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PC3s or polychlorinated biphenyls are still widely used in the
electric utility industry. They are very heat stable resist
cxidation, are excellent dielectric £luids, are fire resistant

zncé of low volazilisty.

There are & numdber of factors that have focused public concern 2o
PCEs 2s a potential hazard for human health and for the environ-
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nt. "Twenty years agc, PCBs came to the attention of
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rchers 2s the chemical that interfereé with the anzlysis of
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envirornmental samples for DDT. PCBs had in common with DDT the
fact that they also are found all through the environment, that
they are very persistent and that they are chlorinated.

Around the same time, a new disease erupted in Japan, which was

linked to the consumption of rice oil contaminatedé with PC3s. 2
we will see later, it was more than just PC8s in the oil.

4s 2 result of these and other factors, PCBs have the ducious
c¢istinction cf beling the only chemical citecd Sy name In the Toxic
Suzstances Control Azt in the 70s. )
Mire recently, chars s been Iincressed pulliT COnTErn sIIul LnE
nez_2h risks of several ¢f the PCS5 combustign proiuctis,  This wa:s
cz.s22 zy the Zinding of PCDFs (polyvcnlorinatsd Zitenzolurans’ i
hiorinated dibenzofioxins: in =nz so2t frco =

¥CEx have Ddeen found in Slood samples of most menZers o s
general pLDlzc, i.e., "non-exposec" persons. Typical back:round
levels are-about 10-20 ppb or less. Levels in "exposed person”

rs
/
such as utility workers are very similar, although Rigner levels

are occasionally found. ‘
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The toxicology of PCBs is guite complex. Commercial PChs are
complex mixtures of isomers, containing from ore to eight clorine
atoms., Toxic potency is related to degree of criorination, and
varies widely. A great number of comdustion products is

theoretically possible and several have been iszclated.

In discussing the toxicolegy of PCBs and their combustion
procucts, I will deal only with those that have a significant
potentzial as :toxicants, i.e. PCDFs and PCDDs.

Thelr zcxic potency of these compounds depends on the degree of
c¢hlorination and the position of the chlorines. For PCBs, PCDTs
and PCODs, it has been found that the 2,3,7,8 - substituted
isomers are orders of magnitude more toxic¢c than the other
isomers.,

The teoxic effects observed following administration of these
chemicals are guite similar, but there are substantial differ-
ences in severity. TCDD is 10~100 times as toxic as TCDF which

in turn is 10-3i00 mor toxic than PI3s,.

n

for ?CBs, the f£urans an? diaxin

PCBs are readily absorbed through the skin or, £cllowing inges-
tion, from the gastrointestinal tract, If vaporized, such as in
case cf a fire, they can be inhaled. They are fat soluble and
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for that reason tend to concentrate in fatty tissues, liver and
skin. Metabolism is slow and depends on the dezree of crnlori-
nation. The hizher the chlorination, the slower the me:zhn-
lism, Great cd:fferences have been observed in the retatclic
rates between animal species which may account for the species
differences in toxicity. Non~human primates, for instance

more sencsitive than rats.

T ANIMAL STCDIES

U

CBs are generzlly classified as "not very toxic" to "slightly
toxic"” according to the internationally acceptec convention for
classificaticn o©f toxic substances. This means it takes Zoses of
grams per kg tody weight to cause toxic symptoms. At hizh enough
doses, PCBs cause loss of appetite, progressive lcss of weight,
and death, 1Irn_addition, liver damage, skin changes like
chloracne, and symptoms of central nervous systam toxiciiy have

been observedld,

Chronic low-level administration of PCBs in primates also causes
edema, lcss of hair, depression of the bone marrsw and the immune
systaem, =ni srnicorine disturoances, PCBs adminis:tsred ==
cregnant znimals cause Zeath ¢f the fetus, but no malformztions

2s Zor lopgz-tsrm ellfact, PCEs efministersd to mice and rzis
causeld liver czncer In some, Sut not all tasgte tnEt were
conducz2d., Tne significence of this observaticn for ths czroinc-
cenicity cf Pl2s in humans Is unkneown, Chiorinzzsel compiunds,
administered o rodents In gensrzl, especially a% lavels where

s
they cause liver toxicity, tause a spectrum =f tenizn anil

malignant tumers, nod ¢ @LS. Also,
s
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human exposuresz.
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PCEs are not mutagenic in bacterial =systems, tut in vitro cell
systems were positive for sister chromatid exchanze and
chromosome abrormalities, Based on these ciservations (1.e.
positive in twc mammalian assays), OSHA classifies PCB as a

carcinogen, Category 1.

Yusho 1is tne Jzraness term for a case of mass PI5 pcisoning that
occured In Jagzn in 1¥63., It was caused by the ingestion of
co0king ©il contaminzce

§¢ with PCEs, About 1700 people became
£Zectec pecple inciudeé skin

racne, neuromuscular involvement and perhaps
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liver pathology. Most patients have since recovered. NO unusual
patterns of mortaliiy or cancer rates have been observed thus far

but the number of people is rather small,

Yusho is usualiy cited as a typical example of 2C3 tox1c1~y Wwe
now know that the cil these victims ingested contained signi

cant amounts ¢ dinenzosiurans and other relatel chemicals, Sin
TIDF is coneidsrably more toxisz than PCBs, it is now believed
that the toxicity cossrved in these people was tredominantly, i
not totslly, causel Ty Iurans.

Thers &rs more than a2 dozen studies cf small groups ¢ workers
whs wheres axpresd o PlBs in the workplace, Trne resultis ol these
stulies are remsrkaile ZIor the adsence of 1ll hsaltn, s-ective
symptoms In tnsse fIgulations, exposed t

compared to thg gensral puslic, include Ki
changes, and cnznges in hepatic enzymes, In con2 group cf
workers, some Za2orament in respiratory funciion was seen

A follow-up stuiy cf some 2500 workers expcsed to PCB while
working in a czpacitcr plant did not find &Snormal mertality
patterns or increased risk of cancer. The stuldy is, however, not

very powerful and includes only a.small number of deaths. Conse-
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guently, the results of tnis study have to be interpreted wish

caution until more definitive data become available.

In summary, acute transitory symptoms of PCB toxicity in man have
been observed. At this time, no evidence for the carcinogenicity
of PCBs in man exists, but more definitive information needs :5

be cdeveloped,

Dioxins and Furans

Texicity information on cdioxins in animals ané man is no:t very
extensive compared to PT3s5 anc even less is known about the
toxicity of dircenzofurans, Most of the toxicity studies on
dioxins were conducted with 2,3,7,8 - tetrachlorocdibenzodicxin,
the most toxic isomer, Information on other isomers is scarce.
From these stucdies, it is gquite obvious that there are
substantial differences in toxicity among the isomers, and that
there are great diffsrences in the sensitivity of the different

gpecies tested.

The acute toxicicy {1250) for 2,3,7,8-TI2D in guinea pics is 0.5
2 (

meles are movre sensitive th

micragrams, The D230 of most cther species

and 2020 microzrams per XZ. As an exampls of intraspeciles
Cilffzrence, intred CEA mice ars 10 times more sens.Lilve Lnal mice
¢ tne C3°7 strzin.

s Ior the effscis of cnicrinztion on toxicity, it was IzunI tnat
2,6 &ichizro and hexechlcore dioxins, at .evels of 1 millicon

In this ccntext, it is important to keep in mind that the
combustion products of commercial PCBs mixed with trichloro-
benzene contain a2 whole spectrum of cioxins, Reporting the T2re

presence of dioxins or furans is not very helpful in evaluzting
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toxicity. Of real importance is the level of furans and dioxins

of significance relative to toxicity or risk. As an example,

soot from the transformer fire in Binghamton contained about -/Zikféi
2200 parts per million dibenzofurans, but the level of the # “
2,3,7,8 dibenzofuran (TCDF) was 10 ppm. 1In the s2-e soot, about A/%) .

20 ppm of 2,3,7,8 dioxin {(TCDD) was found. e
===

Tne acute toxicity in laporatory enimals expresses itself as loss
cf appetite and grogsressive weight loss until death in weeks or
months. Depending on the species tested, other symptoms are
pancytopenia, skin changes including chloracne, edema, liver
;a:holoéy. The mechanism ol the toxic action is not well

cnderstood,

Chronic toxicity studies of TCDD in rodents, at levels that cause
some liverpathology, causes liver cancer., Again, the signifi~
cance of these liver neoplasms for the carcinogenic potential of
dioxing in man is not known. There is considerable difference in
the carcinogenic potency between the various isomers, The 2,7
dichloro isomer is not cercinogenic. The minimal effective dose
of the 2,3,7,8 isomer is about 0,01 micrograms per kg, The MED

2,3,7,8~ TCDD is not active in bacterial or mammalian in vitr
22815 for muzegenicity, It Ig not tesratcgenic but is nrighly
toxic 2o the Zstus, In primztes, it 1s a potent suppressor ef
tne immune sys:isa.

Trnere are several sourcsg cf infcrmztion on human toxicity of
£ mecical fcllow-uvp of

o
ons occupeticrnally expos ly in chemical industries
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involved in the manufacturing of chlorinated chemicals. This
popularion consists of about 1000 workers involvel in some 20
separate incidents., The other-source of information comes from
the medical follow-up of people exposed in a major accident in
Seveso, Italy, in 1976, The data on workers are not very helpful
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