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ALTERATION CHECKLIST

SampleProgramidentification:

Material to be Sampled:

Measurement Paramete~

StandardProcedurefor Analysis:

Referen=

Variation from Standard Prouxhre:

Reason for Variation

Resultant Change in Field sampling Procedure

Special 13@pmea&Mate-or Personnel Required:

Author’s Name Date

Approvak Title

Date
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FIELD TRACKING REPORT FORM

WIO No.
FIELD TRACKING REPOR’11

(LOC~N)

Page

FIELD SAMPLE CODE BRIEF DATE TIME SAMPLER
(Fsc) DESCRIPTION

LABORATORYTRACKINGREPORT FORM

\

W/O No. Page
LABOWTORY TRACKING REPOR~

(LOCISN)

x PRIWANAL RESPONSIBLE DATE DATE
FRACI’’IONCODE REQUIRED INDIVIDUAL DELIVERED COMPLETED

~ ~ ~ ~ ~

\
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GENERAL SAMPLE IABEL

:NAME OF SAMPLING ORGANIZATION)

?ROJECI?

DATE

ImlE

5AMPLE

MEDIA

ID NO.:

STATION NUMBER

DEPTH:

PRESERVATION:

ANALYSES TO BE PERFORMED

SAMPLED BY

LAB NO.:

REMARKS:
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STATION LOCATION LOG

DATE

PROJECX

STATIONLOCATION:

DESCRIPTIONOF SAMPLES COLLECIED:

SPC ZONE: (N/S) EASE NORTI-L

LOCATION

Bottom Depth: (ft) (m) Tide & (m) MLLW (ft) (m)

LORAN C: LOP1 LOP2

Variable Radar Range:

Visual Fues: (Note Please tape any drawings to back of this sheet)

Photos - Rolk Pictures

PID Reading (range)-

(htutlentx

RECORDER: SIONATUIW ORG. CORE DATE
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SAMPLE PROGRAM

S/wfPL~G DATES .

SYSTEMS AUDIT CHECKLXST

IDENTIFI~TION

MATERIAL TO BE SAMPLED

MEASUREMENT PARAMETER:
(

SAMPLING AND MONITORING EQUIPMENT IN USE

AUDIT PROCEDURES AND FREQUENCY

FIELD CALIBWTION PROCEDURES AND FREQUENC’W

SIGNATURE OF QA COORDINA1’UR.

DATE



CORRECHVE ACI’IONS

SAMPLE PROGRAM IDENTIFICATION:

CHECKLIST

SAh4PLINGDATES:

MATERIAL TO BE SAMPLED:

MEASUREMENT PAM.METER:

ACCEPTABLE DATA WGE

TITLE

DATE:

ACT’IONS n%?.

PROBLEM AREAS REQUIRINC3CORRECI’’IVEACX’ION

MEASURES TO CORRECI’ PROBLEM&

MEANS OF DETECTING PROB_ (FIELD OBSERVATIONS, SYSTEMS AUDIT, ETC):

APPROVAL FOR CORRECTIVE ACI’IONS:

TITLE

SIGNATURE

DATE
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APPENDIX B

Example Statement of Work
for the Laboratory



PREFACE

Thisappend~xcontainsa genericstatementofworkfortheanalysis
inthemostcommonlyanalyzedsamplematrices.

ofmostchemicals
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STATEMENT OF WORK

Thefollowingtasksshallbeperformedby asextensionstowork
identifiedaspartofContractNo._ betweenContractorand

SUMMARY OF ANALYSES AND SERVICES

The Laborato~ shallperformquantitativeanalysesfortheanalyteslistedinTable1 on
sediment,water,andtissuesamplescollectedfrominandaround .The
analysesshallbeconductedaccordingto samplingandanalysisplan
(SAP),theprojectworkplan,and

SAMPLE DELIVERY AND STORAGE

Samplingwillbeginapproximately and continuefora periodof
approximately Contractorwillprov;desamplestotheLaboratoryno
earlierthan Table2 summarizesthemaximum numberofsamples
theLaboratorycouldreceiveeachmonthandtheassociatedanalyses.Theactualnumber
ofsamplesthatwillbedeliveredtotheLaboratorymay varyfromtheseestimates.

SampleswillbesentfromthesitetotheLaboratory’sfacilitiesviaUnitedParcelService
orequivalentcarrier.Contractormay choosetousetheLaboratory’scourierserviceif
theLaboratoryprovidessucha service.ContractorwillcoordinatewiththeLaboratory
forfinaldispositionofthesamplesafteranalysis.Allsamplesshallbemaintainedunder
strictchainofcustodyatalltimes,includingdocumentationofany transfersamong
facilities.

METHODS

The Laboratory shall perform the analyses
or other Contractor-specified protocols.

accordingtothespecified
Table1 providesa listof specificmetho;

references,holdingtimes,anddataqualityobjectives.

The LaboratoryshallpromptlynotifytheContractorQualityAssuranceand Quality
Control(QA/QC)Coordinatorpriortoanydeviationfromthesemethods.Further,the
LaboratoryshallimmediatelynotifytheContractorQWQC Coordinatorassoonasit
becomesapparentthatthedataqualityobjectivescannotbe metfora setofsamples.
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QUALITY ASSURANCE AND QUALITY CONTROL REQUIREMENTS

TheLaboratoryshallimplementthefollowingprocedurestoassessqualityduringsample
analysis:

Calibration Verification-Initial calibration of instruments shall be per-
formed at the start of the project and when any ongoing calibration does
not meet control criteria. The number of points used in the initial calibra-
tion is defined in each analytical method (e.g., Contract Laboratory
Program [CLP]). Ongoing calibration verification shall be performed as
specified in the analytical methods to monitor instrument perforrnanee. In
the event that an ongoing calibration is out of control, analysis of project
samples shall be suspended until the source of the control failure is either
eliminated or reduced to within control specifications. Any project samples
analyzed while the instrument was out of control shall be reanalyzed at
Laboratory’s expense.

Surrogate Spike Compounds-The Laboratory shall spike all project
samples to be analyzed for organic compounds with appropriate surrogate
compounds as defined in the analytical methods (e.g., CLP). Recoveries
determined using these surrogate compounds shall be reported by the
Laboratory; however, the Laboratory shall not correct sample results using
these recoveries.

Method Blanks-The Laboratory shall not apply blank corrections to
original data. For organic analyses, a minimum of 1 method blank shall
be analyzed for every extraction batch, or 1 for every 20 samples, whichev-
er is more frequent. For metals and conventional analyses, 1 method blank
shall be analyzed for every digestion batch, or 1 for every 20 samples,
whichever is more frequent.

Matrix Spike Samples-For organic analyses and metals, the Laboratory
shall analyze a minimum of 1 matrix spike for each group of samples
extracted or digested, or 1 for every 20 samples, whichever is more
fi-equent. For organic analyses, 1 matrix spike duplicate shall either be
analyzed for each group of samples extracted or for every 20 samples,
whichever is more frequent.

Laboratory Control Samples-When available, the Laboratory shall use
laboratory control samples (LCS). For metals and applicable conventional
parameters, 1 LCS shall either be analyzed for every digestion batch or for
every 20 samples, whichever is more frequent. The source of the LCS
must be included in the data package.

Laboratory Duplicates —The Laboratory shall perform duplicate analyses
as indicators of laboratory precision. For metals analyses (except mercury)
and conventional analyses, the Laboratory shall analyze 1 laboratory
duplicate either for every digestion batch or for every 20 samples, whichev-
er is more frequent.

—
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■ S-pie Container PreparationAwple conttinem shW~prepwdby
the Laboratory and delivered to the project site, as required. sampling
personnel shall discard any containers that have visible signs of dirt or
contamination. Documentation of the preparation of sample containers
shall be prepared, signed, and dated by Laboratory personnel and included
with the sample container shipment.

DELIVERABLES

The Laboratory shall report results that are supported by sufficient backup data and
quality assurance results to enable reviewers to conclusively determine the quality of the
data. The data and supporting documents shall be provided to the Contractor QA/QC
Coordinator. The Laboratory shall not divulge outside of Contractor any data or other
information obtained or generated by the Laboratory with respect to the work specified
herein. Data reporting requirements are summarized below.

Laboratory Data Reports

All data reports shall include the following:

A. General

1. A cover letter documenting all sample preparation and analytical protocols used
and explaining any variance from protocols contained in the appropriate EPA
statement of work (SOW) or this SOW.

2. Copies of completed chain-of-custody records and sample analysis request
forms.

3. A cross-referenced table of Contractor and Laboratory identification numbers,
and full explanation of all data qualifier symbols in accordance with the
appropriate EPA SOW.

4. Tabulated results in units specified in the appropriate EPA SOW or this SOW.

5. A table of sample preparation data, including initial weights or volumes of
samples, final dilution volumes, and digestion or preparation reagents. Data
must be grouped by preparation date and include the identity of all quality
control checks associated with each preparation batch. If subsets of a large
number of samples are prepared or digested at separate times, then each sample
subset is defined as a batch. Data provided in this table must be sufficient to
unequivocally match each field sample with the corresponding quality control
check samples.
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B. Quality Control Results

1. For the analyses of inorganic compounds, the following summary results should
be tabulated in the format of the appropriate indicated EPA form:

a.

b.

c.

d.

e.

f.

g“

h.

i.

j.

k.

1.

Initial and ongoing calibration verifications

Initial and ongoing calibration blanks and preparation blanks

Inductively coupled plasma-atomic emission spectrometry (ICP) interfer-
ence checks

Matrix spike sample recoveries

Duplicate samples

Laboratory control sample recoveries

Method of standard additions, if performed

ICP serial dilution

Mercury holding times, if performed

Instrument detection limits

ICP interelemental correction factors

ICP linear ranges.

2. For all other analyses, the following tabulated summari es of all quality control
checks for each analyte should be included:

a. Initial and ongoing calibration verifications

b. Initial and ongoing calibration blanks and preparation blanks

c. Matrix spike sample recoveries

d. Duplicate samples

e. Independent standards.

C. Original Data

1. Legible photocopies of all original data, including Laboratory notebook pages,
computer printouts, and stripcharts, with sufficient information to unequivocally
identify the following:

a. Calibration and ongoing calibration results

b. Surrogate spike compound recoveries

B-7



c. Samples and all dilutions

d. Results of all method blanks

e. Results of all matrix spikes and matrix spike duplicates

f. Results and origin of LCS analyses

g. Results of Laboratory duplicates and triplicates

h. Origin of all reference materials

i. Any instrument adjustments or apparent anomalies on the measurement
record.

2. The following information should be shown on the first page of each set of
original data sheets pertaining to a particular protocol (e.g., ICP computer
printout):

a. A statement documenting the analyte(s) and the exact protocol used

b. The date of analysis

c. Typed name and signature of the analyst.

3. Copies of all sample container preparation documentation.

D. Electronic Deliverables

All data reported on the EPA forms must also be submitted as a diskette deliverable. The
data should be in Format A (on an MS-DOS diskette), as defined by the SOW.

E. Other Information

Although not required as a deliverable for every data package, the following documenta-
tion must be available at the request of the Contractor QNQC Coordinator as part of the
Laboratory’s standard QA/QC procedures:

■ All original data

■ Sample receipt and storage logbooks

9 Record of sample holding time

■ Storage temperature logbooks

_ Conductivity of distilledldeionized water

■ Analytical balance annual and routine (Class S weights) calibration
logbooks

B-8



Standard preparation and tracking logbooks, including purity of chemicals
used to prepare standards

Instrument calibration protocols and service record logbooks, including
preventive maintenance

Evidence of spot-checking of data handling

In-house quality control charts.

TURNAROUND TIME

Schedules for delivery of results may vary, but shall not exceed a turnaround time of
— calendar days. Generally, a turnaround time of_ days will be des~d. For dab that
are delivered late, the Laboratory will be subject to, at the discretion of the Contractor,
a penalty of_ percent per calendar day for each day the data are late up to a maximum
of _ percent of the total cost of the analyses.

PROGRESS REPORTS, PROBLEM NOTIFICATION,
AND PROJECT AUDITS

A verbal progress report to the Contractor QA/QC Coordinator is required each week for
the duration of the project. Immediate notification of the Contractor QA/QC Coordinator
is required when the Laboratory identifies a problem that could prevent all QA/QC
requirements or data quality objectives, including required detection limits, to be met for
the final data. Contractor may conduct onsite audits of the Laboratory’s facilities during
the period of analysis to assess implementation of QA/QC requirements. The Laboratory
shall maintain records to support an audit of the technical quality of all analyses and shall
provide all such records to Contractor upon request.

B-9



APPENDIX C

Description of Calibration,
Quality Control Checksr and

Widely Used Analytical Methods



CONTENTS

Paqe

DESCRIPTION OF CALIBRATION, QUALITY CONTROL SAMPLES, AND
WIDELY USED ANALYTICAL METHODS

INTRODUCTION

CALIBRATION

QUALITY CONTROL SAMPLES

Blanks
Matrix Spikes
Surrogate Spikes
Check Standards
Laboratory Control Samples
Spiked Method Blanks
Reference Materials
Replicates

COMMON ANALYTICAL METHODS -

Gas Chromatography
Gas Chromatography/Mass Spectrometry
Gas Chromatography/Electron Capture Detection
Gas Chromatography/Flame Ionization Detection
High Pressure Liquid Chromatography
Atomic Absorption Spectrometry
Inductively Coupled Plasma-Atomic Emission Spectrometry

c-1

c-1

c-1

c-3

c-3
c-4
c-4
c-5
c-5
c-5
c-5
C-6

c-7

c-7
c-7
c-9
c-9

c-lo
c-1 o
c-1 1

C-iii



DESCRIPTION OF CALIBRATION, QUALITY
CONTROL SAMPLES, AND WIDELY USED
ANAL YTICAL METHODS

INTRODUCTION

The relative importance, rationale, and recommended frequency of calibration and each
of the quality control samples are discussed in the following sections. A summary of the
major considerations in applying these procedures is provided in the main text (see
Section 2.7).

The concepts of calibration and quality control samples apply to dozens of analytical
methods that are currently used by laboratory technicians. Selection of appropriate
methods for particular types of analyses is based on the list of chemicals for analysis and
the required detection limits. Some of the widely used analytical methods are described
below, along with technical issues that should be considered when choosing individual
methods.

CALIBRATION

Calibration of analytical instruments is a critical element of quality control because the
procedures used for calibration will determine both the accuracy and precision of
analytical results. Gas chromatography/mass spectrometry, or any other analytical
technique, measures the magnitude of an unknown concentration of an analyte relative to
a known concentration of the analyte or a similar analyte in a standard. Such relative
measurements are meaningless unless the responsiveness of the analytical instrument can
be determined over a range of analyte concentrations. Through calibration, this level of
responsiveness can be determined. The relationship between response and concentration
is generally expressed as an analytical curve. For the analysis of organic compounds in
samples, response factors (RFs) for analytes relative to standards at various concen-
trations may be established from this analytical curve. The degree with which incremen-
tal concentrations of an analyte produce constant increments of response is called
linearitj.

Guidelines for instrument calibration must be included
laboratory performing the analysis. Examples of these
for Chemical Analysis of Water and Wastes (U.S. EPA

in the statement of work for the
guidelines are given in Methods

1983). Project managers should.
ensure that the statement of work addresses the following points:
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■ Instruments should be calibrated at the beginning of the project before any
samples are analyzed, after each major disruption in analytical procedures,
and whenever action limits are exceeded for certain samples. This type of
calibration is called the initial calibration of the instrument, Through
initial calibration, an analytical curve based on the absorbance, emission
intensity, or other measured characteristics of known standards can be
established. Data from subsequent analyses are considered valid as long
as the values fall within the linear range of this curve.

m In some analytical programs, the accuracy of the initial calibration is
verified and documented for every analyte by analyzing U.S. Environ-
mental Protection Agency (EPA) quality control solutions immediately
following the initial calibration. If immediate verification is not required,
then the verification may be conducted after several samples have been
analyzed. When a certified solution of an analyte is not available from
EPA or any other source, analyses should be conducted on an independent
standard at a concentration other than that used for calibration, but within
the calibration range. When measurements for the certified components
exceed the action limits, the analysis should be terminated, the problem
corrected, the instrument recalibrated, and the recalibration verified.

■ The validity of the original calibration curve should be confined through-
out the analyses of samples. This process is called continuing calibration.
However, unless required by a specific method, the continuing calibration
results should not be used to quantify sample results (use the average
response from the initial calibration instead). For gas chromatography/mass
spectrometry (GC./MS) analyses of samples containing organic compounds,
calibration should be checked at the beginning of each work shift, at least
once every 12 hours (or every 10-12 analyses, whichever is more fre-
quent), and rifler the last sample analysis of each work shift. For gas
chromatography/electron capture detection analyses, calibration should be
checked at the beginning of each shift, every 6 hours (or every 6 samples,
whichever is less frequent), and after the last sample analysis of each shift.

■ For analyses with inductively coupled argon plasma emission spectrometry
and atomic absorption spectrometry, all work should be performed using
continuing calibration. A procedure for conducting these calibrations is
outlined in EPA’s Contract Laboratory Program statement of work for
inorganic chemicals (U.S. EPA 1990e). Frequency of continuing calibra-
tion of these instruments is 10 percent of the samples or every 2 hours
during an analysis run, whichever is more frequent.
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QUALITY CONTROL SAM#lES

Blanks

Blanks are quality control samples that are processed with the samples but contain only
reagents. They are used to obtain the response of an analysis in the absence of a sample,
including assessment of contamination from sources external to the sample. Contamina-
tion can arise from sources such as the reagents themselves, sample or reagent contain-
ers, and equipment used for sampling, sample storage, and analysis. The types of
analytical blanks used to identify each of these potential sources of contamination are
described below:

■ Method blanks (also called preparation blanks or reagent blanks) are used
to identify any contamination that may have been contributed by laborato-
ries during sample preparation. A method blank should be required for
each batch of samples prepared for analysis, except in the case of volatile
organic analyses (VOAS), in which case, method blanks should be
analyzed at least once every 12 hours. Because method blanks are usually
included in the cost of sample analysis, they should not place an additional
cost burden on a project.

■ Bottle blanks are used to determine whether sample containers are sources
of contamination. One bottle blank should be prepared for each lot of
sample containers. Large increases in the contaminant level for the bottle
blank compared with the method blank indicate a potential container
problem. Laboratories usually provide clean containers for performing
bottle blank analyses at no additional cost. For most sampling efforts,
precleaned containers from a chemical supply company can be obtained at
reasonable cost. The use of precleaned bottles may eliminate the need to
have bottle blanks analyzed.

■ Transport blanks (also called trip blanks) are used to detect contamination
arising during sample shipping, handling, and storage. These blanks are
taken from clean containers fiiled with deionized water, transported to the
field, and stored and shipped with the samples. One transport blank
should be included with each shipping container. A contaminant level for
the transport blank that greatly exceeds the contaminant level of the
method blank indicates a potential field handling, container, or storage
problem. Transport blanks are important only for projects involving
analysis of volatile organic compounds, which may migrate from one
container to another.

■ Field equipment blanks (also called decontamination checlm) are used to
detect contamination arising from field sampling equipment. At least one
field equipment blank should be required for each medium that is sampled
during a sampling effort,
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Matni-x Spikes

Matrix spike samples are used to provide an indication of the bias due to matrix effects
and an estimation of the precision of results. They can also provide indications of how
tightly an analyte is bound to its matrix, such as soil or tissue. Matrix spike samples are
created by adding known amounts of chemicals of interest to actual samples, prior to
extraction and usually prior to digestion. The addition of these chemicals is commonly
called spiking. The matrix spike is analyzed using the same analytical procedure used
for samples. The results are then compared with the results from the analysis of a
replicate, unspiked sample. In this way the effect of the particular sample matrix on the
recovery of chemicals of concern can be evaluated. By spiking and analyzing the sample
after digestion, an analyst can determine whether spike analysis results have been affected
by matrix binding or by sample preparation procedures. This postdigestion spiking is
only used for metals analyses.

Matrix spike samples should include a wide range of chemical types. For example, a
matrix spike sample for analysis of semivolatile organic compounds may include spiking
with three neutral compounds, two organic acid compounds, and two organic base
compounds. Ideally, samples should be spiked either at approximately 5 times the
expected chemical concentration in a sample or at 5 times the target detection limit,
whichever is higher. Spiking at this concentration reduces the possibility for any increase
in random error during the matrix spike analysis and eliminates any masking of
interferences at representative chemical concentrations.

One matrix spike sample and one matrix spike duplicate sample should be analyzed for
every set of twenty or fewer samples or with each sample preparation lot. If 20 or more
samples are submitted, 1 matrix spike duplicate pair should be run for each set of 20
samples. Analysis of matrix spikes and matrix spike duplicates is often performed to
assess the precision and bias of one set of results.

Sut7vgate Spikes

Surrogate spike compounds can be used to estimate the recovery of organic compounds
in a sample. Surrogates are compounds with characteristics similar to those of com-

pounds of interest that are added to a sample before it undergoes the process of
extraction. Surrogates should be compounds that are not expected to be present in the
samples, but they should have characteristics similar to the compounds of concern.
Compounds labeled with stable isotopes (that is, where normal carbon or hydrogen atoms
in the molecule have been replaced with isotopes of carbon or hydrogen) are commonly
used as surrogates. However, all surrogates need not be isotonically labeled. They need
only be compounds that are physically and chemically similar to the chemicals of
interest. For example, dibromooctafluorobiphenyl is used by some laboratories as a
surrogate for polychlorinated biphenyls (PCBS), although this compound is not identical
in structure to a PCB.
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Because surrogate compounds aretheonly means of checking method performance on
a sample by sample basis, they should be used whenever possible. A minimum of five
surrogate spikes (three neutral and two acid compounds) should be added to each sample
when analyzing for semivolatile organic compounds. These surrogate spikes should
cover a wide range of compound classes. At least three surrogate compounds should be
used for the analysis of volatile organic compounds, and at least one surrogate compound
should be used in each extracted sample as a check on recovery of pesticides. A separate
surrogate compound should be used in each extracted sample to check the recovery of
PCB mixtures.

Check Standards

Check standards
samples. Check

contain known amounts of analyte and are analyzed along with the
standard results are used to indicate bias due to sample preparation

and/or calibration and to control precision.

Laboratory Control Samples

Laboratory control samples are check standards used to assess precision in the analytical
procedures for metals. Like reference materials, these samples can be acquired from
EPA. Often they are routinely analyzed by the laboratory at no extra cost.

Spiked Method Blanks

In certain organic methods, surrogate spikes are added to the check standards; these
quality control samples are called spiked method blanks. The different compounds and
their required amounts are specified in EPA’s guidelines for the Contract Laboratory
Program (U.S. EPA 1990d,e) and other regional guidelines. Such analyses are useful
to verify acceptable method performance prior to and during routine analysis of samples
containing organic compounds. Spiked method blanks do not take into account sample
matrix effects, but can be used to identify basic problems in procedural steps. Spiked
method blanks can also be used to provide minimum recovery data when no suitable
reference material is available or when sample size is insufficient for matrix spikes. A
spiked method blank should be analyzed whenever a method is used for the first time in
a project and each time that a method is modified. In these instances, analysis of the
spiked method blank should take place before analysis of any samples.

Reference Materials

Reference materials are substances with well-characterized properties that’ are useful for
assessing the bias of an analysis and auditing analytical perfo%fices among laboratories.
SRMS are certified reference materials containing precise concentrations of chemicals,

c-5



accurately determined by a variety of technically valid procedures, and are issued by the
National Institute of Standards and Technology. Currently, SRMS are not available for
the physical measurements or all pollutants in sediments; however, where possible,
available SRMS or other regional reference materials that have been repeatedly tested
should be analyzed with every 20 samples processed. Further information on SRMS is
provided in the main text (see Section 2.11.2).

Replicates

Replicates are two or more identical samples that are analyzed to provide an estimate of
the overall precision of sampling or analytical procedures. When two separate samples
are taken from the same field station, or when one sample is split into two separate
samples, these replicate samples are specifically called duplicates. Duplicates are usually
sufficient when using an analytical procedure that is well proven in the laboratory.
Analyzing three replicate samples (called triplicates) yields more meaningful statistical
measures of variability than analyzing duplicate samples. However, statistically
combining the variance of duplicate sample results across several sets of duplicates is also
an effective way of evaluating variability.

Replicate samples are commonly used for the following purposes:

■ Analytical (or laboratory) replicates measure the precision of sample
analyses. To prepare analytical replicates, the sample is homogenized by
the laboratory and divided into two subsamples. The subsamples are then
independently analyzed. If five or fewer samples are submitted for
analysis, a minimum of one analytical replicate is recommended, the exact
number to be determined by the project manager. If more than 5 but less
than 20 samples are submitted, at least 1 analytical replicate should be
analyzed. A general rule is 1 analytical replicate for every batch of up to
20 samples analyzed together (e.g., U.S. EPA 1990d).

H Field replicates measure sampling variability. These samples are collect-
ed at the same time and location as other samples and are submitted for
analysis along with the other samples. Field replicates should be coordi-
nated with analysis of laboratory replicates so that both sampling varia-
bility and analytical variability can be measured for the same station. The
project manager or coordinator usually determines the frequency with
which field replicates are collected and sent to the laboratory. If funds are
limited, a single laboratory replicate to measure analytical variability is
preferred over a field replicate.

w Blind replicates are samples submitted to the laboratory without the
laboratory’s prior knowledge. Data from these blind replicates can be
used to detect potential laboratory bias when compared with data from the
analysis of analytical replicates. In this manner, blind replicates can serve
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as laboratory quality control samples. However, the results for these
samples are subject to errors introduced by the process of splitting the
sample and by preservation, transportation, and storage procedures as well
as analytical errors. Analysis of 1 set of blind replicates should be
performed whenever 20 or more samples are submitted. At least one
triplicate set is recommended for analysis of more than 20 samples.

COMMON ANALYTICAL METHODS

Gas Chtvmatography

Gas chromatography is a technique used to separate a complex mixture of organic
materials into its components (for example, an extract of oil or smoke, which may
contain hundreds, even thousands, of compounds). To do this, the sample extract is
injected into a heated chamber, in which the mixture of compounds is concentrated at the
head of a separating column. The mixture is then carried through the column by an inert
gas (called the mobile phase). As the column is heated, the analytes pass through
absorbent materials (called the stationa~ phase). Different analytes move at different
rates and appear one after another, along with any interfering substances for a particular
analyte, at the effluent end of the column. Here they are measured by a detector. The
detector sends information as an electronic signal to an integrator, chart recorder, or
computer, The signals are then interpreted and presented graphically in the form of a
chromutogram and digitally as a quantification report.

Using the chromatogram and the digital information contained in the quantification
report, many analytes contained in the sample can be accurately identified and quantified.
Several different gas chromatograph/detector combinations are commonly used for the
analysis of volatile and semivolatile organic compounds, which include pesticides and
PCBS. Three of these combinations are described in the following sections.

Gas Chromatography~ass S’tmmetry

GC/MS enables positive identification of a compound that has eluted from a gas
chromatographic column. In the GUMS chamber, separated compounds are bombarded
by electrons and broken into characteristic fragments called ions. The mass of the
charged ions (i.e., their molecular weight) can be sensed by a detector that accumulates
data on ionization current over a wide range of masses. The more ions of a particular
mass, the greater the ionization current that is recorded for that mass. At any one time,
the relative intensity of this current over all the different masses recorded for a particular
compound gives rise to its mass spectrum (Figure C-1). The pattern of fragmentation
ions in a mass spectrum is used to distinguish one compound from another. In addition,
the intensity of the current recorded for one characteristic ion over time gives rise to its
mass chromatogram, which is used to quantify the concentration of the analyte as it
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elutes from the gas chromatography. This characteristic ion is called the quantification
ion. The mass chromatograrns for all ions detected can be superimposed into a
reconstructed ion chromatogram (RIC), also called a total ion chromatogram. The RIC
is a graphic display of the total ionization current resulting from all mass fragments for
all compounds detected from the start to the finish of the analysis. The RIC can be
compared with the chromatograms produced by other detectors and provides an indication
of the relative composition of components in the sample mixture analyzed by GC/MS.
The mass spectrometer is a selective detector that allows for the positive identification
of many compounds. Other kinds of detectors may be more sensitive in detecting PCBS
and other chlorinated compounds.

Gas ChmmatographyElectmn Captun? Detection

Gas chromatography/electron capture detection (GC/ECD) is useful for detecting analytes
such as pesticides, PCBS, and other similarly structured chemical compounds that contain
chlorine. The ECD measures the total concentration of a chemical in a sample, but it
cannot distinguish one individual chemical from others. Verification of individual
chemicals is accomplished by comparing the order in which the chemicals appear (called
the elution order) and the time that passed before they appeared (called the retention
time) with the elution orders and retention times of certain analytical standards. The
identity of a chemical is verified when the elution orders and retention times match on
two columns of different stationary phases. This verification technique, called dual
dissimilar column confirmation, is useful because two chemicals that may have the same
elution orders and retention times on one column will have different characteristics on
the second column.

Gas ChrvmatographyFlame Ionization Deteclion

Gas chromatography/flame ionization detection (GC/FID) can be used to detect organic
compounds that can be converted to ions during exposure to flame. This kind of detector
is especially sensitive to molecules that contain carbon and hydrogen, just as the
GC/ECD is especially sensitive to molecules containing chlorine. Because the GC/FID,
like the GC/ECD, cannot distinguish between individual chemicals, dual dissimilar
column confirmation must also be performed for each sample analyzed. Related
detectors that use flame for analyzing organic samples include the nitrogen flame ioniza-
tion detector (NFID), which is especially sensitive to nitrogen- and phosphorus-containing
molecules, and the flame photometric detector (FPD), which is especially sensitive to
organophosphorus pesticides and other compounds containing sulfur.
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High Pressure Liquid Chromatography

Like gas chromatography, high pressure liquid chromatography (HPLC)is a technique
used to separate a complex mixture into its component compounds. The compounds are
carried as a liquid through solid absorbent phases and are sensed at the effluent end of
the column by a specialized detector sensitive to, for example, ultraviolet, fluorescent,
or infrared signals. This technique (described in EPA’s laboratory manual Test Methods
for Evaluating Solid Waste [U.S. EPA 1986a) is useful for analyzing polycyclic aromatic
hydrocarbon (PAH) compounds in samples because many interferents on other instru-
ments do not emit ultraviolet or fluorescent spectra, thereby increasing the sensitivity of
the ultraviolet/fluorescent detector to many P~H compounds. However, some com-
pounds of interest also do not emit these characteristic spectra. It is for this reason that
EPA’s Contract Laboratory Program statement of work for organic analysis recommends
GC/MS over HPLC using ultraviolet/fluorescent detectors. However, HPLC can be
useful as a way to screen samples for PAH contamination. Because it removes some
interferents and separates the sample into components that can be individually collected
and analyzed, HPLC can also be used as a powerful cleanup technique,

Atomic Abso@ion Spectmmetry

Two basic methods of spectrometry are commonly used to identify and measure
concentrations of metals in a sample, Using the first method, atomic absorption
spectrometry, the digested sample is first vaporized and then exposed to a light source
emitting a spectrum characteristic of the target analyte. A portion of the light is
absorbed by the analyte in the sample. The remaining light is measured by a photoelec-
tric detector and assigned a numerical value. Because the intensity of light absorbed by
the sample is proportional to the quantity of the target analyte present in the light’s path,
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this value represents the concentration of a metal in the sample. Several different forms
of atomic absorption are frequently used:

Graphite furnace atomic absorption spectrometry (GFAA) determinations
are completed as single element analyses. With this technique, sample
digestates are vaporized in an electrically heated graphite furnace. The
furnace is designed to gradually heat the digestates in several stages,
allowing an experienced analyst to remove unwanted matrix components
and select the optimum final temperature for the metal being analyzed.
The major advantage of this technique is that it affords extremely low
detection limits, which are particularly essential in the analysis of arsenic,
cadmium, selenium, or lead. Samples must be relatively clean for GFAA
to produce usable data.

Hydride generation atomic absorption (HGAA) spectrometry uses a chemi-
cal reaction to separate arsenic or selenium selectively from a sample
digestate. This technique removes these two elements from the sample
matrix, minimizing interferences and improving instrument sensitivity.

Cold vapor atomic absorption (CVAA) spectrometry uses a chemical
reaction to release mercury from the digestate as a vapor, which is then
analyzed by atomic absorption. This method should be used whenever
analysis of mercury in samples is required.

Flame atomic absorption (FLAA) spectrometry determinations are nor-
mally completed as ‘single element ‘aalyses, following exposure of the
vaporized samples to either a nitrous oxidefacetylene or airlacetylene
flame. Data produced using this technique are relatively free of interfer-
ents, however instrument sensitivity @not as great as with other forms of
atomic absorption.

Inductively Coupled Plasma-Atomic Emission Spectmmetry

The second widely used and cost-effective form of spectrometry is inductively coupled
plasma-atomic emission spectrometry (ICP). Using ICP, the digested sample is first
turned into an aerosol, then subjected to extremely high temperatures within the
instrument. The high temperature ionizes the atoms, which produce ionic emission
spectra uniquely characteristic of specific metals, The wavelengths of these spectra can
then be used to identify one or many different metals in the sample, while the intensity
of light can be used to determine metals concentrations.

The primary advantage of ICP is that it allows simultaneous or rapid sequential determin-
ation of many different metals, reducing the time and cost of individual metals analyses.
The primary disadvantage of ICP, however, is its lower degree of sensitivity. The
detection limit associated with ICP analysis is often higher than the detection limit that
can be obtained through the use of a graphite furnace or several other forms of atomic
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absorption spectrometry. Although all ICP instruments use high-resolution optics and
background corrections to minimize interferences, analysis for traces of metals in the
presence of a large excess of a single metal can be difficult. Spectrometric data are
reliable only if the analyte concentrations in the digestate are 5-10 times great& than the
instrument detection limit. When concentrations are lower than this value for ICP
analysis (as is often the case, for example, with samples containing arsenic or lead), then
GFAA should be used. A relatively new method of detection is the use of combined
inductively coupled plasma-mass spectrometry (ICP/MS), which not only allows for
simultaneous determination of many different metals, but can also achieve lower
detection limits comparable to those using graphite furnace techniques.
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General Standard Operating Procedures



STANDARD OPERATING PROCEDURE

SAMPLE PACKAGING AND SHIPPING

For samples collected during field operations that will be classified as “environmental.”

Specific sample packaging and shipping requirements are described below.

ENVIRONMENTAL SAMPLES

All samples identified as Environmental Samples should be packaged and/or shipped

utilizing the following procedures.

Packaging

1. Place samples into a strong container, such as a lined cooler or a U.S. Department

of Transportation (DOT) -approved fiberboard box. The inside of the container

should be lined with a polyethylene bag. Wrap glass jars with bubble-pack and

surround the samples with noncombustible, absorbent, cushioning material for

stability during transport.

2. Seal the large polyethylene bag with two chain-of-custody seals.

3. Place the laboratory/sampling (including chain-of-custody) paperwork in a large

envelope and tape it to the inside lid of the shipping container (see Shipping Papers).

4. Close and seal the outside container with several chain-of-custody seals. Tape it shut

using fiberglass tape.
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MarkinglLabeling

1. Use abbreviations only where specified.

2. Place the following information, either hand-printed or in label form, on the outside

container:

9 Laboratory name and address

■ Return name and address.

3. Print “Environmental Samples” and’’This End Up” clearly on top of the shipping

container. Put upward pointing arrows on all four sides of the container. No other

marking or labeling is required.

Shipping Papers

No DOT shipping papers are required. The following sample custody and analytical

laboratory request forms should accompany the sample shipment. These documents

should be taped to the inside lid of the outside sample container:

■ Chain-of-custody form

■ Sample analytical request form

■ Sample packing list.

See the quality assurance project plan for procedures in filling out these forms.
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STANDARD OPERATING PROCEDURE

EQUIPMENT DECONTAMINATION

The purpose of this standard operating procedure (SOP) is to define decontamination

procedures for field equipment used for collecting soil, sediment, and water samples.

Techniques for ridding equipment of both metals and organic contaminants are discussed.

Sampling equipment is decontaminated between each sampling event to avoid cross

contamination of samples and to help maintain a healthy working environment. Protective

clothing is worn by all field technicians during sampling and decontamination as

described in the health and safety plan.

It is the responsibility of the field sampling coordinator to assure that proper decontami-

nation procedures are followed and that all waste materials produced by decontamination

are properly managed. It is the responsibility of the project safety officer to draft and

enforce safety measures that provide the best protection for all persons involved directly

with sampling or decontamination. All subcontractors (e.g., drilling contractors) are

required to follow the decontamination procedures specified in the contract, the health and

safety plan, and this SOP. Individuals involved in sampling and/or decontamination are

responsible for maintaining a clean working environment and ensuring that contaminants

are not introduced to the environment.

All equipment will be decontaminated using a series of washes and rinses designed to

remove materials of interest without leaving residues that will in any way interfere with

analysis of the samples taken with that equipment. In addition, the decontamination site

will be set up at a location separate from the sampling area in order to isolate these two

activities.
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Field equipment blanks will be taken at a frequency of 5 percent of samples and sent to

the laboratory(s) for analysis along with the regular samples. These blanks will serve as

a quality assurance indicator of possible cross contamination of samples. When feasible,

samples to be taken with the same equipment will be taken in order from lowest to

highest suspected contaminant levels to minimize the chances of cross contamination.

The following is a list of materials that are required on site to support decontamination.

The quantity and actual use of each item will be dependent on the overall size and nature

of the sampling effort.

Cleaning liquids and dispensers: soap and/or phosphate free detergent

solutions, tap water, methanol, 10 percent nitric acid, distilled/deionized

water

Personal safety gear as defined in the project health and safety plan

Chemical-free paper towels and/or tissues

Powder-free disposable latex gloves

Waste storage containers: drums, boxes, plastic bags

Plastic ground cloth on which to lay clean equipment

Cleaning containers: plastic antior galvanized steel tubs and buckets

Cleaning brushes with non-contaminating stiff bristles

Steam cleaning apparatus (supplied by drilling contractor).

The materials used in decontamination activities are located a minimum of 15–30 feet

downwind of the sampling site as designated by the task leader. Decontamination will

be carried out before moving to the next sampling site to avoid transporting contaminants.
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PROCEDURES

Regardless of the type of contamination that requires removal, the basic steps involved

are the same. Procedures unique to organic, metal, and organic/metal combined

contamination are discussed in their respective sections that follow.

Step 1: Gross Removal of Material

Steam Cleaning

Depending on the availability of apparatus (e.g., drilling operations), steam cleaning

combined with brushing is the preferred method of initial material removal. Using steam

alone introduces little further contamination, and is a very efficient way of removing

materials. Equipment such as spatulas, split spoons, and drill flights are placed in and/or

suspended over tubs that catch contaminated wash waters for proper disposal.

Detergent Wash

In cases where steam apparatus is not available, a phosphate free detergent wash and tap

water rinse may be used. A detergent bath is formulated in a tub large enough to hold

the equipment to be washed leaving enough volume to hold the tap water rinses. All

material is brushed from the equipment into the tub. The equipment is rinsed with tap

water while suspended over the wash tub. Because detergents can contain low levels of

interfering contaminants for both organic and metais analysis, the thoroughness of the

final rinse in this step is of utmost importance. When the analyte levels in the samples

to be taken by the decontaminated equipment are suspected to be very low (e.g.,

background level), it is recommended that the detergent wash be replaced by a distilled

water wash or steam cleaning when available, followed by a decontamination equipment

blank as described below,

o
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Step 2: Specific Contaminant Removal

Organic Contaminants

For removal of general organic contaminants, the solvent of choice is methanol because

a) it dissolves all contaminants of concern and b) it is miscible with water which means

it can be removed with a water rinse. The equipment is suspended over a tub and rinsed

from the top down with high purity methanol delivered by peristaltic pump for large

pieces, or a squirt bottle for smaller pieces. Rinse wastes are disposed of according to

the project health and safety plan.

Metal Contaminants

Metals require acid solvents for efficient removal. Nitric acid is the acid of choice

because of its ability to dissolve all of the metals of concern. The equipment is

suspended over a tub and rinsed from the top down with 10 percent nitric acid delivered

by peristaltic pump for large pieces, or a squirt bottle for smaller pieces. Rinse wastes

are disposed of according to the project health and safety plan.

Combined 0rganic414etals Contaminants

When equipment will be used to take samples that will be analyzed for both metal and

organic constituents, the acid rinse is performed followed by the methanol rinse, each as

described above. Due to the difficulty in obtaining organics free acids, and the ease of

obtaining metals free methanol, the order of the two rinses must not be reversed.
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Step 3: Final Distilled~eionized Water Rinse

A final rinse with distilled/deionized water is carried out last to remove the contaminant

specific solvents (i. e., nitric acid and/or methanol). Because these solvents may

themselves interfere with sample analyses, this step is very important and must be carried

out thoroughly. The equipment is suspended over a waste tub, and rinsed from the top

down with distilled/deionized water delivered by pump or squirt bottle, depending on

equipment size. In the case of metals decontamination, a simple pH monitoring

technique (e.g., pH paper) may be used to monitor rinse water in determining rinse

completion.

Step 4: Air Dry

Before an equipment blank is taken, the equipment is laid out on a clean plastic ground

cloth and allowed to dry. The equipment should be protected from gross contamination

during the drying process.

Equi@nent Blanks

Equipment blanks are taken between selected samplings as described in the Sampling and

Analysis Plan. Equipment is rinsed with distilled water that is subsequently collected in

a sample container. The rinsate sample is then labeled and shipped as a blind sample to

the laboratory(s) with regular samples. One blank is created in this way for each

analysis to be performed on samples taken with this equipment unless otherwise stated

in the quality assurance plan. The equipment should be protected from contamination

betwt%’nthe time the blank is taken and the time the next sample is collected.
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ERLN CHEMISTRY GROUP
STANDARD OPERATING PROCEDURE FOR COLUMN CHROMATOGRAPHY

OF SEMIVOLATILE ORGANIC ANALYTES
IN SEDIMENT AND TISSUE EXI’RACTS

(REWm FEBRUARY1993)

Lo OIAJECTIVES

The objective of this document is to defh the standad cqmating proccdum for the
preparation of columns for the cleanup and chcmicd class scpamtion of semi-volatile
organic compmmds from marine samples. The extxact fractions will be analyzed by gas
chxomatogmphy (GC) or gas chromatographyhnass spectromctry (GC/MS).

2.0 MmmuAxS AND EQUIPMENT

9.s-mm m x 45+Xn glass chrm@gr@ ycolumn with200mlrese’moir

TWbeVap (Zymark)appratu, with heated water bath mintaid at 2s-35° c
Glass tiVap flasks, 200 ml
Nitrogen gas, compmwd, 99.9% pm

‘Thmblcr, ball-mill

Glass bcakcra,So-ml

.0

B01mh@eglaa8 vkJswith Tcflon-linal scrcwcqM,2-ml

● ✎

lWqnpeQ *rinmdormuffled at400”C

Fentane,pwicidegradcoraplivalmt
Mcthylcne Chlori& (CHQ), pesticide grade or

Cquivabnt
Hexmic, _ grade or (X@VdfXlt
Hcptanc, pc#ici& grade or cquivalmt

~ti w-s ~
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BioSil A silicic acid, 1OO-2OOmesh
Glass Wd, SihliZd

3.0 METHODS

3.1 Silica gel prepmtion

3.1.1 Approximately150 gramsof fully activatedsilica gel is accurately weighed
and transferred to a glass jar.

3.1.2 The silica gel is deactivated by adding 7.5% (weight basis) of pentane-
extractd deionized water. The water is weigkxi accurately and an appropriate
amount is added dropwise, - lmlatatime, tothcsilicagel. Afbreachwater
addition, the jar is &.nd-shaken vigorously.

3.1.3 Theglassjar isthenplaced onabaU-d-bkti
overnight.

SlllOWd to tumble

3.1.4 After tumbling, the jar is removed from the tumbler. The silica gel is
stored tightiy sealed inthejarat mom temperate until use.

3.2 Columnp~

3.2.1 l’heglas adumnsamsetupinr ingstmkhakhood.

3.2.2 G-wml, -titi-a lmtipl~htimlmkpW
intothe resexvoiroftkdunn. Agiamodis usedtopu shthe@s woolto
tlwbLxtomoftlWcolurnn.

3.2.3 11.5 g of h 7.5% deactivated silks gel ia weigki out in a beaker.
APPro_30~of~ti-toti~tif~a slurry. The
slurry iathmcardidly poured into tioolumm ‘lltebeakcf isrimeci with

● .
~mq,amtikwatiw~otim~awati.
@XO&ed to * column. The tdal volume of C&c&SIMnlldbeapproximately
50 rnL

3.2.4 TlmmhmmisaUowedtodri p,andth 8eluateisC0H @~.
WhentIB level OftlBQIQjUStmlMS ttwtopof tlBSilkagCl,50dof
pmbtily-mtim- ‘l%iseluateisdsowHd
‘&carded.

3.3 Cknkai ClasaWpmtkm8

3.3.1 ‘m sample extract



level reaches the silica gel. The VW is then Msed with an additional 1 ml of
pentane which is also introducedto the column just before the silica gel is
exposed. The eluatc is collected in a clean roundbottomflask.

3.3.2 As the sample rinse level reachesthe silica gel, 55 ml of pentaneis added
to the column. The eluate is collected as the F-1 fractionin a clean TurbeVap
flask.

3.3.3 & the pentane level reaches the top of the silica, 36 ml of 70:30
pentane:methylenechloride is introducedto the column. The F-2 fraction is
collected in a sepamte ‘Ikbo-Vap flask from the F-1 *on. After collection,
the flasks are kept tightly capped with aluminumfoil. At no time should the
column flow rate exceed 6 mlhnin.

3.3.4 After the F-2 fractionhas been collected from the column, the flasks am
placed inthe’Ikrb&vap. Theappamtus istumed onand Nitrogen gasis
introducedto the flasks. The solvent is reduced to approximately 1 ml. Tk
samples am then Solvent+xchangedto heptaneand Conammted toaboutl ml.

3.3.5 The fractions arc then transfiwredto borosilicate glass vials fitted with
Teflon-lined screw caps for storage until analysis.

4.0 QUALITY ASSURANCE/QUAIJW CONTROL

4.1 Silica Gel Teat@
4.1.1 Silica (331 is verified to sepamte compound classes using the silica gel
testing SOP.

4.2 MethodBlanks
4.2.1 Methd @ucedud) blanksare includd in each ULUlpk~ to plWidOan
estimaMofcmhdMbn fromthereagmts.

4.3 InterMlst81n&ldRtacovery
4.3.1 PcBlo3i8ackbd to ffrUlcohlrnnfkactions tocakukte recovery of the
intemmlstadald
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ERLN CHEMISTRY GROUP
STANDARD OPEIUTING PROCEDURE FUR ANALYSIS

OF PAHs BY GC/MS
@Em~ ~RU~Y 1993)

1.0 OBJECTIVES

The objective of this document is to define the standad procedurefor analyzingmarine
environmentalsamplesfor PAHs using GC/MS in electron impadpositive ion mode.

2.0 EQUIPMENT

HP Model 5890 Series II Gas Chromatography
HP Mo&l 5971A Mass Selective Detector
HP Model 7673 AutoSampler
HP MS Chemstation(DOS Series) Software
IBM CompatiblePersonalComputer

3.0 OPERATION

A. Instrument Parameters

Column: 60 m x 0.25 mm ID x 0.25 urnDB-5 (J&W Scientific)
Carrier Helium at 25 psfi 0.8-1.0 rnllmin
Injectm 270 degrees C; splitless mode, purg6on at 0.8 min
Interface:300 degrees c; direct,source200 degreesc
TemperatureProgram:1 rein, 40 ~, 20 deghin to 120 &g; 10 deghnin to 310 deg

and hold 16 min. This is suitable fa Polycyclic AromaticHydrocarbons.
MS Parameters:Set by Autotuneusing PF1’BAas the calibrationcompouti, Manual

Tllneis thenused to force the131and219~ to 20 to 40 percentof the
@*~,W_nmu@~ktiW~m-tiq-=ti of the
parbdarmethod. Hp*mk&uka*tioflq,=mw-*r
mfira~~b w~fimtitiv kroftitim.

1) AdequateDFl”PPspechum (see attachedcriterh), based on a 50 ng injection.
2) CalibrationCheck - msuits for a mid-level stadard must be withiu 25 percent of the

true value for a single targetcompound;the averageerrorfor all compoundsin
themethod must belessthan 15percent.
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C. Calibration

The calibration method is a 5 point, internal standard, least squares fit, forced through
the origin. The levels am chosen to cover a range from 4 to 10 times the instrument
detection limit for the lowest point, up to the pointat which saturationand/ornon-linear
behavior is obsemed. For PAHs in marinesedimentor tissue, the cumentlevels are 1.0,
5.0, 10.0, 15.0, and20.0 ng/ul. Acceptancecriteriafor each level are the same as listed
for the daily check.

D. Sample Analysis

A 250 UL aliquot of the sample extxact is blown down to 20-25 UL with nitrogenor
helium. If required,an internalinjectionstandardis added(4-chloro-p-terphenyl). Once
the daily performance checks are satisfied, the extracts arc queued up on the
autosampler.Periodic solvent blanla, standards,etc. are insertedat the judgementof

the analyst.

E. Identification

Compoundsare identifwl by monitoringa characteristicion withina 12 second retention
time window. Additionalions may be monitoredat the discretionof the analyst.

Confknation is obtaind by impection of the full mass spctrum.

4.0 QUALITY ASSURANCE

A. StandardReferenceMaterials, Blanks, CalibrationChecks

Standardreferencematerialsarc preparedalong with each batchof samples. Calibration
standardsare verified with “~Y p- control stdards.

B. Method Detection Limits

Method &tecthm limitaarc&tedned im@nhtl y for a given sample matrix.
Instrument&t@ion limits are generaUyin the G1Opg per injectionrange, whichusually
comsponds to a 3-5 rig/g (p@ method detdon limit range in samples.

5.0 TROUBLESHOOTING AND MAINTENANCE

Onadai.ly basis, theinjection portandlbrareclea@ theseptum andglasswoolin
the liner are changed.It is periodically necaary to breakoff the fti f- inchesof the
column (this is done daily for heavy workloads of dirty samples; comgmundsmost
affected are the high molecular weight compounds).
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Mass

51

68

70

127

197

198

199

275

I 365

441

442

443

DFI’PP ACCEPI’ANCECRITERIA(by CLP 3/90)

Abundance

30-60% of mass 198

Less than 2% of mass 69

Less than 2% of mass 69

40-60% of mass 198

Less than 1%of mass 198

Base peak, 100%relativeabundance

5-9% of mass 198

10-30% of mass 198

Grcatcrthan l%ofmass 198

Less than mass 443

40-60% of mass 198 -

17-23% of mass 442
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1.0

2.0

3.0

ERLN CHEMISTRY GROUP
STANDARD OPERATING PROCEDURE FOR GAS CHROMATOGMPHIC

ANALYSIS OF PCBSAND CHLORINATED PESTICIDES
Wmn FEBRUARY 1993)

oBJEcm

The objective of this documentis to define the standardprocedurefor analyzingmarine
environmentalsamplesforpolychlorinatedbiphenyls(PCBS)andchlorinatedhydrocarbon
pesticides using gas cluomatographyand electron capturedetectors.

EQUIPMENT Usm

Hewlett Pa&ad 5890 Gas Chromatographsequippedwith electroncapture&ectors (Ni
63), automatic samplers, 30 m DB-5 fused silica capillary columns (0.25 ~ film
thickness, 0.25 mm id.). Perldn-Elmer/Nelsonsoftware (ACCESS*CHROM)provides
for collection andstorageof mw chromatographicdata, andfor selectionandquantitatioh
of analyte peaks. Ultra high purityhelium and 95/5% Argon/Methanegases are used
as the carrierand auxiliary gas respectively.

OPERATION

3.1 Instrumentchecks madepriorto datacollection

3.1.1 Gas supply

3.1.1.1 Check gas cylinder presmres. R@ace tank if pressure is less
than 100 psig.

3.1.1.2 Check headpressuregauge on fiontpad ofinstrumcnt. Gauge
should rcd 18 psi~ adjustto correct setting if readingis high; check for
leakaifpressurc is low. Thissetting provides foracarrierga9 flow of
approximately1.5 Inl/rnin.

3.1.1.3 Replace injectionport septum. Check septum nut and column
fittings fm leaks with leak detector and tighten a9 necmary.

3.1.1.4 Checkthe auxiliarygas flow. A flow of 35 mlhnin is required.

3.1.1.5 Checkseptumpurgeand split flows. Mjust to 1 and35 rnllmin,
_vely, as ~.
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3.1.2 Instrumentoutputsignal

3.2

3.1.2.1 Display the analog outputsignal from the detector on the LED
panel of the GC. Record the value in the instrument log book, and check
for consistency with previous readings. On instruments with dual
detectors, ensure the signal is comedy assigned to the detector selected
for the analysis.

3.1.3 Instrumentopomtingparametm

3.1.3.1 Temperatureprogramsand runtimes are stored as workfiles in
each GC’S integrator. The following conditions are required for the
analysis of PCBs and pesticides:

Injectionport temperature
Detector tempemtum
Initial column temperature
Initial hold time
Ratel
Ramp 1 final temperature
Ramp 1 hold time
Rate2
Ramp2 final temperature
~p 2 hold time
Rate3
Final column temperature
Final hold time “
Stop time
Injectionport purge open time

275°C
325°C
100”C
lmin
5°c/rnin
140°c
lmin
1.5°c/min
230”C
20 min
lo”t/min
300”C
5min
100 Xnin
lmin

3.1.3.2 Load an appropriateworkfile into the integrator.

3.1.3.3 Enter the autosamplerparametersinto the integratorvia Option
11. Indkate which injectionport is being used, the numberandpositions
of the Sarnph in the autosanplertray, the numberof injectionsper bottle,
andtheamolmt injected (llll).

3.1.3.4 Check the signal assignments and levels again. If they are
correct, store the worMilc in the integmtor.

Data system setup

3.2.1 Schedulingof stmdads and ~ph?s
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3.2.1.1 Setting up the instrument queue is accomplished by following
instructions laid out in the Perkin-Elrner Nelson manual.

3.2.1.2 Order the samples, standards, and Mses according to the
following guidelines:

-place hexane Mses before and after standards
-bracket groups of no more than five (5) samples with standards.
-arrange multiple level standards so that a high and a low standard

precede as well as follow samples
-procedural and field blanks should be run prior to samples to
minimize risk of canyover con~ “on.

3.2.1.3 Type in sample weight and internal standard amounts for each
sample to be used in fd concentration calculations. Double check all
manuallyenteredvalues for accumcy.

3.3 Instrument startup and data collection

3.3.1 After the instrumenthasbeen scheduled,arrangethe samplesandstandards
to be run in the autosamplertrays. Checkthe orderfor accuracyagainsta copy
of the queue. Load the trays into the autosampler.

3.3.2 Visually recheck tank regulatorgauges and instrumentsettings to ensure
proper settings.

3.3.3 Stat GC operationanddatacollection by pressing ‘start’on the integrator.

3.4 Peak identification and quantitation

3.4.1 Peak kkmtificationis accomplishedby automatedroutines. Identifications
are based on comparisonof retentiontimes of actualstandmk to unknownpeaks.
Multilevel stdards am calibrated to generate a linear regression curve of
response aocodng to the manufacturer’sinstructions. After a calibrationcurve
has been genemtd, the samplesare analyzed. Analytesare quantitatedbased on
thepeak areas fortheanalytes andinternal standad, theamount of theinternal
stadard, and M response fkctors generated from the calibration curve.
Chrmnatogramsand data reportsam generatedfor each sample and standard.

4.0 QUALITY ASSURANCE

4.1 Chmnatograms of stmdards are compared to posted references. Peak
identifications, resolution and shapes am impcted. Calculatedstandardamounts are
checked for accuracy and documented. Otherabrmmalities, such as spuriousor extra
peaks, rising or falling baselines, and negative spiking am examined. Response factors
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and overall instrumentmponse are compamdto previous runsanddocumented. Blanks
are checked for the presence of interferences or analytes of interest. Unknown samples
are compared to standards to ve~ peak ident.ifkations.

S.0 TROUBLESHOOTING

5.1 Refer to the ERM GC Troubleshooting notebook, the manufacturer’s manuals, or
to experienced personnel for guidance in troubleshooting the GCS.
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ERLN CHEMISTRY GROUP STANDARD OPERATING PROCEDURE
FOR INSTRUMENTAL ANALYSIS OF METALS

IN SEDIMENT AND TISSUE EXTRACTS

1.0 OBJECTIVES

The objective of this document is to outline the proper sample preparation and
instrumental parameters for the analysis of trace metals in marine sediment or tissue acid
digests.

2.0 MATERIALS AND EQUIPMENT

Atomic Absorption Spectrometer or Inductively Coupled Plasma Atomic Emission
Spectrometer

Reagent grade Instra-Analyzed concentrated HNO~ for trace metal analysis (diluted to 2M
concentration)

3.0 METHODS

3.1 Standard Calibration

3.1.1 Estimate or determine the range of concentrations that exist within the
sample analytes. This may requie scanning several samples prior to standard
calibration in order to approximate the range of absorbance (AA) or emission
intensities (ICP) produced from the samples.

3.1.2 Prepare multiple calibration standards that bracket the expected range of
sample analyte concentrations. The composition of the standard matrices (i.e. acid
strength and salt content) should match that in the samples as closely as possible.

3.1.3 Analyze the standards and calculate calibration equations by regression
(linear ‘or polynomial) of standard concentrations against measured standard
absorbanccs or intensities.

3.2 Sample Dilutions

3.2.1 In section 3.1 the expected range of sample concentrations is determined.
If sample concentrations exceed the upper limit of the chosen analytical technique,
then the sample analytes will need to be diluted to fall within the range of
standard concentrations. Sample diluent should be of the same acid composition
and strength present in the sample analytes (Keep close record of the sample
dilutions so that raw analytical concentrations can be dilution-corrected).
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4.0 ANALYSIS

4.1 Sample Analysis (Unknown Concentrations)

4.1.1 Analyze the samples and record the absorbance (AA) or emission intensities
(ICP).

4.1.2 Triplicate readings should be made for every element.

4.1.3 After approximately 10 (AA) or 20 (ICP) samples, several calibration
standards should be re-analyzed to determine instrumental drift.

4.2 Concentration Calculation

4.2.1 Calculate sample concentrations by applying the calibration equation
obtained from the standard curve to the measured sample signals (absorbance or
intensities). Calculate the mean and standard deviation of the individually
calculated sample concentrations.

4.3 Dilution Correction

4.3.1 Calculated analyte concentrations must be dilution- corrected to obtain the
true metal concentration present in the sample. The analyte concentration, in
ughl, is converted to ug/g dry sample by inputing the sample prep. information
into the following equation:

Analyte cone.(ug/ml) X Acid volume (ml.)
Seal. Cone. (ug/g dry seal.) =

dry Seal.wt. (g)

5.0 QUALITY CONTROL

5.1 Determination of Analytical Accuracy (Calibration check)

5.1.1 Analyze several standards as unknown samples to check the accuracy of the
standard curve regression. Recoveries should be within 10% of the standard
concentration.

5.1.2 Analyze a solution of known and/or certified concentration, prepared
independently fkom the calibration standards, to determine the daily analytical
fluctuation. Recoveries should be within 10% of the certified concentration.

5.2 Standard Additions (Spike Additions)

5.2.1 Standard additions are required to investigate instrumental interferences
arising from differing sample solution matrices.
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5.2.2 Select a sample whose concentrations can be matched fairly closely with a
dilution of a calibration standard.

5.2,3 Prepare an acid spike (a dilution of a calibration standard) in the same acid
marnx as the samples. Try to match spike concentrations as closely as possible
with the sample chosen.

5.2.4 Prepare a sample spike by removing a second sample aliquot and adding the
same amount of calibration standard as was used in the acid spike. The total
volume of sample spike should also be equal to the total volume of acid used in
the acid spike.

5.2.5 Analyze the sample, acid spike and sample spike as unknown samples.

5.2.6 Calculate the spike recovery using the following equation:
cSAMPLESPKE-c,A~~

R(%) =
cAcm SPIKE

5.2.7 Acceptable spike recoveries fall between 80-120%

5.2.8 One out of every 20 samples should be chosen for a standard addition.

6.0 DETECTION LIMITS

6.1 Instrument Detection Limits

6.1.1 Instrument detection limits arc determined as the concentration equivalent
to a signal three times the standard deviation of a blank. The limits should either
be determined pmiously for given instrumental conditions or as part of the
instrumental data analysis, and should be comparable to those listed below:
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Cu
Zn
Cr
Pb
Ni
Mn
Fe
Cd
Al
Sn
Sb
As
Ag

ICP
(ug/ml)

.020

.005

.020

.050

.050

.010

.020

.005

.075

.050

.100

.100

.020

GFAA
(ug/L)

1.0
0.1
1.0
3.0
2.0
0.5
2.0
0.5

2.0
2.0
2.0
0.5

6.1.2 Sample Detection Limits, assuming a &y weight of 2 grams and a total
volume of 50 mls. (ie. sediment ultrasonic extraction nxxhod), are 25 times higher
than the instrument D.L.’s. Method &tection limits should be calculated following
the rigorous statistical procedure detailed in 40 CFR Part 136.
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ERLN CHEMISTRY GROUP
STANDARD OPERATING PROCEDURE K)R SEDIMENT’EXTRACTION

OF SEMIVOLATILE ORGANIC ANALY’I’ES
Wmm -Umy =)

1.0 04ECTIVES

The objective of this document is to define the S&ndafdopmting procedure for the
extraction of semi-volatile organic compounds ficnn marine sediment samples. The
extmcts will be further cleaned up by silica gel c~ pmcedums prior to
analysis by gas chromatography(GC) or gas chmm@gmphy/mass spectrometry
(GcrMs).

2.0 MATERIALS AND EQUIPMENT

%~:&F sediment

1(K)ml glass centrMlgetubes
@paratus for determiningweight ad @ weight

Top-loadingbahmcccapableof weighing to 0.01 g
Aluminumweighing pans
Stainlcxlssteel spatula

Drying oven mahthed at 105-I2O”C
Ti,Irbo-Vap(Zymark)appatus, with heatedwatermahtaiA at 25-35°C

Nitrugen gas, compmsd, 99.9% pure -
Glass lhrbVap flasks, 200 ml

Glass @adua@dC@idU’S, 100- ad 500-ml
Erlenmeyer*, 250 ml
Micditer syringes or mkfopi@ , solvalt rinsed
Borosilkate glass vials with Teflon-lid screw caps, 2-ml

Ivfethylene chloride, pesticide grade or equivaht
. .

~ w-} ~

Aceme, pdcidegrade orequivaM

Sodium suhtie-anhydrous, reagent grade. Heated to4a)”c foratleast4houI’s,
theacdedan dstoredin atightlyse dedghacontah=ti-

temperatwc.

Internal Stadards, tdmddedto=hsamplepiato~.

3.0 METHODS

3.1 Ftithecorrcct caps foreachcen_ tubetobe used by fil.lingtbmwit.h
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approximately25 rnlsof methylenechloride, puttingthe caps on and rolling the tube on
the lab benchon a papertowel and look for leaks. Oncethe correcttubesandcaps have
ken matched,weigh appm.imately 10.0 g of homogenized sampleinto a solvent rinsed
c@rifuge tube. Homogenizationis accomplishedby physicalmixingof the sedimentwith
stainless steel or Teflon coated utensils, or by a polyethylene propeller attachedto an
electric drill. The amount of sample may be adjustedbased on expected contaminant
concentrationsor detection limits required. Weigh approximately2.0 grams into a
pmweighed aluminumpan for &y/wet determination.

3.2 Add Internal Standads as required: CB198 for PCB analysis, 2,5-dichloro-m-
terphenylfor pesticides, and d12 Benzo(a)anthmcendd10 PkmtMme mix for PAHs.
The amountof IS added is dependenton the expected contaminantt concentrations and
should be equivalent to those concentrations.

3.3 Add 30 g Sodium sulfate andmix with a teflon coated spatula very well. Then add
50 ml 20:80 acetone:methylene chloride.

3.4 Seal the centrifugetubes with teflon tapeandcaps, and shake -15 hrs. (overnight).
Shaketubesat approximatelya 60° angle, at an in@nsitysettingof “5”. CentrWge for
20minutes at1750rpm andpouroffthc qmatant intoanerlenmeyer flask

3.5 Add 50 ml of 20:80 acetmxmethylene chloride, seal and shake as above for -6
hrs. Centrifugefor 20 minutes at 1750 ~ and add the supmWmt to the erlenrneyer
flask. Add some additionalsodium sulfhteto the combinedextmcts to ensure all water
is excluded.

3.6 Gravityfilter the extractthrougha p-rinsed (mcthylenechloride)glass fiber filter.
Rinse the erknmeyer 2 x with methylenechloride, and the filter itself once. Collect the
fdtrate inaclean rinaed2(M ml Turbo-Vap tube. Plac8the flask int0thelhr’bO-V*
~s,dturnmtiti.~titive onthcnitmgen tankand adjust the
qgdator to ensure a pmsaurcof IS psi. Reduce the sampb volumeto approximately1
d, with solvent exc~ to pentane.

3.9 Adjustthe volume to 1 ml with hexam

3.10 FractionatetlMsample following the Column

4.0 OPTIONAL CLEANUP PROCEDURES

Activatedcopperpowder (activatedby the additionof 8 M hydrochloricacid and rinsed
with the following solvents in succusion: deionized water, methanol, methylene
chloride, and hexane) may be addedto the extract to remove any h elemental sulfim.
The copper is added until the formationof black copper sulfide no longer occur%
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5.0 QUALITY ASSURANCE/QUALITY CONTROL

5.1 StandardReferenceMaterials

5.1.1 A certifkd SRM is prepared with each batch of samples to validate
analytical recovery. Results are compared to certified concentrations and
corrective action is required if the accuracy is outside of the required
specifications.

5.1.2 SRMS should be preparedin the exact same manneras the unknowns.

5.2 AnalyticalReproducibility

5.2.1 Replicate samples should be preparedto assess the reproducibilityof the
extractionprocedure.

5.2.2 For every batch of samples, one sample should be chosen to extract and
analyze in tri@cate. ~htiOll between i’qiicate saqdes should be < 30%.

5.3 ProceduralBlanks

5.3.1 Procedural blanks should be carried throughout the entire extinction
procedureto veri@ the absence of umtamimtion of the method.

5.3.2 Trace amountsofanalytesintheb- (less thanthree timeathemetbd
detection limit) may be ignored and have no #@ on the subsequent sample
analyses, butsamplesshouldbe rejectedif significantconcentrations(greaterthan
five times the MDL) are present in procedml blah.

5.3.3 One blank should be prepared for each batch of samples (minimum
frequencyof 5%).
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ERLN CHEMISTRY GROUP STANDARD OPERATING PROCEDURE
FOR DIGESTION OF MARINE ORGANISM SAMPLES

FOR METALS ANALYSIS

LO OBJECTIVES

The objective of this document is to establish the standard operating procedure for the
total digestion of marine tissue samples. Sample extracts are routinely analyzed by Flame
Atomic Absorption Spectrometry (FAA), Graphite Furnace Atomic Absorption
Spectromeay (GFAAS) or Inductively Coupled Plasma Atomic Emission Spectrometry
(ICP-AES).

2.0 MATERIALS AND EQUIPMENT

Top-loading balance (0.01 gram precision)
Vacuum Freeze Dryer
CEM Microwave Digestion System (Including 100 ml. Teflon vessel liners and pressure
control capability)
50 ml. class A volumetric flasks
60 ml. polyethylene screw-cap bottles
Instra-Analyzed grade concentrated HNO~for trace metal analysis (70-71 %)
Hy&ogen Peroxide - ~Oz (30%)
Vacuum filtering apparatus with Whatman 42 filter paper

3.0 METHODS

3.1 Sample Preparation

3.1.1 Organism samples should be thawed, and handled only with plastic or
stainless steel utensils. where necessary, organism tissues should &
homogenized. If chromium or nickel is to be analyzed in the samples, the
homogenim tip should be constructed of titanium to avoid contamination of
sample tissues.

3.1.2 Obtain the tare weight of labelecl acid-washed 100 ml. Teflon microwave
digestion vessel liners.

3.1.3 Weigh approximately 3-5 grams wet tissue into each vessel (-0.5 grams
dry). Obtain the wet gross weight of each tube.

3.1.4 Freeze dry samples and obtain the dry gross weight for each sample.
Subtract the tam weight and record the weight of dry tissue in each tube.

D-25



3.2 Closed Vessel Microwave Digestion (lst Stage)

3.2.1 Add 10 ml. of concentrated HN03 (70-71 %) to each digestion vessel.

3.2.2 Make sure the tissue sample is fully saturated and allow to sit for a
minimum of 1 hour, or until all foaming subsides.

3.2.3 Place each liner into a microwave vessel.

3.2.4 Insert a pressure relief membrane into each cap assembly and place on top
of the vessels. (use the modified cap assembly for the vessei to be used for
pressure monitoring)

3.2.5 Place a top on each vessel and hand tighten.

3.2.6 Place the vessels into the carousel.

3.2.7 Insert a vent tube into each vessel, place the free end in the center trap,
then place the carousel into the oven.

3.2.8 Connect the pressure sensing line to the modified cap assembly. (make sure
the valve on the side of the oven is in the “neutral” position)

3.2.9 Program the oven following the parameters below:

STAGE 1 2 3 4 5

%POWER 85 85 . 85 85 85
PSI 20 40 85 150 190
TIME 15:00 15:00 15:00 15:00 15:00
TAP 5:00 5:00 5:(MI 5:00 5:00
FAN SPEED 100 100 1(KI 100 100

** Note - Power settings are for 12 vessels. If a different
# of vessels is desired, subtract or add 5% power

per vessel.

3.2.10 After completion of the progmrm allow the pressure in the control vessel
to drop below 20 PSI, then manually vent the control vessel, remove the pnmure
sensing line and place the carousel into the lime hood.

3.3 Closed Vessel Microwave Digestion (2nd Stage)

3.3.1

3.3.2

Manually vent each vessel, remove the caps and add 2 ml. of 30% ~Oz.

Allow the reaction to subsi&, then reassemble the vessels as described in

D-26



sections 3.2.4-3.2.6.

3.3.3 Place the carousel into the oven and xeconnect the pressure
the control vessel. Check to ensure the exhaust fan is operating.

3.3.5 Program the oven following the parameters below:

STAGE 1 2

%POWER 85 100
PSI 100 100
TIME 15:00 15:00
TAP 5:00 5:00
FAN SPEED 100 100

sensing line to

** Note - Power settings are for 12 vessels. If a different
# of vessels is desired, subtract or add 5% power

per vessel.

3.3.6 Although the oven is automat~ individual tissue samples will react
differently, so all steps should be monitored in case venting should occur. If
venting does occur, remove the vented vessels and lower the power accordingly.

3.3.7 After completion of the program, allow the vessels to cool in the oven until
the presswe in the control vessel is below 20 PSI.

3.3.8 Manually vent the control vessel, then remove the carousel and place in a
fume hood until the liquid reaches room temperature.

3.3.9 Remove

3.4 Sample Filtration

3.4.1 Remove

the vent tubes and manually vent the remaining vessels.

the tops and rinse the lids with deionized water, catching the rinse
in the vessel liner.

3.4.2 Add -15 ml. of deionized water to each vessel.

3.4.3 Using plastic tweezers, place a sheet of Whatman 42 filter paper in a
vacuum filtration funnel and wet the paper with 2M HN03.

3.4.4 Place a 60 ml. acid-cleaned polyethylene bottle and vacuum gasket under
the filter funnel and apply vacuum.

3.4.5 Filter the digested sample through the paper and coUect the filtrate in the
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bottle.

3.4.6 Rinse the digestion vessel with deionized water, filter and collect the filtrate
in the bottle.

3.4.7 Pour the combined filtrates into a 50 ml. acid-cleaned volumetric flask, and
dilute to the mark with deionized water.

3.4.8 Shake the solution thoroughly and transfer back to the acid-cleaned 60
ml. polyethylene bottle. Label the bottle appropriately.

4.0 QUALITY ASSURANCE

4.1 Standard Reference Materials (SRM)

4.1.1 A certified SRM should be prepared with every batch of samples to validate
analytical recovery.

4.1.2 SRMS should be prepared in the exact manner as the unknown samples,.
including drying, even if the

4.1.3 The frequency of SRM
unknown samples prepared.

4.1.4 The outlined extraction
organism SRMS, as outlined

4.2 Analytical Reproducibility

material is already dry.

preparation should be approximately 1 for every 20

technique should yield close to 100% recoveries for
in the ERLN QA/QC guidelines.

4.2.1 Replicate samples should be prepared to assess the reproducibility of the
digestion procedure.

4.2.2 For every 20 samples prep- one sample should be chosen to digest and
analyze in triplicate. The relative standard deviation between replicate analyses
shotid be Qti.

4.3 procedural Blanks

4.3.1 Procedural blanks should be cmied throughout the entire extraction
procedure to verify that contaminants are not presentin the reagentsand that no
contaminationhas occurredthroughoutthe procedure.

4.3.2 Trace amountsof metals in the blanks can be subtracted from subsequent
sample analyses (blank subtraction), but a sample batch
concentrations in the blank are >10~0of “average” sample
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4.3.3 One procedural blank should be prepared for every 20 samples extracted.
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ERLN CHEMISTRY GROUP
STANDARD OPERATING PROCEDURE FOR TOTAL DIGESTION

OF SEDIMENT SAMPLES

LOOBJECTIVES

The objective of this document is to establish the standard operating procedure for the
total digestion of bulk sediments. Sample digests are routinely analyzed by Flame Atomic
Absorption Spectrome@y (FAA), Graphite Furnace Atomic Absorption Spectrometxy
(GFAAS) or Inductively Coupled Plasma Atomic Emission Spectrometry (ICP).

2.0 MATERIALS AND EQUIPMENT
Top-loadingbalance (0.01 gramprecision)
VacuumFreeze Dryer
CEMMicrowaveDigestion System(Including100ml. Teflon digestion vessel liners with
pressure control capability)
Protective Clothing (Polyethylene apron, Neoprene gloves, Safety goggles, Face shield)
100 ml. ChsS A vohurldric flasks
125 ml. polyethylene screw-cap bottles
Instra-Analyzed grade concentrated HNO~for trace metal analysis (70-71 %)
Reagent grade concentrated I-IF(49%)
Reagent grade concentrated HCL (36.5-38%)
Boric Acid (5%) prepared fim HqBO~crystals
Deionized water

3.0 METHODS

3.1 Sample Preparation

3.1.1 Sediment samples should be thawed and homogenized with plastic or
stainless steel utensils.

3.1.2 Obtain the tareweight of latd~ acid-washed 100 ml. Teflon microwave
digestion vessels liners.

3.1.3 Weigh approximately 1.5 grams wet sediment into each vessel (-0.5 grams
@). w~ the wet gross weight of each liner.

3.1.4 Freeze dry samples and obtain the dry gross weight for each sample.
Subtractthe tam weight and recordthe weight of dry sediment in each liner.

3.2 Microwave digestion
** NOTE- Be sum to wearpropersafety clothing when workingwith the
concentratedHF.
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3.2.1 Add 5 ml. of concentratedHNO~(70-71 %),4 ml. of concentrated H-F(49%)
and 1 ml. concentrated HC1 (36.5-38%) to the vessel liners.

3.2.2 Make sure the sediment is fully saturated and allow to sit for a minimum of
1 hour.

3.2.3

3.2.4
not overtighten.

3.2.5

3.2.6
trap.

3.2.7

Place the liners into their corresponding vessels.

Insert a rupture membrane into each lid and secure into place with a cap. @

Place the vessels into the carousel.

Insert a vent tube into each vessel and place the fme end into the center

Attach the pressure sensing
on the side of the oven is in the

line to thhe control vessel, making sure the lever
“neutral” position.

3.2.8 Program the oven following the parameters below:

STAGE 1 2
%POWER 100 100
PSI 120 150
TIME 30:00 15:00
TAP 20:00 10:00
FAN SPEED 100 100

**Note - Power settings are for 12 vessels. If a
different # of vessels is desired, subtract

or add 5% power per vessel.

3.2.9 Although the oven is automate~ individual sediments will react differently,
so all steps should be monitored in case venting should occur, If venting does
occur, remove the vented vessels and lower the @wer accordingly.

3.2.10 When the program is finished, allow the presswe in the control
drop below 20 PSI.

vessel to

3.2.11 Manually vent the control vessel, detach the pressure sensing line and place
the carousel in a fume hood.

3.2.12 Remove the vent tubes and vent the remaining vessels manually.

3.2.13 In a fume hoc& remove the caps and rinse the lids with deionized water,
catching the rinse in the vessel liner.
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3.2.14 Add 30 ml. of 5% Boric acid to each sample.

3.3 Sample Filtration (This step may not be necessary)

3.3.1 Add -15 ml. of deionized water to each vessel.

3.4.2 Using plastic tweezers, place a sheet of Whatman 42 filter paper in a
vacuum filtration funnel and wet the paper with 2M HNO~.

3.3.3 Place a 120 ml. acid-cleaned polyethylene bottle and vacuum gasket under
the filter funnel and apply vacuum,

3.3.4 Filter the digested sample through the paper and collect the filtrate in the
bottle.

3.3.5 Rinse the digestion vessel with deionized water, filter and collect the fdtrate
in the bottle.

3.3.6 Pour the combined filtrates into a 100 ml. acid-cleaned volumernc flask, and
dilute to the mark with deionized water.

3.3.7 Shake the solution thoroughly and transfer back to the acid-cleaned 120
ml. polyethylene bottle. Label the bottle appropriately.

3.4 Sample Dilution (Required only if filtration step was omitted)

3.4.1 Transfer the contents of the vessel liner to a clean 100 ml. volumernc flask
and rinse the vessel with deionized water, also adding the rinse to the flask.

3.4.2 Dilute to the volume mark with deionized water.

3.4.3 Shake the extracts thoroughly and transfer into acid-cleaned 125 ml.
polyethylene screw-cap bottles.

3.4.4 Label the bottles appropriately and store at room temperature until analysis.

4.0 QUALITY ASSURANCE

4.1 Standard Reference Materials (SRMS)

4.1.1 A cernfied SRM should be prepared with every batch of samples to validate
analytical recovery.

4.1.2 SRMS should be prepared in the exact manner as the unknown samples,
including drying, even if the material is already dry.
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4. L3 The frequency of SRM
unknown samples prepared.

4.1.4 The outlined extraction
sediment SRMS.

4.2 Analytical Reproducibility

4,2.1 Replicate samples
digestion procedure.

preparation should be approximately 1 for every 20

technique should yield close to l(IWO recoveries for

should be prepared to assess the reproducibility of the

4.2.2 For every 20 samples prepared, one sample should be chosen to digest and
analyze in rnplicate. The relative standad deviation between replicate analyses
should be <20~o.

4.3 Procedural Blanks

4.3.1 Procedural blanks should be canied throughout the entire digestion
procedure to verify that contaminants m not present in the reagents and that
contamination has not occurred throughout the procedure.

4.3.2 Trace amounts of metals in the blanks can be subtracted from subsequent
sample analyses (blank subtraction), but a sample batch should be rejected if
concentrations in the blank are >10% of “average” sample concentrations.

4.3.3 One procedural blank should be prepared for every 20 samples digested.
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ERLN CHEMISTRY GROUP
STANDARD O~TllNG PROCEDURE FOR TISSUE EXTRACTION

OF SEMIVOLATILE ORGANIC Al+lALYTES
(REVISEDFEBRUARYW93)

1.0 OWCTIV’ES

The objective of this dwument is to define the standad qerating prwedure for the
extraction of semi-volatile organic compounds from marine tissue samples. The extracts
Wti be further Cbld up by Sficli @ chromatqxaphy p~ prior to analysis by
gas chromatography(GC) or gas chromatographyhnassspxmx$q (GC/MS).

2.0 MATERIAIS AND EQUIPMENT

-s fw homogenizing tiSUM
Brinhnan Polytron
10@or 15&nl glass catri@e tubes

~f~~w-~@w@?M
Top-loadingbalancecapableof W- to 0.01 g

Aluminum weighing pans
stainlesssteelspatula

Drying oven mainaid at 105-12O”C

‘Who-Vap (Zymark)appam@s,with bated water bath mahdmxl at 25-35° c
Nitrogen gas, comprused, 99.9% pm
GIass*V* flasks, 200 ml

Glass @aduatd C@MkS, 100- and 500-nd
Glass qaratmyf&nne@l L
Glass erkxney~ flasks, 250 and 500 ml.
Bondicate glassvials with Teflon-lined ~mw caps, 2-ml

Microliter Syringa or micropii, solvent rinsed

Reagents
Pentane, putici& gra& or equivalent

Acetonibile, pesticide grade or equivalent

~i- W*9 ~
Sodium sulfk!wmhydrous, reagent grade. Heated to 400°C for at least 4 hours,

then cooled and stored in a tightly-sealed glass container at room
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temperature.
InternalStandards,to be addedto each sample priorto extraction.

3.0 METHODS

3.1 Weigh approximately10.0 g of sample into a solvent rinsedcentrifuge tube. Weigh
approximately1.0 gram into a pmweighed aluminumpan for dry/wet determination.

3.2 Add Internal Standmds as required: CB198 for PCB analysis, 2,5-dichloro-m-
terphenyl for pesticides, and d12 Renzo(a)Admcene and d10 Phenanthrenemix for
PAHs. The amount of IS added is dependent on the expected contamirmt concentrations
and should be equivalentto those concentrations.

3.3 Add 50 ml acetonitrile.

3.4 Polytron the samplesfor 20 seconds, at a speed setting of -5. Centrif@e for 10
minutesat 1750 rpmandpouroff the supernatantinto a sepmtory funnelcontmnm“ “ g500
ml pentaneextmcted deionized water (DI). Repeat this step two mom times.

3.5 Back extract the DI/ACEI’ONITIULEphascin thesepam@Y fim@w*3 x50
ml pentane. After each additionof pentanehas been shaken,draw off the bottom layer
into a 5(K)ml erkmmeyerflask. Decantthe Pentanelayer into a 250 ml erkmmeyer flask

by pouring it out the top of the wparatory funnel. This way the transfer of water into
the pentane extract will be avoided.

3.6 Transferthe water layer from the 500 mlerhmcyerflaskba&ati _I’Y
funnel forevery additionofpentane. RinsctM 500mlflask 3xwith--dti
therinses tothescpamtory filnnel.

3.7 Combine the pentam extmcts and dry over Sodium Sulfate.

3.8 Transferthcsarnplc toa200m1’1h~Vap fkaak. Rinse the flaak3xwithpentane
andaddthc rinses totkflask. Placetheflaskintothe’mbO-vapqqm’mU&andtuln
ontheunk Opentbvalve onthenitmgen tank andsetthe mguhtortoensurea

pressure of 15 psig is reading b ‘IbrbcPVapunit. Reduce b volume of sample to
approximately1 ml.

3.9 Adjust the volume to 1.0 ml with pentanc. Remove 0.1 ml of sample into a
preweighed aluminum pan for lipid weight ~. Allow it to @ ~ mm
temperaturefor at least 24 hours. Record the weight of the pan plus tlMsample.

3.10 Fractionate the Silmpk following the Cohmm Chmmmgqhy sop.

4.0 QUMXTY ASSURANCE/QU~ CONTROL
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4.1 standardRefmnce Materials

4.1.1 A cenified SRM is prepared with each batch of samples to validate
analyticalrecovery. Analyticalnxults should then be comparedto the certified
concentmtions. Correctiveaction is requiredif the requiredaccuracygoals am
not met.

4.1.2 SRMSshould be preparedin the exact same manneras the unknowns.

4.2 AnalyticalReproducibility

4.2.1 Replicate samples should be preparedto assess the mpmducibilityof the
extractionprocedure.

4.2.2 For every batch of samples, one ssmplc should be chosen to extract and
analyze in triplicate. Deviation between replicatesamples shouldbe <30%.

4.3 ProceduralBlanks

4.3.1 Procdu@ blanks should be carried throughout b entire extraction
procedureto ve~ the absence of aXdnation of b method.

4.3.2 Traccamounts ofanalytes intkblanks (less thanthme times themethod
detection limit) may be ignored and have no effbct on the subsequentsample
analyses, butsamplesshouldbe rejded insignificantamcentratkms(greaterthan
five times b MDL) am present in procdud blanks.

4.3.3 ~ blank should be p- fa each batch of !@llpk9 (minimum
frequency5%).
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APPENDIX E

EPA Priority Pollutants and
Additional Hazardous

Substance List Compounds



~HEt41CAL STRUCTURES ANO MOLECULAR ldEIGHTS OfU.S. EPA
PRIORITY POLLUTANT AND ADDITIONAL HAZARDOUS SUBSTANCE LIST cOtIPOLJNOS

EPA # Compound Structure m

WIENOLS

a 65 phenol

b HSL 2-methylphenol

c HSL 4-methylphenol

d 34 2,4-dlmethylphenol

SU8ST11’Um -OLS

a 24 2-chlorophenol

b 31 2,4-dlchlorophenol

c 22 4-chloro-3-methylphenol

d 21 2,4,6-trlchlorophenol

e HSL 2,4,5-trlchlorophenol

f 64 pentachlorophenol

~ 57 2-nftrophenol

h 59 2,4-dinltrophenol

LWMOLEWLARUEIGHTARNTICS

a 55 naphthalene

b 77 acenaphthylene

c 1 acenaphthene

d 80 fluorene

e 81 phenanthrene

f 78 anthracene

94

108

108

122

126

163

143

198

198

266

139

184

128

152

154

116

178

178

EPA#-EPApriority pokantnumberdefmed fortoxicpollutants in40CFR401.15 thatarea
subsetofthehazardous substancea listedin AppendixVIIIof 40 CFR261.

mw-nxkular weightofanorganic compound.

HSL - hazardous substance list.
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HISH

a

b

c

d

e

f

9

h

i

J

EPA # Compound

MltEUIAR UEISHT PAH

39 fluoranthene

84 pyrene

72 benzo(a)anthracene

76 chrysene

74 benzo(b)fluoranthene

75 benzo(k)fluoranthene

73 benzo(a)pyrene

83 lndeno(192,3-c,d)pyrene

82 dlbenzo(a,h)anthracene

79 benzo(g,h,l)perylene

CHL~MED AR~TIC lWDR~tMS

a 26 1,3-dichlorobenzene

b 27 1.4-dichlorobenzene

c 25 1,2-dichlorobenzene

d 8 1,2,4-trichlorobenzene

e 20 2-chloronaphthal ene

f 9 hexachlorobenzen e
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EPA #

CliLORIMIED

a 12

b xx

c xx

d xx

e 52

f 53

HAL06EXATED

a 18

b 42

c 43

d 40

e 41

PHTHALATES

a 71

b 70

c 68

d 67

e 66

f 69

Compound Stucture

ALIPHAT’ICHYDRWAR6~S a
cl cl

hexachloroethane C1-+cl
c1cl

trlchlorobutadfene isomers

tetrachlorobutad iene isomers b,c,d: :-+ ●“w c’
*

pentachlorobutadlene isomers cl cl
\

hexaehlorobutadiene
/c=c’ cl

e /
c1 ‘.C-c

hexachlorocyclopentadlene

EniERs

bls(2-chloroethyl)ether

bls(2-chlorotsopropyl)ether

bls(2-chloroethoxy)methane

4-chlorophenyl phenyl ether

4-branophenyl phenyl ether

dimethyl phthalate

dlethyl phthalate

dl-n-butyl phthalate

butylbenzylphthalate

bls(2-ethylhexyl) phthalate

dl-n-octylphthal ate

cl’ ‘cl cl>

f f-c ‘c’-cOcl
-c-c< ‘cl

cl cl

Inw

168

158

192

226

261

273

143

171

173

204

249

o
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EPA # Compound Structure mw

MISCELLMHRK 0XY6EHATE0cfBIPOMOs
o

a
a 54 isophwone d

b ML
‘% ‘3

benzyl alcohol

c HSL
‘*c*”

benzoic acid c
o0

d 129 2,3,7,8-tetrachlorodibenzo-p-dioxin

e HSL dibenzofuran ‘-

:
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b
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168
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e-’
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d
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~-
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o
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EPA # -

PESTICIDES
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b
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d

e
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93
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92
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Pm

a 106
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c 107

d 111

Lompound Structure

ccl,

P,p’-Df)E

.
a

&a- Clll+
c1 “cl b,

p,p’-ooo
3 ,1-,1

P,P’-CNIT CA Ond $12
c1aldrin e C1*

h

c1*
c1

dieldrin 0
c1 f “ ;’2

chlordane
c1

*

cl
cl c1

I
cl

*

6
alpha-endosulfan . “ %F’~*

v’ “IsmQRsIuvcDxFmmn
beta-endosulfan i ~jlz

RllGe121flATxm

endosulfan sulfate
~*?~ J ,,”2

endrin
c1 cl

k 6
0

c1
c1

endrin aldehyde m- 1 “ yz

heptachlor c1

*c1

heptachlorepoxide ~
*

Cla
o

c1 cl A. MIA
alpha-tiCli ] J t. ~m~

del ta-HCH I
ganana-HCH

toxaphene

Aroclor 1242

Aroclor 1248

koclor 1254

Aroclor 1260

mu

318

320

356

365

381

410

407

407

423

381

381-

373

389

290

c1

cl c1

cm00 -WAT1V2 FWUA

cl cl

E-5



EPA # Compound

WNJUTLE HA106ENATE0 ALKANES
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16
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APPENDIX F

Example Quality Assurance
Reports



PREFACE

The following examples of detailed quality assurance (QA) reviews for a metals data
package and a polychlorinated biphenyl (PCB) data package demonstrate the kind of
information provided by QA specialists. The sections of these example reports address
each of the components of a QA review discussed in Section 2.16 in the main text of this
document.

These reviews were conducted in accordance with EPA Contract Laboratory Program pro-
cedures. QA reviews for other programs may use alternative criteria for evaluation and
different detection limits. For example, the target detection limits discussed for dredging
programs differ from the detection limits described in this QA review.
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QUALITY ASSURANCE REVIEW OF METALS IN
WATER SAMPLES

INTRODUCTION

This report documents the results of a quality assurance review of analytical data for
metals in water samples from Project X. This quality assurance report is provided in
support of the quality assurance project plan for this project.

All laboratory analyses were performed by Analysis Laboratory in City, State. All
samples were analyzed in accordance with the U.S. Environmental Protection Agency
(EPA) Contract Laboratory Program Statement of Work for Inorganic Analyses (U.S. EPA
1987). Data validation was performed according to EPA’s Laboratory Data Validation:
Functional Guidelines for Evaluating Inorganic Anulyses (U.S. EPA 1988).

The quality assurance review included examination and validation of the following
laboratory data:

■ Sample digestion and extraction logs

■ All instrument printouts, except for mercury (the instrument printout was
not available from the laboratory)

■ Instrument calibration and calibration verification procedures and results

■ Sample holding times and custody records

■ Manual data transcriptions and computer algorithms.

Data qualifiers were assigned as n~essary during this review. Following the validation
procedures, data quality was assessed with respect to accuracy, precision, and complete-
ness. All qualifier codes used in this report are defined in Table F-1.

QUALIN ASSURANCE REVIEW

Overall Case Assessment

All data for metals in the five water samples are acceptable as qualified in this review for
the uses specified in the quality assurance project plan except for the matrix spike result
for silver, which was rejected. Data for all samples analyzed for cadmium, calcium, lead,
mercury, silver, and zinc are acceptable as estimates. Data qualified as J (estimated) are
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TABLE F-1. DATA QUALIFIER CODES

Qualifiers Applied During Quality Assurance Review

U The analyte was not present above the level of the associated value. The associated numerical value
indicates the approximate concentration necessary to detect the analyte in this sample.

J The analyte was positively identified, but the associated numerical value may not be consistent with
the amount actually present in the field sample. The data should be seriously considered for decision-
making and are usable for many purposes.

UJ The analyte was not present above the level of the associated numerical value. The associated
numerical value may not accurately or precisety represent the concentration necessary to detect the
analyte in this sample.

R The data are unusable for all purposes. The presence or absence of the analyte has not been
verified. Resampling and reanalysis are necessary to confirm or deny the presence of the analyte.

Qualifiers Applied During Laboratory Validation”

E

M

N

s

w

*

+

The reported value is estimated because of the presence of interference. This qualifier is commonly
used when the serial dilution result for analyses by inductively coupled plasma-atomic emission
spectrometry (ICP) does not meet control limits.

Duplicate injection precision was not met.

Predigestion matrix recovery was not within control limits.

The reported value was determined by the method of standard additions (MSA). The associated
value is as reliable as unqualified results.

The postdigestion spike recove~ for GFAAb analysis was not within control limits (85-115 percent),
and the sample absorbance was less than 50 percent of the spike absorbance.

Duplicate analysis was not within control limits.

The reported value was determined by MSA. The correlation coefficient for MSA is c 0.995.

‘ Adapted from U.S. EPA (1987).

b Graphite furnace atomic absorption spectrometry.

_—..
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acceptable, but a greater degree of uncertainty is associated with these values than with
unqualified data.

The matrix spike result for silver was rejected because the postdigestion spike recovery
(58 percent) was well below the EPA Contract Laboratory Program (CLP) control limit
(85- to 115-percent recovery). Analysis of the sample by the method of standard
additions (MSA) is required in this case, but was not performed.

Calcium values received J qualifiers because the CLP control limit (U.S. EPA 1987) was
exceeded slightly for the serial dilution sample analyzed by inductively coupled phtsma-
atomic emission spectrometry (ICP). Reported results maybe underestimated by approxi-
mately 10 percent.

Cadmium and lead results received J qualifiers because CLP control limits for matrix
spike recoveries and for duplicate analyses were exceeded. In addition, the result for lead
in Sample 2 was restated as undetected (U) at the reported concentration because the
associated digestion blank was contaminated. Cadmium and lead data should be
considered order-of-magnitude estimates.

Mercury results were qualified J because the matrix spike recovery was below the CLP
control limit. These results may be 100-200 percent higher than reported.

A J qualifier was applied to silver results because recovery of silver was poor for the
laboratory control sample (LCS). Silver results maybe approximately 100 percent higher
than reported. Additional individual results were qualified J because the correlation
coefficient for the results determined by MSA did not meet the CLP control limit of 0.995

The overall data quality achieved by the laboratory for analyses completed by ICP
(Table F-2) is typical for metals analyses in water samples. The overall data quality for
analyses by graphite furnace atomic absorption (GFAA) is typical for arsenic, chromium,
and silver. Data quality for cadmium, lead, and mercury is less than may be expected for
these analytes in similar samples. Data quality may have been affected by unstable
instrument performance.

Completeness

A complete data package was submitted by the laboratory for five water samples, one
matrix duplicate and one matrix spike, and one laboratory control sample and one method
blank for each digestion batch. A list of analytes is included in Table F-2. During the
quality assurance review, 33 results were qualified J as discussed above. Data complete-
ness for metals was 100 percent of total requested analytes.
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TABLE F-2. ANALYTICAL METHODS AND INSTRUMENT
DETECTION LIMITS

Instrument
Detection Limit

Analyte Method of Analysis (l@) -

Aluminum

Arsenic

Cadmium

Calcium

Chromium

Copper

Iron

Lead

Magnesium

Manganese

Mercu~

Nickel

Silver

Zinc

ICP’

GFAAb

GFAA

ICP

GFAA

ICP

ICP

GFM

ICP

ICP

CVAAC

ICP

GFAA

ICP

55

5

5

28

10

11

9.6

5

140

1.8

0.2

18

5

4

* Inductively coupled plasma-atomic emission” spectrometry.

b Graphite furnace atomic absorption spectrometry.

c Cold vapor atomic absorption spectrometfy.

d Manual spectrophotometry.
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Holding Times

Holding times required by EPA CLP protocols were met for all metals analyses.

Analytical Methods

All sample digestion and analysis procedures, instrument calibration procedures, and
quality control checks conformed to EPA CLP requirements except as noted below.

Sample Preparation and Analysis

Water samples were digested according to requirements specified for CLP (U.S. EPA
1987). Sample digestates were analyzed by ICP, GFAA, and cold vapor atomic
absorption spectrometry (CVAA), as indicated in Table F-2. Multiple digestions were
prepared for Samples 1 and 2 and the duplicate and the spike of Sample 2, because
unacceptably high levels of lead were present in the second preparation blank and because
volumes of digestate were initially insufficient for all analyses. A preparation blank and
a laboratory control sample were digested and analyzed with each batch. Only lead and
arsenic results were obtained from the second and third digestion batches. Results for all
applicable quality control samples, exc~pt the method blank for lead for the third
digestion group, were provided on the appropriate CLP forms by the laboratory or were
added during the quality assurance review.

Instrument Calibration

Instrument calibration was completed according to EPA CLP protocols (U.S. EPA 1987),
Four calibration standards and one blank were used for all analyses by GFAA. The
correlation coefficient of a least squares linear regression met the CLP control limit of
20.995 in all cases except one. The correlation coefficient was 0.993 for the initial
calibration for analysis of cadmium in Samples 3 and 5. Consequently, the cadmium
results for these samples were qualified J.

ICP instruments were calibrated according to manufacturer instructions, using one
standard and one blank. A low-level standard was used to veri~ accuracy of the
calibration curve at low analyte concentrations for all metals except mercury and alumi-
num.

Initial (ICV) and continuing (CCV) calibration check standards and initial (ICB) and
continuing (CCB) calibration blanks were analyzed immediately after instrument
calibration, after every 10 samples or more frequently, and at the conclusion of each
analytical run, with the following exception: no CCV/CCB pair was analyzed at the
conclusion of the ICP run. However, only interference check samples were analyzed after
the final CCV/CCB pair, and data quality was not affected. Results for all CCVS fell
within 90-110 percent of the expected value (80-120 percent for mercury), as required
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by EPA CLP. Instrument calibration remained within control limits for all samples
thorughout each sample run and for all other analytes.

Instrument-Specific Quality Control Procedures

/CP—A serial dilution sample is required by EPA CLP protocols to check for matrix
interference in samples analyzed by ICP. All samples analyzed by ICP were diluted to
one fifth of their initial concentration to bring manganese concentrations within the linear
range of the ICP. The laboratory chose to report the results of diluted Sample 3 on CLP
Form 9, lCP Serial Dilutions. A fi,u-therserial dilution was required by CLP protocols
to obtain a diluted result for manganese, but was not performed. Results of the serial
dilution for iron, magnesium, nickel, and zinc were within the CLP control limit of
10-percent difference from the undiluted result. The results for aluminum and copper
were not applicable because the undiluted concentration of these metals was not
sufficiently high. The result for calcium (11-percent difference) exceeded control limits,
with the diluted result (corrected for dilution) exceeding the undiluted result. All calcium
data were qualified E by the laboratory and J during the quality assurance review.
Reported calcium results may have a small negative bias of approximately 10 percent due
to matrix interference.

Interference check samples (ICSS) were analyzed at the beginning and end of the ICP
sample run to check for interference by other metals. Results met CLP control limits in
all cases. To extend the linear range of the ICP to accommodate the high analyte
concentrations present in the ICSS, a second calibration curve was obtained for some of
the ICS analytes using higher standards than were used for the sample analyses. The
analytical wavelength and all instrument parameters remained the same. Calibration was
verified at the higher calibration curve as well. . Data relating to the higher calibration
curve were labeled “secondary lines” in the original data.

GFAA+@lity control procedures for GFAA analyses included duplicate injection
of all samples and analysis of a postdigestion analytical spike with each sample. Results
of duplicate injections were spot-checked at a frequency of approximately 10 percent. All
examined duplicate injection results agreed within 20-percent coefficient of variation, as
required by CLP protocols.

Recoveries of the analytical spike for numerous samples and analytes did not meet CLP
control limits of 85–115 percent. In most cases, these data were qualified W (analytical
spike recovery did not meet control limits and sample absorbance is less than 50 percent
of spike absorbance) by the laboratory, or MSA was used to analyze the samples as
required by CLP protocols. Sample results obtained by MSA were qualified S by the
laboratory if the correlation coefficient obtained with the MSA results was 20.995.
Results qualified S are reliable and are not considered to be estimates. Sample results
obtained by MSA with correlation coefficients <0.995 were qualified + by the laboratory
and J during the quality assurance review. These results are estimates.
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A systematic calculation error was made by the laboratory for all sample results obtained
by MSA. The error consisted of the rnisassignment of axes to the sample concentration
values and to the instrument response values, resulting in an incorrect value for the slope
of the instrument response per added concentration and consequently for the analyte
concentration in the sample. Results obtained with a poor correlation coefficient showed
the greatest magnitude in the error, All results were corrected during quality assurance
review.

Several errors were made by the laboratory in following the CLP sample analysis
sequence for analyses by GFAA. The analytical spike recoveries of silver and lead in the
f~st method blank (122- and 119-percent recovery, respectively) exceeded CLP control
limits (85–1 15 percent). According to U.S. EPA (1987), the problems should have been
corrected and acceptable results should have been generated for the method blank prior
to sample analysis. A qualifier (E) was applied to the silver result for Sample 5 (the only
result not obtained by MSA) by the laboratory because of the high analytical spike
recovery from the blank, but was removed during the quality assurance review because
data qualification is not automatically warranted in this case. All samples results for lead
from the first digestion group were obtained by MSA and were not qualified by the
laboratory or during the quality assurance review.

The matrix spike samples for lead and silver should have been analyzed by MSA because
the analytical spike recoveries were low (74- and 58-percent recovery, respectively) for
these analytes. The initial sample and duplicate (Sample 2) for silver were analyzed by
MSA. The spike results for silver and lead are estimates.

The analytical spike recovery for lead in Sample 3 was 34 percent. This sample should
have been diluted and reanalyzed (U.S. EPA 1987); however, MSA was performed
instead. Samples 2 (duplicate), 5, and 6 were analyzed by MSA for arsenic and had
correlation coefficients below the control liinit. These samples should have been
reanalyzed, but were not. The correlation coefficient for arsenic by MSA in Sample 2
(duplicate) was 0.909, well below the control limit of 0.995, and the curve generated by
the standard additions was exponential in appearance. This result (45.5 pg/L) was
rejected during the quality assurance review because of the poor correlation coefficient,
and the initial result (26.2 pg/L) was accepted as an estimate.

Detection Limits

All reported instrument detection limits (IDLs) were below or equal to the CLP contract-
required detection limits (CRDLS) (Table F-2). The IDL for lead by GFAA was omitted
from CLP Form 11, but was subsequently provided by the laboratory. The IDLs reported
for GFAA analytes were estimated by laborato~ personnel based on their experience with
the instrument and were not determined statistically as required by CLP protocols (U.S.
EPA 1987). Data were not qualified for this omission. Based on the quality assurance
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review of original laboratory da@ in the reviewer’s judgment the laboratory estimates of
detection limits tended to be high. Use of statistically determined detection limits may
result in lower values than the reported IDL in many cases.

Accuracy

The laboratory performed one LCS analysis (using a commercially available standard
prepared specifically for CLP analyses) and one predigestion matrix spike analysis
(Sample 1 for mercury, and Sample 2 for all other analytes). Recovery of all analytes
except silver from the LCS ranged from 84 to 112 percent. Silver recovery was
52 percent (Table F-3). CLP control limits for metals in the LCS are 80-to 120-percemt
recovery (except for silver, which has no contractual control limit ~.S. EPA 1987]). All
results for silver were qualified J during the quaMy assurance review because of the poor
LCS recovery (U.S. EPA 1988).

Predigestion matrix spike recovery was’.svithin control limits (75–125 percent; U.S. EPA
1987) for all metals except cadmium, lead, mercury, and silver (Table F-4). Results for
cadmium and lead (194- and 261-percent recovery, respectively) were greater than the
control limit, and all sample results greater than the IDL were qualified J during the
quality assurance review (U.S. EPA 1988). Only Sample 2 was not qualified for
cadmium because none was detected. The spike results for both lead and cadmium are
questionable because the matrix duplicate results for Sample 2 exceeded control limits,
so a reliable sample concentration is not available. The spike sample result for lead is
also questionable because the sample should have been analyzed by MSA, but was not.
In addition, at least one method blank for lead was contaminated (as discussed in the
Blanks section); nonsystematic lead contamination may also have contributed to the poor
replicability of the duplicates and the high spike recovery for lead. All data were
qualified as estimated despite the uncertainty in the matrix spike results because the
magnitude of the control limit exceedance was large for both analytes.

All mercury dafi were qualified J during the quality assurance review because prediges-
tion spike recoveries (40 and 39 percent, respectively) were much lower than control
limits. Recovery for a postdigestion mercury spike analyzed for Sample 1 was 38 per-
cent, similar to the predigestion spike result. This result indicates that a matrix interfer-
ence at the spectrophotometer was probably responsible for poor recovery. Reported
results for mercury may be lower than the actual sample concentrations.

The matrix spike result reported for silver was lower than the result reported for the
unspiked sample. The analytical spike result of the matrix spike sample was low
(58-percent recovery), and therefore the matrix spike sample should have been analyzed
by MSA, but was not. The original and duplicate Sample 2 were both analyzed by MSA.
The matrix spike result for silver was rejected during the quality assurance review. The
matrix spike result for chromium was not applicable because the sample concentration
exceeded 4 times the spike concentration. The magnitude of the precision error (the
control limit is S20 relative percent difference [RPD]) may be significant with respect to
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TABLE F-3. PERCENT RECOVERY FOR METALS
IN LABORATORY CONTROL SAMPLE

Percent

Analyte Recovery”

Aluminum

Arsenic

Cadmium

Calcium

Chromium

Copper

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Silver

Zinc

98

105

112

99

109

101

99

98

99,84, 93

100

111

97

52

98

a Percent recovery= ‘easured ‘a’ue x 100.
true value

—
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TABLE F-4. MATRIX SPIKE RECOVERY FOR METALS
IN SAMPLE 2

Sample Result Spike Added Percent
Analyte (v@L) (J.@L) Recover

Aluminum

Arsenic

Cadmium

Calcium

Chromium

Copper

Iron

Lead

Magnesium

Manganese

Mercury”

Nickel

Silver

Zinc

310

25

5 Ub

..

69

27

7,090

29

6,560

0.2 u

180

28 R’

180

2,000

40

5

10

250

1,000

20

500

1.0

500

10

500

97

89

194

NRC

NAd

103

77

261

NR

76

40

106

-f

95

“ Percent recovety = spiked result - unspiked result ~ , ~
.

spike added

b U - the anaiyte was not detected at the indicated concentra-
tion.

c A matrix spike was not required for this analyte (U.S. EPA
1987).

dThe result is not applicable because the sample concentration
is greater than 4 times the spike concentration.

0 Sample 1 was spiked for mercury only.

f R - the spike sample result was rejected: the resutt is not
meaningful.
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the spike concentration in this situation, and spike recovery results cannot be clearly
interpreted. Assessment of analytical accuracy was based on the LCS for both silver and
chromium.

Precision

Duplicate subsamples of Sample 2 for all metals and Sample 1 for mercury only were
analyzed by the laboratory. Results are summarized in Table F-5. All results except
cadmium and lead were within the control limit of 25 RPD (for sample results >5 times
the CRDL) or A the CRDL (for results S5 times the CRDL) specified by the EPA. A
qualifier (*) was applied to all cadmium and lead values by the laboratory or during the
quality assurance review to indicate EPA CLP duplicate control limit exceedance, and all
cadmium and lead values were qualified J during the quality assurance review.

The result for arsenic for Sample 2 (duplicate) as obtained by MSA and reported by the
laboratory was rejected during the quality assurance review, but the result obtained
initially by direct comparison to the instrument calibration curve was accepted as
estimated (details in the Calibration section). The latter value was well within control
limits, and the former value exceeded the control limit by less than 1 #g/L. The data
qualifier (*) applied by the laboratory to the arsenic value for Sample 2 was removed
during the quality assurance review. No arsenic data were qualified J.

Blanks

A method blank and several calibration blanks were analyzed with the samples for each
metal. No contaminant was found in any method blank with one exception: lead was
present (6.1 pg/L) in the method blank prepared with the second digestion batch. Results
for Sample 2 and the duplicate and spike samples for Sample 2 were reported from this
digestion batch. Sample 2 was qualified U (undetected at the reported concentration)
during the quality assurance review because the sample result (29.4 l.g/L) was <5 times
the concentration in the method blank (U.S. EPA 1988). According to the laboratory
worksheets for lead, the method blank prepared with the third digestion batch also
contained lead (105 @L); however, data corresponding to this result were absent from
the instrument printout, and the result was not entered onto the appropriate CLP form.
The entry on the worksheet was apparently a transcription error, and no result is available
for this method blank. The result reported for Sample 1 was obtained from this digestion
batch and was qualified J during the quality assurance review.

Several results for CCBS exceeded the detection limits for calcium, manganese, and zinc.
However, all associated sample results exceeded 5 times the concentration of the
respective analyte found in any CCB, and were therefore not significant with respect to
the expected analytical variability of sample results. No sample results were qualified as
a result of detected analyte concentrations in associated CCBS.
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TABLE F-5. DUPLICATE ANALYSIS RESULTS FOR METALS
IN SAMPLE 2

Sample Result Duplicate Result Control Relative Percent
Analyte (IA@-) (v@L) Limit” Differenceb

Aluminum

Arsenic

Cadmium

Calcium

Chromium

Copper

Iron

Lead

Magnesium

Manganese

Mercurye

Nickel

Silver

Zinc

310

25

5 u’

164,000

69

27

7,100

29

200,000

6,600

0.2 u

180

28

180

308

26

17

180,000

78

29

6,700

47

190,000

6,400

0.2 u

190

31

190

200

10

5
*d

15

. .

..

-.

0.2

40

10

--

2

8

46*

3

2

--

3

“ For results less than 5 times the CRDL, the difference between replicate sample
results must be < the CRDL.

b RPD = I sample - duplicate I

(sample + duplicate)/2 “

c U - the analyte was not detected at the indicated concentration.

d Results followed by “’n exceed CLP mntrol limits.

e Sample 1 was analyzed in duplicate for mercury only.
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QUALITY ASSURANCE REVIEW OF
POL YCHLORINA TED BIPHENYLS
IN SEDIMENT

INTRODUCTION

This report documents the results of a quality assurance review of data for polych.lorinated
biphenyls (PCBS) in sediment samples as part of the sediment characterization of the
Project Y site. The sampling and analysis plan (SAP) and the quality assurance project
plan (QAPP) are described in the study proposal.

All laboratory analyses were performed by the laboratory in accordance with procedures
specified in the SAP. Sample analyses were performed using modified versions of U.S.
Environmental Protection Agency (EPA) SW-846 Method 8080 (U.S. EPA 1986); the
modifications are detailed in the laboratory statement of work (SOW). Data validation
was performed in accordance with the U.S. EPA (1988) functional guidelines for
evaluating organic compound analyses, guidelines established in U.S. EPA (1986)
SW-846 Method 8080, the data quality objectives specified in the SAP, and the require-
ments specified in the laboratory SOW.

The quality assurance review included examination and validation of the following data:

■

❑

■

9

■

■

■

Sample holding times and chain-of-cuwody records

Initial and continuing calibration analyses, including calculations by least
squares linear regression

Reported detection limits

Method blank analyses

Matrix spike and matrix spike duplicate recoveries

Surrogate compound recoveries

All reported sample results, including verification of quantification,
examination of chromatograms, and PCB identification.
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OVERALL CASE ASSESSMENT

The results of the quality assurance review for the analysis of PCBS in the 64 sediment
samples are presented below in two sections. These sections address completeness of the
data package and the qualifiers assigned to individual measurements.

Summary of Completeness

A complete data package was submitted by the laboratory for 64 sediment samples,
4 method blanks, 4 matrix spikes, and 4 matrix spike duplicates. Data completeness is
100 percent of the total requested analyses; no results were rejected.

Summary of Data Qualifications

The results of analyses for PCBS in the 64 sediment samples associated with this project
are acceptable for the intended purposes specified in the SAP. Some data were assigned
a J qualifier to indicate that the values reported are estimates. The data are acceptable,
but have a greater degree of uncertainty {ban nonqualified data.

A summary of the technical factors resulting in the qualification
follows:

■

■

■

9

The laboratory did not filly establish linearity for the

of the PCB data is as

initial calibration
near the lower end of the standard curve. Demonstration of linearity near
the lower end of the curve is important for validating to demonstrate the
limits of detection and practical quantification limits specified in the
laboratory SOW.

The laboratory quantified all sample results using a single-point standard
(i.e., the continuing calibration standard), However, quantification using
a single-point standard is only acceptable if linearity is established through-
out the calibration range in the initial calibration.

The criterion for continuing calibration was not met for three of the eight
total standard analyses.

Surrogate recoveries for 13 samples did not meet quality control limits; the
associated data were qualified as estimates.

In addition, all PCB values were recalculated because coeluting chromatographic peaks
were used by the laboratory to identify PCBs; therefore, the peak heights used for
quantification resulted in biased values. The recalculated values were typically one-half
of the original concentrations reported by the laboratory. In addition, the laboratory
occasionally incorrectly identified and reported results for specific PCBS. During the
quality assurance review, these data were corrected.
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A complete discussion of the results of the data validation and specific problems
identified during the quality assurance review is provided below.

HOLDING TIMES

All storage conditions and sample holding times were properly met by the laboratory.
The holding time requirements for PCB analyses specified in the SAP are as follows:

■ All samples must be shipped on ice to the laboratory and stored at –18°C
until sample extractions are performed

■ Sample extracts must be analyzed within 40 days

■ Sediment samples must be kept frozen and extracted within 6 months from
the date and time of sample collection.

The 64 sediment samples were collected between and ; the
samples were received at on Samples were extracted
between and , and the sample extracts were analyzed
between and

ANAL YTICAL METHODS

Samples were analyzed for PCBS using a modified version of U.S. EPA (1986) SW-846
Method 8080. The modifications are specified in the SAP and the laboratory SOW and
include the following:

Larger sample size for extraction (i.e., approximately 100 grams, wet
weight)

In addition to the Contract Laboratory Program (CLP) surrogate compound
dibutylchlorendate (DBC), the use of an additional surrogate compound
(4,4’-dibromooctaf’luorobiphenyl [DBOFB]) to monitor recovery on a
sample-by-sample basis

Sample extract cleanup procedures as required using alumina column
chromatography by EPA Method 3610,florisil column chromatography by
EPA Method 3620, and elemental sulfur cleanup by EPA Method 3660

Megabore capillary gas chromatography/electron capture detection (GC/EC-
D) analysis to enhance resolution and reduce potential interferences

Use of a multipoint calibration for all Aroclor” mixtures and analysis of a
check standard of 0.1 ng (on-column) for verification of instrument
sensitivity to assess the validity of the required detection limits.
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The laboratory generally performed the recommended modifications. Florisil column
chromatography was used for a limited number of samples. EPA Method 3660 (mercury
cleanup) and a sulfuric acid cleanup step were used to remove elemental sulfur; the
sulfuric acid cleanup step was used on all samples associated with this project. The use
of sulfuric acid was approved by the project manager during sample processing.

CALIBRATION

The results of all initial and continuing instrument calibrations performed by the
laboratory are generally acceptable. Specific problems identified during this quality
assurance review are discussed in the section below.

Instrument calibration is performed to establish and ensure that the chromatographic
system is capable of producing acceptable and reliable analytical data. An initial
calibration is performed prior to sample analysis to establish the linearity of the
chromatographic system, including demonstrating that all target compounds can be
detected. Continuing calibrations are performed to verify that instrument performance is
stable and reproducible on a day-to-day basis. The initial and continuing calibrations are
to be performed according to procedures established by CLP protocols and modified in
the SAP and the laboratory SOW.

A detailed description of the results for initial and continuing calibrations is presented
below.

Initial Calibration

The laborato~ performed an initial three-point calibration using concentrations of 0.4, 1.0,
and 5.0 ng (on-column) for the five Aroclor” mixtures (Aroclor” 1016, 1221, 1232, 1248,
and 1260). A five-point initial calibration (0.4, 1.0, 2.0, 3.0, and 5.0 ng) was performed
for PCB 1242 and PCB 1254.

Linearity of the initial calibration to zero concentration is assumed when the percent
relative standard deviation (RSD) of the calibration factors is s20 percent over the entire
calibration range (U.S. EPA 1986). Additionally, the correlation coefficients (~)
generated by least squares linear regression should be greater than 0.9950 to demonstrate
linearity.

The laboratory calculated the I? values for the initial calibrations using the sum of all
chromatographic peaks that were integrated (i.e., from the fwst peak integrated, the
injection peak, to the last peak integrated) to perform the calculations. Only the
chromatographic peaks representative of a specific PCB mixture should be used for
performing these calculations. Therefore, all standard chromatograms were reviewed
during the quality assurance review and the r2 values were recalculated.
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The recalculated results generated using least squares linear regression indicate that
linearity through the origin was not established. While linearity through the origin is not
uncommon for this type of analysis, most PCB concentrations that were recalculated are
in this low concentration range, Therefore, the results for PCBS were assigned a J
qualifier to indicate estimated values.

Continuing Calibration

The number of continuing calibrations is acceptable; however, the frequency of calibra-
tions is not acceptable. The data were not qualified for unacceptable frequency of
antimony calibration because of the numerous other problems identified and discussed in
other sections of this report.

The criteria for acceptable continuing calibration require that the calibration factors for
all target compounds have a difference of<15 percent from the average calibration factor
calculated for the associated initial calibration (U.S. EPA 1986). The 15-percent
difference value is required for results calculated using the chromatographic column that
is used for quantitative purposes. In addition, the percent difference of the calibration
factors ‘calculated for the chromatographic column used for confirmation must be
s20 percent (Us. EpA 1986). If the criteria for the percent differences are not met, then

a new initial calibration sequence must be prepared.

The laboratory performed 8 continuing calibration analyses during the analysis of the 64
sediment samples. The criteria for continuing calibration were not met for three of eight
calibrations performed (ranging from 32- to 92-percent difference). In addition, the
laboratory typically performed continuing calibrations at the end of a given daily
analytical sequence or the calibrations were clustered together.

METHOD BLANK ANAL YSIS

Method blank analysis is performed to determine the extent of laboratory contamination
of samples. The four method blank analyses for this project are acceptable; PCBS were
not detected.

ACCURACY

Accuracy of the analytical results is expressed in terms of the bias and precision of
measurements. Bias is assessed by evaluating the recoveries of the surrogate compounds
and the matrix spike recoveries calculated for sample analyses. Precision is assessed by
evaluating the differences between duplicate matrix spike analyses. These results are
presented below.
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Surrogate Compound Recoveries

The surrogate compound recoveries reported forthe64 sediment sample analyzed are
acceptable, except 13 surrogate recoveries did not meet the quality control limits and the
associated data are accepted as estimates. The data quality objective for acceptable
recovery for surrogate recovery is 10W50 percent.

The recoveries for DBC ranged from O to 160 percent, with an average recovery of
70 percent. The recoveries for DBOFB ranged from O to 128 percent, with an average
recovery of71 percent. Thirteen surrogate recoveries exceeded the quality control limits;
four recoveries were reported at zero percent, and nine recoveries were less than
50 percent but greater than zero percent, No data were rejected because only one
unacceptable surrogate recovery was reported for a given sample and the other surrogate
recovery value was acceptable. The values for PCBS reported in these samples were
assigned a J qualifier to indicate the values are estimates.

Matrix Spike Recoveries

The results for the matrix spike recoveries are acceptable for the four sets of duplicate
matrix spike analyses that were performed, except for three results that are acceptable as
estimates. All matrix spike analyses were performed using Aroclor@ 1254 and the
samples chosen by the laboratory for the matrix spikes had detectable amounts of PCBS.

The criteria for acceptable matrix spike recovery is 100A5Opercent. All recoveries were
recalculated during the quality assurance review. The recalculated matrix spike recoveries
ranged from Oto 90 percent, Only three results did not meet the quality control limits.
No data were rejected in accordance with procedures detailed by EPA CLP protocols
(U.S. EPA 1988).

Two of the four total relative percent difference (RPD) values did not meet the quality
control criteria for precision, Precision is expressed as the RPD between the recoveries
of the matrix spike and the matrix spike duplicate analyses performed on a sample, The
quality control criterion for precision is *5O percent. The RPDs calculated from the
duplicate matrix spike recoveries ranged from 13 to 90 percent.

IDENTIFICATION OF COMPOUNDS

All chmmatograms were examined during the quality assurance review to verify that PCB
identifications and confmations (where applicable) are correct. The conflation of the
PCB identification during the quality assurance review focuses on false positives.
However, PCBS reported as not detected are also evaluated to investigate the possibility
of false negatives. Conflation of possible false negatives is addressed by reviewing

F-19



other factors relating to analytical sensitivity (e.g., detection limits, instrument linearity,
and analytical recovery).

Either Aroclor@ 1254 or Aroclor@ 1260, or a mixture of the two, was identified in 55 of
64 samples associated with this study. Absolute identification for the presence of
Aroclors@ 1254 or 1260 could not be confirmed during the quality assurance review
because all chromatograms generated with the confmational chromatographic column
drifted off scale (i.e., 100 percent, full-scale deflection). Additional sample dilutions were
not performed for these samples. Therefore, results generated using data obtained from
only one chromatographic column were used to perform quantification and identify the
PCBS. As a result, all results were assigned a J qualifier to indicate the values reported
are estimates.

COMPOUND QUANTIFICATION AND REPORTED DETECTION LIMITS

All quantifications performed by the laboratory were corrected during the quaMy
assurance review. The laboratory had not accounted for coeluting peaks when Aro-
clors@1254 and 1260 were present in a given sample; the inclusion of coeluting peaks
resulted in biased values. Quantification of the reported data and the reported detection
limits were recalculated to ensure all results are accurate and consistent with the
requirements established in U.S. EPA (1986) SW-846 Method 8080, the SAP, and the
laboratory SOW.

During the quality assurance review, chromatographic peaks characteristic to each PCB
mixture were chosen to check quantifications and their identity. The heights of selected
integrated peaks for a specific PCB mixture used for calibration were summed to
recalculate the ~ values, and concentrations of PCBS detected in the samples were
recalculated using least squares linear regression. - The results for PCBS quantitated in the
samples were typically one-half of the values originally reported by the laboratory; all
results were assigned a J qualilier to indicate estimated values.

The laboratory reported limits of detection of 5 pgkg (wet-weight basis) for Aroclors@
1016, 1254, and 1260 and 10 pgkg (wet-weight basis) for Aroclors@ 1221, 1232, 1242,
and 1248 in most samples. Overall, the laboratory reported limits of detection that range
from 5 to 100 pg/kg (all values are adjusted for dilutions that may have been performed).
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ANAL YTICAL/ENVIRONMENTAL
LABORATORY AUDIT
STANDARD OPERA TING PROCEDURE

1. PURPOSE AND INTRODUCTION

The purpose of this standard operating procedure (SOP) is to provide guidance to EZ
Consultants (EZ) staff in auditing analytical or environmental testing laboratories. The
audit requires evaluation of information collected during the review of laboratory
documents, performance of site interviews, and observation of normal laboratory
operations. Basic procedures for arranging and performing a site visit are provided, as
well as a checklist for items to be considered during the audit process, and an evaluation
guide. Portions of the audit checklist form (Attachment 1) are based upon laboratory
evaluation checksheets developed by the U.S. EPA Industrial Technology Division.

There are two typical reasons why an audit is requested to be performed: to determine
the capability of a laboratory to perform (future) testing for EZ; or to evaluate the quality
of data submitted, usually- on ‘behalf of a third p~y. The SOP outlined beiow is
applicable in both cases.

2. AUDITOR QUALIFICATIONS

experience necessary to perform the audit, i.e.,The auditor should have the technical
familiarity with the analytical methods of interest, instrumentation used, standard QA
practices, and general good laboratory practices, The auditor should also be familiar with
this SOP.

3. REQUEST FOR AUDIT

A staff member desiring a laboratory audit be performed can contact the EZ chemistry
group and request an auditor be assigned for this task.

4. CLARIFICATION OF AUDIT OBJECTIVES

the audit to determine the purposeThe auditor should consult the staff member requesting
of the audit and the rigor with which the audit must be performed. The extent of the
audit and the intensity of scrutiny will vary, according to the type of laboratory, analyses,
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5.

6.

6.1

and type of project which are involved. The auditor should get clear direction from the
individual requesting the audit to determine the intensity of review which is desired.
Information necessary to make this decision include:

■ Reason for audit

■ Rigorousness of the data requirements

■ Type of project for which data are (to be) collected

■ Analytical methods required.

ESTIMATE OF AUDIT COSTS

The labor costs involved for the audit will depend on the intensity of the audit, which in
turn depends upon factors such as the following:

■ Type and size of project involved

9 Type of laboratory involved

■ Rigorousness of information requirements

■ Required analytical methods

■ Size and organization of the laboratory

9 Accessibility of documents for review~’.
■ Type of audit report necessary.

For a rough estimate, the audit of a small, subcontract laboratory with 10 staff members,
producing standard CLP data packages for inorganic, with all necessary documents
available in the EZ contract files would take approximately 18 hours of the auditor’s time:
eight hours for audit preparation, four hours for the site visit (excluding travel), and six
hours for evaluation and report generation. Additional labor costs would include clerical,
word processing, and editing staff time. Other direct costs such as travel expenses and
computer time would also need to be included.

PREPARATION FOR THE AUDIT

Identification of Laboratory Contact Person

If a laboratory (which will be) performing analyses for EZ is to be audited, then the
auditor should contact the laboratory directly. Usually the best person with whom to
establish contact is the technical director or lab manager, if such a position exists.
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If the laboratory to be audited is (or will be) performing analyses for a third party, that
party should first be contacted, and their assistance should be enlisted to establish contact
with the laboratory.

6.2 Initial Discussion with Laboratory Management

Initiate preliminary discussions with the laboratory contact person to:

■ Obtain a profile of laboratory, e.g., what types of samples and analyses are
handled, what clients
available, how lab is
management’s overall
place.

■ Identify the primary
perceived strengths.

are served, what level and types of services are
managed, identification of the managerial chain,
philosophy of quality, type of quality program in

concerns, e.g., potential or perceived problems,

■ Identify the expectations, e.g., reason for desiring an audit, expected use of
the outcome.

■ Identify any problems the laboratory may have with EZ.

If at all possible, do not take an adversarial attitude, but instead try to foster a

cooperative relationship with the laboratory. This is especially important when there
have been previous problems or concerns regarding the quality of data produced by
the laboratory. It is much easier to obtain necessary information and to resolve
problems if an open, cooperative relationship can be established for the audit process.

6.3 Pre-Site Visit Activities

Review the audit checklist form (Attachment 1): determine what infor-
mation will be necessary to complete the form and prepare for the site
visit, The topics generally covered during the site visit include organi-
zation and personnel training, client requests, sample receipt and storage
areas, sample preparation areas, general laboratory facilities, documents,
standards, procedures, instrumentation, quality control, data review, data
management, and report generation.

Collect relevant information: gather applicable laboratory or project
documents which will be helpful in filling out portions of the audit
checklist in advance, or aid in completing the audit report. Such docu-
ments could include the laboratory statement of qualifications (SOQ),
statement of work (SOW), contract or bid package, relevant analytical or
sampling methods, EPA or state performance evaluations performed within
the past year, and the laboratory QWQC manual. If the laboratory is
currently under contract with EZ, or a third party for whom EZ is perform-
ing the audit, obtain the applicable documents from our contract files or
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from the third party. If the laboratory is being considered for performance
of future work, obtain copies of the documents from the laboratory, if
possible,

■ Review the assembled information and begin filling out the audit checklist
form following the instructions in Section 8. Make notes of addition~
questions regarding the laboratory which will need to be answered. Note
that the audit checklist form (Attachment 1) contains general guidelines for
laboratories testing hazardous materials, therefore, not all of the questions
may be applicable. The audit procedure will proceed more quickly if those
sections which are not applicable are marked with “N/A” in advance.

6.4 Schedule of the Site Visit

Remind the laboratory contact person of the purpose of the audit when you make the
arrangements for a site visit. Since the most useful information can be gained while the
laboratory is operating under typical conditions, only two to three days’ advance warning
should be allowed prior to the site visit. This should allow enough time for the laboratory
to arrange that key individuals are available for site interviews.

It is helpful to the laboratory staff if the auditor provides the laboratory with information
on the audit and explains how the site visit will be conducted. See Section 7 for a typicaJ
agenda for a site visit. Information which should be discussed in making arrangements
for the site visit should include:

■ Purpose of the audit (e.g., potential contract, resolution of problems)

■ Estimate of time the site visit will take (typically, three to four hours for
a small laboratory performing one type of analysis)

■ Areas of the laboratory to be audited

■ Topics to be covered during the site visit (e.g., organization and personnel
training, client requests, sample receipt and storage areas, sample tracking,
sample preparation areas, general laboratory facilities, documents, stan-
dards, procedures, instrumentation, quality control, data review, data
management, and report generation)

■ Staff requested to be available to the auditor during the site visit (e.g., lab
manager or director, QA/QC officer, sample management supervisor,
sample custodian, sample processing supervisor, inorganic and/or organic
section supervisors, bench chemists and technicians, data management);
there should be a specific laborato~ staff member identified to provide
information on each of the topics listed above
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■ Documents requested to be available to the auditor during the site visit
(e.g., QA program documents, policies and procedures, manuals, control
charts, corrective action reports)

■ Proposed site visit schedule (see Section 7 for a typical schedule)

■ Specific problems, if any.

7. PERFORMANCE OF THE SITE VISIT

It is important to perform the site visit in a professional, efficient manner, and to
minimize disruption of the normal laboratory activities. Try to have a cooperative
attitude, and emphasize that this site visit is an information gathering activity that may
provide helpful information to their organization as well. Do not make critical remarks
or point out flaws, but include such remarks in written notes. One way to conduct a site
visit is as follows:

Initial briefing: meet the key personnel (managers and supervisors) in the
laboratory as a group and briefly explain the purpose of the audit. Have
one of the laboratory staff present a general overview of the laboratory
organization and capabilities, and introduce personnel. Ask that a history
be presented on a sample, beginning with the initial request for analysis,
receipt of the sample from the client, through internal procedures and
analysis, generation of data and submittal of the final data report to the
client. Set the format for this initial briefing with the laboratory contact
person prior to the site visit. Try to arrange to keep this initial briefing to
approximately half an hour.

Document review: have arrangemen~s made ahead of time for an op-
portunity to review the laboratory documents you requested be available.
This can be done at this point, during the interview, or near the end of the
interview, just prior to the final bneflng.

Observation of the various areas of the laboratory: make arrangements
ahead of time with the laboratory contact person to visit each area of
interest in the laboratory to make observations. Cover each of the applica-
ble topics on the audit checklist. Follow the sample history, as presented
earlier by the laboratory. The audit checklist is organized to facilitate this
task.

Information gathering: collect information on the audit checklist as the site
visit progresses. Make checks in the appropriate places, or write in the
information necessary for each question as responses are given. It is
difficult to remember all the information provided, and is important to be
as accurate as possible in recording responses at the time they are provided.
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8.

If possible, arrange to speak with bench level technicians and analysts
during the observation process. Specific instructions for filling out the
audit checklist are provided in Section 8.

■ Final briefing: meet with the key personnel, or at a minimum with the
laboratory director or QA manager, at the end of the interviews to ask any
questions which may not have been answered. If additional information is
necessary, ask that it be forwarded. Since it is not possible to tell the
laboratory at this time whether the audit was passed or not, because a
detailed review of the information provided on the checklist will be
required, mme no comment on whether the laboratory has passed the audit.
However, give an indication of when the laboratory may expect an audit
report, and to whom this report will be made available. Always thank the
laboratory staff for their time and for allowing you to disrupt their sched-
ules.

USE OF THE AUDIT CHECKLIST FORM

The audit checklist form (Attachment 1) provides general guideline questions for
laboratories performing hazardous materials analysis. The EZ chemistry group leader
should be consulted by the auditor, if it is felt that a project-specific form must be
generated.

The checklist is divided into several sections:

Organization and Personnel

Sample Receipt and Storage Area

Sample Preparation Area/Facilities

Instrwnentation

Quality Control

Data Handling and Review

QC Manual Checklist

summary.

It is assumed that appropriate staff (who have been previously identified) will be made
available to the auditor to answer the questions in each of these sections. Make checks
in the appropriate boxes, or write in the information necessary for each question as the
answers are provided. Do not make critical remarks or point out flaws, but include such
information in written notes. Either write all notes on the checklist form or attach notes
to the form. Ask to inspect documents, when appropriate, to verify answers.

— — —
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9. USE OF THE AUDIT SCORING GUIDEL/NES

Once the site visit has been completed and any additional information has been provided
to the auditor, the evaluation of the laboratory can be completed.

Point distributions for each response which can be answered “yes” or “no” are given in
the scoring guideline in Attachment 2. In some cases, it maybe necessary to check both,
as not all requirements may be fulfilled. All points are then totaled and the percentage
of the maximum possible points is then calculated. Questions which are not applicable
to a particular facility are not scored, and are not counted toward the maximum possible
points, thereby neither rewarding or penalizing the laboratory. Responses to questions
which have no point value will be used to determine marginal cases of pass or fail. The
following criteria are given for acceptability or nonacceptability:

86-100% of maximum possible points = acceptable audit

76-85% of maximum possible points = provisionally acceptable audit
(based on responses to nonpoint
questions)

below 76% of maximum possible points = unacceptable audit

10. AUDIT REPORT

An internal memo summarizing the results should be provided to the EZ staff who
requested the audit be performed. In many cases, the third party may wish to receive
copies of the completed audit report for their records. An example memo is provided as
Attachment 3 of this procedure. If it has been requested, a copy should also be provided
to the audited laboratory.
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ANAL YT..CAL CHEMISTRY LABORATORY AUDIT

Laboratory: Date:

Address: Telephone:

Auditor(s):

Laboratory Personnel Interviewed:

Name

Laboratory Accreditation/Certification:

Title

Expiration

Comments:

Score:



LABORATORYAUDIT GUIDELINES
Page 2

Yes No Points Comments

A. Organization and Personnel

1,

2,

3.

4.

5.

6.

7.

8.

9.

Is there an organizational chart available?

Is everyone in the organization familiar with it?

Is an up-to-date file maintained in the laboratory de-
scribing the educational background and/or related
work experience of all laboratory personnel?

Is there a formal training program for personnel?

Are employees required to demonstrate proficiency
with analytical instrument operation, methods, or
techniques prior to working on client samples?

Is this proficiency testing documented?

Is the organization adequately staffed to meet com-
mitments in a timely manner?

Is there a designated QA/QC Officer?

To whom does the lab QA/QC Officer report?

.— —

—. —

—— —

—. —

—— —

—— —

—. —

—— —

10. Was the lab QA/QC Officer available during the au-
dit?

11. Was a program manager or laboratory manager avail-
able during the evaluation?

Comments:

B. Sample Receipt and Storage Area

1. Is a sample custodian designated?

2. Are the responsibilities clearly defined?

In writing?

3. Is there a standard sample Iogin procedure followed?

4. Does the procedure include adequate inspection of
samples and accompanying documents to verify that
they are intact, complete, and consistent?

5. Is there an inspection checklist?

6. Does it document adequately the nature and condi-
tion of samples and documentation?

7. Is the integrity of samples and shipping containers
being documented?

—— —

—— —

—— —

—. —

—— —

—. —

—— —

—— —

—— —

—. —



LABORATORYAUDIT GUIDELINES
Page 3

Yes No Points Comments

a. Are samples logged into a bound notebook?

a. Computerized lab management system?

b. Other? (describe: )

9. Does the Iogin record document

a.

b.

c.

d.

e.

f,

9.

h.

i.

Field and laborato~ ID

Analyses requested

Storage location

Signature of custodian

Collection date

Receipt date

Analysis due date

Sample holding time

Special instructions

10. Is there a daily summary of information such as sam-
ples received, analyses requested, date sampled, or
date received?

11. To whom is this summary distributed?

-— —

——

——

——

——

12. Are Iogin records filed and readily retrievable?

13. How far back in time can records be retrieved?

—.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Are written SOPS developed for receipt and storage
of samples?

Are they available to and understood by laborato~
personnel?

Is a clean area available for receiving and opening
sample shipments?

Is this area separated from other lab operations (con-
sider not only spatial separations, but air flow, per-
sonnel, traffic, etc.)?

Does the custodian understand the importance of
preventing lab contamination?

If appropriate, are the pHs of samples measured and
recorded to verify that they are preserved?

What percentage of samples is checked?

Are records of these checks retained?

Are facilities adequate for the storage of samples?

Are samples stored so as to maintain their preser-
vation?

——

——

——

——

——

——

——

——

——



LABORATORYAUDIT GUIDELINES
Page 4

Yes No Points Comments

24. Are volatile samples stored separately from semivola-
tile samples?

25. is the temperature of the cold storage area recorded
daily?

a. Are excursions noted, along with descriptions of
corrective action taken?

b. Is this being reviewed periodically by a supervisor
or the QC unit?

26. Is the sample storage area secure?

27. How is sample identification maintained?

—. —

—— —

—— —

—— —

—— —

28. Is positive sample chain-of-custody maintained within
the lab?

29. How are samples tracked through the lab?

. . —

30.

31.

How long are samples retained?

Sample extracts?

How are special instructions regarding preparation,
analysis, or turnaround times transmitted within the
laboratory?

C. Sample Preparation Area/Facilities

1.

2.

3.

4.

Is the laboratory maintained in a clean and organized
manner?

Does the lab appear to have adequate work space
(120 W per analyst)?

Are the toxic chemical handling areas either stainless
steel benches or an impervious material covered with
absorbent paper?

Are contamination-free work areas provided for the
handling of toxic materials?

—— —

—. —

—— —

—— —



LABORATORYAUDIT GUIDELINES
Page 5

Yes No Points Comments

5.

6.

7.

8.

9.

Are adequate exhaust hoods available to prevent
contamination of personnel and the laboratory facility? ——

Are the flow rates and/or face velocities of these
hoods periodically checked and recorded? ——

How frequently are they checked?

Are the procedures and records adequate to dem-
onstrate the proper face velocity profile for each hood
over the period of record? ——

Is the near-face interior of each hood clear of objects
that might interfere with the proper face velocity pro-
file and thereby reduce hood efficiency?

10. Are chemical waste disposal policies/procedures well-
defined and followed by the laboratory?

11. Are records of waste containerization and disposal
(lab logs, manifest, etc.) filed and retrievable?

12. Are voltage control devices installed on major instru-
mentation?

13. What is the laborato~’s source of distilled/deionized
water?

14. Is the conductivity of this water checked daily and
data recorded (acceptable conductivity is 2:0-5.0
pmhos/cm at 25°C)?

15. Is the analytical balance located away from draft and
areas subject to rapid temperature fluctuations?

16. Is it protected from vibration associated with activities
in the facility (i.e., it should be on a heavy table, on a
floor that does not bounce when walked on, etc.)?

17. Is the balance maintained by a certified technician?

18. Is the balance routinely calibrated with Class S
weights and are the calibration data recorded?

19. Are the Class S weights handled properly to prevent
contamination/damage?

20. How often are the Class S weights certified?

—— —

—— —

—— —

—— —

——

——

——

——

——

—— —

21. Are pH and ion selective meters properly calibrated
and maintained; and are these activities recorded? ——

22. Are laboratory thermometers (including mercury-in-
glass) calibrated at least yearly against an NIST
traceable thermometer and documented? —— —



LABORATORYAUDIT GUIDELINES
Page 6

Yes No Points Comments

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Are reagents dated upon receipt by labeling each
container with the date received?

Is there a complete log of reagent and solvent supply
giving the quantity, batch number, receipt date, per-
cent activity, or purity?

Are reagents and standards checked prior to use?

Are solvent lots checked and documented prior to
use?

Are reference materials properly labeled?

Is each spiking/calibration standard completely trace-
able to documented neat material or a documented
purchased standard?

is each logbook entry signed and dated by the indi-
vidual who prepared the solution?

Are logbooks periodically reviewed and signed by a
manager/supervisor?

Are logbooks maintained in a manner which allows
complete traceability?

Are standards stored separately from samples and
sample extracts?

Are volatile and semivolatile standard compounds
properly segregated?

—— —

—— —

——

—— —

—— —

.— —

——

—— —

——

——

——

Are SOPS readily available to laboratory personnel? -
. . —

Are glassware cleaning procedures documented?
——

Are the cleaning procedures consistent with EPA
recommended procedures? ——

Is the temperature of the drying ovens recorded dai-
ly?

—— —

Is cleaned glassware properly handled and stored to
prevent contamination? —. —

How do lab personnel recognize glassware that has
been prepared for specific function (e.g., organic vs.
inorganic)?

40. Is the laboratory secured?
—— —

Comments:

D. Instrumentation

1. Are instrument operating manuals available?
.—
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Yes No Points Comments

2. Do the operators demonstrate a good familiarity with
the manuals?

3. Are there service contracts on the instrumentation
(and is a record maintained of the service)?

4. Are in-house replacement parts available?

5. Have the instruments been modified in any way?

Describe the modifications and discuss ramifications:

——

——

—— —

—. —

6. Are instruments properly vented or are appropriate
traps in place?

7. Is a logbook maintained for each instrument?

8. Is a complete list of laboratory instrumentation avail-
able?

9. Are all calibration data hard-copied and retained?

10. When calibrating an N%

a. How many standards are run to generate the
calibration curve?

b. Is a new curve generated for each run?

c. Is a standard blank always run?

d. Is calibration checked immediately after complet-
ing as well as periodically throughout the run?

11. When calibrating an ICP:

a. How many standards are run to generate the
calibration curve?

b. Is a new curve generated for each run?

c. Is a standard blank always run?

d. Is calibration checked immediately after complet-
ing as well as periodically throughout the run?

12. When calibrating a GC:

a. How many standards are run to generate the
calibration curve?

b. Is a calibration check standard run daily?

c. What are the performance criteria for this stan-
dard?

d. Is the instrument typically calibrated for every
compound of interest?

—— —

.— —

——

—— —

—— —

—— —

——

—— —

——

——

——

—. —
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Yes No Points Comments

e. How are retention times monitored for each com-
pound of interest, and when is corrective action
taken?

13. When calibrating a GC/MS:

a.

b.

c.

d.

e.

f.

9.

h.

i.

j.

How many standards are run to generate the
calibration curve?

Is a calibration check standard run daily?
—. —

What are the performance criteria for this stan-
dard?

Is the instrument typically calibrated for every
compound of interest? —.

Is the instrument tuned at least daily?
—— —

Do the tuning procedures conform to the methods
for which the instrument is being used? —— —

What compound and performance criteria are
used?

Are surrogates and internal standards used?
—— —

Are surrogate and internal standard recoveries
monitored? —. —

What are the action limits?

Comments:

E. Quality Control

1. Are method blanks prepared and analyzed with each
batch of samples, for each analytical procedure, or
some percentage? —. —

What percentage:

a. For GC/MS analyses?

b. For GC analyses?

c. For AA/lCP analyses?

d. For wet chemistty?

2. At what frequency are lab duplicates prepared and
analyzed:

a. For GC/MS analyses?

b. For GC analyses?

c. For AA/lCP analyses?
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Yes No Points Comments

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14,

d. For wet chemistry?

How are duplicate sample results tracked and used:

a. For GC/MS analyses?

b. For GC analyses?

c. For AA/lCP analyses?

d. For wet chemistry?

At what frequency are lab spikes (e.g., spiked deion-
ized water or clean soil) prepared and analyzed:

a. For GC/MS analyses?

b. For GC analyses?

c. For AAACP analyses?

d. For wet chemistry?

At what stage of processing are samples spiked:

a. For GC/MS analyses?

b. For GC analyses?

c. For AA/lCP analyses?

d. For wet chemistry?

Are matrix spiked samples employed:

a. For GC/MS analyses?

b. For GC analyses?

c. For AA/lCP analyses?

d. For wet chemistry?

What action is taken when results exceed control
limits:

a. For GC/MS analyses?

b. For GC analyses?

c. For AA/lCP analyses?

d. For wet chemistry?

Are surrogate compounds utilized for GC/MS analy-
ses?

When are the surrogates added to the samples?

How many surrogate compounds are introduced?

Is the percent recovery for each surrogate calculated?

Are those data reported?

Are performance criteria established for surrogates?

Are percent recoveries plotted on control charts?

—. —

——

.— —

—— —

—. —

—— —

—— —

—— —

. . —
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15. What action is taken when results exceed limits?

16. Are surrogate compounds utilized for GC analyses?

17. When are the surrogates added to the samples?

——

18. How many surrogate compounds are introduced?

19. Is the percent recovery for each surrogate calculated?

20. Are those data reported?

21. Are performance criteria established for surrogates?

22. Are percent recoveries plotted on control charts?

23. What action is taken when results exceed limits?

—— —

—. —

——

—— —

F. Data Handling and Review

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Are computer programs validated prior to use?

Are records of the validation maintained?

Are user instructions complete and available to all
users?

Do analysts/technicians record data in a neat and
accurate manner?

Are all handwritten data recorded in nonerasable ink?

Have entries been obliterated (e.g., through cross-
outs or “whiteout”)?

Are data calculations spot-checked by a second per-
son?

What percentage?

Are these checks documented on the hard-copy data
record, and dated and initialed by the reviewer?

Are raw data being identified with client name, project
number, date, and other pertinent tracking informa-
tion?

Are raw data (notebooks, data sheets, computer files,
strip chart recordings) being retained for 5 years?

Is there a system for report, record, or data retrieval?

Do supervisory personnel review the data or QC
results?

What percentage?

—— —

—— —

—— —

—— —

—— —

——

——

——

—— —

——

—— —

—. —
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13. Are these reviews documented?
—— —

14. Are in-house QC charts maintained and available for
onsite inspection for:

a. Matrix spikes?

b. Laboratory duplicates?

c. Surrogate recoveries?

d. Calibration check standards?

—— —

—— —

—— —

——

—— —

15. Have method detection limit studies been performed
for each method in use?

a. How recently?

b. Any procedural or configurational changes since
then? —.

16. Do records indicate that appropriate corrective action
has been taken when analytical results fail to meet
the QC criteria? ——

Comments:

G. QC Manual Checklist

1. Does the laborato~ have a QC manual?
.— —

2. Does the manual address the following:

a.

b.

c.

d.

e.

f.

9.
h.

i.

J
k.

1.

m.

Personnel?

Facilities or equipment?

Operation of instruments?

Method validation

Calibration frequency

Standards preparation

Documentation of procedures

Preventive maintenance

Reliability of data

Data validation

Feedback and corrective action

Record-keeping

Internal audits
—— —

Comments:
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Yes No Points Comments

H. Summary

1, Do responses to the evaluation indicate that labora-
tory personnel are aware of QA/QC and its potential
impact on the data? —— —

2. Is a positive emphasis placed on QNQC by labora-
tory management? —— —

3. Have the responses been open and direct?
——

4. Has the attitude been cooperative?
—— —

5. Is the proper emphasis placed on quality assurance?
——

Comments:
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ANALYTICALAUDITSCORINGGUIDELINES

Point distributions for each response that can be answered “yes” or “no” are given in the

following guideline. In cases of incomplete fulfillment of requirements, both responses

may be checked. All points are then totaled and the percentage of the maximum possible

points is then calculated. Questions that are not applicable to a particular facility are not

scored, and are not counted toward the maximum possible points, thereby neither

rewarding nor penalizing the laboratory. Responses to questions which have no point

value will be used to determine marginal cases of pass or fail. The following criteria are

given for acceptability or nonacceptability:

86-1 00% of maximum possible points = acceptable audit

76-859!o of maximum possible points = provisionally acceptable audit

(based on responses to nonpoint

questions)

below 76% of maximum possible points = unacceptable audit
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Yes No Comments

A. Organization and Personnel

1.

2.

3.

4.

5.

6.

7.

a.

9.

10.

11.

Is there an organizational chart available?

Is everyone in the organization familiar with it?

Is an up-to-date file maintained in the laboratory de-
scribing the educational background ancYor related
work experience of all laboratory personnel?

Is there a formal training program for personnel?

Are employees required to demonstrate proficiency
with analytical instrument operation, methods, or
techniques prior to working on client samples?

Is this proficiency testing documented?

Is the organization adequately staffed to meet com-
mitments in a timely manner?

Is there a designated QA/QC Officer?

To whom does the lab QA/QC Officer report?

Was the lab QNQC Officer available during the au-
dit?

Was a program manager or laboratory manager avail-
able during the evaluation?

Comments:

B. Sample Receipt and Storage Area

1.

2.

3.

4.

5.

6.

7.

8.

Is a sample custodian designated?

Are the responsibilities clearly defined?

In writing?

Is there a standard sample Iogin procedure followed?

Does the procedure include adequate inspection of
samples and accompanying documents to verify that
they are intact, complete, and consistent?

Is there an inspection checklist?

Does it document adequately the nature and condi-
tion of samples and documentation?

Is the integrity of samples and shipping containers
being documented?

Are samples logged into a bound notebook?

a. Computerized lab management system?

b. Other? (describe: )

1

1

1

1

2

2

5

2

-1

-1

-1

-2

-2

-1

-1

-1

1 -1

1 -1

2

1

1

1

2

1

1

1

5

5

5

-1

-1

–1

-1

-1

-1

-1

-1

-2

-2

-2
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Yes No Comments

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Does the Iogin record document:

a.

b.

c.

d.

e.

f.

9,
h.

i,

Field and laboratory ID

Analyses requested

Storage location

Signature of custodian

Collection date

Receipt date

Analysis due date

Sample holding time

Special instructions

Is there a daily summary of information such as sam-
ples received, analyses requested, date sampled, or
date received?

To whom is this summary distributed?

Are Iogin records filed and readily retrievable?

How far back in time can records be retrieved?

Are written SOPS developed for receipt and storage
of samples?

Are they available to and understood by laboratory
personnel?

Is a clean area available for receiving and opening
sample shipments?

Is this area separated from other lab operations (con-
sider not only spatial separations, but air flow, per-
sonnel, traffic, etc.)?

Does the custodian understand the importance of
preventing lab mntamination?

If appropriate, are the pHs of samples measured and
recorded to verify that they are presewed?

What percentage of samples is checked?

Are records of these checks retained?

Are facilities adequate for the storage of samples?

Are samples stored so as to maintain their preser-
vation?

Are volatile samples stored separately from semivola-
tile samples?

Is the temperature of the cold storage area recorded
daily?

2

2

2

2

2

2

2

2

2

2

2

2

1

1

1

1

1

1

1

2

5

2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-2

-1

-1

-1

-1

-1

-1

-1

-1

-1

-2

-1
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Yes No Comments

26.

27,

28.

29.

30.

31.

a. Are excursions noted, along with descriptions of 2
corrective action taken?

b. Is this being reviewed periodically by a supervisor 2
or the QC unit?

Is the sample storage area secure? 1

How is sample identification maintained? 1

Is positive sample chain-of-custody maintained within 1
the lab?

How are samples tracked through the lab?

How long are samples retained?

Sample extracts?

How are special instructions regarding preparation,
analysis, or turnaround times transmi~ed w“ithin the
laboratory?

Comments:

-1

-1

-1

-1

–1

c. Sample Preparation Area/Facilities

1. Is the laboratory maintained in a clean and organized 2
manner?

2. Does the lab appear to have adequate work space 1
(120 W per analyst)?

3. Are the toxic chemical handling areas either stainless 1
steel benches or an impervious material covered with
absorbent paper?

4. Are contamination-free work areas provided for the 1
handling of toxic materials?

5. Are adequate exhaust hoods available to prevent 2
contamination of personnel and the laboratory facility?

6. Are the flow rates and/or face velocities of these 1
hoods periodically checked and recorded?

-2

-1

-1

-1

-1

-1
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Yes No Comments

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

How frequently are they checked?

Are the procedures and records adequate to dem-
onstrate the proper face velocity profile for each hood
over the period of record?

!s the near-face interior of each hood clear of objects
that might interfere with the proper face velocity pro-
file and thereby reduce hood efficiency?

Are chemical waste disposal policies/procedures well-
defined and followed by the laboratory?

Are records of waste containerization and disposal
(lab logs, manifest, etc.) filed and retrievable?

Are voltage control devices installed on major instru-
mentation?

What is the laboratory’s source of distilled/deionized
water?

Is the conductivity of this water checked daily and
data recorded (acceptable conductivity is 2.0-5.0
~mhos/cm at 25”C)?

Is the analytical balance located away from draft and
areas subject to rapid temperature fluctuations?

Is it protected from vibration associated with activities
in the facility (i.e., it should be on a heavy table, on a
floor that does not bounce when walked on, etc.)?

Is the balance maintained by a certified technician?

Is the balance routinely calibrated with Class S
weights and are the calibration data recorded?

Are the Class S weights handled properly to prevent
contamination/damage?

How often are the Class S weights certified?

Are pH and ion selective meters properly calibrated
and maintained; and are these activities recorded?

Are laboratory thermometers (including mercury-in-
glass) calibrated at least yearly against an NIST
traceable thermometer and documented?

Are reagents dated upon receipt by labeling each
container with the date received?

1

1

1

1

1

2

1

1

2

2

2

1

1

1

-1

-1

-1

–1

–1

-2

-1

-1

–2

–2

-2

-1

-1

-1
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24.

25.

26.

27,

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Is there a complete log of reagent and solvent supply
giving the quantity, batch number, receipt date, per-
cent activity, or purity?

Are reagents and standards checked prior to use?

Are solvent lots checked and documented prior to
use?

Are reference materials properly labeled’?

Is each spiking/calibration standard completely trace-
able to documented neat material or a documented
purchased standard?

Is each logbook entry signed and dated by the indi-
vidual who prepared the solution?

Are logbooks periodically reviewed and signed by a
manager/supervisor?

Are logbooks maintained in a manner which allows
complete traceability?

Are standards stored separately from samples and
sample extracts?

Are volatile arid semivolatile standard compounds
properly segregated?

Are SOPS readily available to laboratory personnel?

Are glassware cleaning procedures documented?

Are the cleaning procedures consistent with EPA
recommended procedures?

Is the temperature of the drying ovens recorded dai-
ly?

Is cleaned glassware properly handled and stored to
prevent contamination?

How do lab personnel recognize glassware that has
been prepared for specific function (e.g., organic vs.
inorganic)?

Is the laboratory secured?

Comments:

D. Instrumentation

1. Are instrument operating manuals available?

2. Do the operators demonstrate a good familiarity with
the manuals?

1

1

1

1

2

1

1

2

1

1

1

2

5

1

2

1

1

1

-1

-1

-1

-1

-1

-1

-1

-2

-1

-1

-1

-2

-2

-1

-2

-1

-1

-1
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3.

4.

5.

6.

7.

a.

9.

10.

11.

12.

Are there service contracts on the instrumentation
(and is a record maintained of the service)?

Are in-house replacement parts available?

Have the instruments been modified in any way?

Describe the modifications and discuss ramifications:

Are instruments properly vented or are appropriate
traps in place?

Is a logbook maintained for each instrument?

Is a complete list of laboratory instrumentation avail-
able?

Are all calibration data hard-copied and retained?

When calibrating an AA:

a. How many standards are run to generate the
calibration curve?

b. Is a new curve generated for each run?

c. IS a standard blank always run?

d. Is calibration checked immediately after complet-
ing as well as periodically throughout the run?

When calibrating an ICP:

a. How mbny standards are run to generate the
calibration curve?

b. Is a new curve generated for each run?

c. Is a standard blank always run?

d. Is calibration checked immediately after complet-
ing as well as periodically throughout the run?

When calibrating a GC:

a. How many standards are run to generate the
calibration curve?

b. Is a calibration check standard run daily?

c. What are the performance criteria for this stan-
dard?

d. Is the instrument typically calibrated for every

1

1

-1

1

1

1

5

5

5

5

5

5

5

5

5

-1

-1

1

-1

-1

-1

-2

-2

-2

-2

-2

-2

-2

-2

-2
compound of interest?
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e. How are retention times monitored for each com-
pound of interest, and when is corrective action
taken?

13. When calibrating a GC/MS:

a. How many standards are run to generate the
calibration curve?

b. Is a calibration check standard run daily? 5

c. What are the performance criteria for this stan-
dard?

d. Is the instrument typically calibrated for every 5
compound of interest?

e. Is the instrument tuned at least daily? 5

f. Do the tuning procedures conform to the methods 5
for which the instrument is being used?

g. What compound and performance criteria are
used?

h. Are surrogates and internal standards used? 5

i. Are surrogate and internal standard recoveries 5
monitored?

j. What are the action limits?

Comments:

E. Quality Control

1. Are method blanks prepared and analyzed with each
batch of samples, for each analytical procedure, or
some percentage?

What percentage:

a, For GC/MS analyses?

b. For GC analyses?

c. For AA/lCP analyses?

d. For wet chemistry?

2. At what frequency are lab duplicates prepared and
analyzed:

5

-2

-2

-2

-2

-2

-2

-2

a. For GC/MS analyses?

b. For GC analyses?

c. For M/lCP analyses?
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3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

d. For wet chemistry?

How are duplicate sample results tracked and used:

a. For GC/MS analyses?

b. For GC analyses?

c. For AIVICP analyses?

d. For wet chemistry?

At what frequency are lab spikes (e.g., spiked deion-
ized water or clean soil) prepared and analyzed:

a. For GC/MS analyses?

b. For GC analyses?

c. For AA/lCP analyses?

d. For wet chemistry?

At what stage of processing are samples spiked:

a. For GC/MS analyses?

b. For GC analyses?

c. For ANICP analyses?

d. For wet chemistry?

Are matrix spiked samples

a. For GC/MS analyses?

b. For GC analyses?

c. For AA/lCP analyses?

d. For wet chemistry?

employed:

1 -1

1 -1

1 -1

1 -1

What action is taken when results exceed control
limits:

a. For GCIMS analyses?

b. For GC analyses?

c. For AA/lCP analyses?

d. For wet chemistry?

Are surrogate compounds utilized for GC/MS analy- 5 -2
ses?

When are the surrogates added to the samples?

How many surrogate compounds are introduced?

Is the percent recovery for each surrogate calculated? 5 -2

Are those data reported? 2 -2

Are performance criteria established for surrogates? 2 -2

Are percent recoveries plotted on control charts? 2 -2
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15.

16.

17.

18.

19.

20.

21.

22.

23.

What action is taken when results exceed limits?

Are surrogate compounds utilized for GC analyses?

When are the surrogates added to the samples?

How many surrogate compounds are introduced?

Is the percent recove~ for each surrogate calculated?

Are those data reported?

Are performance criteria established for surrogates?

Are percent recoveries plotted on control charts?

What action is taken when results exceed limits?

F. Data Handling and Review

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Are computer programs validated prior to use?

Are records of the validation maintained?

Are user instructions complete and available to all
users?

Do analysts/technicians record data in a neat and
accurate manner?

Are all handwritten data recorded in nonerasable ink?

Have entries been obliterated (e.g., through cross-
outs or “whiteout”)?

Are data calculations spot-checked by a second per-
son?

What percentage?

Are these checks documented on the hard-copy data
record, and dated and initialed by the reviewer?

Are raw data being identified with client name, project
number, date, and other pertinent tracking informa-
tion?

Are raw data (notebooks, data sheets, computer files,
strip charl recordings) being retained for 5 years?

Is there a system for report, record, or data retrieval?

Do superviso~ personnel review the data or QC
results?

What percentage?

Are these reviews documented?

1 -1

1 -1

1 -1

1 -1

1 -1

2 -1

2 -1

2 -1

2 -1

2 -2

-2 2

2 -2

2 -2

2 -2

2 -2

2 -1

2 -1

2 -1



AUDITSCORINGGUIDELINES
Page 11

Yes No Comments

14. Are in-house QC charts maintained and available for
onsite inspection foc

a. Matrix spikes?

b. Laboratory duplicates?

c. Surrogate recoveries?

d. Calibration check standards?

15, Have method detection limit studies been performed
for each method in use?

a. How recently?

b. Any procedural or configurational changes since
then?

16, Do records indicate that appropriate corrective action
has been taken when analytical results fail to meet
the QC criteria?

Comments:

G. QC

1.

2.

Manual Checklist

Does the laborato~ have a QC manual?

Does the manual address the following:

a.

b.

c.

d.

e.

f,

9“
h.

i.

i.
k.

1.

m.

Personnel?

Facilities or equipment?

Operation of instruments?

Method validation

Calibration frequency

Standards preparation

Documentation of procedures

Preventive maintenance

Reliability of data

Data validation

Feedback and corrective action

Record-keeping

Internal audits

Comments:

2

2

2

2

5

-2

5

10

1

1

1

1

1

1

1

1

1

1

1

1

1

-2

-2

-2

-2

-2

2

-2

-lo

-1

-1

-1

-1

-2

-1

-1

-1

-2

-2

-2

-2

-1
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H. Summary

1. Do responses to the evaluation indicate that labora- 2 -2
tory personnel are aware of QA/QC and its potential
impact on the data?

2. Is a positive emphasis placed on QA/QC by labora- 2 -2
tory management?

3. Have the responses been open and direct? 2 -2

4. Has the attitude been cooperative? 2 -2

5. Is the proper emphasis placed on quality assurance? 2 -5

Comments:



Attachment 3

This is an example memorandum for a specific laboratory for
which there were very few negative remarks. Naturally, not

all laboratories will be of this quality.



(from an actual laboratory audit)

TO: [Audit Requestor]

FROM: [Auditor]

DATE: [Day/MonthNear]

SUBJECT: Laboratory Audit Visit to [Laboratory Name]
[Street Address]
[City, State, Zip Code]
[Phone Number]

An analytical chemistry laboratory observation visit was conducted on [date] at the [laboratory
name and location]. The observation visit was performed by [auditor name] as part of the general
QA/QC observations being conducted on behalf of [client name]. Samples were collected in the
field by [source testing or field sampling company], and analyzed at the [laboratory name]. The
following areas were included as a part of the observation process at [laboratory name]:

■ Personnel and organization

9 Sample receipt and storage

■ Sample preparation facilities

■ instrumentation and equipment

■ Quality control

■ Data handling and review.

The attached Analytical Chemistfy Laboratory Audit Guidelines were followed during the visit.
Participating [laboratory name] staff included:

■ [Names and titles].

The purpose of the observation visit was to determine whether [laboratory name] has the facilities,
equipment, trained personnel, and QA/QC program in place to be capable of routinely producing
data of known quality for site characterization programs. The completed checklist is appended.

AUDIT FINDINGS

Generally, the [laboratory name] was found to be capable of producing known quality, traceable
data. There appeared to be, an adequate understanding of QA/QC procedures within the
laboratory. The employees interviewed displayed a positive attitude and an appreciation for the
importance of quality assurance, and understood the potential impact of QA/QC upon data.

No major deficiencies were noted during the audit. The following recommendations are intended
to improve a basically sound program:

9 There should be more formal in-house QA/QC and training programs instituted for
analysts and technicians; currently, training is dependent upon the more experi-
enced analysts



■ An inspection checklist should be generated for incoming samples, which includes
the nature and condition of samples and documentation

■ Internal chain-of-custody procedures should be initiated

■ As part of the SOPS, a specific policy should be instituted for the rejection of
incoming compromised samples

■ Control charts should be maintained for all types of QC samples that are run.

The [laboratory name] staff were very helpful and cooperative. There appears to be a positive
emphasis placed on QA/QC by laboratory management, and the responses appeared to be open
and direct.



APPENDIX H

Format for the Sediment
Testing Report



i SEDIMENT TESTING REPORT FORMAT

The sediment testing report, including physical, chemical, bioassay, and bioaccumulation
data, should be prepared using the format guidelines below.

A. INTRODUCTION

The project description should include the following information:

1. Location of the proposed dredging project and the disposal site.

2. Aplanview mapshowing project design depti, side-slopes, allowable overdepth.

3. Proposed dredging and disposal quantities.

B. MATERIALS AND METHODS

1. Field sediment sampling and sediment sample handling procedures should be
described or referenced.

2. References for laboratory protocols for physical, chemistry, bioassay, and
bioaccumulation analyses should be included, such as:

a. EPA method numbers and other EPA-approved methods that do not have a
specific EPA number.

b. Target detection limits and references used for physical, chemical and tissue
analyses.

c. Test species used in each test, the supplier or collection site for each test
species, and QA/QC procedures for maintaining the test species.

d. Locations of references and control sediment samples.

e. Source of water used in all biological tests and documentation that the water is
free of contaminants.

f, Bioassay and bioaccumulation testing procedures and QA/QC information.

!3” Statistical analysis procedures.

C. LOCATION OF SAMPLING AREAS

1. The exact position of the dredgifig site sampling areas and each core taken within
each sampling area should be mapped.

H-1



2. A table should be prepared with the coordinates for each station in latituue and
longitude (North America Datum 1983).

3. A table should be included showing the required sampling depth at each sampling
location compared to the actual core depth achieved during field sampling, Any
problems in collecting sediment from the required depth should be discussed.

4. The type of positioning equipment to be used for the sampling program should be
specified.

5. Chafisshould beprovided toshowtie location oftie reference si&, the control
site(s) and the disposal site, including the coordinates of each site.

D. DESCRIPTION OF TESTING APPROACH

The rationale for performing specific types of tests (e.g. chemical analysis of elutiate for
comparison to water quality standards, tissue analysis, etc. ) should be presented in writing.

E. FINAL RESULTS

1. Summary data tables should be furnished. All data tables should be typed or
produced as a computer printout.

2. Copies of the final raw data sheets should be included. These tables should be
certified to be accurate by the analytical laboratory manager.

F. DISCUSSION AND ANALYSIS OF DATA

1.

2.

An evaluation of historical data from the proposed dredging site should be concisely
discussed. References to previous sediment testing should also be included.

Statistical comparisons between the dredging site sediments and the reference
sediment should be made.

Go REFERENCES

This list should include all references used in the field sampling program, laboratory and
statistical data analyses, and historical data used to compare the dredging to the reference
site.

H. DETAILED QA/QC PLANS AND INFORMATION

The following topics should be addressed in the QA Plan:

■ Introductory material, including title and signature pages, table of contents, and
project description.
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Qi+ organization and responsibilities (the QA organization should be designed to
operate with a degree of independence from the technical project organization to
ensure appropriate oversight)

QA objectives

Standard Operating Procedures

Sampling strategy and procedures

Sample custody

Calibration procedures and frequency

Analytical procedures

Data validation, reduction, and reporting

Internal QC checks

Performance and system audits

Facilities

Preventive maintenance

Calculation of data quality indicators

Corrective actions

QA reports to management

References.

I. PERTINENT CORRESPONDENCE WITH SCOPING COMMENTS AND
COORDINATION

The report should contain copies of the correspondence related to coordination on the
testing activities for the proposed project.
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