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Occupational exposure to polychlorinated biphenyls
in electrical workers. I Environmental and blood
polychlorinated biphenyls concentrations
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ABSTRACT Industrial exposure to polychlorinated biphenyls (PCBs) and internal dose were investi-
gated in 80 workers exposed for many years to PCB mixtures with a 42% chlorine content (Pyralene
3010 and Apirolio). PCBs were determined by liquid gas chromatography on samples taken from
workroom air, workroom surfaces and tools, the palms of the hand, and the blood of the workers.
In the workroom air samples, PCB concentrations ranged from 48 to 275 ttg/m3. All tested surfaces
and tools were heavily contaminated, with a range from 0-2 to 159 ,ug PCBs per cm2 of surface.
Considerable amounts of PCBs were detected on the palms of the hands of the workers (2-28 ,ug/cm2
of skin surface). In blood, total PCB concentrations from 88 to 1319 ,ug/kg were observed: com-
paring the blood concentrations of low and high chlorine content biphenyls, a significant difference
was found for the low-chlorinated biphenyl concentrations between workers currently exposed and
workers exposed only in the past. In groups of workers who were homogeneous as regards work area
and job, the PCB concentrations in the blood were closely correlated with the length of actual
occupational exposure to these compounds.
These findings led to the conclusion that absorption of PCBs in these workers had occurred

mainly through the skin, and therefore industrial preventive surveillance must take this route of
exposure into account. Since blood PCB concentrations appear to be correlated with the length of
exposure, PCB determination on whole blood may be used to monitor industrial and environmental
exposure to PCBs.

Polychlorinated biphenyls (PCBs) are compounds
characterised by long-lasting persistence in the en-
vironment; total cumulative world production of
PCBs has so far been estimated at around 1 million
tons.'
Commercial production of PCBs began in the

USA in 1929 and consumption increased continu-
ously until the early 1970s: the number of occupa-
tionally exposed people in the USA has been
estimated to be about 12000.2 In Italy industrial
production began in 1936 and in 1978 reached an
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output of about 5000 tons. In 1973 the following uses
of PCBs were recorded: 1230 tons for electric trans-
formers, 1430 tons for large capacitors, 290 tons as
plasticisers, and 70 tons as a fire-retardant in
plastics3; precise information about the number of
occupationally exposed workers in Italy is lacking,
but it probably exceeds several thousand.
The diffusion of PCBs in the environment has been

amply investigated in several countries,1 3 but few
data are available on the route of absorption and
internal concentrations of occupationally exposed
people.4-6 In Italy PCB concentrations in the en-
vironment and in food have been studied by Leoni
et a17 and by Vannucchi et al.8
We report the results of an investigation in two

plants on pollution of the working environment and
internal dose in workers using PCBs as a dielectric.
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Materials and methods

PLANTS AND POPULATIONS
Plant A produces electric capacitors filled with
mineral oils or polychlorobiphenyl mixtures as di-
electric fluid. A PCB mixture with 54% chlorine
(so-called "pentachlorobiphenyl") was used from
1949 to 1965 and subsequently substituted with
Pyralene 3010,* with a chlorine content of 42%
(so-called "trichlorobiphenyl") and the following
average compositions: 9% dichlorobiphenyls, 60%
trichlorobiphenyls, 30% tetrachlorobiphenyls, and
1 % pentachlorobiphenyls.
Capacitor manufacture involves threedepartments:
High-power capacitor department-Here all the

capacitors are impregnated by filling the casing with
the dielecti-ic fluid. Filling with PCBs is done in auto-
claves at around 70°C and lasts for several hours;
after cooling to 40-50°C the autoclaves are emptied
and the capacitors are taken out by hand. In this
department the high power capacitors are also closed
by welding, tested, and finished externally.
Low-power capacitor department-Here the low-

power capacitors are assembled, sent to dielectric
impregnation, and then closed, washed, tested, and
finished externally.

Electric "filters" department-Here the filters
(small capacitor systems used in electrical household
appliances) are assembled, sent to dielectric impreg-
nation, and finally closed, washed, tested, and
finished externally.

Sixty-seven workers (40 female, 27 male) were
examined: 48 were currently employed in these de-
partments, 16 had been employed there only in the
past (at least six months before the beginning of the
study), and three had always been employed in other
departments, where there was no direct exposure to
PCBs, except by occasionally passing through the
contaminated departments.

Plant B is an experimental centre: the work con-
sists of short circuit testing of high-power capacitors
filled with Apirolio,t a PCB mixture with 42% chlor-
ine. In this plant all workers (13 men) engaged on
capacitor testing were studied: they were exposed to
PCBs during handling of the capacitors contami-
nated with Apirolio, dispersed from explosions
sometimes caused by stress in testing.

EVALUATION OF PCB EXPOSURE AND
INTERNAL DOSE IN WORKERS
The mean age (± SD) and length of employment of
the 80 workers under study were respectively 37 ± 8
and 12 ± 6 years.

*Prodelec-France.

tCaffaro-Italy.

Sample preparation
Samples of air of the working environment were
passed through a Greenburg-Smith impinger con-
taining a mixture of diethylene glycol and diethylene
glycolmonobutylether (1:1 vol/vol). The solvent mix-
ture was repeatedly extracted with petroleum ether
(bp 40-60°C) and analysed for PCB content.

Samples from working surfaces in the environment
-that is, the work table, tools, and palms of the
workers' hands-were prepared by cleaning the
tested surfaces with a hexane-washed cotton wool
plug imbued with a mixture of petroleum ether and
acetone (4:1 vol): the plugs were afterwards extracted
with petroleum ether and analysed.

Samples of heparinised blood (5 ml) collected
with a glass syringe (washed with hexane) were added
to 10 ml of distilled water. The mixture was allowed
to stand for at least 15 min (during which time
hemolysis occurred) and was then repeatedly ex-
tracted with hexane (3 x 5 ml) in the presence of
magnesium sulphate. The hexane was dehydrated,
concentrated, and purified before analysis. Samples
of serum were treated in the same manner.

Determination ofPCBs
Sample cleaning and liquid gas chromatography
determination of PCBs were carried out using the
method of Armour and Burke9 as amended by the
Food and Drug Administration.10

Quantification was achieved by measuring the
areas of all the PCB peaks compared with the areas
of known amounts of a standard PCB mixture in
hexane. For samples with the simultaneous presence
of low and high chlorinated biphenyls, there was an
overlap in the chromatograms of the peaks attribu-
table to standard mixtures with 42% and 54%
chlorine: since in a standard mixture with 42%
chlorine the ratio of the highest peak and the last
detectable peak is 100:5, all the peaks in the over-
lapping region with a ratio greater than 100:10 were
attributed to the mixture with 54% chlorine. Low
and high chlorine content peaks are expressed as
TRI-CB and PENTA-CB respectively.
Some chromatographic peaks obtained from

blood samples were attributed to PCB compounds
after confirmation with mass-spectrometry.

Results

PRESENCE OF PCBS IN THE ENVIRONMENT
Airborne concentrations of PCB in the three depart-
ments of plant A where PCBs are used are shown in
table 1. The PCBs detected in the air samples showed
the typical gas chromatographic pattern of a tri-
chlorobiphenyl mixture, without any enrichment of
higher chlorine compounds. Concentrations in the
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Table I PCB concentrations in air of workrooms
in plant A

Department Trichlorobiphenyl compounds (gg/m3)

Mean Range

High-power capacitors 154 80-255
(4 samples)
Low-power capacitors 193 149-275
(3 samples)
Filters 59 48-70
(2 samples)

capacitor departments were similar to each other
but lower concentrations were found in the filters
department.

Table 2 gives the results obtained from PCB
determinations on workroom surfaces and tools.
The PCBs detected showed the gas chromatographic
pattern typical of both trichlorobiphenyl and pen-
tachlorobiphenyl mixtures. The results obtained
from PCB determination on the palms of the hand of
six workers are shown in table 3: the gas chromato-
graphic peaks of recovered PCBs were typical of a
mixed pattern of trichlorobiphenyls and penta-
chlorobiphenyls.

INTERNAL LEVEL OF PCBS IN WORKERS
Studies of the extraction and cleaning procedure on
whole blood samples showed that recovery was
about 80%. An analytical comparison between the
PCB concentrations measured in the serum and
whole blood of 18 workers showed a mean PCB
recovery from serum of about 60% of the recovery
from whole blood, with a wide range among the
samples (recovery range for total chlorobiphenyls
8-83 %). Blood PCB determinations were therefore
performed on whole blood and the results are
reported in table 4.

Statistical evaluation of the results from plant A
indicated a significant difference (p < 005) for
blood trichlorobiphenyl concentrations between cur-
rent and past exposed workers; no significant dif-
ference was found for blood pentachlorobiphenyl
concentrations. A pronounced difference was also
evident for the blood PCB concentrations between
the workers employed in the three PCB departments
and those with indirect exposure.

Since the length of employment did not reflect the
real duration of exposure to PCBs for the workers
of plant A, a detailed analysis was performed to
evaluate the different jobs and all manufacturing
operations affecting direct exposure to PCBs carried
out daily by the workers. By multiplying the length

Table 2 PCB recovery from workroom surfaces and tools in plant A

Source TRI-CB components PENTA-CB components TOTAL-CB components
(0g) 0ig) (gg/cm2 surface)

High-power capacitor department
Impregnated capacitor conveyor belt (border) 1330 882 0-492
Trolley handle 760 243 1-673
Exit-door (inside) 367 66 0-541

Low-power capacitor department
Capacitor basket rolling carrier (beginning) 127000 15000 159
Capacitor basket rolling carrier (end) 2530 1290 1-260
Capacitor basket lateral surface (outside) 1770 - 0 885
Capacitor basket lateral surface after 650 - 0-323
trichloroethylene washing
Capacitor external surface after trichloroethylene 250 - 0-615
washing

Filters department
Work table 1240 780 0 404
Work table drawer and drawer handle 156 407 1-061
Pincers 105 30
Filter basket lateral surface after 30 10 0-200
trichloroethylene washing
Washing-machine control panel 187 505 0-288
Lift handle 223 151 6-170

Table 3 PCB recovery from the palms of hands of workers in plant A

Department TRI-CB PENTA-CB TOTAL-CB
components components (,4g/cm2 skin surface)

High-power capacitors Mean 1267 282 19
(3 subjects) Range 320-1770 200-364 4-27
Low-power capacitors Mearn 589 223 10
(3 subjects) Range 160-1590 0-630 2-28
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Table 4 Blood PCB concentrations in workers according to plant and exposure

Plant A (Pyralene 3010) Plant B (Apirolio)

TRI-CB PENTA-CB TOTAL-CB TRI-CB PENTA-CB TOTAL-CB
components components components components
(Mg/kg) (,jg/kg) (Mg/kg) (Mig/kg) (Mg/kg) (M4g/kg)
Mean + SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD
range range range range range range

Currently exposed workers 128 ± 85 249 ± 190 377 ± 258 137 ± 123 62 + 50 200 ± 146
Plant A, n = 48 13-355 56-1032 88-1319 17-407 15-176 41-470
Plant B, n = 12

Past exposed workers 86 + 50 206 ± 123 292 ± 161 74 30 104
Plant A, n = 16 16-184 73-489 94-631
Plant B, n = I

Workers with occasional exposure 37 i 23 73 + 13 110 + 31 - - -
Plant A, n = 3 18-63 58-83 88-146

Table 5 Blood PCB concentrations in plant A workers according to job

Department Job No of Age (yr) Duration of Blood TRI-CB Blood PENTA-CB Blood TOTAL-CB
workers exposure index components components (Mg/kg)

(MLg/kg) (M4g/kg)
Mean ± SD Mean ± SD Mean ± SD Mean + SD Mean i SD

High-power Impregnation 9 50 ± 4 8-0 ± 4 9 187 ± 94 369 ± 256 556 + 337
capacitors Assembling 5 34 ± 6 17 i 1-3 168 + 78 238 ± 97 406 ± 173

Welding 1 26 0-3 227 1032 1259
Low-power Assembling and 18 36 i 8 1-1 ± 1'5 130 i 84 231 ± 119 361 ± 189
capacitors finishing
Filters Assembling and 13 33 ± 4 4-4 ± 3-4 64 ± 42 182 ± 95 246 + 130

finishing
General Machine 4 39 ± 9 1-6 + 1-0 139 + 33 261 ± 81 400 + 114
maintenance servicing

of employment (in years) by the percentage ratio of
the hours a year actually spent with direct exposure
to PCBs, an index was constructed as follows:

Duration of exposure index = yrE X
hPCBS

X 100hrtot
In table 5 the blood PCB concentrations of plant

A workers are reported according to department and
job: 14 workers were omitted because they had been
engaged in more than one task so that it was impos-
sible to assign them to a definite group.

Figures 1 and 2 are scatter diagrams of blood
PCB concentrations and duration of exposure in-
dices for the workers employed respectively in the
low-power capacitor department and in the filters
department.

If the currently exposed and past exposed work-
ers (empty and full circles in the figures) are con-

sidered separately, a higher pentachlorobiphenyl
blood concentration for the workers exposed only in
the past may be clearly observed.

Discussion

Occupational exposure to PCBs is at present one of
the most important problems for the electric high
power capacitor and transformer industry, where
technologically it will be difficult to replace these
substances in the short term. In our study, for plant

A, air concentrations of PCBs from 48 to 275 /kg/m3
were observed, which are well below the limit of
1 mg/m3 internationally accepted for the chlorobi-
phenyls with 420% chlorine content.1' Conversely,
the high concentrations detected on surfaces (see
table 2) indicated that this source of exposure may be
the most important due to absorption through the
skin.
With regard to the gaschromatographic pattern of

PCBs detected in the working environment, the air
samples showed only the presence of components
with relatively high volatility-that is, the low-
chlorinated biphenyls-while significant amounts of
pentachlorobiphenyls were often detected on sur-
faces; considering the low content of high chlorinated
biphenyl in the mixture used (Pyralene 3010), these
findings seem to confirm that the high chlorinated
biphenyls tend to accumulate in the environment
because of a lower natural and artificial removal
rate.
The existence of a percutaneous absorption risk

was also emphasised by the determinations performed
on the palms of the hands of the workers, where
considerable amounts of PCBs were detected in all
subjects tested. Since the possibility of percutaneous
absorption of PCBs has been shown experimen-
tally,12 it must be concluded that in these workers
percutaneous absorption of PCBs is far greater than
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Fig I Blood PCB concentrations in workers of
low-power capacitor department in relation to exposure
duration indices (O = currently exposed workers;
* = past exposed workers).

by inhalation.
The blood PCB concentrations measured in the

exposed workers of plants A and B (table 4) are of
the same order of magnitude as those reported by
other authors4-6 for similar electrical engineering
works.

In plant A workers the mean blood concentration
of pentachlorobiphenyl compounds was higher than
that of trichlorobiphenyls, while the reverse occurred
in plant B workers; as the PCB mixture used in the
two plants was about the same in chlorine content,
this unexpected blood PCB pattern of plant A
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Fig 2 Blood PCB concentrations in workers offilters
department in relation to exposure duration indices
(O = currently exposed workers; 0 = past
exposed workers).

workers might be due partly to a heavy past exposure
to the highly chlorinated mixture used up to 1965.
The comparison of mean blood PCB concentra-

tions between current and past exposed workers of
plant A (table 4) showed a significant difference only
for trichlorobiphenyl levels, but a pronounced dif-
ference was observed, both for trichloro- and penta-
chlorobiphenyl, between the workers with direct
(current and past) and occasional exposure.

Since it is common knowledge that PCBs are
slowly metabolised and eliminated from the body' 3
we looked for a correlation between blood PCB
concentrations and duration of exposure, using a
more exact duration of exposure index instead of
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duration of employment. This correlation was
strongly positive in groups of workers with similar
jobs (figs 1 and 2) and confirms that PCBs accumu-
late in the organism.

Conclusions

In the plants under study absorption of PCBs oc-
curred mainly through the skin, so the commonly
used method to assess industrial exposure of deter-
mining the atmospheric PCB concentration is not
sufficient to give complete information on the ex-
posure level of the workers. Guidelines for preven-
ting undue exposure in industry must consider the
protection against skin absorption.
The determination of PCBs in whole blood has

been shown to be a useful test to evaluate in moni-
toring the body burden. The blood PCB concentra-
tion evaluated with reference to the duration of
exposure may be used to compare different levels of
occupational and environmental exposule.

In workers exposed to PCB mixtures with 42%
chlorine, the blood concentration of low chlorinated
biphenyls (TRI-CB) may be roughly indicative of the
recent exposure, while the blood concentration of
high chlorinated biphenyls (PENTA-CB) reflects
more closely the earlier exposure.
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