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Isomer-specific biological monitoring of polychlorinated
biphenyls
by Marita Luotamo, MSc 1

Polychlorinated biphenyls (PCB) are ubiquitous in
the environment. People may be exposed to PCB not
only at work or in connection with accidents, but also
through the environment. Since different exposures
may be of different toxicologic significance, it is im­
portant to pinpoint the source and specific type of ex­
posure.

There are, in all, 209 different homologues and iso­
mers of PCB; up to 100 components may be detected
in commercial PCB mixtures. There are several com­
mercial PCB products, eg, Clophen A30, A50 and
A60, Aroclor 1224, 1232 and 1264, etc, with different
levels of chlorination (1, 6, 9) and different isomer
compositions (6). In biological specimens the peak
pattern usually differs from that of the commercial
products because different isomers undergo variable
biotransformation and elimination in the organism.
The quantitation of PCB in biological material is there­
fore complicated, and several approaches to this prob­
lem have been adopted (3, 7, 12).

The primary objective of this study was to develop
an isomer-specific analytical method for measuring
parts-per-billion levels of PCB in human serum. The
direct assessment of human exposure to PCB was made
through analyses of blood and adipose tissue samples.

Materials and methods

The material included 200 serum samples for the as­
sessment of the environmental background level of
PCB among workers not known to be exposed to PCB
at work or through accidents. More than 100 PCB ac­
cidents have taken place in Finland since 1982 (ex­
plosions, fires, leaks, etc), and PCB concentrations in
serum samples of workers have been monitored in
more than 30 accidents. Occupational exposure to PCB
was similarly assessed in capacitor manufacturing
(seven years after the exposure, N = 42), in capacitor
paper manufacturing, and in cleanup work after acci­
dents.

After purification the serum samples were analyzed
with capillary gas chromatography. All the analyses
were done with an HP 5880A gas chromatograph
(splitIess injection, silica capillary column OV-1701,
temperature programming, electron capture detection).
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It is very important to use pure isomers as standards
because the detector response for different chloro­
substituted PCB may differ by more than 50-fold (4).
To verify the identity of the PCB isomers, mass spec­
trometric analyses were also done using multiple ion
detection (Luotamo et ai, in preparation).

The different sources of exposure (occupational, ac­
cidental, and environmental) could be separated with
a pattern recognition method (soft independent mod­
eling of class analogies, SIMCA) for classification (8,
10). For the classification analysis 35 different serum
PCB specimens were used (occupational, accidental,
and environmental exposure) (3).

Twenty-five different PCB isomers on the di-, tri-,
tetra-, penta-, hexa-, and heptachlorination levels were
used for gas chromatographic (electron capture) quan­
titation. Up to 60 additional isomers were used in gas
chromatographic-mass spectrometric identification (3,
4, Luotamo et aI, unpublished). The quantitation was
isomer specific (4).

Results and discussion

Biological monitoring of polychlorinated biphenyls
in serum

The summated concentrations of 12 lower chlorinated
PCB isomers in serum have been used for the routine
biological monitoring of PCB. The reference limit for
an unexposed person was set at < 3 ug/I [mean 0.7
(3 SD 0.52) jlg/l] (4, 5).

In three of the more than 30 accidents, the mean
serum PCB concentrations exceeded 15 ug/l, in five
accidents it exceeded 10 ug/I, and in 14 accidents the
serum PCB concentrations exceeded the reference
value of 3 ug/I for the general population.

The most severe capacitor accident occurred in a
paper mill in 1982. Over 100 I of a commercial PCB
product (Clophen A30) was involved in a fire in the
electricity room, and the plant was partly contaminated
through the ventilation system (2). A group of 15work­
ers was heavily exposed, and 150 workers were at risk
to become exposed. Serum specimens were collected
from the exposed workers immediately after the acci­
dent and one day, one week, two weeks, one month,
six months, and one year after the accident. Imme­
diately after the accident, PCB concentrations of up
to 50 ug/l of serum were measured. All the elevated



serum PCB concentrations were reduced to the "nor­
mal" level of < 3 ug/l within one month. After the
accident serum specimens were also collected from the
150 workers who were potentially exposed. In the
analysis of the samples an apparent excess exposure
was detected only at the group level [mean 1.2 (SD
0.74) Ilg/l] (5).

For a comparison of the different types of exposure,
samples were also analyzed from workers engaged in
capacitor manufacturing seven years after the cessa­
tion of exposure (geometric mean 6.4 ug/l, 95 070 con­
fidence limits 0.9-44. I ug/l, N = 42), from workers
engaged in capacitor repairing (geometric mean 0.7
ug/I, 95 070 confidence limits 1.0-4.0 ug/I), from
workers manufacturing capacitor paper (geometric
mean 5.5 ug/l), and from workers cleaning up after
PCB accidents (geometric mean 1.0 ug/I, 95 070 con­
fidence limits 0.5-2.0 ug/l). All these analytical results
pertained to the lower chlorinated PCB (di- to penta­
chlorinated isomers, 12 altogether), which correspond
to the commercial PCB product (Clophen A30) most
widely used in Finland and which are comparable with
the lower chlorinated isomer category of Wolff et al
(I I). The workers could clearly be classified according
to the likely type of exposure (occupational, accidental,
or environmental) (4).

Isomer-specific analytical method

The results of the isomer-specific analysis of PCB in
human serum showed characteristic differences
between the types of exposure. Three trichlorinated iso­
mers were found in the environmentally exposed group
(2,5,2',2,4,4', and 3,4,2' at the level of 0.037-0.088
ug/I). In accidental exposure the concentrations of
these isomers were 10- to 20-fold higher, and in occu­
pational exposure 4- to 50-fold higher, the main com­
ponent being 2,4,4'. According to Wolff et al (12)
2,4,4'-trichlorinated biphenyl was the main component
of trichlorinated PCB in the plasma of workers in
capacitor manufacturing. Three tetrachlorinated iso­
mers (2,3,2'5', 2,4,3'4', and 3,4,3'4' at the level of
0.003-0. I 28 ug/I) were found in the unexposed
group. In accidental exposure the concentrations of
these isomers were 5- to 220-fold higher (main com­
ponent 2,4,3'4') and in occupational exposure 1- to
340-fold higher (main component 2,4,3'4'). According
to Wolff et al (12) the two main components in the
plasma of workers in capacitor manufacturing were
2,4,5,4'- and 2,4,3'4'-tetrachlorinated biphe~yl. Only
one pentachlorinated isomer was found in the group
of unexposed workers (2,4,6,3'5' at the level of 0.014
ug/I) of the present study, whereas in accidental ex­
posure five more isomers were detected. In the study
by Wolff et al (12) several pentachlorinated isomers
were found, the main components being 2,4,5,2'4'-,
2,4,5,3'4', and 2,3,4,2'5'-pentachlorinated biphenyl.
Four different hexachlorinated isomers (2,2'3,3'6,6',
2,2'4,4'5,5',2,2'3,4,4'5', and 2,3,3'4,4'5 at the level

of 0.078-3.363 ug/I) were found in each of the ex­
posure groups of the present study. The differences
in the concentration of these isomers between acci­
dental and occupational exposure were not great, how­
ever. Wolff et al (12) found six hexachlorinated iso­
mers (among them 2,2'4,4'5,5'-, 2,2'3,4,4'5'-, and
2,3,3'4,4'5-pentachlorinated biphenyl). In the present
study two heptachlorinated isomers, 2,2'3,4,4'5'6' and
2,2'3,3'4,4'6 at the level of 0.016-1.424 ug/I, were
detected. The 2,2'3,4,4'5'6- and seven other hepta­
chlorinated isomers were found in the plasma of work­
ers in capacitor manufacturing by Wolff et al (12). Pre­
liminary results indicate that runs from gas chroma­
tography with electron capture and gas chromatogra­
phy-mass spectrometry are in agreement, with some
exceptions (Luotamo et ai, in preparation).

In Finland the most widely used commercial PCB
product has been Clophen A30, which consists of di­
to pentachlorinated isomers (1, 6). It was shown that
elevated serum concentrations of specific isomers of
different chlorination levels are typical for the different
sources and types of exposure. The method presented
enables one to detect exposure which is in excess of
that from the general environment and to trace its
likely origin.
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