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Abstract

The practical application of PCB (polychlorinated biphenyl) analyses begins with a
request for the analysis and concludes with provision of the requested analysis. The key to
successful execution of this iteration is timely, professional communication between the
requester and the analyst. Often PCB analyses are not satisfactorily executed, either
because the requester failed to give adequate instructions or because the analyst simply "did
what he/she was told." The request for and conduct of a PCB analysis represents a contract
for the procurement of a product (information about the sample); if both parties recognize and
abide by this contractual relationship, the process generally proceeds smoothly.

Throughout this article, I use the terms "requester" and "analyst" as if the interaction
occurs between two individuals. However, this simple situation is not the real world.
Requesters may be corporate purchasing agents working from a scope of work, a sample
management office, a field team leader, a project manager, a physician's office, or the analyst
himself. The analyst with whom the requester communicates may be a laboratory supervisor,
a sample-receiving department, a salesperson for the laboratory, or the analyst himself. The
analyst conducting the analysis is often a team, with custody of the sample being passed from
sample receiving to the extraction laboratory, to the cleanup laboratory, to the gas
chromatography (GC) laboratory, to the data reduction person, to the package preparation
person, to the quality control (QC) department for verification, to shipping. Where a team of
analysts is involved, the requester needs a central point of contact to minimize confusion and
frustration. For the requester-analyst interface to work smoothly, it must function as if it is a
one-to-one interaction; i.e., the interface person has to know and communicate all of the
required information as described below.

This article addresses the pitfalls of the requester-analyst interaction and provides
suggestions for improving the quality of the analytical product through the requester-analyst
interface. Before my discussion of requester-analyst interactions, I have provided an
overview of the way PCB analyses are conducted, with an emphasis on the concerns of the
requester and the data user. This overview lacks the emphasis on specific methods and
techniques found in more detailed reviews (for example, Erickson, 1986).

I. OVERVIEW OF THE TECHNICAL ASPECTS OF PCB ANALYSIS

Most routine PCB analyses follow a prescribed analytical procedure, often issued by a
regulatory agency. Table 1 presents selected standard procedures for the determination of
PCBs in environmental matrices; the table is excerpted from a more complete version in
Erickson (1986). The key features of the procedures are described in the table. Subsequent
sections discuss the objectives and conduct of extraction, cleanup, determination, data
reduction, and QC. Sampling is an important component of the overall procedure, but is
omitted from this discussion because of space limitations. Few features of PCB sampling are
unique to PCBs.
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Table 1. Common Standard Procedures of Analysis for PCBs

Procedure

505
(Rev. 2.0)

508
(Rev. 3.0)

608

625

680

CLP (multi-
media, multi-
concentration)

EPA (homolog)

8080, 8080A,
8080B

Matrix

Drinking water

Drinking water

Municipal and
industrial
waste water

Municipal and
industrial
waste water

Water, soil,
sediment

Water

Solids and
liquids

Solid waste6

Extraction

Hexane
micro-
extraction

CH2CI2

CH2CI2

CH2CI2

CH2CI2

CH2CI2

Several

CH2CI2

Cleanup8

None

None

(Florisil)
(S removal)

None

S removal

(GPC)
Florisil
(S removal)

Several

(Florisil)

Determination
Methodb

HRGC/ECD

HRGC/ECD

PGC/ECD

PGC/EIMS
(CGC)

HRGC/MS

Dual-column,
wide-bore
HRGC/ECD

HRGC/EIMS

PGC/ECD

Qualitative
Criteria

No

No

No

Yes

Yes

No

Yes

Minimal

Quantitation
Method

I 5-6 major
peaks/Aroclor

NS<* for PCBs

ZArea

lArea

Homoiog

Average area
of 3-5 peaks

Individual
peaks

lArea ("B"
permits 3-5
major peaks)

Limit of
Detection

-0.1 u.g/Lc

NS for PCBs

0.04-0.15 ng/L

30-36 jig/L

1-10 ng

1.0 iig/L

NS

0.065 jig/L'

QC

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Reference

EPA, 1991b

EPA, 1991b

EPA, 1984a;
Longbottom and
Lichtenberg, 1982

EPA, 1984b;
Longbottom and
Lichtenberg, 1982

Alford-Stevens
et a l . , 1985

EPA, 1991a

Erickson et al.,
1985

EPA, 1986,
1990a, 1990b



Table 1. (Cont.)

Procedure Matrix Extraction Cleanup9
Determination Qualitative Quantitation Limit of

Method*9 Criteria Method Detection QC Reference

8081 Solid waste6 CH2CI2and Several
others

HRGC/ECD Minimal

8250

8270

CLP (multi-
media, multi-
concentration)

CLP (multi-
media, high-
concentration) immiscible

liquid, water-
miscible liquid)

Solid waste6

Solid waste6

Soil, sediment

Waste (solid,
water-

CH2CI2

CH2CI2

1:1
acetone:
CH2CI2

Hexane
sonication

None

None

GPC
Florisil
(S removal)

H2SO4)
Diol cartridae

PGC/EIMS

HRGC/EIMS

Dual-column,
wide-bore
HRGC/ECD

Dual-column,
wide-bore

No

No

No

Ye

D4059-91

EPA (oil)

Insulating
liquids

g
(S removal) HRGC/ECD

Dilute with Florisil slurry PGC/ECD
hexane or H2SO4) (PGC/ELCD)
isooctane (Florisil

column)

Transformer Direct (H2SO4) PGC/HECD
fluids or waste injection or (Florisil) PGC/ECD
oils dilute and (Alumina) PGC/EIMS

inject (Silica gel) (HRGC)
(GPC)
(CH3CN)

Yes

No

lA rea , 3-5 1221: 0.054 Yes EPA, 1990c
major peaks or ng/L (liq); 57.0
11 specified ng/kg (sol)'
peaks 1260: 0.9 ng/L

(liq); 70.0 fig/kg

NS 1221: 30 ng/L' Yes EPA, 1986
1254: 36u.g/U

NS NS Yes EPA, 1986

Average area 33.0 jig/kg Yes EPA, 1991a
of 3-5 peaks

Average area 10 mg/kg
of 3-5 peaks

Webb-McCall 2 ppm
or total area

Total area or 1 mg/kg
Webb-McCall

Yes EPA, 1983b

No ASTM, 1991

Yes EPA, 1981; Bellar
and Lichtenberg,
1981



Table 1. (Cont.)

Procedure

EPA (by-
products)

Matrix

Products or
wastes

Extraction

Several

Cleanup9

Several

Determination
Method"

HRGC/EIMS

Qualitative
Criteria

Yes

Quantitation
Method

Individual
peaks

NS

Limit of
Detection QC

Yes

Reference

Erickson, 1984

a Techniques in parentheses are described as optional in the procedure; GPC is gel permeation chromatography.
b Abbreviations: CGC, capillary gas chromatography; ECD, electron capture detection; EIMS, electron impact mass spectrometry; ELCD, electrolytic

conductivity detection; HRGC, high-resolution gas chromatography; MS, mass spectrometry; PGC, packed-column gas chromatography.
c Approximate values for four Aroclors; others are Aroclor 1242 = 0.31; 1232 = 0.48; 1221 = 15.0.
d No specific details.
e "Solid Waste" definition under RCRA includes water, soil, sediments, sludges, waste, and other matrices.
'Value is for Aroclor 1242 only in reagent water; multipliers of 10x for groundwater up to 100,000x for non-water-miscible waste are given in the

method.



A. Extraction

Reliable trace organic analysis begins with the quantitative extraction of the analytes
from the sample matrix. The general objective of an extraction technique is to separate the
analyte (e.g., PCBs) from the sample into a matrix that is more compatible with the rest of
the analytical procedure. The exact separation process is dependent on the physical and
chemical differences between the analyte and the matrix. Because they are nonpolar,
semivolatile compounds, PCBs are readily extracted from matrices such as water, but they
are difficult to extract from oil and other matrices in which they are readily soluble. As with
any partition scheme between two phases, PCB extraction relies on a favorable partition of
the PCBs from the sample matrix into the extraction matrix. The more favorable the partition
coefficient, the higher the extraction efficiency. Efficiency is also improved by repetitious
extractions.

B. Cleanup

The cleanup step in an analytical procedure removes other compounds that may
interfere with the determination of specific analytes such as PCBs. A cleanup takes
advantage of the different physical or chemical properties of PCBs versus interfering
materials to remove the unwanted constituents. The cleanup process may be expressed in
terms of enrichment, where the ratio of PCBs to interferents is increased. Ideally, a cleanup
reproducibly achieves 100% recovery of PCBs in one fraction, with the interfering compounds
relegated to other fractions.

The extent of cleanup required is dependent on the requirements of the determination
step. With a highly selective detector such as mass spectrometry (MS), less cleanup to
remove other chlorinated organics would be required than for electron capture detection
(ECD). On the other hand, low-resolution electron impact MS requires extensive cleanup to
remove the oil matrix components before determination of trace levels of PCBs, while ECD is
virtually blind to the components of a transformer oil matrix, and little cleanup is required.

C. Determination

All analytical methods are designed to determine whether the analyte is present, how
much analyte is present, or both. The identification and quantitation are generally
accomplished in the same step. This determination step is the foundation of any method,
around which all other steps (cleanup, data reduction, QC, etc.) are centered. With PCBs, a
gas chromatographic separation is almost always an integral part of the determination
technique. The separation is accomplished by using either packed-column (PGC) or high-
resolution (capillary) (HRGC) techniques. The GC effluent is detected by using ECD,
electrolytic conductivity detection (ELCD), MS, and other detectors. Confirmation and
screening represent the two extremes of analysis; the former strives for the maximum
confidence in the results, and the other sacrifices confidence for speed and/or simpler
apparatus. Confirmation techniques are PCB analytical techniques that give additional,
complementary information about the PCB content of the sample. Examples include second-
column GC/ECD analysis and GC/MS analysis. Often overlooked is the need to confirm the
extraction and cleanup steps. A primary example of this issue was the report by the U.S.
Environmental Protection Agency (EPA) in 1990 that PCBs were destroyed in soil under
ambient conditions by the addition of quicklime (calcium oxide) and fly ash. Further
investigation by the EPA and others (Einhaus et al., 1991; Hughes et al., 1992) indicated that
the initial field observation could be attributed to incomplete extraction of the PCBs from the
pozzolanic matrix by using the routine Contract Laboratory Program (CLP) method and that
the initial confirmation in the laboratory (Appendix A in Einhaus et al., 1991) could be
explained by evaporative losses of the PCBs because of the heat and steam generated by the
lime hydration.



Screening methods include abbreviated GC/ECD analyses such as those found in
EPA's Field Screening Methods Catalog (EPA, 1988a). The objective in these methods is
to sacrifice some (occasionally too much!) data quality for rapid analysis. In some matrices,
PCBs are likely to be the only source of chlorine, and various organohalogen screening
techniques (Chlor-N-Oil, total organic halide by electrolytic conductivity or microcoulometry,
X-ray fluorescence) can eliminate negative (i.e., "no" PCBs) samples, which are often in the
vast majority. The recent introduction of enzyme immunoassay methods is particularly
promising in that they are PCB specific. Preliminary information indicates that they are
sensitive down to the very low ppm range and that their precision and accuracy compare
favorably with those of routine GC/ECD analysis. Efforts are underway by the vendors to
obtain EPA acceptance for the technique.

D. Data Interpretation

I. The Importance of Proper Qualitative Data Interpretation

The qualitative aspects of the analysis are all too often overlooked. Especially with
complex mixtures of PCBs, differences in the qualitative assessment of a sample can
dramatically affect the number of peaks quantitated. Qualitative assessment of results
depends to a large extent on sample type. For samples in which the presence of PCBs has
been well established (e.g., human adipose tissue), the qualitative burden is not nearly so
great as for samples in which PCBs are not expected. Despite the importance of properly
identifying PCBs and the efforts of analytical researchers as reviewed below, we still find that
qualitative interpretation of PCB data is highly subjective, open to analyst bias, and
inadequately addressed in standard methods and other instructions to analysts. For
example, the EPA CLP for Superfund site cleanup uses unpublished scopes of work for its
contractors. The Statement of Work for Organic Analysis, Multi-Media, Multi-Concentration
(EPA, 1991a) gives no PCB-related qualitative guidance. A companion Statement of Work
for Organic Analysis, Multi-Media, High-Concentration (Section 6.1 of Exhibit D, GC/ECD
Analysis of Aroclors and Toxaphene; EPA, 1988b) is more forthcoming:

Aroclors and toxaphene present special analytical difficulties. Because
of the alteration of these materials in the environment, it is probable that
samples which contain Aroclors or toxaphene will give similar but not identical
patterns as Aroclor or toxaphene standards. Thus, identification requires
visual inspection of an on-scale pattern. The pattern may be brought on-scale
either by diluting the sample and reinjecting or by replotting the chromatogram
stored in a laboratory data system.

The choice of the peaks used for quantitation and recognition of those
peaks may be complicated by the alteration of the Aroclors and toxaphene and
by the presence of coeluting analytes and/or matrix interferences ....

The more highly chlorinated components of the Aroclors and toxaphene
are more stable in the environment. Therefore, the analyst should emphasize
the later eluting peaks of a pattern in identifying analytes when weathered
Aroclors or toxaphene are detected.

I have seen this advice taken literally in the extreme by a laboratory where
Aroclor 1260 was identified, quantitated, and reported on the basis of a single broad peak late
in the chromatogram, generally about 2 cm wide and less than 1 cm high. The EPA's guidance
for analyses under the Resource Conservation and Recovery Act (RCRA) is vague
[Section 7.6.5.2 of Method 8080 in "SW-846," EPA, 1986; reissued as Method 8O8OA (EPA,
1990a); similar text in Method 8O8OB (EPA, 1990b) and the capillary column method, 8081
(EPA, 1990c)]:



PCB residues are quantitated by comparison to one or more of the
Aroclor materials, depending on the chromatographic pattern of the residue. A
choice must be made as to which Aroclor or mixture of Aroclors will produce a
chromatogram most similar to that of the residue. This may also involve a
judgment about what proportion of the different Aroclors to combine to produce
the appropriate reference material.

The above-cited text creates confusion, error, and consequently uninformed judgments
by data users because of its lack of specificity, its assumption that all PCB patterns must
resemble that of an Aroclor, and its lack of guidance on anything but the simplest examples.

The cleanup and determination techniques used to generate the data also dictate the
level and type of data assessment needed. The PCB-specific methods reduce the probability
of interference and ease the qualitative burden. In some cases, the cleanup involves a rather
specific liquid chromatographic separation that separates PCBs from most organochlorine
pesticides and other potential interferences. In addition, the use of specific GC detectors
(ECD, ELCD) reduces the probability of interferences and increases confidence in the
identification. Better still, MS provides spectra of the eluent that can be compared with those
of authentic compounds to further increase confidence in the identifications. The retention
time of the unknown should match that of a standard or at least be within a PCB window.
HRGC gives much more precise retention times than PGC and increases qualitative
confidence. In the case of samples contaminated by commercial mixtures (e.g., Aroclor), the
pattern of chromatographic peaks often resembles the pattern of a standard. This visual
pattern recognition has been a common qualitative technique in residue analyses, especially
when PGC/ECD is the analytical procedure.

For many analyses, qualitative identification of PCBs is trivial. For example,
transformer oil samples will most assuredly have a characteristic PCB pattern that matches
an Aroclor in sample after sample. In cases where the presence of PCBs as an Aroclor or
other predicted pattern is less likely, the qualitative criteria should be established before the
analysis, generally as part of the quality assurance (QA) plan. To some extent, qualitative
criteria are controlled by external factors such as economics, politics, and organizational
policy. For example, a regulated 'ndustry may set relatively low qualitative criter \ so that
samples even suspected of containing PCBs will be properly discarded. In addition, if
confirmation of suspected PCBs in a waste is more expensive than disposal, then further
analysis is clearly not warranted; the waste is simply labeled "PCB-contaminated" and
shipped off for disposal. Not only should the qualitative criteria establish limits (retention
time windows, ion ratios, etc.), but they should direct the analyst to alternate courses of
action (consult supervisor, confirm by alternate technique, analyze by standard addition, etc.).

2. Quantitation: Calculation of Concentrations

The applicability of the different quantitation techniques depends on the analytical
technique, the PCB concentrations, the consistency of the PCB pattern within a sample set,
and the analytical objectives. HRGC permits identification and quantitation of individual
congeners, while PGC is generally limited to reporting either an "Aroclor" concentration or a
"total PCB" concentration. If MS is used as the detector, the different homologs are readily
discernible, and concentration by homclog is often reported. If the PCB pattern is consistent
with that of a commercial mixture (e.g., transformer askarels), quantitation of GC/ECD data
against a known quantity of Aroclor may be appropriate and can yield satisfactory data. This
approach must be used with increasing caution as the chromatographic pattern diverges from
that of the standard. The objectives of the data user also affect the appropriateness of the
quantitation techniques. A study of selective degradation of congeners in an Aroclor mixture
would require quantitation of individual peaks, while analysis of a waste to determine
disposal requirements might require only a total PCB quantitation.



The analyst employing PGC/ECD for trace environmental samples will probably obtain
the best results by using the Webb-McCall (1973) technique. The best technique for
quantitation of environmental samples by using HRGC/ECD is not as clearly defined. "Total
PCB" values may be obtained by integration of all of the peaks, using the response faciors
generated from an Aroclor cocktail. The approach of quantitating only a selected few
"diagnostic peaks" may be appropriate for some applications, if the PCB patterns are similar
and the approach is thoroughly validated. For regulatory cutoff analyses, the approach used
in many European regulatory methods where six to nine specific, diagnostic congeners are
quantitated appears to be both reasonable and expedient.

If the PCB pattern closely resembles that of the commercial mixtures (e.g.,
transformer oils), quantitation against an Aroclor standard, either by total area or by the area
of selected peaks, may be appropriate. These analyses are often automated to reduce the
labor costs; nevertheless, the analyst must review the data and employ appropriate QC
measures to monitor the data quality.

When the PCBs are present at sufficient levels, when chlorinated interferences are
present at significant levels, or when the situation demands additional qualitative confidence,
electron impact mass spectrometry (EIMS) should be used as the GC detector. V/ith mass
spectral data, PCBs are most often quantitated by homolog, generally with only one
calibration isomer per homolog. The added information of congener-specific quantitation may
be obtained as for HRGC/ECD data; that is, the response factors and retention times for each
congener of interest are obtained with authentic standards.

Regardless of the quantitation technique employed, it should be described in detail or
adequately referenced in the analysis report or publication. Data reduction can be a
significant or even major source of analytical error. Thus, the analyst must document this
step with the same detail as is customary for instrumentation and procedure.

Two EPA standard method series, CLP and SW-846, account for many of the routine
analyses requested in the United States. The EPA's guidance for analyses under RCRA is
vague [Section 7.6.5.2 of Method 8080 in "SW-846," EPA, 1986; reissued as Method 8O8OA
(EPA, 1990a); similar text in Method 8O8OB, (EPA, 1990b) and the capillary column method,
8081 (EPA, 1990c)]:

Quantitate PCB residues by comparing total area or height of residue
peaks to total area or height of peaks from appropriate Aroclor(s) reference
materials. Measure total area or height response from a common baseline
under all peaks. Use only those peaks from sample that can be attributed to
chlorobiphenyls. These peaks must also be present in chromatogram of
reference materials. Mixture Aroclors may be required to provide best match
of GC patterns of sample and reference.

However, Methods 8O8OB and 8081 permit optional quantitation by comparing the
responses of three to five major peaks in each appropriate Aroclor standard with those of the
peaks obtained from the chlorinated biphenyls in the sample extract. The amount of Aroclor
is calculated by using each of the major peaks, and the results of those three to five
determinations are averaged. Major peaks are defined as those peaks in the Aroclor
standards that are at least 30% of the height of the largest Aroclor peak. Later eluting
Aroclor peaks are generally the most stable in the environment.

I have seen data generated by using this approach in which major differences (over a
factor of ten) among the quantitations of the five major peaks were observed. On review of
the chromatograms, the PCB patterns did not closely resemble Aroclors, yet the analysis
report did not reflect that fact. On face-to-face interview, the analysts clearly knew that the



fit was poor and that the quantitation was in error by well over 100%, but they had not passed
that information on to the user. Quantitation guidance like that in Method 8O8OB should
direct the analyst either to not report erroneous quantitations or at least to qualify the
reported values in accompanying text.

In the capillary column method (8081), the EPA (1990c) provided a third quantitation
option: "For samples where Aroclor patterns are not apparent, but appear to contain
weathered PCBs, several diagnostic peaks have been identified [in a table]. Analysts should
examine chromatographs [sic] containing these peaks carefully, as these samples may
contain PCBs."

The table in the method identifies 11 peaks by retention times on the two method-
specified columns, specifies the peaks in which the Aroclors are found, and compares the
elution of the Aroclors to that of selected pesticides. No indication of relative ratio, congener
composition of the peaks, or composition in Aroclors was provided. No further guidance is
given on quantitation of the peaks or whether the summed value is to be reported.

The EPA CLP for Superfund site cleanup uses unpublished scopes of work for its
contractors. The Statement of Work for Organic Analysis, Multi-Media, Multi-Concentration
(EPA, 1991a) also contains only vague guidance similar to that provided in SW-846.

Transformer oils must often be analyzed to comply with regulations regarding their
use and disposal. The objective in the United States has been to classify the oil as "PCB-
containing" if it contains over 500 ppm PCBs and as "PCB contaminated" if it contains
50-500 ppm PCBs. Thus, quantitation has focused on deriving a "total PCB" concentration.
Transformer oil analysis is relatively simple, because the sample matrices are relatively
consistent, and unmodified Aroclor patterns are almost always observed. Thus,
sophisticated analytical techniques have not generally been necessary. In addition, rapid
results from on-site laboratories have often been desired.

The EPA (Bellar and Lichtenberg, 1981; EPA, 1981) has issued an analytical method
for PCBs in transformer fluid and waste oils. If the parent Aroclor is identifiable, it may be
used as the standard for quantitaticn. If the parent Aroclor is not apparent, the analyst is
directed to calculate the concentration according to the procedure of Webb and McCall (1973).
The concentrations of the PCBs in each peak are determined individually. These
concentrations are then added together to determine the total PCB content of the sample.
Each PCB identified in the sample must be included in these calculations.

E. Quality Assurance

Emphasis on QA in chemical analysis has increased dramatically in the past few
years with the realization that data of unknown quality are virtually useless. The terms
"quality assurance" and "quality control" have often been used interchangeably or without
discrimination (i.e., "QA/QC"). Quality assurance is generally defined as the program or
structure within an organization that plans, designs, and monitors the QC procedures and
affirms the data quality in reports. Quality control is the term used to describe the activities
in the QA program that control errors and define the data quality.

The QA program for a given laboratory, if it is already in place and operational, should
need little adjustment for analysis of samples for PCBs. The QC, however, must be tailored
not only to the general considerations discussed in this paragraph, but also to the analytical
peculiarities of PCBs discussed in this article. The first step in planning a QC program is to
establish the data quality needed by the end user. At this point, the analyst and user must
agree (or at least compromise) on the data quality objectives, specifically the degree of
qualitative confidence, the limit of detection, the data confidence level (i.e., precision and



accuracy), the validity of the method, and the amount of QC needed. Next, the analyst must
design the QC program to fit these needs in the context of the analytical program. Finally,
the analytical program is conducted. During this last phase, execution of all plans for QC is
critical. The analyst must insert appropriate blanks and replicates. The QA staff must
conduct audits. Management must insist on timely QA/QC reports so that corrective action
can be taken. Last, and most importantly, the QC data and a data quality assessment should
accompany the analytical report so that the user will know the data quality. The vast
majority of the PCB publications omit the last step, forcing the reader to speculate on the data
quality.

Since PCBs generally occur as complex mixtures of analytes, special QC measures
must be considered. The PCBs used for calibration of the analytical instrument may be a
mixture (e.g., Aroclor 1254) similar to that found in the samples or a group of individual
congeners. Any realistic option is a compromise from calibration with all 209 congeners.
Thus, an estimate of the error induced by the compromise should accompany the data.

Because of the complexity of the data, special precautions should be taken to assure
both the qualitative and quantitative aspects. Many quantitation techniques involve summing
the calculated response or concentration fcr many individual PCB peaks to yield a total PCB
value. Any systematic error replicated through several quantitations could result in a
magnified error in the reported result. The complexity of the calculations also increases the
chance of calculation and transcription mistakes.

II. PROCUREMENT AND EXECUTION OF PCB ANALYSES

Section I described the technical aspects of PCB analyses and discussed many of the
issues the requester must consider in order to request the proper PCB analysis for his/her
needs. This section focuses on how PCB analyses are procured and executed.

A. Responsibilities of the Requester

The requester must be sufficiently knowledgeable about both the overall problem and
the PCB analysis to communicate a request to the analyst. In many cases, the general
background of the problem (site conditions, regulatory background, sample origin, etc.) is
important to the analyst. In all cases, the target analytes ("all" PCBs, Aroclors, the specific
congeners, etc.), the specific method, any regulatory reporting cutoff, the required limit of
quantitation, custody requirements, QC requirements, reporting requirements, and the
schedule will be needed by the analyst. The end use of the data is important to planning the
type of analysis and the level of data reporting. I have frequently heard analysts discuss the
importance of a set of samples with respect to "this may be used in court," which is
unfortunately true all too often. Conversely, many analyses that are presented in court are so
poorly documented that their utility is seriously eroded and the laboratory is perceived poorly.
The detailed checklist presented in Table 2 may be modified as needed for specific
organizations, projects, and samples.

B. Responsibilities of the Analyst

The analyst must ensure that he/she is sufficiently familiar with the sample(s) to
conduct an appropriate analysis. Ask questions. If any of the information listed in Table 2 is
not supplied by the requester and it could assist you in performing the analysis, ask for it.
Communicate with the requester to clarify analytical objectives.

It is important that the analyst communicate anticipated problems at the outset. For
example, if meeting the requested detection limit will be a challenge, let the requester know,



Table 2. Analysis Planning Checklist

SAMPLE HISTORY
General background on the problem

- Site conditions
Regulatory background

- Sample origin
Safety issues (cq-contaminants such as radionuclides or biohazards dramatically
affect the execution and cost of analysis)
Data use

Regulatory compliance
Litigation
Other

ANALYSIS REQUEST
Number of samples
Receiving and storage requirements

Special handling considerations
Temperature

Room
Cold room (4*C)
Frozen
Other

- Custody requirements
- Target analytes

*A11" PCBs
Aroclors
Specific congeners
Other

Required method
Limit of quantitation requested (specify units)

- Applicable regulatory reporting cutoff
- QC requirements (note any deviations from standard method or develop in

conjunction with analyst)

REPORTING REQUIREMENTS
- Report results as

Total
Aroclor
Homologs
Individual Congeners
Other (specify)

- Reporting units (Hg/g, Hg/L, etc.)
Reporting basis (dry weight, lipid basis, etc.)
Supporting documentation (specify format and order or defer to standard method)

Case narrative or other text
Forms
Chromatograms
Notebook pages
Chain-of-custody records

SCHEDULE
Date (and mechanism) of sample arrival at laboratory

- Date analyses are requested (do not request preliminary, unverified results via
phone)

- For large jobs, divide into batches and determine schedules for batches

COST
Per sample costs

- Additional costs for data packages, etc.
- Premium cost for expedited analyses
- Additional costs for data interpretation to users (e.g., testimony at trial)



so he/she is aware that there is some risk of not meeting the request. With complex,
unusual, or previously unencountered matrices, communication is vital to ensure that matrix
interferences (including PCB binding that precludes efficient and complete extraction) are
known in advance and that the analysis can be planned accordingly.

When the analyses are reported, the analyst must document and report all deviations
from the method and unexpected observations that may be of significance to the data user.
It is especially important to discuss the data quality, since many data users are not
sophisticated enough to interpret the QC information (when it is provided) or to understand
the inherent limitations of the method. Even when it is not specifically requested, it may be
an advisable policy to provide a brief written explanation ("case narrative" in the terminology
of some standard methods) of the analysis, results, and data quality.

To ensure success, the analyst must plan the analysis (e.g., availability of supplies,
facilities, staff, and instruments when needed), schedule the analysis to meet the requester's
due date (preferably including a buffer for unanticipated problems and delays), take
appropriate corrective action on problems encountered during the analysis, and communicate
with the requester when problems arise.

C. Procurement of PCB Analyses

1. Specification of Requirements

The requester must first determine analyses to be requested, including the information
listed in Table 2. The request must then be developed into a scope of work for a formal
procurement or an analysis request for a less formal procurement. Where appropriate, this
information must be communicated to the procurement organization.

2. Selection of a Laboratory

Whether the procurement is formal or informal, the selection of the laboratory must be
based on predetermined criteria. Cost is always a major consideration, but it should never be
the only consideration. The stated ability to meet the analysis request should be verified,
preferably by verbal communication between the analyst and requester (i.e., the technical and
not the contracting parties). If the organization is unfamiliar, investigate its reputation,
capabilities, and history through references, professional contacts, and inquiries to the
laboratory itself.

3. Selection of a Customer

Laboratories should screen potential customers for both technical and business
factors. If the customer cannot adequately articulate the analysis request and schedule, the
laboratory can anticipate trouble with the analysis. If the request is beyond the laboratory's
capabilities, the work should not be accepted. The laboratory must know and accept the final
use of the data to avoid conflict of interest. The customer's history and capability to pay for
the work should be investigated.

4. Execution of a Contract

Whether a formal contract or an in-house analysis is requested, the parties need to
agree on all factors concerning the analysis. These should be specified as fully as possible to
avoid later disputes. When a contract for the analysis is in place, it may be changed as
needed during the course of the analysis subject to agreement by both parties. As always,
communication and documentation are critical to a successful analysis.



5. Contract Management

Once the parties agree to the contract, the work begins, The key to successful
management (from the requester's viewpoint) and execution (from the analyst's perspective)
is communication. Problems, schedule changes, delays, potential overruns, etc. need to be
communicated between the parties in a timely fashion and resolved before they get out of
hand.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily, state or reflect those of the
United States Government or any agency thereof.


