark 
photoperiod cycle. During holding, the amphipods are fed finely ground Tetramin flake food. 
The organisms are gradually acclimated to testing conditions prior to use in testing. Certain 
regulatory or project specific objectives may require organism acclimation to the dilution water 
when it is different from the holding/culture water. 

3.1.4 Size of Test OQlanisms at Test Initiation 

Immature amphipods which pass through a 500 µm screen, but are retained on a 250 µm 
screen, are used to initiate toxicity tests. 

3.2 Test Concentration Series 

L. plumulosus are exposed in replicate chambers to whole sediment samples and to a 
laboratory or reference sediment control. 

3.3 Overlying Water 

Overlying water for sediment tests is either GP-2 artificial seawater made with deionized 
water, dechlorinated tap water mixed with commercially available synthetic sea salts, or an 
appropriate receiving water. Batches of GP-2 at the appropriate salinity are made for the 
chronic testing using the formulation in US EPA (1993). 

The source of the dechlorinated tap water is the City of Baltimore municipal water system. 
Upon entry to the laboratory, the water passes through a high-capacity, activated carbon 
filtration system to remove chlorine and possible organic contaminants. This water source has 
proven safe for aquatic organism toxicity testing at EA, as evidenced by maintenance of 
multigeneration Daphnia sp. and fathead minnow cultures with no evident loss of fecundity. 
The dechlorinated tap water or deionized tap water is mixed with commercially available 
synthetic sea salts to a salinity of approximately 20 ± 2 ppt or a salinity specified by the project 
study plan. 

3.4 Test Vessels and Test Volume 

Test vessels are 1-L exposure beakers containing 100-200 ml of sediment and 400-800 ml of 
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overlying water (typically 1 :4 ratio of sediment to overlying water). The size of the test 
vessels, and the volume of sediment and overlying water may be changed depending on the 
study requirements. 

3.5 Test Organism Number 

Tests are conducted using at least three replicate chambers per sediment sample, with 20 
organisms per replicate chamber. 

3.6 Test Environment 

The test vessels are maintained in an environmentally controlled laboratory with a 16-hour 
light, 8-hour dark photoperiod. Temperature within the environmental room is monitored 
continuously using temperature recorders and is maintained at 20± 1 °C (unless a different 
project-specific temperature is required). 

3. 7 Test Observations 

Water quality measurements (temperature, pH, dissolved oxygen, and salinity) are recorded at 
test initiation, test termination, and prior to each renewal from a minimum of one replicate of 
each sediment, reference, and control treatment. Renewal of the overlying water is performed 
three times per week. The overlying water may be gently aerated, if necessary, to maintain 
dissolved oxygen levels at ::?:4.0 mg/L. Analytical determinations are conducted according to 
APHA et al. (1995) and EPA (1979). 

The study terminates after 28 days of exposure to the sediment sample. At test termination, 
the sediment from each replicate is carefully sieved to retrieve all adult organisms and 
offspring. The number of surviving adults and offspring is recorded for each replicate. The 
reproductive response for the 28-day exposure test is the average number of offspring 
produced per surviving female. Surviving adults are then examined under a dissecting 
microscope to determine gender and in the case of females, the presence of eggs or embryos in 
the brood pouch. 

At the end of the test period, a growth endpoint may be determined through length 
measurement and/or dry weight determination. For length measurements, surviving organisms 
are preserved in 70 percent ethanol, and body length from the base of the first antenna to the 
base of the third pleon segment along the dorsal surface is measured using an ocular 
micrometer. Length measurements are performed to 0.1 mm. For dry weight determinations, 
surviving amphipods may be placed in pre-weighed, oven-dried aluminum pans (one replicate 
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(.., per pan). Organisms are dried in an oven for a minimum of six hours at 100°C after which 
each pan is weighed. Mean dry weight of the amphipods in each replicate is calculated by 
subtracting the weight of the pan from the combined weight of the pan and organisms, then 
dividing by the number of organisms per replicate. 

3.8 Data Analysis 

Statistical analyses can be performed on percent survival and on dry weight data. An analysis 
of variance (ANOV A) and t-Test are used to analyze significance of effects between the 
control sediment and a single test sediment (US EPA 1994). Alternatively, Tu.key's Test may 
be performed to check the difference between all pairs of treatments. Other appropriate 
statistical analyses may be performed. The statistical methods used are specified in the final 
report. 

4. FINAL REPORT 

The final report is prepared to contain, at a minimum, the following information: 

• Objectives and procedures stated in the approved protocol, including 
any changes made to the original protocol 

• Identity of the test article(s) by name or code number and a 
description of any pretreatment 

• Source of the overlying water, its chemical characteristics, and a 
description of any pretreatment 

• Test concentration series used and duration of the assay 

• Mean dry weights and/or lengths of test organisms with the 
respective standard deviations 

• Average number of offspring produced per surviving female with 
respective standard deviations 

• Water quality characteristics (pH, dissolved oxygen, temperature, 
etc.) of overlying water from reference, control and test sediment 
treatments 
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• Any unforeseen circumstances that may have affected the quality or 
integrity of the study 

• Signature of the project manager, senior technical reviewer, and 
quality control officer authorizing release of the report 

• Location of all archived data and the original copy of the final report 
at EA 

Items of data to be included in the report consist of experimental design and test performance, 
effects on general appearance of test organisms {if applicable), morbidity and mortality, 
tabular presentation and appropriate statistical evaluation of water quality characteristics, 
survival, weight and/or length data. 

5. QUALITY ASSURANCE 

5.1 Amendments to Protocol 

Amendments to the authorized protocol established by EA or by the client are made only after 
proper authorization. Such authorization is achieved by completion of the Protocol 
Amendment Form by EA after consultation with the client. 

5.2 Standard Operating Procedures 

Unless otherwise specified, all procedures given in the protocol are subject to detailed 
Standard Operating Procedures (SOPs) which are contained in the SOP manuals of the 
participating departments. These SOPs and protocols gc.merally follow the type of 
requirements in the U.S. EPA's Good Laboratory Practice Standards (GLPs) (US EPA 1989). 

5.3 Reference Toxicant 

A reference toxicant test, utilizing sodium dodecyl sulfate {SDS), cadmium chloride, or 
another appropriate chemical is used as an internal quality check of the sensitivity of the test 
organisms. Testing is conducted on each population of organisms purchased for testing from 
an outside source if reference toxicant data are not available from the supplier on the acquired 
lot. The results of each test are compared with historical, species-specific toxicological 
information from reference toxicant tests performed at EA, to determine if the results are 
within acceptable limits. Limits are established using the control charts outlined in US EPA 
(1993). 
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(..,, 5.4 Quality Assurance Evaluation 

Studies conducted under this protocol may be subject to internal audit by EA' s Quality 
Assurance Unit. A quality control officer is responsible for monitoring each study to assure 
the client that the facilities, equipment, personnel, methods, practices, records, and controls 
are in conformance with EA's QC program and, if applicable, EPA's GLPs. 

5.5 Inspection by Regulatory Authorities 

In the event of an inspection of EA by an outside authority during the course of the study, the 
client whose study is being inspected will be consulted before examiners are permitted access 
to any of the project records or the experimental areas. 

5.6 Archives 

Copies of project-specific records shall be transferred to the client promptly after the project is 
completed or as negotiated and budgeted. Original primary data are retained at EA for 
5 years. Primary data include chain-of-custody records, laboratory data sheets, records, 
memoranda, notes, photographs, microfilm, and computer printouts that are a result of the 
original observations and activities of the study and which are necessary for the reconstruction 
and evaluation of the study report. 

5.7 Location 

Studies are conducted at the Ecotoxicology Laboratory of EA Engineering, Science, and 
Technology, Inc. at the Loveton Office in Sparks, Maryland. 

6. SPECIFICATIONS OF THE Leptocheirus plumulosus SEDIMENT TOXICITY 
TEST 

6.1 Basic References 

American Public Health Association (APHA) American Water Works Association, Water 
Environment Federation. 1995. Standard Methods for Examination of Water and 
Wastewater, 19th or most recent version. APHA, Washington, D.C. 

American Society for Testing and Materials (ASTM). 1995. Standard Guide for Conducting 
10-day Static Sediment Toxicity Tests with Marine and Estuarine Amphipods. ASTM 
Designation E 1367-92, Philadelphia, Pennsylvania. 
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American Society for Testing and Materials (ASTM). 1995. Standard Practice for 
Conducting Acute Tests with Fishes, Macroinvertebrates, and Amphibians. ASTM 
Designation: E729-80, Philadelphia, Pennsylvania. 

American Society for Testing and Materials (ASTM). 1995. Standard Guide for Conducting 
Sediment Toxicity Tests with Freshwater Invertebrates. ASTM Designation: E1383-
94, Philadelphia, Pennsylvania. 

EA. 1996. Quality Control and Standard Operating Procedures Manual for EA's 
Ecotoxicology Laboratory. Fifth Revision. EA Manual ATS-102. Internal document 
prepared by EA's Ecotoxicology Laboratory, EA Engineering, Science, and 
Technology, Inc., Sparks, Maryland. 

McGee, B.L., C.E. Schlekat and E. Reinharz. 1993. Assessing Sublethal Levels of Sediment 
Contamination Using the Estuarine Amphipod Leptocheirus plumulosus. Environ. 
Toxicol. Chem. 12: 577-587. 

US EPA. 1979. Methods for Chemical Analysis of Water and Wastes. EPA/600/4-79/020. 
Environmental Monitoring and Support Laboratory, Cincinnati, Ohio. 

US EPA. 1988. Short-term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to Marine and Estuarine Organisms. EPA/600/4-87/028. U.S. 
Environmental Protection Agency. Environmental Monitoring and Support 
Laboratory, Cincinnati, Ohio. 

US EPA. 1989. Toxic Substances Control Act (TSCA); Good Laboratory Practice Standards. 
Title 40 CFR Part 792. ,&d. Re~ist. 54(158): 34034-34074. 

US EPA. 1991. Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters 
to Freshwater and Marine Organisms. Fourth Edition. EPA/600/4-90/027. U.S. 
Environmental Protection Agency. Environmental Monitoring Systems Laboratory, 
Cincinnati, Ohio. 

US EPA. 1993. Methods for Measuring the Acute Toxicity of Effluents and Receiving 
Waters to Freshwater and Marine Organisms. Fourth Edition. EPA/600/4-90/027F. 
U.S. Environmental Protection Agency, Environmental Monitoring Systems 
Laboratory, Cincinnati, Ohio. 
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C..· 6.2 Test Specifications 

Test organism: 

Organism age/size: 

Aeration: 

Temperature: 

Light quality: 

Light intensity: 

Photoperiod: 

Overlying water: 

c.,, Test container: 

Test volume: 

No. of replicates: 

No. organisms per replicate: 

Feeding regime: 

Test duration: 

Endpoints: 

Test acceptability: 

(., EA Engineering, Science, 
and Technology, Inc. 
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January 1997 

PROTOCOL ATS-SCI-LP-00 

Leptocheirus plumulosus 

Immature amphipods which pass through a 500 µm 
screen but are retained on a 250 µm screen 

Gentle aeration may be provided through a 1-ml 
glass pipet, placed no closer than 2 cm above the 
sediment surface 

20± 1 °C (or as specified by project study plan) 

Wide-spectrum fluorescent light 

50-100 f.c. 

16-hour light, 8-hour dark 

Synthetic seawater or appropriate receiving water 

1-L beakers 

100-200 ml of sediment with 400-800 ml of overlying 
water (typically 1:4 ratio of sediment to overlying water) 

Minimum of three 

20 

Finely ground Tetramin flake food, three times per 
week, after renewal of overlying water 

28 days 

Survival, growth, and reproduction 

May vary depending on regulatory requirements; 
one criterion is ~ 70 percent control survival 
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PROTOCOL ATS-SAI-NA-01 

SEDIMENT TOXICITY TEST WITH Neanthes arenaceodentata 

1. TEST OBJECTIVE 

To assess the toxicity of a whole sediment sample to polychaetous annelid N. arenaceodentata 
and determine the effects on survival and growth (determined by dry weight) of the test 
organisms compared to controls. 

2. TEST ARTICLE 

2.1 Description/Identification 

Unless otherwise specified, the test material is supplied by the client. The test article is a 
whole sediment sample. Adequate chemical specifications with special reference to hazardous 
properties and storage conditions are also supplied by the client. When available, information 
on the stability. composition, or other characteristics which define the test article are on the 
file with the client. 

2.2 Sample Preparation 

Depending upon the project, the sediment may be screened through a suitably sized sieve to 
remove large particles and indigenous organisms, and then homogenized before being placed 
in the test chambers. Sediment and overlying water may be added to test vessels 24 hours 
prior to introduction of test organisms in order to allow suspended sediments to settle. 

3. EXPERIMENT AL DESIGN 

3.1 Test Organisms 

3.1.1 Species 

The test species is the marine polychaete Neanthes arenaceodentata. 

3.1.2 Source 

Neanthes arenaceodentata used for toxicity tests are obtained from a scientific organism 
vendor as specified in the report. 
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(., 3.1.3 Culturing and Holding Conditions 

Stocks obtained from a scientific vendor are transferred into a glass aquaria containing the 
marine alga Enteromorpha sp. The N. arenaceodentata are gradually acclimated to testing 
conditions and to the overlying water used in testing if appropriate, and are maintained in an 
environmentally controlled laboratory at 20±2°C, with a 16-hour light, 8-hour dark 
photoperiod cycle. The polychaetes are fed Enteromorpha sp. or ground alfalfa. Certain 
regulatory or project specific objectives may require organism acclimation to the dilution water 
when it is different from the hglding/culture water. 

3.1.4 Size of Test Organisms at Test Initiation 

Use recently emerged N. arenaceodentata larvae having approximately 18-21 setigerous 
segments. 

3.2 Test Concentration Series 

N. arenaceodentata are exposed in replicate chambers to whole sediment samples and to a 
laboratory or reference sediment control. 

3.3 Overlying Water 

Overlying water for sediment tests is either GP-2 artificial seawater made with deionized 
water, dechlorinated tap water mixed with commercially available synthetic sea salts, or an 
appropriate receiving water. Batches of GP-2 at the appropriate salinity are made for the 
chronic testing using the formulation in US EPA (1993). 

The source of the dechlorinated tap water is the City of Baltimore municipal water system. 
Upon entry to the laboratory, the water passes through a high-capacity, activated carbon 
filtration system to remove chlorine and possible organic contaminants. This water source has 
proven safe for aquatic organism toxicity testing at EA, as evidenced by maintenance of 
multigenerationDaphnia sp. and fathead minnow cultures with no evident loss of fecundity. 
The dechlorinated tap water or deionized tap water is mixed with commercially available 
synthetic sea salts to a salinity of approximately 30±2 ppt or a salinity specified by the project 
study plan. 

3.4 Test Vessels and Test Volume 

Test vessels are 1-L exposure beakers containing 100-200 ml of sediment and 400-800 ml of 
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C.,, overlying water. The size of the test vessels, and the volume of sediment and overlying water 
may be changed depending on the study requirements. 

3.5 Test Organism Number 

Tests are conducted using at least three replicate chamber per sediment sample, with at least 
five organisms per replicate chamber. 

3.6 Test Environment 

The test vessels are maintained in an environmentally controlled laboratory with a 16-hour 
light, 8-hour dark photoperiod. Temperature within the environmental room is monitored 
continuously using temperature recorders and is maintained at 20± 1 "C (unless a different 
project-specific temperature is required). 

3. 7 Test Observations 

At test termination, test organisms are observed to record the number of surviving polychaetes. 
The study terminates after ten days of exposure to the sediment sample. 

Measurements of water quality are taken at test initiation and daily thereafter for dissolved 
oxygen, pH, temperature, and conductivity from a minimum of one replicate of each 
sediment, reference, and control treatment. Renewal of the overlying water is performed 
every fourth day. Aliquots of overlying water may be gently aerated, if necessary. Analytical 
determinations are conducted according to APHA et al. (1995) and US EPA (1979). 

At the end of the test period, surviving polychaetes may be placed in pre-weighed, oven dried 
aluminum pans (one replicate per pan). Organisms are oven dried for a minimum of six hours 
at 100°C after which each pan is weighed. Mean dry weight of the polychaetes (weight of pan 
and organisms minus weight of pan/number of organisms) is calculated. 

3.8 Data Analysis 

Statistical analyses are performed on percent survival and mean dry weight data. Analysis of 
variance (ANOVA) and either Bonferroni's T-Test or Dunnett's Mean Comparison Test are 
used to analyze significance of effects. Depending on the distributional characteristics of the 
data generated, it may be necessary to use Steel's Many-One Rank Test or the Wilcoxon Rank 
Sum Test instead (US EPA 1994). The methods used are specified in the final report. 
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4. FINAL REPORT 

The final report is prepared to contain, at a minimum, the following information: 

• Objectives and procedures stated in the approved protocol, including 
any changes made to the original protocol 

• Identity of the test article(s) by name or code number and a 
description of any pretreatment 

• Source of the overlying water, its chemical characteristics, and a 
description of any pretreatment 

• Test concentration series used and duration of the assay 

• Mean dry weights of test organisms with the respective standard 
deviations 

• Water quality characteristics (pH, dissolved oxygen, temperature, 
etc.) of overlying water from reference, control and test sediment 
treatments. 

• Any unforeseen circumstances that may have affected the quality or 
integrity of the study 

• Signature of the project manager, senior technical reviewer, and 
quality control officer authorizing release of the report 

• Location of all archived data and the original copy of the final report 
at EA 

Items of data to be included in the report consist of experimental design and test performance, 
effects on general appearance of test organisms (if applicable), morbidity and mortality, 
tabular presentation and appropriate statistical evaluation of water quality characteristics, 
survival, and weight data. 
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5. QUALITY ASSURANCE 

5.1 Amendments to Protocol 

Amendments to the authorized protocol established by EA or by the client are made only after 
proper authorization. Such authorization is achieved by completion of the Protocol 
Amendment Form by EA after consultation with the client. 

5.2 Standard Operating Procedures 

Unless otherwise specified, all procedures given in the protocol are subject to detailed 
Standard Operating Procedures (SOPs) which are contained in the SOP manuals of the 
participating departments. These SOPs and protocols generally follow the type of 
requirements in the U.S. EPA's Good Laboratory Practice Standards (GLPs) (US EPA 1989). 

5.3 Reference Toxicant 

A reference toxicant test, utilizing sodium dodecyl sulfate (SOS), cadmium chloride, or 
another appropriate chemical is used as an internal quality check of the sensitivity of the test 
organisms. Testing is conducted on each population of organisms purchased for testing from 
an outside source if reference toxicant data are not available from the supplier on the acquired 
lot. The results of each test are compared with historical, species-specific toxicological 
information from reference toxicant tests performed at EA, to determine if the results are 
within acceptable limits. Limits are established using the control charts outlined in US EPA 
(1993). 

5.4 Quality Assurance Evaluation 

Studies conducted under this protocol may be subject to internal audit by EA' s Quality 
Assurance Unit. A quality control officer is responsible for monitoring each study to assure 
the client that the facilities, equipment, personnel, methods, practices, records, and controls 
are in conformance with EA's QC program and, if applicable, EPA's GLPs. 

5.5 Inspection by Regulatory Authorities 

In the event of an inspection of EA by an outside authority during the course of the study, the 
client whose study is being inspected will be consulted before examiners are permitted access 
to any of the project records or the experimental areas. 
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(.,. 5.6 Archives 

Copies of project-specific records shall be transferred to the client promptly after the project is 
completed or as negotiated and budgeted. Original primary data are retained at EA for 
5 years. Primary data include chain-of-custody records, laboratory data sheets, records, 
memoranda, notes, photographs, microfilm, and computer printouts that are a result of the 
original observations and activities of the study and which are necessary for the reconstruction 
and evaluation of the study report. 

5.7 Location 

Studies are conducted at the Ecotoxicology Laboratory of EA Engineering, Science, and 
Technology, Inc. at the Loveton Office in Sparks, Maryland. 

6. SPECIFICATIONS OF THE Neanthes arenaceodentata SEDIMENT TOXICITY 
TEST 

6.1 Basic References 

American Public Health Association (APHA) American Water Worlcs Association, Water 
Environment Federation. 1995. Standard Methods for Examination of Water and 
Wastewater, 19th or most recent version. Method 8510: Annelids. APHA, 
Washington, D. C. 

American Society for Testing and Materials (ASTM). 1995. Standard Practice for 
Conducting Acute Tests with Fishes, Macroinvertebrates, and Amphibians. ASTM 
Designation: E 729-80, Philadelphia, Pennsylvania. 

American Society for Testing and Materials (ASTM). 1995. Standard Guide for Conducting 
Sediment Toxicity Tests with Freshwater Invertebrates. ASTM Designation: E 1383-
94, Philadelphia, Pennsylvania. 

American Society for Testing and Materials (ASTM). 1995. Standard Guide for Conducting 
Acute, Chronic, and Life-Cycle Aquatic Toxicity Tests with Polychaetous Annelids. 
ASTM Designation: E1562-94, Philadelphia Pennsylvania. 
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"' EA. 1996. Quality Control and Standard Operating Procedures Manual for EA's 
Ecotoxicology Laboratory. Fifth Revision. EA Manual ATS-102. Internal document 
prepared by EA's Ecotoxicology Laboratory, EA Engineering, Science, and 
Technology, Inc., Sparks, Maryland. 

US EPA. 1988. Short-term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to Marine and Estuarine Organisms. EPA/600/4-87/028. U.S. 
Environmental Protection Agency. Environmental Monitoring and Support 
Laboratory, Cincinnati,._ Ohio. 

US EPA. 1989. Toxic Substances Control Act (TSCA); Good Laboratory Practice Standards. 
Title 40 CFR Part 792. ,&a. Reiist. 54(158): 34034-34074 .. 

US EPA. 1991. Methods for Measuring the Acute Toxicity of Effluents and Receiving 
Waters to Freshwater and Marine Organisms. Fourth Edition. EPA/600/4-90/027. 
U.S. Environmental Protection Agency. Environmental Monitoring Systems 
Laboratory, Cincinnati, Ohio. 

US EPA. 1993. Methods for Measuring the Acute Toxicity of Effluents and Receiving 
Waters to Freshwater and Marine Organisms. Fourth Edition. EPA/600/4-90/027F. 
U.S. Environmental Protection Agency, Environmental Monitoring Systems 
Laboratory, Cincinnati, Ohio. 

6.2 Test Specifications 

Test organism: 

Organism age: 

Aeration: 

Temperature: 

Light quality: 

Light intensity: 
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and Technology, Inc. 

Protocol Revision 1 
September 1996 

Neanthes arenaceodentata 

Recently emerged larvae having approximately 
18-21 setigerous segments. 

Gentle aeration may be provided through a 1-ml 
glass pipet, placed no closer than 2 cm above the 
sediment surface. 

20±1 °C 

Wide-spectrum fluorescent light 

50-100 f.c. 
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Photoperiod: 

Overlying water: 

Test container: 

Test volume: 

No. of replicates: 

No. organisms per replicate: 

Feeding regime: 

Test duration: 

Endpoints: 

Test acceptability: 
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16-hour light, 8-hour dark 

Synthetic seawater or appropriate receiving water 

1-L beakers 

100-200 ml of sediment with 400-800 ml of 
overlying water 

Minimum of three 

5 

175 mg of ground cereal leaves or powdered 
alfalfa in 700 ml deionized water: approximately 
10 ml of suspension, daily per test chamber. 

10 days 

Survival and growth 

May vary depending on regulatory requirements; 
one criterion is 70 percent or greater survival in all 
control replicates. 
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' MD-1 GUIDELINES FOR PERFORMING WHOLE-SEDIMENT BIOASSAYS AND 
WHOLE-SEDIMENT BIOACCUMULATION STUDIES 

1. OVERVIEW 

Whole-sediment bioassays and whole sediment bioaccumulation studies are required for 
evaluation of dredged material proposed for disposal in ocean waters. These evaluations are 
required in response to Section 103 of PL 95-532 (Marine Protection, Research, and 
Sanctuaries Act of 1972) and must follow guidelines established jointly by the Environmental 
Protection Agency and the Corps of Engineers (COE). 

The methods presented generally follow those given in "Evaluation of Dredged Material 
Proposed for Ocean Disposal-Testing Manual, 11 compiled by the U.S. Environmental 
Protection Agency and U.S. Army Corps of Engineers (1991) and Regional Implementation 
Manual, Requirements and Procedures for Evaluation of the Ocean Disposal of Dredged 
Material in Southeastern Atlantic and Gulf Coastal Waters (USACESAD/EPA Region IV 
1993). 

2. DREDGED MATERIAL COLLECTION AND PRESERVATION 

2.1 Sampling Stations 

Sediment and water samples to be collected from designated sampling stations within the 
dredging area will be defined in advance by the COE District. Reference and control 
sediments will be collected at locations specified by the District or EPA Region. 

2.2 Maximum Holding Time 

Dredged material will be used within 14 days of collection. 

2.3 Equipment List 

Noncontaminating (stainless steel) sediment grab or core sampler 

Noncontaminating water sampler 

Acid-rinsed and solvent-rinsed linear polyethylene or polypropylene bottles 
for water samples 

Acid-rinsed and solvent-rinsed glass bottles with Teflon-lined, screw-type lids 
for water samples 

EA Engineering, Science, 
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Polypropylene buckets with lids for collection of dredged material samples 

Ice chests for preservation and shipping of dredged material 

2.4 Dredged Material Sample Collection for Bioassays and Bioaccumulation Studies 

1. Sediment samples will be taken with a corer or grab sampler at designated 
stations. The larger the proposed dredging site, generally the more samples 
will be required for characterization. 

2. Samples will be placed in air-tight polypropylene containers and stored on ice 
at 4 °C. All containers must be completely full and void of any air bubbles. 

3. The samples must never be frozen or dried. 

3. PREPARATION OF DREDGED MATERIALS FOR WHOLE-SEDIMENT 
BIOASSAYS AND BIOACCUMULATION STUDIES 

For preparing sediment samples for whole sediment bioassay and bioaccumulation studies, the 
following procedures will be used. 

L Remove any live organisms by dry sieving the sediment through a 1.0-mm 
screen. All material retained on the sieve is discarded. 

2. Combine and thoroughly mix the reference sediment samples. Combine and 
thoroughly mix the test sediment sample. Combine and thoroughly mix the 
control sediment sample. 

3. Place sediment into test aquaria. 

4. Sediment can be used immediately or stored (at 4 °C in an air-tight 
container) until needed. 

4. PHYSICAL AND CHEMICAL TEST CONDITIONS 

4.1 Test Temperatures 

Test temperatures must be held stable at 20± 1 °C for the N. virens and A. abdita tests and 
15±1 °C for M. nasuta. 
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4.2 Salinity 

The salinity in all test vessels will be maintained at 30 ppt ± 10% for the duration of the test. 

4.3 pH 

The pH of dilution water will be maintained at 8.0±0.2. 

4.4 Dissolved Oxygen Con,eentrations 

Dissolved oxygen must not falJ below 4 mg/L. 

4.5 Air Flow 

Air flow should not exceed 100 bubbles of air per minute unless required to maintain dissolved 
oxygen at ~4.0 mg/L. To avoid undue loss of volatile toxicants, diffuser stones will not be 
used in test aquaria. Instead, glass tubing (3-mm ID) will be used to deliver air to test tanks. 

4.6 Recording Frequency 

For whole sediment testing, temperature, salinity, dissolved oxygen, and pH in the test tanks 
will be measured and recorded on the day of test initiation and at 24-hour intervals throughout 
the test. Daily records will also be kept of obvious organism mortalities, formation of tubes or 
burrows, and unusual behavior patterns. Measurements will be made before and after 
solutions are renewed. 

4.7 Light Duration 

Lighting will be automatically regulated to provide 16 hours of light and 8 hours of dark every 
24 hours. 

5. TEST ORGANISMS 

S.l Organism Handling and Acclimation 

Organisms for testing will be obtained from a biological supplier. All organisms to be used in 
toxicity testing will be gradually acclimated to testing conditions. Selection of test species is 
dependent on test type and purpose. 
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5.2 Holding 

Organisms obtained from biological suppliers usually will be held in the laboratory at least 24 
hours before use in testing. This will allow acclimation to the test temperature and artificial 
seawater and provide an opportunity to assess the general health of the test populations. 

5.3 Feeding 

For the solid phase testing, organisms will be fed on a daily basis at a rate of approximately 
one percent of the total weight of all animals in each tank. Tetramin flake food or 
conditioning food is adequate for N. virens and M. nastuta. 

5.4 Size 

Every attempt will be made to test animals of approximately equal size. 

5.5 Number 

Twenty organisms of each species are used in each test chamber for whole sediment bioassays. 

5.6 Organism Transfer 

Organisms will be randomly assigned to the test chambers. 

6. REFERENCE TOXICANT TESTING 

Reference (standard) toxicant tests will be performed on each acquired lot of organisms used in 
the solid phase testing to evaluate the sensitivity and general health of the organisms. Sodium 
dodecyl sulfate will be used as the toxicant. Modifications to the reference toxicant testing 
methods can be implemented to comply with the specific requirements set forth by the COE 
and the EPA. 

7. CONDUCTING WHOLE-SEDIMENT BIOASSAYS 

7 .1 Equipment and Materials 

• 110-volt circulating pump 
• 10-gal aquarium test tanks 
• 20-gal aquarium holding tanks 

EA Engineering, Science, 
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• Walk-in test chamber • 50-gal. saltwater holding barrel 
• Air blower and air lines • Tygon tubing 
• Aeration pipets • Sediment scoops 
• 5-gal carboys • Meter stick 
• glass renewal plates • Sieve screens 
• 5-gal buckets • Dechlorinated water 
• Synthetic sea salt mixture • Refrigeration 
• Calibrated thermometer • pH meter 
• Salinity/conductivity meter • Dissolved oxygen meter 

7 .2 Test Organisms 

1. Whole-sediment 10-day bioassays will be conducted with appropriately 
sensitive benthic marine organisms. RIM Guidelines recommend use of 
Nereis virens and Ampelisca abdita. 

2. Each test tank will contain a minimum of 20 organisms of each species. 

7 .3 Glassware Cleaning 

Glassware to be used in the tests will be cleaned according to the general toxicology laboratory 
procedures for cleaning test containers and equipment, as recommended by U.S. EPA. 

7 .4 Test Procedures 

Each whole-sediment bioassay will consist of five replicates (e.g., 10 gallon aquaria) for each 
test sediment, reference sediment, and control sediment. 

1. Add enough sediment to provide an even layer of approximately 50-mm on 
the bottom of each aquaria. 

2. Add 10 L of artificial seawater to each aquaria. 

3. Let sediment settle overnight. 

4. Place organisms into sorting trays and randomly distribute to all of the test 
tanks, until 20 organisms are placed in each tank. 
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5. Renew solutions in each test tank daily. This is accomplished by siphoning 
solution from the tank to a level approximately 2 cm above the sediment 
surface. Artificial seawater is slowly introduced to each tank so as not to 
disturb the sediment surface unnecessarily. Pouring water alongside a glass 
plate fitted to the tank dimensions reduces turbulence in the tank. 

7 .5 Observations 

The following observations will be made and recorded initially and at 24-hour intervals on 
solutions before and after renewal: 

Salinity 
Temperature 
Dissolved oxygen 
pH 
Observations of obvious mortalities and unusual behavior patterns. 

7 .6 Test Duration 

Whole sediment bioassays will be conducted for 10 days. 

7. 7 Organism Recovery 

At the end of the testing period, organisms will be recovered in the following manner: 

1. Siphon solutions from test tanks. 

2. Remove large organisms (clams, polychaetes) by gently hand-combing 
sediment. Smaller organisms should be recovered by sieving sediments 
through a screen of appropriate mesh size. 

a. Consider organisms alive if they show any response to gentle 
probing. 

b. Sublethal effects such as partial paralysis, inability to burrow, or 
inability to excavate burrows will be recorded. 

c. Specimens not recovered must be considered dead. 
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d. Count and record living organisms at the end of the test. 

7 .8 Data Recording 

Each set of data recorded must be initialed by the person making that entry. The following 
items will be recorded on data sheet for whole-sediment bioassays. 

Date 
Test organism r 

Treatment-reference, control or test site 
Replicate number 
Time of day 
Temperature 
Salinity 
Dissolved oxygen 
pH 
Number of any dead test organisms observed daily 
Species lot number 
QC test number 

7 .9 Reference Toxicant Testing 

Reference toxicant tests will be performed on acquired lots of organisms used in the whole 
sediment bioassays to evaluate the sensitivity and general health of the organisms. 
Modifications to the reference toxicant testing methods can be implemented to comply with the 
specific requirements set forth by the COE and EPA. 

7 .10 Data Presentation 

The data will be summarized in tables which includes the scientific names of the test species, 
the number of animal tested, and the percentage of animals recovered alive from each test 
chamber. 

7 .11 Statistical Analysis 

The hypothesis will be tested that responses observed for organisms exposed to test sediments 
are not statistically different from the responses observed for organisms exposed to reference 
sediments. Specific methods for calculating significant differences are given in the 1991 
EPA/COE Testing Manual referenced above in Section 1.0. 
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8. CONDUCTING WHOLE-SEDIMENT BIOACCUMULATION STUDIES 

8.1 Equipment and Materials 

Refer to Section 7 .1 (Equipment and Materials). 

8.2 Test Organisms 

Consideration must be given to-the size and number of test organisms tested. There must be 
enough tissue in the resulting sample for the number and kinds of chemical analyses to be 
performed. Relatively immobile species that are fairly large, such as bivalves or large 
polychaetes, usually are the most desirable organisms for bioaccumulation testing. 

8.3 Glassware Cleaning 

Glassware to be used in the tests will be cleaned according to the general toxicology laboratory 
procedures for cleaning test containers and equipment, as recommended by U.S. EPA. 

8.4 Test Procedure 

Five replicates of test sediment, control sediment, and reference sediment will be tested. The 
test tanks are prepared as described for whole sediment bioassays (Section 7.4), including the 
addition of the organisms to the test tanks. 

8.5 Observations 

The following observations will be made and recorded initially and at 24-hour intervals before 
and after solution renewals. 

Salinity 
Temperature 
Dissolved oxygen 
pH 
Observations of obvious mortalities and unusual behavior patterns. 

8.6 Duration 

Organisms will be tested for either 10 or 28 days, depending on the classes of chemicals (i.e., 
metals, organics) that must be analyzed in tissue samples. 
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(., 8. 7 Organism Recovery 

1. Transfer organisms to clean salt water-holding tanks with no 
sediment to purge their digestive tracts at least 24-hours. 

2. Do not feed the organisms. 

3. Siphon the fecal material at least once during the depuration period. 

4. As observed, record, remove, and discard any organisms that die. 

5. Organisms are now ready for preparation and analysis of tissues. 
Defme analysis desired, preparation required, and proceed 
accordingly. 

8.8 Reference Toxicant Testing 

Reference toxicant tests will be performed on each acquired lot of organisms used in the 
whole-sediment bioaccumulation studies to evaluate the sensitivity and general health of the 
organisms. Modifications to the reference toxicant testing methods can be implemented to 
comply with the specific requirements set forth by the COE and EPA. 

8.9 Data Presentation 

Data will be summarized in tables that include concentrations of chemicals analyzed in tissues 
of test organisms in each reference and test replicate. 

8.10 Statistical Analysis 

The hypothesis will be tested that chemical concentrations analyzed in organisms exposed to 
test sediments are not statistically different from chemical concentrations analyzed in 
organisms exposed to reference sediments. Specific statistical procedures are given in the 
1991 EPA/COE Testing Manual referenced in Section 1.0. 

9. QUALITY ASSURANCE 

The following is a brief synopsis of the Quality Assurance Program followed by EA' s Aquatic 
Toxicology Laboratory. A more detailed overview of EA Is Quality Assurance Program can be 

EA Engineering, Science, 
and Technology, Inc. 

Protocol Revision 1 
September 1996 Page 9 of 11 



PROTOCOL ATS-MOB-DM-01 

(.. found in the Aquatic Toxicological Studies Quality Control and Standard Operating Procedures 
Manual (SOP's) (EA 1996). 

9 .1 Quality Assurance Program Applicability 

Amendments to the authorized protocol established by EA or by the client will only be made 
after proper authorization. Such authorization is achieved by completion of the Amendment to 
Protocol Form by EA after consultation with the client. 

9 .2 Reference Toxicant 

A reference toxicant test, utilizing sodium dodecyl sulfate (SOS), cadmium chloride, or other 
appropriate chemical is used as an internal quality check of the sensitivity of the test 
organisms. Testing is conducted at least once monthly on organisms which are cultured 
in-house and on each population of organisms purchased for testing from an outside supplier if 
reference toxicant data is not available on the acquired lot. The results of each test are 
compared with historical, species-specific toxicological information from reference toxicant 
tests performed at EA, to determine if the results are within acceptable limits. Limits are 
established using the control charts outlined in US EPA (1993). 

9 .3 Quality Assurance Evaluation 

Studies conducted under this protocol are subject to internal audit by EA' s Quality Assurance 
Unit. A quality assurance officer is responsible for monitoring each study to assure the client 
that the facilities, equipment, personnel, methods, practices, records, and controls are in 
conformance with EA's QA program. 

9.4 Inspection By Regulatory Authorities 

In the event of an inspection of EA by an outside authority during the course of the study, the 
client will be consulted before inspectors are permitted access to any of the project records or 
the experimental areas. 

9.5 Archives 

Copies of project-specific records shall be transferred to the client promptly after the project is 
completed or as negotiated and budgeted with each client. Original primary data will be 
retained at EA for 5 years. Primary data include laboratory data sheets, records, memoranda, 
notes, photographs, microfilm, and computer printouts that are a result of the original 
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observations and activities of the study and which are necessary for the reconstruction and 
evaluation of the report of the study. 

9.6 Location 

This study will be conducted by the Ecotoxicology Laboratory, EA Engineering, Science, and 
Technology at the Loveton Office, Sparks, Maryland. 
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3.0 Statement of Policy 
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The Brooks Rand, Ltd. (BRL) Analytical Services Division is committed to sound and useful 
Quality Assurance/Quality Control management practices resulting in the production of quality 
analytical data for environmental samples. The principal focus of the analytical laboratory is to 
provide specialized analytical services for trace metals in environmental samples with an 
emphasis on ultra-low detection limits, metals speciation and unusual or non-routine matrices. 

We recognize that the achievement of obtaining quality data depends on an effective and 
consistent quality control program. Our quality control program is implemented through a team 
effort across the entire laboratory group, from management to laboratory analysts. A listing of 
the general considerations and objectives of the overall program are as follows: 

• Sample integrity must be preserved. Integrity is preserved by following documented and 
accepted sample handling procedures for the preservation, custody, storage, labeling, and 
record keeping associated with samples received by the laboratory. 

• Approved analytical methods must be followed. Analytical methods and related procedures 
are readily available. These are read and followed by all analysts. The results from quality 
control tests and from sample analyses are regularly evaluated to identify method weaknesses 
and/or to detect a need for further analyst training. 

• The analytical instrumentation must be in proper working order. Determination of 
instrument performance through the use of calibration and other performance evaluation 
samples, and through preventive maintenance, is documented on a real-time basis. 
Calibration of the instruments is performed as part of the analytical procedure. 

• Raw data must be properly reduced and accurately transcribed to the proper reporting 
format. Various levels of data review from acquisition to the final report are incorporated in 
order to reduce possibilities of error. 

• The laboratory-specific accuracy (precision and bias) of analytical methods must be 
documented and monitored on a continuing basis. Data from analyses are monitored using 
control charts to assess continuing performance and to detect trends. 

All of the above considerations are documented to determine the quality of the data. Subsequent 
sections of this manual will detail the various elements of the quality assurance (QA) program 
developed and practiced by the laboratory. 
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The success of the Quality Assurance/Quality Control management practices is achieved through 
the efforts of the entire staff at BRL. 

4.1 Capabilities of Organization 

BRL is a chemical analytical laboratory primarily providing analytical services for trace metals in 
environmental samples. BRL specializes in providing the lowest detection limits commercially 
available, metals speciation, and analysis of unusual or non-routine matrices. Analytical 
capabilities include*: 

aluminum (Ahota1) lead {Pbrota1) 
antimony (Sbrota1) manganese (MnTotal, Mnn, MnIV) 
arsenic (Asrota1, Asm, As v, ASorgarucs) mercury (Hgrota1, CHJHg+, HgS, Hg11, Hg°} 
beryllium {BCTota1) nickel (Ni1ota1) 
cadmium (Cdrota1) selenium (SCTota1, Seiv, Se VI) 
chromium (Crr0ta1, cr111, Cr VI) silver (Agrota1) 
cobalt (C0rota1) thallium (Tlrota1) 
copper(Curota1) tin(Snrota1,Sllorganics) 
iron (FCTota1, Fen, Fem) zinc (Znrota1) 
All metals can also be analyzed for the total recoverable and dissolved fractions 

Alkalinity Lab pH 
Conductivity Solids - Total 
Cyanide (total, amenable) - Suspended 
Hardness (total, temporary) - Dissolved 
*Florida State Dept. of Environmental Protection approves only those methods listed in section 5. 

4.2 Duties and Responsibilities of Personnel 

The laboratory staff are organized in such a way that all analytical personnel are trained in a variety 
of laboratory duties. While each person is familiar with many aspects of laboratory work, 
individuals are specialized in their area of primary responsibility. The laboratory staff, supporting 
personnel and their responsibilities are listed in Table 4.2. The QA Officer of BRL functions in 
other positions, but his role as QA Officer is separate and distinct from all other responsibilities for 
any specific project. 

4.3 Organizational Chart 

An organizational chart showing lines of responsibility is shown as Figure 4.3. 
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Table4.2 
MAIN RESPONSIBILITIES OF BRL LAB STAFF 

Title 
Senior Research Scientist 

QA Management 

Responsibilities 
Method Development 
Method Improvement and Troubleshooting 

Compile and Submit QA Plans 
Data Review 
Control Charts 
Internal Laboratory Audits 
Training of Personnel 
Document Control 
Lab Accreditations 

Name 
R. Paul Swift, Ph.D. 

Colin Davies 
Becky Els* 

Project Management Manage Client Projects R. Paul Swift, Ph.D. 

Lab Manager 

Analytical Technicians 

Sample Custodian 

Marketing 

Ensure client requirements and expectations are met 

Sample Analysis Scheduling 
General Management of Lab and Employees 
Sample Tracking 

Trace Metals Analysis 
Sample Preparation 
Quality Control Analysis 
Instrument Calibration and Documentation 
Reagent and Standard Prep. and Documentation 

Sample Receipt 
Sample Disposal 
Sample Storage 
Bottle Decontamination 
Bottle Shipping 

Proposal Coordination 
Contract Review 
Manage all Marketing Efforts 

BRL Consultants to Lab Division 
Chemistry 

Lab and Project Management 

•Alternate 

Rick Manson 

Traca Fragomene 
Patrick Moore 
Rick Manson 
Becky Els 
Paul Swift* 

Becky Els 
Patrick Moore* 
Traca Fragomene* 

Colin Davies 

Craig Brown, Ph.D. 
R. J. Brooks, M.S. 

Colin Davies 
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ANALYTICAL SERVICES ORGANIZATIONAL CHART 
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5.0 Quality Assurance Objectives 

5.1 Sample Preparation Methods 

Sample Prep. 
Method Number 

EPA200.2 
EPA200.3 

Description 
HNO3,HCI 
HNO3,H2O2 

Table 5.1 
Sample Preparation Methods 

Matrix 
SA/DW/SW/GW/SED/EFF 

BIO 

For these Analytical Methods: 

EPA 200.9, 220.1, 236.1, 239.1, 249.1, 289.1 
EPA 200.9, 220.1, 236.1, 239.1, 249.1, 289.1 

BRL primarily utilizes the preparation methods listed above; other sample preparation methods may be 
used upon request for specific enforcement or compliance-based contracts. The Sample preparations listed 
above may also be used for analytical methods EPA 220.1, 236.1, 239.1, 249.1 and 289.1 for research 
applications only. 

5 .2 Analysis Methods 

All analytical method capabilities of BRL are listed in Table 5.2 along with the QA objectives for each 
analyte and method. Acronyms used in Table 5.2 are as follows: 

EPA -
SM 
NA 
MDL -
PQL 
MOD -
DW -
SW 
GW -
SEO -
s 
EFF -
BIO -
SA 
w 
BR 
ALL -

refers to methods found in any EPA accepted source 
Standard Methods 
Not Applicable 
Method Detection Limit 
Practical Quantitation Limit 
Modified Method 
Drinking Water 
Surface Water 
Ground Water 
Sediments (includes domestic sludges) 
Solid 
Effluent 
Sample from biological matrices (tissues, muscle, shellfish etc.) 
Saline Waters 
Water including surface water, groundwater and wastewater 
Brooks Rand Procedure 
All matrices including DW, SW, GW, SEO, S, EFF, BIO, SA 
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Table 5.2 
Quality Assurance Objectives for Analytical Methods 

Precision Cone.• Accuracy Water Solids 
Method No. Matrix Analyte %RPD Range % MDL in MDLinyg{g -EPA200.9 SA/DW/SW/GWIBFF Ag 2()0/42 M 80.120%2 0.085 
EPA200.9 SED/S/BIO Ag 35%2 M 65-135%2 0.052 

EPA200.9 SA/DW/SW/GWIBFF Al 20%2 M 80.120%2 7.82 

EPA200.9 SED/S/BIO Al 35%2 M 65-135%2 0.782 

EPA200.9 SA/DW/SW/GWIBFF As 20%2 M 80.120%2 0.52 

EPA200.9 SED/S/BIO As 22% M 65-135%2 0.052 

EPA 1632 SA/DW/SW/GW As, Inorganic 20%2 M 55-146%2 0.0022 

EPA200.9 SA/DW/SW/GW/EFF Be 20%2 M 80.120%2 0.022 

EPA200.9 SED/S/BIO Be 35%2 M 65-135%2 0.0022 

EPA 1637 SA/DW/SW/GWIBFF Cd 20%2 M 70.116%2 0.00742 

EPA 16393 SA/DW/SW/GW/BFF Cd 20%2 M 64-145%2 0.0232 

EPA200.9 SA/DW/SW/GW/EFF Cd 20%2 M 90-120% 0.05 
EPA200.9 SED/S/BIO Cd 35%2 M 65-135%2 0.005 
EPA200.9 SA/DW/SW/GW/EFF Co 20%2 M 80-120%2 0.72 

EPA200.9 SED/S/BIO Co 35%2 M 65-135%2 0.072 

EPA200.9 SA/DW/SW/GWIBFF Cr 20%2 M 80-120%2 0.12 

' 
EPA200.9 SED/S/BIO Cr 35%2 M 65-135%2 0.01 2 

EPA 163~ SA/DW/SW/GW/EFF er111 20%2 M 74-131%2 0.12 

EPA218.5 SA/DW/SW/GW/EFF Crvi 20%2 M 80-1202 2.32 

EPA220.1 SA/DW/SW/GW/EFF Cu 20%2 M 80.120%2 1002 

EPA220.1 SED/S/BIO Cu 35%2 M 65-135%2 102 
EPA200.9 SA/DW/SW/GW/EFF Cu 20%2 M 80.120%2 0.72 

EPA200.9 SED/S/BIO Cu 35%2 M 65-135%2 0.072 

EPA236.1 SA/DW/SW/GW/EFF Fe 20%2 M 80-120%2 1202 

EPA236.1 SBD/S/BIO Fe 35%2 M 65-135%2 122 

EPA200.9 SA/DW/SW/GW/EFF Fe 200.4.2 M 80-120%2 12 

EPA200.9 SBD/S/BIO Fe 35%2 M 65-135%2 o.t2 
EPA245.1 SA/DW/SW/GW/EFF Hg 11% M 74-123% 0.2 
EPA245.5 SED/S Hg 11% M 65-135%2 0.2 
EPA 1631 (MOD) SA/DW/SW/GW/EFF Hg 200/o M 80.115% 0.0001 1 

EPA 1631 (MOD) SED/S/BIO Hg 23% M 83-121% 0.00011 

BR-0011 SA/DW/SW/GW/EFF Hg, Monomethyl 24% M 53-121% o.oooos1 

BR-0011 SED/S Hg, Monomethyl 23% M 71-115% 0.0001 1 

BR-0011 BIO Hg, Monomethyl 22% M 73-117% 0.001 1 

EPA200.9 SA/DW/SW/GW/EFF Mn 20%2 M 80.1200/42 0.32 

EPA200.9 SED/S/BIO Mn 35%2 M 65-135%2 0.032 

EPA 163~ SNDW/SW/GW/EFF Ni 20%2 M 65-145%2 0.652 

EPA 249.l SNDW/SW/GW/EFF Ni 20%2 M 80-120%2 40 
EPA249.1 SED/S/BIO Ni 35%2 M 65-135%2 4 
EPA 200.9 SA/DW/SW/GW/EFF Ni 20%2 M 80-120%2 0.6 
EPA200.9 SED/S/BIO Ni 35%2 M 65-135%2 0.06 
EPA 1637 SA/DW/SW/GW/EFF Pb 20%2 M 60-120%2 0.031 

(., EPA239.1 SA/DW/SW/GW/EFF Pb 200/42 M 80-1200/42 1oo2 
EPA239.l SED/S/BIO Pb 35%2 M 65-135%2 102 



' 

' 

BRLCompQAP 
Section: 5.0 
Date: 10/22/98 
Page3 of3 

Table 5.2 (continued) 
Quality Assurance Objectives for Analytical Methods 

Precision Cone.• Accuracy Water Solids 
Method No. Matrix Analyte %RPD Range % MDL in MDl.inl!&(J 

J.!8lL 
EPA200.9 SA/DW/SW/GW/EFF Pb 22% M 70-123% 0.6 
EPA200.9 SED/S/BIO Pb 35%2 M 65-135%2 0.072 

EPA 16393 SA/DW/SW/GW/EFF Sb 20%2 M 18-150%2 1.~ 
EPA200.9 SA/DW/SW/GW/EFF Sb 20%2 M 80-1200/4 2 0.8 
EPA200.9 SED/S/BIO Sb 35%2 M 65-135%2 0.08 
EPA 1639' SA/DW/SW/GW/EFF Se 20%2 M 56-131%2 0.832 

EPA200.9 SA/DW/SW/GW/EFF Se 20%2 M 80-120% 0.6 
EPA200.9 SED/S/BIO Se 35%2 M 80-115% 0.13 
EPA200.9 SA/DW/SW/GW/EFF Sn 20%2 M 80-120%2 1.72 
EPA200.9 SED/S/BIO Sn 35%2 M 65-135%2 0.172 

EPA200.9 SA/DW/SW/GW/EFF Tl 200/42 M 80-120%2 0.72 
EPA200.9 SED/S/BIO Tl 35%2 M 65-135%2 0.072 

EPA 16393 SA/DW/SW/GW/EFF Zn 20%2 M 67-142%2 0.142 

EPA289.1 SA/DW/SW/GW/EFF Zn 20%2 M 80-120%2 5 
EPA289.1 SED/S/BIO Zn 35%2 M 65-135%2 0.5 
EPA200.9 SA/DW/SW/GW/EFF Zn 20%2 M 80-120%2 0.3 
EPA200.9 SED/S/BIO Zn 35%2 M 65-135%2 0.03 
EPA310.2 SA/DW/SW/OW/EFF Alkalinity 14%2 M 90-100%2 2mg/I} 
EPA 120.1 SA/DW/SW/GW/EFF Conductivity 13%2 M 85-105%2 1 µmho/cm2 

EPA 130.2 OW/SW/SA Hardness 13%2 M 90-1000/42 2mg/I} 
EPA 150.1 DW/SW/SA/EFF LabpH 5%2 M 96-102%2 0.1 pH unit' 
SM2540D DW/SW/SA/GW/EFF T.S.S. 12% M 90-100% lmg/L 
SM2540B S/SED/BIO %Solids 5% M 95-105% 0.01 % 

* Concentration range is for both precision and accuracy. 
l MDLs have been calculated based on the 40 CFR 136, app. b protocol of determining method 

detection limits unless noted otherwise. 
2 Values are published method values due to insufficient data for in-house criteria 

3 
determination. In-House targets will be provided when available. 
This method is functionally the same analytically as EPA Method 200.9, but method 1639 is 
specific for ambient water and includes protocols for trace level sample handling. 

All values for in-house determined precision and accuracy criteria are control limits set at 2x 
standard deviation. 

For all GFAA and FLAA methods: 
1) Precision criteria are only valid if the sample result is> 5 times the MDL (or CRDL). 
2) If sample result is < 5 times the MDL, precision criteria for waters is that the 

duplicate precision must be < than the value of the MDL, and for solids the duplicate 
precision must be less than 2 times the MDL 

3) Precision criteria for duplicate injections are ± 20% for all matrices 
4) Accuracy criteria are only valid if the sample result is less than 4 times the spike 

added. 



C 

6.0 Sampling Procedures 

6.1 Sampling Capabilities 

BRLCompQAP 
Section: 6.0 
Date: 1 0fJ.2/98 
Page 1 of7 

BRL does not normally conduct field sampling; therefore, the following Sampling Procedure 
topics are not addressed: Sampling Equipment, Sampling Protocols, Field Sample 
Documentation, Sample Dispatch, Field Reagent and Standard Storage, and Field Waste 
Disposal. 

6.2 List of Equipment Provided for Sampling 

Table 6.1 
Equipment Provided for Sampling 

Construction 
Teflon - FEP, PF A 
LDPE,HDPE PPE 

Sam le Coolers Plastic 

Gloves, Clean Room wdered 

Trace Metals, except Hg 

Trace Metals 

BRL may include the preservative solution in the sample containers, in which case a proper 
volume of the appropriate preservative will be added using a pipette and acids that have been 
pretested for the analytes of concern. Sample containers to be shipped to clients (samplers) are 
all double bagged in ziploc bags and packaged in a clean cooler. 

6.3 Decontamination Procedures 

All metals except Hg 
BRL only supplies sample containers for mercury analyses and iron speciation. For all 
other parameters, it is the responsibility of the field sampling organiution to provide their 
own sample containers. 

Cooler/shipping containers 
All coolers must be washed with DI water and alconox , triple rinsed with DI water, and 
allowed to air dry prior to use for storing and/or shipping samples or sample containers. 
Appropriate sample containers are individually bagged and placed in the coolers to make 
a sampling kit. Sampling kits are sent via freight carrier (UPS, Airborne, FedEx) to the 
sampling team. 

For mercury 
Due to the historical problems of false positive results from mercury contamination, it is 
extremely important that all water samples are collected in rigorously acid-cleaned 
Teflon• containers. The method for decontamination of Teflone bottles follows: 
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1. DESCRIPTION 
A. Definition: Removal of any trace element contaminate in sample vessels to ultra-trace 

levels. 
B. Scope: One of the most important tasks in the laboratory is bottle decontamination. 

The bottles are used for a variety of tasks, including sample collection, storage of 
samples for laboratory analysis, and preparation and storage of reagents. This protocol 
will outline the bottle cleaning process, and point out the basic precautions to ensure 
bottle cleanliness to ultra-trace levels. 

C. Summary: Once identified as requiring cleaning (SOP BR-0303), the sample 
container is emptied of its contents, rinsed and cleaned, rerinsed, and acidiffod for 
storage until use. 

2. EQUIPMENT AND MATERIALS 
Concentrated Nitric Acid, 70-71% 
Concentrated HCl, 35-37% 
Teflon® cylindrical vats (for Nitric), and rectangular polypropylene vats (for HCl). 
Safety Gear (See section 3C "Safety Gear" for safety equipment) 

3. PROCEDURE 
A. Preparation of dirty bottles 

After sample disposal is authorized (See BR-0303), the contents of the sample 
container can be disposed and then the sample container can begin the decontamination 
process. 

Safety Note: Several of the reagents used in the mercury analysis are hazardous, and 
produce fumes which may be harmful, causing such immediate health problems as 
headaches and sore throats. One of these reagents, bromine monochloride, can be 
identified by its yellow color and distinctive odor and it must be reduced with 
hydroxylamine hydrochloride before further disposal. Sample disposal procedures are 
located in BR-0303 and must be followed. Goggles and gloves should be worn at all 
times. 

After the sample has been disposed, rinse out the vessel and cap in order to remove 
any chemical residue. Sample vials must be washed with a brush and soap and water to 
remove any residue. Water in sample bottles will bead-up if there is no residue; when 
rinsing sample bottles, if the water does not bead-up, the bottle(s) must be washed with a 
brush and soap and water. The vessel(s) can then be placed in a dirty bottle bin. 
B. The acid vats: 

Of all the steps involved in the decontamination of vessels, the most potentially 
dangerous are those where the vessels are placed in and removed from the acid vats. 
Although serious injury could possibly occur, the probability of injury can be greatly 
reduced by following common sense precautions as discussed below. There are three 
Teflon® vats and two polypropylene vat which are currently used for bottle washing. All 
acid vats are kept in the fume hoods inside the decontamination room. The Teflon® vats 
contain SN nitric acid (HNO3), the large rectangular vat contains 6N HCl and the small 
rectangular vat contains 1.2N HCl. 
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Safety Note: In case of skin contact, wash the exposed area with copious amounts of water. 
Sodium bicarbonate (NaHCO3) is kept near the acid room for neutralizing any acid which 
may contact the skin. Soda ash is also be kept nearby to neutralize any acid spills. 

The vats are the most dangerous when the acid is hot. The chance of a severe bum is 
greatly increased, and the gloves cannot withstand prolonged exposure to hot acid. 
Therefore, NEVER STICK YOUR HAND INTO A HOT ACID VAT!!! Always allow 
the vats to cool. The nitric vats and the 1.2N HCI vat usually take approximately 5-6 
hours to cool. Due to the large size of the 6N HCI vat, it should be allowed to cool 
overnight. The cooling process can be speeded up by removing the lid and/or by 
removing the heating element from the vat. Removing the lid, however, will release a 
tremendous amount of acid fumes. Although these fumes are efficiently vented to the 
outside, removal of the hot acid vat lids should only be done when sample container 
needs are urgent. 

When the acid vats are properly cooled, they may be emptied of clean sample 
containers and filled with dirty or new containers. 
C. Safety Gear: 

As with all lab work, a lab coat must be worn at all times. A safety shower is located 
next to the acid vat room. All personnel must be aware of the safety shower location and 
operation. The following minimum amount of gear must be worn at all times while 
working with the Nitric acid vats: "Silver Shield" chemical resistant gloves (as liners), 
"Silver Shield" chemical resistant sleeves, "Playtex" gloves as an outer layer glove, a 
green rubber apron, eye glasses or goggles, and a face shield.. Protective eye glasses or 
goggles are not a substitute for the face shield-both must be worn! 

While working with the HCl vat, a lab coat, rubber apron, face shield and eye glasses 
or goggles, and "Viton" black extra-long gloves must be worn, to ensure safety and 
compliance with BRL safety regulations (see the BRL Chemical Hygiene Plan for further 
details). Due to the venting of fumes, a respirator mask is not required. 
D. Filling the acid vats: 

Only items which are made of Teflon® or glass can be cleaned in the vats. Teflonci 
bottles can be identified by the blue hue or by the identification stamp "FEP" on the 
bottom of the bottle. Any other materials such as polypropylene (marked with ''PP") will 
degrade in the cleaning process. All vials used for sediments must be cleaned in the nitric 
acid vats. In addition, all bottles used for high level standards and samples that exceed 
the analyte limits for disposal down the drain set in SOP BR-0303 must be cleaned in the 
nitric vats. 

Each cylindrical vat (nitric) should be filled approximately 2/3 to 3/4 full with acid. If 
the vats are filled any deeper there is a risk of acid running over into the user's gloves or 
onto the counter when bottles are placed into the vats. Each vat has the capacity to hold 
approximately 17-19 (125 mL) bottles, 8-10 (250 mL} bottles, or 3 (IL} bottles. All 
bottles and caps should be carefully placed and arranged in the vat so that acid covers the 
entire bottle inside and out. 

All new Teflon® bottles must remain in a vat with heated hydrochloric acid for no less 
than 48 hours at a temperature of 70 ± 10° C. On the third day, the vat may be turned off, 
cooled and later emptied. All old or dirty bottles should be cleaned in a vat containing 
either nitric or hydrochloric acid for no less than 24 hours. If the bottles are extremely 
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dirty (i.e. stained or used for high level samples) they should be cleaned in nitric acid for 
24 to 48 hours. Bottles that contained water samples higher than 200ng/L but below the 
disposal limit of 200µg/L should be heated for 48 hours in the 50% hydrochloric acid vat, 
unless the sample custodian or lab manager determines that extended cleaning in nitric 
acid is more appropriate. 

If time permits, it is best to load sample containers into the vats and allow them to 
heat up overnight. Vats should be left on the entire next day and turned off just prior to 
leaving work. Vats are then allowed to cool overnight, and can be emptied and reloaded 
the following day. See SOP BR-0303 for further requirements for cleaning based on 
sample analyte concentrations. 

Caution: Watch for acidic condensation on the lid of the vat and drippings on the floor. 
These can be cleaned up with rags. 

Note: All new bottles, tubing, or other Teflon• materials must be cleaned for 48 hours
bottles in the HCl vat, and tubing, vials and other Teflon• items in the nitric vats. 
E. Emptying the acid vats: 

After the vats have been heated for the appropriate length of time, they should be 
turned off and allowed to cool as stated above. For nitric vats, after turning off the 
power, remove the heating pads from the vats. After allowing an appropriate amount of 
time for cooling, place the rectangular rinsing vat (containing clean DI H20) into the 
fume hood next to the vat to be emptied. Rinse the nitric vat lids in the rinsing vat to 
remove any condensed nitric acid. The water in the rinsing vat should changed at least 
every week to ensure cleanliness (to avoid contamination) and to ensure that the water 
does not get too acidic. 

Safety Note: As always, wear the proper safety gear when working with the acid vats!!! 
To retrieve a vessel from the vat, stick your gloved hand into the acid and carefully 

remove it. Be careful not to splash the acid while removing the vessel because it will ruin 
equipment and damage clothing. Pour the acid from inside the vessel back into the vat, 
and place the empty bottle into the rinsing vat. When removing items from the vat be 
careful to prevent acid from spilling over into your glove. Bottle lids can be cleaned by 
placing them in a glass beaker inside the vat. This makes removal of the lids both safer 
and faster. The beaker can then be removed and the acid carefully drained back into the 
acid vat. Repeat this procedure for each vat and for both types of acids, nitric or 
hydrochloric. Once the vats are empty they may now be filled again with dirty or new 
vessels. If the vats are not to be used they should be left in the fume hoods in the acid 
room with lids on and the heat off. 
F. Rinsing the bottles: 

Remove the bottles from the rectangular rinsing vat and wash them under the de
ionized water faucet. Rinse them three times inside and out, filling the vessel and 
allowing it to overflow the rim each time. After rinsing the vessel the third time, fill the 
vessel with water up to the inside rim just below the threads on the vessel neck. Place the 
filled vessel in the clean air hood. Also, rinse the lids to each bottle and place them in the 
clean air hood to dry. 

Precautionary Note: Always wear vinyl clean-room lab gloves when rinsing the bottles for 
two reasons: 1) the rinsing vat, which contains water, will become acidic after repeated 
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use and will cause irritation to the skin, and 2) clean-room gloves will prevent 
contamination of the bottles. 
G. Storing the clean bottles: 

All bottles should be acidified by adding 1.0 mL of hydrochloric acid per 125 mL. 
Bottles cleaned in nitric acid should be acidified with HCI that contains 0.8% 
hydoxylamine HCI. These ( capped) bottles should then be placed into the drying oven 
over night at a temperature of about 55° C. The next day the oven should be turned off 
and the bottles removed. Bottles should then be triple rinsed again, and acidified with 
0.5mL HCI per 125mL. At this stage, all bottles receive the same HCl for acidification. 
After they have dried in the clean air hood, containers should be bagged by size with the 
Julian date preceded by the last two digits of the year (i.e. 94-236) marked with 
permanent ink on the bag. 

4. Quality Assurance 
A. Bottle blanks: 

Two bottles from every cleaning batch are analyzed for Hg coDtamination and 
recorded in the bottle blank logbook. Before analyzing bottle blanks, each cleaning batch 
is quarantined in the storage bins and no bottles are put into regular service. Bottles must 
be wider 0.2ng/L for the cleaning batch to be put into service. (Teflone vials and jars, as 
well as any glassware, are generally put into service without analyzing bottle blanks.) 
Bottles are then stored in the bottle storage bins and vials are stored in the upstairs clean 
lab. 
B. Acid vat testing: 

As an added safeguard to ensure that bottles will be decot1taminat:ed sufficiently, all 
acid vats are tested for mercury once a month. For gathering acid vat samples for testing, 
5 mL from each vat should be pipetted into sample bottles which are then diluted to 100 
mL. These samples are then logged in wider project # BRL003. If acid vat 
concentrations exceed 100 µg/L then the acid from that vat should be removed into a· 
neutralizing vessel, the acid neutralized and then disposed of according to sample 
disposal guidelines set in SOP BR-0303. 

Nitric vats also should have 25 mL of BrCl added to them once per month to ensure 
complete oxidation of methylmercury. It has been demonstrated that methylmercury does 
not completely oxidize in hot nitric acid, and therefore this step ensures that containers 
will not be contaminated for methylmercury. 

6.4 Sample Preservation, Holding Times, Container Types, Required Sample 
Volumes 

All preservation reagents used by BRL are analytical grade or better. For mercury, samples 
should be sent to BRL on ice via overnight delivery where they will be preserved with pretested 
ultratrace HCI. For all other parameters, the field sampling crew can add the appropriate 
preservative (See Table 6.2) or should send samples overnight to be preserved at BRL. Sample 
bottles for mercury analysis are all document:ed for cleaning and sample bottles shipped to clients 
are tracked for each project. For projects where ultra-trace contaminants are not of concern, BRL 
recommends immediate field preservation using appropriate preservation reagents ( sampling 
company is responsible for these preservation supplies). 
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Table 6.2 
Summary of Sample Containers & Preservatives 

Parameter Min.• Vol. Container Means of Preservation 

A. Tissues 
Total Hg, 1 gram Teflon• or A)4°C 
MMHg,As,Se each Glass with B) <-S°C 

I Teflon• lined 
lids -

B. Sediments/Soils 
Total Hg, s grams Teflon• or A)4°C 
MMHg,As, Se each Glass with B) <-S°C 

Teflon• lined 
lids 

C. Water 
Total Hg, Hg(Il), 12SmL Teflon• lmL HCV12SmL H20 
MMHg,As,Se each (pH<2) 

Dimethyl Hg 300mL Teflon• 4°C,Dark 
Elemental Hg 300mL Teflon9 4°C.Dark 

D. Air1 

Total Hg l0L Gold trap Store in Ziploc9 B82 
MMHg lOL CarbotraD 1°C,Dark 
Dim.ethyl Hg lOL Carbotran 1°C.Dark 
Elemental Hg l0L Gold trap Store in Ziploc9 B82 

E. Seds./Soils/fissues•• 
Ag, Al, Be, Cd, Co, Cr, Cu, 2grams 4oz.CWM~ 4°C,Dark 
Fe, Mn, Ni, Pb, Sb, Sn, TI, each 
Zn 

F. Water, Total 
Ag, Al, Ba, Be, Cd, Co, Cr, lOOmL 2S0mL pH<2HN~ 
Cu, Fe, Mn, Ni, Pb, Sb, Sn, HDPE3 

TI,Zn 

G. Solids, Susoended 
Ag, Al, Ba, Be, Cd, Co, Cr, 200mL Filter on site and 
Cu, Fe, Mn, Ni, Pb, Sb, Sn, refrigeration 
TI,Zn 

• 

Holding 
Time 

A) 28 days 
B) 1 year 

A)28 days 
B) 1 year 

28 days 

48 hours 
48hours 

6months 
7days 
48 hours 
6months 

6months 

6months 

6months• 

*Minimum volumes are to be used as guidelines only as they are dependent on the need for replicate analysis, the 
concentration of analytes in the sample and the project required detection or reporting limits. 
••Holding times and handling may vary for speciation 
1 Air is not a matrix reviewed by Florida DEP QA section 
2 Clear Wide Mouth Glass 
3 High Density Polyethylene 
4 Samples should be filtered immediately on site before adding preservatives for dissolved metals 



Table 6.2 (Continued) 
Summary of Sample Containers & Preservatives 

Parameter Min.*Vol Container Means of Preservation 

H. Solids. Dissolved 
Ag, Al, Ba, Be. Cd. Co, Cr, 200mL SOOmL Filter on site. pH< 2 HNO:, 
Cu, Fe, Mn, Ni, Pb, Sb, Sn, HOPE 
nZn 

I. Soil' 
crv• 2grams 4oz.CWM Cool4°C 

J. Watd 
Crv• 200ml, SOOmL Cool4°C 

HDPE 

K. Water 
Alkalinity lOOmL 250ml, Cool4°C 

HOPE 

L. Water 
Conductivity, specific lOOmL 2S0mL Cool4°C 

HOPE 

M. Water 
Hardness lOOmL 2S0mL pH<2 HN0:,/1118O, 

ID>PB 

N. Water 
Lab pH, hydrogen ion 2SmL 60mL None Required 

HDPB 

0. Water 
Total Suspended Solids lOOmL 2S0mL Cool4°C 
ffSS) HOPE 

P. Water 
% Solids lOOmL 2S0mL Cool4°C 

HOPE 

• 
'er VI not reviewed by Florida DEP QA section 
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Holding 
Time 

6months 

24hours 

24hours 

14 days 

28 days 

6months 

Analyze 
immed. 

7Days 

7Days 
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Field Custody/Considerations 
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For mercury work, formal custody requirements begin at BRL by documenting the shipment 
of cleaned sample (Teflon®) containers to the field. If needed, BRL provides Chain of Custody 
(COC) forms with the containers. See next page for a copy of the BRL COC. In addition, all 
sample container shipments are documented to track container information such as cleaning 
batch numbers, quantity of containers shipped and their date of shipment. Teflon® sample bottles 
are engraved with a unique bottle identification number, and the decontamination date is 
documented for all sample contamers. 

While BRL does not provide field services we do recommend that certain issues be taken into 
account during sampling. Special consideration should be given to the procurement, 
transportation, preservation, and storage of samples to be analyzed. These procedures are 
intended to ensure that any analyte originally present in the sample matrix has not degraded or 
been lost, and that contaminants that might interfere with the analysis have not been added. For 
mercury work, only rigorously acid-cleaned Teflone containers may be used for any water 
samples. Depending on filtration requirements and analysis requested, water samples for 
mercury analysis may either be shipped on ice to Brooks Rand within 24 hours of collection and 
preserved upon receipt, or samples may be preserved in the field with preanalyzed HCI. Either 
preservation method for mercury is acceptable as stated in EPA Method 1631 (Section 8.5). See 
section 6.2 for container, preservation and holding time requirements. Tissues and other solid 
matrices may be stored in acid-cleaned glass containers with Teflon lined lids. Under no 
circumstances should polyethylene, polypropylene, or other non-approved plastics be used for 
ultra-trace mercury work. Solid samples are preserved by shipping on ice and storing in either a 
refrigerator or freezer. Water sample containers for ultra-trace mercury must be sealed inside 
two Ziploce bags which are labeled by the customer/field sampling technician. See section 6.2 
for container requirements for other analytes. 

7 .2 Laboratory Custody 

7.2.1 Sample Receipt 

All samples submitted to the laboratory are delivered to the laboratory's sample receiving area 
and are received by the sample custodian or designated alternate. Custody during transport of 
samples is documented by courier and can be obtained, if not provided upon delivery, from the 
carrier. Samples are generally sent via overnight carrier. COC requirements are fulfilled by 
having the sample custodian sign the receipt and the customer's COC form upon delivery. 



BROO~ND,LTD."-------------..~ 
3950 6th Ave. NW/ Seattle, WA, 98107 / phone (206) 632-6206 / fax 206) 632-6017 

BRL Client: Phone#: Analysis Requested TAT: 

Client Contact: PO#: Deliverables (circle one) 

Client Project #: BRL Project#: Standard I Full / Other 

# Sample ID Date Time Matrix Comments 

1 . 
2 

3 . 
4 

5 

6 . 
7 

8 

9 

10 
Relinquished by~ Received by: Relinquished by: Received by: 
(sl;ftlhffe) (signature) (signature) (slgnahlnl) 

Printed Name: • Printed Name: Printed Name: Printed Name: 

Company: Company: Company: Company: 

Time/Date: Time/Date: Time/Date: Time/Date: 
Special Instructions/Comments: Relinquished by: Received by: 

(llgnalure) (slgnlllure) 

. Printed Name: Printed Name: 

Company: Company: 

Camer/Airblll #: Time/Date: Time/Date: 

Please Fax COC to SRL on day of shipment & include In shipment 
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The sample custodian opens the cooler, which may or may not be sealed with a separate 
custody seal. Immediately after opening the cooler, the sample custodian checks whether ice is 
present and the condition of the samples (intact, broken, leaking, etc.) and notes any findings on 
the COC form. The sample custodian also verifies that each container is properly labeled and 
sealed, and compares the sample identification (ID) or field ID# against the COC form. If the 
sample ID and the COC do not match, or the seals on any of the containers are broken, the 
sample custodian notes the problem on the sample receiving log. 

The Sample Custodian is also responsible for ensuring that all samples are properly 
preserved. Water samples for certain analytes do not require acidification and are stored in the 
refrigerator at 4°C. If water samples that do require acidifi,:ation are preserved in the field, the 
Sample Custodian checks the pH and documents that it is less than 2. If it is not less than 2, the 
measured pH is documented on the sample receiving log and the client is notified. If samples 
were shipped overnight on ice and not preserved in the field (as acceptable per EPA Method 
1631 for total Hg in water), the sample custodian shall preserve the samples to a pH of less than 
2. The temperature of the samples at the time of receipt is estimated by inserting a non-mercury 
thermometer into the sample cooler, closing the cooler and allowing the temperature to 
equilibrate for approximately ten minutes. Any problems with the conditions of the samples is 
documented on the sample receiving log, and reported to both the lab manager and the client. 

7.2.2 Sample Log In 

Tag numbers, bottles numbers, sample matrix, bottle size and analysis requested should then 
be listed for each sample on the sample receiving log form. All information on sample bottles 
(or tags) should be checked against the Chain of Custody (COC) or other documentation 
provided by the client. If this information does not match or any other significant problems are 
observed (i.e. water samples received at room temperature), the client should be contacted 
immediately and the discrepancies resolved. 

For each current project, the Lab Manager maintains an active file of information specific to 
the project on the BRL "Tracking" database. When logging in samples, the Sample Custodian 
must check the contract information against the samples received to ensure that the work has 
been authorized and to ensure that there are no discrepancies between the work contractually 
approved by the client's accounting department and the work requested by the client's sampling 
team. If any discrepancies are found, the Lab Manager should be immediately notified. 

An additional sample log-in form (EPA form DC-1) must be filled out during receipt of EPA 
samples when required by the client. The Lab Manager will notify the Sample Custodian when 
this form is required. Each section is completed by either filling in the appropriate information 
where indicated, or circling the appropriate choice. If any of the items/descriptions marked with 
an "*" are circled the Sample Management Office (SMO) must be contacted and the discrepancy 
resolved. A record of resolution then must accompany this sample log-in sheet. 

All samples are given a unique sample identification number at the time of receipt by the 
Sample Custodian. This number consists of a tracking number which is unique to each sample 
shipment received and a sample number for each sample within that particular shipment. Sample 
Tracking numbers consist of a 2-digit code followed by the letters "BR'' followed by a 3-digit 
code. The first 2-digit code relates to the year in which the samples were received (for 1996 this 
code is "96"). The three digit code is a sequential numbering system starting with 001 for the 
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first sample shipment received in any given year. For example, the first sample shipment · 
received in 1996 is given the tracking number 96BR00 1. The samples within a shipment are 
then each identified by a two digit sequential number. For example, if three samples were 
received in the 96BR00 1 shipment they would be given the sample numbers 96BR00 1-01, 
96BR001-02 and 96BR001-03. On the sample receiving log the client's sample ID and the BRL 
ID numbers are listed for each sample. The in house BRL numbers (not the client's ID numbers) 
are referenced during all laboratory preparations and analyses. 

Teflon sample bottles (for water samples) are all engraved with a bottle ID number which is 
used for sample identification purposes. Clients may wish to use additional sample identification 
numbers but the unique sample container numbers must be documented on the sample receiving 
log. When a bottle is removed, the number engraved on the bottle should be matched with the 
number written on the bag. Any discrepancies should be noted in the sample receiving log. Each 
bottle should be rinsed with clean DI water (for low level samples) and/or wiped with a clean 
cloth. Bottles are then placed in the clean hood, and labeled with the customer project number, 
the BRL sample number, the date of receipt and the analyses requested. An example of a BRL 
sample label is as follows: 

~ 

Project ID: DER00l 
Sample ID: 96BR001-01 
Date Recleved: 111196 
Analyses Requested: Hg. MMHg 

Custody labels, sample seals and sample tags are not provided by BRL, and must be provided 
with the samples by the client if so desired. 

If any filtration or volatile mercury analysis is required, this should be performed before 
preservation of samples. All samples must be preserved in accordance with the preservation 
instructions in each appropriate analytical methodology. For all water samples requiring 
acidification for preservation, the pH will be checked and documented. Any samples not 
originally adequately preserved by the client will have additional preservation reagent added and 
this addition will be documented. All preservation components should be documented including 
the lot number of any reagents used, the type of reagent and amount used and storage conditions 
and location. 

After samples are all logged-in and stored, all sample information, including the COC and a 
copy of the BRL Sample Receiving Log, should be filed in the "Active Customer" file located in 
the Lab Manager's office. A copy of the BRL Sample Receiving Log is on page 6. In addition, 
an "Internal Custody for Original Samples" form is generated at the time of sample log-in (see 
page 7 of this section). This form documents the life cycle of each sample shipment from receipt 
to disposal, and is kept with the samples at all times. After samples have been disposed of and 
documented, the custody forms are stored in the Laboratory Manager's files. 

Information for all current projects is kept in the "Active Customer" files and is sorted 
alphabetically by the project reference number. The Sample Custodian should check the 
customer summary page for instructions on faxing the COC and/or the BRL Sample Receiving 
Log. Sample Receiving Logs must be signed by the Sample Custodian ( or designated alternate). 

The original BRL Sample Receiving Log sheets should be kept in a three ring binder at the 
sample receiving desk. After Sample Receiving Log sheets accumulate up to 100 tracking 
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numbers, the Sample Custodian should bind these originals in the velo-binder and give the bound 
receiving sheets to the Lab Manager for archival. 

Sample collection dates may be provided on the COC by the organization conducting the 
field sampling. If provided, the COC is used as documentation for sample collection dates. 

7 .2.3 Sample Storage 

After the samples are logged in, the sample custodian stores them in the refrigerator, freezer 
or shelf space in the secure sample storage cabinets. Unless solid samples are to be prepared for 
analysis within one week of receipt they will be stored in the freezer until they are to be prepared. 
• Samples requiring refrigeration or freezing are stored in a refrigerator or freezer dedicated to 

secured sample storage in sample storage room # 1. The samples are removed from the 
shipping cooler and stored in their original containers, unless damaged. 

• Samples not requiring refrigeration are stored on shelves in the secure sample storage 
cabinets, which helps to protect samples from UV radiation. 

A sample is considered to be "in custody" in the laboratory if it meets the following criteria: 
• It is actually in the Sample Custodian's possession 
• It is actually in the analyst's possession 
• It remains in the analyst's view, once the person has assumed physical possession of the 

sample 
• It was in an analyst's possession and then locked or sealed to prevent tampering. 
• It is in a secure area 
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Tracking# 

Customer: 
Contact 

Collection Date 

QA Level 

Sample Condition 
Shipping container Intact? 

Shipping container type: 
Shipping container temp: 
Shipping container coolant: 

Sample preservation: 
Aclcllab# 

Hg Concentration: 
Sample storage area: 

28 day holding time: 

Comments: 

Sample Receiving Log 

Received by. 
Receiving Date: 
Receiving Time: 

Log-In Date: 
Log-In Tine: 

Alrbill present? 
Alrblllt 
Carrier. 

Custody seal present? 
Custody aeal Intact? 

coc Present? 
COCNumber: 

Analysis request form? 

Sample ~g numbers? 
Sample tags present? 

COC/Sample log agree? 

•..............•...................................•.................................................................... , .................................. . 

C.., Tracking# lab ID: Sample Tag # Container # Size: pH Matrix Analysis Comments: 

Sample Custodian signature Date 



Activity 

Location 

Initials 

Date 

Time 

Sample ID 

r 
INTERNAL CUSTODY FOR ORIGINAL SAMPLES Page_or_ 

___ P~roje__«::_t Reference_#_:_--.-------,------~---~ 
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A secure area is defined as a locked area within the premises of BRL where the samples are 
stored and with access restricted to sample custodian, sample analysts, lab director and QA 
manager. To satisfy these custody provisions, the laboratory implements the following 
procedures: 

• Samples are stored in a secure area 
• Access doors to the laboratory are kept locked, except during normal working hours 
• Visitors are escorted while in the laboratory 
• Samples remain in the secure area until they are removed for sample preparation or analysis 

All standards are stored separately from samples. 

7.2.4 Sample Distribution and Tracking 

The system for tracking samples through preparation and analysis consists of a sample 
processing form, an "Internal Custody for Sample Preparations" form, laboratory worksheets, 
laboratory notebooks, instrument operation logbooks, instrument printouts (raw data), and final 
analytical reports. 
7.2.4.A Sample Batching - After samples are received and logged-in, the samples are then 
batched by the Laboratory Manager. Batches are sequentially numbered starting with the last two 
digits of the year followed by a three digit sequential number. For example the first batch in 
1996 is numbered 96-001. Batch numbers are assigned to each sample on the BRL "Tracking" 
data base. The Sample Processing Form (SPF) is then generated for each batch of samples (see 
the example on page 10 of this section). An ''Internal Custody for Sample Preparations" form is 
also generated at this time (see page 11 of this section). This form accompanies the sample 
preparation batch at all times, documenting the batch from preparation to disposal 
7.2.4.B Sample Preparation - The SPF and internal custody form are given to the scie~tist 
responsible for sample preparation. From the time the scientist removes samples from the 
storage area the forms must remain with the sample batch. All sample preparation details must 
be documented on a form or in a log book (see page 12 for an example). Copies of all 
preparation documentation, once complete, must accompany the SPF. The SPF must be signed 
and dated by the scientist performing the sample preparation, and any comments on unusual 
observances or deviations from the analytical SOP must be documented. After sample 
preparation is complete, the prepared samples, along with the SPF, internal custody form and 
preparation documentation, should be stored in the secured sample preparation storage room 
(BRL storage room #2). 
7.2.4.C Sample Analysis - When a batch of samples is analyzed, the analyst must sign and date 
the SPF. Any comments on unusual observances or deviations from the analytical SOP must be 
documented and must be referenced on the SPF. All movement of the batch is documented on 
the internal custody form, which is kept with the batch in storage room #2 after analysis is 
complete. All data generated during analysis including the raw instrument printouts, the analyst 
bench sheets (see example on page 13 of this section), and the preparation notes must be attached 
to the SPF. This data package is then submitted to another analyst or to the Lab Manager for raw 
data review. 
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7.2.4.D Raw Data Review - When the data is reviewed, the reviewer must sign and date the SPF 
and comment on any unusual observances or deviations from appropriate. The data package is 
then returned to the analyst for Data Entry. 
}.2.4.E Data Entry- After data entry is complete, tl#JSPPIJRigned and dated. Comments on 
any unusual observances or deviations from appropri~Plcilould be documented on the SPF. 
The computer result pages are not printed out at.this time, hut instead are reviewed in electronic 
format during the final review. The data package_is then submitted to the QA Manager for final 
review. 
7.2.4.F Final Review - The QA Manager revitws the final data and prints out the computer 
result pages which are then included in the datll pac:kage. After final review, the QA Manager 
must sign and date the SPF and include comments onlany unusual observations and/or deviations 
from the appropriate SOPs. If the sample batch contains more than one customer, copies of the 
data package must be made for each additional clieilfsi:,~ packages are then stored in the 
"Active Clienf' file (located in the Lab Manager's office) until all data is complete for a 
particular set of samples (as defined by the client) aLwb.ich lime the report is prepared. The QA 
Manager should also update the batch status in the BRL "Traclcjng" database. 
7 .2.4.G Incomplete analysis of a batch - If all samples included on one SPF are not analyzed on 
the same day, then the samples not analyzed are· criMBetf ~th a single line, initialed and 
dated, and placed on a new SPF with a different Batch number. If a sample needs to be 
reanalyzed on another day, this should be noted on the S'PF: -The sample to be rerun should then 
be placed with another Batch of samples and the information for this sample recorded on both the 
SPF and internal custody form for that batch of samples. -
7.2.4.H. Deviation Traceability- All documents are_11sec:Lto....track samples. The main form for 
sample tracking is the SPF. This form should contain~ mention of unusual events or 
occurrences or deviations from SOP's and should list whenU:his information can be found if 
relevant. Examples include, but are not limited to the following: 
• Out of Control calibration curve-see !ah.data she.e.L __ 
• Samples not cold when removed from.IC.frigeration-see instrument log book. 
• Samples over distilled-see distillation log.sheet. ___ _ 
• Samples prepared differently from SOP~e prep. notes, 
In this way all necessary information concerning samples and all sample handling steps can be 
traced and noted in the report to the customer. 
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Batch#: 

Tracking# Lab ID 

CA Comments: 

Batched By: 

Prepared By: 
Comments: 

Analyzed By: 
Comments: 

Raw Data Re\'lew By: 
Comments: 

Data Entry By: 
Comments: 

Final Re..;ew By: 

Comments: 

SAMPLE PROCESSING FORM 
Analysis: QA: 

Project Ref# Date Received Matrix Comments 

Date: 

Date: 

Date: 

Date: 

Date: 

Dato: 



Activity 

Location 

Initials 

Date 

Time 

Sample ID 

Batch#: 
INTERNAL CUSTODY FOR SAMPLE PREPARATIONS Page_of_ 

Analysis: Method#'. 



METHOD BR-0011 Distillation of Samples for Methylmercury Analysis 
BRLCompQAP 
Section: 7. O 
Date: 4/1/98 BATCH#__________ Preparation Date:. _______ _ 

Page 12 of 17Tracking Number(s):_______ Distillation Technician: ______ _ 

Client(s):..___________ Mattix: _________ _ 

Block Distillation Gas Flow Rate 
Number Samole# Time lhh:mm) 

1 
2 Spiking Std: 

3 
4 
5 

I 6 
7 QA: 

8 
9 
10 
11 
12 
13 
14 
15 Comments: 

16 
17 
18 

I 19 
20 
21 
22 
23 
24 
25 

Temperature (°C): 1-5: ___ 6-10:, ___ 11-1S:, ___ 16-20:. ___ 21-25._· __ _ 

Times~: 1-5: 6-10: 11-15: 16-20: 21-25._· __ _ 

DISTlLIX>C Rev. 7 /96 
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Hg Analysis Sheet Page 1 or 

□Total Hg □Hg(II) □Other: ____ _ ~atch:. _______ Matrix: ___ _ 

Analvst: Calibration Blank X: Blank Corr. Calib. Coer. X: ., ------ ·---
Date: Method Blank X: SnCb: ___ RSD:. __ _ 
Instrument ID# Standards: 1ongHg1m1.:. ____ 30"4NH.aOHHc1: ___ N=: __ _ 
QA: CLP-Typeq Research□ 1.ongHghnL: _____ _ BrCI Hg cone.: __ _ r: __ _ 

Sample Dilution Analyzed BrCI Result 
Run Trap Bubb. Sample ID volfv.A.. Volume volume (ml) PA pg 

(mUma) (ml) (ml\ 

. 
. 

Calculation Equation: ________________________ _ 

Comments: -----------------------------
Calibration SRM: __________ _ Method SRM: ----------
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7 .2.4.1 Quality Assurance - Each person is responsible for filling-out the appropriate information 
for the task that they performed. The data and SPF will not be accepted by the next responsible 
person unless the previous section is complete. 

To ensure that sample holding times are met, samples for all projects are assigned a holding 
time. This holding time is kept in the BRL ''Tracking" database. The lab manager is responsible 
for ensuring that all holding times ( or sample tum-around times) are met. This is done by 
checking the database daily to see what deliverables are approaching the due dates, which can be 
performed by running a simple query on our database. In addition, all sample processing forms 
have a due date recorded on them, which correlates to the date that the sample prep., analysis, 
data review and batch report need to be completed. This date is generally one week prior to the 
final report due date, to allow sufficient time for the final report generation, review and 
submittal. 

On extremely rare occasions, BRL may submit samples to another lab. In such a case, the 
documentation to transfer samples includes collection date and time (if available from the field 
samplers), the Field ID#, the BRL Lab ID #, the date of preparation (if extracts are transferred), 
and the requested analyses. 

7.2.5 Sample Disposal 

7.2.5.A Sample Preparations - Once samples have been analyzed, and either the data has been 
reviewed and found to be acceptable or it has been otherwise determined that there is no value in 
reanalyzing the sample preparations, then the sample preparations may be disposed. The Lab 
Manager ( or designee) will notify the sample custodian of any batches ready for disposal who 
shall then retrieve the appropriate batch(es) and dispose of the sample preparations accordingly. 
The disposal of each batch shall be documented on the "Internal Custody for Sample 
Preparations" form which shall then be given to the lab manager. 
7.2.5.B Original Samples - After completion of a report for a particular set of samples (one or 
more tracking numbers), the original samples may be either transferred to long-term storage·, or 
disposed of if approved by the Lab Manager or if the client gives approval. The lab director will 
notify the sample custodian which original samples to dispose of or transfer, and the sample 
custodian shall dispose (or transfer) the samples accordingly. Solid samples are generally 
transferred to BRL Freezers #2 or #3 for long term storage. If solid samples are in Teflon 
containers, and are to be transferred, the samples should first be removed from the Teflon 
containers and placed in acid cleaned sample jars or other appropriate non-Teflon containers. 
Before moving samples to Freezer #2 or #3, all of the samples for a particular project or tracking 
number should be placed in a bag, and the bag should be marked clearly with the tracking 
number, name of client and the sample receiving date. At least once a year, Freezers #2 and 
#3 should be cleared of any samples that are more than one year old. When solid samples are 
disposed of (generally after 1 year) then the "Internal Custody for Original Samples" log sheet 
should be signed off appropriately. Solid samples may be disposed of before 1 year at the 
discretion of the Lab Manager and/or upon approval from the client. 
7.2.5.C Disposal Guidelines 

1. Routine Disposal - Samples without Yellow Stickers ( or other hazardous labels) 
a) Water Samples and Acid Digestions - Except for those samples having a yellow 

sticker, all water samples (including preparations) and acid digested solid samples 
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that are not otherwise hazardous may be disposed down the drain. All acidic samples 
must be neutralized with Soda-Ash prior to disposal. 

b) Native Solid Samples and Dry Weights - All native solid samples (not sample 
preparations) without yellow stickers may be discarded directly into the garbage. 

c) Solvent Extracts - All solvent extracts must be treated as hazardous waste. Solvent 
extracts may be consolidated in clearly marked containers near the hazardous waste 
fume hood, and disposed of as hazardous waste. 

1. High Level Disposal - Samples with Yellow Stickers. All High Level metal sample 
waste ( as well as other waste that is considered to be hazardous) must be recorded on the 
"High Level Metal Waste Disposal" sheets. 
a) Water Samples and Acid Digestions -All water samples (including preparations) and 

acid digested solid samples with yellow stickers must be neutralized with Soda-Ash. 
If necessary, liquid samples may then be evaporated in the sample waste fume hood in 
a beaker labeled as high level metals waste. After evaporation (if that step is 
utilized), the sample material is placed directly into the high level metals waste 
storage container. 

b) Native Solid Samples and Dry Weights - All native solid samples (not sample 
preparations) with yellow stickers may be disposed of directly into the hazardous 
waste container. Native solid samples with a high moisture content may be dried first 
in the sample disposal oven, prior to placement in the hazardous waste storage 
container. 

c) Solvent Extracts - Solvent extracts must all be treated as hazardous waste, see section 
1.c) above. 

1. Non-Routine Disposal - Samples that are designated by the client to be high level in an 
analyte not performed by BRL shall be considered hazardous and treated as hazardous 
waste upon release for disposal. In certain cases, BRL may contract with a client to 
analyze samples that are known to be hazardous beyond the scope of our analysis (such as 
samples containing a high level of organic contaminants or dioxins), these samples will 
be flagged as requiring special disposal--either with a yellow sticker or by lab director's 
instruction--and disposed of through a licensed hazardous waste acceptance facility. BRL 
may also arrange with the client to return the leftover samples after analysis. 

2. High Level Metals Waste Transport and Ultimate Disposal - Once a sufficient volume of 
waste is generated, warranting proper disposal, a waste disposal company should be 
contacted, and the waste scheduled for pick-up. It shall be the responsibility of the waste 
handling company to transport and dispose of the high metal level waste in a manner 
consistent with local and federal environmental laws and regulations. 

7.2.5.D Low-level Radioactive Waste - All samples that are required to be disposed of as low
level radioactive waste, need to be disposed of in accordance with all local, state and federal 
regulations regardless of the concentrations of metals. All low-level radioactive samples at BRL 
are disposed in accordance with our radioactive materials handling license (from Washington 
State Department of Health) 
7.2.5.E Documentation - The appropriate forms should be filled out when necessary to both 
document disposal of samples (and sample preparations) and to initiate disposal or transfer of 
samples. The forms should be filled out with sequentially numbered pages. All forms must be 
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signed and dated by appropriate personnel. All errors in documentation must be stricken with a 
single line, initialed, and dated. All documentation must be printed with non-erasable ink. 
7.2.5.F Dmation of Storage - Water samples are stored for one month from receipt, and frozen 
solid samples are stored for one year from receipt unless the client requests otherwise. 

7 .3 Electronic Data Records 

7.3 .1 Analytical futegration 

All analytical instrumentation signal output is integrated by BRL-developed integration 
software, by manufactmer specific software (i.e. Perkin Elmer) or by a Spectra Physics 
integrator. All analytical runs are both printed out on hardcopy and stored electronically. All 
documentation of integrating software upgrades is maintained by the electronics department of 
BRL. 

7.3 .2 Data Entry 

All analytical data is entered into a computer spreadsheet where the results are automatically 
recalculated, with the exception of GF AA data which is reduced automatically by the P .E./Gem 
software. After data entry, the data package is then compared by another lab technician or the lab 
manager to ensme consistency between all data points and results on the analyst's raw bench 
sheet and the computer generated spreadsheet. 

7.3.3 Software Verification 

For integration software, any so:flNare related problem affecting samples would also affect 
QA samples; therefore, as long as QA criteria are met, the software is presumed to be 
functioning properly. Software used for data entry is verified to be working properly by the data 
entry verification as described in 7.3.2. Any software problems or failmes are documented as 
correspondence between the laboratory manager and the software programmer. All 
documentation/correspondence is kept on file by the lab manager. 

7.3 .4 Security 

Only BRL personnel have access to electronic data records. All employees at BRL are 
authorized to access electronic information. No levels of accessibility exist. 

7 .3.5 Hardcopy Documentation 

All hardcopy printouts of information stored electronically are filed in om Central Filing 
Cabinets. fuformation is stored and sorted by Project ID and then by BRL Tracking Number. 
All Deliverables are paginated, and a full copy of the full data package is stored on file in om 
Central Filing Cabinets. 

7.3.6 Electronic Transfer 
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Electronic Files may be transferred on disk to a Client. All electronic files that are 
transferred to a Client are also printed and stored as mentioned in section 7.3.5. 



8.0 

8.1 

Analytical Procedures 

Method References 

Refer to the tables in section 5.0 for method number references 

8.2 Field Methods 

Not Applicable 

8.3 Analytical Method Modifications 
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Modification of EPA Method 1631 - EPA Method 1631 describes only for the determination of 
mercury in ambient water. Brooks Rand has modified the sample preparation in the procedure to 
allow for the determination of total mercury in all matrices. All solid (biological, sediments and 
soils) matrices are prepared in accordance with SOP BR-0002, Determination of Total Mercury 
in Solid by Cold Vapor Atomic Fluorescence Spectrophotometry (CVAFS). The sample 
preparation for solids in BR-0002 is a HNOJIH2SO4 acid digestion followed by a BrCl oxidation. 
All aqueous matrices are prepared in accordance with SOP BR-0003, Determination of Total and 
"Acid-Labile" Mercury in Aqueous Samples by Cold Vapor Atomic Fluorescence 
Spectrophotometry (CVAFS). Please refer to the method validation package for SOPs BR-0002 
and BR-0003 in Appendix A. 

8.4 New Analytical Methods 

Method BR-0011 - No standard method exists for methylmercury determinations at the ultratrace 
level. The SOP BR-0011, Determination of Methyl Mercury by Aqueous Phase Ethylation, 
Trapping Pre-Collection, Isothermal GC Separation and CVAFS Detection, is included in 
Appendix A. By this method all non-biological matrices (water, sediment, soil) are distilled to 
remove methyl mercury from the matrix. Biological samples are digested in a KOH/Methanol 
solution. After sample preparation all samples are ethylated with tetra-ethyl borate which forms 
ethyl derivatives of the mercury species. The ethylated mercury species are collected on a 
Tenax«> trap which is then introduced into the GC oven, pyrolitic column and AFS detector. 
Under the flow of an inert carrier gas, the Tenax«> trap is gently heated to release the mercury 
species which are then separated chromatographically prior to being decomposed to elemental 
mercury (Hg°) in the pyrolitic column. Hg0 is then detected by the AFS detector. Please refer to 
the method validation package for SOP BR-0011 in Appendix A. 
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8.5 Laboratory Operations 

8.5.1 Laboratory Glassware 

All glassware for ultra-trace metals analysis must be rigorously cleaned, in order to minimize 
possible contamination. Glassware is first cleaned by scrubbing with a glassware brush, alconox 
and DI water. After thorough rinsing with DI water, the glassware is immersed into a large 
rectangular vat which contains 6M HCI. Proper safety gear must be worn at all times when 
working in and around the acid vats. Safety gear consists of a lab coat, a rubber apron, face 
shield, and Viton black extra-long gloves. The HCI vat is equipped with a Teflon coated 
immersion heater, a temperature controller and thermocouple. After :filling the vat with 
glassware, the temperature controller and heater are turned on to heat the vat to 75°C. The 
temperature must be set to maintain the temperature at 75°C, and heated overnight. The vat 
should then be allowed to adequately cool prior to removing the bottles. Once cool, all safety 
gear must be worn and glassware should be removed from the vat and placed into a DI water 
rinse tank. After removing all glassware from the vat, the rinseate tank should be moved to the 
sink and all glassware should be removed from the rinse tank, triple rinsed with DI water, and 
placed in the class-I 00 laminar flow hood to dry. Volumetric glassware should never be baked. 
Once dry, all glassware should be bagged in plastic Zip-loc® bags and stored in the appropriate 
location. 

Glassware for certain parameters other than ultra-trace metals need only be cleaned with Alconox 
and DI water followed by copious DI rinsing. Some glassware will need to soak overnight in 
30% HN03 following the Alconox cleaning. See lab director for more specific cleaning 
information. 

8.5.2 Reagent Storage 

All supplies (i.e., glassware, chemicals, reagents) are of the best possible quality to ensure proper 
instrument calibration and to avoid contamination. All purchased reagents are labelled with the 
date opened and date received. All reagents used are prepared from Analytical Reagent Grade 
(AR) chemicals or higher purity grades, unless such purity is not available. Reagent water is 
prepared by double deionization of tap water. Each prepared reagent is clearly labeled with the 
composition, concentration, date prepared, initials of preparer, expiration date, and special 
storage requirements, if any. 

Reagent solutions are stored in appropriate glass or plastic containers, under conditions designed 
to maintain their integrity (refrigerated, dark, etc.). Shelf life is listed on the label, and the 
reagent is discarded after it has expired. Water used in the laboratory is deionized (ASTM Type I 
water) and periodically checked for purity. All acids used are either glass-distilled or special 
grade for trace metal analysis. Reagent solutions are checked for contamination by employing 
reagent blanks before use in any analysis. All reagents and reagent storage at BRL are listed in 
the following table: 



Chemical Name 

Acetic Acid 
Hydrochloric Acid 
Sulfuric Acid 
Nitric Acid 
pH 4 and 7 buffers 
Rhodamine Indicator 
Ferrazine 
Potassium perrnagenate 
Potassium persulfate 
Potassium iodide 
Calcium HypocWorite 
Potassium Chromate 
silver nitrate 

Inh - Inhalation 
Ing - Ingestino 
Con - Skin and/or eye contact 
Irr - Irritating to skin 

Form 

solution 
solution 
solution 

solution 
solution 
solution 
solution 

sol & salt 
sol & salt 
solution 

salt 
salt 

solution 

1 NIOSH Pocket Guide to Chemical Hazards listing 

Table 8.5.2 
R S eagent torage 

Location 

back lab- cabinet #1 
back lab- cabinet #1 
back lab- cabinet #1 
back lab- cabinet # 1 
back lab- cabinet # 1 
back lab- cabinet #1 
back lab- cabinet #1 
back lab- cabinet #2 
back lab- cabinet #2 
back lab- cabinet #2 
back lab- cabinet #2 
back lab- cabinet #2 
back lab- cabinet #2 

MSDS 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Hazard 

Corrosive 
Corrosive 
Corrosive 

Corrosive 

None 
None 
None 

Oxidizer 
Oxidizer 

Ing, Irr 
Oxidizer 
Oxidizer 

Irr 
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Regulated?1 

no 

no 

no 
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. 
Chemical Name 

IA.cid Back stock: 
acetic acid 
hydrochloric acid 
sulfuric acid 
nitric acid 

Chemical Name 
activated alumina 
casem 
L-cystine 
soda lime 
soda lime 

Form 

liquid 
liquid 
liquid 
liquid 

Form 

powder 
powder 

6-12 mesh 
4-s·mesh 

Table 8.5.2 (Continued) 
R S ea1:1;ent torage 

Location MSDS Hazard Regulated? 

bunker X Corrosive 

bunker X Corrosive 

bunker X Corrosive 

bunker X Corrosive 

Location MSDS Hazard Regulated? 
chemical storeroom- shelf#l X None 

chemical storeroom- shelf#l X None 

chemical storeroom- shelf#l X None 

chemical storeroom- shelf#l X Caustic 

chemical storeroom- shelf#l X Caustic 



f'· 

Chemical Name Form 
(tetra)acetic acid disodium salt salt 
aluminum oxide salt 
aluminum sulfate salt 
ammonium acetate salt 
ammonium chloride salt 
ammonium molybdate salt 
ammonium phosphate. mono & dibasic salt 
ammonium sulfate salt 
ascorbic acid salt 

--

barbituric acid salt 
-

cacodylic acid salt 
cadmium salt 
calcium chloride salt 
calcium hypochloride salt 
calcium oxide salt 
citric acid salt 
cobalt chloride salt 
dithizone salt 
ferric ammonium sulfate salt 
ferric chloride salt 
ferrous ammonium sulfate powder 
fluorescin, dibromo powder 
hydroxylamin hydrochloride salt 
Rlycerol liquid 
lead carbonate salt 

Table 8.5.2 (Continued) 
R t S eagen torage 

Location 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- she1f#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- she1f#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 
chemical storeroom- shelf#2 

MSDS 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Hazard 
None 

None 

None 

None 

None 

None 

None 

None 

None 

Poison 

None 

Poison 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 
Toxin 

BRL CompQAP f' 
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Pages of 13 

Regulated? 
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WAC 173.303-990.S 
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Chemical Name 
magnesium chloride 
mawiesium nitrate 
magnesium oxide 
magnesium perchlorate 
magnesium sulfate, anhydrous & 
rilonohydrate 
phenanthroline 
potassium acetate 
potassium bromate 
potassium bromide 
potassium chloride --potassium chromate 
potassium cyanide 
potassium hydrogen phthalate 
potassium hydroxide 
potassium iodide 
potassium permanganate 
potassium persulfate 
potassium phosphate 
rhodanine 
selenoinosine 
EDT A, bisodium salt 

Form 
salt 
salt 
salt 
salt 
salt 

salt 
salt 
salt 
salt 
salt 
salt 
salt 
salt 
salt 
salt 
salt 
salt 
salt 
salt 
salt 
salt 

Table 8.5.2 (Continued) 
R S eagent torage 

Location MSDS Hazard Regulated? 
chemical storeroom- shelf#2 X None 

chemical storeroom- shelf#J X None 

chemical storeroom- shelf#J X None 

chemical storeroom- shelf#3 X None 

chemical storeroom- shelf#3 X None 

chemical storeroom- shelf#J X None 

chemical storeroom- shelf#3 X None 

chemical storeroom- shelf#3 X None 

chemical storeroom- shelf#3 X None 

chemical storeroom- shelf#3 X None 

chemical storeroom- shelf#3 X None 

chemical storeroom- shelf#J X Poison WAC 173.303-9905 

chemical storeroom- shelf#J X None 

chemical storeroom- shelf#3 X Caustic 

chemical storeroom- shelf#3 X None 

chemical storeroom- shelf#3 X None 

chemical storeroom- shelf#3 X None 

chemical storeroom- shelf#3 X None 

chemical storeroom- shelf#3 X None 

chemical storeroom- shelf#3 X None WAC 173.303-9905 

chemical storeroom- shelf#3 X None 



Chemical Name Form 

sodium acetate salt 
sodium chloride salt 

-~ -··-----

sodium citrate salt 
sodium hydroxide salt 
sodium nitrite salt 
sodium oxalate salt 

------- ··-~---

sC>diu111 phosphate, mono and dibasic salt 
----

sodium selenate salt 
sodium sulfate salt 
sodium sulfide salt 
sodium bisulfate s·alt 

sodium sulfite salt 
sodium thiosulfite salt 
stannous chloride salt 
sulfamic acid salt 
---~--- ------

sulfanilamide salt 
sulf er, sublimed salt 
tartaric acid salt 
TRIS hydrochloride salt 
urea salt 
·-~~---

vanadium pentoxide salt 
zinc acetate salt 

. 

Table 8.5.2 (Continued) 
R S ea.gent torage 

Location 

chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf #4 

chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf#4 

chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf#4 
chemical storeroom- shelf #4 
chemical storeroom- shelf #4 

chemical storeroom- she1f#4 

MSDS 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Hazard 
None 

None 

None 

Caustic 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Toxin 

None 

None 

None 

None 

None 

None 

None 

None 

BRL CompQAP (' 
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Chemical Name 
methylene chloride 

Chemical Name 
dichloromethane 
ion exchange medium (" Amberlite") 

Chemical Name 
Acids in Use: 
acetic acid 
hydrochloric acid 
sulfuric acid 
sulfuric acid, ultrex 
nitric acid 
perchloric acid 
hydrofluoric acid 
phosphoric acid 

Form 
liquid 

Form 
liquid 
resin 

Form 

liquid 
liquid 
liquid 
liquid 
liquid 
liquid 
liquid 
liquid 

Table 8.5.2 (Continued) 
R S eagent torage 

Location MSDS Hazard I Regulated? 
chemical storeroom- shelf#S X Carcinogen 

Location MSDS Hazard Regulated? 
chemical storeroom- shelf#6 X Carcinogen 

chemical storeroom- shelf#6 X None 

Location MSDS Hazard Regulated? 

clean lab acid cabinet X COJTOSive 

clean lab acid cabinet X Corrosive 

clean lab acid cabinet X Corrosive 

clean lab acid cabinet X Corrosive 

clean lab acid cabinet X Corrosive 

clean lab acid cabinet X Corrosive 

clean lab acid cabinet X Corrosive 

clean lab acid cabinet X Corrosive 
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Table 8.5.2 (Continued) 
R S eagent torage 

Chemical Name Fonn Location MSDS Hazard Regulated? 
elemental mercury liquid shop area Cabinet # 2 X Toxin 

mercury(II) chloride salt shop area Cabinet # 2 X Toxin 

mercury(II) iodide salt shop area Cabinet # 2 X Toxin 

mercury(II) oxide salt shop area Cabinet # 2 X Toxin 

dimethylmercury salt shop area Cabinet # 2 X Toxin 

methyl mercury salt shop area Cabinet # 2 Toxin 

phenylmethyl mercury salt shop area Cabinet # 2 X Toxin 

elemental mercury in hexane solution shop area Cabinet # 2 Toxin 

elemental mercury saturated in water solution shop ·area Cabinet # 2 Toxin 

dimethylmercury in propanol solution shop area Cabinet # 2 Toxin 

dimethylmercury saturated in water solution shop area Cabinet # 2 Toxin 

Hhi;h PurityStandards 
arsenic 1000 uv/L shop area Cabinet # 2 requested Toxin 

lead 1000 ug/L shop area Cabinet # 2 requested Toxin 

mercury 1000 ug/L shop area Cabinet # 2 requested Toxin 

selenium 1000 ug/L shop area Cabinet # 2 requested Toxin 

NIST 
Mercury in Water, 164lc:, ampoules 1.47 mg/L shop area Cabinet # 2 X Toxin 

HSP 
Trace metals in Wastewater 500ug/L shop area Cabinet # 2 None 
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"chemical Name 
hydrogen P.eroxide 
glutarah;lehyde 
silanizing solution 
pentanedione 
methyl iodine 

pyrrolidinecarbodithioic acid 
sodium tetraethyl borate 
methylcobalamin hydrate 

Form 
liquid 
liquid 
liquid 
liquid 
liquid 

powder 

Table 8.5.2 (Continued) 
R S eagent torage 

Location MSDS Hazard Regulated? 
clean lab refrigerator X None 

clean lab refrigerator X None 

clean lab refrigerator None 

clean lab refrigerator X None 

clean lab refrigerator X None 

clean lab freezer None 

clean lab freezer X None 

clean lab freezer X None 



Chemical Name Amount 
Certified Reference Material,;: 
International Atomic Energy Agency 
IAEA 034. M!vll-Ig in sediment small amount 
lAEA 791, MMHg in hum;m hair small amount 
IAEA 690, MMHg in human hair small amount 
IAEA MA-M-2/OC, Mussle tissue small amount 
lvophilizcd 
IAEA MA•B-3/fM, Fish tissue lvophilized small amount 
IAEA H-9, Mixed human diet small amount 
Tuna, 1.03 ug/g Hg small amount 
Albacore tuna, 0.87 u~g Hg small amount 

NIES 
Sargasso, #9 sm:ill amount 
NBS(NIST) 
1648, Urban particles small amount 

1566, Oyster tissue small amount 

NIST 
1632b. Trace elements in coal half gone 

1633a, Trace elements in fly ash half gone 

Brammer Standards 
SARM 20, Sasolburg Coal full 
BCR #IR 1. Cokin~ con! snmll amount 
BCR 11-10. Coal ((,0-90 mesh) full 

National Research Council Canada 
PACS•l. Marine sediment - mercurv onlv 1h11 
tvfESS-2, Marine sediment - trace metals 1h11 
tvIBSS-1, Marine sediment - trace metals half full 

BCSS-1. Marine sediment- trace metals foll 

TORT-I, Lobster unopened 

DORM-I. Domish muscle almost gone 
C>ORJ\.1-2. Dog(jsh muscle 11111111<.•rwd 

Table 8.5.2 (Continued) 
R t S eagen torage 

Location 

Clean lab desiccator 
Clean lab desiccator 
Clean lab desiccator 
Clean lab desiccator 

Clean lab desiccator 
Clean lab desiccator 
Clean lab desiccator 
Clean lab desiccator 

Clean lab dcsicc:itor 

Clean lab desiccator not Hg certified 

Clean lab desiccator 0.0642 ugtg Hg 

Clean lab desiccator not Ilg c~rtificd 

Clean lab desiccator 0J6ug/gHg 

Clean lab desiccator 0.25 ugtg Hg 

Clean lab dcsicc.itor 0.1'.'l ugtg Hg 

Clean l.ib dcsicc:1tor tU5 ''!: g Jig 

Clean lab desiccator 457uglgllg 

Clean lab desiccator 0.092 uglg Hg 

Clean Jab desiccator 

CJean lab desiccator not Hg ce11ificd 

Clean lab desiccator 0.J3ug/gHg 

Clean Jab desiccator 0. 798ug/g Hg 

Clean lnb desiccator 4.64 uglgHg 

Comments 

documentation on file 
no documentation 
no documentation 
no documentation 

no documentation 
no documentation 
no documentation 
no documentation 

no documentation 

documentation on file 

documentation on file 

documentation on file 
documentation on file 

documentation on file 
documentation on file 
documentation on file 

documentation on file 
documentation on file 
use as back up to tvfESS-2 

documentation on file 
documentation on file 
documentation on file 
replaces DORM-I 

BRL CornpQAP r 
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8.5.3 Waste Disposal 

Handling, storage and disposal of laboratory-related hazardous wastes are subject to the 
regulations contained in the Conservation and Recovery Act. BRL shall store, package, label, 
ship and dispose of hazardous wastes in a manner which ensures compliance with all federal, state 
and local laws. Potential hazardous wastes include all standards, reagent solutions, process 
wastes, solvents, native samples, sample extracts and digests. 

A waste is considered hazardous if: 
1. The waste material is listed as hazardous in 40 CFR Part 261.30-261.33. 
2. The material exhibits any of the characteristics of hazardous waste: ignitability, 
corrosivity, reactivity or EP toxicity. 
3. The waste is listed in I or 2 above and is not excluded by any provisions under the 
Resource Conservation and Recovery Act. 

A waste is considered an acute hazardous waste if it is identified in 40 CFR Part 261.31, 261.32, 
261.33 (e) as an acute hazardous waste. 

BRL is categorized as a Conditionally Exempt Small Quantity Generator. This category is 
defined as: A generator who generates no more than 100 kilograms of hazardous waste or 1 
kilogram of acute hazardous waste in a calendar month and accumulates no greater than I 000 
kilograms of hazardous wastes (40 CFR Part 261.5). 

BRL shall ensure delivery of hazardous waste to a treatment, storage or disposal facility which is: 
1. Permitted under 40 CFR Part 270 
2. In the interim status under 40 CFR Parts 270 and 265 
3. Authorized to manage hazardous waste by a state with a hazardous waste management 
program approved under Part 271; or 
4. Permitted, licensed, or registered by a state to manage municipal or industrial solid waste 
(subject to local regulations). 

Hazardous waste solvents, as identified in the 40 CFR Part 261 may not be evaporated off in a 
fume hood. Solvents evaporated off during the extraction/testing process are exempt. Acidic and 
basic wastes may be neutralized and disposed of via the sanitary sewer if they are not hazardous 
due to the presence of other constituents (as subject to local regulations). Heavy metals may be 
precipitated from the liquid portion and disposed via the sanitary sewer (subject to local 
regulations). 

Hazardous waste storage is limited to quantity and/or accumulation time and must comply with 
RCRA regulations as specified in the 40 CFR. These wastes should be· packaged and separated 
according to the compatible groups ( e.g. solvents, acids etc.). 
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Sample submitted to BRL for analysis are excluded from regulation as hazardous waste under 40 
CFR Part 261.4(d) provided the samples are being transported to or from the laboratory, are 
being analyzed, are being held for analysis or are being maintained in custody for legal reasons. 
However, once a decision is made to dispose of the laboratory samples, the exclusion provisions 
of 40 CFR Part 261.4(d) no longer apply. Samples that have been identified as hazardous may be 
either: I) returned to the generator; or, 2) disposed of according to applicable RCRA regulations. 
Samples which are determined to be non-hazardous may be subject to Jocal environmental 
regulations. A sample collector shipping sample to a laboratory and a laboratory returning 
samples to a sample collector must comply with U.S. Department of Transportation (DOT), U.S. 
Postal Service (USPS), or any other applicable shipping requirements. 

All sample and sample preparations must be disposed of in accordance with local, state and 
federal regulations. All remaining native samples must be separated by matrix (water, 
sediment/soil, and biota) and placed in the appropriate containers for disposal. All remaining 
sample preparation solutions must be separated by digestion type (acid, base, solvent extract) and 
place in the appropriate disposal containers. All disposal containers must be clearly labeled. 

8.5.4 Clean Room Procedures 

BRL currently has one clean room for ultra-trace mercury analysis and a "semi-clean room" for 
other trace metal analyses. 

The mercury lab clean room is equipped with two laminar flow hoods providing incoming air to 
the lab. All incoming air is filtered through a particulate filter, then through a tri-iodated carbon 
mercury removal filter, and then through hepa-filters. Lab air is monitored on a weekly basis for 
atmospheric mercury levels to ensure that levels are suitably Jow for ultra-trace level mercury 
analysis. A warning level has been established at 15 ng/m3 and a shutdown control level at 25 
ng/m3

. The lab is arranged with the two laminar flow hood at one end of the lab (the cleanest 
area), with all air exiting the lab at the other end through either a fume hood or through the 
entrance to the lab. Positive pressure is maintained to ensure that there is no incoming air through 
other routes other than the laminar flow hoods. All persons entering the clean room are required 
to wear clean room shoe covers to minimize tracking in particles. In addition, clean room sticky 
mats are located at the entrance as an additional precautionary measure. 

The "semi-clean room" is a new laboratory located in the north east corner of the 2nd floor, and is 
where BRL performs all metals analy~is by Graphite Furnace AA, Flame AA, or Hydride 
Generation AA. This lab is contains one laminar flow hood with a hepa filter. All incoming air is 
prefiltered. The laminar flow hood is at one end of the room with the intake to the laminar flow 
hood at the other end of the room. In this way all room air is efficiently circulated through the 
hepa-filter. In addition, the entrance to this lab has an enclosed gowning area so that tlrere is no 
direct flow of air from outside of the lab into the lab. 
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Table 9 .1 - Instrumentation List 

Descri(!tion Manufacturer Model# Quantitt 
Analyzers 

CV AFS Hg Detector BRL m 3 
Flame AAS Perkin Elmer 703* 1 

GF and Flame AAS Perkin Elmer 5000 1 
GFZAAS Perkin Elmer 4100ZL 1 

Colorimetric Sequoia-Turner 690 1 
Spectrophotometer 

IR Spectrophotometer Perkin Elmer 1420 1 

Digestion ~ui;Qment 
Microwave digestor CEM MDS-81 1 

Block digestor Tecator System 20 / 101Sdigestor 1 
Hot Plates various various 4 

pHMeter 
pH Meter Orion Research 301 1 

Balances 
Analytical (to 0.1 mg) Mettler H80 1 
Analytical (to 0.1 mg) Mettler Hl0 1 
Top loading (to 1 mg) Sartorius E1200 1· 
Top loading (to 1 mg) American Scientific Products Z-400-DR 1 
Top loading (to 10 mg) Mettler BB2400 1 

Geiger Counter 
Geiger Co\Ulter Bicron Surveyor SO I 

Ovens 
Scientific oven American Scientific Products Tempcon 1 
Scientific oven Precision Scientific Thelco 1 
Scientific oven Fisher Scientific 630F 1 
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Refrigerators/Freezers 
Chest freezer 
Chest Freezer 

Upright freezer 
Refrigerator/freezer 
Refrigerator/freezer 

Conductivity Meter 

General Electric CB22D 
Sears Coldspot 
Sears Coldspot 31 

Kenmore 20 
Sears Coldspot 

Conductivity Meter Cole Parmer TDS Testr3 
*modified with BRL manufactured parts for hydride generation AA analyses 

9.2 Standard Receipt and Traceability 

1 
1 
1 
1 
1 

1 

All stock standard solutions are received by the analytical laboratory and are documented in the 
appropriate standard solution lab notebook. Information to be documented in the standard 
solution notebooks includes: Source, type of standard, date of receipt, lot number (if applicable), 
expiration date and purity statement. Certifications for all stock standards are kept in the QA 
files by the Quality Assurance Manager. 

All standard solutions are stored in a manner that is consistent with the manufacturers' 
recommendations. 

Traceability of standards is achieved by documenting all standard solution information in the 
standard solution notebooks. In addition to the previously mentioned documentation for stock 
standards, documentation for intermediate standard solutions must include: identification of 
primary (stock) standard used, the preparation date, method of preparation (specifically dilution 
information), the preparer's name, the concentration prepared and the expiration date. 
Documentation for working standards must include: identification of the stock and intermediate 
standards used, the preparation date, method of preparation (specifically dilution information), 
the preparer's name, the concentration prepared and the expiration date. 

9 .3 Standard Sources and Preparation 

All working standards are documented for traceability as discussed in section 9 .2. All 
intermediate and working standards are made in accordance with the protocols of the specific 
procedure for which the standards shall be used. 



Table 9.3 - Standard Sources and Preparation 

Instrwnent Group Standard How Storage Preparation from Source 
Source(s) Received 

Atomic Johnson Solutions Room Intermediate standards are 
Absorption Mathey and ofl000 temp. prepared from Stock standard 

High Purity ppm 
Standards - all Working standards are 
NIST traceable prepared from intermediate 

Atomic Total Hg- Solutions Room Intermediate standards are 
Fluorescence High Purity ofl000 temp. prepared from Stock standard 

Standards- ppm 
NIST traceable Working standards are 

prepared from intermediate 

Methyl Hg- raw Room Stock standard prepared from 
Strem chemical temp. raw chemical 

Chemicals CH3HgCl 

Intermediate standards are 
prepared from Stock standard 

Working standards are 
prepared from intermediate 

pH Meters Scientific pH 4, 7, Room NA 
Products 10 temp. 

Conductivity Cole Parmer 1413 Room NA 
Meters umhos temp. 

BRLCompQAP 
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Lab Stock Prep Frequency 
Storage 

l%HNO3at annual 
room temp 

l%HNO3at every 3 months 
room temp 

5% BrCl at room annual 
temp 

1 % BrCl at room monthly 
temp 

dissolved in annual 
isopropanol, 
stored at 4 °C 

in isopropanol at annual 
4°c 

1 % HCl, dark at every 3 weeks 
room temoerature 

NA NA 

NA NA 

None of the above standards require standardization. MMHg standards (made from raw reagents at BRL) are checked against 
Certified Reference Materials but are not "standardized" due to a lack of certified MMHg standards. 
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All Quality Control Reference Materials are currently acquired from the National Resource 
Council of Canada (NRCC), the National Institute of Standards and Technology (NIST), the 
International Atomic Energy Agency (IAEA), Community Bureau of Reference (BCR), or Alpha 
Resources Inc. Most standard reference materials are used directly in audit studies and will 
reflect performance in both quality and usage. 

9 .4 Instrument Calibration 

All calibration protocols and criteria are specified by the analytical methods, except as noted 
below. All instruments are calibrated daily prior to sample analysis. Full documentation for 
calibration is included in the sample data for the bath of samples analyzed on that day. In 
addition, each instrument has a log book in which summarized information is documented. This 
summarized documentation includes: date, analyst, batch#, calibration coefficient (or response 
factor), correlation coefficient ( r ), average blank level, and instrument noise level. In addition, 
any maintenance performed on an instrument is documented in the instrument log books. 

9.4.1 CVAFS, HGAA, GFAA, and FLAA Instrument and Method Calibration 

Instrument abbreviations are as follows: Cold Vapor Atomic Fluorescence Spectrophotometry 
(CV AFS), Hydride Generation Atomic Absorption (HGAA), Graphite Furnace Atomic 
Absorption (GFAA), and Flame Atomic Absorption (FLAA). Each instrument used to analyze 
samples must pass the calibration criteria established in the appropriate operating procedure. The 
instrument calibration consists of analyzing at least three standards covering at least one order of 
magnitude ( one near the upper limits of linearity within the calibration curve, one in the middle 
and one at the low end) and a calibration blank. These standards should span the linear range of 
the instrument. The correlation coefficient of the initial calibration for CV AFS and HGAA must 
be ~.990 and for GFAA and FLAA must be 2::0.995. The initial calibration check, consisting of 
one st:l11dard at the mid-point of the calibration curve and one calibration blank, is performed 
immediately following this initial calibration, after every ten samples and at the end of each batch 
or sequence. After analysis of a batch (maximum 20 samples), the CV AFS and HGAA 
instruments must be recalibrated before use. Calibration criteria for instrument linearity and 
sensitivity must be met before samples are analyzed. Initial and continuing calibration checks are 
used to establish whether ongoing instrument calibration is acceptable. Initial and continuing 
calibration checks must be within 20% of the instrument calibration for CV AFS and HGAA and 
within 10% for GF AA and FLAA. QC check standards used for performing the initial and 
continuing calibration checks must be from a different source that the standards used for 
calibration and must meet the acceptance criteria of 80-120% recovery. 

All standards used to prepare the calibration standard solution are obtained from chemical 
suppliers and are of high purity and concentration. The standards are routinely checked by the 
laboratory for traceability to National Research Council of Canada (NRCC) or National Institute 
of Standards and Technology (NIST) Standard Reference materials. These commercial standards 
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are used as stock standards. Working standards are made from the stock standards at appropriate 
concentrations to cover the linear range of the calibration curve as outlined in the individual 
procedures. The working standards used for initial calibration curves are independent of 
calibration check standards and spiking solutions. Preparation of all standards is recorded in a 
bound laboratory logbook (as described in SOP BR-0500). All solutions are labeled as follows: 
name of solution, concentration of solution, date prepared, analyst's initials. All laboratory 
analysis (including instrument calibration) is documented by the analysts on the lab bench sheets. 

9.4.2 Periodic Calibration Procedures for other Laboratory Equipment 

Periodic calibration checks are performed for asnociated equipment such as balances (daily), 
thermometers (quarterly), ovens (daily), and refrigerators (daily) that are required in analytical 
methods but that are not routinely calibrated as part of the analytical procedure. All the 
calibration measurements are recorded in a laboratory logbook (SOP BR-1200). 

BALANCES 

All balances are calibrated on an annual basis by a contracted, certified professional. Balances 
are checked routinely with Class S weights on a daily or as-used basis. Before each weighing 
session, the analyst is required to perform at least one calibration check in the range of the 
material to be weighed. The acceptance criteria for calibration checks are summarized in Table 
7.1. In addition all balances undergo a four point calibration check monthly. All calibration 
checks are documented in a bound laboratory log book (SOP BR-1200). 

Table 9.4.2 
Criteria for Balance Calibration Checks 

ANALYTICAL BALANCES 

Class S Weight (g) 
0.0100 
0.1000 
1.000 
10.000 
50.00 

TOP LOADING BALANCES 

Class S Weight (g) 
1.00 
10.0 
50.0 

Warning Level (g) 
0.0098 - 0.0102 
0.098 - 0.102 
0.995 - 1.005 
9.995 - 10.005 
49.98 - 50.02 

Warning Level (g) 
0.95 - 1.05 
9.9- 10.1 
49.7 - 50.3 

Control Level (g) 
0.0097 - 0.0103 
0.097 - 0.103 
0.990- 1.010 
9.990 - 10.010 
49.94 - 50.05 

Control Level (g) 
0.90- 1.10 
9.8 - 10.2 
49.5 - 50.5 
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OVENS, REFRIGERATORS AND FREEZERS 

Temperatures are checked with thermometers and necessary adjustments to the temperatures are 
made as required. All refrigerators and freezers are checked on a daily basis, and all ovens are 
checked at least once during each use. Thermometers are checked annually against a NIST-grade 
thermometer. All temperatures are recorded in a bound laboratory log book (SOP BR-1200). 
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10.0 Preventative Maintenance 

10.1 Routine Maintenance Measures 

Table 10.1 - Preventative Maintenance 

Instrument Activity Freguency 
CVAFS Change lamp Monthly 

Change/clean quartz cell Quarterly 
Check Electronics Annually 

AA-Flame Clean burner head, check tubing, pump and lamps Daily 
Clean spectrophotometer windows Weekly 
Check O-rings Monthly 
Clean nebulizer Semi-Annually 
Fine tune wavelength; Check optics and electronics Annually 

AA-Furnace Check graphite tubes; Flush autosampler tubing Daily 

(., Clean furnace housing and injector tip Daily 
Replace graphite contact cyclinders Semi-Annually 
Check electronics Annually 

Colorimetric / Clean sample compartment Daily 
Spectrophotometer Windows cleaned Monthly 

Check Electronics and lamp alignment Annually 

pH Meter Clean; 2 pt. Calibration After each use 

Balances Clean pans and compartment After every use 
1 pt. Calibration check Before every use 
4 pt. Calibration check Monthly 
Certified Calibration Annually 

Geiger Counter Certified Calibration Annually* 

Conductivity Check batteries and probe cables Daily 
Meter 

Refrigerator / Check temperature Daily 
Freezers Clean interior Monthly 

" Check temperature against NIST certified thermometer Annually 
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*or as required by project specific needs 

10.2 Documentation 

Instrument logbooks are maintained for all equipment. These logbooks contain a complete 
history of past performance and maintenance. For each CV AFS and AA instrument a log book is 
kept to document instrument usage, routine maintenance and non-routine repairs. In addition, a 
general lab instrument log book is kept to document all routine maintenance and non-routine 
repairs for all other instrumentation. 

10.3 Contingency Plans 

10.3.1 Major Equipment Failure 

For major equipment failure of CV AFS instruments, the laboratory almost always has one or two 
instruments not in use. In addition BRL manufactures all of our mercury analyzers; therefore a 
large stock of replacement parts exists and expert service personnel are readily available. 

For flame and furnace AA's, rental equipment is locally available in the case of major equipment <_, failure while instrumentation is being repaired. 

BRL currently has an excess of balances and refrigerators/freezers so that if any of this 
equipment fails backup equipment is immediately available. Other equipment (such as 
conductivity meter and pH meter are relatively inexpensive and will be purchased immediately if 
major equipment failure is determined. 

10.3.2 Invalidation of work 

Results for all samples analysis affected by equipment failure will be invalid, unless sample 
integrity is preserved and the sample can be reanalyzed using backup, rental or repaired 
equipment within the holding times specified by the project and/or in Table 6.4. 

When QC criteria are not met during analysis, all instrumentation is thoroughly checked and 
appropriate maintenance is taken. 
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11.0 Quality Control Checks and Routines to Assess Precision, 
Accuracy and Calculation of Method Detection Limits 

The laboratory uses quality control samples to assist in assessing the validity of the analytical 
results of field samples. Quality control samples only help to assess analytical accuracy and 
precision. However, errors made during sample collection can seriously effect the analytical 
results of field samples. Quality control samples are analyzed in the same manner as field 
samples at a frequency described either in the individual procedmes or the contract with the 
client. If the quality control sample results fall within acceptable criteria ( also detailed in the 
method), then field sample data is considered to be valid or acceptable as is. In other words, the 
validity, quality etc. of the field sample data is supported partially by the QC sample results. 
Field QC samples are the other necessary component for the validity of field sample results. 

QC samples include method blanks, calibration checks, replicate, and spiked samples. The 
specific frequency and type of QC samples analyzed are described in the individual SOP or 
analytical method. A client will occasionally have specific QC requirements which are followed 
unless the method QA requirements are more stringent. In addition to these routine QC samples, 
EPA and USGS performance evaluation samples are analyzed periodically. 

11.1 Quality Control Checks 

11.1.1 Field QC Checks 

BRL does not normally conduct field sampling. For most projects, the client is responsible for 
field sampling activities and therefore mandates the requirements for field QC checks. 

11.1.2 Lab QC Checks 

11.1.2.1 Method Reagent Blanks 
A method blank is a sample of reagent water (ASTM Type I) that is treated as a sample in 
that it undergoes the same analytical process as the corresponding field samples. Method 
blanks are used to monitor laboratory performance, contamination introduced during the 
analytical procedure, and in some cases for determining method detection limits. A 
minimum of one method blank or 5% of the total number of samples (whichever is 
greater) is required per analytical batch. For any method where method blank levels are 
historically detectable, a minimum of two method blanks or 5% of the total number of 
samples are required per analytical batch. 

11.1.2.2 Matrix Spikes 
Matrix spikes are routinely included in the analysis for methylmercury due to the lack of 
standard or certified reference materials for many matrices and because there may be 
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matrix effects associated with particular samples which might interfere with the recovery. 
The methodology for analyzing methylmercury in water and sediment does not produce 
recoveries of 100% due to limitations with the preparation of the samples. Typical 
recoveries are 85% and this must be shown by analysis of spiked samples with every 
batch of samples analyzed for methylmercury. 

For all Florida DER work, matrix spike must be analyzed at a minimum frequency of 5% 
for all samples with a similar matrices. If a batch contains samples of different matrices, 
matrix spikes must be prepared and analyzed for each matrix type. For all other clients, 
matrix spikes will be analyzed at a frequency specified by the client. 

11.1.2.3 Reagent water or reagent matrix spikes 
When reagent water or reagent matrix spikes are employed at the request of a client as an 
additional QC check to monitor the effectiveness of the method, a minimum frequency of 
5% of the total number of samples or one per sample batch must be used. 

11.1.2.4 Quality Control check samples 
Quality Control check samples are analyzed as blind samples and must be analyzed semi
annually. BRL participates in both the EPA WP Performance Evaluation (PE) studies 
and the USGS Interlaboratory comparison tests. Both of these studies are conducted 
semi-annually and utilize samples that are blind to not only to the analyst but also to the 
entire laboratory until after results are submitted to the appropriate agency. All PE results 
are included in both internal and external QA reports. 

11.1.2.5 Quality Control checks / calibration checks 
Quality Control checks (QCC) or calibration checks are standards that are from a 
different source than the working standards. QCCs must be analyzed immediately after 
calibration (initial calibration check), after every twenty samples ( continuing calibration 
check), and at the end of the analytical batch (closing calibration check). For each 
calibration check, one QCC must be at the mid-point of the calibration curve and one 
QCC must be at 1-2 times the Practical Quantitation Limit (PQL). The PQL is defined as 
4 times the MDL. 

11.1.2.6 Duplicate samples or matrix spike duplicates 
Duplicate samples or matrix spike duplicates must be analyzed at a minimum frequency 
of 5% or once per analytical batch (whichever is greater). If a batch contains samples 
from more than one matrix, then duplicates should be analyzed for each matrix. 

11.1.3 Lab QC Checks 

11.1.3.l Reagent purity checks 
All reagents used in the preservation, preparation or analysis of samples must be checked 
for the appropriate parameters of concern prior to use on client samples. All reagent 
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testing results is documented in the reagent log book and the reagents are then labelled 
with the BRL assigned lot number, the date of testing and the measured concentrations of 
the analytes of concern. For acceptable analytical use, all reagents should have 
concentrations of analytes that would be less than the detection limit for the pertinent 
analytical method once adjusted for the volume of reagent used for a normal sample. For 
example, for aluminum (MDL= 7.8 µg/L) the HNO3 must contain less than 3.9 mg/L 
assuming that 2 mL of HNO3 is used for the preservation of a 1 Liter sample. 

11.1.3 .2 Internal standards 
BRL does not possess GC/GCMS instrumentation and therefore does not use internal 
standards. 

11.1.3.3 Surrogate spikes 
Surrogate spikes are samples that are fortified with a compound of similar chemical 
characteristics to the compounds of interest. Known concentrations of these compounds 
are added to all samples in the batch before sample preparation. Surrogate spikes may be 
analyzed if specified by a particular method or if required by a particular client. 

(.,, 11.2 Routine Methods Used to Assess Precision and Accuracy 

11.2.1 Accuracy and Precision 

11.2.1.1 Precision 
Precision from three or more replicates is P.xpressed as % Relative Standard Deviation ( or 
% RSD) and shall be calculated from the following formulae: 

Where: 

s 
%RSD = = (100) 

X 

-
x = Mean (average) of the data points, and 
s = Standard deviation calculated as: 

s = 
t(x-x)2 .. , 

n-1 

Precision from duplicate samples is expressed as Relative Percent Difference (RPD) and 
is calculated as follows: 

RPO= la: bj 
X 
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Where: a = result a from native sample aliquot a 
b = result b from native sample aliquot b 

11.2.1.2 Accuracy from Spiked Samples 
The accuracy of a measurement shall be determined by the recovery of a known amount 
of analyte in a real sample as: 

Where: 

%R = Cs - Cu(l00) 
s 

Cs = concentration of spiked sample 
Cu = concentration in unspiked sample 
S = expected concentration 
%R = percent recovery 

11.2.1.3 Accuracy from Known Concentrations 
The accuracy of a measurement based on known concentrations shall be calculated as: 

% R = Sample concentration (100) 
Reported True Value 

11.2.1.4 Upper and Lower Warning and Control Limits for Acceptance Criteria 

and 

Upper and Lower Warning Limits (WL) and Control Limits (CL) for determining 
acceptance criteria shall be calculated as follows: 

where: 

where: 

CL=Pav±3s 

CL= Control Limit (upper and/or lower) 
Pav= Mean ofP (average percent recovery or average %RSD) 
s = standard deviation 

WL=Pav±2s 

WL = Warning Limit (upper and/or lower) 

11.2.5 Quality Control Charts 

Quality Control charts are used to determine acceptance criteria for the laboratory. Separate 
Quality Control charts should be established for each analytical method and for each parameter 
or analyte for both precision and accuracy. Control charts are updated and maintained by the 
Quality Assurance Manager. Control Charts are updated continuously with each set of analytical 



BRLCompQAP 
Section: 11.0 
Date: 10/22/98 
Page 5 of7 

data processed by the laboratory so that the Quality Assurance manager can quickly spot trends in 
performance. QC results from every batch are entered into the appropriate control charts as part 
of the final review process. Quality Control Charts are then distributed that state the last 20 
points or annually, whichever comes first. Quality Control Charts are distributed to the 
laboratory personnel and used to update QA criteria information in Table 5.2 of this CompQAP. 

Control charts are constructed and can be used to monitor laboratory performance and to evaluate 
out-of-control events. Control charts use both the mean and standard deviation in order to 

, identify out-of-control events. Control charts are constructed for spike recoveries, SRMs/CRMs 
performance, and duplicate analysis. 

Data is entered into a spreadsheet application program, where the mean and the standard 
deviation, warning and control limits are automatically calculated and updated. These statistical 
data are also plotted automatically in control chart format, giving the analyst immediate feedback 
on the performance of the method of the data set. The individual data points are plotted against 
the mean and the ± 2 and ± 3 standard deviations. 

It takes a minimum of 7 data points from at least 3 non-consecutive calendar days of analysis to 
"define" a control chart. If a sample points falls in the interval delineated by ±3 standard 
deviations, then it is a valid analysis. The warning limits are defined as ±2 standard deviations 
and the control or action limits are defined as ±3 standard deviations from the mean. Those 
sample points that fall outside the control limits are termed out-of-control, and must be discussed 
in the cover letter or case narrative. 

Examples of out-of-control data are: 

• A single data point outside of the acceptance limits established by control charts 

• Two consecutive data points that are between either the upper warning limit and the upper 
control limit, or that are between the lower warning limit and the lower control limits 

• A series of seven consecutive points on the same side of the mean recovery value 

• A series of five consecutive unidirectional data points deviating from the mean 

• A series of consecutive points describing a periodic or recurrent trend 

An outlier is an extreme value, high or low, that has questionable validity as a member of the 
measurement set with which it is associated. Outliers are not used in Quality Control Charts. 
Outliers may be rejected from the data set for the following reasons: 

• A known experimental aberration occurred, such as instrument failure or inconsistency in the 
procedure or technique 
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• The T value for the data is larger than the tabulated values using the Grubbs test for outliers 
(Table 9.1). Outliers at BRL are determined with a 99% confidence level (or 1% risk of false 
rejection). The T value is calculated using the following equation: 

T= 
IXo-XI 

SD 

where: Xo is the extreme value being measured 
X is the mean of the measurement set for n observations including Xo 
SD is the standard deviation associated with X including Xo 

If a value is rejected, the mean and standard deviation are recalculated using the remaining data. 
This procedure can be reiterated using the next extreme value until no outliers remain. 

N b f um ero 
Data Points 0.1% 

3 1.155 
4 1.496 
5 1.780 
6 2.011 
7 2.201 
8 2.358 
9 2.492 

10 2.606 
15 2.997 
20 3.230 
25 3.389 
50 3.789 

100 4.084 

Table 11.2.5 
Grubbs Test for Outliers 

S 0 se eJec 10n Rik fFal R. t' 
0.5% 1% 
1.155 1.155 
1.496 1.492 
1.764 1.749 
1.973 1.944 
2.139 2.097 
2.274 2.221 
2.387 2.323 
2.482 2.410 
2.806 2.705 
3.001 2.884 
3.135 3.009 
3.483 3.336 
3.7S4 3.600 

5% 10% 
1.153 1.148 
1.463 1.425 
1.672 1.602 
1.822 1.729 
1.938 1.828 
2.032 1.909 
2.110 1.977 
2.176 2.036 
2.409 2.247 
2.557 2.385 
2.663 2.486 
2.956 2.768 
3.207 3.017 

Tabulated values obtained from Quality Assurance of Chemical Measurements by John Keenan Taylor, 1987. 
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The method detection limit (MDL) is the minimum concentration of an analyte of interest that 
can be measured and reported, with 95 percent confidence, that the value is above zero. MDLs 
are defmed as three times the standard deviation of replicate analyses of a sample that is 1-5 
times the estimated detection limit for the analyte of concern. The sample aliquots to be used 
may be a native sample or reagent water that has sufficient analyte (present or spiked) to make 
the concentration 1-5 times the estimated MDL. More specific information on the MDL 
procedure and the standard deviation calculation are found in the EPA in "Definition and 
Procedure for the Determination of the Method Detection Limit - Revision 1.11", 40 CFR 136, 
AppendixB. 

A minimum of seven sample aliquots must be analyzed for determination of the MDL. The 
MDL is then calculated as the "students t" value (for the number of replicate analyses) times the 
standard deviation. When evaluating an MDL, the sample aliquots must be carried through the 
entire method under ideal conditions. 

The Practical Quantitation Limit (PQL) is the concentration of an analyte of interest at which the 
relative confidence in the measured value is ± 30% at the 95% confidence level. PQLs are 
calculated as 12 times the standard deviation from the MDL determination or 4 times the MDL. 
If, for a particular method of analysis, the concentration in the sample aliquots is below the 
MDL, then they cannot be used to calculate the MDL or the QL. In such a case, a low level 
standard, slightly above the anticipated detection limit, will be carried through the entire method 
at least seven times. The standard deviation from these seven analyses will be used to determine 
the MDL and QL. MDLs and PQLs are determined for each method used at BRL prior to.the 
analysis of client samples by that particular method. If any major changes in a procedure are 
made, then the MDL and PQL must be redetermined for the revised method. 

MDLs and PQLs are verified on a continuous basis by the analysis of Quality Control check 
(QCC) samples that are 1-2 times the PQL (see section 11.1.2.4). 

All MDL studies are documented and the documentation is kept on file by the Quality Assurance 
Manager. Documentation includes the date of the study, the name of the analyst conducting the 
study, the analytical method(s}, the compounds studied, all preparation notes and all raw data 
from analysis. 

11.4 General QC Requirement Statement 

The QC requirements listed above are general minimum requirements only. Specific methods 
may have more stringent requirements in which case the method requirements must be followed. 
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Before the analytical results are released from the laboratory, both the sample and the associated 
quality control data are carefully reviewed. 

12.1 Data Reduction 

The analyst is responsible for reducing the raw data into data ready for reporting. Data reduction 
consists of performing any necessary calculations and determining the concentration of an 
analyte using a standard calibration curve. The following documentation must be present: 
preparation notes, Sample Processing Forms (SPF), lab bench sheets, and raw data or instrument 
printouts. All instrument printouts (chromatograms and/or strip chart recordings) must have the 
analytical batch recorded on them and the sample tracking and ID number for each instrument 
response. All calculations must be canied out as specified in each particular analytical 
procedure. 

12.2 Initial Data Review 

After the data has been acquired and any necessary calculations performed, the initial review is 
performed by an Analytical Technician other than the one who analyzed the samples. Items in 
the review include sample identity, instrument calibration, QC samples, detection limits, 
numerical computations, accuracy of transcriptions, sample preparation logs, 
instrument/analytical logs, internal chain of custody and compliance with the individual method. 

12.3 Data Entry 

The person performing data entry first ensures that all data is present and that the initial review 
has been completed and signed-off. All raw data is then entered into Excel• files and 
recalculated. All computer spreadsheet results are then compared to the analyst's calculations to 
ensure that they match. The Analyst who analyzed the samples is responsible for performing all 
data entry. 

12.4 Final Data Review and Validation 

Following the analyst's review, the QA director reviews all the raw data and calculations, as well 
as the analyst's chemical interpretation and any out-of-control conditions that may have been 
identified by the analyst. Additionally, the QA director examines the QC sample data and 
ensures that the analytical results are within laboratory-prescribed criteria for accuracy and 
precision. 
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Data validation is part of the review process whereby data are inspected and either accepted or 
rejected based on a set of criteria. Evaluation parameters that can be used for validation include, 
but are not limited to: 

• Calibration data 
• Specific checks unique to each measurement 
• Statistical tests 

After final data review and validation is complete, the QA director signs-off on the sample 
processing form. 

12.5 Data Reporting 

Data are reported using a format specified in the client contract. Generally, data are reported in 
tabular form with a case narrative or a cover letter attached. Reports for Florida State DEP must 
have all information required in 62-160.670, F.A.C. All of the data, including standard spike 
recoveries, control samples, triplicate analyses, and results from blank analyses, are reported 
along with the sample results. Any results lower than the method detection limit (<MDL) or less 
than the Quantitation Limit (<QL) are qualified. Footnotes are referenced to specific data if an 
explanation of reported values is required. All the reports are signed and transmitted by the 
laboratory supervisor. Data entry for the final report is performed by the lab manager and is 
verified by either the QA Manager or one of the Analysts. This verification process includes 
double-checking all final results against the original calculated results and checking the sample 
ID #'sin the final report against the ID #'sin the original COC. Final reports are then submitted 
to all required parties (project dependent). One additional copy of every report is made and kept 
on file for BRL's internal records (see 12.6 data storage). All laboratory report forms and 
reporting formats must be in compliance with the reporting requirements of the applicable project 
for which they are generated. 

12.6 Data Storage 

Hard copies of all data and documentation will be kept on file for a minimum of three years. 
Data and documentation to be stored includes: SPFs, preparation notes, lab bench sheets, lab 
notebooks used in reduction, instrument printouts, results spreadsheets ( spreadsheets used to 
calculate values), a full copy of reports, sample receiving logs, and any sample information 
provided by the client including chain of custody forms, analysis request forms, airbills, etc. The 
QA Manager is responsible for maintaining files for all analytical work. All Client work is 
stored in the central filing cabinets and is sorted by project identification number, and then by 
tracking number. All MDL study documentation and other QA documentation is filed according 
to the method in the QA files. 
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Electronic summaries of data will be kept for a minimum of seven years. All computer files are 
stored both on the hard drive of the lab manager's computer and on backup disks. Computer 
files of reports are organized by sample tracking number, batch spreadsheets are organized by 
batch number, and all project information is organized by project identification numbers. 
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13.0 Corrective Action 

13.1 Criteria Levels 

Table 13.1 - Criteria Levels 

Acceptance 
Control Item Mtl!od Reference Analysis Criteria 
Standard validation All All 95-105%1 

Initial calibration curve - All GFAA methods *GFAA Metals >0.9952 
Correlation Coefficient ( r ) 

BR-0011 MMHg >0.9902 
BR-0020 As, Se >0.9902 

Initial calibration curve - All BRL SOPs, 1631, MMHg, Se, Hg, <200/o RSD2 

Response Factor (RF) 1632 As 

QC Check Standard All All 90-1100/43 

~ Continuing calibration All GFAA methods *GFAA Metals 90-1100/43 

All BRL SOPs, 1631, MMHg, Se, Hg, 80-120%3 

1632 As 

Standard Reference Material All All see Accuracy 
in Table 5.24 

Method/Reagent Blank All GFAA methods *GFAA Metals <MDL4 
BR-0002, BR-0003 Hg(water) <SO pg/blank4 

Hg (solids) <500pg/blank4 

BR-0011 MMHg (water&sed) <S pg/blank4 

MMHg (biota) <S00pg/blank4 

1631 Hg <25 pg/blank:4 

1632 Inorganic As <MDL4 

Calibration blank All Except CV AFS All Except Hg <MDL2 
BR-0002, BR-0003 Hg ea. <40Pi', 

ave.<2~ 
1631 Hg ea.< so ' 

ave. <2S p(' 

QC Check Samples All All seeAccmacy 
in Table 5.24 



Control Item 
Matrix Spike 

Blank Spike 

Analytical Duplicate 

Method Duplicate 

Table 13.1 • Criteria Levels (continued) 

Method Reference 
All 

All 

All 

All 

Analysis 
All 

All 

All 

All 
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Acceptance 
Criteria 
see Accuracy 
in Table 5.24 

see Accuracy 
in Table 5.24 

see Precision 
in Table 5.24 

see Precision 
in Table 5.24 

*GF AA Metals include: Ag, Al, As, Ba, Be, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sb, Se, Sn, Tl, Zn 

1 
- purchase and/or make new standards 

2 
- reanalyze and/or recalibrate 

3 
- rerun standard, reprep/repour/rerun if ICV is out, if still out of control, then recalibrate, rerun 

samples from last continuing calibration check 
4 

- reanalyze, if still out of control, determine cause, reprepare and analyze all _samples if 
necessary 

For spike recovery and duplicate precision criteria please refer to Table 5.2. 

13.2 Corrective Action 

The laboratory has a corrective action system so that for any situations which adversely affect 
data quality are identified, solved and documented. These situations include, but are not limited 
to: 

• Results outside of quality control criteria 
• Statistically out-of-control-events 
• Deviations from normally expected results 
• Suspect data 
• Deviations from the method 
• Special sample handling requirements 

Corrective action may also be initiated as a result of other QA activities, such as performance or 
system audits. Anyone is able to initiate required corrective action. 
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Once a requirement for corrective action has been identified, the lab manager and/or the QA 
manager must be notified immediately. A verbal notification may be initially made; however, a 
non-compliance form is required (see following page). The QA Manager is responsible for 
evaluating the situation and determining the appropriate corrective action. Corrective action 
steps include, but are not limited to: 

• Problem identification 
• Investigation responsibility assignment 
• Investigation to determine the cause of the condition 
• Action to eliminate the problem 
• Increased monitoring of the effectiveness of the corrective action 
• Verification that the problem has been eliminated 

Documentation of problems requiring corrective action is important to overall laboratory 
management. The QA Manager is responsible for verifying that initial action bas taken place and 
appears effective and, after an appropriate time, for checking to see if the problem bas been fully 
resolved. Examples of corrective action include, but are not limited to: 

• Amending forms 
• Reanalyzing samples if holding times permit 
• Checking instrumentation to make sure that it is operating properly 
• Recalibrating with fresh standards 
• Replacing suspect reagents 
• Examinjng calculations 
• Additional training in sample preparation and analysis 
• Evaluating and amending procedures 
• Accepting the data and acknowledging the level of uncertainty or inaccuracy by flagging the 

data and providing an explanation for the qualification 

Florida DEP recommended corrective action will be initiated (for projects in Florida) as a result 
of systems or performance audits, split samples or data validation review. 



BRLCompQAP 
Section: 13.0 
Date: 10/22/98 
Page 4 of 4 

Non-Conformance/Resolution Form 

Initiation of Form 
Initiated by: ______ _ Date of Occurrence: -----
Sample Batch# Affected: __ _ Matrix/Analyte: _____ _ 

Description of Non-Conformance 
Symptom Observed: __________________ _ 

Detailed Description of Problem: _______________ _ 

Communication and Discussion of Problem 
Lab Manager Notified: _ [Y /N] 

Date: Names of Attendees: ---

Meeting Held:_ [YIN] 

Summary of Discussion and Action to be taken: __________ _ 

Action Taken 

Name/Date/Description of Action and Findings: __________ _ 

Preventative Measures: -------------------

Resolution Approval 

Initiator: -------- Lab Manager: ______ _ 
(signature/ date) (signature/date) 



14.0 Performance and System Audits 

14.1 System Audits 

14.1.1 Internal Systems Audits 
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General Laboratory Audits are performed at least annually. This audit process is used to ensure 
that: 

• Approved procedures are in place and used 
• Sample custody is properly maintained and documented 
• Analytical methods are performed properly and documented 
• Specific equipment is available, calibrated and in proper working order 
• Analysts are properly trained and the training is documented 
• Record keeping procedures are being followed and appropriate documentation is maintained 

An Audit checklist is included at the end of Section 14 of this CQAP. After the audit, the QA 
manager prepares an audit summary and submits it to the lab director. The QA manager is 
responsible for tracking responses and follow-up corrective action. 

In addition BRL conducts specific function audits on a monthly basis. The laboratory work is 
divided into twelve segments, one of which is thoroughly audited each month. The twelve 
segment are as follows: 

1) Training and Training Records 
2) Equipment Cal :bration and Maintenance 
3) SOPs and CQAP Review and Revisions 
4) Sample Receiving Practises 
5) Sample Storage and Custody 
6) Sample and Hazardous Waste Disposal 
7) CVAFSLab 
8) HGAALab 
9) Wet Chemistry Lab 
10) GF AA/FLAAJCV AA Lab 
11) Safety and Radiation and CHP 
12) Data Handling/Record Keeping 

Various intercalibration exercises with other laboratories also serve as a performance audit of 
laboratory analysis. 
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14.1.2 External Systems Audits 

BRL has occasional audits from various clients and accrediting agencies. The principal 
organizations that conduct audits ofBRL's facilities and operations are Lockheed Martin Energy 
Systems and the Washington State Department of Ecology. There are currently no regularly 
scheduled external systems audits of BRL. BRL views external audits as an excellent tool for 
evaluating our quality, and for finding areas for improvement. BRL always welcomes any client 
( current or potential) or government agency to conduct on-site audits. 

14.2 Performance Audits 

Internal Performance Audits must be conducted at least semiannually and may consist of blind 
samples, split samples with another laboratory (interlaboratory comparison study), QC samples 
(unknown to the analyst), performance evaluation samples, and/or blind spiked samples. BRL 
participates in the EPA WP PE study twice a year, and in the USGS PE study twice a year. In 
addition BRL frequently participates in assisting agencies to certify reference materials for use as 
blind interlaboratory samples. Any of the Analytical Technicians may analyze these performance 
audit samples. The Lab Manager is responsible for overseeing BRL's participation in each study, 
and all associated documentation, reporting and record keeping. 

External Performance Audits are as follows: 
Agency Study Title 
US EPA WPPE 
USGS Round Robin Evaluation 

Freguency 
Semiannual 
Semiannual 
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Individual SOP's should be checked against the following lab practices to ensure agreement. 
Briefly explain any lab practice which disagrees with written procedures. 

I. SAMPLE RECEIPT 
_ Samples received and logged in sample receiving log book 
_ Samples labeled correctly upon receipt 
_ Samples preserved correctly 

2. SAMPLE STORAGE 
_ Samples stored in appropriate location 
_ Samples stored for appropriate holding times 
_ Samples disposed of after holding times expired 
_ Sample containers cleaned and tested correctly 

3. SAMPLE PREPARATION 
_ Distillation of samples for methylmercury performed correctly and documented 
_ Digestion of samples for methylmercury performed correctly and documented 
_ Digestion of samples for total mercury performed correctly and documented 
_ Filtrations are performed correctly and analysis of blank filters is documented 
_ Total Suspended Solids and Dry weights are performed and documented correctly 

4. SAMPLE ANALYSIS 
_ Samples analyzed according to written procedures 
_ Triplicates run at correct frequency 
_ Blanks run at correct frequency 
_ Spiked samples or Certified Reference Materials run at correct frequency 

5. STANDARDS AND REAGENTS 
_ Standards and reagents are labeled correctly 
_ Use of standards and reagents is documented correctly 
_ Standards and reagents are stored correctly 
_ Standards and reagents are traceable to original lot numbers of all components 
_ Expired standards and reagents are disposed of properly 
_ New standards and reagents are analyzed and documented 
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6. EQUIPMENT MAINTENANCE AND CALIBRATION 
_ Pipettes are calibrated and documented routinely 
_ Balances are maintained, checked and documented appropriately 
_ Temperatures ( ovens, refrigerators, freezers) are checked and documented. 

7. INSTRUMENT CALIBRATION 
_ Instrument log books are filled out appropriately 
_ MDL's are calculated and documented appropriately 
_ Calibration cwves are established each analytical day 
_ Calibration checks are performed accordingly 

Corrective action is taken and documented when calibration cwves are not linear 
or calibration checks are not acceptable. 

8. DATA HANDLING/RECORD KEEPING 
_ All appropriate documents are present with a given set of samples 
_ All data checks are performed and documented 
_ All records of results are kept for appropriate length of time 

GENERAL or MISCELLANEOUS COMMENTS 

REVIEWER/DATE 

REVIEWER/DATE 
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The Quality Assurance Manager is responsible for the preparation and submittal of all Quality 
Assurance Reports. All QA Reports are kept on files at BRL. 

15.1 Internal QA Reports 

Internal Quality Assurance Reports are submitted every month to the President of Brooks Rand, 
Ltd. Monthly reports must be complete and submitted within the first two weeks of the 
following month. These Internal QA Reports discuss each topic as listed below: 

Personnel Changes 
List new hires, exiting employees, and changes in position of current employees 

SOPs/QA Manual 
List SOP numbers and dates of review, revision, new accepted for current month 
List copies of SOPs/QAM distributed to clients 
Discuss any QA Manual issues, revisions 

Training 
List training of all personnel on new tasks (from training records) 

Unacceptable Analytical Results 
High blanks, bad duplicates or replicates, bad SRMs, bad spikes, bad standards .... 
Describe problem and corrective action 

Method Development 
Summarize progress 

Performance Evaluations 
EPA (water) 
USGS (water) 
Health and Welfare, Canada (hair) 
Department of Fisheries and Oceans, Canada (fish) 

Certifications 
WA accreditation 
Radioactive materials license 

Instrument and Facility Changes 
Set up of new equipment/ equipment changes 
Problems with equipment/equipment maintenance 
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Use of new facilities (new lab) 

Bottle Shipping/Sample Receiving Issues 

Database Issues 

Audits (Internal and External) 
When they will occur 
Audit findings 
Resolution of findings 

Lab Supply Issues 
shortages of supplies, gasses etc. 
bad supplies (contaminated acids etc.) 

Project Specific Issues 
New projects, required QAPPs, DQOs etc. 
Existing Project QA Issues 

Miscellaneous Issues 

15.2 QA Reports for Florida DEP 

QA Reports must be prepared and submitted to the Florida Department of Environmental 
Protection. These QA Reports must contain the following topics: 

Assessment of measurement data accuracy, precision and method detection limits 
Results of performance and system audits 
Significant QA/QC problems and recommended solutions 
Outcome of any corrective action 

In addition, BRL will provide QA report to Florida DEP for all Category IV work (QAPPs). If 
no project audits are performed and no significant QA/QC problems occur for a specific project 
in the state of Florida, a letter stating these facts will be submitted to the Florida DEP in lieu of a 
QA report. All QA reports submitted to the Florida DEP must be submitted at the frequency 
required and must include all criteria as outlined in Appendix D of Florida DEP Document # 
QA-001/90. 
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BROOKS RAND, LTD. (BRL) 

Revised and Resubmitted 11/13/97 

Method Validation Package (limited-use) for: 

Total Mercury in Water by CV AFS: EPA Draft Method 1631, BRL Modification #1, 
Determination ofTotal and "Acid-Labile" Mercury in Aqueous Samples by Cold 
Vapor Atomic Fluorescence Spectrophotometry (CVAFS). 

Contents include: 
BRL Modification #1 to 1631 
Summary of MDL, Precision, and Accuracy Data from Batches analyzed from 2/28/97 

through 11/7/97 

Public Document (not required for submittal): 
EPA Draft Method 1631 (7 /96) 

Published Papers/References: EPA Method 1631, Draft, April 1995 
Liang and Bloom, 1993 

Comments: 
This method is functionally the same as the previously approved method BR-0003. For 
purposes of clarity and consistency we perform CV AFS analysis of total mercury in water 
using EPA method 1631 with our modification #1. Modifications are allowed under ~s 
performance based EPA method. 
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Brook Rand, Ltd. (BRL) :Modification #1 

Effective 2/27/97 to date 

Analysts: 

QC Officers: 

Address: 

Narrative: 

Rebecca Els 
Patrick Moore 

Colin Davies 

Brooks Rand Ltd. 
Analytical Services Division 
3950 6th Ave. N.W. 
Seattle, WA 98107 

Rick Manson 
Steve Senter 

Paul Swift 

Telephone#: 206-632-6206 

BRL has been performing mercury analysis by atomic fluorescence since 1989, and during this 
time have identified a number of ways to improve both the quality of the data and the efficiency 
of the analytical process. Our current improvements that are not included in Method 1631 are as 
follows: 
1) Section 3.1 • For oxidizing samples BRL uses the additional step of lN photo-oxidation to 

ensure recovery of all Hg. 
2) Section 6.4.3 - BRL uses commercially available 6-12 mesh soda lime for the acid fume 

pretrap as opposed to the 8-14 mesh size that is listed in Method 163 J but is not 
commercially available. BRL has seen no difference in performance for 6-12 mesh and in
lab generated 8-14 mesh. In addition BRL cleans the pretraps for 15 minutes, which is 
sufficient, instead of one hour. Bubbler blanks are always analyzed first and therefore any 
indication of not thoroughly cleaned pretraps would be immediately demonstrated. 

3) Sectjon 6.S • BRL uses a single trap preconcentration system instead of dual trap. This 
· allows for faster analytical times, v.ithout masking of potential problems on the sample 
collection trap. No disadvantages in terms of data quality have been observed. 

4) Section 6.6 • BRL uses direct electronic data acquisition v.ith the BRL Guru integration 
software instead of a chart recorder or integrator. This is faster, eliminates the expense of 
chart recorders and/or integrators and eliminates possible transcription errors. 

5) Section 7.9 • BRL uses 2 working standards: one at 10 ng/mL and one at 1.0 ng/mL. Thls 
al lows for more accurate delivery-of the low level standards. As Mitten, method 1631 calls 
for only a 10 ng/mL standard which means that for the 50 and 100 picogram standards Sand 
10 µL respectively would need to be pipetted. This change from 1631 results in improved 
calibration. 

6) Section 9.4.1 • 1631 states that '"The mean bubbler blank for an anal;1ical batch, if within 
acceptance criteria, is subtracted from all raw data for that batch prior to the calculation of 
results." This does not allow for the continuous determination of whether QA results are in 
control, thereby forcing the analyst to analyze all samples prior to determining if all QA 
criteria are met. This point was raised with DynCorp (contracted to facilitate method 
approval) on 2/27/97. BRL's suggestion of using the mean of the first 3 bubbler blanks to 
correct with, v.ill hopefully be adopted. Criteria for subsequent bubbler blank checks is 
tentatively set at ± 20 pg from the mean. ;; 

7) Section 11.2 - BRL purges samples and standards for 15 minutes at 350 mL/min instead of 
• ,20 minutes at 300-400 mL/min. High level standard recoveries and subsequent bubbler 

blanks indicate that 15 minutes is adequate purge time to volatilize and collect all of the 
mercury. Longer purge times may, however, be necessary if the lab and/or sample 
temperature is <16° C. 

8) Section 11.2.2 - BRL uses a minimum of 0. l mL ofNH2OHHCI per 0.5 mL ofBrCI instead 
of0.2 mL. 
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Brooks Rand Ltd. 

Hg by Method 1631 (BRL modification #1) 
Quality Control Chart Summary 

1112.0197 

Matrix Spike/Matrix Spike Duplicate (MSIMSD) 
Dates Average Range 

From To Recovery st. Dev. From To 
2/28/97 11 ll /97 98.1 % 6.2% 85.6% 111% 

Method Criteria: 75% 125% 

Initial and Ongoing Precision and Recovery (IPR/OPR) 
Dates Average Range 

From To Recovery St. Dev. From To 
2/27/97 11ll/97 98.9% 5.1% 88.8% 109% 

Method Criteria: 77% 123% 

Quality Control Sample (QCS) 
Dates Average Range 

n 
151 

n 
108 

From To Recovery St. Dev. From To n 
2/28/97 11ll/97 95.5% 6.'5% 82.4% 109% 44 

Method Criteria: 77% 123% 
QCS Sample used is 1641c diluted to 7.35ng/L 

Method Detection Limit (MDL) 
MDL 

Date 
2/27/97 
3/19/97 

Method Criteria: 

(in ng/L) 
0.11 
0.11 
0.2 

ML 
(in ng/L) 

0.5 
0.5 
0.5 
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Total Mercury in Solids (sediments and biota) by CV AFS: SOP #BR-0002, revision 
003, Determination o/Total Mercury in Solids by Cold Vapor Atomic Fluorescence 
Spectrophotometry (CVAFS). 

Previously submitted: 
Summary of MDL, Precision, and Accuracy 
SOP #BR-0002, revision 003 
Data from Batches: 96-190 

96-194 
96-199 
96-210 

Published Papers/References: Liang and Bloom, 1993, (See Total Mercury in Water package) 
Bloom, 1992, ( See Methyl Mercury in Biota package) 
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BROOKS RAND, LTD. (BRL) 

Submitted 1/20/97 

Method Validation Package (limited-use) for: 

Metbylmercury in Water by CV AFS: SOP #BR-0011, revision 003, Determination of 
Methylmercury by Aqueous Phase Ethylation, Trapping Pre-Collection, Isothermal 
GC Separation, and CVAFS Detection. 

Previously submitted: 
Summary of MDL, Precision, and Accuracy 
SOP #BR-0011, revision 003 
Data from Batches: 96-184 

96-215 
96-218 
96-280 

Published Papers/References: Bloom, 1989 
Horvat, Liang, and Bloom, 1993 
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Methylmercury in Sediment by CV AFS: SOP #BR-0011, revision 003, Determination 
of Methylmercury by Aqueous Phase Ethylation, Trapping Pre-Collection, Isothermal 
GC Separation, and CVAFS Detection. 

Previously submitted: 
Summary of MDL, Precision, and Accmacy 
SOP #BR-0011, revision 003 (see Methylmercury in Water package) 
Data from Batches: 96-202 

96-214 
96-223 
96-233 

Published Papers/References: Horvat, Bloom, Liang, 1993 
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BROOKS RAND, LTD. (BRL) 

Submitted 1/20/97 

Method Validation Package (limited-use) for: 

Methylmercury in Biota by CVAFS: SOP #BR-0011, revision 003, Determination of 
Methylmercury by Aqueous Phase Ethylation, Trapping Pre-Collection, Isothermal 
GC Separation, and CVAFS Detection. 

Previously submitted: 
Summary of MDL, Precision, and Accuracy 
SOP #BR-0011, revision 003 (see Methylmercury in Water package) 
Data from Batches: 96-253 

96-258 
96-271 
96-276 

Published Papers/References: Bloom, 1992 
Liang, Horvat, Bloom, 1994 



Brooks Rand Ltd (BRL) 

Arsenic & Arsenic Speciation Methodology Information 

Method Numbers and Titles 

aR-0020 

BR-0021 

Determination of Selenium and Arsenic in Environmental Samples 
by Hydride Generation-Atomic Absorption with Cryogenic Trap 
Preconcentration 

Determination of Arsenic Species in Environmental Samples by 
Extraction and Hydride Generation-Atomic Absorption with 
Cryogenic Trap Preconcentration 

Method Summaries 

BR-0020 / Total As 
Water samples are oxidized with the addition of KBrOs/KBr/HCI and UV 
irradiation. Solid samples are digested with a 80:20 HNO3:HCIO4 acid mixture in 
a sand bath. -rhe samples were brought to volume with 15 ml of HCI and diluted 
to 50 ml with DI water. All samples are then reduced with NH2 OH HCI and 
microwave heating. Samples are analyzed by hydride generation with Na8H4, 
cryogenic trap precollection, H2/Air flame quartz furnace decomposition and 
Atomic Absorption detection {HGAAS). 

BR-0021 / As(III)' AsM, Monomethyl As. Dimethyl As 
Water samples are adjusted to a pH of 6 with the addition of tris buffer solution. 
Samples are analyzed by hydride generation with NaBH... ayogenic trap 
precollection, H2/Air flame quartz furnace decomposition and Atomic Absorption 
detection {HGAAS). After water samples are analyzed for As<111> the same 
samples are then analyzed for AsM, monomethyl As and dimethyl As. HCI is 
added followed by the addition of a sodium borohydride solution which reduces 
the species to the corresponding arsines. The arsines are analyzed by hydride 
generation with Na8H4, cryogenic trap precollection, H2/Air flame quartz furnace 
decomposition and Atomic Absorption detection (HGAAS). 

Sediments/soil samples are sequentially extracted with a sodium acetate solution 
followed by HCI extraction and NaOH extraction. The combined extracts are 
then extracted with a benzene-potassium iodide-hydrochloric acid system. After 
extraction and back extraction, the arsenic species are separated from the 
sample matrices, and are then analyzed by hydride generation with Na8H4, 
cryogenic trap precollection, H2/Air flame quartz furnace decomposition and 
Atomic Absorption detection (HGAAS). Biological Material is pretreated with 
KOH and then treated as sediment/soil samples (see above). 

Page 1 of 2 
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EMAX Laboratories Incorporated is a full-service environmental analytical laboratory located in 
Torrance, California. Our services have been utilized by government and private sector clients since 
1987. The company is a woman-owned, small business enterprise and is certified as such with 
numerous state and local governmental agencies. 

The firm currently employs a full-time staff of over forty professionally qualified chemists and 
environmental scientists. Over twenty percent of our technical personnel possess advanced 
academic degrees. Management personnel have extensive experience in providing analytical 
services for environmentally-related projects. All personnel participate in a thorough training period 
upon the commencement of their employment and are proficient in following a variety of 
methodologies, including 40 CFR Part 136; US EPA SW-846; California Title 22, Division 4; California 
AB 18.J3 and 3374; US EPA Contract Laboratory Program and all NPDES requirements. Employees 
are also encouraged to attend educational seminars to keep abreast of the latest technologies. 
Analytical personnel are certified as proficient in specific methods before being allowed to perform 
analyses, and annual re-certification assures continued proficiency. EMAX management, laboratory 
client services, and other employees are available to assist clients at every stage of a project and will 
answer questions concerning data interpretation after completion of a project. 

Our professionals are supported by the state-of-the-art analytical instruments (Appendix 1) and 
information processing system (Appendix 2). The laboratory is certified and evaluated by many 
states, government agencies and special programs to perform environmental services (Appendix 3). 
The laboratory is fully equipped to quantitatively identify environmental contaminants in soil, 
groundwater, waste waster, hazardous waste, sludge, oil and air. Analyses are performed using Gas 
Chromatography (GC) with a variety of detectors, Gas Chromatography/Mass Spectrometry 
(GC/MS), High Performance Liquid Chromatography (HPLC), Atomic Absorption Spectrophotometry 
(flame and furnace), Inductively Coupled Argon Plasma (fCP) Emission Spectrophotometry, Infrared 
Spectrophotometry (IR) and other instruments. 

All the stationary equipment is housed in a 15,000 sq.ft. facility which is part of ·a larger business 
park. The floor plan of the laboratory appears in Appendix 4. There are also two mobile laboratories 
which are equipped to provide certain analytical services on site in the field. 

£ J\J\ J.\1{ LABORATORIES, INC., 630 Maple Ave .. Torrence. CA 90503 TEL: (310) 618-8889 FAX: 1310) 618-0818 
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2.1. Scope of Quality Assurance Program 
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In accordance with the applicable guidelines from the California State Department of Health 
Services and U.S. Environmental Protection Agency (EPA)1, EMAX has developed this QA 
Manual to define the authority and responsibility of involved individuals and establish the 
requirements by which the desired quality of equipment and services shall be achieved and 
verified. EMAX's policy is to assure that all data collected and processed through EMAX are 
scientifically valid, defensible and of known precision and accuracy. In support to this policy, 
EMAX has established a QA program which includes the following essential elements: 

• To eE,tablish and maintain the line of authority and responsibility. 

• To establish and maintain standard operating procedures which cover the entire 
laboratory operations from sample receiving to reporting. 

• To establish and maintain an audit system which identifies problems at the earlier 
stages and provides direction for corrective action. 

• To ensure all QC requirements are implemented by employees through extensive 
technical and procedural training. 

The scope of EMAX's QA program describes the procedures involved in implementing these 
elements in the following areas: 

• Organization and Responsibility 

• Personnel Training 

• Quality Assurance Objectives 

• Sample Handling 

• Chain of Custody 

• Analytical Procedures 

• Data Reduction, Validation and Reporting 

• Quality Control Check 

• Performance and System Audit 

• Instrument Maintenance 

• Corrective Action 

• Material Procurement and Control 

' Calif. Dept. of Health Services, Environmental Laboratory Accreditation Program. "Information Appendices• (1991) (as updated): OA/R-2, "EPA 
Requirements for Quality Management Plans• (Aug. 1994). 
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• Facilities and Equipment 

• Security 

• Software Quality Assurance 

• Special Program/Project Requirements 
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2.2. Assessment of Quality Assurance Program 

Assessment of QA Program shall be performed using the following guidelines: 

• Effectiveness of tr e system as described by this manual. 

• Adequacy of resources and personnel provided to achieve the quality objectives set 
forth by this manual. 

• Review of existing system and identify opportunities for quality improvements based 
from QA reports to management, internal and external audits, performance 
evaluations and other functions related to quality assurance evaluation. 

2.3. Management of Controlled Documents 

2.4. 

lt is the policy of EMAX to promote operation standardization; accuracy and precision in 
implementing the standards; the establishment of operation controls; and the systematic 
archiving of controlled documents when the same have been rendered obsolete. All 
controlled documents shall be processed as described in SOP GP-0013. Controlled 
documents shall include but not limited to, QA Manuals, SOPs, Laboratory Logbooks, MDLs, 
In-house QC Criteria, and other related documents that have similar importance. 

Corporate Ethics Policy on Waste, Fraud and Abuse 

It is the policy of EMAX Laboratories, Inc., to promote and maintain the integrity of all data 
generated in the conduct of laboratory business as well as to prevent any malpractice on 
behalf of its employees. Malpractice, as used in this corporate ethics policy, encompasses 
the improper manipulation or falsification of data, destruction or removal of data, or other staff 
misconduct which does or may cause waste, fraud, or the abuse of corporate assets. This 
includes the goodwill of the corporation's clientele as well as EMAX's physical assets. 

If malpractice is suspected of having occurred, EMAX will conduct a thorough investigation, 
including gathering and securing all pertinent records related to the incident. A written 
incident report shall be prepared at the conclusion of the investigation, detailing the reason 
for suspicion, the conclusion of the investigators as to the existence or non~existence of 
malpractice, and if malpractice occurred, the cause, process and effect of the incident. All 
individual staff members responsibie for malpractice incident shall be identified and their 
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respective roles shall be stated in the incident report thoroughly. The appropriate actions 
shall be taken by EMAX to uphold this policy under the circumstances of the particular case. 

2.5. Discipline Measures For Employees and Other Agents Who Violate This 
Policy 

Any employee or agent found to have engaged in malpractice is subject to disciplinary action 
up to and including termination of employment. For example, if an employee is found to have 
willfully and knowingly manipulated or falsified data to mislead EMAX management or its 
client(s), his or her association with EMAX may be summarily terminated. Lesser 
consequences may be imposed, depending on how critical the offense is to EMAX's 
business interests. In addition to internal disciplinary action, in appropriate cases, EMAX 
may bring civil or criminal charges against the employee or agent in the courts . 
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3. LABORATORY ORGANIZATION 

3 .1. Overview 
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Well defined personnel responsibility and accountability is necessary to ensure the highest 
quality of service. Within EMAX, each employee is personally responsible and accountable 
for the work he or she performs. However, the QA Manager had overall quality assurance 
responsibility concerning the laboratory operations and reports directly to the Laboratory 
Director. 

The organization of the laboratory function is shown in Appendix 5-A and 5-B respectively. 
Professional qualifications and experience for the individuals filling these positions is 
maintained in the personnel and training records. The specific duties and responsibilities of 
the various managers and support personnel are summarized in the following sections. 

3.2. Summary of Personnel Responsibility and Qualifications 

3.2.1 Laboratory Director 

Responsibility 

• To establish the quality policy for all laboratories and perform assessment of the QA 
program. 

• To establish and support a positive attitude.and professionalism . 

• To oversee and monitor the QA Manager in the execution and implementation of the 
QA programs. 

• To assign, oversee and monitor the Project Manager(s} in execution of the 
program/project specific requirement. 

Qualifications 

• Education: Minimum of Bachelor's degree in chemistry of any science/engineering 
discipline. 

• Experience: Minimum of five years of laboratory experience directly related to 
environmental testing, including at least three years of supervisory experience. 

3.2.2 Laboratory Operations Manager 

Responsibility 

• To oversee the department supervisors in accomplishing the goals towards timely 
and cost effective production of quality data. 

• To ascertain the reliability of laboratory data. 
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To ensure that all laboratory personnel are qualified to perform their functions . 

To assess the load of the laboratory, its personnel and instrumentations, and 
ascertain that all samples received can be acted upon accordingly. 

To assist department supervisors in reviewing data packages whenever necessary . 

To take charge in the absence of the Laboratory Director . 

To attend to the functions of the Project Manager in his/her absence with respect to 
client coordination. 

Qualifications 

• Education: Minimum of Bachelor's degree in chemistry of any science/engineering 
discipline. 

• Experience: Minimum of five years of laboratory experience in analytical field, 
including at least three years of supervisory experience. 

3.2.3 QA Manager 

Responsibility 

• To establish and maintain QA and QC system to accomplish the stated quality 
assurance objectives. 

• 

• 

To monitor the state of quality assurance in the laboratory operations and the results 
of any corrective actions and recommendations of future improvement. 

To perform system audits to monitor completeness and effectiveness of QC system . 

• To stop work in the case of a severe QA/QC problem. 

• To monitor the training and technical review program in accordance with applicable 
Standard Operating Procedures {SOPs). 

• To interact with Laboratory Operations Manager on matters pertaining to data 
integrity and quality. 

• To support the laboratory operations manager, supervisors, group leaders, analysts, 
and technicians in addressing quality and/or training in their areas of operation. 

• To authorize all issues dealing with data quality. 

• To conduct and evaluate results from system and compliance-audits. 

• To establish and review standard operating procedures. 

• To assess QC data to insure that the analytical systems are operating in a state of 
statistical control. 

• To report the implementation of QA Program to the Company President on a 
quarterly basis. · 
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Education: Minimum of Bachelor's degree in chemistry of any science/engineering 
discipline. 

• Experience: Minimum of three years of laboratory experience, including at least one 
year of applied experience with QA principles and practices in an analytical 
laboratot)'. 

3.2.4 Project Manager 

Responsibility 

• To review the project specific QA Plan and other pertinent records related to the 
project. 

• To disseminate project specific requirements to the laboratory during the course of 
the project. 

• To maintain a line of communication and maintain documentation of all transactions 
with the client. 

• To initiate request for variance whenever necessary. 

• To report project status to the Laboratory Director and the Client's representative. 

• To ensure that analytical process and its results conforms with the project specific 
requirements. 

Qualifications 

• Education: Minimum of Bachelor's degree in Chemistry or any science/engineering 
discipline. 

• Experience: Minimum of three years of analytical experience including sample 
analysis. data validation. and QA activitities. 

3.2.5 Department Supervisors 

Responsibility 

• To direct the operations of their respective Departments and accomplish the goal of 
timely and cost effective production of quality data. 

• To support the QA Manager in the execution of all the procedures in their respective 
Departments. 

• To monitor compliance to the project specific QA Plan and SOPs by the analysts and 
technicians through supervisor review and have the authority to reject data based on 
well defined QC guidelines. 

• To train new personnel and make recommendation for continuing education as 
detailed in EMAX SOP GP-0009. 
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To review the data for accuracy, precision, and completeness in accordance with 
standard operating procedures. 

To ensure all analyses are done on time . 

Qualifications 

• Education: Minimum of Bachelor's degree in chemistry or any science/engineering 
discipline. 

• Experience: Minimum of three years of analytical laboratory experience , including at 
least one year of supervisory experience. 

3.2.6 Analysts/Technicians 

Responsibility 

• To understand and operate in compliance with QC Program and standard operating 
procedures, utilizing good laboratory procedures. 

• To identify problems that have a potential impact on data quality and to inform the 
appropriate individual(s) of such problems in accordance with established 
procedures. 

• To submit all analytical data on time. 

• 

Qualifications for Analysts 

Education: Minimum of Bachelor's degree in chemistry or any science/engineering 
discipline or in Heu of minimum education requirement, two years experience in 
operating and maintenance in the related field of service. 

Experience: Minimum of two years experience In related field of service, such as 
GC!MS, GC, ICP, etc. 

Qualifications for Technicians 

• Education: Minimum of high school diploma and a college level course in general 
chemistry. 

• Experience: Minimum of one year experience of laboratory works. 

3.2.7 Laboratory Information Manager 

Responsibility 

• To ensure that computing resources and information systems are current and 
reliable to support laboratory operation. 

• To define the personnel requirements and responsibilities for the management, 
operation and maintenance of the Laboratory Information Management System. 

Qualifications 
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Education: Minimum of Bachelor's degree with advanced training in programming, 
information management, database management systems, or systems requirement 
analysis. 

• Experience: Minimum of three years experience in data or systems management or 
programming including one year experience in laboratory information management 
system. 

3.2.8 Data Processing Supervisor - QA Responsibility 

Responsibility 

• To ensure that all analytical data are in a format that is in compliance with clients' 
requirements. 

• To oversee the data reporting process. 

• To archive all documents pertaining to data processing. 

• To ensure all reports are done on time. 

• 

• 

3.2.9 

• 

• 

• 

Qualifications 

Education: Minimum of Bachelor's degree in management with advanced training in 
computer software applications. 

Experience: Minimum of three years experience in data processing including one 
year of supervisory experience. 

Electronic Data Deliverables Supervisor 

Responsibility 

To ensure that all samples received are properly logged in . 

To ensure that all EDDs are written in accordance to project specific requireme:its . 

To ensure that electronic data deliverables (EDD} are error-free prior to submittal. 

Qualifications 

• Education: Minimum of Bachelor's degree with ad:vanced training in programming, 
information management, information systems, database management systems or 
systems requirements analysis. 

• Experience: Minimum of two years experience in systems or applications 
programming including one year experience of data management and EDD 
generation. 

3.2.10 Sample Management Manager 

Responsibility 

• To ensure all Incoming samples are properly documented and stored . 
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To supervise the creation and distribution of analytical folders in a timely manner . 

To keep track of the internal sample management. 

To inform project manager/customer liaison of any discrepancy or anomaly in 
samples and to follow up with any corrective action. 

To supervise the sample preparation section and implement the quality assurance 
program pertaining to this section. 

• To dispose of samples according to SOP GP-0010. 

Qualifications 

• Education: Minimum of Bachelor's degree in chemistry or any science/engineering 
discipline. 

• Experience: Minimum of two years of laboratory experience in sample management 
and sample preparation including at least one year of supervisory experience. 

3.2.11 Health and Safety Manager 

Responsibility 

• To establish the policy on health and safety issues. 

• To ensure all health and safety regulations are observed and reported to the 
Laboratory Director on issues of concern. 

• To train new employees on safety procedures . 

Qualifications 

• Education: Minimum of Bachelor's degree in chemistry or any science/engineering 
discipline, with 40-hour training on Hazardous Waste Management. 

• Experience: Minimum of one year experience in administering health and safety 
regulations. 

Delegations in the Absence of Key Personnel. 

Planned absences shall be preceded by a written delegation of authority from the person 
whose function is described In Section 3.2 above, to another staff member. Delegations may 
be given to subordinate staff members whose qualifications and experience are similar. If no 
such staff member is available, the responsibilities and duties of the person will be delegated 
to the person's organizational superior as indicated In Appendix 5-B. In the case of 
unplanned absences, the organizational superior shall either assume the responsibilities and 
duties or issue a written delegation of these authorities to an appropriately qualified member. 
Any staff member carrying out another person's function pursuant to a delegation of authority 
shall attach a copy of the written delegation to any document that staff member approves on 
behalf of the absent person. 
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3.4. Laboratory Personnel Qualification and Training 
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All personnel joining EMAX organization shall undergo Orientation and Training as described 
in SOP GP-0009. During this period the new persorrnel shall be introduced to the 
organization, their roles, responsibilities and authorities as well as the policies and 
procedures of the company. They shall also undergo on the job training and initial 
demonstration of proficiency prior to performing their work assignments on their own. To 
ensure a sustained level of quality performance among EMAX staff members, continuing 
demonstration of proficiency shall be performed at least once a year by successfully passing 
an external PE sample or internal PE sample. Personnel QA record, shall include, resume; 
signed Corporate Ethics Policy on Waste, Fraud, and Abuse; Safety & Health Orientation, 
Training Records; Demonstration of Proficiency; as well as training performed outside EMAX. 
These records are filed in individual binders and are maintained by the QA Manager. 

3.5. Subcontractors and Contract Labor Personnel 

EMAX by all means, prefers to perform all analytical work in its own facility with its own staff 
members. However, service demands sometimes exceeds EMAX's capacity or are beyond 
EMAX's analytical capability. In such instances, EMAX may add contract labor personnel to 
its work force or seek out other laboratories to perform subcontracted work. 

As part of EMAX's policy, Subcontractors shall only be awarded work upon client's written 
approval. In selecHng a proposed subcontractor, EMAX shall determine that capability to do 
the work exists, the same certifications, approvals, and evaluations required of EMAX are 
available at the proposed subcontractor, and an adequate QA Manual governs the proposed 
subcontractor's laboratory operations. Upon request, EMAX shall provide its client copies of 
the proposed subcontractor's applicable certifications, approvals, and evaluations and its QA 
Manual. EMAX's QA Manager shall maintain such documents on file for each subcontractor 
approved by an EMAX client and shall provide the name of the subcontractor's point of 
contact, phone number, fax number, and the subcontractor's address to interested EMAX 
and client staff member upon request. 

Utilization for subcontract laboratories policies and procedures are detailed in SOP GP-0005. 

Contract labor personnel are required to meet the same qualifications criteria as EMAX's own 
staff engaged in the same work and are required to undergo the same training as EMAX's 
own staff. 
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The purpose of a quality assurance program is to produce data of known quality which satisfy the 
project objectives and meet or exceed the standard requirements for the analytical methods that 
generated the data. Data whose known quality is subs_tandard and/or does not satisfy project 
objectives will not be relied upon by EMAX for any purpose. 

As reflected by controlled document work instructions issued to EMAX personnel, the QA program: 
(1) provides measures of data quality in terms of precision, accuracy, representativeness, 
completeness and comparability and (2) provides a mechanism for ongoing control and evaluation of 
data quality. 

4.1. Precision 

Precision measures the reproduction of repetitive measurements. It is strictly defined as the 
degree of mutual agreement among independent measurements. Results from sample 
duplicate analyses provide a measure of precision. Precision can be expressed in terms of 
relative percent difference (RPO) using the following formula where D2 is the concentration 
of one of the replicates and D1 is the concentration of the remaining replicates: 

= 02 - 01 X 100 
RPO (02 + 01)112 

Duplicate samples will be prepared at a minimum of one per analytical batch. A batch is 
defined as a group of samples of similar matrix (i.e., a matrix which behaves similarly with 
respect to the procedures to be employed in analysis}. They are processed together with the 
same method sequence, same lots of reagents and subject to manipulations common to 
each sample within the same time period or in a single continuous time sequence without 
interruption. The maximum number of environmental samples in one batch is 20. 

The laboratory precision objectives of each method and matrix are presented in individual 
SOPs concerning the method. 

4.2. Accuracy 

Accuracy is a statistical measurement of correctness and includes components of random 
error (variability due to imprecision) and systematic error. tt therefore reflects the total error 
associated with a measurement. Analytical accuracy is expressed as the percentage 
recovery (%R) of an analyte which has been used to fortify a field sample or blank at a 
known concentration prior. to analysis, an is expressed by the following forrnula: 

%R = Amount Recovered x 100 
Amount Spike 

One (1) sample out of twenty (20) or one in every analytical batch of less than 20 samples is 
spiked with appropriate concentrations of analytes in order to determine the matrix effects 
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and recoveries. The laboratory accuracy objectives of each method and matrix are 
presented in the SOP concerning the individual method. 

Representativeness 

Representativeness of data with respect to the site conditions is significantly dependent upon 
field activities that are outside the control of the laboratory. However, EMAX endeavors to 
assure the representativeness of data with respect to the sampling and analysis tasks that 
are within the laboratory's control. Objectives for this representativeness will be defined in 
the SAP as a result of DQO development and will reflect the investigative objectives for each 
particular task.' In all -instances other than VOA analyses, samples will be thoroughly mixed 
before preparation to ensure the representativeness of a subset. Furthermore, the 
participation of all technical disciplines involved in producing and using sampling and analysis 
data is mandatory at the planning and DQO development stages of work to ensure that 
appropriate objectiv,:s are selected for inclusion in the SAP. 

Completeness 

Completeness is defined as the percentage of measurements made which are judged to be 
valid. Completeness is calculated for the aggregation all methods of any particular sampling 
event or other defined set of samples. The number of valid, unqualified results. divided by 
the number of possible individual analyte results, expressed as a percentage, dete~m1ned the 
completeness of the data set. The objective for completeness if 90 percent for mos: ;:,rejects 
unless specified otherwise for specific project needs. 

C I _ Number of valid results 
omp etness - N b f "bl . d. .d um er o poss, e m 1v1 ual results 

Com para blllty 

Comparability is a qualitative parameter expressing the confidence with which one data set 
can be compared with another. It depends significantly on the on-site sampling plan which is 
generated and executed outside the control of the laboratory. However, EMAX endeavors to 
assure the greatest degree of comparability possible for data sets generated under the 
control of the laboratory .. In this regard, EMAX .employs established methods for sampling 
and analysis, reporting data in standard units and comprehensive reporting format, and using 
reagent and standards of the highest quality available. Reference standard solutions used In 
analytical processes will always be traceable to the National Institute of Standards and 
Technology (NIST). ' -
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EMAX personnel shall not employ non-standard or significantly modified methods [e.g., work 
performed under instructions not sanctioned by EMAX controlled documents] unless the 
client approved the methods in writing after full disclosure of the non-standard or modified 
aspects of the method(s). The project manager shall not request the client's approval unless 
the QA Manager has first determined that the non-standard or modified method: (1) is 
supported by in house data or literature, (2) is within the scope of governing regulations (if 
any) of appropriate agencies. All this information shall be provided to clients as part of the 
disclosure accompanying a request for approval. A copy of the client approval shall be kept 
in the project file. 

The company uses SOPs with Method Detection Limits (M0Ls), Reporting Limits, and In
house QC Schedule and Criteria (IQCs) to communicate the implementation of data quality 
objectives to the analytical staff (Refer to Appendix 6 for SOP Index). These are controlled 
documents issued by the QA Manager to related individuals and recalled from such persons 
when revisions make the documents obsolete. (Refer to SOP GP-0013 for detailed 
information concerning the control of documents). 
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Sample testing methods and holding times must be strictly observed. Recognizing this imperative 
need, EMAX has adopted policies and procedures governing all aspects of sample handling, 
processing, and disposal and requires its personnel to comply with such policies and procedures. 
Additional policies and procedures govern internal EMAX systems for monitoring and reporting on 
adherence to sample handling, processing, and disposal requirements. The QA Manager shall 
provide assistance upon request in identifying pertinent controlled documents which establish work 
instructions on these topics. 

5.1. Collection and Preservation 

EMAX prepares properly cleaned and preserved bottle containers for use in sample 
collection according to the published EPA guideline. Appropriate containers, sample volume 
and preservatives for routine organic, metal and wet chemistry parameters are summarized 
in Appendix 1 of GP-0001, Required Sample Containers and Preservatives. 

5.2. Sample Receipt 

5.2.1 Sample Receipt is the responsibility of the Sample Custodian (SC). Date and time of 
sample receipt is acknowfedged by the SC on the chain-of-custody form (Appendix 
8). The SC may designate an alternate person to fulfill his duties when he is absent. 

5.2.2 Each sample received will be inspected by the sample custodian. Any anomaly will 
be recorded. The inspection will include: 

• If containers are intact; 

• If there was no headspace in VOA vials; 

• If the sample holding time has not exceeded; 

• If the sample was received within 4°C + 2 °C; 

• If the custody seals or tapes on the shipping containers are present and 
intact; 

• If preservatives are present; 

• If there was any discrepancy between Chain-of-Custody and sample 
received. 

The sample custodian will fill out sample receipt and description form (Appendix 9) 
and will notify client services of any problem. In turn, client services will notify the 
client of any violations in holding time, preservatives or storage requirements. Such 
violations, even approved 'by the client, will be noted in the analytical report. 

C ~J\J.\1{ LABORATORIES, INC., 630 Maple Ave .• Torrence. CA 90503 TEL: {310) 618-8889 FAX: (310) 618-0818 



-

EMAX Laboratories, Inc. 
QA Manual Rev. 9 

January 1998 
Page 20 of 74 

5.2.3 All samples are logged into the Sample Receipt Record when they are received. A 
unique EMAX accession number is assigned to the analytical batch, and a sample ID 
number is assigned to each sample within the analytical batch. The storage code is 
assigned. The EMAX reporting batch accession number and sample number are 
designated as follows: 

yy 

M 

= 

= 

YYMSSSNNQQ 

Last two digits of the current year, i.e. 96- 1996 

Calendar month in alphabetical order, i.e. A = Jan, 

B = Feb, etc. 

sss = Reporting batch number, assigned in ascending order 

from 001 each month 

NN = 

QQ = 

Individual salTlple numbers assigned in ascending order 

within each analytical batch, from 01 through 99 

QC designated by client 

The client's name, sample ID, matrix, date received, analyses required, and storage 
locations are also listed in the receipt record. A file is created for all paperwork. 

5.2.4 Work-order-forms of each analysis will be distributed to the management and the 
appropriate analyst. These forms provide the necessary information needed to 
perform the analysis. Unless QC sample is designated, it is the responsibility of a 
chemist/extraction supervisor to assign QC samples for the analytical batch in 
accordance with project specific requirements. 

5.2.5 Laboratory Information Management System 

EMAX operates an in-house Laboratory Information Management System (LIMS) 
which serves as a central point to manage all data related to sample status and 
report deliverables and disseminate these information to responsible parties. Key 
components of the EMAX LIMS are LABWORKS, a PC network-based commercial 
LIMS package, and SAMPLETARCK, an in-house sample tracking system which 
interfaces with and complements LABWORKS. 

5.2.5.1 Sample Log-In 

Sample log-:in is performed on the LABWORKS system by a designated data 
processing personnel. The process involves checking a sample or group of 
samples into the system, recording field data, and specifying analyses and 
reporting details. Specific information logged in include: 

• client sample ID and corresponding control number 

• 
e 

sample collection and receiving date/time 

sample niatrix and analysis requested 
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• holding time and internal due date 

• QC sample information 
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LABWORKS has login and password control, and it has different levels of 
module privileges to achieve system security and data integrity. Different 
laboratory personnel are given different access privileges to control 
operations that can be performed on a given sample. 

5.2.5.2 Sample Tracking 

SAMPLETRACK provides the environment and the operations to monitor the 
status of samples as soon as they are received, as they progress from one 
stage of laboratory operation to another, until they are reported. Sample 
preparation technicians and analysts receive their work orders, update the 
relevant information as their assignmen: is finished, and browse these status 
information in SAMPLETRACK. Data entry personnel will prepare the final 
reports according to their due dates and update the system when the report 
is complete. 

The LIMS is an essential management tool for the laboratory operations 
manager and supervisors to have up to date information regarding the status 
of each project. Holding time information is stored in the LIMS for the 
different methods. The user is alerted of holding time requirements by 
looking at the SAMPLETRACK. For any violation of holding time, the client 
will be notified promptly and follow up action will be noted in the analytical 
report. 

Sample Storage 

Samples will generally be stored in refrigerators maintained at 4°C (± 2 °C) to reduce the 
possibility of sample contamination and degradation. Liquid and soil samples designated for 
volatile analyses are stored separately. Aqueous samples for the determination of metals 
shall only be stored at 4°C (± 2 °C) at client's request. · 

5.4. Internal Sample and Extract Custody 

When samples are taken out to be prepared or analyzed, the Sample Custodian will transfer 
custody to the responsible party. The transfer of custody is recorded in the internal COC log 
and verified by the signature of both the Sample Custodian and the analyst. When sample 
preparation or analysis is finished it is returned to the sample storage, the analyst must 
transfer custody back to the Sample Custodian who will return the sample to the refrigerator. 
This transfer is also indicated on the internal chain-of-custody record logbook by the 
signature of the analyst and the Sample Custodian. The date and time of each transfer must 
also be shown on the internal chain-of-custody. 

When sample extracts are ready for analysis, the custody of extract is transferred to the 
analyst, and the recipient initials the extraction log. The analyst will keep the custody of the 
extract until endorsed for disposal: 
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After completion of the analysis, the sample will be returned to its original storage place and 
kept for 30 days. Before actual disposal, the client will be notified of EMAX's intention to 
dispose of the sample. Upon the client's request and with the approval of the laboratory 
management, the sample may be stored for a longer period of time either at no charge or for 
a fee. The laboratory is registered with the EPA as a Hazardous Waste generator. Waste 
disposal for the laboratory is contracted to a qualified waste disposal company. At the time 
of disposal, the laboratory will separate samples according to hazardous material 
classification code and dispose of them according to SOP GP-0010 and in compliance with 
applicable federal, state, and local hazardous waste regulations. In the event that the project 
has a different sample disposal/handling specification, the project specification shall prevail. 
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Material procurement and control procedures ensure quality control of chemicals and any related 
materials essential to the laboratory operation. Purchase orders will specify the quality of material 
needed. Such specifications may include purity, requirements for traceability or certifications, lot 
number or any other pertinent information. 

6.1. Procurement and Quality Control 

6.1.1 All reagents/chemicals and related materials needed for analyses are pre-analyzed 
prior to placing any order. A requisition for sample(s) is placed with the supplier to 
pre-qualify the chemicals. 

6.1 .2 All reagents/chemicals and related materials purchased are logged as they are 
received. A reagent log shall be maintained to contain the following: 

• RL Number 

• Date received 

• Description 

• Lot Number 

• Comments 

6.1.3 All reagents/chemicals and related materials shall be analyzed per Jot prior to use to 
ensure that no interference exists as required by the analyses. The detailed 
procedure and acceptance criteria are based on the intended use of reagents and is 
described in SOP GP-0025. · Documentation of such analyses shall be maintained by 
QA department 

6.1.4 Prior to use, the lot number of reagents/chemicals and other related materials shall 
be verified as corresponding to the latest lot analyzed. All reagents/chemicals and 
related materials shall be dated when first opened. 

6.1.5 All reagents/chemicals that are expired as specified by the label and/or chemicals 
that did not pass the QC requirements shall be disposed properly as described by 
the waste disposal procedures. 

6.2. Chemical and Standard Inventory 

6.2.1 Chemical Inventory 

The supplies (reagents/chemicals/general laboratory supplies) requisitions and 
inventory system is maintained by the Purchasing Officer with the cooperation of the 
end users. 
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The chemical standards are controlled by each department. All standards are 
purchased from vendors of known integrity. All standards purchased are either 
accompanied with certificate of analysis or traceable to a documented source. To 
ensure availability of the standards used in the Organic Department, a purchase 
order is placed prior to the release of the last container of the standard in inventory 
far consumption in the laboratory. For the Inorganic Department, a purchase order is 
placed for the projected requirements at least a month prior to its expected 
consumption. The detailed description of tracking and maintaining quality control of 
standards can be found in SOP GP-0020 and GP-0023. 

6.3. Storage Control 

Chemical storage is strictly governed by compatibility considerations and by concerns for 
maintaining the integrity of the stored chemicals. 

6.3.1 All solvents shall be stored in flammable liquid safety cabinets in a well ventilated 
area. 

6.3.2 All acids shall be stored in a non-metallic cabinet. 

6.3.3 All reagents shall be stored in appropriate cabinets, systematically observing 
chemical compatibility criteria . 

6.4. Laboratory Waste Disposal 

6.4.1 Chemical Wastes 

Chemical wastes are properly identified and are temporarily stored in drums seated 
on spill containment pallets, awaiting for disposal. 

6.4.2 Organic Waste Waters \ 

Organic waste waters generated from samples that are extracted are boiled under 
fume hoods for at least two hours or purged with nitrogen gas prior to its disposal as 
non-hazardous waste. 

6.4.3 Inorganic Waste Water 

Inorganic waste waters generated by digestate and/or distillates are neutralized to 
pH 7 prior to its disposal as non-hazardous waste. 

6.4.4 Organic Waste Solids 

Wastes soils generated after solvent extraction are placed in fume hoods for at least 
one week prior to its disposal as non-hazardous waste. 
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Samples are generally stored for at least 30 days from date of receipt unless 
otherwise specified by the client and/or by the project 

Samples are classified ar:id a profile is generated by the laboratory to identify the 
waste stream. 

6.4.6 Hazardous Waste Disposal 

All wastes generated by the laboratory and identified as hazardous are so labeled 
and packaged appropriately for pick up by the contract waste disposal company for 
proper disposal. 

6.4.7 Effluence Discharge 

Wastewater effluent from EMAX's Torrance laboratory is discharged under the 
jurisdiction of the Los Angeles County Sanitation District. File correspondence with 
the District states that no additional permitting or monitoring of the EMAX discharge 
is required. 

EMAX's Internal Hazardous Waste Management Plans specified procedures to 
minimize the potential for hazardous materials entering the sanitary sewer collection 
system . 
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The methodologies and procedures for analysis set forth in various documents are used by 
EMAX in the analysis of soil, water, and air samples. These documents are issued by 
various government regulatory agencies for regulatory concerns. Unless otherwise informed, 
EMAX will use the most recently promulgated version of the method. When applicable, 
EMAX will discuss the availability of different versions with the client to ascertain their need, 
and this information will be included in the project-specific notes. The source documents are: 

• "Test Methods for Evaluating Solid Waste, Physical/Chemical Methods", USEPA 
SWB46, Third Edition, 1986 (as updated) 

• "Methods for Organic Chemical Analysis of Municipal and Industrial Wastewater'' 
(EPA-600/4-85-054) (as updated) 

• "Methods for Analysis of Water and Wastes", EPA 600/4-79/020 (as updated) 

• "Method for Determination of Organic Compounds in Drinking Water" (EPA-600/4-
88/039) (as updated) 

• "Statement of Work for Organic Analysis", USEPA Contract Laboratory Program 
OLM01.8, Aug. 1991 (as updated) 

• 

• 

"Statement of Work for Inorganic Analysis", USEPA Contract Laboratory Program, 
ILM02.1, Sept. 1992 (as updated} 

Title 22, Article 11 of the California Administrative Code, "Criteria for Identification of 
Hazardous and Extremely Hazardous Wastes" 

• Guidelines Establishing Test Procedures for the Analysis of Pollutants Under the 
Clean Water Act'', 40 CFR, Part 136 (Federal Register 49 (209), 26 October 1984) 
(as updated) 

• "Annual Book of ASTM Standards", Volume 4.08 (as updated) 

• "Methods for Determination of Organic Compounds in Drinking Water (500 Series}", 
PB-89-220461/AS (as updated) 

• "The LUFT Field Manual", October 1989, California (as updated) 

• Alaska Methods & Alaska Regulations 18 AAC 7.800 (b) 

• "EPA Compendium of Methods for the Determination of Toxic Organic Compounds 
in Ambient Air" EPA/600/4-89/017 (as updated) 

• "Methods for Determining Emissions of Toxic Air Contaminants from Stationary 
Sources". State of California Air Resources Board, 1991. 

A list of analytical methods performed by EMAX is summarized in Appendix 7. 
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The choice of method depends on the data quality objectives, regulatory program and 
sample matrix. The operation of each method is detailed in an SOP which provides work 
instructions concerning the sample preparation, instrumentation, analysis, performance 
criteria and corrective action. Adherence to the SOP is essential in producing consistent 
data of known quality. Deviation from ilandard operation procedures due to the nature and 
composition of the sample must be documented. The SOPs are reviewed annually and 
updated, if necessary, to reflect the current practice. Controlled copies of the SOPs are 
issued for easy access by related personnel. An index of SOPs issued before the revision 
date of this manual is provided in Appendix 6-A, 6-B, 6-C. 

EMAX analytical personnel has to demonstrate proficiency and are certified for every 
analysis that they perform as described in GP-0009. Under GP-0013, a control system is 
established to ensure that analytical personnel do not retain obsolete versions of methods 
documentation and do have the most current revision of such documentation. 

7.2. Detection Limits 

EMAX's policy and practices for defining instrument detection and method detection limits, 
reporting limits, and quantitation limits, as well as the method(s) and algorithm(s) used to 
determine such limits, are set forth in SOP GP-0026. 

7 .2.1. Instrument Detection Limit (IDL) 

The operation definition and procedure of IDL are taken from USEPA Statement of 
Work for Inorganic Analysis ILM02.0 {as updated} and applied only to instruments for 
metal analysis. It is determined by taking 7 measurements per day for three non
consecutive days at a concentration of 3 to 5 times the manufacturers recommended . 
instrument sensitivity. IDL is calculated by multiplying 3 to the standard deviations 
obtained from these measurements. The IDL is updated quarterly if CLP samples 
are analyzed and after major instrument repairs. 

7 .2.2. Method Detection Limit (MDL) 

The method detection limit (MDL} is defined as the minimum concentration of a 
substance that can be measured and reported with 99 percent confidence that the 
analyte concentration is greater than zero. The laboratory performs MDL studies 
annually to demonstrate that it can meet or exceed the method recommended MDLs 
and project requirements. · 

EMAX procedure of performing MDL is adopted from the "U.S. EPA Procedure Used 
for Establishing MDLs and Procedure for the Determination of the Method Detection 
Limit• Revision 1.1", 40 CFR 136, 1984 (as updated). This procedure consists of 
analyzing seven aliquots of a standard spiked at three or five times the expected 
MDL. Then, the aliquots are taken through the entire sample processing steps of the 
analytical method. The MDL is established at three times the standard deviation of 
the mean value for the seven analyses. Results for similar methods performed for 
each matrix will be applied to all methods. MDL(s) for analytical methods listed in 
Appendix 6 is available upon request. 

7 .2.3. Reporting Limit (RL) 
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Reporting limit (RL) is used for reporting purpose. It is set at a level where the 
precision and accuracy are assumed to be defined and it must be greater than or 
equal to the empirically derived MDL. The QA Manager determines the validity of 
laboratory method reporting limits. Reporting limit is project specific. 

Standards 

Standard Storage 

Standards are stored according to the EPA or manufacturer recommended temperature in 
either subzero, 4 °C (± 2°C) or room temperature (22 ± 2°C). Standard storage is organized 
so that possible standard cross contamination is avoided. Pure or high concentrated 
standards are stored away from the low concentration dilution standards. Maximum shelf life 
of standard is less than or equal to manufacturer's expiration date for neat compounds or 
pre-mix solutions. On occasions, the expiration date of standard can be extended upon 
validation with certified source. Expiration of secondary standards must meet or exceed the 
proposed standard expiration· criteria for the specific method of analysis. Diluted standards 
will be discarded when analysis indicated decomposition. 

Standard Verification 

Before using a new standard, its acceptable condition must be verified through analysis 
which compares the new standard to a standard known to be in acceptable condition. The 
acceptance criteria of standard for each method is listed in method specific QC schedule in 
the SOP. Once the standards is verified, it may be used for routine analysis. 

Standard Logbook 

All standards used for analytical processes by EMAX will be logged in the standard logbook 
according to SOP GP-0023 with the following information: 

• Source of Standard (Manufacturer's Name) 

• Expiration date of source standard 

• Date of standard arrival, date when standard first opened 

• Lot number or analytical batch number of the standard 

• Standard name and original concentration 

• Date of dilution 

• Solvent used for dilution 

• Concentration value after dilution 

• Where standard is stored 

• Identification code for diluted standard solution 
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7.3.4 After log-in, an ID associated with the standard is generated. The standard ID is used in all 
analytical documentation to provide traceability and ensure that the process being 
documented employed a standard. 

7.4. Method Development 

When methods are revised, updated or modified, a new procedure shall be developed as a 
standard practice in the laboratory. 

If the method contains definitive criteria, the specified criteria shall be used without 
modification. Clarification from the method originator may be required on areas where the 
criteria is subject to interpretation. 

If the method contains only guidelines, the criteria shall be defined using the guidelines 
provided, the result of the method development and the objective of the method. 

If the method lacks criteria, the criteria shall be defined using the similar in-house method as 
advisory control limits, until enough data points are accumulated. Refer to SOP GP-0030 for 
generating control limits . 
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DATA MANAGEMENT AND LABORATORY RECORD 

The data reduction, review, validation and reporting procedures described in this section will ensure 
the data validity, that complete documentation is maintained, that transcription and data reduction 
errors are minimized, the data are reviewed and documented, and results are properly qualified. If 
data is generated by an EMAX subcontractor, it must be verified and reviewed to the same extent as 
internal data before EMAX accepts the data. A flow diagram of data management is presented in 
Appendix 10, and the procedures are presented in SOP-GP-0009. 

All analytical data produced within EMAX or by EMAX subcontractors are extensively reviewed prior 
to report generation to ensure the validity of the reported data. 

8.1. Data Generation 

Analytical data are generated either manually or electronically from instruments. Manual 
data are recorded into bound laboratory notebook issued by the QA Department. Notebook 
pages contain the following information, as applicable: analytical method, analyst, date, 
sequential page number, reagent concentrations, instrument settings and raw data. Entries 
for instrument logs are in chronological order. Notebooks are maintained in accordance with 
SOP GP-0013. The notebook is reviewed periodically by the QA Manager/Supervisor. For 
data generated electronically, the data and a copy of the run-log (with method name, 
instrument ID, date. data file ID with associated sample control number and other pertinent 
information) are kept on file. Instrument outputs (quantitation reports, chromatograms, etc.) 
are also kept on file. The filing of instrument data is based on the method and EMAX control 
number. 

8.2. Data Reduction 

8.2.1 Data reduction. is performed by the individual analysts and consists of calculating 
concentrations in samples from instrument output. The complexity of data redaction 
efforts depends on the specific analytical method and the number of discrete 
operations {e.g., extractions, dilutions, and concentrations) involved in obtaining a 
sample that can be measured. The analyst will reduce all raw data into the final 
reportable value with the appropriate data qualifiers. Analysts apply their 
professional judgment in manual integration. 

8.2.2 Manual integration shall be initialed, dated, and properly explained. The original hard 
copy and the integrated result shall be retained and archived with the raw data. 

8.3. Data Review 

Every data package generated shall undergo levels 1, 2, and 3 data review. 

8.3.1 Level 1 
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8.3.2 The analyst, who generated the results, performs the first level of review and is 
responsible to report the results accurately and completely. It is also the analyst's 
prime responsibility to generate and reduce the data in accordance to the specified 
protocols set forth by the laboratory SOPs. The Level 1 review guidelines includes 
but not limited to the following: 

• Completeness of information from sample preparation to analysis 

• Correctness on execution of SOP 

• Correctness of quantitation of analytical results 

• Completeness of analytical results, to include case narrative, method blanks, LCS, 
MS/MSD and/or duplicate samples, sample results accounted from the COC, 
calibration results, raw data, NCR (if any) and any other pertinent record(s) that in 
the analyst's professional judgment deemed necessary to enclose be included as 
part of the record. 

• Correctness on implementation of control limits 

• Correctness on project specific requirements 

• Completion of analytical checklist to include the analyst's signature on Level 1 review 
of the checklist. The analyst shall then compile the analytical report into an analytical 
folder and submit the folder to the supervisor for technical review. 

8.3.3 Level 2 

The supervisor or his/her designee, performs the 100% second level of review. The 
primary function of this review is to ensure that results are scientifically sound and 
accurate. It shall also counter check whether or not the analytical checklist conforms 
with the contents of the analytical folder. Level 2 review guideline includes, but not 
limited to, the following: 

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

• QC samples are within the established guideline 

• Qualitative identification of sample component is correct 

• Quantitative results are accurate· 

• Completeness of the analytical folder 

During secondary level of review, it is essential to make immediate action to correct any 
errors, and at the same time, to investigate the root cause of the error. Once the deficiency 
is identified, a corrective action plan shall be implemented to prevent recurrence of similar 
incidence. Errors that potentially may have a great impact on the project will be reported to 
QA Managementlproject manager immediately. The project manager, after investigation, 
infonns the client and recommends remedial action. The final resolution will be documented 
in the project file. 
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This review process is documented by the signature of the reviewer and the date of review in 
the analysis review form. 

After the secondary review, the data are compiled into a final report by the Data Processing 
Department and the department supervisor reviews for transcription error as well as the 
completeness of the data package. 

8.3.4 Level 3 

8.3.5 

The Project Manager (PM) performs the third level of review. The primary function of 
this review is to ensure that the analytical process and its results conform with the 
project specific requirements. In addition, the PM shall also review the overall quality 
of the data package. The Level 3 review guideline includes, but riot limited, to the 
following: 

• Analytical method used conforms with the project specific requirements 

• Detection Limits conforms with the project specific requirements 

• Data packaging comorms with the project specific requirements 

• Completeness on all of the deliverables 

After satisfactorily meeting all of the above requirements, the PM shall initial the draft 
and returns the package to the data processing department for final pagination. 

Subsequently, the data package goes to the Laboratory Director. The Laboratory 
Director reviews the case narrative of each method before signing off. 

The data processing department reviews all generated copies of the data package to 
ensure readability and completeness on the data package replicates . 

QA Review 

The QA Manager or his/her designee randomly reviews at least 10% of the 
generated data packages to ensure that the data generated meets the laboratory QA 
objectives. The examiner shall perform all of the three levels of reviews mentioned 
above. The QA Manager shall document the review accordingly. 

The purpose of QA review is to ensure that all quality control procedures are 
properly implemented and project specific requirements are met; it also provide an 
opportunity to evaluate the effectiveness if . the QA program and make 
recommendation for improvement. 

8.4. Data Reporting 

A variety of reporting formats ranging from computerized data tables, to complex reports 
discussing regulatory issues, to a CLP-deliverable package, are available. In general, a 
standard report consists of a transmittal letter with the following information: 

8.4.1 Case Narrative 
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This form contains the description of sample types, tests performed, the reference 
for the analytical method, and any technical problems encountered during analysis. 

8.4.2 Sample Result 

This form contains results and reporting limits of samples with client's ID and 
EMAX's control number in a format required by the project. Results and reporting 
limits are calculated base on dilution factor and/or dry weight. Additional pertinent 
information, to include dates sampled, received, prepared, extracted and/or analyzed 
is also provided on this form. 

8.4.3 Laboratory Performance QC Information 

The result of a method blank, the precision and accuracy of laboratory control 
sample and laboratory control sample duplicate are summarized in this section 
together with project acceptance limits. 

8.4.4 Matrix-Specific QC Information 

8.4.5 

This form contains the results of sample duplicates, matrix spikes, matrix spike 
duplicates or other project-specific QC required by the contract. The results include 
supporting information such as amount spiked, and percent recovery or relative 
percent difference. 

Other Deliverables 

Other deliverables required by the client which may include electronic disk 
deliverables, sample raw data packages, and custom report formats shall also be 
provided as required by the contract. 

8.5. Record Keeping 

Each analyst or technician is responsible for maintaining accurate, legible records and logs in 
accordance with the SOPs outline in SOP No. GP-0013. The supervisors are responsible for 
insuring adherence to the SOP. The QA Manager is responsible for routinely auditing all 
records and logs and reporting deficiencies to the appropriate supervisor for corrective 
action. 

The extraction sections utilized method-specific bound books to record all data associated 
with sample extraction and preparation. A copy of the extraction log is transferred to the 
respective analytical area to process the extracted sample. 

Analysis-specific laboratory notebooks are issued to the various groups as needed. The 
notebooks are sequentially numbered and the inclusive dates recorded on the cover. They 
are maintained within the group until they have been completed. Competed laboratory 
notebooks are returned to the QA department for appropriate archiving. 

EMAX maintains specific analytical batch folders for all data (including computer print out, 
quantification reports and chromatographs, extraction log, and analytical log). All analytical 
folders are archived chronologically by the data processing department in.a secure area. All 
analytical records are kept In a secured storage·for a minimum of three years. Upon client 
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request and subject to managerial approval, analytical records can be stored for a longer 
period of time. 

Electronic Media 

Back up and archival methods are defined for all data files. Backup data are used to recover 
data when files have been destroyed. All analytical files are periodically copied on tape. 
Archived data shall be kept permanently for future reference. EMAX normally keeps all 
electronic files for three years, unless specified in the contract or pre-arranged by the client. 
The details of storing electronic data is described in SOP SP-501 O . 
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This manual defines a batch as a group of samples of similar matrix, not to exceed 20 original field 
samples, analyzed for a specific method. Each batch shall include the analysis of a method blank 
and a laboratory control sample. For organic analyses, it shall also include a matrix spike and a 
matrix spike duplicate. For inorganic analyses, it shall also include a matrix spike and a duplicate 
sample. 

In order to asses the validity of an analytical result, quality control elements are introduced into the 
entire analytical process. The following subsections describe the quality control parameters used by 
EMAX. By examining the completeness and quality of all QC parameters, method performance can 
be assessed and the validity of analytical data can be evaluated. The applicable QC procedure(s), 
the frequency of each procedure(s}, the acceptance criteria, and the corrective action are 
summarized for each analytical method in a QC table of each SOP as a quick reference source for 
laboratory personnel. The QC acceptance criteria for each methods are either derived from the 
reference or established based on statistical consideration and performance requirements. QC tables 
for specific analysis is available upon request. 

9.1. Calibration 

Calibration defines the quantitatlve response, linearity and dynamic range of the instrument 
for each analyte. Calibrations that are used in analyses can be classified into two 
categories: Initial and Continuing Calibration. Initial calibration establishes the calibration 
range of the instrument and determines the response over that range. Continuing calibration 
provides a measure of the instrument stability over a period of time by comparing to initial 
calibration. All analytical instruments shall be calibrated in accordance with requirements 
which are specific to the instrumentation and procedures employed. 

9.1.1 Organics by Chromatography 

Chromatography involves a variety of instrumentations and detectors. The 
commonly used systems includes, GC/MS (Gas Chromatography-Mass 
Spectrometry}, GC (Gas Chromatography), and HPLC (High Performance Liquid 
Chromatography). Though the sensitivity of each system differs, they all aim at 
identifying target analytes with specific means of separation and detection. An initial 
calibration curve of target analytes using known standards defines the working 
range: Concentration levels and acceptance criteria are determined in each method. 

The continuous calibration is evaluated based on the method specific criteria at 
designated intervals in predetermined concentration to ensure the system is within 
control. If the continuing calibration does not meet the established criteria, corrective 
action shall be initiated. This may involve examination of instrument performance, 
verification of standard, recalibration or re-analysis of affected samples. 

9.1.2 Metals by ICP, AA 

Metals are analyzed by two types of instruments: Inductively Coupled Argon Plasma 
Emission Spectroscopy (!CP) or Atomic Absorption Spectroscopy (AA). Each 
instrument is calibrated prior to any analyses. A calibration curve is prepared daily 
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using criteria prescribed in individual method. The calibration is then verified using a 
standard prepared from an independent source (Initial Calibration Verification (ICV)). 
The calibration is monitored through the analytical process by analyzing a continuous 
calibration verification standard at designated intervals. If the verification does not 
meet the QC criteria, corrective action is initiated. This may include examination of 
instrument performance, standard preparation, analytical procedures, recalibration or 
reanalysis of sample back to the previously acceptable calibration check. 

Wet Chemistry 

The field of classical non-metal inorganic analysis involves a variety of 
instrumentation and technique such as spectrophotometric, chromatographic, 
electrometric, gravimetric, titrametric. While calibration or standardization 
procedures depend on the type of system required for a specific method, the general 
principals involve defining the working range by standards. The calibration is 
checked on a predetermined interval to ensure that the system is remained in control 
and all measurements are derived from consistent source. If the on-going calibration 
check does not meet QC criteria, corrective action may follow. The corrective action 
procedures include examination of instrument performance, external calibration 
check, recalibration or reanalysis. 

Blanks 

Blank is an artificial sample designed to monitor the introduction of contamination into the 
process. For aqueous samples, reagent water is used as a blank matrix; however, a 
universal blank matrix does not exist for solid samples, therefore, no matrix is used. 

The blank is taken through the appropriate steps of the process . 

9.2.1 Trip Blanks 

Trip blanks are samples containing reagent water appropriately prepared for the 
project. The trip blanks are transported along with the other sample containers to the 
sampling site and back to the laboratory. The trip blank is never opened until it is 
ready for analysis. The trip blank will provide information concerning any possible 
contamination during the transportation of the samples. One trip blank should 
accompany each cooler containing VOAs. 

9.2.2 Equipment Blanks 

9.2.3 

Equipment blanks are collected in the field. Reagent water is poured over or through 
the sample collection device, and collected in a sample container which is then 
sealed with a teflon lined cap and returned to the laboratory as a sample. The 
equipment blank provides information concerning possible contamination during the 
sampling process. Equipment blanks are collected daily during a sampling event. 

Method Blanks 

Method blanks are samples containing reagent water that are taken through the 
entire analytical procedure and analyzed on the instrument. The method blanks 
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provide information concerning possible contamination during the sample 
preparation and analysis. One method blank per analytical batch is required. 

System Blanks 

System blanks are either reagent water or solvent that has not gone through the 
sample work~up. These blanks are analyzed by the instrument on the same 
condition that samples are analyzed. The system blanks provide information for 
possible presence of contamination in the instrument being used. One 
instrument/system blank is analyzed per day. 

9.2.5 Field Blanks 

Field blanks are reagent water samples exposed in the field, during sampling, to 
monitor contamination from the field operation. The frequency of field blank analysis 
is described in the sampling and analysis plan. 

Laboratory Control Sample (LCS)/Laboratory Control Sample Duplicate 
(LCSD) 

The LCS/LCSD samples are method blanks spiked with known concentration of analyte(s) or 
surrogate(s) and subjected to the entire preparation and analytical processed along with the 
environmental samples. The LCS checks the laboratory performance on the sample 
preparation and analyses procedures without the matrix interference. Relative percentage 
difference (RPD) of LCS/LCSD checks the precision of the laboratory performance without 
matrix effect. 

One LCS is prepared for each analytical batch of up to 20 samples. One LCSD is prepared 
with each LCS in the absence of matrix spike/matrix spike duplicate sample in the analytical 
batch to provide data on precision. 

Matrix QC Parameters 

Matrix spike, matrix spike duplicate, sample duplicate and surrogate recoveries results 
provide indication of the effect of the matrix on accuracy and precision. These samples are 
analyzed concurrently with other environmental samples. To prepare a matrix spike sample, 
a known concentration of analyte/surrogate is added to sample prior to preparation and 
extraction. Laboratory duplicate samples are prepared from the same field samples. It is a 
standard practice in established methods for organic analyses to prepare and analyze one 
matrix spike/matrix spike duplicate for each analytical batch. Surrogate is added in every 
sample, method blank, LCS/LCSD, MS/MSD. For inorganic analyses, one matrix spike/one 
duplicate is included in every batch of samples. EMAX sets control limits for precision and 
accuracy of each method. The limits are either based on the laboratory's past performance, 
adapted from specific programs or established as internal goal. The specific acceptance 
criteria appears on the QC Schedule of each SOP. They are reviewed annually based on 
results from control charts (Section 9.13). 
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9.5. ICP Interference Check Sample 

The ICP Interference Check Sample is used to verify the ICP inter-element and background 
correction factors remain constant in the analytical process. It is analyzed at the beginning 
and end of each analytical run, prior to the last CCV and CCB at a predetermined time 
interval. 

9.6. GC/MS Performance Check 

Mass spectrometer performance is monitored every 12 hours of operation or method specific 
time period by measuring the mass/ion distribution of BFB (volatiles) of DFTPP 
(semivolatiles}. The mass/ion distribution of these compounds has to fulfill the method 
project specific requirements before analysis can start. Furthermore, mass assignments is 
checked periodically by using perfluorobutylamine to ensure that mass number is properly 
assigned. 

9.7. Pesticide Performance Evaluation 

Pesticide analysis is subjected to the following additional QC to ensure the quality of data. 

9.7.1 

9.7.2 

Resolution Check 

A mixture of known pesticides is analyzed at the beginning of the analytical 
sequence. The two adjacent peaks have to be resolved to a method specific criteria 
to be acceptable. 

Performance Evaluation 

A mixture of known pesticides, to include DDT and Endrin is analyzed at the 
beginning of analysis and at a certain interval. Individual breakdown a_nd the 
combined breakdown of Endrin and DDT should be less than a predetermined 
criteria for the system to be acceptable. 

9.8. Internal Standard 

An internal standard, which is a non-target anafyte having similar properties to target 
analytes, is added to every standard, blank, laboratory control sample, matrix spike, matrix 
spike duplicate (for volatiles), and sample extract (for semivolatiles) prior to analysis to 
compensate for the local variation during analysis. Internal standards are used as the basis 
for quantitation of the target compounds. 
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' Method of standard addition (MSA) is performed on samples found to contain matrix 
interferences when analyzed for metals by GFAA. This procedure assumes the constant 
effect of matrix interference and allows quantitation of analyte based on the linearity. 

• 

9.10. Post Digestive Spike 

When the matrix spike recovery falls outside QC limits and the unspiked sample does not 
exceed four times the amount spike, a spiked sample at ij predetermined concentration will 
be analyzed and the resulting data compared to the data for the corresponding unspiked 
sample. This analysis allows any operational error in metal or cyanide analyses to be 
distinguished from matrix effect. 

9 .11. Serial Oil ution 

For metals, a designated dilution (4X or 5X, depending on the protocol) of an investigative 
sample is analyzed to check for possible physical and/or chemical interference. One serial 
dilution per batch is analyzed. The diluted value should agree within 10% of the original 
analysis to demonstrate no interference. Exceptions are described in the SOP for each 
individual method. 

9.12. Laboratory Operations QC Checks 

9.12.1 Sample Containers 

All sample containers are purchased pre-cleaned. All glasswares used in this 
laboratory shall be subjected to decontamination treatment prior to its. use. 
Procedures are detailed in SOP GP-0006. 

9 .12.2 Thermometer, Balance and Refrigerator 

Thermometers are calibrated against National Bureau of Standards (NBS) on an 
annual basis in accordance to SOP GP-0016. In tum, these calibrated thermometers 
are used to monitor furnace, oven, and refrigerators. Balances are services and 
certified by a service representative annually. The accuracy of balances as well as 
refrigerator temperatures are monitored daily and permanent records are kept. The 
tolerance limits and plan of action is written in the daily logs. 

9.12.3 Stationary Blank 

Stationary blanks are samples containing reagent water that are stored in the sample 
storage refrigerator. These blanks are analyzed weekly to monitor the storage 
refrigerator for volatile water samples. The stationary blanks provide information 
concerning possible contamination in the sample storage refrigerator. Analytical 
results are maintained by the QA Department. 
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Before using a new standard, it must be verified that it is in acceptable condition 
through analysis. This is accomplished by analyzing the new standard against a 
second standard known to be in acceptable condition. Once the standard is verified 
acceptable, it may be used for routine analysis. 

9.12.5 ReagentWater 

Reagent water is available for routine laboratory use. Reagent water is defined as 
water in which no interference is observed at the MDL level of each parameter of 
interest. For organic analysis, tap water is filtered through a charcoal trap and 
analyzed for trace level of the analyte of interest before use. For inorganic analysis, 
Type I water is required. Criteria for Type I water are: Minimum electrical resistivity 
of 16.67; maximum electrical conductivity of 0.1 mmho/cm and maximum total matter 
of 0.1 mg/L. Reagent water {Type I) is generated by the laboratory employing a 
Barnistead's Nanopure system that utilizes a combination of macroreticular resin, 
carbon, anioncation resin and membrane filtration. The conductivity of this water 
supply is monitored and recorded daily in a logbook containing the date, person 
recording the data and conductivity. The water source will be removed from use until 
the problem is corrected when an out-of-control event occurs. 

9.12.6 Reagent QC 

All chemicals used in the laboratory are reagent grade or better. Whenever a new lot 
of reagent is purchased, it will be subjected to a QC check to ensure that the 
chemical is free of any contamination that will interfere with analysis. A detailed 
description of reagent QC appears in Section 6.1. A record is kept in each 
department until the reagent has been used up in the course of analysis . 

·9. 13. Control Chart 

Control charts provide a graphic display of parameters over a period of time. They are a 
useful tool in assessing the quality control effort. Before the assembly of control chart, the 
analytical procedures and quality control criteria for respective analytical method should be 
verified. A control chart compiles data from laboratory control sample, matrix spike recovery 
and RPD for soil and water, and surrogate recovery from each analytical method. Each 
control chart shall consist of a center line, two warning limits, and two control limits. The 
control chart parameters should be calculated according to the equations below. A minimum 
of 20 points per control chart parameter shall be obtained prior to the initial attempt to 
establish the control chart parameter. If the laboratory does not have 20 points to use in 
setting control limits, the recommended EPA recoveries for the method will be used until 
such time as 20 points are obtained. 

SD= i•I 

n-1 
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WARNING LIMITS 
(Mean + 2*SD) 

'MEAN (X) 

CONTROL LIMITS I 
(Mean+ 3•sD) 1 

On a real time basis, the analyst shall monitor one representative parameter for trends and 
shifts (refer to SOP GP-0030 for details). A control chart monitors laboratory performance on 
a long term basis. The OA Manager updates the control chart annually. When updating the 
control chart, the data for the most recent 12 month period are kept while the rest of the 
historical data are dropped off from the chart. In this manner, a 12 month period chart is 
generated. Once a year, the QA Manager compiles the control chart parameters (upper 
control limit and lower control limit) and compare the relevant parameter to the established 
method control limit in the QC schedule. If the percent difference between the established 
method control limit and the control chart parameter is greater than 10%, the new control limit 
will replace the established one. 

Only control charts from the laboratory control sample will be monitored for trend purposes· 
since they represent the laboratory performance of a method without the problem from matrix 
effect and sample non-homogeneity. A laboratory process for a particular analyte is 
considered out-of-statistical control whenever one or the following conditions, as 
demonstrated by a control chart monitoring that analyte, exists: 

• Any one point is outside of control limit. 

• Any three consecutive points are outside the warning limits. 

• Any obvious cyclic pattern is seen in the points. 

If a control chart reveals any of these problems, the QA Manager will generate a non
conformance report detailing the problem and initiate an investigation. The investigation 
should include review of data generated during the period, history of the instruments, quality 
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of supplies (reagents, standards, gases, etc.), and other relevant information. The purpose 
of the investigation is to isolate the cause of the out of control event(s) and the possible 
corrective action that may be required to bring the system back in control. The maintenance 
of control chart is described in SOP GP-0030. 

9.14. QA Manual Review, Revision, and Control 

The QA Manager is responsible for the contents of the QA Manual. As clients modify or 
issue new guidance documents affecting the operations of laboratories, the QA Manager will 
review the manual annually and revise it when appropriate. Similarly, when corrective action 
affecting the manual is identified as necessary during normal business operations, the QA 
Manager will take the appropriate action. 

The QA Manual is a controlled document as described in SOP GP-0013. The master 
document is retained as a historical document by the QA Manager and copies are issued 
pursuant to the control processes defined in that SOP . 
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System audits, performance audits, and data quality audits are independent assessments of sample 
collection and analysis procedures. Audit results are used to evaluate the ability of the system to 
produce data that fulfill the objectives established for the program, satisfy the QC criteria and identify 
any area requiring corrective action. 

A system audit is a qualitative review of the overall sampling or measurement system while 
performance and data quality audit are quantitative assessment of a measurement system. 

10.1. System Audit 

All records, logs, and data files are audited for completeness, accuracy, and adherence to 
SOPs on a semiannual basis by the QA Manager, and several random project files are also 
pulled and audited for compliance to procedure throughout the analytical process (i.e. from 
sample receipt through the final report) during the system audit. 

10.2. Performance Audit 

10.2.1 Internal Performance Evaluation Samples 

10.2.2 The QA Manager may, at any time, prepare blind QC samples for routine analysis. 
The QC sample will be logged in under a fictitious client name so that they would be 
treated as a normal client sample. If the results of the internal blind QC Performance 
Evaluation (PE) samples are not acceptable, the QC Officer will investigate and 
determine the cause of error. Once the problem has been identified, corrective 
actions will be taken. A written report is kept on ftle. If the problem cootinues to 
exist, the Laboratory Director will be informed and further actions taken. 

In the absence of an external PE sample for a period of 6 months, covering at least 
90% of EMAX full suite of analyses, the QA Manager shall administer an internal PE 
sample, either commercially prepared for double blind PE samples or internally 
prepared for single blind PE samples. Acceptance criteria for commercially prepared 
PE samples shall follow the acceptance criteria established by the manufacturer. 
The acceptance criteria for the internally prepared PE samples shall be based on the 
characteristic of the parameter as observed in the LCS control limits. 

10.2.3 Internal Audit 

The QA Manager regularly conducts data review, which serves to check if holding 
time has been met, calibration are adequate, data calculations are correct, QC 
results are correct and accurate and documentation is complete. Any problems 
identified shall require corrective action. Furthermore, the QA Manager will audit the 
following areas on a regular basis: 

• adherence to specific project QC protocol 
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The result of these audits will be discussed with the Laboratory Director to decide 
cause of action. In cases, where a serious problem was identified, the QA Manager 
shall isolate and suspend that part of the operation and consult the President of the 
company for direction. 

10.2.4 External Audit 

EMAX is also audited as required by various regulatory agencies to maintain 
laboratory certifications, and by various commercial clients with laboratory auditing 
programs. 

• USEPA Performance Evaluation Studies: EMAX participates in the EPE 
semi-annual drinking water (WS Series) and semi-annual wastewater (WP 
Series) performance evaluation studies {4 studies per year). 

• 

• 

EMAX participates in various client sponsored performance evaluations by 
analyzing QC samples and submitted by commercial clients in conjunction 
with their own QA programs. 

Several governmental proficiency samples are analyzed annually to maintain 
various laboratory certifications such as: HAZWRAP, US Army Corp. of 
Engineers, etc. 

The findings of all audits are released to the Laboratory Operations Manager and the 
supervisors. Corrective action plans are formulated and implemented by the 
supervisors working in conjunction with the QA Manager. 

The effectiveness of all corrective actions, whether issued in response to an audit 
deficiency or an out-of-control event, is determined through the use of follow-up blind 

. ..QC samples or spot audits, depending upon the specific situations. 
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EMAX's instrument maintenance program, an integral part of the QA program, consists of three 
elements: evaluation of instrument performance, good record keeping and a comprehensive 
preventive maintenance program. The laboratory operations manager and supervisors are 
responsible for providing technical leadership to all staff involved with chemical analysis. The 
leadership role includes serving as technical resource to help solve equipment and method problems 
and coordinate instrument repair and maintenance. The department supervisors are further 
responsible for developing procedures and schedules for maintenance of each major instrument 
readily respond to out of compliance monitoring measurements and corrective actions, and for 
delegating specific maintenance responsibilities to department staff. Critical parts inventory is 
maintained for each instrument in every department. 

11.1. System Performance Check 

The System Performance Check will be performed on each new instrument after installation 
and on existing instruments after major modifications have been made. In addition, portions 
of the System Performance Check may be used to troubleshoot the instrument whenever 
analytical problems arise during its use. The purpose of the System Performance Check is 
to establish the general instrument and specific method capability limits. This information will 
establish instrument control limits so analysts will know whether or not the Method Detection 
Limit (MDL) of the analysis they are performing is within the performance capabilities of the 
instrument and method. 

The System Performance Check includes the following tasks: 

• Establish Stability and Sensitivity of the instrument based on manufacturer's 
recommendation. 

• Establish a Method Detection Limit (MDL) for each parameter of interest. 

• Estab!ish a dynamic range (linear range} of the instrument for each parameter of 
interest. 

11.2. Instrument Maintenance 

Each analyst is responsible for the daily instrument maintenance activities. For more 
extensive repair or preventive maintenance, EMAX maintains a service contract on all major 
instruments and expects quick response (24 to 48 hours) from the vendor. Each instrument 
is serviced for preventive maintenance according to the schedules specified by the 
manufacturer. Preventive maintenance services help reduce instrument downtime and allow 
instruments to perform at their peak level. A list of instruments in use as of the revision date 
of this manual is provided in Appendix 1. 

In addition, an inventory of spare parts will be kept in case of an unexpected need to replace 
damaged or defective instrument parts. The section supervisors ensures that there are 
adequate supplies of routine spare parts (liners, lamp, EM tube, etc.}. 
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The Instrument Run Logbook is an on-going record of all analytical runs performed on the 
instrument. Each run (data file) appears in the logbook in chronological order indicating the 
sequence of runs associated with each complete analysis. In addition to providing evidence 
of whether or not a sample was run on a particular day, the logbook can serve as a 
diagnostic toot used for additional checks against possible carry-over contamination 
problems. On occasions, the instrument run log may serve as an official document used in 
verifying the validity of analysis in a courtroom situation. The Instrument Run Logbook will 
include the following information: 

• Data file name. Laboratory sample ID, analysis batch 

• Sample matrix 

• Analytical method 

• Date of analysis and dilution factor 

• Standard ID 

• Instrument ID 

• Name of analyst 

11.4. Instrument Maintenance Logbook 

The instrument maintenance logbook contains documentation of all servicing and 
maintenance performed on the instrument. In addition, any instrument problems, including 
the symptoms, are noted in the logbook. 

The instrument maintenance logbook will serve as evidence that proper care was taken to 
keep the instrument at its peak condition. The following information will be included in the 
instrument maintenance logbook: 

• Date and description of instrument problems including the symptoms. 

• Date and description of corrective actions taken. 

• Date and description of routine maintenance. 

• Initial and comments of individual performing the service. 

• Any recommendations for servicing that will be required in the future. 

• Documentation of return to control after repair. 
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The objective of a QA/QC program is to ensure the quality of data as well as the service. If 
unsatisfactory performance is revealed, corrective actions shall be implemented immediately. An 
SOP (GP-0027) is developed to address the proper course of action if out of control event is 
observed in laboratory operation. Each analytical process is equipped with a self-correcting QC 
procedures as an integral part of every analytical SOP. The QA Manager and laboratory 
management will monitor the implementation of corrective action and to ensure that the root cause 
has been addressed. Of several possible out of control occurrences, four well-recognized events 
and their associated plans of corrective action and documentation are set forth below: 

12.1. Corrective Action At The Receiving Le,,el 

The Sample Control Officer will document and notify client services of any discrepancies in 
samples received. Client service will then notify the customer for the proper course of action. 
Instructions on discrepancies will be documented in a sample receipt form and relevant 
information on that sample will be disseminated to the analyst involved in the project through 
the project alert form. 

12.2. Corrective Action At The Bench Level 

Laboratory personnel shall follow each method specific QC schedule and apply corrective 
action, when necessary. For example, if the calibration of an instrument is not linear, the 
analyst shall correct it prior to continuing to sample analysis. The reason for recalibration is 
noted on run log. Similarly, if a balance is out of calibration, service call shall be placed by 
supervisor and the instrument shall be removed from the operation until the problem is fixed 
and proper calibration is restored and documented. 

12.3. Corrective Action At Review Level 

Supervisors shall review all calculations, raw data and QA/QC criteria for possible out of 
control event. Results that are out of control due to matrix effect shall be documented as 
such with supporting evidence; no corrective action is necessary in such circumstances. 
However, out of control events that are not due to matrix interference shall be investigated for 
causes and corrective actions must be implemented. Corrective action can consist of 
reanalysis or resampling, depending on holding time and applicable project specification. 
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12.4. Corrective Action Required By Audit Issues, PE Samples, Control 
Charts And Other Related Circumstances. 

External and/or internal audit, control chart evaluation, performance evaluation sample result 
and other circumstances shall be resolved by the closed loop corrective action process 
described below: 

• Define the problem. 

• Assign responsibilities for problem investigation. 

• Investigate and determine the cause of the problem. 

• Determine the corrective action(s} necessary to eliminato the problem. 

• Assign and accept responsibilities for implementing the corrective action. 

• Establish the effectiveness of the corrective action and implement the correction. 

• Verify and document that the corrective action has eliminated the problem and fill out 
an out-of-control discrepancy report . 
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The security of samples, information, and data is a necessary component of analytical laboratory 
procedures. To address client security concerns, EMAX has instituted multiple levels of security so 
that disruptions of protocols will be minimized and data security will b maximized. These levels of 
security may be described as follows: 

13.1. General Building Security 

The physical facilities of EMAX Laboratories, Inc. are located in metropolitan Los Angeles, at 
630 Maple Avenue in the City of Torrance. The laboratory facility itself is located in a very 
low-crime area, directly opposite from the Regional Courthouse for Los Angeles County and 
the Municipal Offices of the City of Torrance, including the Police Department. · 

EMAX shares no common areas in its physical location with other commercial tenants of the 
building complex. All external doorways are keyed with tumbler and deadbolt locks. Key 
holders are logged and recorded. Return of keys is an identified transfer;/termination 
procedure. In addition to the keying of external doors, EMAX employs an electronic alarm 
system that notifies a commercial security firm, in the event of an unauthorized entry. 
Electronic code entry is required after regular business hours and on company holidays as a 
second level of security once key entry is made. Each employee who is given key access is 
also given a discreet identification code for entry into the electronic data system. Security 
codes are changed on an intermittent and random basis. 

During working hours, all persons visiting or working in an EMAX area must pass through 
either Sample Receiving or General Reception where designated staff control access to the 
facilities. Visitors are required to log into and out of the facility and are identified by either 
Visitor or Vendor badge while at the facility . 

13.2. Storage and Access to Samples 

All samples received by EMAX are stored in a discrete, sample storage area. Access to this 
area is secured by a third level of punch-key combination locks. During the course of a staff 
work day, access to the sample storage area is available only through direct contact with the 
Sample Custodian or the Extraction Supervisor. The Sample Storage Area is locked at all 
times when the Sample Custodian is away from the Area. 

Sample extracts are kept in individual refrigerators in · the cognizant organic/inorganic 
laboratories to minimize traffic and access into the Sample Storage Area. Each laboratory is 
locked during off-hours. Access is restricted to personnel working in that department. 

13.3. Access to Data 

As data is produced and prior to final review by supervisory staff, it is maintained in the 
custody of individual analysts during the work day. During after-hours periods, data in 
production is secured by the two levels of building access security. In addition, analyst work 
areas are locked after hours such that only personnel assigned to that area can access it 
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(e.g., organic personnel cannot access inorganic areas, etc.). During the data review 
process, data is filed in job folders either as paper documentation or electronic media and the 
resulting files are maintained in storage accessible only to laboratory management. Such 
files are secured in a locked room during non-business hours. When the client project is 
completed and on-site storage is no longer required, the files are transferred to off-site locked 
storage facilities for the remaining retention period required by the contract or pertinent 
regulations and/or statuses . 
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' 14. SOFTWARE QUALITY ASSURANCE 

' 

Software quality assurance functions are detailed in a separate EMAX manual entitled Software 
Quality Assurance Plan (SOAP}. The SOAP addresses the requirements and responsibilities for the 
Laboratory Information Management system (LIMS), local software {e.g., spreadsheets and other 
data manipulating software), instrument software provided by instrument manufacturers, and other 
systems employed to generate, compile, reduce, or report analytical data or supporting information. 
When deemed necessary to support the SOAP, EMAX issues controlled documents such as SOPs 
i.e., policies and procedures for electronic data security including documented authorization for 
access to such data files; policies and procedures for validation and verification of purchased and 
internally developed or modified software, etc. 

The Software Quality Assurance Plan is kept by the QA Department and is available upon request. 

15. SPECIAL PROGRAM/PROJECT REQUIREMENTS 

15.1 Other QA requirements specific to a program and/or project shall be addressed in a form of 
an addendum. The addendum shall include the following: 

• Reference# 

• Program/Project 

• Changes and/or Additions 

• Prepared by 

• Approved by 
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' 16. REFERENCES 

' 

16.1 

16.2 

16.3 

16.4 

16.5 

16.6 

16.7 

16.8 

16.9 

16.10 

16.11 

Environmental Laboratory Accreditation Program, California Department of Health Services 
( 1991) (as updated). 

Data Quality Objectives for Remedial Response Activities", EPA 540-G87-004 {as updated). 

Standard Methods for the Examination of Water and Wastewater, 1att1 Edition, 1992 (as 
updated). 

Methods for Chemical Analysis of Water and Wastes EPA/600/4-79/020 (as updated}. 

Methods for Determination of Organic Compounds in Drinking Water (500 Series) (as PB-89-
220461/AS (as updated}. 

Test Methods for Evaluating Solid Waste Physical/Chemical Methods S.W. 846 USEPA 
SW846, 3rd Edition, 1986 (as updated). 

EPA 40 CFR Part 136 for 600 Series Methods (as updated). 

US EPA Contract Laboratory Program, Statement of Work for Organic anlysis (OLM01.8, 
August 1991) (as updated). 

USEPA Contract Laboratory Program, Statement of Work for Inorganic Analysis (ILM02.1, 
September 1992) (as updated). 

USEPA Compendium of Methods for the Determination of Toxic Organic Compounds in 
Ambient Air. EPA/600/4-89/017 (as updated) . 

Methods for Determining Emission of Toxic Contaminants from Stationary Sources. State if 
California Air Resources Board, 1991. 
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APPENDIX 1 

Units Instrument 

4 GC/MS 

3 GC/MS 

2 GC 

3 GC 

1 GC 

2 GC 

2 GC 

2 GC 

2 GC 

1 HPLC 

1 HPLC 

2 IC 

1 TOC 
Analyzer 

1 Mercury 
Analyzer 

1 Mercury 
Analyzer 

1 GPC 

1 GPC 

1 GPC 

2 ICP-AES 

1 ICP-AES 

1 !CP-AES 

2 GFAA 
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LIST OF MAJOR ANALYTICAL INSTRUMENTS 

Manufacturer Model Detector 

Hewlett Packard (Volatiles) 5890/5970 MS 

Hewlett Packard (Semivolatiles) 5890/5970 MS 

Hewlett Packard 5890 FPO 

Hewlett Packard (Dual Detectors} 5890 ECD 

Varian (Dual Detectors) 3400 ECO 

Hewlett Packard 5890 FlD 

Varian (Dual Detectors) 3400 FID 

Varian 3400 FID/PID/HALL 

Hewlett Packard 5870 FID/PID/HALL 

Hewlett Packard 1050 UV/Fluorescence 

Waters LC Module 1 Plus UV/Fluorescence 

Dionex 100 Conductivity 

Shimadzu TOC-500 Fluorescence 

Leeman PS200 UV 

Bacharach Coleman 508 UV 

Zymark Benchmate Workstation UV 

ABC GP-1000 UV 

Waters 717 Plus/486 UV 

Thermo Jarell Ash 61E ICP 

Theme Jarell Ash Tracer ICP 

Perkin Elmer P40 ICP 

Varian Spec400 GFAA 
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APPENDIX2 INFORMATION PROCESSING EQUIPMENT 

18.1 Network 

18.1.1 Networking Hardware 

• DELL PowerEdge 2100/200 Pentium Pro 200MHz File Server with 64MB RAM, 8GB 
SCSI Hard Drive, 418GB Tape Backup, 8x SCSI CO-ROM Drive, and 1.44MB Floppy 
Drive. 

• PCI SCSI 2940 Controller {2) 

• 3COM PCI Combo Ethernet Adapter (2) 

• PCI and Enet-16 Adapters {25) 

18.1.2 Peripherals on the Networking System 

• Pentium and 486 PCs connected to the network (25) 

• HP Laser Jet 4000 TN network printers (2) 

• HP Laser Jet ll/lll/4/4U4P/4V/5 workgroup printers (9) 

• Fax/Modem, 56K X2 ( 1 ) 

• Fax/Modem, 14.4K baud (1) 

• Internal Tape Drive, loMega Ditto Travan TR-3 3.2GB (1) 

• External Tape Drive, Colorado Trakker 250 MB (2) 

• External ZIP DISK Drive, iomega 100 MB (5) 

• SmartUPS 1000VA Power Back-up System 

18.1.3 Software on the Networking System 

• Novell Netware Version 3.12 

• DOS Operating System 

• Windows 3.X 

• Windows 95 

• IBM AntiVirus for Netware Version 2.5.2 

• Seagate Backup Exec for Netware Version 7.11 

• APC PowerChute Plus for Netware 

• Labworks 300 Laboratory Information Management System 
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• Installation Restoration Program Information Management System (IRPTools PC 
Version 1.2 ) 

• Installation Restoration Data Management Information System (IRDMIS Version 5.2, 
5.3) 

• Jacobs Environmental Management System (JEMS) QC Tool Version 1.04 

• Corps of Engineers Loading Tool (COEL T Version 1.2a) 

• Corps of Engineers Electronic Data Consistency Checker (EDCC Version 1.2a) 

• Bechtel EDD Checker 

• Ward Scientific Environmental Data Reporting/CLP Report Generator Software 

• USEPA Inorganic Contract Compliance Screening Software 

• Programming Languages (QuickBasic 4.5, Pascal 6.0, Foxpro 2.5) 

• Utilities (Norton, PC Tools, Trakker) 

• Office Suite (Microsoft Office 95 Professional) 

• Database Management (MS Access, Foxpro 2.5) 

• Spreadsheets (MS Excel, Lotus 1-2-3)Word Processing ( MS Word, Wordperfect, 
Lotus AM I Pro) 

• Graphics (DrawPerfect, Visio, MS Powerpoint) 

18.2. Computer Systems and Printers 

18.2.1 Windows 95/Windows 3.x/DOS Workstations 

18.2.2 DELL Pentium Pro 200 MHz PC (1 system) equipped with 64MB RAM, 8GB hard disk, 
4/BGB Tape Backup, 8x CD-ROM, and 3-1/2 floppy disk. Network file server. 

18.2.3 Pentium 200/166/133/75 PCs (15 systems). Brand-names and clones; equipped with 
32, 16, or 8 MB RAM, color monitor, 2.4, 1.2 or 540 MB hard disk, and 3-1/2 floppy 
disk. Windows 95 or Windows 3.11. Networked and stand-alone. 

18.2.4 Intel 486 computers (20 systems). Brands: Brand-names and clones; equipped with 16, 
8 4 or 2 MB RAM, color monitor, 210 MB to 1.2 GB hard disk, and 5-1/4 and/or 3-1/2 
floppy disk. Networked and stand-alone. 

18.2.5 Intel 386 computers (4 systems). Brand-name and clones; equipped with 2MB-4MB 
RAM, color monitor, 80-S0OMB hard disk, and 5-1/4 and/or 3-1/2 floppy disk. Stand
alone. 

18.2.6 Intel 286 computers (2 systems). Brand-names and clones; equipped with 640K-2MB 
RAM, color monitor, 20-96MB hard disk, and 5-1/4 and/or 3-1/2 floppy disk. Stand
alone. 
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., 18.3.1 HP 1000 A-Series instrument computers (3 systems) each with HP tape backup 

• 

systems. 

18.3.2 HP terminals serving the HP A-Series computers (10 terminals). 

18 .4 Printers 

18.4. l HP Laser Jet 4000 Series network printers (2 units) 

18.4.2 HP Laser Jet 5 Series (3 units) 

18.4.3 HP Laser Jet 4 Series (4 units} 

18.4 . .i:t HP Laser Jet 2/3 Series (3 units) 

18.4.5 HP Desk Jet {2 units) 

18.4.6 HP RuggedWriter (5 units) 

18.4.7 Panasonic, Epson, Okidata. NEC, Citizen Dot Matrix Printers {14 units). 

18.5. Data Communications Equipment 

18.5.1 Internet PC. One(1) 586 computer system with 16MB RAM, color monitor, 6x CD
ROM. 1.2GB hard disk, and 3-1/2 floppy disk. US Robotics fax/modem. 

18.5.2 Communications PC. One{1} 486 computer system with 8MB RAM, color monitor, 
530MB hard disk, and 5-1/4 and/or 3-1/2 floppy disk. Hayes fax/modem. In Accounting 
and Finance . 

18.5.3 Communications PC. One(1) 486 computer system with 8MB RAM, color monitor, 
530MB hard disk, and 5-1/4 and/or 3-1/2 floppy disk. Hayes-compatible internal 9600 
fax/modem. Stand-alone. In Purchasing. 

18.5.4 Modem. One(1) US Robotics external fax/modem, 56K X2 

18.5.5 Modem. One(1) Hayes external fax/modem, 14.4 K 

18.5.6 Modem. One(1) Hayes-compatible internal modem, 9600 K. 

18.5.7 Communications Software. 

18.5.8 One(1) CrossTalk XVI 

18.5.9 One(1) pcAnywhere software 

18.5.10 One(1) Netscape Internet Browser v3.0 

18.5.11 One(1) Netcom NetComplete Internet Browser 

18.6 Data Backup Equipment 
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18.6.1 Uninterruptible Power Supply. One(1) UPS power back-up system, 1000VA. 

18.6.2 Tape Drive. 

18.6.3 One(1) File Server tape drive, 4/8 GB. 

18.6.4 One{2) Trakker external tape drive, 250 MB. 

18.6.5 One{1) ioMega Ditto Travan TR-3 3.2GBinternal tape drive. 

18.6.6 Five{1) ioMega ZIP external drive, 100MB 
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APPENDIX 3 UST OF CERTIFICATIONS 

Federal Government Validations 

• Department of Army, USATHAMA 
• Army Corps of Engineers, HTRW Center of Expertise 
• Department of Energy, HAZWRAP 
• Department of Food and Agriculture, Permit to Import Soils 
• Department of Navy, NFESC 
• United States Air Force, AFCEE 
• United States Environmental Protection Agency, CLP 

State Certifications 

• Alaska 

• Arizona 

• California 

• Florida 

• Massachusetts 

• North Carolina 

• Kansas 

• Oklahoma 

• South Carolina 

• Tennessee 

• Washington 

• Utah 

Inter-Laboratory Quality Control Programs 

• 
• 

EPA-Water Supply Laboratory Performance Evaluation 
EPA-Water Pollution Laboratory Performance Evaluation 
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DESCRIPTION OF FACILITY 
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EMAX ORGANIZATIONAL CHART 

LABORATORY ORGANIZATIONAL CHART 

EJ\J\;.\X LABORATORIES, Inc. 

JANUARY 1998 

PRESIDENT I, CEO 

o,_ Karn v. Pano - VICE PRESIDENT & INFORMAnON MGNT 

Or. Sing Pang 

LA80RATORY OPERATIONS ~ 
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OR WT Nisamal"lffpong :.·~ 
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-

ii OAT A PROCESSING 

M Alcantara 

~---------';~ ,,,_-, _,,.;,;;c.,.-.d 

CUSTOMER RELATIONS I 
C Ci.voz 

iiiwff:tS 'HWSH\ rlitir?¥2y;$J 

·-;i!II 

~~ 
QUALITY ASSURANC£ 

K.. Hoang J 
c.:...;.'. 1.t.~,~_ • .;,;..-.;..,-.-_:_:cj] 

PROJECT MANAGB•C.•H 

MARKETI"-U 

R. CNlfflbel"la,n 

M. Haban . 
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LABORATORY ORGANIZATIONAL CHART 

E}J\J..\,{ LABORATORIES, Inc. 

JANUARY 1998 

LABORATORY OPERATIONS 

Dr. W.T. Nisamaneepong 

CUSTOMER LIAISON 

C.Chavez 
,_ 

I I I 
INORGANIC ORGANIC DATA 

ELECTRONIC PROCESSING 
DATA 

Or.W.T. DELIVERABLES 

Nisamaneepong P. Lee M. Alcantara 
B. Pataray {Aeling) 

I i I 
T. Aquino S Chan 
A. Capati S. Grease 

N. Barbero E. Unana LAmon 
R. Marasigan K. Vu B. Wong E. Santa Cruz 

H. Nguyen R. Zhou 
T.Vu 

Approved: 

Dr. T.W. Nisamaneepong 
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APPENDIX 6 

SOP NO. 

GP-0000 

GP-0001 

GP-0002 

GP-0003 

GP-0004 

GP-0005 

GP-0006 

GP-0007 

GP-0008 

GP-0009 

GP-0010 

GP-0011 

GP-0013 

GP-0014 

GP-0015 

GP-0016 

GP-0017 

GP-0018 

GP-0020 

GP-0021 

GP-0023 

GP-0024 

GP-0025 

GP-0026 

GP-0027 

GP-0028 

GP-0029 

GP-0029A 

GP-0030 
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STANDARD OPERATING PROCEDURES INDEX 

6-A GENERAL PROCEDURES 

TITLE 

Writing SOP 

Sample Receiving 

Sample Management 

Security 

Refrigerator Control 

Utilization of Subcontract Laboratories 

Glassware Cleaning 

Balance Calibration 

Data Flow and Review 

Training 

Waste Disposal 

Mobilization 

Controlled Document 

Assembly of Complete CLP Data Package 

Calibration of Micropipets 

Calibration of Thermometer 

Project Management 

System Audits 

Analytical Standard Preparation 

Document Archival 

Analytical and QC Sample Labeling 

Monitoring Instrument Clock Time 

Quality Control for Chemicals 

Generation of IDL, MDL and RL 

Corrective Action 

Trip Blank Preparation 

Sample Containers, Handling, and Shipping 

Preserving and Shipping Sample Containers 

Control Chart 
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6-B ORGANICS ANALYTICAL PROCEDURES 

SOP No. ORGANICS ANALYTICAL PROCEDURES 

AP-2001 Cleanup 

AP-2003 Aromatic Volatile Oroanics 

AP-2004 Aromatic Volatile Orqanics (Mobile Lab) 

AP-2005 Halooenated Volatile Oroanics 

AP-2006 Haloaenated Volatile Organics (Mobile Lab) 

AP-2007 Total Petroleum Hydrocarbons by Extraction 

AP-2007A Total Petroleum Hvdrocarbons by Extraction 

AP-2009 Total Volatile Petroleum Hydrocarbons (TPH) 

AP-2010 Extraction of Organic Compounds by Continuous Liquid/Liquid 
Extraction 

AP-2011 Extraction of Organic Compounds From Solid Samples by Pulse 
Sonication 

AP-2013 Total Recoverable Petroleum Hydrocarbons 

AP-2015 Nitroaromatics and Nitramines bv HPLC 

AP-2016 Volatiles Organics by GC/MS 

AP-2017 Semivolatile Oraanics by GC/MS 

AP-2019 Chlorinated Pesticides and PCBs 

AP-2020 Nltrooenous and Phosphorous Pesticides in Water by GC 

AP-2021 TCLP 

AP-2022 Organophosphorous Pesticides bv GC 

AP-2023 Carbamate and Urea Pesticides by HPLC 

AP-2024 Oraanochlorine Pesticides and PCBs 

AP-2025 Semivolatile Ornanics by GC/MS 

AP-2026 Volatile OrQanics 

AP-2028 Ethvlene Glycol 

AP-2029 Organic Compounds in Water 

AP-2030 Chlorinated Herbicides by GC 

AP-2031 Organic Compounds in Water 

AP-2032 Volatile Organics by GC/MS 

AP-2033 Volatile Aromatic and Unsaturated Oraanic Comoounds in Water 

AP-2034 Semivolatile Organics by GC/MS 

AP-2035 EDB & DBCP in Water bv Microextraction 

AP-2036 Volatile Oraanics bv GC/MS 

AP-2038 GC/MS Data Reduction 
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Adaptation 

3600 

8021 

8021 

8010B 

8010B 

M8015 

M8015 

5030/M8015 

3520 

3550 

418.1 

8330 

CLP 

82708 

CLP 

507 

1311 

8140 

632 

8081 

CLP 

82408 

M8015 

524.2 

8150 

502.2 

8260A 

503.1 

525 

504 

624 
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AP-2039 Nitrooen and Phosphorous Pesticides in Soil by GC 

AP-2040 Fuel Class Hvdrocarbons bv GC 

AP-2041 Halogenated Volatile Organics by GC PIO/Hall in Series 

AP-2042 Toxicity Characteristics Leaching Procedure (TCLP) for Volatile 
Organics 

AP-2043 Polvnuclear Aromatic Hvdrocarbons bv HPLC 

AP-2044 Total Petroleum Hydrocarbon 

AP-2046 Purge and Trap 

AP-2047 Semivolatile Oraanics bv GC/MS 

AP-2050 Dissolved Methane, Ethene and Ethane in Water by a GC Headspace 
Equilibration Technique 
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8000 

8021 

1311 

8310 

5030 

8270 SIM 

... ,~l ;\ 'I . 
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6-C INORGANICS ANALYTICAL PROCEDURES 

SOP No. INORGANIC$ ANALYTICAL PROCEDURES 

AP-3001 Ion Chromatography Analysis 

AP-3002 Acid Digestion of Soil, Sludge, and Sediment Samples for Furnace AA, 
Flame AA, and ICP Analyses of T AL Metals 

AP-3003 ICP Emission Spectrometric Method for Trace Metal Analyses of Soil, 
Water, and Wastes 

AP-3004 Trace Element Analysis of Water, Soil, Aqueous, Sludge, Sediment, 
and Water Samples by GFAA 

AP-3005 Percent Solids Determination 

AP-3006 Alkalinity 

AP-3007 Specific Conductance 

AP-3008 Mercury Analysis of Water, Extract, Soil, and Sediment by Cold Vapor 
AA 

AP-3009 ICP Emission Spectrometric Method for Trace Metal Analyses 

AP-3010 . Ion Chromatography Analysis 

• AP-3011 Acid Digestion of Aqueous Samples for Total Metals by GFAA 

AP-3015 Total Cyanide (Spectrophotometric Determination) 

AP-3016 Total & Amenable Cyanide 

AP-3017 pH Measurement 

AP-3017A pH Measurement 

AP-3018 Total Filterable Residue (Total Dissolved Solids} 

AP-3019 Total Suspended Solids (Non-Filterable Residue) 

AP-3020 Ammonia-Nitrogen (Ion Selective Electrode) 

AP-3021 Total Kjeldahl Nitrogen (Potentiometric, Ion Selective Electrode) 

AP-3022 Total Phenolics (Spectrophotometric) 

AP-3025 Chemical Oxygen Demand (Colorimetric Manual) 

AP-3026 Waste Extraction Test (WET) 
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Adaptation 

300 

CLP 

CLP 

7000 

CLP 

310.1 

120.1 

7470/7471A 

6010A 

9056 

3020A 

CLP 

9010A 

9045 

9040/151.1 

160.1 

160.2 

350.3 

351.3 

420.1 

410.4 

Title 22 
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AP-3027 Hardness in Water (Total, Titrimetric, EDTA) 

AP-3027A Hardness in Water (Total, Titrimetric, EDTA) by Calculation 

AP-3028 Fluoride (Ion Selective Electrode) 

AP-3029 Chloride (Titrimetric Mercuric Nitrate) 

AP-3034 Acid Digestion of Soil, Sludge, and Sediment Samples for Furnace AA, 
Flame AA, and ICP Analyses of Metals 

AP-3035 Acid Digestion of Aqueous Samples for Total Recoverable and 
Dissolved Metals by ICP 

AP-3036 Acid Digestion of Aqueous Samples for Total Metals by ICP 

AP-3037 Mercury Analysis of Water and Soil Samples by Cold Vapor AA 

AP-3039 Acid Digestion of Water and Aqueous Samples for Furnace AA, Flame 
AA, and ICP Analyses of T Al Metals 

AP-3040 Extractable Procedure Toxicity Test (EPTOX) 

AP-3044 Volatile Residue (Gravimetric) 

AP-3049 Sulfate (Gravimetric} 

AP-3050 Color (Colorimetric-Platinum-Cobalt) 

AP-3053 Methylene Blue Active Substances (MBAS) 

AP-3054 Turbidity (Nephelometric} 

AP-3055 Nitrogen, Nitrite (Spectrometric) 

AP-3056 Phosphorous (Colorimetric, Ascorbic Acid, Single Reagent} 

AP-3057 Orthophosphate (Colorimetric, Ascorbic Acid, Single Reagent) 

AP-3058 Nitrogen-Nitrate/Nitrite (Spectrometric, Cadmium Reduction) 

AP-3059 Determination of Solid Content on Filter 

AP-3060 Organic Lead (Atomic Absorption) 

AP-3061 Sulfate (Turbidimetric) 

AP-3063 Sulfide (Trimetric, Iodine) 

AP-3064 Chlorine, Total Residue (Titrimetric, lodometric) 
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130.1 

130.1 

340.2 

325.3 

3050A 

3005A 

3010A 

CLP 

CLP, Water 

1310 

160.4 

375.3 

110.2 

425.1 

180.1 

354.1. 

365.2 

365.2 

375.2 

376.1 

330.3 
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AP-3065 T JA ICAP 611; Start-Up Procedure 

AP-3066 Varian Zeeman 400 Start-Up Procedure 

AP-3067 Metals Reporting Using Telecation Software 

AP-3068 Metals Reporting by Ward Software 

AP-3070 Acid Volatile Sulfide and Simultaneously Extractable Metals 

AP-3071 pH Measurement 

AP-3072 Biochemical Oxygen Demand 

AP-3073 Dissolved Oxygen (Azide Modification of Thelodometric Method) 

AP-3074 Reactivity Cyanide and Sulfide 

AP-3075 Hexavalent Chromium (Colorimetric) 

AP-3075A Hexavalent Chromium by Coprecipitation 

AP-3076 Paint Filter Liquids Test 

AP-3077 Oil and Grease, Gravimetric Method 

AP-3078 Specific Gravity, Erlenmeyer Flask Method 

AP-3078A Specific Gravity 

AP-3079 Acidity 

AP-3080 ICP Trace Metal Analysis in Paint Chips 

AP-3084 Total Organic Carbon Analysis 

AP-3085 Sett!eable Matter 

AP-3086 Total Organic Compound by Walkley-Black Method 
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405.1 

7196 

7195 

9095 

413.2 

D-845 

305.1 

3050A 

415.1/9060 

160.5 
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C., EMAX Laboratories, Incorporated is currently capable of perfonning the following analyses: 

ORGANIC 

EPA 8010/601 Halogenated Volatile Organics 

EPA 8015 Non-Halogenated Volatile Organics 

EPAM 8015 Total Petroleum Hydrocarbons 

EPA 8020/602 Aromatic Volatile Organics 

EPA 8030/603 Acrolein, Acrylonitrile, Acetonitrile 

EPA 8040/604 Phenols 

EPA 8080/608 Organochlorine Pesticides and PCBs 

EPA 8100 Polynuctear Aromatic Hydrocarbons 

EPA 8120/612 Chlorinated Hydrocarbons 

EPA 8~40/614 Organosphosphorus Pesticides 

EPA8150 Chlorinated Herbicides 

EPA 8240/624 Volatile Organics by GC/MS 

EPA 8270/625 Semivolatile Organics by GC/MS 

EPA 83;Q Polynuclear Aromatic Hydrocarbons by HPLC 

EPA 8330 Explosives 

• EPA 5C2.2 Volatile Organic Compound In Water 

EPA504 EDB and OBCP in Water 

EPA508 Chlorinated Pesticides in Water 

EPA515 Chlorinated Acids in Water 

EPA524.2 Purgeable Organic Compounds in Water 

EPA525 Organic Compounds in Water 

EPA531.1 Carbamates in Water by HPLC 

VOA by GC/MS USEPA C1.P SOW OLM03.0 

Semivofatiles by USEPA CLP SOW OLM03.0 
GC/MS 

Pesticides by GC/ECD USEPA CLP SOW OLM03.0 

TO3 Total Petroleum Hydrocarbons 

TO14 VOA in Ambient AJr 

• Special inhouse developed methods for dissolved gases, degradation products, ethylene glycol, and tetrabutyl tin. 
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INORGANIC 

EPA 7000 

EPA 6010 

EPA 300 

EPA310.1 

EPA325.3 

EPA 335.2 

EPA 340.2 

EPA 130.2 

EPA 353.3 

EPA 354.3 

EPA 413.2 

EPA 418.1 

EPA 150.1 

EPA 415.1 

EPA 365.3 

EPA 160.1 

EPA 120.1 

EPA 375.3 

EPA 376.1 

EPA 410.1 

EPA 1010 

TAL 

WASTE EXTRACTION 

EPA 1311 

EPA 1312 

WET 

Metals by Graphite and Cold Vapor Atomic Absorption 

Metals by ICP 

Anions 

Alkalinity 

Chloride 

Cyanide 

Fluoride 

Total t-ardness 

Nitrate 

Nitrite· 

Oil & Grease 

Petroleum Hydrocarbons (IR) 

pH 

Total Organic Compound 

Orthophosphate 

Total Dissolved Solid 

Specific Conductance 

Sulfate 

Sulfide 

Chemical Oxygen Demand 

Flashpoint 

USEPA CLP SOW ILM04.1 (low and high concentration) 

Toxicity Characteristic Leaching Procedure 

Waste Extraction Test (Calif.) 
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APPENDIX 8 

EJ'J\J.\;{ 
630 Maple Ave., Torrance, CA 90503 
Tel# 310-618-8889 Fax# 310·618-0818 

Laboratories, Inc. Email emaxiabs@1x.netcom.com Sample Storage 

CU£NT Mitrix Codes 

,ROJICT TEL r,N•~INlltlf sa .. Sot&dimentl 

COO~CIIIIATOR FAX GW•G.'O!JndWoalr so. Sol(! Wtat• 

SENOIIEl'Of!H\) twt<•-- SL• Skt191 

EMAIi. AA•...., PP • Pu-. PtQductl 

COMPANY TL WP•'l\\f)H OT =Ottll'"! 

ACORUS FAX 

IMAXPII 

Sample ID Samphna Container 

' Lab C!iqnt Oa:e Time No, I Size Tyoe 

i I 1 

I 
2, i 

I 
J i I i I 

I i 
I .. I i ., i 

T I I I 
I 

I I 

• T - I ! I a 
I 

9 I i 
I 

I 0 
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CHAIN OF CUSTODY 

CHAIN OF CUSTODY RECORD 
Lab Batch Control # 

Pres.arvat.ve 
Codes An1l)'1is Rtauirad TAT 

IC• ... I □ RVSH __ llrs 

HC• HCI 0 RVSH dS,ri 

HS• H,SO, i 0 7ct•~ 

HN• HNOl I D 14 days 

Sn• Nt0H C 2 1 days 

sr, Na,-5~0, 
j D JC days 

Z.,• .j,;Mc I :J 
1 I 0 

Matrix QC Comments. 

Coe• 
l I i I I I 

I I I 
i 

( i 
I I i l I 

I 

I I 
--

l ! I 
-

I ! I 
I 

I I I 

I I I I i I 

I i 
I 

I I 

I 
I I I 

1Jn1m.iction1 

I 

S.mpl<tr JNo. ot Coolers- lcouriwrlAirbill CooluTemi,.("C) 

R•linaulshad By Date Tim• i Received Bv \NGtH fet S,lmp,od Hl'U ..v.11 . 
I I 

I I I 

I I 
1~: ,~o-Tmtt (TAT) torumlQS •l'ftli11010.01nwntilallo1•cr•~m1Uhsn bfflJ ruOWH. Forum;HOtU•Nfflmi dJ#c,..,-,ciNt11.t.olYH11h•t1'0Cttrs. 1AT &INll6Uttat(?lfiC • CM 'tUl'busHNU• o•y. TM clltrtti• ,upon•~ tor•tlco.cts 

Q-.ilh ~ di.lpo.ul. SamplH •h•lf W QlspoHd of u •oon u ~r;JJc.t (but nor prior to ftftffn ('f5) c~ d•'f1) •f'tl" iUu.lnt• of ~n,Jy1Jcat tt;1ort W'UUI I dHr•rwti ,-,,,pl« dllp.r;il,IJ ,,;1t.,;J1JH# l• ,,,... .. rn~d w,th EM.AX. Ol•poul iN tot ..ampiu 
av CA rm. u .. AftA.J,Jlllltf'OW IIN4t :i. S$.«J DM •-"'·· fM.U WHI mum twudoul .i•mnt.s to aw, dtllt ,tr.ht Clifnl'j UHM• lilf/UI omt• in.--- .O(h-,WJH, 
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APPENDIX 9 SAMPLE RECEIPT FORM 
Date Reviews 
Time Sample Labeling 
Recipient SRF 

CRO 

Type of Sample Delivery to EMAX 

0 EMAX Courier 0 Client Delivery 0 Third Party/Airbill No. 
By 
Date 
Time 
Comments: 

COC Inspection (Check for presence) 

0 Client Name 0 Sampler Name/Signature 0 Sampling Date/Time 

0 Address □ Courier Signature w/ Date & nme 0 Analysis Required 

□ Tel#/ FAX# □ TAT 0 Sample Container 

0 Prj Name/Contact Person 0 Sample ID D Matrix 

Safety lssue(s) 0 None 0 High concentrations expected 0 Superfund Site Samples 

□ 
Comments: 

Packaging Inspection 

Container: 0 Cooler 0 Box □ 
Condition: 0 Custody Seal 0 Intact 0 Damaged □ 
Packaging: 0 Bubble Pack 0 Styro Foam □ 0 Sufficient 

Temperature(s) 0 □ □ □ 
Comments: D RAD Screened D 

Sample Inspection 

Container: D Custody Seal D Intact 0 Damaged D Appropriate 

Identity: □ Client Sample ID D Sampling Datefrime D Sampler Initial □ Analysis 

Preservation: 0 NaOH [ pH>12 l 0 HNO~ [ pH<2 1 0 H?S04 [ pH<2 l O Holding Time OK 

Sample: D Sufficient D Not enough(see comment) D Appropriate 

D No head space on VOA water samples D RAD Screened 
Comment: 

Sample Control # Client ID Discrepancy Corrective Action 

£ "IAJ.\X LABORATORIES, INC., 630 Mople Ave., 'forronce, CA 90503 TEL: (310) 618-8889 FAX: (310) 618-0818 
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DATA FLOW MANAGEMENT 
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- The analyst is the initial report 

No 

generator and performs the firts level 
of review. 

The supervisor performs the 
2nd level of review. Is 

everything okay? 

'>----Yes,---

Data Processing 

Draft of the report is 
generated. 

Data Processing 
Supervisor 

Project Manager 

Performs the third level of 
review. Is everything 

okay? 

>---Yes,---. 

Yes 

Data Processing 

Print hard copy. Make 
copies for distribution to 

include archive copy. 

QA Manager 

Performs a minimum of 
10% review on reports 

generated. Is 
everything okay? 

Yes 
l 

File shall be 
returned to archiving 

section. 

No 

The QA officer shall 
generate a Non

Conformance Report 
(NCR) and forward it 

to the Corporate 
President or his/her 

designee. 
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APPENDIX 11 NON-CONFORMANCE REPORT (NCR) 

Instrument No. Analysis Date 

Project Name Batches Affected 

Analysis Lab Nos. Affected 

OUT OF CONTROL EVENT(S) 

Initiator Date -----------
RECOMMENDED CORRECTIVE ACTION 

! 
L__. 

Supervisor Date 

ACTION TAKEN 

a 
tJ 

Analyst Date 

Reviewer Date 

QA/QC COMMENTS 

QA/QC Officer Date ----------
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APPENDIX 12 

PREPARED BY: 

Name 

Title Project Mana~er 

REVIEWED BY: 

Name 

Title QA Manager 

APPROVED BY: 

Name Kam Pang 

Title Laboratory Director 

ADDENDUM FORM 

ADDENDUM TO 

Document 

Revision Number 

Section 

Date 

Reference Number 

Date: 

Date: 

Date: 

EMAX Laboratories, Inc. 
QA Manual Rev. 9 
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Page 74 of 74 
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MEMO 

--------------------------------------------------------------------------------------------------------------------------------------------
February 26, 1998 

To 

From 

RE 

Distribution 

Kenette Pimentel~ 

HOLDING TIME FOR DISSOLVED GASES 

It has bee noticed that there is a misprint in holding time specified in Section 5.0 of SOP AP-
2050, Dissolved Methane, Ethene, and Ethane by GC Headspace Equilibration Technique, 
Revision No. 0. 

The correct Holding Time should be 14 days from the time of collection. 

Please take note of the correction. If you have received an issue of the SOP, please 
attached this memo to it. 

Thank you for your cooperation. 

C ftl\A){ LABORATORIES, INC., 630 Maple Ave .. Torronc:e, CA 90503 TEl: (310) 618-8889 FAX: (310) 618-0818 



Page 1 of 11 
STANDARD OPERA TING PROCEDURE 

·1 DISSOLVED METHANE, ETHENE, AND ETHANE IN WATER BY A GC HEADSPACE 
" EQUILIBRATION TECHNIQUE 

SOP No.: AP-2050 Revision No. 0 Date: 4-Apr-97 

Prepared By: Phillip Lee /4Jil Date: ¥ /y. 17:t 
I 

Approved By: Kevin Hoang k---::: Date: ~/¾ L ,7 
I 

QA Manager 

Approved By: Kam Pang J; ~ d) '::=l IJ Date: (b/Yd.'9. 4-
I 

1.0 

Laboratory Director 
Control Number: 2060-00-

SCOPE AND APPLICATION 

1.1 This method Is used to determine the concentration of dissolved methane, ethane and ethane in 
water. It is an adaptation of the procedure published in International J. Environmental Analytical 
Chem. Vol. 36, p. 249, by Kampbell et al (1989). 

2.0 SUMMARY OF METHOD 

3.0 

2.1 This method provides a sample preparation method to generate headspaoe within sample 
container and then describes gas chromatographic conditions for the detection of methane, 
ethene and ethane in water by analyzing gas sample taken from the head space. 

METHOD DETECTION LIMITS AND REPORTING LIMITS 

3.1 Method detection limits and reporting limits are presented in Appendix 1. 

4.0 DYNAMIC RANGE 

4.1 Methane: 0. 7 to 34 µg/L 

4.2 Ethene: 1.2 to 59 µg/L 

4.3 Ethane: 1.3 to 63 µg/L 

&.o SAMPLE COLLECTION. PRESERYADQN, AND HOLDING TIME 

5.1 Wm.er samples should be stored i~ml vial with tenon-lined septa preserved with 0.10 ml of 6 N 
HCI at 4°C. The holding time is f!'t:tA/p" the time of collection. For unpreserved water 
samples, the holding time is 7 days. ~pies should be CX>llected by adding water to the vial 
dOIM"l the side to prevent agitation. Also, care must be taken to make sure that no air bubbles are 
entrapped in the sample. 

8.0 ASSOCIATED SOPs 

GP-0020 
GP-2023 

Standard Preparation 
Analytical and QC Sample Labeling 
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STANDARD OPERATING PROCEDURE 

DISSOLVED METHANE. ETHENE. AND ETHANE IN WATER BY A GC HEADSPACE 
EQUILIBRATION TECHNIQUE 

SOP No.: AP-2050 Revision No. --------- 0 Date: 4-Apr-97 

7.0 SAFETY 

7.1 All reagents, standards, and samples shall be treated as potential hazards. Observe the standard 
laboratory safety procedures. Protective gear, I.e., lab coat, safety glasses, gloves, shall be worn 
at all times 'Nhen performing this procedure. 

7.2 All wastes generated during analytical process shall be placed In the wastes containers. These 
wastes shall be endorsed to waste disposal section for proper disposal. 

7.3 Water samples shall be neutralized to pH t¼2"sxtorto ~-
7.4 If for any reason, solvent and/or other reagents gets in contact with your skin or any other part of 

your body, rinse the affected body part thoroughly with tap water. If irritations persist inform your 
supervisor immediately so that proper action can be taken. 

8.0 INSTRUMENTS, CHEMICALS. AND SUpPUES 

8.1 Instruments and Supplies 

8.1.1 

8.1.2 

8.1.3 

8.1.4 

8.1.5 

Gas Chromatography: Varian 3400 with FID 

Column: SPB-1, 60 m x 0.53 mm ID, 5 µrn thickness 

Gas: ultra-high purity helium; ultra-high purity hydrogen 

Syringes: 5, 25 and 50 ml Luerlok hypodermic gas-tight with shut-df valve 

Microsyringes: 25, 100, and 250 µJ with a 0.006 mm ID needle (Hamilton 702N or 
equivalent) for dilution purposes 

8.1.8 Data System: P-E Nelson 

8.2 Chemicals and Reagents 

8.2.1 Solvent: Organic,-free water 

9.0 STANDARDS 

9.1 Stock standards are purchaaed as certified gas mixture at 1 % (v/v). 

9.2 Working Standard 

9.2.1 Take 5 ml of 1% standard and mix with 95 ml Helium In a tedlar bag. This \\ill create a 
standard at 500 µUL 

9.2.2 Take 1 ml of 1% standard and mix with 99.0 ml of Helium. This will create a standard at 
100µ1..JL 

9.2.3 Take 10 ml from 9.2.2 and mix with 90 ml of Helium. This will create a standard at 10 
µUL 

EMA,( LABORATORIES,. INC., 630 Maple Ave •• Torrance, CA ,oso3 TEL: (310) 618-8889 FAX: (310J 618-0818 



Page 3 of 11 
STANDARD OPERATING PROCEDURE 

DISSOLVED METHANE, ETHENE, AND ETHANE IN WATER BY A GC HEADSPACE 
EQUILIBRATION TECHNIQUE 

SOP No.: Revision No. ----------AP-2050 0 Date: 4-Apr-97 

10.0 SAMPLE PREPARATION 

10.1 Water sample is collected in the field in a 40 ml vial with a teflon septum. The exact volume of 
the bottle is measured by refilling with water. 

10.2 Place the sample vial upside doNn in a three finger clamp. A 20 gauge needle on a 1 0 ml Luertok 
glass syringe, at for dead volume, is Inserted into the sample by penetrating the septum about 
one centimeter. 

10.3 An 8 cm 22 gauge needle attached to Teflon lubing via a minlnert syringe valve is then inserted 
through the septa to the top of the water. 

10.4 A flow of 4 ml per minute of high purity helium is passes through the syringe valve. After 4 ml of 
water is forced from the bottle into the syringe, remove both needles. This procedure aeates a 
headspace of 4 cc in the vial. 

10.5 Shake the vial for five minutes by quick wrist motion to allow gas to equilibrate between the liquid 
and gas phases. 

10.6 Samples are ready for analysis. It should be analyzed immediately. 

11.0 INSTRUMENT PARAMETERS 

11.1 Gas Chromatography Condition: 

11.1.1 Column: 40°C, isothermal 

11.1.2 lnjeclor: 200 °c 

11.1.3 Detector: 220°c 

11.1.4 Injection Volume: 100 J,11 

11.1.5 Helium Pressure: 10 PSI 

11.1.6 carrier gas flaN: 9 mUmin 

11.1.7 Make up gas flew: 20 mUmin 

12.0 CALIBRATION 

12.1 canbratton Standard 

12.1.1 Folk:Mllng Equation 12.1, convert the calibratl0n standards in µUL into µg/1. of dissolved 
gas in water. 

E ~AAX LABORATORIES. INC., 630 Maple Ave., Torrance, CA 90503 TEL: (310) 618-8889 FAX: (3101 618-0818 
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STANDARD OPERATING PROCEDURE 

DISSOLVED METHANE. ETHENE. AND ETHANE IN WATER BY A GC HEADSPACE 
EQUILIBRATIONATECHNIQUE 

SOP No.: Revision No. ----------

C = VH X Cv ( 273 ) ,c _1_ Mwt 
Vw 273 + Tc 22.4 

where: 

C - concentration of gas in water in ug IL 

VH - Head space volume (4 ml) 

Vw - Total volume of water (39 ml) 

Cv - concentration of gas in ul / L 

T - room temperature (23 ° C :!: 2 ° C) 

M - mol. wt of gases 

CH4 - 16 (ug / umol) 

C2H4 - 28 (ug / umol) 

C2H6 - 30 (ug / umol) 

0 Date: 4--Apr-97 

Eq.-12.1 

12.1.2 Concentration {ua/Ll of calibration Standard in Water 

Std 1 (10 ul/Ll 
.676 µglL 
1.182 µ94. 
1.267µg/L 

Std 2 (100 uUL) 
.676µgll 
11.82 µg/L 
12.67 µg/L 

Std 3 (500 w,Jl) 
33.8µg/L 
59.1µg/L 

63.35µ94. 

12.2 Initial Calibration 

12.2.1 3 Initial calibration solutions are prepared as descrtbed in Section 9.3 and analyzed as 
described in Section 13.0. 

12.2.2 Results are calculated as follcMs: 

calibration Factor 
Average calibration Factor 
standard Deviation 
%RSD 

Equation 14.1.1 
Equation 14.1.2 
Equation 14.1.3 
Equation 14.1.4 

12.2.3 Acceptance cnteria are specified in Appendix 2 or check project specific n,quirements. 

12.3 Continuing capbration 

12.3.1 Use Standard 2 to check the calibration factor In ten sample Interval. 

12.3.2 Results are calculated as follovvs: 

calibration Factor 
% Difference (%0) 

Equation 14.1.1 
Equation 14.2 

£ IAAX LABORATORIES, INC., 630 Maple Ave., Torrance, CA 90503 TEL: (310) 618-8889 FAX: (310} 618-0818 
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STANDARD OPERATING PROCEDURE 

DISSOLVED METHANE, ETHENE, AND ETHANE IN WATER BY A GC HEADSPACE 
EQUILIBRATION TECHNIQUE 

SOP No.: AP-2050 Revision No. --------- 0 Date: 4-Apr-97 

13.0 ANALYSIS 

13.1 Set GC parameters as described in Section 11. 

13.2 Analyze an instrument blank by injecting 100 µI of Helium to ensure the system is free of 
contamination. 

13.3 Analyze an initial calibration curve. 

13.3.1 carefully fill a 40 ml VOA vial with reagent water. care should be taken to avoid any trap 
bubbles. 

13.3.2 Follow sections from 10.2 to 10.5 to create 4 ml of head space with Standard 1 gas 
mixture (Section 9.2.2). 

13.3.3 Immediately 'Nithdraw 100 µI gas from the head space and analyzed by GC. 

13.3.4 Repeat Standard #2 and #3 \Mth the same procedures. 

13.3.5 Establish the ACF from initial calibration curves. 

13.4 Prepare analytical sequence and analyze sample if ICAL meets the QC requirements. sample is 
prepared individually by procedures described in Section 9.0 and analyzed immediately. 

- .. 1- -
1 Blank 
2 LCS 
3 5amole1 
4 Same>le2 
5 5ample3 
e SamDle4 
7 SanDle5 
8 Samcle6 
9 5amDle7 
10 SamDle8 
11 SamDle9 
12 samo1e10 
13 DCC1 
14 Samole 11 
15 Samole 11/MS 
16 5ample 11/MSD 
17 SamDle12 
18 5ample 13 
19 samcle14 
20 Samole15 
21 Samole16 
22 5amDle17 
23 SamDle18 

LABORATORIES, INC., 630 Maple Ave .. Torrance, CA 90503 TEL: (310) 618-8889 FAX: (3101 618-0818 
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STANDARD OPERATING PROCEDURE 

DISSOLVED METHANE, ETHENE. AND ETHANE IN WATER BY A GC HEADSPACE 
EQUILIBRATION TECHNIQUE 

SOP No.: Revision No. ----------AP-2050 0 Date: 4-Apr-97 

24 DCC2 
25 Blank 
26 LCS 
27-37 10samoles 
38 DCC 

The analytical sequence should be recorded in GC Run Log Book .. 

13.5 Identification 

13.6 

13.5.1 When a chromatographic peak falls in the retention time v.4ndavv (Section 13.8) of an 
analyte, Ydlich is considered as tentatively identified. Its concentration could be 
calculated according to Section 14.3 . 

Retention Time Windows 

Make three analyses of all analytes through a course of a 72-hour period. calculate the standard 
deviation of the three absolute retention times for each analyte (Equation 14.1.3). Plus or minus 
three times the SD v.411 be used to define the absolute retention time VtAndow. The daily retention 
time 'ltlindow derives from the average retention time of the analytes on ICAL plus and minus 3 * 
SD. 

14.0 CALCULATIONS 

14.1 Initial Calibration 

14.1.1 CslculateforCalibration Factor(CF). 

Eq. -14.1.1 

where: 

R" - Response for anafyte measured in peak area 

C" - Concentrationof analyte to be measure (ug / L) 

14.1.2 calculate for Average Calibration Factor (ACF) 

"CF ACF= 4-.J a 

where: 
n 

A CF - average response factor 

L CF,, - sum of calibration factors 

n - number of calibration points 

Eq. 14.1.2 
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STANDARD OPERATING PROCEDURE 

DISSOLVED METHANE, ETHENE, AND ETHANE IN WATER BYAGC HEADSPACE 
EQUILIBRATION TECHNIQUE 

SOP No.: AP-2050 Revision No. ----------

14.1.3 calculate for Standard Deviation 

SD= ..;..i= .... 1 __ _ 

whsrr: 

N-1 

SD s Standard Deviation 

th 
x; • result at ;- measurement 

x • mean 

N • number of measurements 

Eq.-14.1.3 

14.1.4 Calculate for % relative standard deviation (%RSD). 

SD 
%RSD = --* 100% 

ACF 
where: 

SD - standard deviation 

A CF - average response factor 

0 Date: 4-Apr-97 

Eq.-14.1.4 

14.2 C&libration Check/continuing Cslibralion 

%D= ACF-CF *l00% 
ACF 

Eq.-142 

where: 

A CF - average response factor 

CF - calibration factor at calibration check standard 
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DISSOLVED METHANE, ETHENE, AND ETHANE IN WATER BYAGC HEADSPACE 
EQUILIBRATION TECHNIQUE 
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14.4 Sample Results 

14.4.1 Water Sample 

C=~*D 
AFC 

where: 

Eq.-14.4.1 

C - Concentrationof analyte to be measure (ug / L) 

Ra - response for analyte measured in peak area 

AFC - average response for an analyte 

D - sample dilution factor 

14.5 Accuracy and Precision 

14.6 

14.5.1 Percent Recovery 

C -C 
%R= 1 *100 

cs 
Eq.-14.5.1 

where: 

%R - percent recovery 

C1 - concentration found 

C - sample concentration 

C, - concentration of spike 

14.5.2 Relative Percent Difference 

%RPD = [ ~R, • I 00"/o] Eq.-14.5.2 

where: 

R1 - % recovery of first measurement 

R2 - % reoovery of first measurement 

R_ - average of % recoveries 

Method Detection Limit 

MDL= 3.14 * SD Eq.-14.6 

where: 
MDL - method detection limit 

.E J\J\ J..\,{ LABORATORIES, INC., 630 Maple Ave., Torrance, CA 90503 TEL: [310) 618·8889 FAX: (310) 618-0818 



Page 9 of 11 
STANDARD OPERATING PROCEDURE 
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SD - standara deviation (see Eq-14.1.3) from 7 measurements. 

16.0 QUALITY CONTROL 

15.1 sample Preparation 

15.1.1 The maximum number of original field samples in an analytical batch shall be 20 unless 
otherwise specified by the project. 

15.1.2 All lab>.vare used In the sample preparation shall be properly treated as specified in GP-
0002. 

15.2 Analytical Batch 

15.2.1 An instrument/solvent blank shall be performed prior to the first daily continuing 
calibration. The acceptance criteria shall be the same as the method blank. If the blank 
fails to meet the acceptance criteria, identify and correct the problem before proceeding 
to the analytical process. 

15.2.2 Samples shall be analyzed at an acceptable initial calibration. Acceptance criteria is 
specified at Appendix 2. 

If the initial calibration %RSD is outside the acceptance limits. Prepare a new initial 
calibration. If the problem persists, identify whether the deviation is due to a high 
standard or a 10\N standard. Once identified, adjust the standard so that it falls within the 
acceptable range. In this process, the range of concentration is narr<J'Ned. 

15.2.3 A continuing calibration shall be performed as specified in the QC schedule. 

If the continuing calibration %D exceeds the all<1tNed limits. The analyst may repeat the 
continuing calibration with a freshly prepared standard. · 

If the newly prepared standard does not meet acceptance criteria, a new initial calibration 
shall be performed. 

All samples analyzed after the last acceptable continuing calibration must be re-analyzed. 

15.2.4 A method blank, LCS, and MS/MSD shall be prepared in f!Nery analytical batch, unless 
otherwise specified by the project. They shall be subjected to the same analytical 
process as that of the field samples (Section 10.0). 

15.2.5 Organic free \Nater shall be used for method blank and LCS. 

15.2.8 A Laboratory control Sample at 100 µJ/L (LCS or method blank spike) shall be analyzed 
for each analytical batch and all recoveries shall be within the acceptable limits (Appendix 
2) prior to sample analysis. 

15.2. 7 Matrix spike samples shall be taken from a specified field sample within the analytical 
batch. In the absence of any designation, the laboratory may choose any sample to 
spike. The spike concentration shall be 100 µJ/L 

£ J'J\A1{ LABORATORIES, INC., 630 Maple Ave., Torrance. CA 90503 TEL: (310J 618-6889 FAX: f310J 618-0818 
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15.2.8 In the event that there is insufficient amount of sample to be used for MS/MSD, LCS 
duplicate shall be prepared to demonstrate pn!ICislon. 

15.2.9 If MS/MSD recoveries were not within the acceptable range, and the concentration of the 
unspiked sample is ~ 4 x the unknown matrix spike concentration, flag the sample result 
as "J" (estimated), due to precision uncertainty associated with matrix effect Ho.Never if 
the concenbation of unspiked sample is< 4 x, flag all the associated samples as "J", due 
to precision uncertainty possibly caused by mabix effect. 

If MS/MSO recoverias were within the acceptable, but the RPO is not within the 
acceptable range, flag the associated data as "J" (estimated) due to precision uncertainty. 

HaMwer, If the project specifies other than as stated above, the project requirement shall 
prevail. 

MethodQC 

15.3.1 All analyses must be performed on a valid initial calibration curve. The initial calibration 
procedure is cflSCUssed in Section 12.1 and acceptance criteria is described In Appendix 
2. 

15.32 Determine the method detection limit (MDL) at least once a year. 

15.3.3 Reporting limit shall be 2 to 10 times of the MDL. 

15.3.4 Update the In-house quality control limits (IQC) at least once a year. 

15.3.5 Update the Retention Time Windc:Nv at least once a year or when a major instrument 
repair is done. 

18.0 PREVENTIVE MAINTENANCE 

16.1 Clean the purge needles thoroughly v.ffll high purity helium, after every use to ensure that there 
are no particulates adhering to it. 

16.2 Check the gas flow fltJITI time to time to ensure that ideal gas flow is maintained accordingly. 

16.3 Maintain an inventory of instrument parts and supplies for routinary maintenance. See Appendix 4 
for Minimum Instrument Parts & Supplies Inventory List. 

- 17.0 CORRECTIVE ACTION 

17.1 If a QC parameter proves to be unsatisfactory, corrective action shall be implemented. Sample 
analysis should be stopped immediately. The Department Group Leader or the Department 
Supervisor, and sometimes the QA officers, may be involved in the corrective action. Corrective 
Action Form must be filed and circulated to the appropriate staff. 

£ J'J\J.\1{ LABORATORIES, INC., 630 Maple Ave .. Torrance. CA 90503 TEL: (310} 618-8889 FAX: (310) 618-0818 
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If previously reported data are affected by a situation that requires correction, or If the corrective 
action impacts a project budget or schedule, the action will directly involve the project manager. 

17.2 For immediate or long-term corrective actions, steps comprising a closed-loop corrective action 
system are as follovvs: 

• Define the problem. 
• Assign responsibilities for problem investigation. 
• Investigate and detennine the cause of ~,e problem. 
• check all calculations 
• verify the integrity of the spiking solution, LCS, or DCC 
• check instrument and operating conditions to preclude the possibility of malfunctions or 

operator error. 
• Determine the corrective action(s} necessary to eliminate the problem. 
• Assign and accept responsibilities for implementing the corrective action. 
• Establish the effectiveness of the corrective action and implement the correction. 
• Verify and document that the corrective action has eliminated the problem. 

18.0 SUPPLEMENTARY NOTES 

None. 

19.0 REFERENCES 

19.1 DH Kampbell, JJ Wilson and SA Vandegrift. "Dissolved Oxygen and Methane in Water by a GC 
Head space Equilibration Technique". lntemation Journal Environ Analytical Chem., Vol 30, pp. 
249-257, 1989 

19.2 Corporate QA/QC Manual, as updated. 

20.0 APPENDICES AND TABLES 

Appendix 1 

Appendix2 

Analyte list with RL 

ln--house QC SChedule 

£ /tl\AX LABORATORIES, INC., 630 Maple Ave .. Torrance. CA ,oso3 TEL: (310) 618-8889 FAX: (3l0J 618-0818 



SCHEDULED QC 
DISSOLVED METHANE, ETHENE, AND ETHANE IN WATER' 

QC Procedure Frequencv Acceptance Crit.eria 

Instrument Blank At the beginning of an analytical Free of any target analyte above R.L. 
seQuence 

3 point Initial Calibration Dailv or if needed RSD<20% 

Continuing Calibration Every 1 o samples and at the end of %0<15 
(Calibration Check) a seauence 
Method Blank Every batch < 20 Free of any target analyte above R.L. 

LabControl sample (Blank Each batch < 20 80-130% of true value 
Spike) 
Matrix Spike/Matrix Spike Each batch < 20 60-130% 
Duplicate RSD=30% 

Appendlx2 
AP-2CBJ, Rev. 0 

EMAX. Aprll 1S97 

Corrective Action 
Clean the system before any 
analysis. 
Reoeat before samDle analvsis. 
Repeat before sample analysis. 

Repeat until the system is tree of 
contamination. 
Reanalyze LCS and all associated 
samples. 
No action based on MS/MSD alone 
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Control Number 97E -
Matrix Water 

Extraction SOP AP-2(5) 

Analvsis SOP AP-2(5) 

Adaptation 
'SW846) 

True 

COMPOUND Value 1 2 

<Water) Ua/1. Ua/1.. %R ua/L %R 

Methane 1.234 1.256 1.018 1.203 0.975 

Ethene 1.182 1.383 1.170 1.401 1.185 

Ethane 1.267 1.340 1.a58 1.264 0.008 

METHOD DETECTION LIMIT STUDY 
DISSOLVED METHANE. ETHENE AND ETHANE 

Standard Standard Source Lab Standard ID 

Initial Calibration Scott S14A01-01-01 

S14601-01-01 

Spike Scott S14B01-01-Cl1 

3 4 5 6 

unn %R uan %R ua/l %R ualL %R 

1.34 1.006 0.946 0.767 1.025 0.831 1.189 0.964 

1.334 1.129 1.262 1.005 1.204 1.019 1.3:9 1.107 

1.178 0.93::> 1.3)4 1029 1.204 0.950 1.256 0.991 

Initial Cal. Date 414197 

Extraction Date 414197 

Analvsls Date 414197 

Effectivtty Date Ar,r-97 

Analvst P. Lee 

Ave. 

7 Cone. Ave. 

ua/l %R ua/L ,t.R 

1.07 0.867 1.15 0.93 

1.2 1.016 1.3J 1.10 

1.1CB 0.875 1.24 0.98 
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Ar,r-86 

MOL I PQL 

so (3.14XSD) 

ug/L ua/L 

0.13.1 0.436 1 

0.079 0.2"8 1.2 

0.079 0.246 1.3 
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Industrial & Environmental Analyst's, Inc. (IE.A) is a full-service environmental organization specializing in laboratory 
analytical services and field support services. 

Toe IBA organization is a network of seven (6) integrated environmental laboratories located throughout the Eastern 
United States with over 300 employees. making it one of the top ten environmental testing companies in the United 
States. The corporation serves a broad range of industries including environmental consulting and engineering firms. 
state and federal agencies. phmmaceutical. petroleum. and electronic component manufacturers. In support of these 
activities the corporation JRSCDtly maintains l!!llviromnental laboratoly certifications in over twenty five state programs. 
IBA Corporate headquarters are located in Cuy, North Carolina. 

IEA is a wholly-owned subsiclimy of the AQUARION Company. headquartered in Bridgeport. Coonecticrut. 
AQUARION is listed on the New Y ode Stock Exchange and has annual revenues exceeding 100 million. It is also the 
largest investor..owned water utilifJ in the country. 

The IBA laboratories are located as follows: 

IEA/Coonecticut 
IEA/lllinois 
IBA/North Carolina 
IBA/NC-Radiological 
IEAJMassachuset 
IBA/New Jersey 

Monroe 
Schaumburg 
Cacy 
Morrisville 
N. Billerica 
Whippany 

Detailed information such as mailing addresses and telephone numbers for each of the laboratories is presented in Table 
2.2.1. 

lllSTORY OF IEA 

IBA was founded in 1977. in Burlington. Vc:rmont. as a water resources testing facilitJ in support of IBM's facilitJ in 
Essex Junction. Vermont. IBA served the mM site exclusively for three years per.forming ultrapure water analysis. 
wastewater treatment and pollution control. In 1982. IEA opened a second facilitJ in Research Triangle Parle (R.TP). 
North Carolina in order to provide desired services tom the IBM facilitJ in RTP. In 1984 IEA expanded its market and 
began serving the developing environmental testing market By 1985 IBA bad expanded to a full service laboratory 
offering complete soil and water analysis. field sampling. groundwater analysis and evaluation ofbuardous waste. The 
North Carolina laboratory. which serves IS IEA's corporate headquarters. is located in Cuy, North Carolina. 

. 
In the fall of 1988, IEA positioned itself IS one of the leading laboratories in the country by qualifying for the USBPA 
Contract Laboratory Program (CLP). This development crated a favorable position for winning major CODSUlting 
engineering contracts. As such, lEA gRJW rapidly and expanded its commercial client base considerably. Due to the 
rapid iocreasc in demand for envimnmental services lEA sought potential buyers in 1989 in order to provide raoun,es 
for future expansion. As a result. IEA was purchased by The Aquarion Corporation, based in Bridgeport. Connecticut in 
1989. Aquarion is a New Y ode Stock Exchange-listed corporation that traces its roots to 1857. It has the distinction of 
being the largest investor-owned water utilitJ in the nation. Annual revenues of Aquarion exceed 100 million. 

Since the initial purchase, IEA has acquired several existing environmental laboratories which were operated in strategic 
locations along the Eastern United States. As a result. IEA now offers very comprehensive environmental testing 
services including mixed waste radiological testing and a full range of chemical testing perfonned in support of DOD, 
DOE, RCRA. CERCLA, NPDES. TSCA and SOWA regulations. 



IBA Corporation IEA-CT Fadllty Quality Assurance Program Doc# QAQ00102.CT 

Dat.e:02/14"7 
Page7 of7S 

This plan is intended to describe the quality assurance program of the IEA-Coonecticut facility located at 200 Monroe 
Turnpike. Monroe, Connecticut IBA operates a corporate wide quality assW'8.llCe program 
(Doc.# QAQOO 102.NET) and this facility QA program complies with the requirements set forth in the corporate 
program. In some cases. the requirements in the facility QA program may be more stringent than the corporate program. 
but in DO case can they be less stringent 

TABLE 2.1.1 IEA NE'IWORK LOCATIONS 

North Carolina 
Corporate Headquarters 
3000 Weston Parkway 
Cary, NC 27513 
(919) 677-0090 
{919) 677-0427 (Fax) 
(800) 444-9919 

North Carolina 
Radiological Laboratory 
120 South Center Court 
Suite 300 
Morrisville, NC 27560 
{919)460-8505 
(919) 469-2646 (Fax) 

Massachusetts 
149 Rangeway Road 
N. Billerica, MA 01862 
(617) 272-5212 
(508) 667-7871 (Fax) 
(800) 950-5212 

Connecticut 
200 Monroe Turnpike 
Monroe, CT 06468 
(203) 261-4458 
(203) 268.:s346 (Fax) 

New Jersey 
628 Route 10 
Whippany, NJ 07981 
(201) 428-8181 
(201) 428-5222 (Fax) 

Dlinois 
126 West Center Court 
Schaumburg, ll.. 60195 
(708) 705-0740 
(708) 705-1567 (Fax) 
{800) 933-2580 
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A number of tenns are used within this document to describe the corporate QA program in effect at IBA laboratories. 
To ensure effective communication, the following terms are being defiru:d: 

Accuracy 

Analytical Report 
Turnaround Time 

Audit 

Batch 

- the degree of agreement of a measurement with an accepted refercuce or true value. 
Accuracy is usually expressed as the difference between the measurement and the true 
value. It is a measurement of the bias in a system. 

- in order to ensure proper communication is maintained. IEA 
bas defined aaa1ytical report turnaround times to be always based upon calendar days, not 
business days. Analytical holding times are also based on calendar days. 

- a systematic check to determine the quality of some function or activity. Audits may be 
of two basic types, performance audits or system audits. Performance audits involve a 
quantitative comparison of the labs results to that of a proficiency sample r,ontaining 
known concentrations of analytes. A system audit is a qualitative evaluation that normally 
consists of an on-site review of a laboratory's quality assurance system and physical 
facilities. 

- the basic unit for analytical quality control. It is defined as a group of samples which are 
analyzed together with the same method sequence and the same lots of reagents and with 
the manipulations common to each sample within the same time period or in continuous 
sequential time periods. Samples in each batch should be of similar composition (matrix). 
At IEA laboratories, the maximum batch size bas been set at 20 samples. At IEA's 
smaller laboratories where the number of samples received daily may be low. samples 
received in a given ~ may be combined into one analytical batch. Due to holding lime 
constraints, individual samples may be extracted on different days u compared to other 
samples in the batch. If this is the case, a method blank must be performed daily with 
every sample extraction. Toe other QC samples such as MS and MSD are only performed 
for the total analytical batch. 

Comparability - a measure of the confidence with which one data set can be compared to another. 

Completeness - a measure of the amount of valid dar,a obtained from a measumncnt system compared to 
the amount that was expected to be obtained under routine operating conditions. 

· Data Quality Objectives - during the planning phase of a project requiring laboratory support, the data user must 
establish the quality of data required from the investiption. Such ttatcments of data 
quality are known as data quality objectives (DQOs). 1be DQOs are qualitative and 
quantitative statements of the quality of data required to suppon specific decisions or 
regulatory actions. 

Data Validation - a systematic effort to review data to identify any outliers or errors and thereby cause 
deletion or flagging of suspect values to assure the validity of the data to the user. This 
process may be done by manual or computer methods. 

Field Blank 

Library Search 

- contaminant free water, or appropriate matrix, used during sampling activities to 
determine if there is any potential for sample contamination associated with the field 
sampling or equipment. 

- a technique used by which a mass spectrum of an unknown compound is compared to the 
mass spectrum of compounds concained in a computer library in an effort to identify 
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Matrix Spike 

Matrix Spike Duplicate 

Method Blank 

Method Detection Limit 
(MDL) 

Practical Quantitation 
Um.it (PQL) 
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unknown compounds. Compounds identified in this manner are referred to as •tentatively 
identified compounds" (flCs). 

- the process of adding a known amount of analyte to a sample and analyzing the sample. 
The amount of analyte recovered. is cak:oJatcd as a percent recovery. This reclm.ique is 
used to assess accuracy of analysis. 

- a second matrix spike is compared to the results of the matrix spike to assess precision of 
the analysis. · 

- contaminant free water. or appropriate matrix, taken through the entire analytical process 
to determine if there is any contamination associated with the analytical procedures. 

- the minimum concentration of a substance that can be 
measured and reported with 99% confidence that the analyte concentration is greater than 
zero. 

- is the lowest level that can be reliably achieved within 
specified limits of precision and accuracy during routine operating conditions. 

Precision - a measure of mutual agreement among individual mcasumn.ents of the same property. 
usually under prescribed similar conditions. Precision is usually expressed in terms of 
standard deviation. 

Quality Assurance (QA) - the total integrated. program put in place to assure the reliability of data generated in the 
laboratory. 

Quality Control (QC) 

Quality Assurance 
Program Plan (QAPP) 

Quality Assurance 
Project Plan (QAPjP) 

- the routine application of specific, well-defined procedures which ensure the generation 
of data which fu1till the objectives of the QA program. 

- a written assembly of mana,cmcnt policies, objectives, 
principles and general procedures which outline bow the laboratory intends to generate 
data of known and accepted quality. · 

- a written document, which prcscm:s, in specific terms, 
the policies, orgaoizarion. objectives, functional activities and specific QA/QC activities 
designed to achieve the data quality objectives of a gecific prcj;ct. There arc 16 essemial 
elements which BP A bas mandated to be addressed in a project plan. 

Relative Percent - relative percent difference (RPD) is used as die measure of precision between Difference 
(RPD) sample duplicates. The formula utilized to calculate RPD is as follows: 

Relative Percent Difference (RPD) 

RPD = lSample Result - Duplicate Result} x 100 
Mean of Sample and Duplicate Results 

Nore: RPD is expressed as the absolute value obtained from the above 
formula. 
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Representativeness 

Standard Operating 
Procedure (SOP) 

Surrogates 

Trip Blank 

Tuning 
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- the degree to which data accurately and precisely represents a characteristic of a 
population, parameter variations at a sampling point, or an environmental condition. 

- a detailed, written description of how a laboratory 
executes a particular procedure or method. It is mtended to standardize the performance 
of the procedure. 

- generally. organic compounds which are not target analytes, that are added to samples to 
assess analytica1 performance of a method. These compounds are spibcl iDro all blanks, 
samples and spibd samples prior to analysis. Percent m:overiea are calculated for each 
surrogate. 

- contaminant free water, or appropriate matrix, which accompanies bottles and samples 
during shipment to assess the potential for sample contamination during shipment. Trip 
blanks are not opened in the field. 

- a technique used in GC/MS procedures to verify that the instrument is properly 
calibrated to produce reliable mass specttal information. 
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The IBA-Connecticut quality assurance program serves as an operational charter for the organization. It defines the 
purpose, organizational structure, and operating principles of the laboratory and presents an overview of the key 
elements of the quality assurance program. This quality assurance program will be reviewed and modified as 
necessary on an annual basis. Any deviation from this program must be approved in writing by the facility QA 
manager and copied to the President. 

This quality assurance program bas been prepared according to guidelines presemcd in the USEPA t1001ment enticled 
•Guidelines and Specifications for Preparing Quality Assurance Program Plans•, Office of Monitoring Systems and 
Quality Assurance. Oflicc of Research and Development. USEPA, (QAMS-004/80), BPA--600/8-83-024, June, 1983. 

2.4 Scope 

This QA program applies to the generation of analytical data at the IBA-Connecticut Jab location. smce· cbc vast 
majority of envirnumental client needs are driven by various federal and scare iquladoos, the program bas been 
designed to meet the requirements of the following programs: 

Clean Water Act (CW A) 
Clean Air Act (CAA) 

Safe Drinking Water Act (SDWA) 
Resource Conservation and Recovery Act (RCRA) 

Comprehensive Environmental Response, Compematlon and UabWty Act (CERCLA) 

This Quality Assurance Program Plan (QAPmP) covers laboratory operation at IEA-CoDDCCticut. The purpose of this 
QAPmP is to provide information on laboratory operations as required for apccitic Quality Assurance Project Plans 
(QAPjPs), and to provide the basis for cbc Quality Assurance Program at IBA-Connecticut. This program is based on 
the IEA Corporate Quality Assurance Program Plan (Doc# QAQ00102.NBT). 

This QA program applies to cbc generation of analytical data utilized for cnviromncntal monitoring and assessment 
programs. The major types of laboratory support for govcmmcnt regulations arc as follows: 

• Analysis and characferization of environmental (soil, sediment, water and air) and waste samples per the Resource 
Conservation and Recovery Act (RCRA) for either compliance, disposal or deli.sting purposes. 

• Analysis of drinking water samples in support of the Safe Drinking Water Act. (SDW A). 

• Analysis of environmental samples in accordance with contracfl with the USEPA CLP program and various state 
agencies (CER.CLA and NYSDEC) and government apncles, IUCh as Army Corps of Bnaineers. 

• Analysis of environmental samples in accordance with contracts through the AFCEB Program (Air Force) in 
accordance with the AFCEE QAP. 

• Analysis of environmental samples (soil. sediment. water and air) for contaminants web as those compounds 
found on the EPA priority pollutant list, target compound list, etc. for site assessment purposes. 

• Analysis of waste stream samples in accordance with NPDES requirements. 
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It is the intention of IEA corporation to consistently produce llllllytical data of known and documented quality at all 
network laboratories which fully meet clients' data quality objectives. · 

The contents of the QA program describe the activities which BR utilized in order to ensure this commitment is 
maintained. 

IEA recogni2:es that maintaining a proper ethical standard is an important element of an effective quality assurance 
program. In order to ensure that all personnel understand the importance the company places on maintaining high 
ethical standards at all times. IEA has established an "Ethics Policy" and it is presented for your infonnation. This policy 
is used to set the standard within the organization for day-to-day performance. Each employee is requested to sign the 
ethics policy. signifying agreed compliance with it's stated purpose. Copies of all signed ethics policy statements an: 
maintained in personnel files. 
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The management of IBA-CoDDCCticut is committed to die execution of the quality assurance program described in this 
dnctJDJCUt 'lbc officers of IBA u wcll u lab directors and lab managers arc required to comply with the prognm'a 
stated ,oals, requiremcms and responsibilities. 

In addition. each staff member bas a responsibility to CDSU1C compliaacc at all limes with the QA program. 

4.2 Assignment of Responsibllities 

The primary objective of the network quality usurance prognm is to ensure that systems arc in place such that all 
network laboratories consistently generarc high quality analytical data. 

Additionally, the QA prognm provides I rmcbaoism to idemify and implement policies to improve the quality of 
products and services. Records must also be maintained to document the laboratory's performance. 

Quality assurance at IBA is monitored at both the corporarc and laboratory levels. IBA's network quality assurance 
program is led by the president of IBA. 1bc QA program at each network lab is directed by the QA manager at that 
facility, who reports directly to the laboratory's director and indirectly to the president. Figure 4.2.1 presents the 
organizational structure of network quality assurance functions and Figure 4.2.2 illustrates the overall general 
management of the coiporadon. 

The following provides a listina of responsibilities and authority of key managerial personnel. Sccdon S of the 
Appendix presents the organizational structure of the IBA-Connecticut facility. 

Yice President of Qverations 

Respomlbility: 

All coiporate directors and managers comply with the quality assurance program and require similar 
compliance by all staff persounel. 

Ensure that all laboratory opcratiom under their CODll'ol are active panicipants in auaining the network 
quality assurance objectives. 

Ensure compliance with methods and procedures as written. 

Tunely compliance with any corrective action requiremmts. 

:Ensure that instrument tunin,gs and cahl>rations are performed at the required frequency and that instrument 
mainteoaDcc and logboob ~ mainsataed in an orderly manner. 

Authority: 

Maintain the authority to suspend or terminate employees for dishonesty, or non-compliance with established 
QA policies and procedures. 

The directors' or managers' authority is granted from the president of IEA. to whom they report. 
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Laboratmy Maoai:er 

Responsibility: 
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F.nsure compliance with methods and procedures as written. 
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F.nsure that analytical procedures are performed in accordance with the requested method and SOPs. 

Oversee preparation of analytical reports and data review. 

Authority: 

Maintain the authority to suspend or terminate employees for dishonesty, or non-compliance with established 
QA policies and procedures. 

Authority is granted from the Vice President of Operations, to whom they repon. 

Laboratory Quality Assurance Manuer 

Responsibility: 

Responsible for recommending pcninent additions to the network QA program. 

Responsible for monitoring and assessing compliance of the laboratory with the requirements contained in 
the QA program. 

Function as a liaison between the corporate QA director and laboratory staff at their facility. 

Represent the laboratory during all external audits conducted by clients or regulatory agencies. 

Conduct audits and inspections to assess compliance with established methods, policies and procedures. 
Results of these audits are reported to the network QA director and the laboratory director. 

Maintain a document conrrol system containing current policies and procedures utilized by the laboratory. 

Maintain various certification programs for the laboratory. 

Review laboratory performance on various QC proficiency 181Dples submitted to laboratories by state and 
federal agencies. 

Inform local and corporate management of the status of the QA program at the particular facility through a 
monthly QA report. 

Investigate all inquiries relative to data quality issues and follow up on corrective action if necessary. 

Authority: 

The quality assurance staff has the authority to stop or change any analytical procedure in order to assure 
that data quality is maintained. 

The authority of the QA staff is granted by the director of the facility. 
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FIGURE 4.2.1 NETWORK QUALITY ASSURANCE ORGANIZATIONAL CHART 
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FIGURE 4.2.2 NE'IWORK ORGANIZATIONAL CHART 
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The quality assurance department cnmrnnoicatcs internally and externally through various means. Communication 
can take place via telephone, memoranda or take the form of audit reports. At the present time, the quality assurance 
staff participates conference calls to discuss relevant issues and disseminate infonnation. 

In addition. various quality assurance rcpo~ are routinely generated as discussed in section 4.5. 

4.4 Docwnent Control 

A system of document control is essential to provide the framework necessary to ensure that methods and procedures 
are followed in a consistent manner. 

IBA has developed a centralized document control system which is maintaid for the entire network and is 
administered by the corporate staff located at the Cary, North Carolina facility. The document control system 
provides for the following: 

• . 
• 
• 
• 
• 
• . 
• 

A unique document control number for each document 
A central location for all documents 
A systematic method for distribution of approved documents 
A traclcing system for cxistmg documents 
Identification of document revisions 
A mechanism for periodic review of documents 
Archival of outdated material 
A focal point for information exchange 
Facilitates the establishment of standardized methods and procedures 

A detailed description of the document control system is comained in IBA document number QAS00101.NBT. This 
document is available for inspection and rev:ew during a site visit. The Quality Assurance Manager is responsible for 
ensuring that the document control system is properly managed. Any new or revised document must be submitted to 
the QA Manager for review and distribution. 

It is the responsibility of all members of the laboratory to maintain complete RCOrds of all operations performed. All 
records shall be neat and organized. All Jaboratory records are the property of the laboratory and lhall not be 
removed from the premises without permission from supervisors. All records are considered confidential and must 
be safeguarded. Unauthorized changes. loss or destrucdon of records can be grounds for dismissal from the 
laboratory. Consult the IEA. Inc. Ethics Policy regarding imcgrity of data and employee conduct. 

Meaaurerncnt records must be recorded in pre-printed iecord logs or pre-printed measurement logs. 1bis policy will 
facilitate the organization and archival of all laboratory.data for future reference. 

All injection forms, instrumentation forms, sample prep forms, QC forms, etc. which arc used to process samples and 
measurement results arc described and attached to each analytical SOP. The SOP specifies where these records and 
forms are cataloged and stored. 

All measurement data is recorded in logbooks or on pre-printed log sheets in permanent ink. Transcriptions will be 
avoided whenever possible. The record will reflect the measurement performed and all appropriate details for conclu
sions related to the measurement. The record must be initialed and dated by the individual performing the 
measurement on the day the measurement is performed. Corrections shall be made by drawing a single line through 
the error, initialing and dating the error. All forms will be reviewed by the QA Manager annually. If it is found that 
the document does not meet the requirements of the SOP, the discrepancy is forwarded to the group/section leader 
through the corrective action process (reference SOP on Corrective Action Reports -QAS00501.CT). Further detail 
on laboratory document control is found in the SOP on Document Control - QAS00301.CT. 
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The quality assurance program can only accomplish its objectives if management and staff an committed to 
adherence to the program. In order to assess continued compliance and to identify strong and weak points of the 
program. annual assessments are performed at each location. 

Each quality assurance manager conducts an annual audit of the particular laboratory. This may include the cndrc lab 
or only particular depa.rUDCnts depending on ·the frequency of external audits and their results. A copy of the audit 
along with any proficiency test results obtained are submitted to the president. 

A written status report is prepared monthly by each of the facility QA managers. A copy of this report is issued to the 
facility laboratory director as well as the corporate president. The corporate staff provides a summary of these 
reports each month to upper management. A typical status report would include such information as: 

• Changes in the quality ISS\D"81lCC program 
• Summmy of proficiency results at each network lab 
• Swnmary of on•time report issuance 
• Changes in certification status 

• Summary of system audits conducted at each network lab 
• Significant QA concerns and recommendations for resolution 
• Accomplishments since the previous report 

4.6 Additional Lab Policies to Achieve QA Objectives 

In addition to policies and procedures specified in other sections of this document there are numerous policies and 
standard procedures which have been implemented to ensure that data of known quality is continually generated by all 
network laboratories. Examples and a brief description of a few of these additional policies are presented below: 

4.6.1 Participation In EPA Water Supply and Water l'ollution Proficiencies 

4.6.2 

The USEPA currently operates a Water Supply (WS) and a Water Pollution (WP) proficiency program. F.ach 
program consists of the issuance of proficiency samples twice in a calendar year. Analysis of proficiency 
samples on the second set of samples in a year are only required by EPA for those parameters which the 
laboratory failed during the first round in a given year. AJ partoflBA's QA program. full pardcipalion and 
analysis of all appropriate parameters is required of all lBA labs regardless of past performance. Thia 
serves as an important indicator on the continuing quality of data being generated at each facility. 

The laboratory also participates in the NYSDOH proficiency testing pro,ram for Potable Water, Hazardous 
Waste and CLP. The lab currently analyzes quarterly organic PE samples from EPA for the CLP program. 

The laboratory recieves on an 18 month basis PE samples for the Army Corps of Engineers• MRD for 
certification as well as third party PE such as APG for various state certifcations. 

Corporate Laboratory Performance Evaluation Program 

In addition to participating in various agency soonsored performance evaluation programs such as Water 
Supply r,NS) and Water Pollution r,NP) studies, the corporate quality assurance office conducts additional 
performance evaluation studies through third party double blind studies. 

Periodically, performance evaluation samples are submitted to each laboratory for parameters which are not 
addressed in other performance evaluation programs (ie. TCLP testing). In this type of testing, the 
laboratory is aware the samples are performance check samples but the fttrue" concentration values are 
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unknown. The results are submitted to corporate QA for evaluation and a report is issued on the findings. 
Corrective actions are taken if required, as a result of these test findings. 

4.6.3 Routine Use of QC Check Sample, 

One of the most important goals of a strong quality assurance program is to ensure that data of known 
quality is consistently generated doting day-c~y operations. IBA accomplishes this through the routine 
inclusion of a QC check sample in every inorganic analytical bat.ch which includes metals and wet 
chemistries. For organic testing including GC and GC/MS a QC cbcck sample is analyzed at die frequency 
required in the particular method. Section 8 in the Appendix provides QC check sample requirements for 
selected methods. A QC check sample is an artificially prepared sample which contains the analytes of 
interest. Toe source of the standards used for preparation of the check sample must be independent (either 
another vendor or a different lot from the same vendor) from those used to prepare a calibration curve. Toe 
QC check sample is an important mechanism to confirm the method is being executed properly during 
routine analysis. Toe QC check also serves as a uset\Jl tool in identifyin,g possible problems such as matrix 
interference, degraded analytical standards, and inaccurate standard preparation. 

In certain cases. reliable QC check samples are not available for a particular procedure. In such cases, the 
QA manager bas the authority to waive this requirement for that particular test. Toe QA manager must 
document this waiver in writing. 

4.6.4 Central Solvent Monitoring Program 

IBA has established a central monitoring program for commonly used solvents within the corporation. Prior 
to use, a specific lot number of these solvents is provided to the laboratory for testing. Toe solvents are 
concentrated and tested for the presence of interfering substances relative to their intended use. If the 
particular lot of solvent passes the defined accep13DCC criteria, the vendor is notified and the solvent lot is 
reserved for use by the entire COipOration. The approved lot DllllA~ are provided to all laboratories and 
only approved solvents can be employed. IE.A Document # QAS00400.NET descnoes the details of the 
solvent approval program and is available for review during a site audit. 

4.6.S Quality Assurance Final Report Review 

4.6.6 

4.6.7 

An integral portion of the overall quality assurance program is the consistent monitoring of final reports as 
they leave IBA facilities. E.acli-QA manager is responsible for reviewing 5 percent of the final data iq,orts 
issued each month. Toe reports to be reviewed are picla:d at random. Toe reports are reviewed for 
typographical errors, technical clarity and overall presentation. 

Lateness of Data Reports 

IEA recognizes that one cannot overlook the timeliness of data generation when assessing the quality of our 
services from our client's perspective. High quality data, when delivered several weeks late is not 
acceptable. In recognition of this, IEA monitors the lateness of all reports on a monthly basis from each of 
its laboratory operations. The actual report shipment date is compared to the date originally projected to the 
client. This information is gathered monthly through the QA department and a monthly report is issued to 
each laboratory director and to corporate management. This monitoring program serves to identify service 
trends, and to ensure that corrective action will be taken before problems occur. 

Method Detection Limit Verification 

The laboratory performs method detection limit srudies for all commonly performed test methods. The 
study must be performed during the initial setup and verification of the particular method. In addition. the. 
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MDL study must be conducted in the event of a major change in the technique or instrumentation. The 
results of the MDL studies must be fully documented and available for review upon request. 1be quality 
assurance manager is responsible for maimabung such records. Specific state certification programs may 
require MDl.s to be determined annually. If this is the case, the laboratory complies with this ~t. 

4.6.8 Establishment of IEA Good Laboratory Practices 

In order to ensure that various procedures are executed in a comistent and comprehensive manner. IEA has 
developed a series of procedures which fall into the category of •Good Laboratory Practices•. 1bcse 
practices have been endorsed by the corporation for roudne use at each laboratory facility and are dcfiDcd in 
various standard operating procedures throughout 1he organizar:lon. Examples of a few of these •Good Lab 
Practices" arc presented below for the reader's information: 

A. Standardized logbook requirements (Doc# QAS01201.NET) 

Preprinted pages 
Prcnumbered pages 
Dedicated logbooks per test method 
Bound logbooks 
Use of black ink only 
Document control.liq of logbooks 
Archival of old logbooks 
Acceptance criteria in logbook 
Making corrections 
Secondary review of logbook entries 

B. Balance calibration (Doc# QAS01002.NET) 

Unique identifier for each balance 
BalaDcc must be checked daily with use and documented 
Acceptance ranges arc established for each balance 
Balance must be cbecb:d in the weight range normally used 
All balances must be professionally serviced and calibrated annually 

C. Tcmperamre monitoring requiremems for,lab apparatus (Docl QAS00801.NBT) 

Refrigerators, freezers and lab ovens arc checb:d each work day 
Unique idemifier assigned for each unit 
Acceptance ranges arc established for each unit 
Tbcrmometers used in monitoriq must be calibrated to a NIST mceable thermometer ammally, at 
a minimum. State certification requirements may require more frequent calibration 
All tbemlometcra are immersed in appropriate media to avoid tempent:ure ftuccnadons during 
measurement 
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D. Correcting data and general laboratory records (Doc# QAS01300.NET) 

All entries must be entered in black ink. 
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"White Out" is oot to be used at any time within the laboratory for -alteration or correction of lab 
documents 
Corrections are made using a one-line strila:out 
AU corrections are initialed and dated by the data editor 

E. Handlinl reagents and analytical standards (mcluding the following) 

Recording receipt and expiration dates 
Documeming preparation of reagents and standards 
Labelling requirements 
Disposal 

F. Cleaning procedures for sample containers and laboratory glassware (Doc# QAS01400.NE1) 
(including the following) 

Cleaning sample containers 
Cleaning inorganic glassware 
Procedures for cleaning organic glassware 

G. Requirements for general lab calibration curves (including the following) 

In cases where the referenced analytical method docs not provide specific guidance or requirements 
for development of initial or continuing calibration curves. the following procedure is to be utilized 
by the laboratory. 

All standard calibration curves must consist of a minimum of three points. Any deviation from this • 
must be approved in writing by the facility QA manager. 

All cablntion points must be recalculated using the generated curve and all calibration points must 
be within 10% of the expected value for the curve to be considered ac::c,eptable. · 

Concentration of compounds or analytes must fall within the calibration range of the ciirve to be 
acceptable for quantitation for inorganic and organic methodology. 

H. Method blank subtraction 

Subtraction of method blanks from sample results is not permitted unless spccifically audlomed by 
the laboratory QA manager. 

4.6.9 Quality Control Charts 

Maintaining quality control charts is currently not mandatory under IEA's corporate quality assurance 
program, however. many state certification programs require them. As a result. laboratories ate required to 
comply with such state certification requirements. 
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S.O PERSONNEL QUALIFICATIONS 

5.1 Introduction 
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IBA 's management is very proud of its highly qualified and professional staff. The IEA-CT staff consists of over SO 
professionals and suppon personnel. which include: 

Analytical Chemists 
Quality Assurance Specialists 
Computer Systems Analysts 
Environmental Technicians 
Customer service Staff 
Account Executives 

5.2 Education and Experience 

In order to ensure that employees have sufficient education and experience to perform a panicular task, requirements 
have been defined for each laboratory position. 

The personnel who are responsible for operations of sample analyses and data validation are outlined in Section S of 
the Appendix. Section 1 of the appendix presents professional profiles of key persODDel within the IEA-CoDMCdcut 
organization. Profiles of additional IBA staff members are available for review during a facility visit or are available 
upon special request. 

Throughout the years, IBA has performed aopbisticared environmental analysis for a significant number of large 
corporations. Examples of relevant experience are available upon request. 

5.3 Training 

IBA is committed to furthering the teclmical and imerpersonal skills of employees at all levels. TeclmiatJ. trainiq is 
accomplished within each laboratory by management to ensure method comprehension. It is at these trainmg sessions 
that staff is updated on all current teclmical advances. It is IBA policy that all new personnel must demonstrate . 
competency in performing a particular method through die analysis of QC check samples prior to the analyst 
conducting analysis independently on client samples. New analysts may conduct analysis on client samples along 
with another experienced analyst prior to the completion of the training period. All laboratory personnel are requimf. 
to acknowledge through signature that they have l'Cld and understood the SOP's that are appropriale for 1beir 
panicular area. 

All laboratory personnel must have adcquatie education., uaining. and cxpericncc to carry out their respomibilities. 
The QA Manager and the Laboratory Manqcmcnt will periodically review the trainiDa needs of the scaff and make 
recommendations for any additional training. Each department within the laboratory is responsible for penonne1 
training. Training scuions are schcdu1cd on a monthly basis. Each training scsaion. whether it be individual or 
group training must be documemcd utilizing the forms attached ti'.> the corporate SOP for Employee Training 
QAS01600.NET. The complefcd forms must be submitted to the Human Rcaourcc department for placemem into the 
employee training files. Included in die lrliniDa process is analyst proticicocy testing. A successful QC check 
sample must be analyu:d and documenlM for each analyst. 'Ibis information is on file with the QA Manager. 

S.4 Certifications 

Table S.4.1 presents the state cenificatious held by the IEA-Coonccticut laboratory. Many states certify laboratories 
for specific parameters or tests within a category (i.e. method 325.2 for wastewater). The information in the 
following table indicates the lab is certified in a general category of testing such as drinking water or wastewater 
analysis. The laboratory should be contacted directly if parameter-specific certification information is required. 



IEA Corporation IEA-CT Fadlity Quality Aaunnce Prognm Docl QAQt0102.CT 

Date: 02114/97 
Page24of7S 

IEA-CT currently participates in the USEPA Superfund Contract Laboratory Proaram (CLP). The lab is also 
approved to perfonn work for the Army Corps of Engineers which validates laboratories on a project-by-project 
basis. 

This document is updated annually; therefore, it is likely that addidonal certifications. beyond those listed, may be 
currently available. This infonnadon can be obtained easily by ca1liDg cbc specific laboratory (See Table 2.2.1 for 
phone) and asking for the QA manager. 
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TABLES.4.1 

STATE CERTIFICATIONS 
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In some instances it may be necessary for environmental data to be reported to a regulatory authority with reference 
to a certified laboratory. For your convenience, the laboratory identification numbers for the IBA-Connecticut labora
tory are provided in the following table. Many states certify laboratories for specific parameters or tests within a 
category (i.e. method 325.2 for wastewater). The information in the following table indicates the lab is certified in a 
general category of testing such as drinking water or wastewater analysis. The laboratory should be contacted 
directly if parameter-specific certification information is required. 

Connecticut 

Kansas 

Massachusetts 

New Hampshire 

New Jersey 

New York 

North Carolina 

North Dakota 

Oklahoma 

Rhode Island 

Washington 

West Virginia 

IEA-Connectlcut 
Certification Summary (as of February 1997) 

Department of Health Services 

Department of Health and Environmental 
Services 

Department of Environmental Protection 

Department of Environmental Services 

Department of Environmental Protection 

Department of Health 

Division of Environmental Mana ement 

Department of Health and Consolidated 
Laboratories 

Depanment of Environmental Quality 

Depanment of Health 

Department of Ecology 

Division of Environmental Protection 
Office of Water Resources 

Drinking Water, 
Wastewater 

Drinking Water, 
Wastewater/Solid, 
Hazardous Waste 

Potable/Non-Potable 
Water 

Drinking Water, 
Wastewater 

Drinking Water, 
Wastewater 

CLP, Drinking Water, 
Wastewater. Solid/ 
Hazardous Waste 

Wastewater 

Non-Potable/Potable 
Hazardous Waste 

Chemistry ••• Non
Potable Water and 

Wastewater 

Wastewater/Hazardous 
Waste 

Wasterwater/Hazardous 
Waste 

PH-0497 

E-210/E-l 185 

CT023 

252891 

46410 

-
10602 

388 

R-138 

9614 

A43 

C231 

263 
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6.0 FACILITIES, EQUIPMENT AND SERVICES 

6.1 Introduction 

The following describes the physical facilir¥ of the IEA-Connecticut laboratory. 

6.2 Facilities 

IEA-Connectlcut 
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The laboratory currently maintains a staff of approximately SS environmental professionals and occupies a facility of 
approximately 18,000 sq. ft. Separate laboratory areas are dedicated to GC instrumentation_ GC/MS instn1mcnwion, 
extractions for organic parameters, sample preparation for metals analysis, metals analysis and wet chemistries. 

The volatiles analysis laboratory containing GC/MS instrumentation bas a sep&rate air handling ')'Item which is 
maintained at a positive pressure at all times. Tbc orpnic sample prcpar:ltion laboratory bas a separate HVAC 
system that creates negative pressure in the area. This design results in a comaminaut•frce environment for trace
level volatiles analysis. 

Critical instrumentation such as GC/MS units, ICP's, AA's, data systems and gas chromatographs arc tied into an 
unintcrruptable power supply system (UPS) to rninimiu instrument downtime and damage for short duration power 
interruptions. 

The floor plan of the analytical laboratory is included in Section 4 of the Appendix. 

Secvdt.Y of Faclllties 

The laboratory is secured by a card key access system. Only authorized IBA-CT personnel have access to the 
facility. All visitors must sign in with the receptionist and must be accompanied by an IEA-cT employee. 

The sample receipt and storage area is under the responsibililJ of the sample custodian. This area is a locked. secure 
area opened by the sample control department each day. A walk-in refrigeration unit and 10 loced commercial 
refrigerator units are used to house samples waiting for analysis. Samples for volatile analysis are stored-in separate 
units. Locked laboratory refrigerators. located throughout die laboratory. ve used to maintain lllmple extracts or 
laboratory reagents. Each laboratory·refrigerator is dcdicatcd to·sample, sample extract, or reagent storage. 
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6.3 Equipment 
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The following is a summary listing of equipment utilized at the IEA-CT facility. A more detailed listing is presented 
in Table 6.3 .1. 

Analytical instrumentation at IBA-Connccticut includes: 

9 Gas Cbromatographs/Mass SpectromelerS {GC/MS) 
6 Gas Cbromatograpbs (GC) 
3 Atomic Absorption Spectromctm (Graphite Furnace/AA) 
2 Inductively Coupled Argon Plasma (ICP) Emission Spectrometer 
2 Mcrcwy analyzers 
2 Gel Permeation Chromatographs 
2 lntrared SpectromcfCr {JR) 
1 Total Organic Halide (TOX) Analf7.Cl 
2 Total Organic Carbon Analyzer 
2 Automated Analyzer for Wet Chemistries 
1 UMS {Laboratory Information System) 

Automated Data Acquisition Management System (ADAM) 
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Table 6.3.1-Laboratory Equipment Listing 

WET CHEMISTRY 

Equipment Name Manufacturer Model Number 

CenlirfuJe DYNAC 0101 

Spocttophorommr, UV -VIS Perkin-Elmer 35 

IR-SpecUophotomeier Peskin-Elmer 1310 

Turbidimeter Hach Company 2100A 

Turbidimeter Orbeco/Hellige 965-10 

TOCAnalymr Xcncx-Dohmwm DC-80 

TOC Analyzer Xertex-Dohrmlnn DC-190 

TOX Analyzer Xmcx-Dohnnann MC3A,B 

Fluoromeler Sequoia-Turner Corp. 112-003 

pH/ISE Meler Orion SA720 

pH/ISE Meter Beckman 12 

Conductivity Meler Cole-Parmer Instrument 1484-20 

Flash Point Apparatus Precision Scientific Pensky-Manin 

Oven Filber Scientific 550 

Oven VWR 1320 

Incubator Blue M Electric IOOA 

Bio Refrigerator Frost Queen R20/L 

BOD lncubalor (2) Precision Scientific FU199JRW2/PU178RRW2 

Midi DisdDadoD Setup (2) ·. Andiews Glass Co. 110-10-R 

D.O. Meter YSI SIA 

COD Reacfor HACH 45600 

Muffle Punw:e 1bmnolyne -
TKN block digestor Scientific Instmmems ~ 

Digillll Hot Plate/Stirrer (2) PMC 730 

TCLP Spinners- 34 positions (4) Dayton 3M137B/5K9398 

Semiautomated Analyzer LACHAT Quilcchem 
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Serial Number 

16846 

34630 

134423 

8St017142 

2780 

HP2029 

96026010 

MF2106 

D 01491 

SR45A 

0232578 

1421 

10 Au-12 

291 

0701090 

INl-1362 

00029-

~ 

A4W0309/0209 

0241 

920300006892' 

-
8915049 

0298E 

-
125360 
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Equipment Name 

Mcrcuiy Analyzer 

Mercury Analyzer 

Autoclave 

ICP-Tnce 

ICP-SimulblllcoUs 

Furnace AA 

Furnace AA 

Furnace AA 

Equipment Name 

Gas Chromatograph 

Gel Permeation Chromatograph 

Gel Permeation Chromatograph 

Refrigerator 

Oven 

Oven 

Sonicator 

Sonicator 

Sonicator 

AwoSampler 

Rolary Evaporator 

Seporatol)' Funnal Shaker 

Muffle Pumace 

IEA-CT Facility Quality Assurance Program 

Table 6.3.1-Laboratory Equipment Listing 

METALS 

Manufacturer Model Number 

Spcctro--Prodllc:U HG4 

Janell-Ash QSI 

Market Forge STM-B 

Juell-Ash JA61T 

Jarrell-Ash JA61 

Peddn-Elmer Z3030 

Peddn-Blmcr ZS100 

Peron-Elmer ZSlOOPC 

ORGANIC EXTRACTIONS 

Manufacturer Model Number 

Peron-Elmer 8320 

ABC 1002B 

ABC APlOOO 

WW 4BF 

ASP D 1142 

ASP D 1162 

Sonics & Malerials SM500 

Sonics & Malerials VCX-400 

Tetmar 'IMSOO 

Perkin-Elmer AS8300 

BUCHI R-114 

Qiu.Col Series 100 

Wilt MOOlllO 
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Serial Number 

'4708 

1210031 

03'4200 

3-49490 

67782 

3131 

130911 

135141 

Serial Number 

83NS46S02 

7323 

9228 

F3978U 

144011' 

.149010 

6892 

00030C 

7264 

95234 

-
F715-10-IW 

91881 
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Equipment Name 

Purge&Tnp 

Purge&Tnp 

Puq:e&Tnp 

Purge& Trap 

Tube Desorbcr 

Computer/Data System 

Tenninal 

Terminal 

GCJMS 

OC/MS 

GC/MS 

OCIMS 

GC/MS 

Terminal 

Terminal 

CRT 

Printers (panial list) 

Primr:rs 

Prlarm 

Primr:rs 

Terminal 

CRT 

Magncdc Tape Unit 

Scanning Interface 

Scanning Interface 

Cart. Tape Unit 

Cart. Tape Unit 
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Table 6.3.1-Laboratory Equipment Listing 

GC/MS VOLATILES 

Manufacturer Model Number 

Telcmar LSC2000 

Teklnar. ALS2016 

Telcmar LSC2000 

Telcmar ALS2016 

Envirochcm 810TD 

Hewleu Packard 41ST 

HewleuPacb.rd X-window 

Hewlett Packard X-window 

Hewlett Packard S99SB 

Hewlett Packard S99SC 

Hewlett Packard S99SC 

Hewlett-Packard 5890 Series 0/5972 MSD 

Hewlett-Packard 5890 Series 0/5972 MSD 

Hewlett Packard 4584S>A 

Hewlelt Packard 357S1 

Hewlett h:kard 3.S731A 

Hewleu Packard 2934A 

Hewlett Packard 2934A 

Hewlett Pickard msA 

Hewlett Packard m5A 

Hewlett Packard 35751 

Hewlett Pacb.rd 3S731A 

Hewlett Packard 7970E 

Hewlett Packard 59824A 

Hewlett Packard 59824A 

Hewlett Packard 7914 

Hewlett Packard 7914 
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Serial Number 

91318021 

91322002 

91203019 

91232007 

268153 

3048T147S4S 

3048Tl872S 

3048T18726 

2217A003S8 

2413A006S9 

2413A00430 

. 

-
2530Al3S41 

2643A07666 

8633IC26810 

263SA32940 

2715A43948 
. 

251~79 

2Sl0S323S9 

2630A06622 

8610IC20.sl6 

N/A 

NIA 

NIA 

N/A 

NIA 
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Equipment Name 

Gas Chromarograph 

Auto Sampler 

Mui Seleclive Detector 

Oas Chromatograph 

Auto Sampler 

Mass Sclecdve Detector 

Computer Tenninal 

Computer Terminal 

ComputcrTenninal 

Scanning Interface (2) 

Tape Drive 

Disc Drive 

9 Track Magnetic Tape 

Computer 

Computer 

Print.er 

Printer 

Printer 

Autosamplcr 

QC 

MSD 

Autosamplcr 

Computer 

Terminal 

GC/MS/MSD 

Data System -Enviroquant 

Data System -Enviroquant 

IEA-cT Facility Quality Asmrance Program 

Table 6.3.1-Laboratory Equipment Listing 

GC/MS SEMI-VO LA TILE 

Manufacturer Model Number 

Hewlett Packard 5890 

Hewlett Packard 76732A 

HewleU Packard 5970 

Hewlett Packard 5890 

Hewlett Packard 76732A 

Hewlett Packard 5970 

Hewlett Packard lSOU 

Hewlett Packard 1SOD 

Hewlett Packard lSOD 

Hewlett Packard 59824A 

Hewlett Packard 9144 

Hewlett Packard 7958 

Hewlett Packard 7970E 

Hewlett Packard HPlOOOA 

HewleU Packard HPIOOO 

Hewlett Packard LaserJet4 

Hewlett Packard LaserJet4 

Hewlett Packard LaserJet4 

Hewleu-Packard 7673A 

Hewlett-Packard 5890A 

Hewlett-Packard 5971A 

Hewlett-Packard 7673 

HPVectra. 386/25DX 

Hewlett Packard 36731A 

Hewlett-Packard 5890 Serieill/S972MSD 

Hewlett-Packard Vectn.XM2 

Hewlett-Packard VcctnXM2 
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Serial Number 

7518A0.5422 

2441A03468 

2S13A00923 

2728Al4615 

2S46A01489 

2716A10638 

2720Y05798 

2720Y03266 

2530Al3S40 

-
-
-
-
-
-
-
-
-

2S46A01489 

-
3040A01426 

3120A28431 

36520157BO'l5 

863SK28238 

-
-
-
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Table 6.3.1-Laboratory Equipment Listing 

GAS CHROMATOGRAPHY 

Equipment Name Manufacturer Model Number 

GC Hewlett-Packard 5890 

GC Hewlett-Packard 5890 

Aurosampler Hewlett-Packard 7673A 

Aurosampler Hewlett-Packard 7673A 

Aurosampler Hewlett-Packard 7673A 

Integrator Hewlett-Packard 3396A 

Integrator Hewlett-Packard 3393A 

GC Hewlett-Packard 5890 Series ll 

GC Hewlett-Packard 5890 Series D 

GC Varian 3300 

Purge and Trap Telcmar 4000 

Purge and Trap Telcmar ALS 

Data System Hewlett-Packard HP1000A 

Terminals (3) Hewlett-Packard 35741A 

Printers (3) Hewlett-Packard 35741A 

Tape Drive Hewlett Packard 9144 

Data System-Enviroquant Hewlett-Packard VectraXM2 
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Serial Number 

2541A06301 

27SOA14840 

2546A00709 

3123A25128 

2718A0653A 

2804A01106 

2332AOOD80 

3121A35826 

3235A44989 

891094 

254 

372 

3020A05230 

-
-

2724813732 

-
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6.4 Instrument Maintenance 
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Where it is economically feasible, the IEA-CT laboratory has service contracts for major instruments. These contracts pro
vide routine preventive maintenance according to the manufacturer's requirements. -Additionally the laboratory maintains an 
inventory of expendable parts and supplies to minimize downtime and to allow laboratory personnel to make minor repairs if 
necessary. 

Each analytical measurement SOP lists the preventive maintenance schedule for each instrument which is to be followed by 
in-house and extramural repair contractors. IR addition, each measurement group must maintain a log of all in-house and ex
tramural preventive maintenance activities. Table 6.4.1 presents examples of general measures which are performed 
throughout the laboratory. 
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Table 6.4.1 Laboratory Preventative Maintenance 

GC/MS SYSTEMS 

EQUIPMENT ACTION PERFORMED 

Hewlett-Packard 5995 Check oil level in mec:lianic:al pumps 
OC/MS 

Check water level and operating condition in die Neslab cooling wli:s 

Check compressed air gas supply 

Check helium gas supply 

Check CIJbon dioxide gas supply 

Change die oil in lbe medlanica1 pumps 

Inspect the pump hoses and replace if required 

Change oil in lbe diffusion pump 

Change foreline and exhaust trap absorbent 

Inspect and refill lbe calibration sample vial with PFTBA 

Vacuum fan grills and filters 

Check fore and separator pump pressures 

Ion source cleaning and filament replacement 

Column replacement and conditioning 

Column cutting and reinstallation 

Manual tuning 

Change compressed air gas supply 

Change helium gas supply 

Change CIJbon dioxide gas supply 

Recharge Neslab cooling units 

Replace eleccron multiplier 

Remove and clean or replace jet sepamor 
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FREQUENCY 

Weekly 

Weekly 

Daily 

Daily 

Daily 

Evay 6 mombs 

Evay6mombs 

Evay6mombs 

Every 6 mombs 

Evay6mombs 

Every 6 mombs 

Weekly 

As needed 

As needed 

As needed 

As needed 

- Asaeeded 

Asaeeded 

As needed 

As needed 

Asaeedccl 

Asaeedccl 
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Table 6.4.1 Laboratory Preventative Maintenance 

EQUIPMENT ACTION PERFORMED 

Hewlett-Packard 5970 MSD / Check oil level in mechanical pumps 
5971 MSD/5972 MSD 

Change the oil in the mechanical pumps 

Inspect the pump hoses and replace if required 

Change oil in the turbo pump 

Change exhaust trap absorbent 

Inspect and refdl the calibration sample vial with PFl'BA 

Vacuum fan grills and filters 

Ion source cleaning and filament replacement 

Manual tuning 

Replace electron multiplier 

Clean out transfer line to GC 

Hewlett-Packard 5890 GC Check helium gas supply 

Change split vent trap 

Column replacement and conditioning 

Column cutting and reinstallation 

Change helium gas cylinder 

Change liner and septum 

Clean injection port 
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FREQUENCY 

Weekly 

Every 6 months 

Every 6 months 

Every 6 months 

Evc,ry 6 months 

Every 6 months 

Every 6 months 

Al. needed 

Al. needed 

As needed 

After every column removal 

Daily 

Every 3 months 

Al. needed 

Daily or as needed 

Al. needed 

Daily or as needed 

Al. needed 
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Table 6.4.1 Laboratory Preventative Maintenance 

EQUIPMENT ACTION PERFORMED 

Hewlett-Packard 7672A Inspect and correct injector alignment 
Autosampler 

lnspcct syringe 

Check compressed air ias supply 

lnspcct and adjust tension on sample uay 

Change rinse vials 

Change waste vials 

Replace syringe 

Sand injector post 

Realign autosampler on brackets 

Change compressed air cylinder , 

Hewlett-Packard 7673A Inspect syringe 
Autosampler 

Inspect seating of injector 

Change rinse vials 

Change waste vials 

Replace syringe 

Reset control box 

Tekmar Purge and Trap lnspcct spargers and fittings 
Sample Concentrators and 
Autosamplers 

Check purge flow 

Inspect line and valve temperatures 

Change and condition mp 

Adjust purge now 

Rinse or clean sparging vessels 

Rinse sample lines 

Bake out mp 

Replace lines and fittings 

Adjust line and valve temperacu.rcs 

Doc# QAQ0011Z..C" 
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FREQl.JF.NCT 

Aftermsc:l.l.'lmJ 

Daily 

Daily 

Daily 

Daily 

Weekly 

AJt.oc:cdt:l:t 

M oc:cdt:l:t 

M oc:cdt:l:t 

As oc:cdt:l:t 

DaiJ:y 

DaiJ:y 

Daily 

Weekly 

M neecla! 

M oeedcr! 

DaiJ:y 

-
Daily 

Daily 

As needed 

As needed 

As needed 

Asneedlll 

After adi •· F: -
exlmlllu~ 

Asneedal 

Asneeded 
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Table 6.4.1 Laboratory Preventative Maintenance 

EQUIPMENT ACTION PERFORMED 

Envirochem Air Sample Inspect fittings 
Concentrator and 
Autosampler 

Check flows 

Inspect line and valve tempera1Ures 

Change and condilion internal traps 

Adjust flow 

Bake out trap 

Replace lines and fittings 

Adjust line and valve temperarures 

GCSYSl'EMS 

EQUIPMENT ACTION PERFORMED 

Hewlett-Packard 5890A GC Check gas supply 
(GC-1,4,5 Dual ECD) 

Check breakdown criteria 

Vacuum filters and grills 

Column replacement and condilioning 

Column cutting and reinstallalion 

Change gas cylinders 

Change liner and septum 

Replace guard columo 

Clean injcclion port 

Rec:ondilion BCD 

Change ECD vent absorbent traps 
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FREQUENCY 

Daily 

Daily 

Daily 

As needed 

As needed 

After each analysis, extend as 
needed 

As needed 

As needed 

FREQUENCY 

Daily 

As required by nm sequence 

Quarterly 

As needed 

As needed 
-

As needed 

As needed 

As needed 

As needed 

Mneeded 

Quarterly 
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Table 6.4.1 Laboratory Preventative Maintenamce 

EQUIPMENT ACTION PERFORMED 

Hcwlctt-Paclwd S890A GC I Check gas supply 
(GC-3 FID/NPD) 

Vacuum filters and grills 

Column replacement and condicioning 

Column cutting and reinstallalion 

Change gu cylinders 

Change liner and seprum 

Clean injection port 

Replace or reactivate dl.e NPD collector 

Hewlett-Packard 7673A Inspect syringe 
Autosampler 

Inspect sealing of injector 

Inspect rinse and waste vials 

Vacuum filters and grills 

Replace syringe 

Change rinse and waste vials 
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FREQUENCY 

Daily 

Quarterly 

As needed 

As needed 

As needed 

As needed 

As needed 

As needed 

Daily 

Daily 

Daily 

Quarterly 

As needed 

As needed 
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Table 6.4.1 Laboratory Preventative Maintenance 

EQUIPMENT ACTION PER.FORMED 

Perkin-Simer AS-100B Inspect syringe 
Autosampler 

Inspect rinse and waste vials 

Check flushing efflciency 

Clean or replace syringe 

Change rinse and waste vials 

Change divener valve septum 

METALS SYSTEMS 

Graphite Furnace Clean contact rings, furnace housing and quartz windows 

Inspect, clean or replace graphite tubes 

Replenish matrix modifiers 

Check lamp alignments and energies 

Clean mirrors for the oplical sensors 

Clean windows on furnace housing 

Inspect contact rings for excessive wear 
·-

Inductively Coupled Plasma Change capillary and pump rubing 

Replace liquid argon tank 

Rcprofile via slit micnnnerer 

Replace and realign plasma torch 

Clean ncbulizer and spmy chamber 

Check primary imaging mirror 

Men:ury Analyzer Clean sample cell ad mbing 

Check spa.rger condition 

Check level of mercury scrubber solution 

Replace lamps 
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FREQUENCY 

Daily 

Daily 

Daily 

AJneeded 

As.needed 

As needed 

Daily 

As.needed 

Daily 

Daily 

Weekly 

Weekly 

Monlhly 

Twice weekly 

As required 

P,r manual 

As.needed 

As needed 

Weekly 

Mombly 

Daily 

Daily 

AJ~ircd 



IEA Corporation IEA-CT Facility Quality Assurance Program 

WET CHEMISTRY SYSI'EMS 

EQUIPMENT ACTION PERFORMED 

pH Meters Clean electrode if calibration has cktcrionted 

Ston: pH electrodes in pH 7 .0 buffer 

Check ISE electrodes and meter 

Ailalytical Blluces Surfaces cleaned and covered 

Calibrated and deaned by manufaclum 

Accuracy cbected by class •s· weighls 

Conductivity Meters Imuument surfaces inspecred and cleancd 

Calibrated using 0.01M potusium chloride · ' 

Span= cells on inventol}' 

Speetropbotomet.ers Instrument cleaned 

Total Organic Halogen Instrument cleaned 
Analyzer (I'OX) 

Perform cell performance checks 

Flush cells and cbeclc heated tapes 

Inspect sample boars. inlet and exit tubes. CHings and seals 

Autoanalyzer Systems Clean all componencs and flush system 

Inspect all pump lllbes and sample lines 

Inspect line coils, heating baths and filters 

Inspect all colorimeter fillffl 

Inspect and clean c:bemical manifolds 

~ 
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FREQUENCY 

AJneeded 

Daily 

Per manual 

Daily 

Semi-ammally 

Prior to use 

Daily 

Daily 

AJncedcd 

Daily use 

Daily use 

Daily 

Daily 

Daily 

Daily use 

Daily use 

Weekly 

Weekly 

Monthly 
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7.0 DATA GENERATION 

7.1 Introduction 
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There are numerous policies and standard procedures which have been implemented to ensure that data of known 
quality is continually generated by the IBA-CT laboratory. 1be IBA Corporate and Laboratory Facility Quality 
Assurance Plans are examples of documcDIS which are gcnmred. Guidelines for the facility QA plans are de1ailed in 
section 7.2.1 of the Corporate Quality Assqrance Program Plan Doc#QAQ00102.NEI'. 

7 .2 Quality Assurance Project Plans 

Quality J..ssurance Project Plans (QAPjP) are developed to meet contract and agency requirements on a project 
specific basis. These plans discuss specific tcnm, policies, objectives and QA activities designed to achieve the data 
quality objectives of the project. 

All QA project plans arc written in accordance with the following USEPA Document: USEPA QujdcJiOM and 
Specification for P[Cllarin& Ouallt,y Assurance Project Plans, QAMS-005/80. Washington DC: USEPA. Quality 
Assurance Management Staff, October 17, 1980. 

Guidelines for preparing QA project plans are also detailed in the Corporate Quality Assurance Program Plan 
Doc#QAQ00102.NET. 

7.3 Methods 

IEA-CT utilizes a wide variety of analytical methods. A listing of general analytical capabilities is presented in Table 
7 .3 .1. Section 8 of the Appendix lists the analytical method and detection limits associated with various analytical 
procedures. 

Each department is required to have a written standard operating procedure (SOP) in use which describes how the 
requirements of the method arc met. All SOPs must be prcpated. in accordance with IEA Doc.#QASOOlOO.NBT. 

Analytical methodologies and quality assurance protocols in use are based on the following guidelines: 

"Methods of Organic Chemical Analysis of Municipal and Industrial Wastewater•. Federal Register VoJ,, 49, No. 
209. October 26. 1984; 

•TcstMethodsforEvaluatingSolid Waste•. SW-846 TbirdEdition. September 1986, USEPA.plusupdates; 

•standard Methods for the Examination of Water and Wastewater" 1985, 15th. 16th and 18th Edition; 

"Methods for Chemical Analysis of Water and Wast1:s• March 1983, EMSL. EPA; 

"Manual of Analytical Methods for the Analysis of Pemcides in Humans and F.nviromnental Samples•. EPA 
600/8-8()..()38, June 1980; 

Organic Analysis: Multi-media. Multi-Con~n-IFB-CIP. January 1991, Document Number O1.M0 1.9 (plus 
revisions); 

Organic Analysis: Multi-media, Multi-Concentration-IFB-CIP. Document Number OLM03.1 

Inorganic Analysis: Multi-media, Multi-Concentration-IFB-CIP. Document Number ll.M04.0~ 

•Handbook for Analytical Quality Control in Water and Wastewater Laboratories•. EPA-600/4-79-019, March 
1979; 
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National Enforcement Investigation Center Policies and Procedures Manual, EP A-330/9n8/00t-R. Revised May 
1986 

•Manuat for the Certification of Laboratories Analyzing Drinking Water". April 1990, BP A/S70/9-90I008. 

"BML Procedures Manual•. HASL-300, November 1990, 27th F.dition. 

•New York State Department ofEnvin:mlnmtal Conservation Analytical Services Protocol. 10/95 Edition .. 

"U.S. Air Force Installation Restoration Program Qualtiy Assurance Project Plan, January 1997• 



IBA Coreoration 

I. QRGANICS;GCJMS 

Voladle Orpnics-s24.2 
Volalile Orpnica-CLP 
Volatlle{)rpnic:s-8240 
Volatlle Orpnics-8260 
Volatile Orpnicl-TOllT02 
Volatile Orpnicl-Appen& IX 
Acid & Base/Ncuuals-8270 
Acid & Base/Neutrals-CLP 
Acid & Bue/Neutrals-Appendix IX 
Volatile Orpnics-624 
Acid & Base/Neun!HilS 

m. INORQANIC MBTALS 

ICPMctals 
Pumace Metals 
CLP Metals 

IEA-CT Facility Quality Assunuace Program Doe# QAQ00102.CT 
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IEA-CT ANALYl'ICAL CAPABIUl'JE.9 

D. QRGANICS::QC 

Misc. DAI - 8015 
Orpnohalide Pesdcides & PC8H08 
OrganohaJide Pesdcides & PCBs-8081 
OrganohaJide PesticideJ & PCBs-CLP 
Orpnapbospbatie Pudcldes-8140 
Orpnohalide Pesdcidcs & PCBs-Appcndix IX 
Chlorinated Hemicides-8150 
CbloriaalDd Hcmicides-Appcndix IX 
Petroleam Hrydroc:ubons - OROIDR.O 

Appendix IX Metals 
TCLPMecals 
Drinkinc Water Metals 

V. INQRQANIC WET CHEMISTRY. 

Acidil;y 
Alkalinity 
Ammonia 
Bi.cubonate 
Biochcmic:al Oxygen Demand (BOD) 
Bromide 
Chloride 
Chlorine Demand 
Chlorine Residual 
Chemical Oxygen Demand 
Color 
Conductivity 
Chromium (VI) 
Cyanide - Amenable 
Cyanide - Tocal 
Cyanide (CLP) 
Dissolved Oxygen 
Plubpoint 
Fluoride 
OniD.Slze 
Hydrocarbon amlylis 
MBAS 
Nitnm 
Nillite 
Odor 
on and Grease 
Paint Filter Test 
pH 
Pbenols 

Phosplwe 
Phosphonas 
Setdeable Solids 
Silica 
Specific Gravity 
SUifate 
Sulfide 
SUifite 
Slud&e Volume Index 
Tannins mi lJpins 
Tocal Dillolved Solids 
Tocal IC'Jeldahl Nibogen 
Tocal Orpnic Cadlon 
Total 0rpnic Halides 
Total Solids 
Tolll Suspended Solids 
Turbidity 
Volatile Solids 
Conosivily Cbaraclm:lsdcs 
lgnitabilitJ Cbancteri.sdcs 
BPl'OX 
TCLP 
SPLP 
&1ICllble Organil: Halides 
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Requirement 

Tuning 
Frequency 
Criteria 

Initial Calibration 
Maximum % RSD 
Minimum RRF 

Continuing 
Calibration 

Frequency 
Maximum %D 
Minimum RRF 
JS Area 

QC Check 
Sample/LCS 

Frequency 

Criteria 

Method Blank 
Frequency 
Criteria 

Spikes 
Frequency 
% Recovery 

Duplicates 

Frequency 
Precision 

Sample Analysis 
Holding time 
IntemalSlandards 
Criteria 

Surrogate 
Criteria 
Analyte ID 
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Table 7.3.2 SUMMARY OF QC REQUIREMENTS FOR 
EPA VOLATILE ORGANIC ANALYSIS METIIODS 

Water and 
Drinking Water Wastewater RCRA Solid Waste Superfund 

Analysis Analysis Analysls Hazardous 
Method524 Method624 Methods 8240/8260 Waste Analysis NYSDEC 

CLP SOW OLM0l.9 

25 ng BFB S0ngBF3 SO ngBFB 50 ng BFB 50ngBFB 
8 hrs Daily 12 hrs 12 hrs 12 hrs 

See following ou:e See followin2 page See following page See following naee See following page 

3-5 standards 3 standards 5 standards 5 standards 5 standards 
<20% <35% CCC <30%* <20.5%* <20.5%* 

NS NS SPCC >0.250- 0.01-0.500* 0.01-0.500* 
0.300* 10 compounds with 

max 100% RSD 

8 hrs Daily 12 hrs 12 hrs 12 hrs 
±30% QC Limits CCC ±25%* ±25.0%* ±25.0%* 

NS NS SPCC >0.250- 0.01-0.500* 0.01-0.500* 
±30% oflast CC or NS 0.300* NS NS 

±50% ofIC -50 to + 100% of last l O compounds with 
cc max 100% RSD 

Quarterly Daily Each batch or if MS NS Each cat. B SDG 
% recovery not in 

QC limits 
QC Limits* QC Limits* QC Limits* QC Limits* QC Limits* 

Daily Daily 12 hrs 12 hrs 12 hrs 
<MDL In control In control <CRQL* <CRQL* 

-
Blank spike Matrix spike Mattix spike Matrix spike Mattix spike 
Daily ors% 5% 5% 5% or 1/SDG 5% or 1/SDG 

80-120% OC Limits* 0C Limits* OC Limits* QC Limits* 

BS duplicate Field duplicate MS duplicate or MS duplicate MS duplicate 
sample duplicate MSB required* 

Quarterly NS 5% 5% or 1/SDG 5% or 1/SDG 
<20%RSD NS SD Limits• RPDLimits* RPD Limits* 

14days 14 days 14 days 10 days from receipt 7 days from receipt 
1 @2-lOug/L 3@30ug/L 3-4@S0ug/L 3@50ug/L 3@50ug/L 

NS NS NS Area -.50 to + lOOT Area -so to + 100T 
RT ±30 sec RT ±30 sec · 

2@5 ug/L 3@30ug/L 3@S0ug/L 3@S0ug/L 3@S0ug/L 
80-120% NS See following page See following page See following page 

RT ±3xSD RT ±30 sec RRT ±0,06 RRT ±0.06 RRT ±0.06 
window 3 ions ±20% Ions > 10% ±20% Ions > 10% ±20% Ions > 10% ±20S 

3 ions ±20% 

*For complete information refer to method or protocol 



IEA Corporation IEA-cT FaciUty Quality Assurance Program Doc# QAQ00102.CT 

SUMMARY OF VOLATILE SURROGATE RECOVERY LIMITS 

Method Method Cl Method8240 Method 8240 Method8260 Method8260 
Compound 524 (9') Water (9') SoU ("'1) Water (ti) Soll (ti) 

(ti) 

4-Bromofluorobenzene 80-120 NS 86-115 74-121 86-115 72-121 

1.2-Dichloroethane-d4 80-120 NS 76-114 70-121 NS NS 

Toluene-dB NS NS 86-110 81-117 88-110 81-117 

Dibromofluorometbane NS NS NS NS 86-118 80-120 

SUMMARY OF VOLATILE SPIKE RECOVERY LIMITS 

- . u .• od 524 ('JJ) Method 624 (%) Method 8240 (~) CLP SOW Soil (%) 

Benzene 80-120 37-151 37-151 66-142 

Chlorobenzene 80-120 37-160 37-160 75-130 

l ,1-Dichloroethane 80-120 59-155 59-155 61-145 &:;. 
Toluene 80-120 47-150 47-150 76-125 

Trichloroethene 80-120 71-157 71-157 71-120 

SUMMARY OF INSTRUMENT 11.JNING REOUIREMENTS 

BFBlon Methods 8240/8260 
Abundance NYSDECl/91 Method 524 (~) Method 624 ("'1} ('JJ) 

Criteria 

SO· "ofnms95 15-40 lS-40 15-40 15-40 

75 - % of mass 95 30-60 30-80 30-60 30-60 

9S 100 100 100 100 

96 - CX, of mass 95 5-9 S-9 5-9 5-9 

173- % of mass 174 <2 <2 <2 <2 

174 - % of mass 95 >50 >50 >50 <50 

175 • CX, of mass 174 5-9 5-9 5-9 5-9 

176 - % of mass 174 95-101 95-101 95-101 95-101 

177 - % of mass 176 5-9 5-9 5-9 5-9 
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CLP SOW CLP SOW 
Water (t,) Soil(9') 

86-115 59-113 

76-114 70-121 

88-110 84-138 

NS NS 

CLPS 

66-142 

60-133 

59-172 

59-139 

62-137 

CLP SOW OLM0l.S 
. (%) 

-
8.0-40.0 

33.0-66.0 

100.0 

S.0-9.0 

<2.0 

50.0-120.0 

4.0-9.0 
-

95.0-101.0 

5.0-9.0 

. 
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TABLE 7.3.2 SUMMARY OF QC REQUIREMENTS FOR 
EPA SEMI-VOLATILE ORGANIC ANALYSIS METHODS 

Superfund Hazardous 
Water and Wastewater RCRA Solid Waste Waste Analysis 

Requirement Analvsis Method 625 i\nalJSls Method 8270A CLP SOW OLMOl.9 ·~ SOng DFI'PP S0ngDFI'PP SOng DFfPP 
Frequency Daily 12 hrs 12 hrs 
Criteria See followin2 DaltC See followirut 1>12e See followmg_ oae:e 

Initial Calibration 3 standards 5 standards 5 standards 
Maximum "RSD <35% CCC <30"* <20.5%• 
MinimumRRF NS SPCC >0.050* 0.01-1.300* 

Continuing Calibration 
Frequency Daily 12 hrs 12 hrs 
Maximum %D ±20% CCC ±30%* ±25%* 
MinimumRRF NS SPCC >0.050* 0.01-1.300* 
ISArea NS -50 to + 100% of last CC NS 

-""', Check Sample/LCS : 

Frequency !:5% If MS % recovery NA 
Criteria not in QC limits 

oc Limits* oc Limits* 

Method Blank 
Frequency 1 per batch 1 per batch 1 per batch 
Criteria In control In control <CRQL* 

Spikes Matrix spike Matrix spike Matrix spike 
Frequency 5% 5% 5'1i or 1/SDG 
"Recovery OC Limits* oc Limits* OC Limits* 

Duplicates Freid duplicates MS duplicate or MS duplicate 
Frequency sample duplicate 
Precision NS 5" S'1i or 1/SDG 

NS SD Limits* RPO Limits* . 

Sample AnaJJsis 
Holding Time 

Water extraction 7days 7 days 5 days from receipt 

Soil extraction NA 14 days 10 days from receipt 

Analysis 40 days from extraction 40 days from extraction 35 days from extraction 
Internal standards 3 6@40 ug/L 6@20ug/L 

Criteria NS Area -50/ + 100% Area -50/ + 100% 
RT ±30sec RT ±30sec 

Surrogate 3@ 100 ug/L 6 @ 100-200 ug/L 8@ 100-150 ug/L 

( -.. Criteria NS See following page See following page 
Analyte ID RT ±30 sec RRT ±0.06 RRT ±0.06 

3 ions ±20% Ions > 10% ±20% Ions > 10% ±20% 

*For complete infonnation refer to method or protocol 
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NYSDEC 

S0ngDPTPP 
12hrs 

Sec followina oue 

S standards 
<20.5%* 

0.01-1.300* 
20 compounds 

Max 100%RSD 

12 hrs 
±25%* 

0.01-1.300* 
NS 

20 compounds 
Max 100" RSD 

Each SDG with cat. B 

oc Limits* 

1 per batch 
<CRQL* 

Matrix spike 
5'1i or 1/SDG 
oc Limits* 

MS duplicate 
MS blank 

5% or 1/SDG 
RPDLimits* 

completed within S days 
from receipt 

completed within 5 days 
from receipt 

35 days from extraction 
6@20 ug/L 

Area -50/ + 1005 
RT ±30sec 

8@ 100-150 ug/L 
See following page 

RRT ±0.06 
Ions > 10% ±20% 
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SUMMARY OF SEMI-VOLATILE SURROGATE RECOVERY LIMITS 

NYSDEC '91 ASP 
Compound Method625 Method8270 Method8270 CLP SOW Water 

{%) Water{%) Soll(%) (%) 

Nitrobenzene-d5 NS 35-114 23-120 34-114 

2-Fluorobiohenvl NS 43-116 30-115 43-116 

p-Terphenvl-dl4 NS 33-141 lS.137 33-141 

Phenol-d6 NS 10-94 24-113 10-110 

2-Fluoroohenol NS 21-100 25-121 21-110 

2.4,6-Tribromoohenol NS 10-123 19-122 10-123 

1,2-Dichlorobenzene-d4 NS NS NA 16-110• 

2-Chlorophenol-d4 NS NS NA 33-110* 

Pervlene-dl2 NS NS NA NA 

SUMMARY OF SEMI-VOLATILE SPIKE RECOVERY LIMITS .. 

' NYSDEC '91 ASP' 
Compound Method 625 (%) Method 8270 (%) CLP SOW Water (%) 

Acenaohthene 47-145 47-145 46-118 

1,4-Dichlorobenzene 20-124 20-124 36-97 

2,4-Dinitrotoluene D-112 D-112 24-96 

N-Nitroso-di-n-propylamine D-230 D-230 41-116 

Pvrene 52-115 52-115 26-127 

1.2,4-Trichlorobenzene 44-142 44-142 39-98 

4-Chloro-3-methvlohenol 22-147 22-147 23-97 

2-Chlomnhenol 23-134 23-134 27-123 

4-Nitroohenol D-132 D-132 10-80 

Pentachloroohenol 14-176 14-176 9-103 

Phenol 5-112 5-112 12-110 
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NYSDEC '91 ASP 
CLP SOW Soll 

(9') 

23-120 

30-115 

18-137 

24-113 

25-121 

19-122 

20-130* 

20-130* 

NA 

NYSDEC 191 ASP 
CLP SOW Soll(%) 

31-137 

28-104 

28-89 

41-126 

35-142 

3S.107 

26-103 

25-102 

11-114 

17-109 

26-90 
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SUMMARY OF GCIMS INSTRUMENT'nJNING REOUIREMENTS 

DFI'PPlon 
dance Criteria NYSDEC Method S25 ('lo) Method '25 (%) Method 8270 (%) 

Sl - " of mass 198 30-60 10-80 30-60 30-60 

68 •%of mass 69 <2 <2 <2 <2 

70- S of mass 69 <2 <2 <2 <2 

127 - % of mass 198 40-60 10-80 40-60 40.«) 

197 - % of mass 198 <l <2 <l <l 

198 100 100 100 100 

199 - % of mass 198 S-9 S-9 5.9 · S-9 

27.S - % of mass 198 10-30 10.«) 10-30 10-30 

365 - % ofnws 198 >1 >l >1 >1 

441 <mass443 <mass443 <mass443 <mass443 

. 442 • % of mass 198 40-110 >50 >40 >40 

443 - % of mass 442 17-23 15-24 17-23 17-23 
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CLP SOW ('lo) 

30.0-80.0 

<2.0 

Present 

25.0-75.0 

<1.0 

100 

S.0-9.0 

10.0-30.0 

>0.15 

<mass443 

40.0-110.0 

15.0-24.0 
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TABLE 7.3.2 SUMMARY OF QC REQUIREMENTS FOR 
P~ICIDE/PCB ANALYSIS ME111ODS 

Water and Wastewater RCRA SW-846 Solid Superfund Hazardous 
Requirement Analysis Method 608 Waste Waste 

Analysis Method 8080 Analysis CLP SOW 
OLM0l.8 

Initial Calibration 3 standards 5 standards 3 standards (1 for 
multicomponent) 

Maximum % RSD <10% <20% < 10.0-15.0%* 
DDT/Endrin Breakdown NS <20% <20.0% 
Resolution NS NS 90-110%* 

Continuing Calibration Mid-level standard Mid-level standard Mid-level standard 
Frequency Daily Daily 12 hrs 
Maximum %D ±15% ±15% ±25.0% 
RT Criteria NS NS ±0.05-0.07 min of mean RT 

QC Check Sample/LCS 
Frequency s;l0% If MS % recovery NS 

not in QC limits 
Criteria QC Limits* OC Limits* OC Limits* 

ethod Blank 
Frequency 1/batch 1/batch 1/batch 
Criteria In control In control <CROL 

Spikes Matrix spike Matrix spike Matrix spike 
Frequency 10% 5% 5% or 1/SDG 
% Recovery QC Limits* QC Limits* OC Limits* 

Duplicates Field duplicate MSD or sample duplicate MSD 
Frequency NS 5% 5% or 1/SDG 
Precision NS SD Limits* RPDLimits* 

Sample Analysis 
Holding Time 

Water extraction 7 days 7 days 5~ysVTSR 

Soil exttaction NA 14 days l0days VTSR 

Analysis 40days 40 days 35 days 
Analyte ID RT within 3x SD of RT within 3x SD of RT ±0.05-0.07 min of std. 

std. RT window std. RT window RT on both columns; 
Cone. :t:25.0ti 

Confinnation 2nd column for 2nd column for 2 column required; 
unknown samples positive ID GC/MS if > 10 ng/uL 

•For complete infonnation refer to method or protocol 
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NYSDEC 

3 standards (1 for 
multicomponent) 
< 10.0-15.0%* 

<20.0% 
90-110%* 

Mid-level standard 
12 hrs 

±25.0% 
±0.05-0.07 min of mean 

RT 

Each cat. B SDG 

QC Limits* 

I/batch 
<CROL 

Matrix spike 
5% or 1/SDG 
oc Limits* 

MSD/MS Blank 
5% or 1/SDG 
RPD Limits* 

-
Completed within S 

days VTSR 
Completed within 5 

days VTSR 
3S days 

RT ±0.05-0.07 min of 
std. 

R.T on both columns; 
Cone. :t:25.0" 

2 column required; 
GC/MS if > 10 rur/uL 
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Compound 

Tetrachloro-m-xvlene 

DecacblorobiJ>henyl 

Dibutvlcbtorendate 

Compound 

gamma-BBC 
lLindane) 

Aldrin 

Dieldrin 

4,4'-DDT 

Endrin 

Heotacblor 

SUMMARY OF PESTICIDE SURROGATE RECOVERY LIMITS 

Method 508 ('I,) Method.608 Metbod.8080 CLP SOW ('I,) 

NS NS Lab limits 60-150 

NS ·Ns Lab limits 60-lSO 

NS NS Lab limits NS 

SUMMARY OF PFSTICIDE SPIKE RECOVERY LIMITS 

Method608 Method 8080 ('I,) CLP SOW Water ('I,) CLPSOWSoU 
('I,) ('I,) 

19-140 19-140 56-123 46-127 

42-122 42-122 40-120 34-132 

36-146 36-146 52-126 31-134 

25-160 25-160 38-127 23-134 

30-147 30-147 56-121 42-139 

34-111 34-111 40-131 35-130 
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NYSDE 
C 

60-150 

60-lSO 

NYSDEC 

46-127 

34-132 

31-134 

23-134 

42-139 

35-130 
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I LE 7.3.2 SUMMARY OF QC REQUIREMENTS FOR EPA META~ ANALYSIS METHODS USING ATOMIC 
ABSORPTION(AA)SPECTROSCOPY 

Water and Wastewater RCRA Solid Waste Analysis Superfund Hazardous Waste 
Requirement Analysis Method7000 Analysis 

Method 200.0 CLP SOW ILM04.0 

Initial Calibration 3 standards and a blank 3 standards and a blank 3 standards and a blank 
Frequency Daily Daily Daily or eveey 24 hrs 
Criteria r 20.995 r 20.99.5 r 20.99.5 

Calibration Verification A standard at or near MCL Mid-range standard Mid-range standard 
Frequency After initial calibration and Every 10 samples Beginning, end, and every 

every 20 samples 10 samples or every 2 hrs 
Criteria 90-110 % recovery ICV: 90-110% recovery 90-110% recovery 

CCV: 80-120% recoverv H2: 80-120% recoverv 

Detection Limits NS NS Standard at the CRDL or IDL 
Standard NS NS Beginning of each sample run 

Frequency NS NS EPA QC limits 
Criteria 

Calibration Blanks 
Frequency After each calibration After each calibration Beginning, end, and every 

t Criteria 10 samples or every 2 hrs 
NS NS All analvtes s CRDL 

Preparation Blanks 
Frequency Each digestion batch Each digestion batch 1 per SDG or digestion batch 
Criteria NS NS All analvtes s. CRDL 

QC Check Sample/LCS 
Frequency NS 1 per batch l per matrix per SDG or digestion 
Criteria NS NS batch 

80-120% recoverv 

Matrix Spike Samples -
Frequency 10% or 1 per batch 5% or 1 per batch S % or 1 per SDG per matrix per 
Criteria level (predigestion) 

NS NS 7.5-125% recoverv 

Duplicate Samples S % or 1 per SDG per matrix per 
Frequency 10% or I per batch S % or 1 per batch level (predigestion) 
Criteria NS NS ~20% RPO for values ~S x CRDL 

::1:1 x CRDL for values <5 x 
CRDL 

Furnace Quality 
Control MSA as needed MSA as needed Duplicate utjections on all; Post 

Frequency Serial dilution: digestion spikes on all samples, 
l per batch per matrix blanks, and LCS; MSA u needed 

NS MSA: n0.99S Duplicate utjections: ~20% 
Criteria SI dilution within :I: 10% RSD/CV 

l' Spik:es: 8.5~115 % recovery 
MSA: r20.995 .._,. 
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TABLE 7.3.2 SUMMARY OF QC REQUIREMENTS FOR EPA METALS ANALYSIS METHODS 
USING INDUCl'IVELY COUPLED PLASMA ffCP> SPECTROSCOPY 

Water and Wastewater RCRA Solid Waste Analysis Superfund Hazardous Waste 
Requirement Method 200. 7 Method6010 Analysis 

CLP SOW ILM04.0 

Initial Calibration 1 standard and a blank 1 standard and a blank 1 SIIDdard and a blank 
Freauencv Daily Daily Daily or every 24 hrs 

Calibration Mid-range standard Mid-range standard Mid-range standard 
Verification Bvcry 10 samples Every 10 samples and at end Beginning, end. and every 10 

Frequency samples 
95-105% recovery 90-110% recovery or every 2 hours 

Criteria 90-110% recoverv 

Other Standards Highest mixed standard Highest mixed standard Standard at 2 x CRDL or IDL 
Frequency Before sample analyses Before sample analyses Beginning and end of each run 

or 2 every 8 hrs 
Criteria 9S-105% recovery 9S-10S% recovery EPA OC Limits 

Interference Claeck 
Sample Beginning, end, and periodic Beginning and end of each run Beginning and end of each run 

Frequency intervals or every 8 hours or 2 every 8 hrs ,. __ 

80-120% recovery 80-120% recovery 
Criteria ± l .S x SD of mean value 

Calibration Blanks 
Frequency Every 10 samples Every 10 samples and at end Beginning, end, and 10% of 

samples 
Criteria ±2 x SD of mean value ±3 x SD of mean value or every 2 hrs 

All analvtes sCRDL 

Preparation Blanks 
Frequency I per batch 1 per batch 1 per SDG or digestion ba~ 
Criteria NS NS All analvtes sCRDL 

QCClaeck -
Sample/LCS Each IC and weekly Each IC and weekly 1 per SDG or digestion batch 

Frequency for each matrix 
9S-10S% recovery 90-110" m:overy 80-120% recovery 

Criteria 

Matrix Spike 
Samples 1 every new sample matrix S S or 1 per batch '" or 1 per SDG per matrix 

Frequency per level (prediJestion) 
90-110% recovery 75-125% recovery 75-125% recovery 

Criteria 

Duplicate Samples 
Frequency NS 5% or l per batch 5% or 1 per SDG per matrix 

per level (predigestion) 
Criteria NS :s:20% RPD for values > 10 x :s:20% RPD for values ~S x CRDL 

IDL ± 1 x CRDL for values <5 x 
CRDL 

if Serial Dilution 
Frequency 1 every new sample matrix 1 every new sample matrix l per SDG per matrix per level 
Criteria Dilution within ±5% 4 x dilution within ± 10'1 S x dilution within ± 10% 



·1· 
(.._, 

IBA Corporation IEA-cT Facility Quality Assurance Program Dod QAQ00102.CT 

Date: 02/14/97 
Page53of7S 

TABLE 7.3.2 SUMMARY OF QC REQUIREMENTS FOR EPA MERCURY ANALYSIS 
METHODS USING COLD VAPOR ATOMIC ABSORfflON CAAl SPBCl'ROSCOPY 

Water and Wastewater RCRA Solid Waste Analysis Supedund Hazardous Waste 
Requirement Analysis Metbod 141on471 Analysis 

Method 245.1/245.5 CLP SOW Il.M04.0 

Method Detecdon Limit 0.2 u2/L 0.2 u2/L CRDL: 0.2 u2/L 

Boldhur Tbne 28davs 28davs 26davs 

Initial Callbntion 6: blank and S standards 6: blank and S standards S: blank and 4 standards 
Frequency Daily Daily and every hour of Daily or every 24 hours 
Criteria r ~0.995 analysis r ~0.995 

r 10.995 

Callbration Verification A standard at or near MCL Mid-range standard Independent standard 
CCV: diff. cone. than ICV. or at 

near the mid--range 
Frequency After initial calibration Bvery 10 samples ICV: After initial calibration 

and every 20 samples CCV: 10% or every 2 hours 
Criteria 90-llOS Recoverv 80-120$ Recoverv 80-120$ Recovery 

Callbntlon Blanks 
- ·~, Frequency After each calibration After each calibration Beginning, end, and every 10 

i Criteria 
samples or every 2 hours 

NS NS sCRDL 

Preparation Blanks 
Frequency l per digestion batch I per digestion batch 1/SDG/digestion batch 
Criteria NS NS sCRDL 

QC Check Sample/LCS Blind performance sample Independent standard EPA standard 
Frequency I per year Every 15 samples l /SDG/batch (solid samples only) 

(Optional: 1 per quarter) 
Criteria EPA control limits 80-llOS Recoverv 80-120$ Recovery · 

Matrix Spike Samples 
Frequency NS SS or 1 per batch SS or 1/SDG/mattixllevel 
Criteria . NS NS 75-llSS Recoverv 

Duplicate Samples 
Frequency lOS or 1 per batch SS or 1 per batch SS or 1/SDG/matrix/level 
Criteria BPA control limits NS ~lOS llPD 

Other Method Criteria Method of standard addition Melbod of standard addition Standard at 1he CRDL or U>L 
Frequency As needed As needed Beginning of eadl sample nm 
Criteria NS NS BPA control limits 
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TABLE 7.3.2 SUMMARY OF OC REQUIREMENTS FOR EPA CYANIDE ANALYSIS METHODS 

Water and Wastewater Analysis RCRA Solid Waste Superfund Hazardous Waste 
Requirement Method335.4 Analysis Analysis 

Method9012 CLP SOW ILM04.0 

Method Detection Lhnit Titration: l mg/L Titration: 0.1 mg/L CRDL: 10 ug/L 
Colorimetric: 0.02 mi/L Colorimetric: 0.02 DU!/L 

Bolding Time 14 days (24 hours when 14 days 12 days from sample receipt 
sulfide is present) 

Initial Calibration°1 6 standards and a blank: 6 standards and a blank 3 standards and a blank 
(one standard at the CRDL) 

Freouency Daily Daily Daily 

Calibration NS Mid-range standard CCV: Mid-range llandard 
Verifk:ationO> NS Every 15 samples Bepuuns, end, and every 10 

Frequency samples or 2 hours 
NS 85-115% Recovery 85-115% Recovery 

Criteria 

Other Standards High and low standard High and low standard Mid-level standard 
(Distilled) 1 each per batch 1 each per batch 1 per batch 

Frequency 90-110% Recovery 90-1107' Recovery 85-115% Recovery 
Criteria 

Calibration Blanks 
Frequency Colorimetric: 1 per batch Colorimetric: 1 per batch Colorimetric: Beginning, end and 

every 10 samples or 2 hours 
Criteria Use in initial calibration Use in initial calibration ,CRDL 

Preparation Blanks 
Frequency Titration: I per batch Titration: 1 per batch Titration: 1 per batch 

Colorimetric: Not specified Colorimetric: Not specified Colorimetric: 1 per batch 
Criteria Titration: Use in calculation Titration: Use in calculation Titration: Use in cak:adation 

Colorimetric: Not snecified Colorimetric: Not snecified Colorimetric: ,CRDi. 

Laboratory Control NS Independent check standard Distilled independent standard (ICV) 
Standard NS 1 per batch 1 per batch 

Frequency NS 85-11541, Recovery 85-1 lSS Recovery 
Criteria 

Matrix Spike Samples 
Frequency 1 per batch to check Matrix spike and matrix l per matrix. per concemration 

distillation efficiency spite level per batch 
Criteria NS duplicate per batch 75-125% Recovery 

NS 

Duplicate Samples 
Frequency NS 1 matrix spike duplicate per 1 per matrix per concentration 

batch level per batch 
Criteria NS s20% RPD for values >5 x CRDL 

NS 

• Other Method Criteria Verify sample pH ~ 12; Check for Verify sample pH ~ 12; Verify sample pH ~12; Check for 
oxidizing agents and sulfides Check for oxidizing agents and sulfides 

oxidizing agents and sulfides 
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KEY TO CHART 

BS Blank Spike 
cc Continuing Calibration 
CCC Calibration Check Compounds 
CCV Continuing Calibration Verification 
CRDL Contract•Required Detection Limit 
CR.QL Contract-Required Quantitation l,imit 
CV Coefficient of Variation 
D Detected 
IC Initial Calibration 
ICV Initial Calibration Verificatio:, 
IDL Instrument Detection Limit 
JS Internal Standard 
LCS Laboratory Control Sample 
MCL Maximum Contaminant Level 
MDL Method Detection Limit 

KEYTOCRART 

MS Matrix Spike 
MSA Method of Standard Additions 
NA Not Applicable 

,Ns Not Specified 
SD Percent Difference 
SRec. Percent Recovery 
PQL Practical Quantitation Limit 
r Correlation Coefficient 
RF Response Factor 
RPD Relative Percent Difference 
RRT Relative Retention Time 
RSD Relative Standard Deviation 
RT Retention Time 
SD Standard Deviation 
SDG Sample Delivery Group 
SPCC System Perfonnance Check Compounds 

NOTES 

o, Clll."1>ration standards must be distilled for BPA Methods 335.4 and 9012 wbea su1fides are present in 
the samples. 

°' CLP SOW specifies lhat the initial calibration verification standard (ICV) be distilled and anal)'%.ed as 
the taboratorv control standard ll..SC\. 

Doc# QAQ00102.CT 

Date: 02/14/97 
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AU laboratory activities, from sample receipt to analysis to final report generation, must adhere to the laboratory 
Standard Opcraq Procedures (SOPs) which have been developed to provide quality envirnnmental data with 
adequate documentation to be of known quality and hence of maximum use to our clients. All SOPs provide complete 
documentation as to how each sample is measured for each parameter. Reference corporate document 
QAS00200.NET for the IBA corporate format for generating SOPs. Each SOP shall have a unique code in 
accordancc with the IBA corporate doc11meDJ control procedure as outlined in the corporate SOP on document 
coottol. 

On a regular basis the QA Manager will review data to cbcck for compliance to SOPs. Additionally the QA Manager 
will review SOPs to cmure they meet the requirements of the methodologies and applicable regulations. Hit is found 
that the document does not meet the n:quircments, thc discrepancy is forwarded to the group/section leader dJrough 
the corrective action process. (refercncc SOP on Corrective Action Reports -QAS00501.C1). 

In addition to method SOPs, at minimum the laboratory is required to have on file SOPs for the following operations. 
Many of these SOPs have been generated by the IBA corporate QA department. 

Sample Receipt. Logging and Disposal 
Cham-of-Custody Procedures 
Sample Storage 
Security of Samples and Laboratory Facility 
Purity of Standards and Standards Preparation Documentation 
Maintaming Laboratory Records and Logbooks 
Sample Analysis and Data Control Systems 
Sample Bottle and Glassware Cleaning Procedures 
Laboratory Waste Disposal 

An example list.ina of laboratory SOPs is presented in Section 7 of the Appendix. A complete list of' all laboratory 
SOPs is available upon request. 

7.5 Chain-of-custody 

Samples are physical evidence and are handled at IEA according to certain procedural safeguards. For the purposes of 
legal proceedings, a demonstration to the court that the laboratory is a secure area may be all that is required for the 
analyml evidence to be admitted. However, in some cases, the court may require a presentation of the hand--to-hand 
custody of the samples while they were at the laboratory. In the event that a client requires such a comprehensive 
chain-of-custody demoostration. upon special request. IBA is capable of producing documentation that traces the 
in-house custody of the samples from the time of receipt to completion of analysis. 

The National Enfon-:etnent Investigations Center (NEIC) ofEP A defines custody of evidence in the following ways: 

• It is in your actual possession~ or 
• It is in your view, after being in yow- physical possession; or 
• It was in your possession and then you locked or sealed it up to prevent tampering-, or it 

is in a secure area 

At IEA-CT, chain of custody begins with shipment of the sample bottles and coolers. IEA-CT has a printed external 
chain~f-custody form that accompanies each sample shipment. An example of this form is found in Section 2 of the 
appendix. 
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Upon receipt of the samples in the laboratory the sample custodian and the sample control group are responsible for 
obtaining all necessary shipping documentation and verification of all data entered into the laboratory sample custody 
records. The internal laboratory custody fonn is generated at this point. 

All samples and projects entering the laboratory are identified with a job/project number. Individual samples are then 
identified using the job number and sample counter. The samples arc then stored according to the requirements of the 
analytical protocols (refrigeration) and preservative type. 

Preliminary sample receipt notifications are distributed to each department to notify department of sample arrival and 
facilitate the analysis of parameters with short holding times. Each department bas a system of ttacking sample 
analysis throughout their respective departments to ensure protocol holmng times are met. 

All documentation received with samples is reviewed by the sample custodian at the time of receipt. The project 
manager then reviews the paperwork again at the time of log-in to the computer system. If there are any 
discrepancies noted by the sample custodian, a corrective action report is filled out and submitted to the project 
manager. The client is then contacted for resolution. 

The specific procedures and requirements for receiving samples are specified in the SOP for sample control -
"Sample Processing Methods Performed at Sample Arrival" (Doc# SMS00401.CT). IEA's chain-of-custody record is 
designed to meet the legal requirements of federal, state and local government agencies and the courts of law. The 
record covers: 

• Labeling of sample bottles, packing the shipping container and tnmsfening the shipping 
container under seal to the custody of a shipper; 

• Outgoing shipping manifests~ 
• The chain-of-custody form completed by the person(s) breaking the shipping container 

seal, taking the sample, resealing the shipping container and transfening custody to a 
shipper; 

• Incoming shipping manifests; 
• Breaking the shipping container's reseal; 
• Storing each labeled sample bottle in a secured area; 
• Disposition of each sample to an analyst or technician; and . 
• The use of the sample in each bottle in a testing procedure appropriate to the intended 

purpose of the sample. 

For each link in this process the records indicate the following: 

• The person with custody; and 
• The time and date each person accepted or relinquished custody. 



IBA Corporation IEA-CT Facility Quality Assurance Program Doc# QAQ00101.CT 

Date: 02/14/97 
Page SB of7S 

IEA has implemented the following standard operating procedures with regard to laboratory chain-of-custody: 

• Samples are stored in a secure area; 
• Non-employee access to the laboratories are controlled through the use of limited access 

points at each facility. Outside pc:rsonncl can access the facilitJ either through the front 
receptionist or the sample r=pt area. Other access doors to the laboratory are 
maintained in a secUIC manner at all times; 

• All visitors to each facility are required to sign-in at the reception area and must be 
escorted by an IBA represcmtative at all times while in the laboratory. 

• Refrigerators. freezers, and other sample storage areas are kept locked, when not in use; 

• The designated sample custodian md supervisory personnel control access to the 
sample storage area(s); and 

• Samples remain in secured sample storage until removed for sample preparation or 
analysis; and 

• Upon special request, all transfers of samples into and out of storage are documented 
through an internal chain-of-custody procedure. 

7.6 Analytical Calibration Standards 

The calibration standards used for instruments and equipment are described in the specific analytical methods, or 
instrument manufacturers' operational guides. All standard preparations are recorded in a bound "Standards 
Preparation Log Book" with the lot number. method of preparation, date and analyst's initials. This log provides the 
internal documentation which traces the internal working standards to primary and secondary (purchased) stocks. 

The stock solutions are all kept in a daily monitored 4o C refrigerator with the exception of the organic stock 
solutions which are kept in a Oo C freezer. Stock calibration standards are coded in the "Prep Loa" mentioned above 
with the analyte, concentration, date prepared, initials, and referenced to the book and page where a description of the 
preparation can be found and traced. No samples are maintained in the same areas as the standards. 

Records on the traceability of the standards are mahuaincd in the office of the Quality Assurance Manager. These 
records include sources. dates of receipt. lot numbers (If Applicable) and expiration dates (If applicable). 

Table 7.6.1 provides an overview of the standard sources, typcS and preparation by instrument group. 

Metals Calibration St;md@J:ds 

Commercially available at 1000 ppm levels from Inorganic Ventw:cs and prepared from primary standard mat.crial 
craceable to BPA All.A standards. Stock standards solulions are prepared every six months or when needed as nmlti
element stocks. 

Inornnic Calibration Standards 

Most calibration standards described in the methodology used ACS Reagent Grade materials. Some reference 
materials are available from NIST to standardize titrating solutions. Stock solutions are prepared every three months 
while diluted working standards are prepared daily at the time of analysis. Spike solution preparation is also 
documented in the solution/standard log book. 
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Organic Calibration Standards 
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Pure compounds for organic calibration materials are available through EPA EMSL in Cincinnati, EPA in Research 
Triangle Park, EPA Las Vegas, Supelco, Inc., Restek, Inc. and Accustandard, Inc. Organic stocks are prepared 
every six months and diluted working standards are prepared weekly. Stock non-volatile solutions can be prepared 
every six months and diluted working standards are prepared weekly. Stock non-volatile solutions can be prepared 
every six months with working standards made weekly. Organic spike solutions are prepared from neat solutions and 
documented. 

pH Calibration Standards 

Calibration materials which are certified by the manufacturer to be standardized against NIST Standards are 
commercially available and are used by the laboratory. Three standards - 4,7, and 10 are used daily to c-.alibrate the 
pH meters. 

Weighing Calibration Standards 

Analytical balances are certified annually. Calibration is performed on a weekly or daily basis using class •s• 
weights (0.50, 5.00, and 50g). 

Oven Calibration Standards 

Daily calibration by monitoring oven temperature with a thermometer calibrated annually with a NIST Certified 
Thermometer. 

Conductivity Calibration Standard 

Conductivity solutions are described in Standard Methods, 15th edition, Section 502. 

Turbidity Standards 

Formazin solution prepared from CMS neat standard according to EPA Method 180.1-2. Four standards are used to 
prepare a calibration curve and are made fresh daily. The stock formazin standard is prepared every three months and 
kept under refrigeration. 

Photometer Calibration srandaro 

Spectronic Standards - Catalog #331-31-50 (wavelength calibration). 

Refriicrators 

All refrigerators are checked daily for temperature stability. Yearly, the refrigerator thermometers are calibrated 
against an NIST thermometer. Daily readings are recoreded in a bound logbook. 
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Inst. Source 
Group 

GC/MS Restek. Inc. 
EPA 
Supelco 
Accustandard 

GC Restek, Inc. 
EPARTP 
Supelco 
Accustandard 

GFAA; Inorganic 
ICP Ventures 
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TABLE 7.,.1 STANDARD SOURCF.S AND PREPARATION 

Form Storage Preparation Laboratory Preparation 
Received from Source Stock Frequency 

Storaie 

Neat Frozen Primary stocks are prepared Frozen Semi-annual 
Solutions> from source stocks 
lOOOppm Frozen 

Intermediate stocks are Refrigerator Weekly 
prepared from primary or 
source stocks 

NIA Weekly 
Working stocks are prepared 
from intennediates 

Neat Frozen Primary stocks are prepared Frozen Semi-annual 
Solutions from source stocks 
> 1000 ppm Frozen 

Intermediate stocks are Refrigerator Semi-aMually 
prepared from primary or 
source stocks 

NIA Semi-annually 
Working stocks are prepared 
from intermediates 

Solutions of Room Primary stocks (1 - 10 ppm) 0.15% HNO3 at AMually 
lOOOppm temp. are prepared from sourc:e room temperature 

lntennediate stocks (lppb - 1 0.15% HNO3 at Semi-annually 
ppm) room temperature or 

as needed 

0.15% HNO, at 
Working stocks room temperature ·Daily 
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7.7 Instrument Calibration Procedures 
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The proper calibration of instrumentation and equipment is a key element in the quality of the analysis done by the laboratory. Each type of 
instrumentation and each EPA approved method has specific requirements for the calibration procedures, depending on the analytes of interest 
and lhe medium of the sample. 

Tables 7. 7 .1 list in tabular form the procedures which are followed by IEA Connecticut. The calibration protocols meet or exceed the minimum 
method criteria requirements. If a method calibration requirement, outlined in a project specific QA Plan, is more stringent than those listed in 
the Quality Assurance Plan, the more stringent will be followed in each case. 

Documentation and records on calibrations are maintained in instrument logs and also with the data sets of the samples which are analyzed and 
related to them. In addition, laboratory department managers monitor the results of the calibration program to ensure the proper implementation 
at lhe analyst level. 
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Analysis Cal. 
Tvoe 

GC Initial 
Pesticides 
Herbicides 
OP pesticides 

Continuing 

GC/MS Initial 
quadrupole 

Every 12 
hours 

AAS Graphite Initially 

Continuing 

JCP Initially 

Daily 

Continuing 

Lachat Initially ,Daily 
Analysis 

Continuing 

pH Meters Initially and 
daily 

Continuing 
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TABLE 7.7.1 INSTRUMENT CALIBRATION SUMMARY 

I Standards Type of curve Acceptance/rejecdon Frequency 
criteria 

5 concentration levels Linear ,S20%RSD continuing 
calibration 
fails 

1 standard (mid) +I- lSS Difference 
Daily and 
every 10 
S1U11Dles 

5 concentration levels; Linear; tuned to ,.S.20% RSD continuing 
tuning with manufacturer's calibration 
BFB/DFTPP specifications failure 

+/-15% Diff Daily 
1 standard; tuning with 
BFB/DFTPP 

S concentration levels Linear > .995 coefficient of continuing 
variation cahl>ration 

failure 

1 standard +/-95S ofvalue Bvery 10 
samples 

5 concentration levels Linear According to Quarterly 
instrument 
manufacmres 's -2 levels instructions 

Bvery 10 
1 standard samples 

5 concentration levels Linear < .99S coefficient of continuing 
variation calibration 

f&Uure 

lstandard .Bvery 10 
u.mnles 

2 standards (pH 7 and Linear +l-9SS ofvalue Daily 
4 or 10) 

I standard Every 10 
samoles 
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Analysis CaL 
TVPe 

Spectropboto- Initially and 
meter daily 

Continuing 

Infrared Initially and 
Spectrophoto- monthly 
meter 

Continuing 

Conductivity Daily 
meter 

Continuing 

6' -....,. 
Turbidimeter Daily 

Continuing 

Balance Daily 
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TABLE 7.7.1 INSTRUMENT CALmRATION SUMMARY 

#Standards Type or curve Acceptance/rejection Frequency 
criteria 

S concentration levels Linear < .995 c:oeff'acient of Daily 
plus set "T with no variation 
cuvette in holder 

1 standard +/-95" ofvalue Every 10 
samples 

S concentration levels Linear < .995 coefficient of Daily 
variation 

I level +l-95% ofvalue Every 10 
samples 

3 concentration levels Linear < .995 coefficient of Daily 
variation 

3 concentration levels +/-95% ofvalue Every 10 
samples 

3 concentration levels Linear < .995 coefficient of Daily 
variation 

3 concentration levels 
+/-95" of value Every 10 

samples 

3 levels Class •s• Point Chectsingle 
weights weight upon 

use 



IEA Corporation IEA-cT Fadllty Quality Assuruc:e Program 

8.0 DATA PROCESSING 
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Data processing is defined as the mechanisms employed for collecting. reviewing, transcribing, reporting and storing 
of analytical data and related information. 

Because of the critical relationship bctwccn-insttumcut calibration. the accuracy of the analytical data aenerated, and 
specific method protocols that determine data quality, IBA maintains IU'ict controls on the cah"bration procedures for 
the various types of analytical equipment. Bach type of insuumerdatlon is calibrated prior to sample analysis 
according to method criteria. Specific criteria for the insuumcot calibrations must be met before samples may be 
processed. Corrective action must be 1aken to remedy any out of control situations. 

8.2 Collection 

Data in the cnvironmemal laboratory make take several forms. Some are mauua!ly generated. while others are 
automated computer outputs. Some examples of typical data are: 

Field measurements or observations made on-site during the sample collcclion effort as part of a monitoring program. 

Information provided on chain-of-custody fonns such as sampler, sampling date, sample location, sample 
identification, weather observations and custody transfer information. 

Record.keeping information such as instrument nm logs, srandards traceability, sample preparation logbooks and 
balance calibrations which represent information not normally required for inclusion in client repons. 

Analytical data produced by various instrumentation such as GC/MS units, ps cbromatograpbs, atomic absorption 
spectrophotometers, and automated analyzers. This includes various associated outputs such as chromatograms, strip 
chan recordings and computer tape readouts. 

Records of standard calibration curves as well as associated quality control data such as method blaoks, matrix . 
spikes, matrix spike duplicate, replicate and QC check samples. 

Consistent data collcclion is achieved through the existence and use of standard operating procedures at each facility. 
For example, cbain-of-cu.stocly fonns are JOUtinely checbd for complefeneu and if omissions occur, the sampler is 
contacted for the missing information. 

Laboratory data sbccts or logbooks have a sumdard format to ensure that all pertincm infomwion is recorded 
consistently. These items are regularly monitored to ensure compliaDcc with established requirements. 

Outputs from all insttumcuts are monitored for rcadabilit, and CODSlstcncy. If clarity is less 'Chan desired, comcdve 
actions are undertaken to rectify the output based on ins~ manufacturers' rccommeodations. 

1be following sec:dons will describe the general procedwea which are employed at lbe IBA-C'T laboratory. More 
specific detail can be found in the standard operadDg proccdurcs. 

Gas CbromatozraphY 

Data from the Gas Chromatograpbs is collected through interfaces and processed by a Hewlett Pacbrd 
-computer system (HP-1000) with RTE-A operating system and 3550A LAS software and or HP Cbemstation 
with Enviroquant software. Data is reviewed at the bench level by the analyst. If all required QC is met then 
the data is reviewed for chromatographic scaling and dilutions. If necessary reintegrations and re,:caling~ 
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are done using the LAS system or Enviroquant software. The binary result files are then converted to ASCII 
repon files for transfer to the Secdpak system for data report forms generation. 

QC/Mass Spectrometcy 

GC/MS data is collected utilizing Hewlett Packard 1000 RTE, RTA or DOS chcmstalion computer systems 
with Aquarius or Bnvironquant software. This software allows for thc comparison of sample non-wgct 
spectrum against reference library .spectra. The most recent NIST/EPA mass spccttal library supported by 
the system must be used. Dara is reviewed by the analyst. If the data meets QC rcquiremcnts, then binary 
data files are then converted to ASCU repon files for transfer to the Seedpak II compurer system via the 
network for data repon forms generation. 

Atomic Abso(Ption 

ICAP metals are analyzed by a Thermo-Jarrel Ash 61 or 61E. 1be data collected is transfered via a network 
system to the Seedpak system. Furnace data analyzed by the Perkin Elmer SlOOs are collcctecl on PCs and 
also transferred to the network to the Secdpak system for forms generation. Mercury data is analyzed on the 
TJA mercury ana1}'7.Cr and entered into Sccdpak. 

Classical Chgnistty 

Routine wet chemistry analyses have pre-printed logbooks, such u distillation logs and digestion logs. The 
less frequent analyses arc recorded in analysts' notebooks. Raw data is then entered into the LIMS 
computer for data calculation. This includes the calibration curve data which may have been previously 
entered. Semi-automated analyses performed on the Lachat produce calculated final results. These results 
are then entered into UMS. Any raw data produced is stored in a central file. Qualify control data is 
mam1ally calculated. Results data is reported off UMS in the required format. 

Review 

Data review can be defined as the process whereby data is accepted or rcjcctecl based on specific criteria in order to 

ensure that the data arc adequate for the intended purpose. In most cases, the criteria is defined by the particular. 
analytical method. 

Data review is performed prior to release of the data to the client. It is performed u soon as possible after data 
acquisition in order to provide sufficient dme for corrective action if required. 

In general, the procedure presented in Figure 8.3.1 is utilized by laboratory personocl throughout the network for 
data review purposes. 

There are numerous policies and standard procedures which have been implemented to ensure that data of known 
quality is continually generated by the IBA-CT laboratory. 

Each analytical SOP details the type and f:rcqucncy of quality control checks. This includes such items as analysis of 
client reference standards, matrix spikes, blanks, the use of intcmal standards and surrogate spikes, etc. AU 
calibrations arc checked before sample analysis can begin. If the analytical system does not pass the initial QC limits, 
then the system is determined to be • out of control•, and the cause of the problem must be determined and corrected 
before measurements can continue. Once the problem is corrected, QC measurements are repeated to verify the 
calibration. If the system is still out of control, the system is re-examined until the problem is corrected. General 
requirements are listed below: 

Oreanks 
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A. minimum of one method blank is analyzed per 20 samples (or batch) per matrix, per concentration level or 
extraction procedure. A method blank is required every 12 hours for volatile analysis. Blanks and samples 
arc analyzed on the same instrumentation. Pesticldes/PCB's also require instrument blanks. 
Holding blanks arc placed in volatile refrigerators on a weekly basis. For EPA CLP SOW volatile analysis. 
holding blanks are analyzed once per SDG. 
A matrix spike/matrix spike duplicate is analyzed at a fn:quency of one per 20 samples per matrix. per 
concentration level or per SDG. whichever is more frequent. 
Prior to sample processing, surrogates are added to all samples and method blanks. GC/MS analyses also 
require the use of internal standards. 
Multi-level initial calibration curves arc performed with continuing calibration standards analyzed every 12 
hours. Recalibration is required if criteria cannot be met. 
GC/MS system tuning is verified every 12 hours. 

Inorpnics 

Multi-level calibration is performed on required instrumentation and verified as required. 
Calibration and prep blanks are analyzed at required frequencies. 
A matrix spike and sample duplicate are analyzed every 20 samples/SDG per matrix type. 
A Laboratory Control Sample is analyzed every 20 samples or per batch. 
Multi-level calibrations are performed for all manual and semi-automated wet chemistry methods and 
verified as required (if applicable). 
Method blanks are analyzed at required frequencies. 

The precision and accuracy control limits employed by IEA are based primarily on limits contained in the published 
methods or required by the U.S. Environmental Protection Agency's Contract Laboratory Program (CLP). When 
warranted by IEA's historical data, more restrictive control limits are set than those cited by the method or the CLP. 

When the CLP protocol is not applicable to analysis of samples, the precision and accuracy requirements for each 
analytical method arc included in the individual laboratory Standard Operating Procedure (SOPs). Examples of data 
acceptance criteria is detailed in table 7.3.2. 

At a minimum. all data will be subject to analyst and supervisory review. Sensitive data requires higher level review 
and release. Final releases of data must be in writing. · 

-
:Each analytical group in the laboratory is responsible for gcoeraliDg the data for all analyses the group performs. In 
general the data must first meet all the specific QA/QC associated with the SOP that was used for the analysis prior to 
any release of the data. The analytical group leader (supervisor) is respoDS1'ble for the final verification of the data 
from the analysis. 

The laboratory employs a system of QA sign-off sheets called QC Batch Approval Forms and Quality Control 
Approval Reports (QCAR 's), where each analyst must sign off that their respective part of the analysis is complete 
and meets the QA/QC requirements of the governing SOP. Both the Volatile and semi-volatile RTE computer systems 
produce batch-specific QC summary reports to check various analytical parameters. Analysis QCAR's are filled with 
the analysis batches while the final deliverable QCAR's are signed and placed in each job folder along with any 
Corrective Action Forms (CAF} which details any problems which were encountered in the measurement of samples. 
Any deviations from SOPs are noted on CAF's and explained in the SDG narrative which is incorporated into the 
final report. The group leader has final sign-off responsibility on the QCAR and is responsible for assuring the 
overall quality of the data. 

The laboratory Quality Assurance Manager periodically examines data packages at random to ensure that all QCAR's 
are present and to ascertain that the data package meets the requirements as stated in the SOP. These findings are 
transmitted to laboratory management via progress reports. 
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Uolcss specified otherwise by the client, all analytical data and associated information is stored for a minimum period 
of three years. u,ca1 state data storage requimncms may vary from the corpcnte requirement and must be met by 
the laboratory if they ue more stringent. 

Stored information may coosist of bardcopy or electronic data stored on a magnetic media. 

All bardcopy information is stored at the laboratory dw 1encrated die data or off-site at a commercial document 
storage facility equipped with a professional security sy:stem. 

All electronic data is stored on-site at the laboratory that generated tbe data or off-site at a commercial document 
storage facility equipped with a professional security system and a comrolled environment suitable for storage of 
magnetic media. 

Access to archived information is controlled by the appropriate data management custodian or facility manager. 

At IBA-Connecticut, reports for the current year are filed by the data management department. The report files along 
with any data package arc then stored in numbered boxes. 1be number of the box is recorded into the cross reference 
logs and then stored in the locked storage area in the basement. All jobs must be signed out in a logbook if being 
removed from the data management area. 

8.5 Transcription 

Whenever possible, manual data uanscription is avoided through the use of electronic data transfer within the 
laboratories. In cases where manual transcription is employed, information is checked and verified by the supervisor 
or designee within the department. 

It may not be possible to totally eliminate transcription related errors, however, section 4.6.9, paragraphs A and D, 
list procedures which arc designed to minimi,:e their occurrence and impact on data quality. 

8.6 Data Reduction 

Data reduction includes all processes that change either the form of expression (i.e., tbe units of measure) or tbe 
quantity of data values (roundina). It often involves stadstical and madJemadcal analysis of data and usually results in 
a reduced subset of the original data set Dara reduction is performed either manually by die analyst or by comput.cr 
systems interfaced to the analylical instruments. Whenever such procedures are employed within the laboratory 
network. mathematiw procedures have been verifted for accuracy of computation. 

An example of this would be for "'CLP UJre• data packages, the data is ttansferred direcdy onto the Seedpak n system 
computer software from the Metals. GC and GC/MS systcmS via the network. The data is furtber processed and 
stored in the database. Other relevant data is transfered via the network at this point such as client m•s. etc. All 
calculations and final results ue performed by the Seedpak D .software. Many of these calcuwions ue also done at 
the instrumentation level as a secondary review. Dara in the databa11e is sorted by client delivery group for easy 
retrieval. CLP type forms arc generated after all data is eorcred and reviewed. The forms and raw data are compiled 
into a data package. Dara summary results are also generated at this point for level I reports, reducing the occurance 
of typographic errors. 

The data associated with each analysis is bardcopied for permanent storage eitber through the printing of computer 
files or through hand entry into bound laboratory notebooks. All notebook entries are dated and signed by the 
analyst. 
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Job packages which include 20 samples or samples received by the laboratory during a one week time frame will 
comprise an "SDG". All organic parameter results will be reported in ug/L for aqueous samples and ug/Kg dry 
weight for soiVsedimcnt samples. lnorpnic result units vary according to the methodology. 

It is laboratory policy that any and all problems related to client samples and the measurement of client samples be 
documented in the SDG narrative of the final laboratory report which goes to the client. Toe mechanism for 
documenting problems which shall be included in the SDG narradve is described in Secdon 10.0. It is the 
responsibility of the data management group_ to see that informadon on CAR's is included in the final SDG narrative. 

After final review by the department manager, the data is placed in Data Management for tractina on the project 
status sheet. If possible the data is placed into the job folder. When all. parameters are complete the project is now 
ready for assembly by the data management department. It is the responsibility of the data management group to 
make sure that all the data is present and deliverable requirements are complete. This may include chain of custody 
forms. special instructions. and case narratives. Toe data is then compiled and sent to the report production group for 
word processing. 
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9.0 DATA QUALITY ASSESSMENT 

Data quality is assessed based on five main characteristics: 

Precision 
Accuracy 
Completeness 
Representativeness 
Comparability 

Each of these characteristics have been previously defined in section 2.2 of this docw11ent. 

Laboratory Quality Assurance Objectives 

Precision: 
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The objective of the network laboratories concerning precision is to equal or exceed the precision 
demonstrated in the published analytical method on similar samples. Relative Percent Difference 
(RPO) is used as the measure of precision sample duplicates. The formula utilized to calculate RPO 
is as follows: 

Relative Percent Difference (RPO) 

RPO = <Sample Result - Duplicate Result) x 100 
Mean of Sample and Duplicate Results 

Note: RPO is expressed as the absolute value obtained from the above formula. 

Accuracy: 

The objective of the network laboratories concerning accuracy is to equal or exceed the accuracy 
demonstrated in the published analytical method on similar samples. Accuracy is determined on 
matrix spikes and/or blank spikes and is calculated as follows: 

Percent Recovery== <Observed-Sample) Concentration x 100 
Spiked Concentration 

Completeness: 

JEA's objective for completeness is to be able to provide analytical data for 100 % of samples 
received intact and have sufficient sample volume for conducting re-analysis if initial analysis does 
not meet QC acceptance criteria. 

Rc;presentatiyeness: 

Representativeness of the analytical data is primarily a function of the sampling procedures and 
techniques employed in the field. As such, the sampling plan must be designed to provide 
representative samples to the laboratory. Once received at the laboratory. samples are homogenized 
in an effort to yield representative data on the sample submitted for analysis. 
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IEA's objective for comparability is that all data be fully comparable with data from other network 
laboratories. This is accomplished through use of the following practices: 

• Demonstrate traceability of standards to NIST or EPA sources 
• Use of standard and approved methodologies 
• Standardiz.ed wlits of measure 
• Standardized QC acceptance criteria 
• Participation in interlaboratory studies to demonstrate laboratory :t)Cfl:onnance 

9.1 Content or Analytical Repom 

Laboratory customers have a wide variety of analytical needs. In order to meet these varied requir~mcnts. the 
laboratory offer several levels of data reporting options ranging from very simple format to an extreme level of 
documentation. Table 9.1.l presents the contents of various levels of reports offered by the laboratory. Custom 
reporting beyond those listed is usually available but may require additional cosL The information provided in Table 
9 .1.1 is a summary only. In some cases, individual methods may not include the indicated items. For example, in 
metals graphite furnace analysis an ICP interference check would not be included since it is inappropriate for that 
method. 
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Table 9 .1.1 Report Content Options 

Data Renorlirur ODtions ... _. -- • ... 'I -· ·-•" 

Case narrative Yes Yes 

~mnle Results Tabular Tabular 

Method Blank Yes Yes 

External Chain of Custodv Yes Yes 

Internal Chain of Cuslodv Yes Yes 
DuDlicate - Yes 
Mattix Soike - Yes 
Initial Calibration Verification aCVl - -
Continuin2 Calibration Verifk:ation (CCV} - -
Laboratorv Control Ssmnle lLCS\ - -
EPA Forms 1-14 - -
Uafnl~ '-·-·. '···-· ') 
Case Narrative Yes Yes 

Samole Results Tabular Tabular 
Method Blank Yes Yes 
External Chain of Custodv Yes Yes 
Internal Chain of Custoclv Yes Yes 
Duplicate - Yes 
Matrix Spike - Yes 

Initial Calibration Verification acVI - -
Continuin2 Calibration Verification CCCVI - -
Laboratorv Control Samole t'LCS\ - -
ICP lnterfetenee Check - -
ICP Linear Ran•e - -
ICP Post Soike - -
EPAFonnsl-14 - -
- • -• 1 ......... 
Case Narrative Yes Yes 
Samole Results Tabular TAbular 
Method Blank Yes Yes 
External Chain of Custody Yes Yes 
Internal Chain ofCusmdv Yes Yes 
MattixSnike - Yes 
Mattix Soike Duplicate - Yes 
Laboratorv Control S.mnle R1"'-~ - -
Surrogate Recovery Infonnation - Yes 
Tuning Data (GC/MS onM - -
Initial Calibration Jnfonnation - -
Continuine: Calibration Jnfonnation - -
Run Se<1uence Loe:s - -
Samole Prcoaration LoH - -
Chromatoe:rams and Mass SN'r..tr,, - -
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The Corrective action report form (CAR). presented in Section 7 of rhe Appendix. provides a routine written commu
nication vehicle to describe most types of problems which may occur throughout the laboratory or as a result of a 
client inquiry. Problems described in SDG narratives should be supported by a CAR. 

Corrective actions can be initiated at several operational levels; however they must always involve the QA Manager. 
Corrective actions are reviewed, documented and distributed to the appropriate personnel through the QA department. 
Responses are returned to QA for review and redistributed in a specified time frame. 

Examples of three types of corrective actions which may be initiated are as follows: 

sanmte problems 

Individual samples or matrix problems may cause documented corrective actions such as re-extraction, 
reanalysis, cleanups or dilutions. 

oc problems 

Corrective action may occur on entire batches of samples when QC criteria cannot be achieved. 

Systematic problmns 

Specific project issues and procedural issues may require corrective actions. These are handled by 
laboratory management and the QA department. 

The QA Manager will monitor and log the progress of CAR 's and will rcpon in rhe QA Progress Report the status of 
major corrective actions taken in die past month. It is the QA Manager's responsibility to see dlat laboratory 
problems are documented and solved in a timely manner. 1bis system is outlined in the SOP for Corrective Action 
Reports -QASOOSOl.CT. 
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A system audit is an inspection and review of the entire data generation and support system of a laboratory. Activities 
related to the established requirements in the quality assurance program are reviewed for compliance. A typical system 
audit includes an evaluation of the following: 

• Assessment of degree of compliance with the quality 8SSW1Ulce program 
• Continuing compliance with corrective actions identified in a previous audit of the facility 
• Calibration procedures and documentation 
• Sample handling procedw-es including chain-of-custody 
• Experience of laboratory personnel 
• Existence and routine use of standard operating procedures 
• Analytical data review and validation procedures 
• Data storage and recordkeeping 

A system audit is performed by the on-site quality assurance manager at each facility annually. 

As previously indicated, all system audits are conducted utilizing a comprehensive standardized checklist (1EA Doc.# 
QAS00300.NET). Copies of the system audits conducted by the QA managers are submitted to the appropriate 
laboratory director/manager and president for review. 

The auditor will identify any deficiencies in the audit report which is to be generated within a week of the actual audit 
The laboratory director/manager is required to respond, in writing, no later than 30 days from issuance of the audit 
report The response must address each of the items contained in the audit If corrective action cannot be taken 
immediately, the anticipated date of compliance must be presented. If the auditor identifies issues which are significant 
(in their opinion). a follow-up audit can be conducted prior to the regularly scheduled audit 

A summary of the audit report findings is included in the quality assurance status report provided to management by the 
corporate quality assurance director. 

10.3 Performance Audits 

A performance audit is a quantitative check on the accuracy and/or precision of analytical data. 

IBA network laboratories participate in a number of contracts and certification programs (see Table 5.4.1). Many of 
the certification programs employ rigorous performance evaluations which take the form of proficiency samples 
submitted to the laboratories on a regular basis. The following represents typical examples of routine proficiency 
programs. 

All network laboratories arc active participants in BPA Water Pollution (WP) and Water Supply (WS) proficiency 
programs which issue performance check samples on a semi-annual frequency. 

IBA-CT participates in a number of contracts and certificadon programs. Many of these programs employ 
performance evaluations which take the form of proficiency samples submitted to the laboratory on a regular basis. 

Bi-annually, the laboratory participates in the USEPA Water Supply (WS) and Water Pollution (WP) proficiency 
programs. lBA-CT also participates in the NYSDOH proficiency testing program for Potable Water. Hazardous 
Waste and CLP. The lab currendy analyzes quarterly organic PE samples from EPA for the CLP program. 

A copy of all analytical results associated with any proficiency samples is submitted to the operations director and 
president by each laboratory. The corporate office reviews this infonnation and will utilize it in performing the 
regularly scheduled system audits at each lab. If results indicate a significant problem may exist, the network QA 
director will investigate accordingly. 
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In addition to participating in the above perfonnance evaluation progranui, the corporate office conducts additional 
performance evaluation studies. 

Periodically. performance evaluation samples are submitted lo each laboratory for parameters which are not 
addressed in other performance evaluation proarams (ie. TCLP testing). In this type of testing the laboratory is 
aware the samples are performance check samples but the "true" concentrations are unknown. 1he results are 
submitted to corporate QA for evaluation and a rcpon is issued on the findings. Corrective actions arc taken if 
required. as a result of these test findings. 

10.4 Independent Audits 

IBA network laboratories arc routinely audited by state and federal agencies for compliance with government 
regulations. In addition, several industrial clients conduct syslCIDS and performance audits of the facilities prior to 
project plan approval. 

10.S Subcontracted Services 

IBA network laboratories occasionally choose to send selected analyses to a subcontract laboratory outside of the IBA 
organization. The most common reason for utilization of a subcontract facility is that the procedure is not routinely 
performed by an IEA network laboratory and the subcontractor bas greater experience in day-to-day execution of the 
method. In such cases, although an IEA lab could in all likelihood conduct the analysis, it is more cost effective for 
both IEA and the client to utilize a subcontract lab as necessary. All subcontract laboratories utilized by IEA on a 
continuing basis require approval of the QA department prior to use. 

IEA • s clients are notified whenever another IBA laboratory or a subcontract laboratory is to be utilized for any 
portion of the analytical requirements. Although all analytical data appears in the IEA repon. all data produced by 
another IEA laboratory or a subcontract laboratory is identified. In specific cases, states (ic. New Jersey) may have 
specialized requirements concerning the reporting of subcontracted analyses. In such cases, the laboratory will 
comply with the stated requirements. Subcontractors are not utilli:cci when specifically restricted in a client's quality 
assurance project plan. 
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The following professional profiles are presented alphabetically and represent the key quality assurance and 
laboratory management personnel for the network organization. Additional professional profiles are available for 
review during a site visit to any of our laboratory facilities. 
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PROFESSIONAL PROFILE 
Michael V. Bonomo 

TITLE: Director - Northern Region - IEA/ American Environmental Network 

ACADEMIC ACCOMPLISHMENTS; 

Fordham University - Bronx. New York 
B.S. Biology 

Pace University - White Plains, New York 
M.B.A Marketing 

MAIQR AREA OF EXPERTISE; 

Environmental Regulations 
(RCRA, CERCLA, CW A. SOWA, ECRA) 

Sampling and Analysis Plan Design 

Data Management 

SUMMARY OF EXPERIENCE; 

Mr. Bonomo has over 19 years experience in environmental monitoring proarams. He bas functioned in 
numerous roles 'including director. co-director, sales manager, project manaaer, field and laboratory 
scientist, consultant, and seminar instructor. He has assisted many Fortune SOO companies and 
consultant/engineers in the design and implementation of sampline and analysis project plans. He has been 
involved in a wide spectrum of environmental proarams for ,roundwater • soil, and sludge testing as well 
as monitoring various aquatic biota. Mr. Bonomo is also experienced in data management requirements 
for large analytical projects. He was instrumental in developing and implementing a data collection through 
data reporting system that was successfully utilb:ed on many projects. He has also served as a seminar 
instructor for groundwater monitoring sampling and data tracking for a major waste management company. 

PROFESSIONAL EXPERIENCE; 

1991 to Present 

Position 

Responsibility 

IEA, Inc. 
Monroe, CT 

Vico-President, Director of Operations 

Responsible for overall operations and profitability. 

1991 to 1992 

Position 

Responsibilities 

IEA, Inc. 
Monroe, CT 

Co-Director 

Co-responsibility for the profitability and management. Duties included business development, marketing. 
financial and budget management, sales management. strategic planning and monitoring operations. 
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1990 to 1991 

Position 

Responsibilities 

IEA, Inc. 
Monroe, CT 

Sales and Marlceting Manager 

Responsible for the sales staff, corporate strategic planning, sales management and marketing in the New 
Jersey, Connecticut, Massachusetts and Vermont laboratories. · 

1989 to 1990 

Position 

Responsibilities 

York Wastewater Consultants (YWC) 
Monroe, Connecticut 

Executive Director 

Assisted in the growth of an unknown Connecticut based company to one that covered all of the Eastern 
United States. Participated in a 6-month strategic planning process that provided insight into the tools 
needed to run a successful company. In spite of severe banking problems, a 2-year Federal EPA 
investigation, and a downturn in the market, saw YWC through successful acquisition by Aquarion. 

1987 to 1989 York Wastewater Consultants (YWC) 
Monroe, Connecticut 

Position Sales and Marlceting Manager 

Responsibilities 

Managed three York Laboratories division of YWC, Inc. ~ible for the Northeast, Mid-Atlantic and 
Midwest United States. Built sales and marketing program where non had existed before. Helped to 
assimilate five disjointed businesses into a sinsle working division with resource sharing, cross training, 
budget management, and team building. 

1982 -1987 ETC 

Position National Account Executive 

Responsibilities 

Developed and managed new business for analytical and data management services. Responsible for 
marketing to many Fortune 500 chemical, petrochemical, waste, and electronics firms. Efforts included 
major projects throughout the United States. Worked with clients in regulatory compliance, project design, 
and data use and interpretation. Developed a client base that was involved in RCRA groundwater 
monitoring, CERCLA site Remedial Investigation Feasibility Studies, New Jersey ECRA investigations, 
and Clean Water Act compliance. Involved in one of the first petroleum refinery land treatment 
demonstrations in the United States. Served as the Chairman of the ETC Technical Product Development 
Committee. 
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IEA 
An Aquarlon Company 

TITLE: 

PROFESSIONAL PROFil.,E 
Jeffrey C. Curran 

Laboratory Manager 

ACADEMIC ACCOMPLISHMENTS; 

Southern Connecticut State University - New Haven, Connecticut 
B.A. Oicmistry, 197S 
M.S. Oiemisuy, 1973 

MAJOR AREA OF EXPERTISE; 

Quality ControUQuality Assurance 
Hazaidous Wast6 Analyses 
Classical and Wet <licmistry Analyses 
PCB Analysis 
CapillaiyiGC/MS Analysis 
Industrial Hygiene 

Certified Laboratory Director for the States of Connecticut, New York, New Jersey and 
Massachusetts. 

SUMMARY OF EXPERIBNCE; 

Mr. Curran has extc:mive experience in analytical chemistry specializing in environmental analysis. He has 
worked in all areas of the laboratory and has hands-on expertise in general wet chemistry techniques. atomic 
spectroscopy, gas chromatography. infrared spectroscopy and gas chromatography/mass spectrometry. 

PROFESSIONAL EXPERIENCE: 

Position 

IEA, 'Inc. • Connecticut 

Laboratory. Manager-

Responsibilities 

For the past 15 years Mr. Curran has directed and participated in a variety of projects. Some 
highlights are listed below: 

Hazardous Waste Site. East Windsor, CT 

At a major Connecticut Hazardous Wast6 site Mr. Curran participated in the sampling analysis of buried drums 
of hazardous waste during a state-supervised cleanup project. 
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Jeffrey C. Curran 

Ethylene Oxide Emissions Testing. Sherburn. New York 

At a major EtO user in Upstate New York, Mr. Curran directed an on-site testing program for measuring EtO 
emissions using gas chromatography. Mr. Curran also worked on a testing program in conjunction with the 
NYSDEC for testing pollutant control equipment for EtO sterilizers. 

Canadian Tariff Board Hearings 

Mr. Curran provided expert witness testimony at a Canadian Tariff Board Hearing conceming chemical 
composition of foam paclcaging material. · 

Worker Exposure Study. Lynchburg. Virginia 

Mr. Curran directed in on-site industrial hygiene study to monitor employee exposure to various solvents and 
chemicals. Mr. Curran was also part of the team which analyzed the various samples collected using gas 
chromatography, atomic spectroscopy, and UV-VIS spectroscopy in accordance with NIOSH protocols. 

Food Processing Plant, Rochester. New York 

Mr. Curran conducted an investigation to determine the cause of stainless steel tubing failures for a national 
food process company. The results of this study were used in determining alternatives to the current materials 
used in the process.. · 

Hazardous Breakdown Product Study 

Mr. Curran designed a system to identify and measure potentially hazardous breakdown products resulting from 
the pyrolysis of plastic materials for an international aircraft manufacturer. Results of this study were used. to 
identify what materials were responsible for and how to alleviate. the problem. 

PROFESSIONAL AFFILIATIONS; 

Member of the American Chemical Society 
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1980-1982 

Position 

Responsibilities 

Lawler, Matusky and Skelly Engineers 

Assistant Project Manager 

Project Manager for environmental monitoring programs related to the electric utility industry. Responsible 
for proposal writing, program design, management of staff scientists and technicians for projects, budget 
control, report writing and technical presentations. Theso projects included water chemistry, fish 
population studies, lower trophic level monitoring, and mitigation of the impact of power plants on the 
river environ.meat. Designed and implemented groundwater sampling programs with customized equipment 
for a major site in New York State. 

1978-1980 

Position 

Responsibilities 

Lawler, Matusky and Skelly Engineers 

Project Scientist 

Crew Chief for field survey including sampling of biota, water, soil and sludge. Responsible for 
maintaining field control of samples, including documentation, custody, and proper sampling techniques. 
Performed laboratory analysis including wet chemistry procedures, fish taxonomy and other biological 
studies. Responsible for writing Standard Operating Procedures for laboratory operations. 

R«. 10/llS 
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TITLE: 

PROFESSIONAL PROFlLE 
Marsha Cutik 

QA Manager 

ACADEMIC ACCOMPLISHMENTS; 

S.U.N.Y. at Alfred - Alfred, New York 
A.A.S. Medical, 1976 
Laboratory .Technology 

MAJOR AREA OF EXPERTISE; 

Extensive development and •hands on• experience with Gas Chromatography. Atomic Absorption 
Spectrophotometry, Auto Analyzer, and some computer data stations. 

SUMMARY OF EXPERIENCE: 

Ms. Culik bas over 12 years experience in the environmental laboratory field. Experience ranges from analysis 
of drinking water with a Grade 3 Water Treatment Plant Operator to gas chromatography chemist with 
environmental samples. Ms. Culik bas experience as supervisor of the Gas Chromatography department. 

PROFESSIONAL EXPERIENCE: 

J/91 to Present 

Position 

IEA, Inc. - Connecticut 

QA Manager 

Responsibilities 

Quality Assurance Manager, responsible for monitoring the continuing compliance with the Corporate QA 
Program and to be a IU450n between Corporate QA and laboratory staff. 

Additional responsibilities include maintaining certification programs, coordination of extcmal and internal · 
audits, coordinate all inquiries relative to quality issues and follow-up on corrective ~ons as necessary, 
maintain files of all QA related documentation include review and approval of all SOP's. 

1986 to 1991 

Position GC Group Leader 
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IEA 
An Aquarion Company 

Marsha Culik 

Responsibilities 

Supervisor of GC Group, iespoasible. for analysis of environmental samples for pesticides/PCB's according lo 
EPA/NYSDEC CLP Protocols, SW846 Methods and EPA •60()• Series Methods. Additional responsibilities 
include analysis of samples via purge & trap/GC according to various protocols. 

Other duties include analysis of air samples. charcoal absorbent tubes and other miscellaneous samples for any 
parameters requiring gas chromatography analysis. She is also responsible for supecvisioa of the group 
including sample tcacldng, data review. etc. 

1984 to 1986 

Position Chemist 
i 

Responsibilities 

Experience in sample prep and GC analyses of Pesticides/PCB's in water, oil and soil samples. 

1981 to 1984 

Position Laboratory Analyst - American Waterworks Service Company 

Responsibilities 

Experience performing complete laboratory analysis or n.w, potable, and waste water including all 
miscellaneous include Volatile Organics, Trihalomethanes and Aromatics using Purge and Trap techniques; 
Pesticides and Hecbicides by GLC; Transition and Heavy Metals by Flame and Graphite Fumacc Atomic 
Absorption; and Nutrients by Automated and other various wet chemistcy procedures. Assisted Lab Direct.or 
in the development of many methods used in these analyses. Responsible for collection and interpretation of 
all quality control data. 

1978 to 1981 

Position Lab Technician - Suffolk County Water Authority 

Responsibilities 

Laboratocy experience in the analysis of potable water for a large water utility. Cooperative studies done in 
conjunction with state and local health agencies conccining water and wastewater quality. Also monitoring the 
chemical quality of water and seawater programs for the U.S.G.S. Primary responsibilities were for the 
analysis of Halogenated and Aromatic organic compounds by Purge and Trap Gas Chromatography. Other 
areas of experience include -the analyses of nutrients by Tecbnicon Auto Anal,YZCC, metals by Flame and 
Graphite Furnace Atomic Absorption, and microbiological testing using Millipo~ System. 
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An Aquarion Company 

Marsha Culik 

1976-1978 

Position Lab Technician - Hooker Chemicals & Plastics 

Responsibilities 

Responsible for the analysis of vinyl chloride monomer in PVC Compounds, Resins and Food Pacbgeability 
studies utilizing Gas Chromatography. Responsible for monito1ing the air quality of the plant environment. 

SPECIALIZED TRAINING; 

1984 Certified Grade 3 W~ Treatment Plant Operator 

1977 ASCP Registered MLT 

Environmental Laboratory Management 
Two day seminar on Environmental Laboratory Management 

John H. Taylor. Analytical Technology. 

Performance Management Workshop 
One day seminar 

Cynthia Barnet, Human Resouroes Consultant 

Interview Skills Workshop 
One day seminar 

Cynthia Barnet, Human Resources Consultant 

Leadership Development Worksbop 
Four day workshop 

William Frack:ler, lngoldsby, Inc. 

Mass Spectral Data Interpretation 
One day seminar 

Dr. Frank Rutccck, Cornell Univecsity 

Introduction to Aaalytical Separations 
Four day seminar 

Dr. Dhea Habboush. Sacn:d Heart Univeisity 

ASQC Course 
Auditing of Quality Systems 

ASQC Course 
Introduction to SPC 
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TITLE: 

ACADEMIC ACCOMPLISHMENTS: 

PROFESSIONAL PROFILE 
Lawrence H. Decker 

GC/MS Manager 

Franklin Pieroe College - Rindge, New Hampshire 
B.A. Biology 1982 

MAJOR AREA OF EXPERTISE: 

Final Data Review 
Coordination of sample analysis for the GC/MS group 
Organics analysis by GC/MS 

SUMMARY OF EXPERIENCE: 

Lawrence Decker has eight years of GC/MS experience. He has been responsible for operations of the GC/MS 
group for five years. Presently functioning as the Volatile Group Leader. 

PROFESSIONAL EXPERffiNCE; 

~/92 to Present 

Position 

IEA, Inc. - Connecticut 

GC/MS Manager 

Responsibilities 

Responsible for the volatile group operations. Duties include: Scheduling workforce. ordering supplies, final 
data package revie\\l, employee ,:eviows, overseeing sample analysis and sample prioritizing, adhering to 
forecasted budget. dealing with client requests. training employees, . updating sample/job status with client 
service and laboratory directors. Tracking workflow through group. 

10/91 to S192 

Position GC/MS Section Leader 

Responsibilities 

Responsibilities included: Sample analysis for both semi-volatile and volatile samples; tracking and scheduling 
sample analysis, troubleshooting instnimentation, fmal data package preparation and review. Unknown 
compound determination {fl C's) •. Assisting Group Leader with selected tasks. Responsible for tracking and 
prioritizing sample analysis, reviewing both initial sample batches and final reports, troubleshooting insttuments 
and monitoring of GC/MS operations. 
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Lawrence H. Decker 

4/86 to 9/90 

Position GC/MS Operator 

Responsibilities 

Running samples, calibrating in.stmments, tracking samples, screening, total solids standard preparation, 
paperwork. Familiarity with EPAINYSDEC CLP, SW846 and EPA •6-• Series VOA and BNA methods and 
routine analysis of aqueous and soil samples for VOA and BOA target and non-target (TIC) compounds. 
Experience in the data review process which involves monitoring surrogate recoveries, intema1 standard areas, 
target compounds concentration ranges and matrix spike/mat~ spike duplicate performance parameters. 

SPECIALIZED TRAINING; 
i 

Mass Spectroscopy Data Interpretation 
·one day Seminar 

Dr. Frank Turecek (Cornell University) 

Course description included close examination of mass spectra pertaining to identification of molecular ion, 
stability. structure relationship, characteristic ion group effects, fragmentation and identifiable isotope clusters. 
Further concepts discussed ~nclude the nitrogen rule, the picket fence (alkane) series, and common fragment ions. 

RTE-VI Procedures File Workshop 
Four day seminar 

GC/MS HP Aquarius Software Training. 
Mark Harwick (HP Instructor) 

Course description included detailed examination of GC/MS Hardware, theory and function of ma:ss 
spectroscopy, data acquisition and interpretation. Course emphasir.ed software manipulation to enhance the overall 
quality and quantity of accurate and legible data. -

Hewlett-Packard User I Course 
Five day seminar 

Hewlett-Packard, Paramus, New Jersey 

Course description included a general overview of the HP computer system. mass spectrometer theory, 
instrument tuning and utility programs. 

Introduction to Analytical Separations 

Introduction to Chemical Analysis 

Terms associated with chemical analysis; a review of the important considerations in analytical chemistry; 
sensitivity and detection limit; evaluation of results. 
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Lawrence H. Decker 

Analytical Separation 

Solvent extraction; emulsions, completeness of extraction; extraction of organic compounds; pH effect; 
extraction with metal cbclator. 

Chromatography (General Principles) 

Oiromatographic behavior of solutes; column efficiency and resolution. 

Gu Chromatography 

Gas chromatograph; gas chromatographic columns; liquid phases and column selection; detectors for gas 
chromatography; optimizati6n of experimental conditions; interfacing gas chromatography with mass spectrometry. 
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TITLE; 

PROFESSIONAL PROFILE 
John Bennett, Jr. 

GCIMS Semi-Volatiles Supervisor 

ACADEMIC ACCOMPLISHMENTS; 

Southern Connecticut State University • New Haven, CT 
B.S. Biology 1978 (Chemistry Minor) 

MAJOR AREA OF EXPERTISE; 

Classical Chemistry 
Atomic Spectroscopy 
Organic Extractions 
Gas Chromatography 
Microbiolbgy 

SUMMARY OF EXPERIENCE: 

An extensive background in all phases of laboratory operations. Was responsible for designing, specifying, 
and hiring staff for a state of the art environmental laboratory. Had day to day responsibility foe all phases of 
operation of the lab. ~esponsible for writing and conducting performance reviews for staff. Implemented 
stringent QA/QC program in the lab following USEPA CLP protocols. Had direct responsibility for inorganics 
section of the laboratory. Functioned as a resource petSOl1 and problem solver for staff. 

Wide ranging experience in the an.r.lysis of environmental and hazardous waste samples using BP A, APHA, 
and ASTM methodologies. Experienced in the analysis of contaminants from stationary sources. Has 
performed industrial hygiene surveys fore a variety of contaminants, and is familiar with the NIOSH procedures 
for their analysis. Instrumental expertise is ICP spectroscopy, as well as flame and furnace atomic absorption 
spectroscopy. In addition, has extensive experience with all basic laboratory apparatus and gas chromatography. 

A broad backgroun<l in microbiology including the identification and enumeration of microorganisms from a 
wide variety of sources. Familiar with USP and APHA procedures of analysis. . Performed studies on the 
effects of point source .contamination of water supplies and has performed clwacterization of problem 
microorganisms in sewage treatment plants. Developed a novel procedure for determining the microbial kill 
effectiveness of ethylene oxide sterilization cycles .. 

PROFESSIONAL EXPERIENCE; 

1988 to Present 

IEA, Inc. • Connecticut 

Position GC/MS Semi-volatiles Supervisor 
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John Bennett, Jr. 

Responsibilities 

Responsible for daily operations of organics ex.tractions group. Interacted with other departmeo.ts in the 
laboratory concerning the status of dient samples. Responsible for tho supervision of six staff members. 
Responsible for the quality of worlc: produced by group as well as meeting turnaround goals. 

1987 to 1989 

Position Laboratory Director - Chomrox, Inc. 

Responsibilities 

State of Connecticut C.erti.fied Laboratory Director for Ciemrox Laboratory Services. Had overall responsibility 
for the operation of the laboratory, as well as the dovclopment of the business. Supervised 10 staff members. 
Interacted with other departments in the company, as well as outside clients on technical aspects of laboratory 
analyses. Participated in seminars to educate various groups about environmental issues. 

1985 to 1987 

Position Senior Chemist 

Responsibilities 

Responsible for ethylene oxide associated analyses. Performed pilot scale testing on a variety of medical 
devices to determine optimal de-gassing conditions. Aided in the design and construction of a pilot ethylene 
oxide. Was a member of the AAMI committee that developed reference test methods for ethylene oxide 
residues in medical services. · · · 

1980 to 1985 

Position Senior Microbiologist/Associate Chemist - YWC, Inc. 

Responsibilities 

Responsible for performing non-routine microbiological analyses as well as providing technical guidance to 
technicians performing routine worlc:. Instituted strict quality control procedures on all reagents, media and 
organisms. .Was responsible for routine and non-routine chemical analyses on environmental samples. Was 
heavily involved in atomic spectroscopy analysis. Also performed evaluations on consumec products ranging 
from air cleaners to home water purification units. 

1978 to 1980 

Position Senior Chemist • Nutmeg Chemical Company 
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, John Bennett, Jr. 
) 

Resoonsibili ties 

Promoted to Assistant Director of Laboratory. Supervised staff in absence of Director. Served as liaison 
between director and staff. Perfonned non-routine water and oil analysis. quality cootrol companies products 
as well as routine water, oil and deposit analysis. Also perfonncd microbiological analysis of water samples. 

1978 to 1979 

Position Laboratory Technician 

Responsibilities 

Responsibilities included routine water and oil analyses and quality control of products •. 

SPECIALIZED TRAINING: 

Doc#-HRR13100.CT 

Basic Atomic Spectroscopy 
Perkin Elmer 

Norwalk, Connecticut 1979 

ICP Spectroscopy 
Spectra Inc. 

Pompton Lakes, New Jersey 1988 

Graphite Furnace Atomic Absorption Spectroscopy 
Spectra Inc. 

Pompton Lanes, New Jersey 1988 

Interpretation of Low Resolution Mass Spectra 
. YWC 

Whippany, New Jersey 1989 
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PROFESSIONAL PROFILE 
DanieJ W. Helfrich 

TITLE; 

ACADEMIC ACCOMPLISHMENTS; 

Quinnipiac College 
Sacred Heart University 
M.S. Oiemistry 
M.B.A. 
B.A. Biology 
B.S. Biology, 198S 

MAJOR AREA OF EXPERTISE 

Inorganics Manager 

Four years running ICP on environmental samples. 
Two years running Furnace analysis. 
Four years sample prep in environmental area. 
Three years CLP Data Review. 
OSHA trained and certified. 
Familiar With EPA & NYSDEC protocols and SW846 Methods relating to inorganic metals 
analysis. • 

SUMMARY OF EXPERIENCE: 

Mr. Helfrich has over 4 years experience in environmental analysis. He has functioned in numerous analytical 
roles including: Sample prep, Furnace analysis, ICP analysis and hazardous waste coordinator. Experienced in data 
review, and familiar with EPA and NYSDEC protocols. OSHA trained and experienced. 

PROFESSIONAL EXPERIENCE; 

1992 to Present 

Position 

JEA, Inc. • Connecticut 

Group Leader 

Resm;,nsibil ities 

Manage daily flow of wort, set priorities. 
Monitor productivity of group. 
CLP data review ensuring QA/QC. protocols are followed. 
Manage the collection and removal of all hazardous waste generated by IEA-CT. 
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II !S.1L (C Daniel W. Helfrich 

1212 to 1292 

Position Senior Chemist - IEA,lnc. CT 

JtesponsibiUtjes 

ICP & Furnace Operator, manago flow of WOik, CLP data review ensuring QA/QC protocols are followed. 

J987 to 1989 

Position Lab Manager - PGP Industries 

Responsibilities 

ICP Operator and Health & Safety Manager 

1984 to 1987 

Position Senior. Chemist - Handy & Hannon 

Responsibilities 

ICP Operator 

SPECIALIZED TRAINING; 

OSHA Seminar - 40 hour training + 28 hour update 

Clean Harbours - Huan:lous Wasto Seminar 
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TITLE; 

PROFESSIONAL PROFll.E 
Kimberly A. Maturo 

GC/Semi-VOA Group Leader 

ACADEMIC ACCOMPLISHMENTS; 

Southern Connecticut State_ University - New Haven, Connecticut 
B.S. Biology. 1985 

SUMMARY OF EXPERffiNCE; 

Ms. Maturo has over 7 years experience in the environmental field. She started in the oiganic ex.tractions 
department as a lab technician and worked ber way up to supervisor. Prom thetc, she transferred to the Gas 
Chromatography Department in order to expand her knowledge by learning more about the analysis of 
environmental samples. She is now Group Leader of the GC Department and is experienced in Pesticide and 
PCB residue analysis. , 

PROFESSIONAL EXPERIENCE; 

3/91 to Present 

Position 

IEA. Inc. : Connecticut 

GC Group Leader 

Responsibilities 

Supervisor of GC Group, responsible for analysis of environmental samples for pesticides/PCB's according to 
EPA/NYSDEC CLP Protocols, SW846 Methods and EPA •600• Series Methods. Additional R$p00Sibilities 
include analysis of samples via purge & trap/GC according to various protocols. 

Other duties include analysis of air samples. chatcoal absorbent tubes and other miscellaneous samples for any 
parameters requiring gas chromatography analysis. She is also respoosaole fur supervision of the group 
including sample tracking, data review, etc. 

1 o,ss to 3/9 t 

Position GC- Senior Lab Technician 

Responsibilities 

Ms. Maturo's primary duties are the operation of the ,as chromatographs for a variety of analyses. She has 
experience in pesticide/PCB determinations as well as other miscellaneous analytes such as alcohols. herbicides 
and solvents in general. 
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Kimberly A. Maturo 

Ms. Maturo's other duties include computer data entry. sample tracking and monitoring QC samples for the 
group. 

10/85 to 10/87 

Position Extractions Group 

Responsibilities 

Over this time period Ms. Maturo was a member of the extractions group· and supervised the operations and 
staff for the last year.i Her duties were primarily ~traction of environmental samples for semi""V'Olatile 
organics, pesticides/PCB's and herbicides. She also was responsible for screening of organic extracts via gas 
chromatography. 
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TITLE; 

PROFESSIONAL PROFll..E 
John Mercure 

Systems Manager 

ACADEMIC ACCOMPLISHMENTS; 

Western Coanccticut State University 
Danbury, er 
Morse School of Business 
Hartford, er 

MAJOR AREA OF EXPERTISE: 

Computer packages, Assembler Programming, 
Database Management, BASIC Programming, 
Debugging, OS/1CL. QUEST Troubleshooting, 
Maintaining and upgrading PC's, •c• Programming, 
UNIX, etc. 

SUMMARY OF EXPERIENCE 

Mr. Mercure has written a Laboratory Invoicing System on the Concurrent 3210 using Fortran and Perkin 
Elmer Fortran 7 User Interface. A Mercury Program which generates Mercury Analysis Results from Peak 
Height numbers. Written on Concurrent 3210 using Fortran and Perld.n Elmer. 

PROFESSIONAL EXPERIENCE; 

t 0/87 to present 

mA, Inc. - Connecticut 

Position Systems Analyst ll 

Responsibilities 

Mr. Mercuro is now Senior Progiammcr Analyst (from 10/87 to 9/93 was Programmer/ Analyst) bis experience 
his a.perience includes Application Program Devclopmcat and Mainteunce. Usec support oa. minicomputer 
and microcomputer platforms. Hardware: Concurrent 3210, mM PC and Compau"bles. Operating Systems: 
OS/32 Concummt 3210, DOS 3.3x - PC's. Concurrent Software: DMA/32, UMS Database, Pedda. B1mec 
Fortran 7 User Interface. PC Software: DMA/32, UMS Database, Peddn Blmcr, Fortran 7 User lntedacc. 
PC Software: WordPerfect S.x, Lotus 2.x, Quattro Pro 4.0. Home Computer: Compaq Desk:Pro 286e, 
Compaz DOS S.00, WordStar 1:0. Quattro Pro 2.0, PC Tools, Paradox 4.0, Turbo Pascal 6.0, Turbo C/CH 
3.0. . 
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TITLE; 

PROFESSIONAL PROFILE 
Stephanie N. Plunkett 

Client Senices Manager 

ACADEMIC ACCOMPLISHMENTS: 

BA - Biology. 1986 
Hartwich College. Oneonta: NY 
Four year reeipient - Hartwick College Merit Scholarship 

PROFESSIONAL EXPERIENCE; 

J/93 to Present 

Position 

IEA, Inc. - Connecticut 

Client SerJices Manager 

Responsibilities 

Responsible for client service representatives/project managers functions. Aid in solving client problems and 
questions. Discuss technical issues and manage clients through sampling programs. Assist Account Executives 
on sales calls and project kick-off meetings. 

7/91 to 9/91 

Position 

IEA, Inc. • Monroe, (.'T 

Inside Sales/Project Manager 

Responsibilities 

While continuing to perfonn project management services for an established list of laboratoey 
clients, I also assumed marketing and sales responsibilities. Duties include surveying various trade 
journals, The Federal Register, etc. identifying regulatoey trends and predicting tuturo business 
opportunities. Follow-up includes determining which industries would most likely bo impacted 
by pending legislation and the development of a marketing strategy. Strategies implemented 
include telemarketing campaigns. mass mailings, and a seminar series. Also responstole for 
surveying existing clients periodically to assess IEA's strengths and weaknesses. The results of 
these surveys are compiled. graphically displayed and distributed to all employees. 



Stephanie N. Plunkett 

10/88 to 3/90 IEA, Inc., Monroe. CT 

Client Services/Project Manager 

1987/1988 

Operational responsibilities in environmental investigations, including scheduling and wnd::imd 
projection, technical supervision, sample traclcing, contract compliance, data review, and ~ 
preparation and interpretation. Interface with clients on project design, including sampling mad 
analytical program requirements, responsible for coordinating project specific ~ 
control/methodology compliance requiremeAts. 

Massachusetts General Hospital 
Boston, MA 

Technologist 
1' 

Cardiac Unit/Department of Molecular Rcscaroh. Utilized knowledge of genetics and bi~ in 
the screening of DNA libraries with variously prepared probes, plasmid construction, and smgle 
and double stranded Sangar dideoxy chain termination sequencing. Duties also inciiude 
maintaining laboratory supplies and the training of new personnel. 

Related Course Work 

Chemistry. Organic Chemistry, Environmental History, Ecology 
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PROFESSIONAL .PROFILE 
Diane Turro 

TITLE: 

ACADEMIC ACCOMPLISHMENTS: 

University of Hartfon:l 
1987 B.S. Q.emisay 

MAJOR AREA OF EXPERTISE: 

Metals Analyst IV 
Section Leader 

Graphite Furnace Operation environmental samples 
1-cAP Operation 
Hg (Meroury) cold vapor prep and analysis 
Smartlog operation {CLP Data Package Production) 
Data Review 

PROFESSIONAL EX"PERIENCE; 

May 2. 1988 to Present 

IEA, Inc. - Connecticut 

Position Metals Analyst IV 

Position Assistant Group Leader 

PROFFSSIONAL AFFILIATIONS 

American Oiemical Society 
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IEA Corporation IEA-CT Facility Quality Assurance Program Doc# QAQ00102.CT 

Date: 02/14/97 

APPENDIX, Section 2 

IEA CHAIN-OF-CUSTODY FORM 



:A JOB#: 

LIENT: 

ROJECT ID: 

:A PROJECT MGR: 

RUSH □ YES 

l1lE 
T# 

200 Monroe Turnpike · 
Monroe.CT06488 
203-281-4458 

DUE DATE 

CH~IN OF C~DY RECORD I ..._MG_E __ o_F _ __.I IL..NO. ___ -_.,._ __ _, 
' F 

GENIIIAL REMARKS 

SAMPLE RillRKs 
1:a~ 

----------+--------+---+--t---+----+----+--.---.t-----+----+-----+---+-----+---------1 

-- _________ __._ ______ ...._ _ _,__ _ __,_ _ __., ___ _._ __ ___,_ ___ 1.--__ ..,__ __ -L __ __., _______ ....i... _______ __, 

MA1RIXCODES\;tt°';iiif B01TI.ES PAEPPED BV DATE/TIME BO'ITLES REC'D BV DATE/TIME _;._ REMARKS ON SAMPLE RECEIPT 
- . --- I '. 

· AIR s • SOIL SIGNATURE SIGNATURE □ BOmES 0 CUSTODY SEALS 
) • AQUEOUS SL - SWDGE INTACT 

• COMPLEX w • WIPE SAMPLES COl.1.ECJED av DATE/ TIME RECEIVED IN LAB BY DATE/TIME 0 PRESERVED 0 SEALS INTACT 
- DRUM WASTE 0 • OTHER 
• OIL F8 • FIELD BLANK 0 CHILLED 0 SEE REMARKS 

TB • TRIP BUNK IIGNA1UAE SIGNATURE 

' ' . 
LADMAfflRV MPV 
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APPENDIX, Section 3 

IEA NETWORK SAMPLE PRESERVATION 
AND 

HOLDING TIME REQUIREMENTS 

Dael QAQOOlOl.CT 
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IBA Corporation Sample Bolding Times and PrelervatiOD ltequirmMIIU 

Metals in Water 

Parameter• Techniaue Mochod Holdirur T'uno 

Alumiown flame 101.l 6Moatba 

furnace 101.2 6Monlba 

ICP 200.7 6Moalha 

flame 7010 6Month1 

ICP 6010 6Moadaa 

Antimony flame 204.1 6Moalha 

furnace 204.l 6Month1 

ICP 200.7 6Moalha 

flame 7040 6Month, 

furnace 7041 6Month1 

ICP 6010 6 Moalha 

Anenic furnace 106.1 6Momba 

AA hvdride 106.3 6 Month• 

ICP 200.7 6Montha 

AA hvdride 7061 6Montha 

furnace 7060 6 Montha 

ICP 6010 6Momba 

Barium flame 208.l 6Monthl 

furnace 208.1 6Monthl 

ICP 200.7 6Montha 

flame 7080 6Moalha 

furnace 7081 6Monlba 

ICP 6010 6Moalha 

Beryllium flame 110.l 6Moalha 

t\&mace 210.2 6Moadaa 

ICP 200.1 6Moadaa 

flame 7090 6Moadal 

flllmce 7091 6Montha 

ICP 6010 6Monthl 

Boroa colorimetric 212.3 6Montha 

·-- ..,, .. ,. 
/l. ••--•L-

Coowner 

SOOmlP.O 

SOOmlPO 

SOOmlPG 

SOOmlP.G 

SOOmlP.G 

SOOmlP.G 

SOOmlP.O 

SOOmlP.G 

500ml P.G 

SOOmlP,G 

SOOmlP.G 

SOOmlP.G 

SOOmlP.G 

SOOmlPG 

SOOmlPG 

500 mlP,G 

500ml P.O 

SOOmlP.G 

500ml P.G 

SOOmlP,G 

SOOmlP.O 

SOOmlP.G 

SOOmlP.G 

SOOmlP.G 

500 mlP.O 

SOOmlP.O 

SOOmlP.O 

SOOmlP-0 

500ml P.G 

SOOmlP.G 

""" _, n..., 

Doc# QAS00702.NET 

Date: 7128194 
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Plaervatioa 

HN03 to DH <2 

HN03 to pH <2 

HNO3 tooH<2 

HNO3tooH<2 

HN03 to DH <2 

HNO3tooH<2 

HN03wDH<1 

HNO3tooH<2 

HNO3 to PH <1 

HNO3 to pH <2 

HNO3tooH<1 

HNO3 tooH<1 

HNO3tooH<1 

HNO3tooH<2 

HNO3 to oH<2 

HNO3 to pH <1 

HNO3tooH<2 

HNO3tooH<1 

HN03 to JJH <1 

HN03toi,R<1 

HNO3tonH<l 

HN03tooH<1 

HN03tooH<1 

HN03toi,H<2 

HN03 tooH<2 

HNO3tooH<2 

HN03tonH<2 

HNO3tonH<2 

HNO3tonH<2 

HN03tonH<2 

..... .-. .. ·- ... ·-· 



IBA Corporation Sample Holcling'l'imel and Pnselwda ltequinmeats 

Metal• in Water-Continued ... 

Pamneter' Techniaue Modlocl Holdm 'l1mo 

Cadmium flame 113.l Ci Moalba 

fumaco 113.2 Ci Moalba 

ICP 200.7 6Moallaa ... 7130 6 Moalba -- 7131 CiMoalba 

[CP 6010 Ci Moalba 

Clloium JCP 200.7 6Moadla ..... 215.1 6Moalba 

dtrimctric 115.1 6Moalha 

flame 7140 6Moalba 

1CP 6010 Ci Moalba 

au-um flame 218.1 6 MOlllba 

&mace 118.1 6Moatba 

1CP 200.7 Ci Moatba 

flame 7190 6Moadla 

fbmaco 7191 6MOlllba 

ICP 6010 6 Moalba 

Claromium C-rech,itation 7195 24Houn 
Hexavaleat 

colorimetrio 7196 24Houn 

flame 7197 24Houn 

DPP 7198 24Roun 

Cobalt flame 119.1 6Moatba 

&amaoo 219.2 6Moadw 

ICP 200.7 6Moalhl 

ftamc 7200 6Moacbl 

furnace 7201 6Moatba 

ft"'D 
, ___ 

,:. ... _ ...... _ 

Coa&almr -
SOOmlPG 

SOOmlP.G 

SOOmlP.G 

500ml P.O 

SOOmlP.G 

SOOmlP.G 

SOOmlP.O 

SOOmlPG 

500mlPG 

SOOmlPG 

SOOmlPG 

SOOmlP.O 

500m1P.O 

SOOmlP.G 

SOOmlP.G 

SOOmlP.G 

SOOmlP.O 

SOOmlP.G 

500m1P.O 

SOOmlP.G 

SOOmlP.G 

SOOmlP.G 

SOOmlP.O 

SOOmlP.O 

SOOmlP,G 

SOOml P.G 

,,,.,. _,I>,.. 
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Prelervat1on 

HN03tooH<1 

HN03tooH<1 

HN03tooH<2 

RN03to•H<2 

HN03tooH<1 

HN03to•H<1 

HN03toaH<1 

HN03to•H<2 

HN03tonH<1 

HN03tooH<1 

HN03toDH<1 

HN03tooH<2 

HN0310eH<1 

HN03IODH<1 

RN03tonH<2 

HN03to11H<2 

HN03tonH<:l 

Cnol.4C. 

Cool.4C. 

- ,._. 4C. 

Cftftl.4C. 

HN03to11H<2 

RN03tooH<2 

RN03tonH<1 

HN03 to DR <1 

HNO3tonH<1 

...... ~- ·- _ ... --



IBA Corporation Sample Bolcliag 11mes and PreservaliCla Requirements 

Metals in Water-Continued .•• 

Paramo«or 1 Tocbniaue Melbod Holdintr Tune 

Copper ICP 200.7 6Moodul 

flame 7210 6Moalhs 

furnace 7211 6Moalhs 

ICP 6010 6MOlllhs 

Iron flame 236.l 6 MOlllhs 

furnace 236.2 6Moalb1 

ICP 200.7 6MOlllhs 

flame 7380 6Monrh1 

furnace 7381 6Moalb1 

ICP 6010 6Monthl 

Lead ftame 239.t 6Monthl 

fumaco 239.2 6Month1 

ICP 200.7 6 Month• 

tlamc 7420 6Monlh1 

furnace 7421 6 Moalb1 

ICP 6010 6Moatbl 

Mapsium Bame 142.1 6Moatbl 

furnace 239.1 6Montba 

flame 7450 6Monthl 

furnace 7421 6Momlui 

ManpnclC Dame 143.1 6Momlui 

furnace 143.2 6 Moalb1 

ICP 200.7 6Moadul 

ftamo 7460 6 MOlllhs 

t\araace 7461 6Moalhs 

ICP 6010 6Moadul 

Mll'OIU)' colclv . 
14S.l 280.w 

colcl . 14S.2 210.w 

. u ........ .,. -----

Container 

SOOmlP.O 

SOOmlP,G 

500ml P.G 

500ml P.O 

SOOmlP.G 

SOOmlP.G 

500ml P.O 

SOOmlPG 

500ml PG 

SOOmlPG 

500ml P.G 

500m1P.G 

500m1P.G 

SOOmlP.O 

SOOmlP.O 

SOOmlP.G 

SOOmlP.O 

SOOmlP.G 

SOOmlP.G 

SOOmlP.O 

SOOmlP.G 

SOOmlP.G 

SOOmtP.O 

500ml P.O 

SOOmtP.O 

SOOmtP.O 

SOOmtP.O 

SOOmtP.O 

""" -t D rJ. 
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Prolcrvation 

HN03tooH<2 

HN03 to oH <1 

HN03tooH<2 

HN03tooH<2 

HN03tooH<1 

HN03tooH<2 

HN03tooH<2 

HN03tooH<2 

HN03tooH<1 

HN03tooH<2 

HN03 tooH<2 

HN03tooH<2 

HN03tooH<2 

HN03tooH<2 

HNO3tooH<2 

HN03tooH<2 

HN03tooH<2 

HNOJtooH<1 

HN03 to t>H <2 

HN03tooH<1 

HN03tooH<2 

HN03 to 1>H <2 

HN03tooH<2 

HN03tooH<2 

HN03tooH<2 

HN03tonH<2 

HN03tooH<2 

HN03tonH<2 

---~ ·- " .. ~· 



IBA Corporation 

Metal• in Watec-Coatinued ••• 

Parameter' Ti •• Melbod llftWa-Tla 

Molybdcmam.· lame 246.1 6Moadll 

filrDloe 'MIC,2 6Moadia 

ICP 200.7 6Moalbl 

ftllno 'MIO 6Moadia 

._ 7411 6Moalbl 

JCP 6010 6Moadia 

Niobl lame 249.l 6Moadia 

lamaoo 249.2 6Moadia 

ICP 200.7 6Moadia 

lune 7520 ·,Moadaa 

larnaoo 7521 6Moadal 

. ICP 6010 6Moatba 

Polulium flame 251.l 6Moalba 

ICP 200.7 6Moadaa 

flame 7610 6Moadia 

ICP 6010 6Moalba 

Seleaium ICP 200.7 6Moalba 

larnac:. 270.2 6Moalha 

AA.hvddda 270.3 6Moalba 

lCP 6010 6Moadia 

filrDloe 7740 6Moalba 

AA.hvdnde 7741 6Moadia 

Si6oa ICP 200.7 6Moadia 

Silver flame m.t 6Moalbl 

tumac. 272.2 6Moadal 

ICP 200.7 6Moadat 

flame 7760 6Moadal 

lauce 7761 6Moadal 

- ....... £•• _ .... 

CoaulMr 

.SOOmlP.O 

.SOOmlP.O 

.SOOmlP.O 

.SOOmlP.O 

.SOOmlP.O 

.SOOmlP.O 

500m1P.O 

500mlP.O 

500 ml P.O 

500mlP.O 

500m1P.G 

500mlP.O 

500mlPG 

.SOOmlPO 

500mlPO 

500m1PG 

500mlPO 

500m1PG 

SOOmlPG 

500mlPG 

500mlPG 

500mlPG 

500mlPG 

500m1PO 

SOOmlP.O 

SOOmlPO 

.SOOmlPO 

500m1P.O 

.. ....... ,,.. 
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Prellnalloo 

HN03to•R<2 

HN03tonH<2 

HN03tonR<2 

HN03tonH<2 

HN03to•H<2 

HN03to•R<2 

HN03tonH<2 

HN03tonH<2 

HN03tonH<2 

HN03tonH<2 

HN03tonH<2 

HN031oDH<2 

HN03 to DH <2 

HN03tooH<2 

HN03 to •R <2 

HN03tonR<2 

RN03tooR<2 

HN03toDH<2 

HN03tooH<2 

"HN03 to DR <2 

HN03to•R<2 

HN03tonR<2 

HN031ooH<2 

HN03to11H<2 

HN031o11R<2 

HN03tooH<2 

HN03toDH<2 
-

HN03tonH<2 

uvnlle--H~A 



IBA Corporation Simple Boldiag Times and Presenacioa llequiremeats 

Metals in Water-Continued ••• 

Panmeter• Techalaue Mediod H..i.tl ... Tiane 

So6an flame 273.1 6Moadul 

ICP 200.7 6Moadul 

..... 1110 6Moadul 

ICP 6010 6Moalbl 

'lballium flame 279.1 6 Moalbl 

fiumce 279.2. 6Momba 

ICP 200.7 6 Mondlt 

..... 78-40 6Moalbl 

furnace 7141 6 Moadul 

ICP 6010 6 Moadaa 

Tm flame 281.1 6Mondla 

fbrnaco 212.1 6Moadla 

flame 7870 6Mondla 

T'lllnium flame 283.1 6Mondla 

fbrnaco 283.2 6Moacba 

Vauclium flame 286.t 6 MOlllba 

fbrnaco 286.1 6 MOlllba 

ICP 200.7 6Moalba 

flame 7910 6 MOl'.IIU 

fiumce 7911 6 Moadaa 

ICP 6010 6Moodu 

7.iac ..... 289.1 6Moodu 

fbamoe 289.2. 6Moadu 

ICP 200.7 6Moadu 

flame 7950 6Moacba 

furnace 7951 6 MOlllha 

ICP 6010 6Moadul 

Coal.llaer 

500ml P.O 

SOOmtP.O 

SOOmlP.O 

SOOmlPG 

SOOmlPO 

SOOmlPO 

SOOmlPO 

SOOmtP.O 

500 ml P.O 

SOOmlP.G 

SOOmlP.G 

SOOmlP.G 

SOOmlP.O 

SOOmlP.O 

SOOmlP.O 

SOOmlP.G 

SOOmlP.G 

SOOmlPG 

SOOmlP.G 

500ml P..O 

500ml PO 

SOOmtPO 

SOOmlPO 

SOOmlPO 

500ml PG 

500ml P.O 

SOOmlPG 
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_Plulft'a1ioa 

HN03toDH<2 

HN03tooH<2 

HN0310nH<2 

HN03toaH<2 

HN03toaH<2 

HN03tooH<2 

HN03tonH<2 

HN03toaH<2 

HN03tooH<2 

HN03tooH<2 

HN03tooH<2 

HN03tonH<2 

HN03tooH<1 

HN03tooH<1 

HN03tooH<1 

HN03tooH<1 

HN03tooH<1 

HN03toDH<1 
. 

HN03tooH<2 

RN03tooH<1 

HN03tooH<1 

HN03tooH<2 

HN03tooH<2 

RN03tooH<1 

HN03 tooH<2 

HNOO tooH<l 

HNO3 tooH<2 



IBA Corporation Sample Boldiq Times and Praenadoa Requin.meata 

Wd. Oaemistriet in Water 

Parameter' Techni- Medaod Holcllt1• Time 

Aciditv dtrimetric 305.1 14Dafl 

a- - • dtrimetric 310.1 l4Dan 

Bioollemical S•11, 20C. 405.l 41Houn 
0xJpa 
Demand IRODl 

Bmmide Cilrimetric 320.1 21 DIYI 

aa.mlcaJOxygen Cilrimetric. mid-level 410.1. 21Dan 
Demand (COD) 

titrimetric. low-level 410.1 21 Davi 

dtrimetric. bilh-lcvcl 410.3 21 Diva 

automated-colorimccric 410.4 21 Diva 

adoride colorimetric 325.1 210.va 

colorimelric 9250 21 Diva 

Ci1rimetric 9251 21 Davi 

colorimetric 9251 21 Diva 

Cyanide amenable to chlorine 335.l 14 Day1 2 

lpOCtftlpbocometric 335.2 14 Daya 2 

Total.UV 335.3 14 Daya 2 

colorimetric 9012 UDay1 2 

Ruoricle cllllillation :MO.I 21 Diva 

ion aelective electrode :M0.2 21DIYI 

colorimetric :M0.3 21Dava 

BardaNI.Total calorlmelric 130.l 6Moarba 

titrimetric 130.1 6Moadu 

Iodide titrimetrie 345.1 24Dav1 

Mcthykoc Blue colorimetric 425.1 48Houn 
Active SublWICCa 

Nitrogen colorimctric,phcnate 350.1 21 Days 
Ammooia 

distillation 350.1 21 Dav, 

. , . . . . ,.,,,. "1 "" ... 

Coalaiaer 

100 ml P.O 

IOOmlPG 

IOOOmlP,G 

100 ml PG 

SOmlPG 

SOmlP.O 

50m1P.O 

50ml P.G 

50ml P.G 

S0mlP.O 

50m1P.G 

50ml P.G 

500 mlP,G 

500 mlP,G 

500m1P,G 

500 mlP,G 

SOOmlP.O 

500m1P.G 

500m1P.O 

lOOmlP.O 

100ml P.G 

100ml P.O 

SOOml.P,G 

500ml. P.G 

500ml P.O 

,,,.,.. _, I) ,.,. 
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Pnaorvatioa 

Cool4C. 

Cool4C. 

Cool4C. 

- Nffllffl 

Cool 4 C. ll2S04 to pH <1 

Cool 4 C. ll2S04 to nH <2 

Cool 4 C. ll2S04 to nH <2 

Cool 4 c. ll2S04 to DH <2 

110M reauU\ICI 

aoac-uired 

DOiie ftldUffl 

-mauired 

Cool 4 C, NaOH to pH> 11 
Alcocbic Acid 1 

Cool 4 C, NaOH to pH> 12 
AacolbicAclcl 1 

Cool 4 c. NaOH to pH> 12 
Alcod,ic Acid l 

Cool 4 c. NIGH to pH> 11 
Alcod,ic Acid I 

- --U'OCI 
--U'OCI 
DCllleNGUired 

HN03tooH<2 

HN03 tooH<1 

Cool 4C. 

Cool 4 C. 

Cool 4 C. H2S04 to nH <1 

Cool 4 C, H2S04 to DH <2 

r~-• A r U")Cr\A fft -U ....... 



IBA Corporation Sample Bolding Times and Preserwlioa llequinmma 

Wd. Ctcmillric:s in Water-Continued •.• 

Parameter' Tacluwluo Mecbocl HnLII ... Time 

Nilropo-TKN eolorlmetdc.nhenate 351.1 210.n 

btoct.a_,_ 351.2 21Dan 

cololia.tric 351.3 21Dan 

loaaelectiveeleoltodo 351.4 21 DrlYI 

Nitnfe colorialecric, bruciae 352.1 48Huun 

~.bnicine 9200 48 HllW'I 

N"drale..ff"drite colorimotric.hvdnzim 353.1 210.n 

cadmium ceducdCMI,. 353.2 2SDaya 
auto 

cadmium reduction, 353.3 21 Dly1 
IDUIUll 

N"drite C 354.1 48 Houn 

Oil&Oroue, pavimew 413.1 21 Day, 
Total 

IR 413.2 11 Daya 

pavimew 9070 1SDaya 

~....,,. 9071 210.ya 

Potroleum IR 418.1 l◄ Daya 
Hvdmcarbom 

pH electmde 150.l ID-field 

electmde 9040 iD-field 

tat- 9041 iD-field 

PheDolica, 'otomeeric 420.t 21Dan 
T-b:cwerablo 

CGlarimetrio 420.2 21 Dan 

4MP, Muual, 9065 210.ya 
Dilltillation 

4AAP, Auto, 9066 21 Daya 
Dilltillation 

MBTII. Dilltillation 9067 21Dava 

Ph01phorul, colorimotric, auto 365.1 48Houn 
Orlho 

colorimetric. sin2le 365.2 48 Hoon 

colorimetric-dual 365.3 48 Houn 

total, auto, block 365.4 48 Hows ... 

Coalalner 

SOOmlP.G 

SOOmlP.G 

500 ml P.G 

SOOmlP.G 

lOOmlP.G 

lOOmlPG 

lOOmlPO 

100 ml P,G 

100ml P,G 

100ml PG 

1000 ml G oaly 

1000 ml G oaly 

1000 ml G oaly 

1000 ml G oaly 

1000 ml G oa1y 

50m1P.G 

50m1P.O. 

50m1P.G 

SOOmlG-1¥ 

SOOmlGoalY 

SOOmlGoaly 

SOO ml Goaly 

SOOmlOoalv 

50ml P,G 

50 ml PG 

50ml P.G 

SO ml P,G 

-
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PsNervalioa 

Cool 4 C.112S04 to DH <1 

Cool 4 C.112S04 to DH <1 

Cool 4 C, H2S04 to 11H <2 

Cool 4 c. ll2S04 to DR <2 

Cool4C. 

Cool4C. 

Cool 4 C. H2S04 to DH <2 

Cool ◄ C, 112S04 to pH <1 

Cool 4 C, H2S04 to pH <1 

Cool ◄ C. 

Cool 4 C. HCL or H2S04 
toDR <1 

Cool 4 C, HCL or R2S04 
to DH <1 

Cool 4 C. UCL or R2S04 
toDH <1 

Cool 4 C, HCL or R2S04 
toDH <2 

Cool 4 C. HCL to pH <2 
. 

.aat annlicablo 

not~ble 

nat-S-hle 

Cool 4 C.112S04 to DH <2 

Cool ◄ C.112S04 to DH <2 

Cool 4 C, R2S04 to pH <2 

Cool 4 C, H2S04 to pH <1 

Cool 4 C. H2S04 to oH <1 

P'dler immed'tatcly, Cool 4 C 

Filter immediately, Cool 4 C 

Filter immediately. Cool 4 C 

File« immediately, Cool 4 C 



IBA Corporation Sample Holding Times and Preservation Requirements 

Wet Chemistries in Wat.er-Continued ..• 

Parameter 1 Toclmiauo Method Hnldintt Tune Colllaincr 

PbolphoNI, colorimetric, auto 365.1 21 Daya 50ml P,G 
"Total 

colorimetric liMle 365.2 41 Houn 50ml P.G 

colorimecric-dual 365.3 41 Roura 50ml P.G 

toeaJ, auto, bbt 365.4 41Houra SOmlP,G 
di-.. 

Reaiduo (Solidi) filterable (l'DS) 160.1 7Dan 100 ml P.G 

non-filterable ITS.I;\ 160.2 7Dava 100 ml P,G 

total (J'S) 160.3 7DaVt 100ml P.G 

volatile 160.4 7Dan 100 ml P.G 

aettleable 160.5 41Houra 100 ml P,G 

Specific meter 120.1 21Dan 100ml PG 
Conductance 

meter 9050 28 Dav, IOOmlPG 

Sulfate ion chromatoeranhv 300.0 28DaVt 50m1PG 

colorimetric 375.1 28Dan S0mlPG 

eravimetric 375.3 28 Davi 50m1PG 

turbidimetric 375.4 28DaVt 50m1PG 

colorimetric 9035 21 Dav• SOmlP.G 

colorimetric 9036 28 Daya SOmlP,G 

turbidimetric 9038 21 Davi SO ml P.G 

Sulfide titrimetric 376.1 7Daya SOO ml P,G 

colorimetric 376.2 70.ya SOOmlP,G 

colorimetric 9030 7Daya SOOmlP,G 

Total Orsaaic oombullioa or 415.1 21 Daya 50ml P,O 
Carbon (I'OC) oxidation 

combuldon or 9060 21 Daya 50ml P,O 
oxidation 

Total Orpnic titrimetric 9020 21 Day• 1000 ml O only' 
Halides (TOX) No Headspace 

.... ... tRn 1 AR"'···- '"" _, .. ,. 

-
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Preacrvatioa 

Cool 4 C, H2S04 to pH <2 

Cool 4 C. H2S04 to DH <2 

C'.ool 4 C. H2S04 to DH <2 

C!ool 4 C, H2S04 to pH <2 

Cool4C. 

Cool4C. 

Cool 4C. 

Cool4C. 

Cool4 C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool 4 C, ZnAc/NaOH to 
oH>9 

Cool 4 C, ZnAc/NaOH to 
DH>9 

Cool 4 C, ZnAc/NaOH co 
vH>9 

Cool 4 C, HCL or H2S04 
toDH <2 

-Cool 4 C, HCL or H2S04 
CODH <2 

Cool4C, 
H2S04 to pH <2 1 

Sodium Sulfite 

- .. ,. 



IBA Corporation Sample Holdina Tunes and PnsemllioD llequlremma 

Parametcn by Gu. . . 

l'lmnelor' Tocbnlaue Method Holcll11•Tla 

lflloaeaated _. dln,matn<ffllnhv 601 14Dan 
VolatileOrpnica 

_. dlnlmattwranhY IOtO 14Dan 

Noo-Ralopaated ... clarom.ltoplphy IOl5 14Da)'I 
Volatllo Ornnic1 

Pulpab1e ... dlnlmatolflpby 602 7/l4Deya" 
Atomatica 

... clmJmatoanphy I020 7/14 Day■ " 

Acroloia& ... cla.romllOp'lphy '°3 14Day■ 
AclJloaitrilo 

p1 chromatography 8030 14Day■ 

Pbcaols ... chromatography 604 oxt.-7 Day■ 
anal.-40 Dan 

... dlnlmaloplpby I040 m.-7Da:,■ 
anal.-40 Dan 

Pblhalato Biter, ... chromatography 606 ext.-7Day■ 
anal.-40 Dav■ 

au cbromaco,npby 8060 oxt.•7 Day■ 
anal.-40 Dav■ 

N"atrolaminel P' c:hromaco,nphy 607 ext.-7Deya 
anal.-40Dan 

Olpnochlorine ... c:hroma!Ograpby 608 ext.-7 O.y■ 
Pcalieidoa anal.-40 Dan 
aad PCB'• 

... c:hromato,nphy IOIO 0'14.•7 Day■ 
anal.-40 Dan 

Polynuclear ... 610 oxt.-7Day■ 
Aromatic c:hromatDffatlbvn..c anal.-40 O.n 
Hydrocarboos 
{PNA'a) ... chromaropwplay 8100 oxt.•7Dl)'I 

anal.-40 Davs 

HPLC 8310 u.t.-7Dly• 
-• .,. -

io Water 

Coalalnor 

3x40mlviala 

3x40 ml vials 

3x40mlviala 

3x40mlvllla 

3x40mlviala 

3x40mlviala 

3x40mlviala 

1 L,AmborG 

l L. AmborG 

1 L. AmborO 

l L. AmborO 

IL. AmborG 

1 L. AmborG 

IL. AmborG 

1 L. AmborO 

l L,AmborG 

1 L. Ambct-G 

Doti QAS00702.NEI' 
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PNlervatloll 

Cool 4 C .. 'l'lliolulfate ' 

Cool 4 C .. Thiollulfato ' 

Cool 4 C., HCL to pH <2, 
Tbioadfate • 

Cool 4 C., HCL lO pH <2, 
Tliiolulfat.ll ' 

Cool 4 C., HCL 1:0 pH <1, 
Tbioadfatc ' 

Cool 4 C., MCL to pH .S, 
'l'hioadt'ato ' 

Cool 4 C., HCL to pH .S, 
'Ihiolulfatc ' 

Cool 4 c.,Tbiomlr.to • 

Cool 4 C.,Tbiolulfate ' 

Cool 4 c.,Thiosu1r.1o ' 

Cool 4 c.,Tbiolulrate • 

Cool 4 c.,Thiosulfato ' 

Cool 4 c.,Thiosulraco ' 

Cool 4 c.,Tliiolul&te • 

Cool 4 c.,ThiolluJ&te ' 

Cool 4 C..Tliiolulfate ' 

Cool • c.,Thiosulrate ' 



IEA Corporation 

Parameter' 

Haloclhen 

<lllorinalod 
Kycltocuboaa 

0rpaopholpbotv 
1Pealicidel 

adorinatod -- ..... 

Sample Holcliac Times -.I Pnsenadoa ltequiremeats 

Parameten bv Gu:-- . in Wafel'-Continued ••• 

Ttchniaue Methocl Holcltn. Tlmo Cordllner 

... cbmmato&nph)' 611 •ll.-7.Dlya IL, AmberO 
anal.-iO DID 

... claromlrography 612 ut.-7.Dlya 1 L, AmborG 
anal.-iO Din 

... crluomatoplpby 1120 ---7.Dl:,s I L,AmberO 
Ull.-40.DIYI 

... cbromat.optphy 1140 9:ll.-7.Dlya IL, AmberG 
anal.-40 Dia 

... cluomatoppby 1150 oxt.-7.Dl:,s 1 L, Amber 0 
-• .,._ 
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Pnlervadoa 

Coot 4 c .. 'l'biolultato • 

Coot 4 c.,'l'biolultaco ' 

Cool 4 C.,'l'lllolulfato • 

Cool 4 C.,'l'lllolulfato ' 

Cool 4 C.,'l'luolultato' 



IBA Corporation Sample Boldiog Times and Pn!sen'atiOll Requiremeau 

Patametera 1 ,v GC/MS in Wat« 

Parameter' ,, -~ . Mocbod Holdmo Time 

PwpablOI GCJMU14lilt 614 7114 Daya ' 

Priority Polhdut lilt 614 7/l4Day1' 

Hmrdoua Snbac•aM 614 7/14Daya' 
lilt 

Taqct Compauad lilt 614 7/14Daya' 
(l'Cl..l 

Appendix IX lilt 614 7/14 Da11' 

Priority Pollutant lilt 8240 7/14 Day■' 

Hazardoua SublWICO 8240 7/14 Da11' 
lilt 

Taqct Compound lilt 8140 7/14 Day■ 7 

(l'CL\ 

Appendix IX lilt 8240 7/14 Da11' 

Conlaioor 

3x40mlviala 

3x40mlvial• 

3x40 ml via1a 

3x40 ml via1a 

3x40 ml via1a 

3x40 ml vials 

3x40 ml via1a 

3x40 ml via1a 

3x40 ml via1a 
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Prolervatioo 

Cool 4 C,, HCL to pH <2, 
1bi0Mdf'ate' 

Cool 4 C., HCL to pH <2, 
1bi0Mdf'ato • 

Cool 4 C., HCL to pH <2, 
1bioaulf'ate ' 

Cool 4 C., HCL to pH <1, 
11aiOIUlf'ato ' 

Cool 4 C., HCL to pH <2, 
11aioaulf'ate • 

Cool 4 C., HCL to pH <2, 
11aiosulf'ate ' 

Cool 4 C., HCL to pH <2, 
Thioaulfatc ' 

Cool 4 C., HCL to pH <2, 
1biosulfate ' 

Cool 4 C., HCL to pH <2, 
-· . ' 



IBA Corporation Sample Holcliag Timea and Pnlenadol1 Requiremems 

Parametera by GCIMS in Wat« 

Puametor 1 Technlaue Method Holdl11• Tune 

Bue-Neutnl & 625lilt 625 ext.-70.y, 
Add anal.-400.n 
Bxtnctablel 

Priority Pollutam lilt 625 m.-7Day, 
anal.-40 Dan 

Haanloua SublllUCe 625 us.-70.y, 
Hit anal.-40 Dan 

Taqet Compound Hit 625 ext.-7 O.yt 
tl'CL) anal.-40Dan 

Appendix IX 1111 625 m.-7Daya 
11111.-40 Daya 

Priority Pollutant lilt 8250 e"1,-7 Daya 
anal.-40 Dan 

Hazardous Subunce 1250 en.-7 Daya 
lilt anal.-40 Dan 

Taqet Compound lilt 1250 •"'-·· 1 O.y, 
(TCL.\ aaat.-40n.-

Appendix IX liet 1250 ext.-7 Daya 
aoal.-40 Dava 

Priority PoUutaat lilt 1170 ext.-7Day, 
anal.-40n.-

Haardoul Subltlace 1170 ext.-7 Daya 
lilt anal.-40 Dav, 

Taqet Compound lilt 8270 ext.-7 Day, 
(l'CL) anal.-40 Daya 

Appendix IX lilt 1270 ext.-7 Day, 
---• ~,. ... ·-

Cooeainer 

lL,AmberG 

IL, AmberG 

l L,AmhrO 

IL, AmbcrG 

IL, AmborG 

IL, AmberG 

IL, A.mberG 

IL, AmberG 

1 L, AmbcrG 

1 L, AmberG 

1 L, AmberG 

t L, AmberG 

1 L, AmberG 

Docl QAS00702.NEI' 

Date:7/2Jl/94 
Pqel2ofl8 

PrNen,atioa 

Cool 4 C.;nuollllfatc • 

Cool 4 c .. 11uolulfato • 

Cool 4 c.,Tbiolulfate • 

Cool 4 c.,1'hio1Ulfate ' 

Cool 4 c •• TbiolUJfate ' 

Coot 4 c.,'lbiolUlfate • 

Cool 4 c.;l1do1ulfato ' 

Cool 4 c.,1'biolultate • 

Cool 4 c.;nuOIUlfate' 

Coot 4 c.;nuo1utfato ' 

Cool 4 c .• ThiolUlr.to • 

Cool 4 C.,'lbiolUlfato ' 

Cool 4 C.,TbiolUlf'ato ' 



IBA Corporation Sample Holding Times llld Preservation Requinmeats 

Metals in Soil 

Parameter 1 11 • . Method Hoklin• Time 

Aluminum ftamo 7020 6Mcubl 

ICP 6010 6Mcubi 

Al1limony ftamo 7040 6Mcubi 

furnace 7041 6Mcubl 

ICP 6010 6Mcubl 

Anenic ICP 6010 6Mcubl 

furnace 7060 6Moacba 

AA.hvdrlde 7061 6Month1 

Barium flamo 7080 6Moath• 

furnace 7081 6Moath1 

ICP 6010 6Moadt1 

Beryllium flamo 7090 6Month1 

furnace 7091 6Moadt1 

ICP 6010 6Moathl 

Boron ICP 6010 6Monthl 

Cadmium flame 7130 6Moatha 

furnace 7131 6 Moadla 

ICP 6010 6Moacba 

Calcium flame 7140 6Month• 

ICP 6010 6Moatba 

Oromium ftamo 7190 6Moadla 

fumaco 7191 6Monthl 

....... ,,., .. ,. &..•• _.J. 

Coalainer 

I0011P.O 

10011PO 

100 .,.o 
100 irPO 

I0011PO 

10011:P.O 

IOOirP.O 

10011:P.O 

10011:P.O 

lOOtrP.O 

100 2 P.O 

100 I'. P.G 

1002 P,O 

lOOtrP.O 

lOOaP.G 

lOOtrP.O 

100 2 P.G 

1002P.G 

100 2 P.G 

100 2 P.O -

1002P.G 

IOOaPG 

•AA-ft#'!J. 

Dod QAS0070.2.NET 

Date: 7128/94 
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Preaotvation 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool'4C. 

Cool 4C. 

Cool4C. 

Cool4C. 

- •,tr 



IBA Corporation 

Parameter• Tecbalaue 

C-oNk t1amc 

timiace 

ICP 

Copper .... 
timiace 

ICP 

Iron flame 

&-

ICP 

Lad flame 

. 
fimlace 

ICP 

Mqnelium flame 

ICP 

Ma•- flame 

tumaee 

ICP 

Memlry cold VAfl<\l'-manuaf 

coldv . 

Molybdeaum .... 
timiace 

ICP 

Nicbl flame 

furnace 

ICP 

Potauium flame 

ICP 

Selenium ICP 

furnace 

.. . . 

Metals in Soil-Continued ••• 

Medaod HolduurTUM 

1200 6Moalbs 

7201 6Momb.l 

6010 6Moadle 

'7210 6Moadle 

7211 6Moadle 

6010 6Moalha 

7380 6Moalba 

7381 6 Moalba 

6010 6Mootha 

7420 6Monthl 

7421 6Monlhl 

6010 6Monlhl 

7450 6Monlhl 

6010 6Monlhl 

7460 6Moatba 

7461 6Momhl 

6010 6Monthl 

7470 28Dava 

7471 28 Dav, 

7480 6Moochs 

7411 6Moalha 

6010 6Moalha 

7520 6Moalha 

7511 6Moalha 

6010 6Mondia 

7610 6Mondu 

6010 6Moatha 

6010 6Moatha 

77.W 6Mondll 

TJ•• ,. ... __ ,L. 

Coacahler 

10011:P.G 

10011:P.O 

lOOaP.O 

100 •P.O 

10011:P.O 

100 II! PO 

100• PG 

IOOa P.O 

10011 PG 

1002PG 

10011 P.O 

IOOR PO 

100 2 P.G 

10011: P.G 

IOO•P.G 

10011 P.G 

lOO•P.G 

10011! P.G 

lOO•P.G 

l002P.G 

100 l'P,G 

lOO•P.G 

100• P.G 

lOOtrP.G 

100 2P G 

100 • P.G 

lOO•P G 

100 • PG 

100 •PG 

IIV\wDr. 

Dor.I QAS00702.NET 

Date: 7/28/94 
Pqe14ol18 

PNler¥adoG 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C, 

Cool4C. 

Cool4C. 

Cool4C. 

Cool 4C, 

- Cool4C. 

Cool4C. 

Cool 4C. 

Cool4C. 

Cool 4 c. 
Cool 4 C. 

Cool 4C. 

Cool 4 C. 

Cool 4C. 

Cool4C. 

,... A f" 



IBA Corporation s..ple Boldiaa"l1mes ucl Presenalion ltequiftlllellU 

Metal• in Soil-Continued ••• 

Parameter• Ti •• Mechocl H......_1'1ml 

Silva- .... 7760 6Moalbl 

tlamaoo 7761 6Moathl 

ICP 6010 'Moadta 
Sodium .... mo 6Moalbl 

ICP 6010 6Moalbl 

Tballium flame 7840 6Moadal 

1\unace 7141 6Moadaa 

ICP 6010 6Moalbl 

Tm .... 7870 6Moalhl 

Vanadium flame 7910 6 MOlllbl 

tbmaco 7911 6MOlllbl 

ICP 6010 IMoalbs 

Zhao flame 7950 6Montha 

tiarnac. 7951 IMoadla 

·- .,,.,,. ,:, .. . -· 

Coal-Iner 

IOOt!PG 

lOOtrPO 

IOOtr PG 

100 tr PG 

IOO•P.G 

lOOaP.O 

100 trP.O 

100 tr P.G 

IOOtrP.G 

100 tr P.G 

lOOaP.G 

100 trP.G 

100 trP.G 

IOOaP.O 

•AA_ ft I!. 

Doe# QAS00702.NE1' 

Date: 7128194 
Pagel5otl8 

Pnlervacioa 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool ◄ C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

- -• .. ,. 



IBA Corporation Sample Holding Times 1111d PrelervaDOll Requirements 

Wet Ctemistriee in Soil 

Puamocor' Techniauo Method Holdirur Time 

Cyul.do mectmobotometric 9010 140.n 

colorimeCric 9011 l4DaYI 

Sulfa&o colorimeCric 9035 110.YI 

colorimeCric 9036 110.n 

turbidimctric 9038 110.n 

.......... . . . Ol\"ln -

Container 

IO(hPG 

100 tr PG 

1002 P.G 

IOOtrP,G 

100 tr P.G 

'""-"'"' 

Docl QA.800702.NET 

Date: 7/28194 
Pagel6ofl8 

Prelermion 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

,,.. ·• A 11"1 



IBA Corporation 

Panmeter 1 T,-1,•oe 

llalopalted ... ~ 
Volalilo 
n.....:,,, 

Noa-Halopaatod ... ~ 
Volatile 
Ornnie1 

Jlulpable ... ~ 
Aromatiet 

Aemlein& pa chromalognpby 
Aenlonitrile 

Phenol, ... ~)' 

Pbdllllat& Bllcn pa chtoiilltoaraPby 

N'IIIOllmmel pa chromalognphy 

Orpnochlorine ... ~1 
Pe■cic:idet 
and PCB'■ 

Polyoucleu ... eluomatopapby 
Aroatie 
Kyclt'Ocarbou 
(PNA'■) RPLC 

Qlorinatecl pa cbromltoplpby 
Hvdmeadiom 

0qmopholpboN ... ~ 
I Poltieicle, 

a.lorinalod ... ~ - " . 

Parameters bv Gas Chro 
. 

Mechod Haldi-Time 

8010 14 Dly1 

IOlS 14 Dl)'I 

IQ2C, 14 Dl)'I 

8030 14 Da)'I 

I040 ut.-14 Dey, 
ual.-CODavs 

8060 ext.-14 D■)'I 
anaJ.-40DaYI 

8070 m.-14 o.,. 
ual.-400.¥1 

IOIJO •xt.-14 Da)'I 
ana1 • ..«>Day1 

8100 ext.-14 Day, 
ual.-CODa-

1310 ext.-14 Daya 
11111.-«> o.-

1120 ut.-14 Da)'I 
11111.-«> Diva 

1140 ut.-14 Da)'I 
11111 • ..«> Daw 

1150 ut.-140.,. . ~- -

in Soil 

Cotulaer 
-

3x40ml'Viall' 

3x40 ml 'Viall' 

3x40ml .... 

3x40ml.._-

100,.0 

100, .o 

1001 ,G 

100,.0 

1001,O 

100,.0 

100,,0 

100,.0 
-

100,,0 

Dod QAS00702.NET 

Date: 7128194 
Pqel7of18 

"-vadoa 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C. 

Cool4C • 



IBA Corporation Sample Boldi.na Times IDd Presemdioa lteQuinmmts 

Parametcn bv GCIMS in Soil 

Parameter' Tocbniaue Method HoWtmr Tune 

Volatikorpaic1 ~collllna 040 140.Yll 

......m.,..,, collllna 12'() l4Dav1 

a..-tleutnl& llllli-vol pacbd l2SO m.-140.71 
Aoicl ud.-40DaYI 
Bllnotablu 

llllli-voleapillal)' l270 m.•l4Da71 
ud.-400.YI 

Footaolel 

Coatainet" 

31:40 ml villa' 

3x40mlvial■' 

100, .o 

100,.0 

Dod QAS00702.NET 

Date: 7128/M 
Pagel8ofl8 

Pruervadoa 

Cool4C • 

Cool4C. 

Cool4C. 

Cool4C. 

I If nlicllll1 chlorial U plNlal la the Nmplc. 0,61 Of ucolbic acid ia udJlzecl. Alclorbio acid U oaly 111M if raiclual chlorial ii ptallll, 

a Muinmm boldiag&m ii 24boura wbcallllfidc ii pre.tenl. Opdonllly, al ample■ -1 lie fated db lead acecate paper liefore pH adjuatmcm iaorder 
to ddenniae if 11118do it,..... If aalfidc it prueat, it cu lie removed II)' the eddilioo of -"mium aicrate powder ulllil a aqalive lpClt tell ia Clblalnecl. 
'l1ae aamplo ia filtend and lben NaOH ii added to pH 12. 

' 'l1ae followio& infonnatioa. ii buod upon EPA nquimneau u oudiaocl in T.W. U. Pan 136. Tide 40 oflbe Code of Pecletal lteplatiom. July 1991. 
Tbi1 roforeace aboulcl lie OOIIIUltecl if turdtor clariftcaliaa ii dolired. Varioul .,... .,_.. have differing roquinmenll for both boldm, dmoa ud 
pruorvalioa from dtoao lillecl above. In IUcb ouea. lhe local .....,._.. aiperoedo dto EPA iafonnation. 

4 Al amplOI ._. bo colloctocl la boalet wilh tdon aepta and bo pl'IMCllocl from &pt. lfdtil ii aat pouible, UM 250 ml baales liaecl wilb t.aoa linod 
oapa. Samploa lhcJukl OCllltain llO heaclapace, 

J ff amplOI comill Nlidllal clllorine, it tmll be mnoved in lbs &eld II)' acldiai llll&te to dto ample baa1e (S m,r aoclium sulfite cryst.da per liter of aample). 

• If aamplu ooalaia ftlliclual chlorine. O.OOBS aoclium lbiolulfate .... bo adcled at lbe tum of ll&lllplm, and lbauld only bo wied it nlicllll1 clalarine ii 
preeeot. 

' If aamplel do aot ncoiw pH acljlllllllem,, lbe holdin, Ii- II 7 claya. Wkh pH ac1jwia.mem. dto boldm, tima ii 14 daya. 

1 Ahomalively. wide mouth Jiau jan delignecl for volatile ■ample■ •Y bo utilizc4 db 1etlon linecl capa. 
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LABORATORY FLOOR PLAN 
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APPENDIX, Section 5 

ORGANIZATIONAL CHART 



Sales Manager 
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Manager 

I 

.... ___ ...... ' ::, 

M.Bonomo 
Regional Manager 

I 
lnorganics 

I 

J.Curran 
Laboratory Director 

Client Senlice I 

P. Hobart 
'J. Dubauskas 
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GC/MS 

C.Lewl 
Regional Controller 

M. CL!!!k 
QA Manager 

I 
Gas 

Chromatography 

Manager 
Computer Operations 

I 

I I 
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Data Management 

I I 
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A. O'Leary 
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Atomic 
Spectroscopy 
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..... ·,,
J. Curran 

Laboratory Director 

I 
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Semi-Volatiles 
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H.Rhodes 
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L Decker 
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Manager 

Volatiles 
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CORRECTIVE ACTION FORM 

Client Inquiry_ 

Cient: ___________ ~_ Job/Case:, _____________ _ 

Date/time:. ___________ _ Sample Number(s): __________ _ 

aieot/Lab Coo.tact: _______ _ Date/Time Response Due: ________ _ 

Detailed Description of Potential Problem:"-------------------------

---------------------------------------
B. Quality Assurance Information Co1Tecfive Action ID# ____ _ 

Recommended Corrective Action:. ___________________________ _ -,,,___ _________ _ 

Groups Involved: _Sample Control _ Wet. Chemistry Metals 

_Gas Chromatography _ MB$$ Spectrometry_ Report Generation 

_Client Service _ Sample Preparation 

C. Final Resolution -
Describe What Happened and Long Tenn Corrective Action Takea:. ________________ _ 

Supecvisor Signature: _____ _ Date. __ _ 

D. Quality Assw,mce Final Appronl (QA Manager use only) 

( 6 , _..~ive. Action Approved: 
~tc fmahr.cd: .. -

Was a problem ideatificd? Yes I No 

IEA, lnc:. Doc.I QAFOOlOO.cr 

~ 

i. 

Date/Time Client Notified:. ____ _ 

I 
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IEA Corporation IEA -C'r SOP Index 

SAMPLE CONTROL 

Standard Operating Procedure 

SOP for Bottle Order Preoaration 

SOP for Samole Processin2 and Samole Arrival 

SOP for Log-in of CLP Samoles 

SOP for Storin2 Water and Soil Samples 

SOP for Generatilm Labels/Labelin2 Containers 

SOP for Documentin2 Samole Removal from Laboratory 

SOP for Securing the Laboratory and Samoles 

SOP for Temoerature Control Reauirements 

SOP for Comoositin2 Samnles 

SOP for Sample Receiot <NJDEPE) 

SOP for Ooeratinl! and Main•-
. . FwneHoods 

SOP for Hazardous Waste Disoosal 

SOP for Emer2encv Procedures 

SOP for Hazardous Waste Minimimtion Plan 

SOP for Trackinl! and Collection of Mixed Waste 

SOP for Radioactivity Swpie Tests 

SOP for Radiation Screenine 

SOP for Mana2ement/Disoosal of Mixed Waste 

Code 

SMSOOlOO.CT 

SMS00402.CT 

SMS00502.CT 

SMS00602.CT 

SMS00700.CT 

SMS00802.CT 

SMS00903.CT 

SMS0lOOl.CT 

SMS0llOO.CT 

SMS01200.CT 

SFS00202.CT 

SFSOOlOO.CT 

SFS00300.CT 

SFS00500.CT 

RASOOlOO.CT 

RAS00200.CT 

RAS00300.CT 

RAS00400.CT 

DodQAFOOSOJ.CT 

Date: VlS'l/97 
Page 1 of 14 

Date 
Generated 

02/15/9S 

05/15/92 

05/1S/92 

05/12/92 

05/15/92 

05/1S/92 

05/15/92 

0S115192 

06/16/94 

01/24/95 

05/15/92 

05/06/92 

06/21/94 

07/25/94 

02/06/94 

08/17/94 

08/15/94 

08/24/94 



IEA Corporation IEA -CT SOP Index 

DATA MANAGEMENT/HANDLING 

Standard Operating Procedure 

SOP for Preoaration/ Review of Laboratorv Renorts 

SOP for Documentation Policy/Procedures 

SOP for Data Reduction, Met, and Handliru? - CLP 

SOP for Sample Trac~ 

SOP for Data validation/Self !' ,~. 
. 

n-CLP 

SOP for Data Validation/Self ·on- OLMfJl.1 

SOP for Data Validation 

Code 

RPS00300.CT 

DM:090191:2 

RPS00200.CT 

OAS00200.CT 

QASOOlOO.CT 

OAS00600.CT 

QAS00700.CT 

Doc#QAFOOSOJ.CT 

Date: 2/1571'1'1 
Page? of 14 

Date 
Generated 

00,/16/94 

09/01/91 

05/0519'2 ' 

01/13/9'2 

05/0619'2 

01/17/94 

dft 

-



IEA Corporation IEA -C'r SOP Iadex 

EXTRACTIONS 

Standard Operating Procedure 

SOP for CLP Aaueous DNA Preparation 

SOP for CLP Aaueous Pesticide/PCB Preoaration 

SOP for CLP Soil DNA rreoaration 

SOP for CLP Soil Pesticide/PCB Preparation 

SOP for CLP Extractions Standard Prep 

SOP for ·cLP BNA extract Screeniru! 

SOP for CLP GPC BNA Extracts 

SOP for CLP GPC Pesticide/PCB Extracts 

SOP for Cleanin2 Glassware 

SOP for Hydrocarbon Sample Prep. 

SOP for Aaueous Herbicides Method 509B 

SOP for Preoaration of Chlorinated Herbicides {W) - 8150 

SOP for Aaueous BNA Methods 3510/3520 

SOP for Aaueous Pest/PCB Methods 3S10/3520 

SOP for Soil DNA Method 3550 

SOP for Soil Pest/PCB Method 3550 
. 

SOP for Aaueous OP Pesticides Methods 3510/3520 

SOP for SW846 GPC of DNA extracts 

SOP for GPC of Pesticide/PCB extracts method 3640 

SOP for Soil OP Pesticides Method 3550 

SOP for Waste dilution - BNA 

SOP for Waste dilution - Pesticides/PCB 

SOP for Pesticide/PCB extraction method 608 

SOPs for extractions CLP OLM02.1 

SOP for Extraction Standard Prep 

Code 

SPS00303.CT 

SPS00403.CT 

SPS00102.CT 

SPS00202.CT 

SPS00702.CT 

SPS00803.CT 

SPSOOS02.CT 

SPS00602.CT 

SPS00901.CT 

SPS0lOOO.CT 

SPSOllOO.CT 

SPS02800.CT 

SPS01300.CT 

SPS01200.CT 

SPS01400.CT 

SPS01600.CT 

SPS01700.CT 

SPS01801.CT 

SPS01900.CT 

SPS02700.CT 

SPS03000.CT 

SPS03100.CT 

SPS03201.CT 

SPS02000.CT-
SPS02600.CT 

SPSOlSOO.CT 

Doc#QAF00803.CT 
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Date 
Generated 

08/20/91 

08/19/91 

08/23/91 

08/26/91 

05/07/92 

0S/12/92 -

08/29/91 

04/02/92 

0S/13/92 

dft 

dft 

09/06/94 

09/10/93 

09/15/93 

12/10/93 

01/21194 

06/15/94 

12/17/94 

03/04/94 

03/07/94 

03/08/94 

03/04/94 

08/24/94 

dft 

dft 



IEA Corporation IEA -CT SOP Index 

EXTRACTIONS - cont. 

Standard Operating Procedure 

SOP for Prep Soil/Sediment samples for CLP P/P OLM03. l 

SOP for GPC of Pesticide extracts OLM03. l 

SOP for Prep Soil/Sed samples for CLP BNA's OLM03.l 

SOP for GPC of Semivolatile extracts OLM03.l 

SOP for Prep of Aqueous samples for CLP BNA's OLM03.l 

SOP for Prep of Aaueous samples for CLP PIP OLM03.1 

SOP for Prep of Low Level PCB Analysis 3510A 

SOP for Alumina Column C/U Method 361 lA 

SOP for Prep Aqueous SV OLCl0/92 

SOP for Prep of Semivolatiles in Tissue samples 

SOP for Prep of Pesticides/PCBs in Tissue samples 

SOP for Pren of Chlorinated Herbicides -Method 8150 (S) 

SOP for Prep of PUF Samples for Pesticides/PCB T04 

SOP for Prep of PUF Samples for Semi-volatiles T013 

Sop for Prep of SV Method 625 (Water) 

SOP for Prep of Wipe Samples Pesticides/PCBs 

SOP for Florisil Cartrid.ae clean-uo PIP extracts 

Code 

SPS03300.CT 

SPS03400.CT 

SPS03500.CT 

SPS03600.CT 

SPS03700.CT 

SPS03800.CT 

SPS03900.CT 

SPS02901.CT 

SPS04000.CT 

SPS04200.CT 

SPS04300.CT 

SPS04400.CT 

SPS04500.CT 

SPS04600.CT 

SPS04700.CT 

SPS04800.CT 

SPS04900.CT 

Doc#QAF00803.CT 
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11/11/94 

11/11/94 

11/11/94 

11/11/94 

11/29/94 

03/23/95 

Dft 

10/21/95 

10/21/95 

Dft 

07/15/96 

07/15/96 

4/23/96 

Oft 

11/8/96 



IEA Corporation IEA -CT SOP Index 

GCIMS 

Standard Operating Procedures 

SOP for CLP Volatiles (GC/MS) 

SOP for Semi-volatile CLP OLM0l.8 

SOP for Volatile Std Prep CLP 

SOP for Semi-volatile Std Prep CLP 

SOP for. Cleanin.2 AS vials 

SOP for Analvsis of BNA Method 8270A 

SOP for Analysis of Volatiles Method 8240A 

SOP for Volatile Standard Prep 

SOP for BNA standard Preo 

SOP for GC/MS Semi-volatiles CLP OLM02.1 

SOP for GC/MS Volatiles CLP OLM02. l 

SOP for Volatile Std Preo CLP OLM02.1 

SOP for Semi-volatile Std Prep CLP OLM02.1 

SOP for GC/MS Volatiles in Air 

SOP for GC/MS Volatile in Air - Summa Canister 

SOP for GC/MS Volatile 524.2 Rev. 3 

SOP for GC/MS Semivolatiles OLM03.1 

SOP for GC/MS Semivolatile Standard Prep OLM03.l 

SOP for OC/MS Volatiles OLM03.1 

SOP for GC/MS Volatile Standard Pren OLM03.l 

SOP for GC/MS Analysis Method 625 

SOP for GC/MS Analvsis Method 624 

SOP for GC/MS Semivolatile OLCl0/92 

SOP for GC/MS Semivolatile Method T013 

SOP for GC/MS Semivolatiles Method 8270B 

Code 

MSS00601.CT 

MSS01001.CT 

MSSOOl 00. CT 

MSS00200.CT 

MSS01200.CT 

MSS00700.CT 

MSS00400.CT 

MSV: 120588: 1 

MSSV:112686:2 

MSSOOSOO.CT 

MSS00900.CT 

MSS01300.CT 

MSS01400.CT 

MSS00300.CT 

MSS0llOO.CT 

MSS0lSOO.CT · 

MSS01600.CT 

MSS01700.CT 

MSS01800.CT 

MSS01900.CT 

MSS02002.CT 

MSS02100.CT 

MSS02200.CT 

MSS02300.CT 

MSS02400.CT 
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12/05/88 

11/26/86 

01/14/94 

01/14/94 

01/14/94 

01/14/94 

dft 

dft 

dft -

11/12/94 

11/12/94 

11/12/94 

11/12/94 

07/13/94 

02/27/95 

Oft 

09/27/96 

10/2/96 



IEA Corporation IEA -CT SOP Index 

GAS CHROMATOGRAPHY 

Standard Operating Procedures 

SOP for GC CLP OLM0L8 

SOP for Standard Prei> CLP· Pesticides 

SOP for Sulfur Removal 

SOP for Pest/PCB Method 8080A · 

SOP for Analysis of OP Pesticides Method 8141 

SOP for HP3350A LAS System 

SOP for Misc. Volatiles Method 8015 (DAD 

SOP for Herbicide analvsis Method 8150 

SOP for Analysis of Hydrocarbon F'm2emrintiru! 

SOP for GC/ECD Pesticides/PCB CLP OLM02. l 

SOP for Pesticide/PCB Standard Pren OLM02.1 

SOP for Pesticides/PCB Method 608 

SOP for Sulfur Removal - CLP OLM0l.8 

SOP for GC/ECD Pesticides/PCB analysis OLM03.1 

SOP for Pesticide/PCB Standard Preo OLM03.1 

SOP for Low Level Pesticide/PCB analysis - 8080 

SOP for Pesticide/PCB analysis - Method 8081 

SOP for Diesil Ran2e Organics - Method 801SB 

SOP for Gasoline Ranee Ornnics - Method 801SB 

SOP for Pesticide/PCB analvsis - Method T04 

Code 

GCS00200.CT 

GCSOOlOO.CT 

GCS00300.CT 

GCS00600.CT 

GCSOOSOO.CT 

GCS00400.CT 

GCS00700.CT 

GCS00800.CT 

GCS01300.CT 

GCS00900.CT 

GCS0lOOO.CT 

GCS0l 100.CT 

GC'..$01200.CT 

GCS01400.CT 

GCS01500.CT 

OCS01600.CT 

OCS01700.CT 

OCS01800.CT 

GCS01900.CT 

GCS02000.CT 
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OSIOS/92 
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02/15/94 

02/28/94 

06/08/93 

02/14/94 

02/14/94 

08/02/94 

01/14/94 

01/14/94 

02/15/94 

06/10/94 

11/11/94 

11/11/94 

11/29/94 

12/28/95 

02/07/96 

02/07/96 

07/15/97 



IEA Corporation IEA -CT SOP Index 

METALS 

Standard Operating Procedures 

SOP for SW846 Method 3005 

SOP for SW846 Method 3010 

SOP for SW846 Method 3020A 

SOP for SW846 Method 3050 

SOP for CLP SOW Di2estion (S) 

SOP for CLP SOW Digestion (W) 

SOP for Method 200. 7 with TJA 61 Operation 

SOP for GFAAS 200 series methods 

SOP for Trackimr Met.a.ls and Cyanide Samoles 

SOP for Standards Preparations 

SOP for Determination of Mercury in Water ILM03.0 

SOP for Determination of Mercurv in Soils ILM03.0 

SOP for Detennination of Mercury in Water - 7470A 

SOP for Determination of Mercury in Soils - 7471A 

SOP for Method 6010A with TJA 61 

SOP for GFAAS SW846 series methods 

SOP for Microwave Digestion Method 3015 (W) 

SOP for Microwave Digestion Method 3051 (S) 

SOP for Di2estion of AS/SB (GFAA) 

SOP for Microwave Di_gestion ILM03.0 

Code 

MES00800.CT 

MES00900.CT 

MES00701.CT 

MES01001.CT 

MES0l 100.CT 

MES01200.CT 

MES00600.CT 

MESOOS0l.CT 

IN:050189:1 

AS:092988:1 

MES01300.CT 

MES01400.CT 

MES0lS0l.CT 

MES01601.CT 

MES00400.CT 

MES00300.CT 

MES01700.CT 

MES01800.CT 

MES01900.CT 

MES02000.CT 

MES02100.CT 
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04/16/93 

04/16/93 

05/01/89 

09/29/88 

06/10/94 

06/10/94 

09/12/94 

09/12/94 

09/12/94 

09/12194 

04/20/9S 

04/20/95 

10/02/9S 

04/20/95 



IEA Corporation IEA -CT SOP Index 

METALS <cont.} 

Standard Operating Procedure 

SOP for Metals Dbiestion ILM04.0 (Water) 

SOP for Metals Digestion ILM04.0 (Soil) 

SOP for Determination of Mercurv in Water ILM04.0 

SOP for Detenninatioii of Mercurv in Soil ILM04.0 

· SOP for Detennination of Metals - ILM04.0 TJA-61E Trace 

SOP for Detennination of Metals - 200.7 TJA 61E Trace 

SOP for Detennination of Mercury in Water Method 245.1 

SOP for Metals Db~estion of Wioe Samples 

• 

Code 

MES02200.CT 

MES02300.CT 

MES02400.CT 

MES02500.CT 

MES02600.CT 

MES02700.CT 

MES02800.CT 

MES02900.CT 
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Date 
Generated 

07/31/96 

07/31/96 

07/31/96 

07/31/96 

08/1/96 

08/1/96 

08/1/96 

Dft 

-



IBA Corporation IEA -CT SOP Index 

COMPUTER SYSTEMS 

Standard Operating Procedures 

SOP for PCB EPA CLP Forms and Disk File 

SOP for LIMS Data Enttv 
' 

SOP for LIMS Data Bntrv Errors 

SOP for LIMS Data Base Security and Backup 

SOP for Testing, Modifying and Implementing Changes to 
Existin.2 Computer Systems 

SOP for Svstem Maintenance Operations and Resnonse Time 

SOP for Lotus Diskette Deliverable 

SOP for Volatile Data Filter Program 

SOP for Metals Data Filter Proirram 

SOP for Classical Chemisttv Results Prouam 

SOP for LIMS to PC File Transfer 

SOP for Classical Chemisttv Completion Date Entry Program 

SOP for Hamilton Standard Diskette Deliverable 

SOP for Envision Software - On?anic Deliverables 

SOP for Acres Diskette Deliverable 

SOP for Control Charts 

SOP for CH2MHil.L Diskette Deliverable 

SOP for AAS File Filter Proirram . 

Code 

SYSOOlOO.CT 

SYS00201.CT 

SYS00301.CT 

SYS00400.CT 

SYS00502.CT 

SYS00600.CT 

SYS00700.CT 

SSY00800.CT 

SYS00900.CT 

SYSOlOOO.CT 

SYS0llOO.CT 

SYS01200.CT 

SYS01300.CT 

SYS01400.CT 

SYS01501.CT 

SYS01600.CT 

SYS01701.CT 

SYS01800.CT 
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02/23/89 

05/12/92 

08/24/91 

08/25/91 

08/26/91 

02/25/92 

03/25/92 

03/26/92 

03/24/92 

03/27/92 

03/31/92 

04/01/92 

03/27/92 

12/01/92 
-

dft 

02/23/93 
. 

dft 



IEA Corporation IEA -CT SOP Index 

QUALITY ASSURANCE 

Standard Operating Procedures 

SOP for Document Control 

SOP for Corrective Action Reoorts 

SOP for Internal Omilitv Assurance 

' 

Code 

QAS00301.CT 

OASOOS0l.CT 

OAS00400.CT 

DoclQAFOOSOJ.CT 

Date: 2/lrllWI 
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07/08/91 

07/18/92 
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IEA Corporation IEA -CT SOP Index 

SALES/MARKETING 

Standard Operating Procedures 

SOP for Takini Client Orders 

SOP for LIMS Log-in 

SOP for Preparation for Price Quotations 

SOP for Telephone Logs 

Code 

MKSOOlOO. CT 

MKS00200.CT 

MKS00300.CT 

MKS00400.CT 

Doc.#QAF00803.CT 
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02/21/94 

02/14/94 

06/22/94 

-



IBA Corporation IEA. -CT SOP Index 

CLASSICAL CHEMISTRY 

Standard Operating Procedures 

Analysis of Tannins and Ligins in Environmental 
Samples 

Analysis of Acidity (Method 305.2) 

Analysis of Aciditv <Method 305.1) 

Bromide (Method 405) 

Analysis of Hydrocarbons (418.1) 

Analvsis of Oil & Grease (Gravimetric)- 413.1 

Analysis of Salinity in Water 

Analysis of Temoerature in Water 

Analysis of Grain Size 

Measurement of Conductivity 

Analysis of Dissolved Oxygen in Water 

Analysis of Phosphorus in Water 

Analysis of Alkalinity in Water - 310.1 

Analysis of Ammonia (method 350.1) in Water 

Analysis of MBAS in Water 

Measurement of pH 

Analysis of Sulfide (376.1) 

Analysis of Biochemical Oxygen Demand 

Analysis of COD (Method 410.4) 

Analysis of Hexavalent Chromium. in cromite 
ore samoles 

Analvsis of Samoles for Total Cvanide CLP Protocol 

Analvsis of Fluroide in Water (Method 340.2) 

Total Ora:anic Halides Analvsis in Water Samoles 

Analvsis of Total Organic Carbon in Water 

Code 

WC:042091:0 

WC:033191:0 

CVS00800.CT 

WC040791:0 

WC:041891:0 

CVS0lOOl.CT 

WC:070891:0 

WC:070591 :0 

WC:071591:0 

CVS04300.CT 

WC:071691 :0 

WC:053191:0 

CVS00700.CT 

WC:070791:0 

CVS00600.CT 

CVS00900.CT 

CVS01700.CT 

CVSOOSOO.CT 

CVS01201.CT 

WC:911205:0 

CVS0 ll0Cl.CT 

WC:051590.0 

CVS03801.CT 

CVS(J].200.CT 
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04/07/91 

04/18/91 
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07/16/91 

05/31/91 

(J]./22/94 

07/07/92 

03/31/94 
. 

03/31/94 

01/08/97 

(J]./22/94 

08/17/94 

12/05/91 

07/01/87 

0S/15/90 

05/14/90 

DPT 



IEA Corporation IEA -cT SOP Index 

CLASSICAL CHEMISTRY <cont,) 

Standard Operating Procedures 

Analysis of Hexavalent Chromium Colorimetric 

Analysis of Hexavalent Chromium Alkaline digestion of Soil 
Samoles 

Analysis of TOC Soil Samoles 

Analysis of TKN in Environmental Samples 

Analysis of Hardness in Water 

Analvsis of Chloride (325.2) in Water 

Analysis of Chloride (325.3} in Water 

Analysis of Ammonia-Nitrogen in Environmental Samples 

Standard Ooeratin2 Procedure for Reactivity 

Standard Operatiru! Procedure for Corrosivitv 

Standard ()peratiru! Procedure for limitability 

Manual Soectroohotometric Method for Hexavalent Chromium 

Analysis of Total Susoended Solids in Water 

Analysis of Sulfate in Water (Method 375.3) 

Analysis of Sulfate in Water <Method 375.4) 

EPTOX Leachate Procedure in Environmental Samples 

Analysis of Total Dissolved Solids in Water 

Analysis of Nitrate and Nitrite for Water Samoles <Method 353.2) 

Gravimetric Determination of Lube Oils in Solids 

SOP for the Analysis of Total Recoverable Phenols 

Analysis of Environmental Samples for T- Phenols 

Analysis of Samoles for Chloride (SM407 A) 

Analvsis of Environmental Samoles for Formaldehyde 

SOP for Total Cyanide - Method 335.4 

SOP for Amenable Cyanide - Method 335.1 

SOP for Toxicity Characteristic Leachiru? Procedure - 1311 

Code 

WC:090192:0 

WC:083192:0 

CVS03400.CT 

WC:081090:0 

CVS03100.CT 

CVS03900.CT 

WC:040991:0 

WC:021690:0 

CVS01900.CT 

WC:011069:0 

CVS02300.CT 

WC: 110889:4 

CVS00200.CT 

CVS01300.CT 

CVS01400.CT 

WC:081090:0 

CVSOOlOO.CT 

CVS02SOO.CT 

WC:062889:0 

CVS03600.CT 

WC:080186: 1 

WC:031189:0 

WC:072489:0 

CVS02000. CT 

CVS02100.CT 

CVS01500.CT 
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08/31/92 
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08/10/90 

Dft 

08/11/90 

04/09/91 

02/16/90 

09/29/94 

01/10/69 
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03/11/89 

07/24/89 

10/04/94 

10/04/94 

09/28/94 



IBA Corporation IEA -cT SOP Index 

CLASSICAL CHEMISTRY {cont,} 

Standard Operating Procedures 

Measurement of Turbidity in Water Samples 

Shake Extraction of Solids for Wet Chemistry Analvsis 

COD (410.1) 

SOP for WC Data Re•- .. . Nalidation 

SOP for Total Solids 

SOP for Flashpoint - Method 1010 

SOP for Waste Extraction Test Cw ti.I) Procedure 

SOP for Cation/ Anion Balance 

SOP for CEC Method 9081 

SOP for Soil Homo2enization 

SOP for A VS/SEM 

SOP for Oxidation -Reduction Potential 

SOP for The Determination of Hydrazine 

SOP for The Determination of Ferrous Iron 

SOP for Phenols Distillation 

Code 

CVS04000.CT 

WC:041391:0 

WC:082290:1 

CVS00400.CT 

CVS00300.CT 

CVS01600.CT 

CVS01800.CT 

CVS0280(l.CT 

CVS0290C>.CT 

CVS03000.CT 

CVS03500.CT 

CVS03301.CT 

CVS03200.CT 

CVS03700.CT 

CVS02400.CT 
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08/22/90 

08/29/93 

08/21/93 

09128194 
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3/20/95 

3/20/95 

3120/95 

07/fn/96 

04/29/96 

04126/96 

10/10/96 

09/27/96 

-



IEA Corporation IEA-CT Facility Quality Asmrance Program 

APPENDIX, Section 8 

LISTING OF ANALYTICAL METHODS 

AND ASSOCIATED DETECTION LIMITS 

Dod QAQ0010l.CT 

Date: 02/14197 



IBA Corporation IEA-CT Facility Quality Assurance Program Doc# QAQ00102.CT 

Date: 02/14/97 

Metals 

COMPONENT SAMPLE ANALYTICAL PRECISION ACCURACY UNITS PQL 
MATRIX METIIOD -.RSD -.RECOVERY 

Aluminum Water 200.7 0-20 90-110 Ul!:/I 200 

Water 6010 0-20 90-110 ug/L 200 

Soil 6010 0-20 90-110 mg/Kg 40 

Antimonv Water 200.7 0-20 90-110 ug/L 60 

Water 6010 0-20 90-110 u2/L 60 

Soil 6010 0-20 90-110 m2/Ke 12 

Water 204.2 0-20 80-120 ug/L 1.0 

Soil 7412 0-20 80-120 mg/Ki! 1.0 

Arsenic Water 200.7 0-20 90-110 ug/L 10 

Water 6010 0-20 90-110 u2/L 10 

Water 206.2 0-20 80-120 u2/L 10 

Water 7060 0-20 80-120 u2/L 10 

Soil 7060 0-20 80-120 mg/Ki! 2.0 

Soil 6010 0-20 90-110 mg/Ki! 2.0 

Barium Water 200.7 0-20 90-110 u2/I 200 

Water 6010 0-20 90-110 ug/L 200 

Soil 6010 0-20 90-110 mg/Kg 40 

Bervllium Water 200.7 0-20 90-110 u2n s.o 
Water 6010 0-20 90-110 u2/L - s.o 
Soil 6010 0-20 90-110 me/Ke 1.0 

Cadmium Water 200.7 0-20 90-110 ugn s.o 
Water 6010 0-20 90-110 Ul!/L s.o 
Soil 6010 0-20 90-110 me/Ktr 1.0 

Calcium Water 200.7 0-20 90-110 Ul!/l 5000 

Water 6010 0-20 90-110 Ul!/L 5000 

Soil 6010 0-20 90-110 m2/Kg 1000 ... 
Cobalt Water 200.7 0-20 90-110 Ul!/l so 

Water 6010 0-20 90-110 ug/L so 

Soil 6010 0-20 90-110 m2/Ko 10 

Chrotnium Water 200.7 0-20 90-110 u2/l 10 

Water 6010 0-20 90-110 u2/L 10 

~ii MIO 0-10 90-110 ma/'l{a ?n 



IBA Corporation IEA-cT Facility Quality Assurance Program Docl QAQ00101.CT 

Date: 01/14197 

Metals 

COMPONENT SAMPLE ANAL'YTICAL PRECISION ACCURACY UNITS PQL 
MATRIX ME'DIOD 'ltRSD 'It RECOVERY 

eo- Water 200.7 0-20 90-110 u•n 2S 

Water 6()10 0-20 90-110 ul!IL 2S 

Soil 6010 0-20 90-110 m•/IC• s.o 
Iron Water 200.7 0-20 90-110 u2n 100 

Water 6010 0-20 90-110 u•n. 100 

Soil 6010 0-20 90-110 nur/lCe 20 

Lead Water 200.7 0-20 90-110 ... n 3.0 

Water 239.2 0-20 80-120 non 3.0 

Water 7421 0-20 80-120 n•ft 3.0 

Water 6010 0-20 90-110 uirJL 3.0 

Soil 6010 0-20 90-110 m./lCe 0.6 

Soil 7421 0-20 90-110 IDIIKI! 0.6 

Maonesium Water 200.7 0-20 90-110 un SOOD 

Water 6010 0-20 90-110 ol!IL SOOD 

Soil 6010 0-20 90-110 IM/ICe 1000 

Marut:anese Water 200.7 0-20 90-110 oon 15 

Water 6010 0-20 90-110 wr/I. 15 

Soil 6010 0-20 90-110 mlt/lCe 3.0 

Molvbdenum Water 200.7 0-20 90-110 ... n 20 
-

Water 6010 0-20 90-110 non. 20 

Soil 6010 0-20 90-110 -nc. 4.0 

Mel'Clll'Y Wiler 245.l 0-20 80-120 nl!IL 0.2 

Water 7470 0-20 80-120 n•ff. 0.2 

Soil 7471 0-20 80-101 lllll'IIC. 0.1 

Nickel Water 200.7 0-20 90-110 n•ff 40 

Water 6010 0-20 90-110 u•/I. 40 

Soil 6010 0-20 90-110 mir/lCJr 8.0 

Pocusiwn Water 200.7 0-20 90-110 o•IL SOOD 

Water 6010 0-20 90-110 n•ff SOOD 

Soil 6010 0-20 90-110 m .. nc. 1000 

Selenium Warcr 200.7 0-20 90-110 ul!IL s.o 
Water 270.2 0-20 80-120 ol!ff. ,.o 
w .. , ... Min R_')ft an.110 u.n. · S.O 



IEA Corporation IEA-CT Facility Quality As.wrance Program Doc# QAQ00102.CT 

Date: 02/14/97 

Metals 

COMPONENT SAMPLE ANALYTICAL PRECISION ACCURACY UNIT$ PQL 
MATRIX ME'l'BOD '5RSD '5RI.COVERY 

Water 7740 0-20 80-120 u2'L s.o 
Soil 7740 0-20 80-120 ffll!IK2 1.0 

Soil 6010 0-20 90-110 ma/IC.• 1.0 

Silver Waler 200.7 0-20 90-110 naJL 10 

Water 6010 0-20 90-110 u.n. 10 

Soil 6010 0-20 90-110 mlLIIClt 2.0 

Sodium Water 200.7 0-20 90-110 uRIL 5000 

Water 6010 0-20 90-110 u2'L 5000 

Soil 6010 0-20 90-110 IIHF/ICtr 1000 

Thallium Water 200.7 0-20 90-110 u.11:/L 10 

Water 6010 0-20 90-110 ull.lL 10 

Waler 279.2 0-20 80-120 ul!/L 10 

Water 7841 0-20 80-120 ug/L 10 

Soil 7841 0-20 S0-120 ma/IC.• 2.0 

Soil 6010 0-20 90-110 ma/lCtr 2.0 

Tin Water 200.7 0-20 90-110 uRIL so 

Water 6010 0-20 90-110 ull.lL so 

Soil 6010 0-20 90-110 -nc. .. 10 

Titanium Water 200.7 0-20 90-110 u.11:/L 20 
-

Water 6010 0-20 90-110 wt/L 20 

Soil 6010 0-20 90-110 -nr. 4.0 

Zinc Water 200.7 0-20 90-110 u•ll 20 

Wallll' 6010 0-20 90-110 u•n 20 

Soil 6010 0-20 90-110 mo/IC.• 4.0 

Vanadium Water 200.7 0-20 90-110 Ul(/L 50 

Water 6010 0-20 90-110 uir/L 50 

Soil 6010 0-20 90-110 m.2/K§ 10 

(1) Acceptance limits are those indicated in the published method data. 



IBA Corporation IEA-CT Facility Quality AssuranCle Program Doel QAQ00102.CT 

Date: 02/14/97 

Wet Chemistry 

COMPONENT SAMPLE ANALYTICAL PRECISION ACCUKACY UNITS PQL 
MATRIX ME'1110D 1r,RSD ff,RECOVERY 

Acidity Wuer 305.1 0-20 NA -n.. 1.0 

..... -.. . Wasa- 310.l ()..20 NA man.. 2.0 

Ammonia-N Water 350.1 0-20 7S-125 ID2IL 0.04 

Bicad>onate Water '406C 0-20 NA 1112/L l.O 

Biochemical Oxygen Water 405.1 0-20 7S-125 mg/L 2.0 
Demand (BQD) 

Bromide Water 320.l 0-20 75-125 nmn.. 2.0 

Bromide Water -40S 0-20 75-125 man.. o.so 
Chloride Water 325.2 0-20 7S-125 mtr/1. 3.0 

Chlorine Demand Water 3-364 0-20 NA nur/L l.O 

Chlorine Residual Water 330.S 0-20 NA 1112/L 0.1 

Chemical Oxygen Water 410.4 0-20 75-125 mg/L 10.0 
Demand (COD) 

Color Water 110.2 0-20 NA Pt-Co s.o 

Conducitivitv Water 120.1 0-20 NA umho/cm NA 

Chromium <VD Water 7196 0-20 75-125 nur/1. 0.01 

Cvanide-Total Water 33S.4 0-20 7S-125 uRIL 10.0 

Cyanide-Total Water 9012 0-20 75-125 uir/L 10.0 

Cvanidc-Amenable Water 335.1 0-20 75-125 -n.. 10.0 
. 

Cyanide-CLP Water ll.M04 0-20 75-125 uir/L 10.0 ' 

DissolvedOxvnn. Water 360.1 0-20 NA -n 0.1 

Ramnnint Water 1010 ()..20 75-125 - -
Fluoride Water 340.2 0-20 . 75-125 -n. 0.10 

Grain Size Water 1>442-63 0-20 NA - -
Ha.nlnea Water 130.2 0-20 75-125 mtr/1. 1.0 

Hwlrocarboos (Gnv.) Water 503B 0-20 75-125 -n.. 1.0 

Htdmcarboas ffR\ Water 418.l 0-20 75-125 -n.. 1.0 

MBAS Water 425.1 0-20 7S-125 .... n 0.04 

Nitrate-Nitrite-N Warer 353.2 0-20 7S-125 -n. 0.10 

Nilmc-N Water 353.2 0-20 75-125 m2'L o.oos 
Odor Water 140.1 0-20 NA NA -
Oil & Grease (Grav.} Water 413.1 0-20 75-125 m2'L 1.0 

na..1.r-.... no\ w ..... 411.'2 0-20 7~-l'M _.,n. .. 10 



IEA Corporation IEA-CT Facility Quality Assurance Program Doe# QAQ00102.CT 

Date: 02/14/97 

GC/MS Extractable Ornnics 

QC CIIBCIC/LCS MATRIX SPIKE RELA'llVE1' MDL PQL 
1'RBCOVERY 1foRBCOVEllY DIFFERENCE (uc/Kc) (llll'KI) 

LIMIT LIMIT fRPD) LIMIT 

2 4-Dimethvlnhenol 64-238 . . 39.5 330 

Dimedtvl nhlhalatc D-112 . - 9.88 330 

4.6-Dinitto-2-melhylDhenol D-362 . . 11.9 1600 

2,4-Dinitronhenol D-382 - . 105 1600 

2,4-Dinitrotoluene 39-139 28-89 47 11.6 330 

2,6-Dinitrotoluene 50-138 . . 14.0 330 

Di-n-octvlohthalate 4-146 - . 14.8 330 

Fluoranthene 26-137 . . 11.8 330 

Fluorene 59-121 . . 18.2 330 

Hexachlorobenzene D-132 . . 13.8 330 

Huacblorobutadiene 24-116 . . 15.4 330 

Hexachlorocvclopentadiene D-59 . . 12.8 330 

Hexachloroethane 40-113 . . 21.S 330 

Indenoll.2 3-cd)nvrene D-171 - . 17.1 330 

lsoohorone 21-196 - . 14.9 330 

2-Melhylnal)hdialene D-117 . - 14.8 330 

2-Medlvlnhenol (o-cresol) 40-189 - - 11.2 330 

4-MelhyJphenol (1)-a'eSC)I) 28--198 . - 17.8 330 

Nanhdialene 11-133 - - 13.0 330 
. 

2-Nitroanili.ne D-117 . . 49.2 1600 

3-Nitn>aniline D-91 . . 342 1600 

4-Nmoanlline D-108 - - 138 1600 

Nillobemene 35-180 . - 13.S 330 

2-Nitrophenol 58-364 - . 13.S 330 

4-Nitroohenol D-264 10-80 so 128 1600 

N-Nitroso-di-n-oroovlamine D-230 41-126 38 13.l 330 

N-Nitrosodinhl!nvlamine D-114 - . 17.1 330 

Pentachlorouhenol 28-352 17-109 47 76.7 1600 

Phenanthrene 54-120 . . 12.5 330 

Phenol 10-224 26-90 35 10.6 330 

Pvrene 52-113 35-142 36 18.2 330 

1 2 4-Trichlnmbenz.ene 44-142 38-107 23 l'l 2 330 



IEA Corporation IEA-cT Facility Quality ~ce Program Docl QAQ00102.CT 

Date; 02114/97 

GCIMS Extractable On!anic:s 

QC CHBCKILCS MATRIX SPIKE IU!L\'l'IYE " MDL PQL 
1'RBCOVERY '!'RECOVERY DIFFBRBNCE (ua/KI) (ll&IK&) 

LIMIT LIMIT IRPn\UMIT 

2 4 5-TrichlorvDheDOl 82-354 - - 56.1 1600 

2.4.6-Tricblomnhenol 74-188 - - 28.9 330 



IEA Corporation IEA-CT Facility Quality Asrurance Program Doc# QAQ00102.CT 

Date: 02/14/97 

Wet Chemistry 

COMPONENT SAMPLE ANALYTICAL PRECISION ACCURACY UNITS PQL 
MATRIX MEmOD 1'RSD 1'RECOVERY. 

Oil & Grease (Grav.) Water 1664 0-20 80-120 m2/L 5.0 

Paint Filter Test Water 9095 0-20 75-125 NA -
pH Water 150.1 0-20 NA NA -
DH Water 9040 0-20 NA NA -
Phenols Water 420.2 0-20 75-125 m2/L 0.005 

Phenols Water 9066 0-20 75-125 m2/L 0.005 

Phosphorus Water 365.2 0-20 75-125 m2/L 0.10 

Phosohate (Ortho) Water 365.2 0-20 75-125 m2/L 0.10 

Settable solids Water 160.5 0-20 NA mUL 1.0 

Silica Water 370.1 0-20 75-125 m2/L 1.0 

Soecific Gravity Water 3-61 0-20 75-125 NA -
Sulfate Water 375.3 0-20 75-125 m2/L 10.0 

Sulfate Water 375.4 0-20 75-125 DU!/L 10.0 

Sulfide Water 376.1 0-20 75-125 m2/L 1.0 

Sulfite Water 377.1 0-20 - mg/L 1.0 

Slud2e Volume Index Water 213C 0-20 - ml/mg 1.0 

Total Kjeldahl Niro2en Water 351.2 0-20 75-125 me/L 1.0 

Total Soilds Water 160.3 0-20 N/A DU!/L 1.0 

Total Dissolved Solids Water 160.1 0-20 N/A DU!/L 5.0 

Total Suspended Solids Water 160.2 0-20 N/A men - 5.0 

Total Volatile Solids Water 160.4 0-20 N/A me/L 1.0 

Total Ornnic Carbon Water 415.2 0-20 75-125 awl. 1.0 

Total Omanic Halides Water 9020 0-20 75-125 ug/L 10.0 

Turbidity Water 180.1 0-20 - NTI1 0.10 

Cvanide Soil n.M04 0-20 75-125 m2'Klr 0.5 

Total On:anic: Carbon Soil 9060M 0-20 75-125 mir/Ic. 100 

Corrosivitv Char. Soil 9045 - - - -
l2ni1abilitv Char. Soil BRT - - - -
TCLP W/S 1311 - - - -
SPLP W/S 1312 - -

• Acceptance limits are those indicated in the published method data. 



IBA Corporation IEA-CT Facility Quality Assurance Program Doc# QAQ00102.CT 

Date: 02/14/97 

COMPONENT ACCURACY MATRJX SPIKE MDL PQL 
fJl,RECOVERY IJ'RECOVERY -IL UtP/l 

Method 608 Or2anochlorlne Pesticides in Water 

alnha-BHC 37-134 26-126 .001 .001 

beta-BBC 17-147 54-140 .001 .001 

ddta-BHC 19-140 3-113 .001 .001 

R'ammt1-BHC (Linda.no) 32-127 47-123 .001 .001 

H""""""lor 34-111 26-119 .001 .001 

Aldrin 42-122 53-104 .001 .001 

HeDmehtor eooxide 37-142 59-125 .001 .001 

EndosulfanI 45-153 69-138 .002 .002 

Dieldrin 36-146 S0-136 .002 .002 

4,4'-DDE 30-145 73-104 .002 .002 

Endrln 30-147 52-154 .002 .002 

Endosutfan n D-102 18-124 .015 .015 

4,4' DDD 31-141 10-163 .006 .006 

Endosulfan sulfate 26-144 59-IS2 .006 .006 

44'-DDT 25-160 51-140 .oos .oos 

Melboxvehlor 62-181 62-181 .006 .006 

Toxanhene 41-116 . 2.1 2.1 

Aroclor1016 50-114 . .159 .lS9 

Aroclor 1221 lS-178 . 1.76 1.76 

Aroclor 1232 10-215 - .418 - .418 

Aroclor 1242 39-150 - .407 .407 

Aroclor 1248 38-158 . .118 .118 

Aroclor 1254 19-131 - .282 .282 

Aroclor 1260 8-127 - .144 .144 

Chlordane (technical) 45-l19 . 0.076 0.076 

Endrin aldehvde 30-164 30-164 .008 .008 

Endrin kcmne 30-150 30-150 .006 .006 



IEA Corporation IEA-CT Facility Quality Assurance Program Doc# QAQ0010l.CT 

Date: 02/14/97 

COMPONENT LCSIQC CHECK MATRIX SPIKE RELATIVE4" MDL PQL 
4" RECOVERY t.RECOVERY DIFFERENCE uaJL uaJL 

LIMIT IRPD) 

Method 8081 Orn.nochlorine Pesticldes/PCBs in Water 

al,oha-BHC 37-134 . - .001 0.05 

beta-BHC 17-147 - . .001 0.05 

delta-BHC 19-140 . . .001 o.os 
--BHC n ,_., ___ , 32-127 56-123 20 .001 o.os 
HeDIKblor 34-111 40-131 20 .001 0.05 

Aldrin 42-122 40-120 20 .001 0.05 

HeDlllCblor eooxide 37-142 . . .001 o.os 
Endosulfan I 45--153 . . .002 o.os 
Dieldrin 36-146 52-126 20 .002 0.1 

4,4'-DDE 30-145 - . .002 0.1 

Endrin 30-147 56-121 20 .002 0.1 

Endosulfan II D-202 - - .015 0.1 

4,4'DDD 31-141 - . .006 0.1 

Endosulfan sulfate 26-144 - . .006 0.1 

4.4'-DDT 25-160 38-127 20 .005 0.1 

Methoxvchlor 50-168 . - .006 o.s 
Toxanhene - - - 2.1 0.5 

Aroclor 1016 - - - .159 1.0 

Aroclor1221 . - - l.76 2.0 
-

Aroclor 1232 - - - .418 1.0 

Aroclor 1242 33-128 . - .407 1.0 

Aroclor 1248 - - - .118 1.0 

Aroclor 1254 - . . .282 1.0 

Aroclor 1260 41-116 15--175 20 .144 1.0 

Chlordane (tecbnical) . - . 0.076 0.2 

Endrin aldehyde 44-154 . . .008 0.1 

Endrin ketone 30-150 - - .006 0.1 

Method 8150 Chlorinated Herbicid~ in Water 

2,4-D 50-176 10-200 20 0 .. 201 0.50 

Silvcx (2 4.5-TP) 10-134 10-197 20 0.028 -0.50 

2,4,5-T 10-146 - - 0.023 0.50 



IBA Corporation IEA-cT Fadllty Quality Assurance Propam Docl QAQ00102.CT 

Date: 02/14/97 

COMPONENT LCSIQC CHECK MATRIX SPIKE RELATIVE$ MDL PQL 
1'RECOVERY 1'RECOVERY DIFFERENCE ug/Kg ug/Kg 

LIMIT IRPD\ 

Method 8081 ur ____ hlorine Pesticides/PCBs in Soil 

alnltn-BHC 37-134 - - 0.295 1.7 

btto-BHC 17-147 - - 0.652 1.7 

ddta-BHC 19-140 - - 0.481 1.7 

Ramnta-BHC 11 :...a ••• , 32-117 <46-117 20 0.350 1.7 

HenllCblor 34-111 35-130 20 0.281 1.7 

Aldrin 42-122 40-120 20 0.138 1.7 

HMlllclt1or -• 37-142 . - 0.268 1.7 

Endosulfan 1 45-153 - - 0.616 1.7 

Dieldrin 36-146 31-134 20 0.425 3.3 

4.4'-DDB 30-145 - - 0.478 3.3 

Endria 30-147 42-139 20 0.425 3.3 

Endosulfan n D-202 - . 0.906 3.3 

4.4'DDD 31-141 . - 1.915 3.3 

Endosulfan sulfate 26-144 - . 1.967 3.3 

4.4'-DDT 25-160 23-134 20 2.144 3.3 

Methoxvcblor 50- 168 . . 11.61 17 

Toxa~ . - . 17.2 17 

Amclorl016 - - . 8.62 33 

Aroc:Jor 1221 - - - 5.62 67 
-

Aroclor 1232 . - - 16.7 33 

AIOclor 1242 33-128 - - 5.72 33 

Aroc:Jor 1248 - - - 9.97 33 

Amclor 1254 - - - 7.11 33 

Aroclor1260 41-116 10.175 20 9.18 33 

Chkmlane (tec:lmical} - - - 4.92 6.7 

Endrin aldehvdi!! 44-154 - - 2.81 3.3 

Bndrin ketone 30-150 - . 3.98 3.3 

Method 8150 Chlorinated Herbicides in Soll 

24-D S0-176 10-200 20 7.43 20 

Silvex (2,4.S-TP) 10-134 10-197 20 1.10 20 

2,4,S-T 10-146 - - 1.68 s.o 



IEA Corporation IEA-CT Facility Quality Assw.imce Program Doc# QAQ00102.CT 

Date: 02/14/97 

GC/MS Volatile Organics 

LF'B LAB MATRIX RELATIVE<IJI, MDL PQL 
$RECOVERY SPIKE DIFFERENCE (ug/1) (ug/1) 

LIMIT $RECOVERY (RPD)LIMIT 
LIMIT 

Method 524.2 Low Level Purgeables in Water 

Benzene 80-120 80-120 13 0.20 1.0 

Bromobenzene 80-120 80-120 13 0.12 1.0 

Bromochlorometh.ane 80-120 80-120 13 0.12 1.0 

Bromodicbloromethane 80-120 80-120 13 0.26 1.0 

Bromoform 80-120 80-120 13 0.11 1.0 

Bromomethane 80-120 80-120 13 0.19 1.0 

n-Butvlbenzene 80-120 80-120 13 0.20 1.0 

sec-Butvlbenzene 80-120 80-120 13 0.14 1.0 

tcn-Butvlbenzene 80-120 80-120 13 0.12 1.0 

Carbon tetrachloride 80-120 80-120 13 0.18 1.0 

Chlorobenzene 80-120 80-120 13 0.14 1.0 

Chloroethane 80-120 80-120 13 0.34 1.0 

Chlorofonn 80-120 80-120 13 1.54 1.0 

Chloromethane 80-120 80-120 13 0.29 1.0 

2-chlorotoluene 80-120 80-120 13 0.24 1.0 

4-Chlorotoluene 80-120 80-120 13 0.14 1.0 

Dibromochloromclhane 80-120 80-120 13 0.16 1.0 

l,2-Dibromo-3- 80-120 80-120 13 0.46 1.0 
cbloronmnane 

1.2-Dibromoetbane 80-120 80-120 13 0.46 1.0 

Dibromolllltbane 80-120 80-120 13 0.13 1.0 

1,2-Dlcblorobenzene 80-120 80-120 13 0.10 1.0 

1.3-Dicblorobenzene 80-120 80-120 13 0.11 1.0 

1.4-Dichlorobem.ene 80-120 80-120 13 0.11 1.0 

Dlcblorodlfluoromedwle 80-120 80-120 13 0.16 1.0 

1.1-Dlchloroethane 80-120 80-120 13 0.24 1.0 

1,2-Dichloroedlane 80-120 80-120 13 0.14 1.0 

1 l•Dichloroelhene 80-120 80-120 13 0.21 1.0 

cis-1 2-Dichloroedtene 80-120 80-120 13 0.23 1.0 

,,.,.,n,.t 2,Dlchloroethene IU\..(10 lln.1,.n " 13 0.21 In 



IBA Corporation IEA-CT Facility Quality As.mnulce Program Doc# QAQ00102.CT 

Date: 02/14/97 

GCIMS Volatile Ortzanics 

LFB LABMATRIX RELATIVE1Fi MDL PQL 
1FiRECOVERY SPIKE DIFFERENCE (ua/1) (ug/1) 

LIMIT -J,RECOVERY (RPD)LIMIT 
LIMIT 

1,2-Dicblorooronane 80-120 80-120 13 0.21 l.0 

1,3-Dlcbloronnmane 80-120 80-120 13 0.16 1.0 

2.2-Dicbloroproniane 80-120 80-120 13 0.17 1.0 

1 1-DicblorooroDCne 80-120 80-120 13 0.10 LO 

Erhvlbenzene 80-120 80-120 ll 0.20 1.0 

Hew:bloroburadiene 80-120 80-120 13 0.41 1.0 

l!IODroDVlbenzene 80-120 80-120 13 0.15 1.0 

- . ltoluene 80-120 80-120 13 0.12 1.0 

Methvlene chloride 80-120 80-120 13 1.0 1.0 

N •... 80-120 80-120 13 0.32 1.0 

n-Proovlbenzene 80-120 80-120 13 0.12 1.0 

Stvmae 80-120 80-120 13 0.16 1.0 

l , l • l .2-Tctracbloroethane 80-120 80-120 13 0.21 1.0 

1 1.2,2-Tetrachloroedwte 80-120 80-120 13 0.16 l.O 

Tetrachloroethene 80-120 80-120 13 0.16 1.0 

Toluene 80-120 80-120 13 O.lS 1.0 

1,2,3-Trichlorobem:ene 80-110 80-120 13 0.31 1.0 

1.2 4-Tricblorobenzene 80-120 80-120 13 0.21 1.0 
-

1.1.1-Trichloroelhane 80-120 80-120 13 0.21 1.0 

1.1 2-Tricbloroethane 80-120 80-120 13 0.13 1.0 

Tricldoroethene 80-120 80-120 13 0.17 1.0 

Trk:blolOfluoromed:aane 80-120 80-120 13 0.18 1.0 

1 2 3-Trichloroorooane 80-120 80-120 l3 0.31 1.0 

1 2.4-Trimethvlbenzene 80-120 80-120 13 0.14 l.0 

1,3,5-Trimelhvlbenzene 80-120 80-120 13 0.19 1.0 

Vinvl chloride 80-120 80-120 13 0.30 1.0 

o-Xylene 80-120 80-120 13 0.21 l.0 

m/o-xylene 80-120 80-120 13 0.41 1.0 



IEA Corporation IEA-CT Facility Quality Assurmce Program Doc# QAQ00101.CT 

Date: 02/14/97 

GC/MS Volatile Oreanics 

QC CHECK/LCS MA TRIX SPIKE MDL PQL 
- 1'oRECOVERY -I RECOVERY (uc/1) (ug/1) 

LIMIT LIMIT 

Method 624 Purgeables in Water 

Benzene 37-151 78-122 0.52 O.S2 

Bromodichloromethane 35-155 82-117 0.47 0.47 

Bromofonn 45-169 61-136 0.81 0.81 

Bromomethane d-242 67-122 1.6 1.6 

Carbon tetrachloride 70-140 76-127 0.66 0.66 

Chlorobenzene 37-160 78-117 0.41 0.41 

Chloroethane 14-230 79-118 2.09 2.09 

2-Chloroethylvinyl ether D-305 10-305 1.23 1.23 

Chloroform 51-138 83-114 0.53 0.53 

Chloromethane D-273 35-152 1.0 LO 

II Dibromochloromethane 53-149 78-122 0.69 0.69 

1.2-Dichlorobenzene 18-190 18-190 0.65 0.65 

1.3-Dichlorobenzene 59-l!:6 59-1S6 0.37 0.37 

1,4-Dichlorobenzene 18-190 60-145 0.43 0.43 

1, 1-Dichloroethane 59-155 81-181 0.82 0.82 

1,.2-Dicbloroethaoe 49-155 80-123 0.41 0.41 
. 

1,1-Dichloroethene D-234 79-121 0.82 0.82 

1,.2-Dichloroethene (total) 54-156 85-113 1.0 1.0 

1,2-Dichlorooronane D-210 77-124 O.S2 O.S2 

cis-1,3-Dichlorooropene D-227 75-110 0.54 0.54 

trans-1,3-Dichloropropene 17-183 73-132 0.53 0.53 

Ethylbenzene 37-162 83-112 0.54 0.54 

Methylene chloride D-221 83-115 1.14 1.14 

1, 1,2,2-Tetrachloroethane 46-157 69-138 1.11 Lll 

Tetrachloroethene 64-148 76-121 0.48 0.48 

Toluene 47-150 77-117 0.51 0.51 

1, 1, I-Trichloroethane 52-162 72-130 0.39 0.39 

l l 2-Trichloroethane 52-150 71-126 0.81 0.81 



IEA Corporation IEA-CT Facility Quality Assunmce Program Doc# QAQ00102.CT 

'1· l(~ Date: 02/14/97 

GC/MS Volatile Oreanics 

QC CHECK/LCS MATRIX SPIKE MDL PQL 
11,RECOVERY 11,RECOVERY (ug/1) (ug/1) 

LIMIT LIMIT 

Trichloroethene 71-157 82-116 0.27 0.27 

Tricblorofluoromethane 17-181 17-181 0.72 0.72 

Vinyl Chloride D-251 65-127 1.07 1.07 



!EA Corporation IEA-CT Facility Quality AauraDce Program Doc# QAQ00102.CT 

Date: 02/14197 

GC/MS Volatile Orn.nics 

QC CIIBCK/LCS MATRIX SPIKE RELATIVE., MDL PQL 
.,RECOVERY ., RECOVERY DIFFERENCE (ua/L) (ugll) 

LIMIT LIMIT RU'Dl LIMIT 

Method 8260 Purgeables in Water 

Acetone 28-374 - - 6.7 10 

Dem.enc 37-151 76-117 ti o.s 5 

Bromodichloromethane 35-155 - - 0.5 5 

Bromofonn 45-169 - . 1.1 s 
Bromomedlane d-241 - . o.s 10 

2-Butanone D-502 - . 6.2 10 

Carbon disulfide D-95 - . 0.4 s 
Carbon tetrachloride 70-140 - - 0.9 5 

Chlorobenzene 37-160 75-130 13 0.4 s 
Dibromochloromethane 53-138 - - 0.3 5 

Chloroethane 14-230 - - 1.5 10 

2-Chloroethylvinyl ether D-305 - - 0.7 10 

Chloroform 51-138 - . 1.0 5 

Cbloromethane 59-155 - - 0.4 10 ,. 
1 1-Dicblorocthane D-234 61-145 14 0.3 5 

1,2-Dichloroethane 4!>-155 - . o . .s s 
1.1-Dicbloroedlene D-234 - - 0.6 s 
1.1-Dichloroethene Cl'Ol3ll .54-1.56 - . 0.9 s 
l.2-DichlornntomtN!. D-210 - - o.s s 

• cis-1.3-Dichlorooronene D-227 - - 0.3 s 
trans-I ,3-Dichloronnmene 11-183 - - 0.4 s 
Ethylbenzene 37-162 - - 0.4 s 

2-Hcxanone 11 - 68 - - l.4 10 

Methylene chloride D-221 - . 1.1 s 
4-Methvl-2..-nmnnnc 31-154 - - 1.0 10 

Styrene 61-126 - - 0.4 5 

1, 1,2,2-Tctrachloroethanc 46-157 - - 2.2 s 

Tetrachlorocthenc 64-148 - - 0.5 5 

Toluene 47-150 76-125 13 0.4 5 

l I 1-Trichloroelhane 52-162 - - 0.5 5 



IEA Corporation IEA-CT Facility Quality Aaurance Program Doc# QAQ00102.CT 

Date: 02/14/97 

GCIMS Volatile Oreanics 

QC CHECK/LCS MATRIX SPIKE llELATIVE-. MDL PQL 
-.RECOVERY -.RECOVERY DIFFERENCE (ug/L) (uc/1) 

LIMIT LIMIT fftPD) LIMIT 

1.1.2-Tricbloroedlane 52-162 - - 0.4 s 
Trichloroedtene 71-157 71-120 14 0.4 s 
Vinyl acetate 16-23S - - 4.S 10 

Vinvl chloride D-251 - - 0.6 10 

Xvlenes (UJtal) 33-103 . - o.s s 



IBA Corporation IEA-CT Facility QuaUty Assunnce Program Doc# QAQ00102.CT 

Date: 02/14/97 

GC/MS Volatile Ore.allies 

QC CHECK/LCS MATRIX SPIKE RBLA.11VE11, MDL PQL 
1'i RECOVERY 11,RECOVERY DlnER.ENCE (ua/KI) (ua/Kg) 

LIMIT LIMIT IRPD\LIMIT 

Method 8260 Purgeables in Soil 

Acetone 14-l87 - - 8.3 10 

Benzene 70-145 66-142 21 0.97 5 

Bromodichloromethane 70-125 - - 0.95 5 

Bromoform 4.S-169 - - 0.97 5 

Bromomcthane 13-145 - - 2.62 10 

2-Bulanone D-251 - - 2.30 10 

Carbon disulfide D-475 - - 1.27 5 

Cubon tettacbloride 70-140 - - 1.16 s 
Chlombenzene 90-135 60-133 21 1.03 s 
Dibmmocblommedlanc 70-130 - - 1.09 5 

Chlorocthane 14-230 - - 2.42 10 

2-Cbloroethvlvinvl ether D-305 - - 0.9 10 

Chlomfonn 80-135 - - 2.92 s 
Chloromethanc D-273 - - 2.36 10 

1.1-DichlolOCthanc 75-135 59-172 22 1.38 s 
1.2-Dichloroethane 6.S-135 - - I.OS s 
1 1-Dichloroedlene 70-125 - - 0.96 s -
1.2-Dichloroechenc (total) 68-132 - - 1.36 5 

l.2-Dicblo 7.S-145 - - 1.05 5 

cis-l 3-Dicbloroomnene 70-113 - - 0.79 s 
trans-1.3-Dicblo 70-113 - - 1.19 5 

- ae 75-130 0.88 5 - -
2-Hexanoae 28-170 - - 1.28 10 

Melhvlene c:ldori&= 50-160 - - 1.57 5 

4-MBhvl-2-N!111lUlnDe 60-170 - - 1.26 10 

Stvrenc 80-120 - - 0.93 s 
1.1.2,2-Tearachloroethane 65-130 - - 1.27 s 
Tettachloroctbene 64-148 - - 1.34 s 
Toluene 31-130 50-139 21 1.07 s 
1.1 I-Tri - alll! 111\..l')n - - 1 -,11 ~ 



IBA Corporation IEA-C'r Fadlity Quality Assanace Proc,am Doc# QAQ00102.CT 

Date: 02/14/97 

GC/MS Volatile Oreaoics 

QC CHECK/LCS MATRIX SPIKE RELA.TIVE11, MDL PQL 
11,RECOVERY 11, RECOVERY DIFFERENCE . (ug/Kg) (ug!Kg) 

LIMIT LIMIT lRPD) LIMIT 

1.1.2-Trichloroedlano 85-130 - - 1.24 5 

Tricbloroethene 70-135 62-137 24 0.82 s 
Vlnvl ace&ue 8-118 - . 1.16 10 

Vinvl chloride 1-240 . . 1.21 10 

Xvlenesltolal} SS-172 - . 0.97 s 
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Date: 02/14/97 

GC/MS Extractable On?aDics 

QC CHECKILCS MATRIX SPIKE MDL PQL 
'Jl,RECOVERY fJliRECOVERY (u&fL) (11&11) 

LIMIT LlMIT 

Method 625 Extractables in Water 

Acenaohthene 47-145 47-123 0.6 0.6 

Acenaohthvlene 33--145 33-145 0.4 0.4 

Anthraccne 27-133 27-133 0.5 o.s 
Benzidine 79 80 

Benzo(a)anthracene 33-143 33-143 1.2 1.2 

BenzoCalnvrcnc 17-163 17-163 0.9 0.9 

Be11ZO(blftuoranlhene 24-139 24-139 0.7 0.7 

Benzo(2,h,i\nervlene D-219 D-219 0.6 0.6 

Benzo(k)fluoranthene 11-162 11-162 1.2 1.2 

biEl2-Chloroethoxv)medwle 33-184 33-184 0.7 0.7 

bis(2-Cbloroethvl)ether 12-138 12-138 0.6 0.6 

bis(2-Chloroisoproovllcthcr 36-166 36-166 0.5 0.5 

bid?.-Emvlhexvnohthalate 8-138 8-133 1.8 1.8 

4-Bromonhenvl ohenvl ether 53-127 53-127 o.s o.s 
Benzvl butvl nbthalatc D-132 D-132 1.4 1.4 

2-Chloronaohthalcne 60-118 60-118 0.8 0.8 

4-Chloronhenvl nhenvl ether 25-138 25-138 0.6 0.6 
. 

Chrvsene 17-168 17-168 1.1 1.1 

Dibenzola h)anchr:accne 0-227 D-227 0.6 0.6 

1,2-Dicblorobcnzcnc 32-129 32-129 0.7 0.7 

1.3-Dicblorobenzene D-172 D-172 0.6 0.6 

1,4-Dichlorobcnzcnc 20-124 20-124 0.6 0.6 

3 3' -Dichlorobcnzidine D-262 D-262 1.0 1.0 

Diethyl ohcha.late D-114 D-114 0.6 0.6 

Dimctbvl nhthalate D-112 D-112 0.5 0.5 

Di-n-butvlt>hlhalatc 1-118 1-118 1.1 1.1 

2,4-Diniuotoluenc 39-139 39-139 0.6 0.6 

2 .6-Dinitrotoluene S0-138 50-138 0.5 0.5 

Di-n-octvlohlhalatc 4-146 4-146 0.7 0.7 

Fluoranthene 26-137 26-137 0.7 0.7 

Fluorene 59-121 59-121 0.6 0.6 
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Date: 02/14/97 

GC/MS Extractable On!anics 

QC CHBCIC/LCS MA.'IIUX SPIKE MDL PQL 
1'RECOVIRY 1'RECOVIRY (llgJL) (us/I) 

LIMIT LIMIT 

Huacblorobemene l)..132 D-131 o.s o.s 
Heucbloroburadicne . 2+116 2+116 0.6 0.6 

Heuchlo 
.. l)..59 D-59 1.0 1.0 

HeucblolOedwle 40-113 19-89 o.s o.s 
Indenoll .2 l<d.\nvffJne 0-171 D-171 0.6 0.6 

Isooborone 21-196 21-196 0.6 0.6 

NIDhtbalene 21-133 21-133 0.6 0.6 

Niuobenzene 35-180 35-180 0.6 0.6 

N- Niuosodimethvlamine 0.4 0.4 

1.2 dinhenvlhvdrazine 0.6 0.6 

N-NitJOso-di-n-omnvlamille D-230 l)..230 0.6 0.6 

N-NitrosodinhP.nvJaminc D-114 D-114 1.4 1.4 

Pheaanlbrene 5+120 5+120 o.s 0.5 

Pvmie 52-113 5Hl3 1.4 1.4 

1 2.+ Trichlorobemcne 4+142 4+142 0.5 o.s 
~ro-3-medlvlnhMlnl 4+294 4+294 0.6 0.6 

2-cbloroohenol 46-268 4+123 o.s o.s 
2.+Dicblo....J.•-1 78-270 78-270 0.6 0.6 

2.+Dimetbvlnhenol 64-238 64-238 o.s o.s 
-

2.+Dinitroohenol l)..382 D-382 1.7. 1.7 

2-Medtvl◄ ' ·· · l>-362 l)..362 0.6 0.6 

2-N· I 58-364 58-364 o.s o.s 
4-Nilnmhenol l>-264 l)..264 0.3 0.3 

Pentlcblomnlu!nnl 28-352 28-352 o.a 0.8 

Phenol 10-224 10-224 0.3 0.3 

2,4.6-Tric • . 
1 7+288 14-288 0.6. 0.6 
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Date: 02/14/97 

GC/MS Extractable Organics 

QC CHECK/LCS MA'llUX SPIKE RELA11VE1ft MDL PQL 
1ft RECOVERY 1ftRECOVEKY DIFFERENCE (ug/1) (ug/1) 

LIMIT LIMIT (RPD)LI.MIT 

Method 8270 Extractables in Water 

Acenaphthene 47-145 46-118 31 0.6 10 

Acenaphthvlene 33-145 - - 0.4 10 

Anthracene 17-133 . - 0.5 10 

Benzoic a.-:id D-473 - - 7.8 so 

Benzola)anthracene 33-143 - - 1.2 10 

Benzolh )fluoranthene 24-139 - - 0.7 10 

Benzo{k)fluoranthene 11-161 - - 1.2 10 

Benzo(g,h,i)perylene D-219 - - 0.6 10 

Benzo(a)pyrene 17-163 - - 0.9 10 

Benzvl alcohol D-130 . - l.S 10 

bis(2.Chloroethoxv)methane 33-184 - - 0.7 10 

bis(2-Chloroethyl)ether 12-138 - . 0.6 10 

bis(2-Chloroisoproovl)ether 36-166 - - 0.5 10 

bis(2-Ethvlhexvl}ohthalate 8-138 . . 1.8 10 

4-Bromophenvl phenyl ether 53-127 - - 0.5 10 

Benzvl butYI ohthalate D-132 . - 1.4 10 

4-Chloroaniline l-78 - - 0.7 10 
-

2-Chloronaphthalene 60-118 . - 0.8 10 

4-Cbloro-3-methvlnhennl 44-294 23-97 42 0.6 10 

2-Chlorophenol 46-268 27-123 40 o.s 10 

4-Chlorophenyl ohenvl ether 25-138 - - 0.6 10 

Chrvsene 17-168 . - l.l 10 

Dibenmla.h'lanlluaceae D-227 . - 0.6 10 

Dibem.oftann D-170 - - 0.6 10 

Di•n-bulYlohthalate 1-118 - - 1.1 10 

1.3-Dichlorobenzene D-172 . - 0.6 10 

1.4-Dichlorobenzene 20-124 36-97 28 0.6 10 

1.2-Dichlorobenune 32-129 . - 0.7 10 

3 3'-Dichlorobenzidine D-51 - - l.O 10 

2 4-Dichloroohenol 78-270 - - 0.6 10 

Diethvl Ahth• 1••• D-114 - - -n.,;: 10 
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Date: 02/14197 

GC/MS Extractable Ornnics 

QC CHECK/LCS MA.'DUX SPIKE llll',LA 11VE ... MDL PQL 
'lloRECO'YDlY 1r.UCO'YDlY DIFFERENCE (us/I) (q/1) 

LIMIT LIMIT <RPD>LIMIT 

2,4-DimethvlDhenol 64-238 - . o.s 10 

Dinwhvl nhlhalatc D-112 - . o.s 10 

4.6-Dinitn>-2-methvlnhenol D-362 - - 0.6 2S 

2,4-Dinitmnhenol D-382 . - 1.7 2S 

2.4-Dinierotolucne 39-139 24-96 38 0.6 10 

2,6-Dinitrotoluene S0-138 - . o.s 10? 

Di 
. lhalate 4-146 - 0.7 10 -

Fluoranthene 26-137 - - 0.7 10 

Fluorene 59-121 - - 0.6 10 

Hcncblorobenzene D-132 - - o.s 10 

Heucbl.orobutadiene 24-116 - - 0.6 · 10 

Huachlorocvclopenladiene D-59 - . 1.0 10 

Hcncbloroetbane 40-113 - - 0.5 10 

lndeno{l,2 3~\nvrene D-171 - - 0.6 10 

Isonhorone 21-196 - - 0.6 10 

2-Methvlnat>hthalene D-127 . - 0.6 10 

2-Methvlohenol (lrCteSOD 40-189 - . 0.6 10 

4-Medivlohenol in-cresol} 28-198 - . o.s 10 

NaDhthalene 2M33 - - 0.6 10 
-

2-Nkroanilino D-127 - . 0.5 2S 

3-Nkroaniline D-91 - - 0.6 2S 

4-Nilroaniline D-108 - - 0.8 20 

Nilrobemene 35-180 - - 0.6 10 

2-Nitroohenol 58-364 - - o.s 10 

4-N itrophenol D-264 10-80 so 0.3 25 

N-Nitroso-di-n-oroovlamine D-230 41-116 38 0.6 10 

N-Nitrosodiohenvlamine D-114 - - 1.4 10 

Pentachlomnhenol 28-352 9-103 50 0.8 25 

Phenanthrene 54-120 - - 0.5 10 

Phenol 10-224 12-110 42 0.3 to 

Pvrenc 52-113 26-127 31 1.4 10 

1 2 4-Trichl nc 44-142 39-98 28 O'i 10 
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Date: 02/14/97 

GC/MS Extractable Oreanics 

QC CHECICILCS MA'l1UX SPDCE RELATIVE 1lt MDL l'QL 
11t RECOVERY 1lt RECOVERY DIFFERENCE (aclK&) (IIIIKI) 

LIMIT LIMIT IRPD\LIMIT 

Method 8270 Extractables in Soil 

Acenaohtbcne 47-145 31-137 19 12.6 330 

. · «lcne 33-145 - . 12.8 330 

Anduacene 27-133 - - 13.0 330 

Bcnzoic acid D-473 - - 100 1600 

Benmla)anthraccne 33-143 - - 14.6 330 

Bemolblfluoranthene 24-139 - - 13.0 330 

Ben7.nflc)fluoranthcnc 11-162 - - 16.S 330 

Benzo(2,h,i)nervlene D-219 - - 17.8 330 

Benmlalovrcne 17-163 - . 16.2 330 

Benwt alcohol D-130 - . 13.4 330 

bisC2-Chloroethoxv)metbane 33-184 - - 11.7 330 

bisll-Chloroelhvl)cther 12-138 . - 17.0 330 

bis<l-Chloroisooroovllecber 36-166 - . 15.2 330 

bisa-Etbvlhexvt)ohthalate 8-138 - . 20.8 330 

4-Bromonhcnyl phenyl e1ber 53-127 . - 12.9 330 

Bcnwl butvl Dhtbalate D-132 . - 11.4 330 

4-Chloroaniline 1-78 . - 47.8 330 
-

2-Chlomnanhthalene fi0..118 - . 14.3 330 

4-Chloro-3-medlvlnhMinl 44-294 26-103 33 14.S 330 

2-Chlorouhenol 46-268 25-102 so 12.0 330 

4-Chlonmhenvl ohcnvl edaer 25-138 . - 14.6 330 

Chrvsene 17-168 - - 15.1 330 

Dibenzo(a.h)anthracene D-227 . - 18.S 330 

Dibenu,furan D-170 . - 16.7 330 

Di-n-butvlohthalate 1-118 . - 16.8 330 

1 3-Dichlorobenzene D-172 - - 14.0 330 

1,4-Dichlorobenzene 20-124 28-104 27 16.7 330 

1,2-Dichlorobenzene 32-129 - . 13.4 330 

3 ,3 • -Dichlorobenzidine D-52 - - 10.4 660 

2,4-Dichlorophenol 78-270 - - 10.2 330 

Dietlivl nhthalate 0-114 . -· 17.t 330 
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Date: 02/14/ff 

GCIMS Extractable Orn.nlcs 

QC CHF.CK/LCS MATRIX SPIKE REU'l'IVE11o MDL l'QL 
-.ucovav ,r.DCOVERY DJlll'ERINCE (ag/1) (a,11) 

LIMIT LIMIT tRPD\LIMIT 

2.4 ~ TrichlOIOnM'll'II 82-354 - - 0.6 2S 

2.4,6-Tricblomnhenol 74-288 - - o.s 2S 
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