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1.0 QUALITY ASSURANCE PROGRAM PLAN 
IDENTIFICATION FORM 

Document Title: 

Document Control Number: 

Organization Title: 

Address: 

Director: 

Quality Assurance Manager: 

DataChem Laboratories Environmental 
Chemistry Quality Assurance Manual 

QA-2/83 

DataChem Laboratories 

DataChem Laboratories 
960 West LeVoy Drive 
Salt Lake City, Utah 84123 

James H. Nelson, Ph.D. 
Phone Number: 801-266-7700 

Ronald H. Marsden, B.S. 
Phone Number 801-266-7700 

Plan Coverage: This document describes DataChem Laboratories' 

(DCL) Quality Assurance Program Plan. The Plan addresses environmental data 

generated and processed by DCL from the analysis of environmental samples. 

The Plan applies to data derived from air, drinking water, water quality, solid 

and hazardous wastes, toxic substances, and pesticides programs. 
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2.0 INTRODUCTION 

The U.S. Environmental Protection Agency (EPA) considers quality 

assurance (QA) of the highest priority with respect to environmental 

monitoring . EPA policy requires, in part, that laboratories performing 

analyses for environmental monitoring programs develop and implement QA 

program plans which cover all laboratory activities related to the analysis of 

environmental samples. Accordingly, DataChem Laboratories (DCL) has 

developed and implemented a QA program plan pertinent to the analysis of 

environmental samples and in accordance with EPA guidelines . 

Environmental data, generated and processed under this QA program plan, are 

derived from the analysis of environmental samples for air, drinking water, 

water quality, solid and hazardous wastes, toxic substances, and pesticides. 

The quality assurance program plan presented in this document is 

applicable to
1 

environmental data generated and processed at DCL and serves to 

assure that such data meets users' requirements in terms of accuracy, 

precision, completeness, and comparability. 

Since DCL is primarily responsible for only the analysis of 

environmental samples and not for sample collection, this quality assurance 

program plan does not address sample representativeness. When applicable, 

sample representativeness will be addressed in individual QA project plans. 



3.0 QUALITY ASSURANCE POLICY 

3.1 Goals 

The goal of the DCL QA program is to ensure that all available data 

generated and processed subject to EPA guidelines and requirements is 

scientifically valid, defensible, and of known and acceptable accuracy and 

precision. 

3. 2 Policy 

It is the policy of DCL that the analytical aspects of all environmental 

data generated and processed, subject to EPA guidelines and requirements, be 

of known and acceptable quality. This quality will meet the requirements of 

the intended use(s) of the data. Quality assurance data will be documented and 

available. 

The l~vel of effort of required QA activities will meet the requirements 

of the intended use(s) of the data, as communicated by the user. 

Specific QA activities needed to meet data quality requirements for 

precision, accuracy, and completeness will be described in appropriate QA 

project plans. 
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4.0 QUALITY ASSURANCE MANAGEMENT 

4 .1 Introduction 

Ultimate responsibility for the conduct of all projects, and approval for 

the implementation of all programs at DCL, resides with the Laboratory 

Director, Dr. James H. Nelson. Functional responsibility for the analytical 

work is delegated to various Project Managers and Technical Operations 

Section Managers and to the Quality Assurance Manager (QAM). 

Illustrated in Figure 1 is an organization chart for the management of 

quality assurance practices at DCL. The QAM is organizationally independent 

of all programs involved in the data generation process. 

4. 2 Assignment of Responsibilities 

4.2.1 

The 

adequately 

equipment 

Manager. 

4.2.2 

Laboratory Director 

11.aboratory Director is responsible to assure that DCL resources are 

allocated to specific projects and that sufficient staffing and 

are provided. He oversees and supports the Quality Assurance 

Project Manager 

The Project Manager has the responsibility of communication with 

Contract Officers and oversees and · supports the Technical Operations Section 

Manager in development, implementation, and operation of the analytical 

program. The Project Manager is also responsible to assure that QA/QC 

recommendations and corrective actions are implemented. 

4.2.3 Technlcal Operations Section Manager 

The Technical Operations Section Manager has the responsibility of 

implementing the QA Plan and for coordinating the sample analysis flow in 

the laboratory. 

4.2.4 Quality Assurance Manager 

The Quality Assurance Manager (QAM) has the responsibility of 

establishing, overseeing, and auditing specific procedures for documenting, 

controlling, and validating analytical data quality. This is accomplished, in 

part, through the following: 



PAES•uEN rs OFFICE 
SAlES & MAAKETll-0 

R.J. Joo• 
T.S. M,k....,a 

J.H. Nelso,, Ph.D. 
Projdd "'""~ Vee p,,.idanl President 

I KA Olson, J.D 
A.B. T o,gensan 
Proj,,ctM.i,,J9W 

MF. Denaa Co,pa ... Courowl Y .H. Yoon, Ph.D. 
T ecl'rical Sal.- Rop, ... .-1..i;... M.F . ....,.,le Aes.,.,,d, Sci_,till 

Sal Llk• Cly, Uan Admr,;s1ra.1;... Ass.swi S.L Ouigo,y 
G. G. E,pca lo J.A. Bui• &eo..e;... S«:rol-"Y 

s ... R<,p-,laJM L.aboraioty~• LI<. Sdlmanslu 
Balm,,e,M~ LM. E~...-. M.S. E,eo..e;... S«:rol.ty 

S .G. ThorrM Projec:I M.JN9W W.M. Skinnot 
S-A,op,-,iaa.. O.W. Gaye, SeaelMy 

Crdmal, Ol-io Projec:IU~ K.E. Elingsa, 
R.J. Goo,l,Ph.D. F&,,plia,i,t 
Projec:I UaNQef T.J. Wiilon 

Aeceptiaiisl 
I 
I I 

~CP'..AATO<S TEQ-INCAL SUPf'OAT 
PROJECT DEVELOPMENT.CLIENT S€AV~S 

JAF'Mra J.H. Naloa,, Ph.D. ....,.,.,._..,\laNQor 
Pr•OOrll"-

A.H. Pott•. M.S.,M.T.(ASCP) 
Vee P, .. ;a.,1 ,Mana9W 

J.B. Johns Ion 
ENlltAONMEN T Al C>iEM CS TRY SAMPLE CONTROL QUALITY ASSl..fW'4:E M.E. Tui• 

OAGANIC CHEMISTRY Prcp,cs l.lat-.aQS Cioni s.,,,.,.. Rap-,t,>1,... 
DEPARTMENT ~ICSECTON SECTION -- SECTION K.R. Nictdsa,, CIH S.C. Aad• 

R.W. - NJ<.O!,__, L.J. Hat.. R.H.M-
Prqed~ Clienl S-.iooo c ... 

J.M. Nicsln, JASor-....n 
~~ S«lla,"'°'".;i,,rl Sedicn~l Sedicn~l Oien s-,,;c.. Rap-,i.,r,... ClienlS..-,.,,.Cle,il 

I J.K. Slo-ol MD. Hansen 
Clier'c Se,,'a,a A,op,-,yf;... Ass~ Tect,rcan 

Q-;AOt,IATOGR.&PHY NCAGAAJC O:ElolCSTRY ELECTRONIC SUP!"CflT ~SL.PPOf!T 
~T10f'4 - SPECrACSCOPY ScCTON (Day) SECTION - - SEC~ 

O.J. B,ucn U . Sleplw,a S.LO..., M.R. Ardenan 
Sedla, ........ 1 S«:tia,~1 Sedicr1Mar,;,,g.r1 Sedicn Mar,;,,g.r 1 

I 
~ENT Al 0-iEWISTRY ~ CH:MCSTRY SAFE1Y & E.•.vtAOl'NENTAl.. 

OAGAN.ICS€CTO. --- SPECTROSCOPY ScCTON (E-...) --- AFFAJRS GROUP 

J.M. fwin::,tjl M.P.8,o,uf T.E.Wad-w 
S«lla,Mawg,or2 S«m,~1 Cloo,91.-w 

I 
GCl"'5 Sc:..Ml-.a.A TILE M~AN"'-YSIS 
~ YSIS SECT10f'4 --- S€CT1CN 

JA.~ PAK.-9W 
S,da,Mawg,or1 Sella,~ 1 

I 
GCIMS~TY 
~ YSCS SECTICN 

J.CD. D,w-,a, PI\.D. 
kli'9S«:lia,~ 

I 
QAGAAIC EXTRACTON 

SECTION 

J.M. Aeynoi:ls 
Seaoo 1,4.,._ 2 

I 
Va.A TILE ORGANIC 
ANALYSIS S€CTICN 

R.W. Wade DataChem Laboratories Organization Chart 
(9/5190) 

Seao,M.Jl'l.l9"'2 
Fi ure 1. g 



,., 
-.. 

1 -, 

1. Monitoring the QA and QC acuv1ues of the laboratory to ensure 
conformance with authorized policies, procedures, and good 
laboratory practices, and recommending improvements as 
appropriate; 

2. Informing specific Project Managers and/or Technical Operations 
Section Managers of noncompliance with the approved QA 
Program; 

3. Ensuring that all records, logs, standard operating procedures, 
project plans, and analytical results are maintained in a 
retrievable fashion; 

4. Ensuring that standard operating procedures and project QA/QC 
plans are distributed to all appropriate laboratory personnel; 

5. Establishing the correct procedures and criteria for evaluating 
whether analytical performance is acceptable and in-control; 

6. Reviewing laboratory data before those data are 
verifying that data were collected properly under an 
analytical system; 

released, 
in-control 

7. fflaintaining documentation of corrective actions, and ensuring 
that analysts implement and document corrective actions as they 
become necessary; 

8. Ensuring that 
documents are 

4.3 Communication 

sample logs, instrumentation 
properly maintained; 

logs, and all QC 

Effective communication is necessary for a responsive, efficient QA 

program. DCL employs a system of routine communications to ensure the 

efficacy of the QA program. This system includes daily, weekly, and monthly 

communications as described in the following. 

4.3.1 Daily 

Environmental samples received at DCL are evaluated on a daily basis to 

assess QA requirements. Both management and analytical personnel are 

consulted by the QAM to ascertain QA program status and current needs or 

problems. 

Environmental samples and the associated analytical work requests are 

reviewed by the QAM before analytical procedures are initiated. This ensures 

adherence to the requirements of applicable QA project plans during analysis. 

The QAM evaluates analytical data reports for precision, accuracy, 

completeness, and adherence to EPA and project plan QA requirements. 
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4.3.2 Weekly 

The QAM meets weekly with the laboratory manag~ment personnel. 

Specific QA project information is exchanged and QA needs evaluated. Specific 

items of activity are identified and implemented. 

4.3.3 Monthly 

The QAM submits a monthly summary report of QA activity to the 

Laboratory Director. The report includes: 

I. Data relevant to specific QA activities in the laboratory. 

2. A summary of significant problems and the corrective actions 
implemented. 

3. A summary of special achievements. 

4. A short-range projection of activities or anticipated projects. 

4.3.4 Annually 

The QAM submits an annual QA summary report to the Laboratory 
~ 

Director. The report includes: 

1. The status of, or changes to, existing QA Program Plans. · 

2. The status of QA Project Plans. 

3. A Data Quality Assessment, to include: 

4. 

• accuracy 

• precision 

• completeness 

• comparability 

A summary of 
accomplishments, 

significant QA problems, 
and recommendations. 

5. The results of performance audits. 

6. The results of system audits. 

7. A summary of QA training. 

corrective actions, 

8. Other information specifically requested by the Laboratory 
Director. 

-



4. 4 Sample Custody 

Methods and procedures to be used for sample custody and processing 

are described here. 

4.4.1 Sample Receiving and Logging 

DCL utilizes well established and controlled procedures for sample 

handling including receiving, logging and tracking. Samples are examined 

upon receipt by the authorized DCL Sample Receipt Officer (SRO) to assure that 

all required conditions are met. Any problems are resolved by consultation 

with appropriate personnel and the samples are cleared for logging. Samples 

are logged in a special computerized logbook (established for individual 

projects) . The SRO assigns each individual sample a specific laboratory 

number for logging and accounting purposes. The following information is 

entered into the log for each set of samples: A DCL reference number; DCL 

laboratory numbers; number of samples; analyses requested; sample type; date 

of receipt; date of analytical report; date of assignment of samples to the 
e 

analyst; name of analyst; and source of samples. An example of a page from a 

typical DCL logbook is presented in Exhibit 1. 

4.4.2 Sample Security, Storage, and Disposal 

The laboratory is locked except during the regular business day 

between the hours of 7:30 a.m. and 5:30 p.m. Admittance to the building during 

non-business hours is available through coded personnel identification cards 

or through the security agent on duty. Non-employees are required to sign the 

visitor register upon admittance and are escorted at all times. Non-employees 

are not permitted in the laboratory during non-business hours. 

To facilitate the proper storage of samples after receipt and prior to the 

initiation of analysis, DCL maintains secured walk-in refrigerators as well as 

freezers and other secured sample storage areas . All samples requiring special 

storage conditions (e.g., cold, frozen) are stored in accordance with 

specifications . 

Samples are properly disposed of after appropriate designated holding 

periods. 
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Refer,onc• Lab Sampl• !ium !ium Data Hold Ana Hold Ralaas Assign Custom•r Nam• I 
Number Nuabar Type Sam Anl Inst G Sc Cl Received Status Sta TAT RES Date Oat• D.tte Chm Analytats) 

S90-078 l E.J 4608 SOIL l 5 GC 0 GI/ R l0-SEP-90 u 9 9 Certifi•d Environm•ntal Consul 
Benzene, Ethyl B,onz:ene, 
Toluene, Xylene, 
Total Petrol,oum Hydroc.arbon3 

S90-0784-AI E .J 46 34 sou. 6 8 ICP I ID R 10-SEP-90 9 9 12-SEP MPB Dames ' Moore 
Arsenic, Barium, Cadmiua, 
Chromium, Le.id, Selenium, 
Silver, M•rcury -

S90-07H-SI E.J 4634 sou. 6 l3 ICP I ID R 10-SEP-90 A 9 9 12-SEP MPB Damas ' Moo ca 
Antimony, Nickel, Silver, 
Zinc, Beryllium, C<1dmiua, 
Chromium, Copper, Le<1d, 
Selenium, Th<1llium, Ars•nic, 
Mercury 

S90-0784-CI E.J 4638 WATER 2 13 ICP I ID R 10-SEl?-90 A 9 9 12-SEP MPB Dam&s ' Moore 
Antimony, Copp•r, Nickel, 
Zinc, Silver, Beryllium, 
Cadmium, Chromium, Le<1d, 
Selenium, Thallium, Ars•nic, 
Mercury 

S90-0784-DI E.J 46 34 sou. 6 1 IR I IE R 10-SEP-90 X 9 9 18-SEP RHH Damas ' Moore 
Total Petroleum Hydrocarbons 

S90-0784-EI E.J 4638 WATER 1 1 IR I IE R 10-SEP-90 X 9 9 Damas ' Moore 
Total P•trol•um Hydroc<1rbons 

S90-0784-P'I E.J 4636 SOIL l 7 GC 0 OE R 10-SEP-90 u 9 9 D<1111as , Moore 
Aroclor 1016, Aroclor 1221, 
Aroclor 1232, Aroclor 1242, 
Aroclor 1248, Aroclor 1254, 
Aroclor 1260 

S90-0784-GI E.J 4638 WATER 1 7 GC 0 OE R 10-SEP-90 u 9 9 Dam•s ' Moor• 
Aroclor 1016, Aroclor 1221, 
Aroclor 1212, Aroclor 12 4 2, 
Aroclor 1248, Aroclor 1254, 
Aroclor 1260 

S90-0 78 4-HI E.J 4636 SOIL l 1 GC/M 0 SI/ R 10-SEP-90 u 9 9 Dames ' Moore 
EPA 8270 

S90-0784-II E.J 46 38 t·T.:.TER 2 1 GC/M 0 SV R 10-SEP-90 u 9 9 Dam<1s ' Moor• 
EPA 625 

S90-0785 E.J 46 ll '.i:,rER l 7 GC 0 OE R ll-SEP-90 u 8 8 EnviroMD 
Aroclor 1016, Aroclor 12 21, 
Aroclor 123 2, Aroclor 1242, 
Aroclor l2U, Aroclor 12H, 
Arocloc 1260 

S90-0786-AC E.J 4642 WATER 1 1 I £JC a ll-SEP-90 u 8 8 Was tern Zirconium 

HITLIST or UNREPORTED SETS IN-HOUSE BETWEEN 5 AND 10 DA'!S CUSTOMER GROUP .......... ACCOUNT 03018 19-SEP-1990 15: 20 PAGE 1 

) J J ·1xhi' .. , 1. - r1mp' f s ,re ! '3ool I I 
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4.4.J Sample Tracking 

Samples are received at the laboratory by the designated Sample Receipt 

Officer or (designee). At the time of sample receipt at the laboratory, the 

individual accepting the samples signs the field Chain-of-Custody Record. 

Ideally, the Chain-of-Custody Record is initiated by appropriate field sample 

collection personnel. The laboratory provides blank Chain-of-Custody Records 

if another Chain-of-Custody Record is not specified for use. 

After sample receipt and the accompanying required documentation of 

the Chain-of-Custody Record is completed, DCL reference numbers are 

assigned and a DCL Work Order is generated. Samples are then split as 

required. The splits are recorded on the Chain-of-Custody and appropriate 

copies of all paperwork are generated. Sample information is then entered 

into the computer based logbook, then verified by a second entry. Samples are 

assigned by the Technical Operations Section Managers to appropriate 

analytical or extraction personnel. Samples, splits and extracts are maintained 

under Chaim-of-Custody at all stages of analysis through final sample storage 

following analysis. 

A copy of the current laboratory Chain-of-Custody Record is provided as 

Exhibit 2. 

4. 5 Document Control 
QA procedure documents, program plans, and project plans are 

maintained under document control procedures described in Section 1.4.1 of 

the Quality Assurance Handbook for Air Pollution Measurement Systems, 

Volume 1 (EPA-600/9-76-005). 

The standard laboratory operating procedures address the organization, 

assembly, dissemination, and filing of all documents pertinent to the analysis 

of each set of samples. The goal of the Document Control Program is to assure 

that all required documents for a specific sample set are appropriately 

completed, distributed, and filed. Document control addresses, but is not limited 

to: sample tags, Chain-of-Custody records, sample tracking records, 

information recorded in analysts' notebooks and in instrumentation logbooks, 

hardcopy output from instrumentation (e.g., chromatograms, tapes of 

absorbance values, recorder output), computer printouts, raw data summaries, 

analytical request documentation and accompanying correspondence, 

analytical reports, methodology reports, and quality assurance reports. 
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The Project Manager prepares a complete list (inventory) of all 

required documentation and designates the specific individual · responsible for 

the collection and completion of each type of documentation after the samples 

of a set are received, logged, and a Work Order is completed. At this point, the 

analytical work is well defined and the documentation required has been 

identified. The Document Control Officer reviews the development of 

documentation as the project proceeds, and collects and organizes all essential 

documents at the conclusion of the work. It is the current policy of the 

laboratory to file all documentation packages indefinitely unless directed 

otherwise by contract. A copy of the laboratory Document Control form is 

provided as Exhibit 3. 

4. 6 Calibration Procedures, References and Frequency 
It is standard operating procedure at DCL to analyze appropriate 

standards with each set of samples. EPA Standard Reference Materials (SRM) 
ii 

are used as standards for all parameters for which these are available. For 

those parameters for which an EPA SRM is not available, a commercially 

available product of the highest available purity is used. The purity of 

commercial products is verified by analysis before acceptance by the 

laboratory. High purity inorganic SRMs and selected organic-mixture SRMs 

available · from the National Institute of Standards and Technology (NIST) are 

also used. When appropriate, commercial products are analyzed for purity 

against EPA or NIST reference materials. 

The calibration procedures followed for selected instrumental methods 

of analysis are presented in Table 1. 

4. 7 Program Assessment 
The QC Program is monitored continually for quality through utilization 

of computerized data collection, reduction, storage, and retrieval. Assessment 

of data precision is available on a continuing basis to the analysts through 

automated data precessing procedures. Computerized evaluation of quality 

assurance sample data provides to the analyst, management personnel, and the 

QAM, a timely appraisal of both accuracy and precision. 
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Document Control tt 

Case-Re-0001 
Case-Re-0002 
Case-Re-0003 
Case Re-0004 
Case Re-0005 
Case Re-0006 
Case Re-0007 
Case Re-0008 
Case Re-0009 
Case-Re-0010 
Case-Re-0011 

Case-ke-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 
Case-Re-#### 

Document # -------
Case # --------

DOCUMENT INVENTORY 

Document Title 

Document Inventory Sheet 
Sample Log-In Sheet 
Chain-of-Custody Records 
Shipping Manifests 
Sample Tags 
SMO Organics Traffic Reports 
GC Screening Chromatograms 
Deliverables Index 
Case Narrative 
QC Data Summary Forms 
Report Pages - Sample XX### 

Current Lab Instrument Detection Limits 
Initial Calibration Forms 
Continuing Calibration Forms 
Pesticide Forms 
VOA Standards Data Pages 
BNA Standards Data Pages 
Pesticide Evaluation Standards Data Pages 
Pesticide Individual Standard Mix Data Pages 
Pesticide Quantitation Standards Data Pages 
DFTPP Raw Data Pages 
B FB Raw Data Pages 
Blank Raw Data Pages 
Matrix Spike Raw Data Pages 
Matrix Spike Duplicate Raw Data Pages 
Analysts' Notebook Pages 
Instrument Injection Logbook Pages 
Standards Logbook Pages 
Internal Quality Control Data 
Pesticide Original Chromatograms 
GC/EC Raw Data Sheets 
Pesticide Computer Generated Worksheets 
Pesticide Benchsheets 
Contract Compliance Screening Records 

Document Control Officer ___________ _ 

Exhibit 3. Document Control Form 
-
-



INSTRUMENT 

GC 

GC/MS 

ICP 

,,... . 

TABLE 1 
Calibration Procedures 

STANDARDS 

Three Analytical Standards 
to verify linearity plus one 
mid-range check sample. 

Mass calibration with PFTBA 
(tuning) and meet DFTPP criteria 
or BFB. 

Performance check SPCC and CCC 
compound criteria for standard 
must be met. 

Five Analytical Standards and 
continuing standard must pass 
CCC and SPCC criteria. 

One analytical standard per 
analyte . 
One blank 

. . , 
•' •.i 

FREQUENCY 

Inject all standards at beginning 
of run. Inject check standard or 
evaluation standard every five 
analyses. 

Every 12 hours 

Before analysis of samples or 
blanks. 

Before analysis of samples and 
blanks. 

Analysis of an ICY and an ICB 
at beginning of analytical run 
and a CCV and a CCB every 10 
samples . 



Utilizing sample data stored in computer files, acceptance/rejection 

criteria are periodically updated as the volume of data allows. 

Internal quality control samples are analyzed on a routine basis for 

environmental samples not addressed by specific Project Plans. Otherwise, the 

analysis of quality control samples is in accordance with the QA requirements 

of applicable Project Plans. 

4.8 Performance Audits, System Audits, and Frequency 

4.8.1 Performance Audits 

The DCL Quality Assurance Manager (QAM) is not directly involved in 

measurement or production processes. The QAM administers a continuous 

internal performance audit in the laboratory. Under direction of the QAM, 

quality control (QC) samples are prepared from either standard reference 

materials (EPA or NIST) or from QC samples provided by EPA for this purpose. 

These audit samples are analyzed routinely within the laboratory as part of the 
6 

internal quality control program. The data are evaluated by the QAM. Any 

required corrective measures are initiated by the QAM. 

Extramural performance audit programs include those administered by 

the State of Utah Department of Health (annually) and the by EPA (two 

programs, each biannually). These programs include EPA's Water Supply 

Laboratory Performance Evaluation Study and the Water Pollution 

Performance Evaluation Study. DCL participates . in several additional 

extramural performance audit programs, including individual state 

environmental certification audit programs. Additional audit programs 

address blood lead determinations, two programs involve the analysis of bulk 

asbestos samples, and another administered quarterly by the National Institute 

for Occupational Safety and Health is a Proficiency Analytical Testing (PAT) 

round robin which addresses organic solvents, asbestos, free silica, and metals. 

4.8.2 System Audits 

System audits are performed for all EPA measurement related systems at 

DCL by the State of Utah, Department of Health, on a biannual schedule. In 

alternate years, only a performance audit is conducted. 

Tri-annually, DCL participates in a system audit for accreditation by the 

American Industrial Hygiene Association. 

Individual contractors also perform routine system audits. ..... 

-
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5.0 PERSONNEL QUALIFICATIONS 

All DCL personnel assigned to perform tasks related to environmental 

sample data quality have education, training, and experience commensurate 

with responsibilities and duties. 

The QAM assists the Laboratory Management in the assessment of 

personnel training needs and in the accomplishment of such training to 

assure compliance with contractual requirement, and state and federal 

regulations. 
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6.0 FACILITIES, EQUIPMENT AND SERVICES 

DCL ensures that the following are maintained in the laboratory: 

• 

• 

Adequate and acceptable facilities (e.g., lighting, ventilation, 
temperature, humidity, etc.). 

Adequate and acceptable utility services (e.g., voltage control, air, 
water, vacuum, gas, etc.). 

• Adequate and acceptable general laboratory facilities and 
equipment (e.g., refrigerators, laboratory fume hoods, sinks, 
bench area, etc.). 

Each item of major analytical equipment is maintained under a program 

of regularly scheduled preventative maintenance, performed by a trained 

engineer. Equipment performance checks are performed by each analyst 

prior to the analysis of each batch of environmental samples through the use 

of standard fiand control samples. 

Records of equipment maintenance and standards checks are 

maintained. 
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7.0 DATA GENERATION 

QA Project Plans are developed and implemented for environmentally 

related measurement activities addressed by DCL so that all data generated and 

processed by DCL are scientifically valid, defensible, of known accuracy and 

precision, and of acceptable completeness, representativeness, and 

comparabi Ii ty. 

7. 1 Quality Assurance Project Plans 
DCL does not routinely participate in field sample collection procedures; 

these are primarily extramural activities. In fulfillment of some specific 

Project Plan requirements, however, DCL provides acceptable field sample 

containers and preservatives prepared in accordance with applicable EPA 

guidelines. 

As reStuired, QA Project Plans are prepared for specific projects or 

continuing operations to ensure that data generated and processed are of 

known quality and integrity. QA Project Plans contain the following, as 

applicable: 

1. 

2. 

Title Page, with provision for approval signatures; 

Table of Contents; 

3. Project Description, including objectives, goals, data usage, etc,; 

4. Project Organization and Responsibilities; 

5. QA Objectives for Measurement Data, in terms of precision, 
accuracy, completeness, comparability, and representativeness; 

6. Sampling Procedures; 

7. Calibration Procedures and References; 

8. Analytical Procedures; 

9. Data Reduction, Validation, and Reporting; 

10. Internal Quality Control Checks; 

11. Performance and Systems Audits; 

12. Preventive Maintenance Procedures and Schedules; 

, '' .:. :,· 
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13. Specific procedures to be used to routinely assess data precision, 
accuracy, and completeness of the · specific measurement 
parameters involved; 

14. Corrective Action; 

15. Quality Assurance Reports to Management 

QA Project Plans also address the following activities, as applicable: 

1. General network design, objectives, limitation, etc,; 

2 .' Specific sampling site selection criteria; 

3. Sampling and analytical methodology; 

4. Probes, collection devices, storage containers, sample additives and 
preservatives, temperature, pH, etc,; 

5. Federal reference, equivalent, and alternate test procedures; 
6 

6. Instrumentation selection and use; 

7. Calibration and standardization; 

8. Preventive and remedial maintenance and service contracts; 

9. Replicate sampling and analysis; 

10. Blind and spiked samples; 

11. Quality control procedures such as inte"r- and intra-field and 
laboratory activities; 

12. Sample custody and handling procedures, including special 
precautions such as holding times, protection from heat and light, 
reactivity, combustibility, packaging, etc,; 

13. Sample labeling, package marking and placarding in accordance 
with Department of Transportation Regulations prior to shipment 
or transportation; 

14. Safety; 

15. Data handling evaluation procedures; 

16. Precision, accuracy, completeness, representativeness and 
comparability; 

17. Document control. 

I : , 

-
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7. 2 Standard Operating Procedures 

Standard Operating Procedures, detailed documents describing who does 

what, when, where, how, and why in a stepwise manner, are prepared for 

. routine tasks which do not vary with different environmental studies. They 

are sufficiently complete and detailed to ensure: 

1. Data of known quality and integrity are collected to meet the 
project objectives; 

2 . A minimum loss of data due to out-of-control conditions. 

7 .3 Analytical Procedures 

Generally, analytical procedures are selected from a multitude of 

published sources including the EPA, U.S. Army Toxic and Hazardous Materials 

Agency (USATHAMA) and other federal and state agencies. Procedures often 

vary according to the character of the individual environmental sample being 
I . 

analyzed. Representattve references have been compiled in Appendix A. The 

compilation is neither all inclusive nor exclusive and is subject to revision. 
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8.0 DATA PROCESSING 

Data processing includes the collection, validation, storage, transfer, and 

reduction of analytical data . DCL employs extensive automat.ed data processing 

procedures, including: 

• The generation of standard calibration curves 

• Mathematical modeling of standard curves 

• Statistical analysis 

• Calculations 

• Data storage and retrieval 

• The generation of hard copy output 

i 

DCL uses a computer-based data processing system for all pertinent areas 

of data processing. 

8 .1 Collection 

DCL utilizes a sophisticated data collection and redur.tion system 

consisting of the following automated data handling systems: 

A. Mainframe Data Collection Systems 

1. Digital Equipment Corporation VAX-SERVER 3602 super 
minicomputer, 1989, equipped with 32 Mb memory, 1.25 Gb 
disk storage, and 300 Mb Cartridge tape drive. 

2. Digital Equipment Corporation MicroVax II microcomputer, 
1986, equipped with 16 Mb memory, 1.3 GB Mb disk storage, 
and 9-track 1600 to 6250 BPI tape drive. 

3. Digital Equipment Corporation MicroVax II microcomputer, 
1987, equipped with 16 Mb memory, 900 Mb disk storage, 96 
Mb Cartridge tape drive, and Fortran and C languages. 

4. Hewlett-Packard HP-1000 computer, 1982, equipped with 1.2 
Mb memory, 100 Mb disk storage, and 9-track 800 BPI tape 
drive. 
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5. Hewlett-Packard HP-1000 computer, .1982, equipped with 1 Mb 
memory, 196 Mb disk storage, 9-track 1600 BPI tape drive, 
cartridge tape drive, and RTE-6 operating system. 

B. Networks 

1. Networking Systems 

2. 

Digital: 
Delni network controller (3) 
Decserver 100 network server (2) 
Decserver 200 network server ( 10) 
Decserver 300 network server (2) 
Dempr thin-wire ethernet controller (2) 
Depca thin-wire ethernet adapter for PC systems ( 15) 
PCSA VAX to DOS Software 

Hewlett-Packard: 
DS-1000 networking software and hardware 
3357 gas chromatography data system 
Three instrument loops 

Apple: 
Appletalk network using phonenet hardware. 

Peripherals on the networking system. 

Digital: 
a) Hardware 

Video terminals (40) 
High speed laser graphics printers 4-(LNO3) 
Dialup capability @ 1200 or 2400 baud (3) 
Hewlett-Packard 8 pen plotter (7550A) 

b) Software 
Relational database management system (ROB) 
TEX typesetting software 
Forms management software 
Transaction processing software 
Code Management system 
Language sensitive editor 
Various programming tools (pea, dtm, spm) 

Hewlett-Packard: 
Hewlett-Packard 4-color plotter 
Terminals (8) 
Fortran-77 and Fortran IV languages 
Graphics software 
Printer (3) 
Terminals (6) 

. . , 

: 
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Apple: 
Macintosh SE (4) 
Macintosh IICX (3) 
Macintosh IICI ( 1) 
Laser Writer II (3) 

C Personal Data Collection Systems 

1. Digital Equipment Corporation VAXmate personal computer 
system, 1987, (3 systems) each equipped with IBM PC-AT 
compatible, Memory, 1 Mb, Monochrome monitor, Disk Drive 
1.2 Mb floppy drive; variable size hard disk drive located on 
a MicroVAX II computer, Serial ports (2), VT200 series 
terminal emulation, and Support software. 

2. 

~ 

4. 

5. 

6. 

Digital Equipment Corporation DecMate work processing 
system, 1984, 1985, and 1986 (4 systems), each equipped with 
Disk drives 256 Kb floppy drive (2), WPS word processing, 
Monochrome monitor, and VTlO0 series terminal emulation. 

Digital Equipment Corporation DecMate word processing 
system, 1986, equipped with Disk drives 256 Kb floppy drive 
( 1 ), hard drive 20 Mb, WPS word processing, Monochrome 
monitor, and VT 100 series terminal emulation 

Burgoyne XTC 8088 personal computer system, 1986 ( 12 
systems). Networked. 

IBM PC personal computer system, 1982. Networked. 

Hewlett-Packard HP-9000 300 computer, 1986, equipped with 1 
Mb memory, Color display, Think-jet ·printer, Basic language, 
20 Mb disk storage, and Microfloppy diskette drive. 

7. Hewlett-Packard HP-9000 300 computer, 1987, equipped with 1 
Mb memory, Color display, 55 Mb disk storage, with 2934 
Graphics Printer, Basic language, Nelson Analytical 
Chromatography Software and Cartridge tape drive. 

8. Hewlett-Packard HP-9000 300 computer, 1988, equipped with 1 
Mb memory, Color display, with 2934 Graphics Printer, Basic 
language, Nelson Analytical Chromatography Software, 81 
Mb disk storage, and Cartridge tape drive (2 systems). 

9. IBM PS/2 30 8086 Based computer system, 1987, with 5-1/4 
external floppy, 30 megabyte hard disk, Color monitor, 640 K 
RAM (2 systems). 

10. IBM PS/2 30 8086 Based computer system, 1987, with 5-1/4 
external floppy, 30 Megabyte hard disk, Monochrome 
monitor, and 640 K RAM (2 systems). 
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11. IBM PS2/50Z 80286 Computer, 1989, with 1 megabute RAM, 60 
Megabyte hard disk, 5'1/4 external floppy drive, and Color 
monitor. 

12. Wyse 80286 Computer, 1988, with Color monitor, 640 K RAM, 1 
meg expanded memory, 20 megabyte hard disk (2 systems). 
Networked. 

13. Nee Powermate II 80286 Computer, 1988/1989, with 20 
Megabyte disk, Monochrome monitor, 640 K RAM + 1 meg 
expanded memory (2 systems). Networked. 

14 . NEC 386SX Computer, 1989, with 40 Megabyte disk, 1 Meg RAM, 
3 Meg expanded memory, and Color Monitor. Networked. 

15. IBM AT 80286 Computer with 20 Meg hard drive, 
Monochrome monitor, and 640 K + 1 meg expanded memory. 
Networked. 

D. Data Collection System in Conjunction with Specific Instrumentation. 

6 
1. Hewlett-Packard Model 5880/5910 Quadruple Gas 

2. 

Chromatograph/ Mass Spectrometer System with: 

• IBM XT with Teknivent software and hardware interface 
data system; 

• 38,000-Compound NIH/EPA library; and 

• Quantitation software. 

DuPont Model DP-102 Magnetic Sector GC/MS/DS · System 
with: 

• Hewlett-Packard 21 MX-E (2113) data system; 

• 7906 20 Megabyte disk drive; 

• 7970B Magnetic tape drive system; 

• 36,000 Compound NIH/EPA library on system disk; and 

• Multiple scanning modes software. 

--, 
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3. Three Finnigan MAT Model 5100B quadruple GC/MS/DS gas 
chromatography/mass spectrometers, with . the Finnigan 
Super Incas Data System which includes: 

• 

• 

• 

• 

• 

• 

• 

• 
C 

Memory mapping software; 

Printer spooling; 

Second terminal operation (4X computer required); 

Priority interrupt foreground/background operation; 

Auto Quan software for automatic quantitation; 

Multiple data file processing; 

Library search and display programs including the NBS
EPA spectral library; and 

Complete data processing programs . 

4. Three Finnigan MAT Model 5 l00EF quadruple GC/MS/DS gas 

5. 

6. 

7. 

chromatography/mass spectrometers, each with the 
Finnigan Super Incos Data System. 

Hewlett-Packard 5992B gas chromatograph/mass 
spectrometer with the HP 9825A data system. 

A PDP 11/05 computer with DECwriter console which is used 
to collect and process data derived from the analysis of 
selected elements by inductively coupled argon plasma 
emission spectrophotometry. 

Perkin-Elmer Nelson Systems Access*Chrom 
Chromatography Data System running on a Vaxserver 3602 
System which serves 50 instruments, each instrument 
having a 941 A/D buffered interface. 

8.2 Validation 
Analytical data generated at DCL are validated using several procedures, 

the most universally applicable of which involves the established quality 

assurance system. 

At the completion of the analysis of a sample set, each chemist 

calculates the results and reports such on the Sample Data and Laboratory 

Report sheet. Results for internal QC samples are calculated immediately after 

analysis. The results are checked either by computer or by the QAM. Thus, the 
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chemist may determine immediately if the QC samples and the overall analysis 

are in control. A peer scientist, other than the analyst, is assigned to check 

the results for possible errors in calculations or data processing. The checker 

must approve the results reported for both the quality control samples and the 

field samples. Should the QC data be out of control (Section 9.0), the chemist 

and his supervisor are required to assess possible problems. They must notify 

the QAM of the problem and its proposed solution. The Technical Operations 

Section Manager, after his evaluation of the data, gives the report to the QAM 

for evaluation and implementation of any required corrective action. Upon 

approval by the QAM, the completed report is routed through to the Project 

Manager for final review and reporting. 

8.3 Data Storage 
The paperwork containing the raw data for a sample set (i.e., chart 

paper, computer readouts, paper tapes, calibration curves, tables of data, etc.) 
C 

is collected and placed in an 8 1/2" by 11" envelope which has been labeled 

with sample numbers, analyst, date, and other pertinent information . 

Appropriate and complete data, along with a description of the samples and 

analytical method, are also entered in the chemist's notebook. The data 

envelopes are filed by laboratory number for future reference and data 

retrieval. 

Each chemist at DCL maintains a bound laboratory notebook in which 

are detailed events related to sample analyses. Completed notebooks are filed 

by each chemist. At termination of employment, all laboratory notebooks are 

placed in archives. 

8.4 Transfer 
QA Project Plans describe procedures to be used to ensure that data 

transfer to the data user is error free and that no information is lost in the 

transfer. Because of the extensive use of a computerized data processing 

system, data transfer steps are minimized. 

8.5 Reduction 
To accomplish data reduction, mathematical models based on the 

analysis of standard solutions or standard samples are generated in order to 

-
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determine the quantity of analyte present in field samples. Data processing by 

the computer includes calculations, generation of standard calibration curves, 

mathematical modeling of standard curves, statistical analyses, and the 

generation of hard copy output. Four different computerized mathematical 

models are available at DCL to fit data derived from the analysis of standards 

and to generate calibration curves. The analyst has the option of selecting the 

model which best fits standard data and the analytical system. DCL's computer 

program provides an equation for the calibration curve and the value of the 

corresponding correlation coefficient. The optional mathematical models are: 

Linear 

Quadratic 

Exponential 

Nernst 

y •ax+ b 

y ... ax2 +bx+ c 

y - a + b ( 1 - ecx) 

y • a + b(log(c + x)) 

where y is the experimental observation and x is the concentration or amount 

of the analyte of interest. 

Data from the analysis of standards are used to determine the 

coefficients a, b and c, as appropriate. These values define the equation of the 

standard curve which is used to determine x from the value of y , which is 

determined experimentally for each analyte of each field sample. 

The data reduction program allows the analyst to generate a printed plot 

of the standard curve as an aid in selecting the curve of best fit. Although a 

correlation coefficient is provided, it is not always the best indication of a 

reasonable data fit . 

8. 6 Reporting 

Analytical reports are submitted immediately following the completion 

of the analyses and the associated calculations for each work effort. A typical 

analytical report may be comprised of the analytical results and limits of 

detection (Exhibit 4). 

A copy of all reports is placed in a master file for storage and retrieval 

of information as required. This file is organized and maintained according to 

DCL sample number and general sample type. Material filed for each sample 

set includes reports of (1) analytical results; (2) methodology; and (3) QC 

results. 
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DATA-:
CHEM 
LABORATORIES 

ANALYTICAL REPORT Form ARF-AL 
Page 1 
Part 1 

of 
of 

1 
1 

Date ____ A_u_g_u_st __ 2_,_1_9_9_o __________ _ 

Agency Identification Number-S-9~0~-~0~6~2~3.__ __ _ 
Account No. _O>..L...l-'30~1~81.L_ ___________ _ 

Telephone 

Sampling Collection and Shipment 
Sampling Site Jensen X-ing/Fidlar Date of Collection July 26, 1990 

Date Samples Received at DataChemjJ~u~l~y'-A,2~6~,_._lL9~901,L_ ___________ _ 

Analysis 
He t hod of Analysis .... 1.....:601-LL<. 2--i,i-::i4u.1 ..... 3..a., ..._2_,_, _9.u0.c:4u.O,._ _________________ _ 

Date(sl of AnalysisJuly 31. 1990 - August 01, 1990 

Analytical Results 

':!'.;::::'! 
\c .. 

.· ·;· .. :· . 
' 

... 

iaim•ild~;;:< 
:,.DataCh•111 Sample Lab Type Numb• r,,:;; ;., Numbez: 

SAMPLE u EJ 3438 WATER 

S AMPLE n EJ 3439 WATER 

SAMPLE 0 EJ 34 4 0 WATER 

SAMPLE 14 EJ 34 41 WATER 

SAMPLE 17 EJ 3442 WATER 

SAMPLE t8 EJ 34 4 3 WATER 

Limitof ,Detection . 

See comment on last page. 
ND Parameter not detected . 
NR Parameter not requested . 

, .,,· 

,::, 

"' .. 
,::, "' C: "' "' .. 
a. ... 
"' t., 
:, "' .,, "' µ "' "' .... C ... ... C "' ., ... .., :, .., 
µ " " ... " 0.,, 0:,, :c :c ... 0:,, 
e-, e a. a. o e 

NR NR 0.1 

140 8.5 NR 

NR NR 2 . 8 

250 7 . 9 NR. 

NR NR 0. 9 

4 6. 8 . 0 NR 

4. 0. l I · O. i •'.:}/' I • 

•• Parameter not analyzedlS•• comment on last page). 
( l Parameter between LOO and LOQ . 

Analyst: Rosemary H. Hanks 

Reviewer: Mika P Beesley 

Laboratory Supervisor: Mika P Baeslay 

960 West Levoy Drive/ Salt Lake City, Utah 84123-2547 / (801) 266-7700 

Exhibit 4, 
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9.0 INTERNAL QUALITY CONTROL CHECKS 
AND FREQUENCY 

DCL performs three general types of quality control determinations. 

The first type involves the duplicate analysis of selected field samples 

submitted to the laboratory. The second type is comprised of the analysis of 

quality control samples which have either been generated at DCL or obtained 

from other sources (e.g., EPA or NIST). The QC samples prepared at DCL are 

either produced in such a way as to reproduce (insofar as is possible) the 

specific matrix and properties of the samples under considention or are 

method blanks. The third type involves the addition of a known amount of a 

compound {spike) to a duplicate (split) of a specific sample. 

Unless superseded by the requirements of a specific QA Project Plan, the 

policy of DCL is to complete a minimum of one replicate determination (for 

field samples) for each analyte in each sample set. Furthermore, policy 

requires th!t the minimum number of replicate determinations to be 

completed for each analyte equal or exceed 5% of the total numbers of samples 

analyzed for that analyte at a given time. 

GC/MS procedures include the analysis of internal standards and 

surrogates with each sample. These compounds function as quality control 

analytes. 

The frequency of sample splits, spiking field .samples, and duplicate 

samples is delineated in individual project plans. 
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10.0 DATA QUALITY ASSESSMENT 

The quality of all data generated and processed by DCL is assessed 

before it is reported to ensure that it satisfies the needs of the user and fulfills 

QA Project Plan requirements. The data are assessed for accuracy, precision, 

completeness, representativeness, and comparability. 

1 0. 1 Data Sources 
There are two primary data parameters which are adaptable to control 

limit calculations. These parameters are accuracy and precision. Accuracy 

data are obtained from either separately prepared integral QC samples or from 

analyte enriched (spiked) field samples. The data are utilized in the format of 

percent recovery. Precision data are obtained from either quality control 

sample analyses or from the replicate analysis of field samples. There are two 

types of pre~ision data obtainable. Two essentially identical samples processed 

through the entire analytical method from sample preparation through 

analysis will produce analytical method precision data. One sample analyzed 

twice on the same instrument wi 11 produce instrumental precision data. The 

two types of precision data are handled separately. In like manner, accuracy 

data from separately prepared quality control samples are handled separately 

from accuracy data obtained from spiked field samples. 

1 0. 2 Calculation of Quality Control Limits 
Quality control limits and accompanying charts are generated from 

the statistical analysis of QC sample results. To address the entire range of 

anal yte levels expected for field samples, quality control samples are prepared 

in the laboratory at multipl_e concentrations or levels. These levels are not 

necessarily duplicated exactly from sample set to sample set. To optimize 

comparative use of the quality control data, the results are normalized by 

dividing each analytical result by the corresponding theoretical (target) value 

so that these normalized results are distributed around 1.00 or 100% recovery. 

In one procedure used at DCL, statistical quality control methods [ 1,2,3] have 

been modified and applied to the normalized results to produce accuracy and 

precision control charts. 
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For the ith sample result of n; replicate determinations obtained in the 

laboratory for a specific quality control sample, two statistics are calculated: 

Calculated Mean 
x·= 
' Theoretical Value 

R · _ Range of Values 
' Theoretical Value 

(10 . 1) 

( 10.2) 

When a control data set on N sample results has been accumulated for 

the determination of a specified analyte in a given sample matrix using a 

specified method, the following summary statistics are computed: 

Mean Percent Recovery : 

N 
I<njXj) 

- i-1 
X--N---

I<ni) 
i-1 

Average Standard Deviation Among Replicates: 

(10.3) 

(10.4) 

where d2; is the factor to convert a range to a standard deviation for sample 

size n; (Table 2). 

The precision component of the quality control program is based on the 

range of results rather than on the standard deviation because the range is 

conceptually easier for the chemist to relate to analytical results. The actual 

standard deviation could be applied with equal facility. Most of the quality 

control results compiled in the laboratory are comprised of sets of two 

determinations derived from the duplicate analysis of the same sample. For 

-
.., 
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this situation, the range divided by the constant d2 is equal to the calculated 

standard deviation. 

Accuracy and precision performance criteria of many quality control 

programs are based only on the repeated analysis of the same sample. Such 

programs utilize only one standard deviation, that attributable to repeated 

measurements. This standard deviation corresponds to the standard deviation 

among replicates CJ
1 applied in the DCL program and defined by Equation 

( 10.4 ). Since the program involves the analysis of different quality control 

samples (with the same or different analyte levels) for the purpose of 

establishing performance criteria, sample-to-sample variation must also be 

considered. Accordingly, quality control criteria for assessing accuracy are 

based on a consideration of both the replicate standard deviation CJ' and the 

standard deviation amount samples CJ s [ 3]. 

Using analysis of variance procedures [4], the standard deviation among 

samples can be estimated as follows: 
a 

1 
2 

(10.5) 

MS s is the mean square among samples from the analysis of variance 

and is calculated as follows: 

i-1 
(
-2 N ) 
X _Lni 

•- 1 
MSs· N - 1 

( 10.6) 
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The standard error S x of our result x; is them [3]: 

(10 .7) 

Accuracy limits for quality control charts are calculated, establishing 

control limits and warning limits at three standard errors and two standard 

errors, respectively, from the mean. It is important to note that the accuracy 

control limits applied to the analytical results for a given quality control 

sample are dependent not only on the previously established values of cr' and 

cr s, but also on the number of replicate analytical results. For example; for a 

new quality control sample of n j replicates with results Xj and R j, the accuracy 

limits are: 

Accura! y Control Limits for Xf 

X+3 -+as - ✓,,'2 2 
- n j 

( 10.8) 

Accuracy Warning Limits for Xf 

- ✓ .,·2 2 X+2 -+as 
- nj 

(10 .9) 

To calculate quality control limits for precision charts, only the 

replicate standard deviation a' is needed. Precision control limits [1,2] (three 

standard deviations) for a range are: 

Lower Limit - Dia' 

Values of DJ and D 2 are 

given in References [ 1] and [2]. 

Constants similar to DJ and D 2 

Upper Limit - D2a' 

a function of the number of replicates and are 

Selected values are also provided in Table 2. 

are required to . calculate warning limits (two 

standard deviations). These are not commonly tabled, however, they can be 

derived from a table of the studentized range [5]. These warning limit 
-, 



constants, denoted as D 11 and D2 are tabulated along ·with DJ and D 2 in Table 2. 

Warning limits are : 

Lower Limit - Dis' Upper Limit - D2s•-

TABLE 2 

Constants for the Computation of Quality Control Charts 

n 

2 

3 

4 

5 

6 

7 

8 

9 

I 0 

0 

1.128 

1.693 

2.059 

2.326 

2.534 

2.704 

2.847 

2.970 

3.078 

0 

0 

0 

0 

0 

0.20 

0.39 

0.55 

0.69 

3.69 

4 .36 

4.70 

4.92 

5.08 

5.20 

5.31 

5.39 

5.47 

0 

0 

0.30 

0.60 

0.84 

1.04 

1.21 

1.35 

1.48 

d2, DJ and D 2 were taken directly form standard tables [ 1,2]. 

2 .83 

3.47 

3.82 

4.05 

4.23 

4.37 

4.49 

4.59 

4 .67 

D '1 and D '2 correspond to two standard deviation limits from ranges 

and were calculated from a table of the studentized range [5] . 

Although results are _normalized (divided by the theoretical value) for 

purposes of comparability, the normalized replicate standard deviation st ill 

tends to decrease slightly with increasing concentration or analyte level [6] . 

The influence of analyte level is reduced by grouping the data into several 

concentration (level) ranges and calculating limits separately for each range . 

Data are plotted on a single chart, with the limits changing appropriately for 

each data point. The number of concentration ranges selected is determined 

from the nature and characteristics of the data. Data obtained at relatively low 
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analyte levels near the limit of detection, when separated from high 

concentration level data, often generates expanded control limi_ts. 

The control data set is updated after evaluation of 20 successive quality 

control samples and includes data on the 50 most recent results. Any value xi 

or Ri which is out of control is not used in the subsequent determination of 

new limits. Figures 2 and 3 show sample plots of the accuracy and precision 

control charts . 

10. 3 Accuracy 

Individual QA Project Plans describe the specific, detailed mechanisms 

required for that project to demonstrate that reported data are favorably 

comparable to true values. These mechanisms usually include the analysis of 

references or spiked samples , and participation in performance audit 

programs . 

Since the "true" analyte values for field samples are not known, no 

accuracy mehurement can be made using field sample analyses (excepting 

spikes). Although actual acceptable precision measurements are indicative of 

an analytical system that is in control, the accuracy of the data generated for 

field samples is assessed through the analysis of QC samples processed with the 

field samples. Unacceptable results for accuracy in the analysis of internal 

quality control samples analyzed with a field sample set overrides any 

acceptability based upon field sample precision measurements. 

10.4 Precision 
Individual QA Project Plans describe the specific, detailed mechanisms 

required for that project to demonstrate the reproducibility of the 

measurements performed by DCL. These mechanisms generally require that 

the results of replicate analyses of an environmental sample or reference 

sample be within predetermined acceptance limits. 

For any single field sample, the range of the replicate analytical values 

is divided by the average of the values, resulting in a measure of the precision 

of the analysis. This precision value is usually evaluated using precision 

control limits established previously from the analysis of quality control 

samples of the same analyte analyzed by the same method. If quality control 

limits are not available for a particular analy~e an evaluation is made 

-
-
-



', \, ,. 

Mean / Target ~~ 
0 
rT 

)>IO 
1J CD 

... ... ... ::0 :i . . . : CD 

UI '1 fil N UI 
., 

~o 
fil 111 fil 111 61 (0,... 

-; 

tO CD 
oa. 

87-11-30 0 27176 t 

87-11 -30 0 27180 t 

87-11 -30 5073 27181 t 

t 
)> 

87-11-30 0 27183 rg 
87-11-30 0 27189 ~co , .. ~ 

0 ::0 )> 
)> --l 

""l 87-11 -30 0 27190 t -o)> j t-'• Z-<O ..a -1 
C: I ., 

:Eof'l (1) 87-12-02 0 27165 t 
I',,,) )>cs: 

--l )> . .,, 

:J:,o 87-12-02 0 27177 t f'lr£: 
I () ::o-

() 

D o=<~ C ., 
87-12-02 )> () 27179 ll> 0 t 

() 
0 z z ::0 0 ::0 '-< )> 

n ~ ~ 
C uiO)> 

0 fT1 87-12- 02 0 ~ 27186 t oz--l - (/) CD rr 
-i _-,0 ., 

fT1 0 r ::o ::o .... 87-12-03 5073 ::::0 27164 : .. 
OJOf'l n 

:T -<rui V ' ll> ., 
87-12-03 5073 27172 t rr -0 

OI 
87-12-03 5073 27188 * -O)> 

::0 
--l 

89-08-29 5026 31903 * 

89-08-29 5026 31904 f 

89-08-29 5026 31905 f 

::0 
1\)0 
--..j:J 

IO 
(I) 

~ 
)>~ 

~c 
' 'U 
~a. 
(00 

..-r 
tO CD 
oa. 



-
Range / Target ~~ 

0 ,... 
- )>IQ 

1lo 
151 ::0::1 . .: 0 
151 151 N w 

., ... ...a - 151 (0 m -..i Ol U),... 
U) 0 
0 Cl. 

87-11 -30 0 27176 

87-11 -30 0 27180 * -
87-11 -30 5073 27181 * 

- 1) 
87-11-30 0 27183 * 

r~ 
87-11-30 0 27189 * ~00 ...:..; 

0(1))> 
---1 

87-11-30 0 27190 -o)> 
ZzO 

I 
87-12-02 0 27165 * ~Ofll 

)>cs: ~-
--l )> "I 

(l) 

87-12-02 0 27177 * fllr~ 
)J ~ 0 
0 ~ '"O 87-12-02 )> 0 () 27179 * ~ 0 z z ::Do:;u 

}> )> 
C U)O)> -i 87-12-02 ~ 0 ~ 27186 * oz --1 ;.:;:- 111 U) CD 0 ---10 ;:; -i 111 r:;oAJ 

87-12-03 5073 ::0 27164 ~ er o f1l 
.::.> 

rr rU) "I -< 0 
87-12-03 5073 27172 * -0 

OI 
iii 

87-12-03 5073 27188 "D)> "I :;o ~ 

--l 
89-08-29 5026 31903 .. 

89 - 08-29 5026 31904 * 

89-08-29 5026 31905 .. 
::0 

NO 
... ,p 

IQ 
0 

~ 
)> ..... 

?Jc 
- 1J 
_.Cl. 
(00 ,... 
U) (l 

00. 



, ,-

- . 

- J 

.. ---· ----- ---- --- - - - ---- - ---- ------------ ---, 

employing control limits established for a similar compound, analyzed by the 

same method. 

10.S Completeness 
The application of QA Project Plans prepared by DCL is normally 

limited to the laboratory analysis of environmentally related samples. The 

Plans normally do not address parameters of field samples. QA Project Plans 

address the completeness of sample analysis and data reporting. All samples 

received by DCL are accounted for under normal laboratory procedures. 

10.6 Representativeness 

Representativeness is the degree to which a sample accurately and 

precisely represents the actual environmental conditions at the sampling 

location. Field sampling is an extramural activity and normally is not under 

the auspices
6 

of DCL. To the extent to which DCL is responsible for field 

sampling procedures for any specific Project, the QA Project Plan addresses 

re pre sen ta ti ve ness. 

10. 7 Comparability 
QA Project Plans contain a description of any special procedures 

required to ensure data comparability. EPA approved methods of analysis and 

guidelines for data reporting and quality assurance are the primary basis for 

insuring comparability of measurement data. 
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11.0 CORRECTIVE ACTION 

QA Project Plans provide for establishing and maintaining QA reporting 

or feedback channels to the appropriate management authority (extramural 

and intramural) to ensure that early and effective corrective action can be 

implemented when required . Corrective action is required when the data for a 

specific sample set or a specific work effort are determined to be unacceptable . 

An unacceptable situation is generally defined as an analytical value 

outside of the established control limits . When an unacceptable situation is 

detected, efforts are directed toward the determination of the cause of the 

problem(s) and corrective actions are implemented to reinstate a reliable 

analytical system. Once problems are identified and corrected, data considered 

to be invalid are re-evaluated. If identified errors can be corrected without 

the reanalysis of the field samples (as for example, in the case of calculation 

errors or improper processing reliable raw analytical data), corrections are 
6 

effected without additional analytical work. All samples for which reanalysis 

is the only reasonable corrective measure are reanalyzed, if sufficient sample 

is available and if the integrity of the remaining portion of the sample is 

intact. Resampling and reanalysis may be required to correct unacceptable 

results if the conditions noted in the preceding cannot be satisfied. 

The QAM carefully monitors the results of the control samples analyzed 

and, in the event that a QC result is unacceptable, implements specific steps to 

identify and correct the deficiency. Generally, a Corrective Action Record 

(Exhibit 5) is prepared by the QAM and forwarded to the appropriate Technical 

Operations Section Manager. Action for correcting the problem, pursued 

jointly by the analyst, the appropriate Group Leader, the appropriate Section 

Manager, and the Project Manager, is recorded on the Corrective Action 

Record. The steps to be foliowed include: 

1. Check all data . processing procedures and calculations. 

2. Check blank samples for identification of possible interferences or 
other problems. 

3. Check instrumentation performance (if applicable) by observing 
the response of the instrument while processing a sample material 
for which the expected response is known. Operating conditions 
must be similar to those used for analysis of the samples under 
consideration. 



0 

,,..,. 

,, . 

' Problem Analyte(s) __________ _ DCL or Agency ID No. ___ _ 

QUALITY ASSURANCE/QUALITY CONTROL 
CORRECTIVE ACTION RECORD 

Quality Assurance Comments: 

QAM: Date: 

Management Action: 

Sianature: Date: 

Analyst Response (see back of form): 

Analyst: Date: 

Quality Assurance Approval: 

QAM: Date: 

Exhibit 5. Corrective Action Record 

-

-
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4. Check the original standard preparation procedures by preparing 
new standards, obtaining a new standard calibration curve from 
the new data, and comparing the new standard curve with the 
original standard calibration curve. 

5. Check the integrity of the original QC samples by · preparing new QC 
samples following the same procedures and analyzing the new QC 
samples. 

6. Carefully review raw data (e.g., recorder output, chromatograms, 
computer output) in an effort to identify interferences, unusual 
signals (unusual peak shapes, etc), or other factors which could 
produce inaccuracies. 

7. Reanalyze the samples with new standards and new QC samples if 
sufficient field sample material is available. The entire analytical 
process including, for example, extractions, digestions, etc. should 
be repeated if possible. 

8. If QC results 
identified after 
~ith personnel 
be reported. 

are still unacceptable and no reason has been 
completing Step 7, discuss the problem in detail 

from the sponsor and determine how results should 
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12.0 IMPLEMENTATION REQUIREMENTS 
AND SCHEDULE 

Several milestones and action items are identified and scheduled to 

implement the DCL environmental QA program in an efficient, satisfactory 

manner. These include: 

ITEM STATUS 

1. Preparation of QA Program Plan Completed 

2. Designation of QA Officers Completed 

3. Preparation of QA Project Plans Ongoing 

4. Participation in Annual Performance Ongoing 
or System Audits 

6 
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APPENDIX A 
Analytical Procedures 

Three major references from which inorganic environmental 
analytical methods are derived are: 

1. Methods for Chemical Analysis of Water and Wastes, EPA-600/4/79-
020, Revised March 1983 (MCA WW), 

2. Standard Methods for Examination of Water and Wastewater, 16th 
Edition, 1985. 

3. Test Methods for Evaluating Solid Waste, Volume One, Sections A and 
C, USEPA publication SW-846, Third · Edition, November 1986, 
Revision 1, December 1987. 

4. EPA-CLP Statement of Work-Inorganic (7/88). 

Two major references from which organic environmental analytical 
methods are derived are: 

6 

1. EPA Methods for Organic Chemical Analysis of Municipal and 
Industrial Wastewater, FR. Vol. 49, No. 209, October 26, 1984 
(EPAMOCA). 

2. Test Methods for Evaluating Solid Waste, Vol. One, Section B USEPA 
Publication SW-846, Third Edition, November 1986, Revision 1, 
December 1987 . 

3. EPA-CLP Statement of Work-Organic (2/88). 
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