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Polychlorinated biphenyls (PCB's) have been recognized and
well documented as global pollutants. An excellent summary of
the distribution of PCB's in the global ecosystem has been pre-
pared by RISEBROUGH (1968), and a bibliography covering PCB
investigations from 1881 to 1971 has been compiled by QUINBY
(1972 for the Oak Ridge National Laboratory.

Despite this history of investigations, the analytical
quantitation of PCB's is still largely a matter of approximation.
Gas chromatography, the most common analytical procedure for
these compounds, is hampered by the lack of primary standards of
individual PCB components. PCB's have most often been quanti-
tated by measuring peak hejights of prominent GLC peaks, as
RISEBROUGH (1969), ZITKO (1971a), and HANSEN (1971), or by mea-
suring total area of all PCB peaks as ARMOUR and BURKE (1970)
have; and relating these to a suitable standard PCB mixture,
such as Aroclor 1254 or 1260, This method may work in some
cases as it did for SKRENTNY (1971), but it has severe short-
comings.

If the material being analyzed for PCB's contained only one
particular Aroclor, such as 1254, and if the chromatogram of the
sample matched that of Aroclor 1254, then measurement of peak
heights or peak areas would be satisfactory in the quantitation
procedure, Unfortunately, the samples we have been analyzing
(fish and fish products) often contain widely varying mixtures
of PCB's, and unless the chromatograms match those of a readily
available standard, such as one of the Aroclors, an accurate
quantitation of the chromatograms is very difficult. Even in
cases where a specific Aroclor is fed to an experimental animal,
KOEMAN (1969) and MULHERN (1971) found that the profiles of the
PCB's retained often do not match those of the original Aroclor.

This in itself, would not be a problem except that, as re-
ported by ZITKO (1971b), and as substantiated by us, the GLC re~-
sponse is not constant for the variously chlorinated isomers
found in a PCB mixture. As a result, the values found when ana-
lyzing for PCB's can vary by a considerable amount depending on
which Aroclor, or mixture of Aroclors, is used as a standard.

The purpose of this paper is to (a) illustrate the problem
created by samples containing mixtures of PCB's not readily com-
parable to a particular Aroclor; (b) to present some figures to
illustrate, in numerical terms, the effect that the choice of
standards has on the final result; and (c¢) to offer as a solution
to the problem the use of standards of mixed Aroclors. For this
reason, a detailed section on Standards has been included in the
following section.
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METHODS

Extraction and Cleanup

Samples were extracted into hexane and cleaned up on a
Florisil (PR grade)* columm, as reported by REINERT (1970).
Elution from Florisil with neat hexane effected better cleanup
than that achieved with the mixed solvent described by Reinert.

PCB Separation

PCB's were separated from DDT and its analogs by means of a
silica gel column according to the method of REINERT (1971) with
a slight modification. Reinert recommended using completely
anhydrous silica gel activated at 200°C for 8 hours prior to use,
but treating the silica gel this way resulted in the recovery of
only 30-40% of the PCB's. Activation for 17 hours and addition
of 2% H,0 by weight to the activated silica gel gave 85-100%
separation of PCB's and pesticides.

Chromatography Conditions

A Wilkens 600D gas chromatograph with a tritium detector
and a 5'x 1/8" silanized glass column containing equal parts of
10% DC-200 on 80/100 mesh Gas-Chrom Q** and 15% QF-1 on 80/100
mesh Gas-Chrom Q** was used for quantitation. Column temperature
was maintained at 195°C by a Varian Aerograph 328A Isothermal
Unit. Injector temperature was 240°C and the N, gas flow
50-60 ml/min.

Quantitation

The choice of appropriate mixed standard was made by visual
comparison of gas chromatograms of the extract from the sample
and of varying proportions of PCB standards. Quantitation was
achieved by cutting out the chromatograms and weighing them on
an analytical balance. Such an integrated measurement of total
peak area offers the best possibility at present of compensating
for the differences between a sample containing most of a par-
ticular Aroclor (some components having been either lost or
differentially metabolized) and a standard of that particular
Aroclor.

Standards

A detailed description may prove useful. Once separate
standards of Aroclors 1254 and 1260 had been prepared, mixtures
of the two were prepared at increments of about 10% in Aroclor
1260 content. The total (1254 + 1260) concentration for each mix-
ture was kept approximately equal so that the chromatograms could
be compared easily and an assessment could be made of the changes

*Mention of trade names and specific companies does not imply
endorsement
**Prepared by Applied Science Laboratories, Inc., State
College, PA
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in total peak area with the changes in Aroclor composition.
Figure 1 illustrates the change in total peak area as the com-
position of the standard changes.

Once all the mixed standards had been run on the GLC, the
chromatograms were cut out, weighed (to give Figure 1), and
placed in a reference file. This allowed the GLC operator to
match rapidly the profile obtained from a sample with that of
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Figure 1. Dependence of total peak area on the relative
amounts of Aroclors 1254 and 1260 in a mixed standard.
otal peak area = g paper/mg. PCB's injected).

the appropriate mixed standard. It was then relatively easy

to make several appropriate dilutions of the mixed standard to
obtain a standard curve. The same procedure can also be used for
preparing mixed standards of other Aroclors, such as 1242 and
1254. Mixed standards of three or more Aroclors are feasible but
obviously more complicated,

RESULTS AND DISCUSSION

Figure 2 illustrates the problem created by samples contain-
ing mixtures of PCB's not readily comparable to a specific
Aroclor. Chromatograms of extracts of menhaden (Brevoortia
tyrannus) meal, channel catfish (Ictalurus punctatus), and silky
shark (Carcharhinus falciformis) liver*** are placed to indicate

#%*From the laboratory of Dr. George Harvey, Woods Hole
Oceanographic Institution
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Figure 2. Gas chromatograms o Aroclor standards and three
fishery products. Single vertical line represents solvent peaks.
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the approximate composition in terms of Aroclors present.
Although the chromatograms are somewhat crowded on the page, it
can be seen that neither the channel catfish nor the silky shark
can be quantitated as Aroclor 1254 or 1260. The profiles more
closely resemble those of the mixed Aroclors.

The table illustrates what happens when a sample is quanti-
tated by Aroclors 1254, 1260, and various mixtures of the two.
The asterisks indicate the best approximation of the true values
as calculated by the standards judged most similar in profile to
the samples. If one were to plot the values with the changing
compositions of the standards, the curves would resemble those
of Figure 1. Both Figure 1 and the table illustrate the fact
that the selection of a standard can alter the analytical values
by more than a factor of 2. 1In the case of the channel catfish,
it can be seen that the standard one chooses for quantitation
could determine whether or not it is over the 5.0 ppm temporary
tolerance proposed by FDA for fish.

SUMMARY

A study was made of the problems encountered when the chro-
matogram of a sample being analyzed for PCB's via GLC cannot
readily be compared to a particular Aroclor standard. The use
of mixed Aroclor standards was proposed and a study made of the
effect of mixed standards on the analytical results. It was
found that the choice of & standard could alter the values by
more than a factor of 2. 1In addition, the particular mixture
used as a standard should be reported along with resulting
values.
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