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P
EXECUTIVE SUMMARY

The present study on the potantial health effects in
husan populations from exposure to commercial polychlorinated
biphenyl (PCB) mixtures under occupational or other environmental
conditions was conducted by a team of specialists in the medical,
tpxicoloqlenl and epidemiological sciences designated as the
Category I team. Draft material for the study report was reviewed
by a second group of specialists designated as the Category II
team, and other scientists, leading to comments and suggestions
for improvement which were Anéorpontod into the dreft report.
The avallable body of scientific literature on health eftfects
of PChs in humans and in test snimal systeas vwas reviswed and
analyszed with emphasis on the rclotlonsﬂlp- linking exposure,
dosage to the biological target, and occurrence of specific
health effects in the animal or human., Both the toxicological
and epidemiological data from acute and chronic animal and husan

exposures were considered in g ting ts of the prob-

ability of occurrence of any specific health effect in humans,
The results of these assessments are summarized below, separately
{temised under each major health effect. It should be noted

that each assessment applies to the potential for development of
that effect under the type and level of human exposures actually
encountered in the U.S. during the past decades, with the most
intensive integrated exposures having occurred in manufacturing
operations that were terminated in this country in 1977,
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Yusho Diseass

Separate consideration was devoted to the Yusho episode
recognizing the special character of the human exposures to high
concantrations of mixtures of PCBs and their thermal degradation
products, polychxorln'u.d dibenzofurans (PCDFs) and polychlorinated
quaterphenyls (PCQs). Several eonclusions reached by tha Category I
team are of importance: (a) it is impossidle to stipulate vhether
any of the health effects observed is causally related to PC3
exposure, since the other halogenated compounds are aleo dbiologi-
cally active: (b) the dosage patterns experienced by Yusho patients
and U.$. industrial workers (PCB-exposed) are not at all comparable;
the 'ueeor group experienced low level, long time period exposures
primerily via inhalation and skin contact, with oaly minimal oral
ingestion; (c) the similar health effects seen in Yusho patients
" from the Japanese and Taiwvanese episodes of exposure to contami~

nated cooking oils point to the same type of toxic mixtures
resulting from thermal heat exchanger action in the two events;
(d) because of points (a)-(c) above, and the fact that at least
the PCDPs in the Yusho oils are potentially more toxic than the
PCBs on the basis of animal data, it is not possidble to oxtnp&-
late the Yusho experience to prediction of acute and sub-chronie
" effects of commercial PC3 mixtures in the humans (e) finally,
with respect to predictions of human carcinogenesis from the
Yusho type of exposure the data are so (nce-pxoed that conclu~
sions regarding any types and amounts of excess cancers attribute

table to those exposures have to await further definitive study.
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. Body Burdens, Mezabdolism, and Kinetics

Some general observetions derive from considere-

ation of the data on the storege, distridution, meteboliem and
excretion of commercial PCB mixtures (with associated impurities
such as the PCDYs) in mammalisn systems. The dynamics of the
pathways by which theae processes occur in test animal models
have been explored intensively and have besn fairly well worked
out. The variability of PCB sffects with épecies of test animal
model has been investigated for & number of important effects,
and some general structure vs. activity rulea have emerged from
these studies. There thus exists a conceptual framework, but
not experimental data, for descriding such phenomena in humens.
Purther, important date on the biochemical interactions of PChs,
PCOPs and metabolites with tissuee have been obtsined that dear
directly on interpretation of toxic effects in these tissues.

Generel Toxicity

rrom acute, subchronic end chronic studies of PCB
effects in test animal models, a genersl summary of health
effscts encountered includes: (a) a low order of acute toxicity:
(b) skin lesions) (c) effects on diver tissue that are generally
reversible at lower doses but that trsnd toward irreversibility
with increased dosing; (&) effects on the gastric mucosa;

(e) sffects on the menstrual cycle and on reproduction:
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(£) porphyria: (g) effects On the Ridney: and (h) miscellsnecus
changes including hematologic alterations, thymic atrophy and
lymphatic changes.

There is a considerabls rangs of speciss susceptidil-
{ty to biological leilvtey of the PC3s, vith one representative
comparison of order of dscrsasing activity being niu‘k,v monkey,
rat. It {e concluded that there is no basis for determining
wvhich species most accurately serves as a model for prediction
of genersl subchronic/chronic toxicity in man; rather, the judg-
ment of the most suitable surrogate for man must de made indepen-
dently for each major health effect. Pinally, it is noted that
utitouqh there is some similarity bdetveen acute health effect
phenomena produced by PC3 exposure in the monkey and human Yusho
disease, it would be incorzect to n\aio Yusho disease vith P03
intoxication decause of the much more complex mixture of compounds
encountered in Yusho oll than in & commercisl PCB mixture.

in end er Cutanecus Tissue

Commercial PCBs are capable of producing skin lesions
in the monkey model and in exposed humans. Chronic séminietra-
tion of PCBe to the monkey prodyces chloracne. Ia humans occu-
pationally exposed to PCBs skin disorders including chloracne
have oceuioalllg been observed. These skin disorders have been
shown to be reversible in some of the animal snd human studies.
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Liver Effects

PCB mixtures are capable of generating important
effects on liver tissue in animal models. These effects include:
(a) increase in liver weights: (b) histopathologic chengss in
liver including enlarged hepatocytes, deposition of fat droplete
in tissve, and tissue necrosis and cell death; (c) enlargement
of the liver) {4) the occurrence of adenofibrosis, a denign
lesion: and (e) an incrsasa in proliferative lesions of the
liver, including increases in hyperplastic foci and nodular
hyporpiuh. These increases in proliferative lesions appear
to increase in severity with increasing degree of chlorinstion
of the PCB mixture, as seen in the greater potency of Aroclor
1360‘ over Aroclor 1254. The effects on liver tissue are gen-
erally reversible at lower doses but trend toward irreversibility
with increased doeing.

Hovever, in contrast with the positive findings of rCP
'o!!ocn on liver tissue in animal models, no significant effects
on liver function tests have been observed from clinical data on
human populations exposed to PCBs in the occupational setting.
hnhi:. there has deen no epidemioclogical finding of liver
disease in U.8. occupationally-exposed pon\onnol. Also, 8
noted in the Yusho discussion about persons exposed to contami-
nated cooking oil with a PCB content of 1000 ppm, there was no
finding of liver disease in the categories of either jaundice or
hepatocellulsr injury. '
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Gastric Lesions

When tested in monkeys snd rodente. PCBS show spectes
specificity with respect to s toxic effect on the gastric
epithelium, or stomach lining. 2In tha monkey, with A:oelpt
1242, therse is & mucous conversion of the gastrio epithslium
that can best be daecrided as a dysplastic growth pattern. This
growth patteran doas not constitute ¢ neoplastic tunltox"nuu.
In rodente, PCBs 40 not evoke this effect on the gastric mucoea.
Ia humans occupationally upo:ood to PCBs there are no clinical
£indings to date of gastric lasions, and no evidence of stomach
cancer due to thie exposure.

Careinogenesis: gimental and Clinical

A sizeable volume of animal experimentsl vork has Deen

. directed toward chromic studies in seversl species: the mouse,

the rat end the dog. There ars some areas of lntorprouilen
thet ere still unde? dedate by tha investigatore concerned, bdut
in the opinion of the Category I tean the following represants
conclusions that can be drawn from presently availadle data:

{a) the evidence on carcinogenicity ie negetive for gastrointes-
tinal carcinoma and bladder carcinoma in rats and hepatocellular
carcinoma in the 'dogv {(b) some studies have reported an increase
in hepatocellular carcinoma in mice and rats exposed to commer-
cial #CRs chyomically, vhereas other studiea have aﬂotdod'-'op-
tive results.
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With respect to the possibility of cancer linked to
exposure of humans to PCBs, epidemiological studies show to date
sssentislly negetive resulte for hepatocellular carcinoma, gsstro-
intestinel carcinoma and all other forma of cancer. There is &
single preliminary study thst éurpons to show an increase in
selanoma (skin cancer) in occupationally exposed people, but the
full dats display and snalysis have not been made for this study.
In contrsst, in two lsrger and more detailed studies, this finding
has not been conficrmed; no excess incidence of melanocma in exposed
personnel has been obssrved.

Retrospective mortelity studies of PCB-exposed human
populations have not demonstrated & consistent relationship
between extent of exposyre and the development of eny per-
ticular type of cancer. The human studies in hepatocelluler
csrcinoma are not comprehensive, but to the extent that tﬁoy
have been daveloped the resulte do not confirm the projection
of & risk for liver cancer based on the animal etudise. Some
findings of increases in lymphatic and hematopoietic malignanciee
were below the level of statistical significance, and were refuted '
by observations of changes in the opposite direction in other
epidemiological studies. Even findings of stetisticelly signi-
ficant differences batween exposed and control populations with
respect to the incidesce of rectal cancer in women at one plant
have not been confirmed by observations in other studies. The
variance in these findings points up ths importent principle that
the Standard Mortality Batio (SMR) may vary widely in different
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studies, and that undue emphasia should not be placed on the
SMR found {n one atudy unless it has been confirmed by eimilsr
£indings in repeat or parallel studies.
Reproductive Effects

t:putlonnl‘votk vith commercial PCB mixtures and
aninal models has been directed to the reproductive process
itself, to teratogenesis in the offspring, and to possibdle
fetotoxicity. 1In most test species PCBs produce deletericus
eftfects on reprodyction at high dosages. 1In the female monkey
at celatively high dosages, difficulties are encountered in con-
ception, in implantation of the fertilized ovn;. and in carrying
the fetus to term., Similarly dosed, the male monkey does not
txansait these d.uuculttu to the unodyqun process. In the
hwn,‘um occupationally or othervise to PCBs, thers is
in general no evidence for adverse effects on the reproductive
process, although there are little data from which to drav con-
clusions. In the very special case of Yusho exposure to high
levels of PCBs and other polychlorinated hydrocarbons, the new-
born in significant proportion were pigmented, small, and showed
a retarded rate of growth. BHowever, this pigmentstion disap-
peazred and the infants caught up vith control population infants
in total growth, '

The potential for PCI-induced teratogenesls, or produce
tion of defects in the esbryo or fetus, has been investigated
in several species of test animals. Most animal testa
have yielded negative reeults when PCBs wvere administered to
pregnant females during the critical periods for organogenesis.
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Several possible exceptions to this statement might be noted.
In mice, a single congenar, 3,4,3',4'-tetrachlorodbiphenyl, in-
duced a behavioral defect (*valtzing syndrome®) that may be
ralated to an anatomical defect in the inner ear. PCBs in mice
may produce aocme delay in implantation. 'In rats, no gross
teratological changes vers obeerved, but some alterations in
thyroid structure or function produced by PCB administration
aight fall under the definition of terata. 1In dogs and in
swine, no teratological effects were noted at lower PCB doses)
however at the highest doses of PCB in the feed, at which the
dam suffers marked reduction in food consumption and is therefore
nutritionally deficient, thete are dose-relsted teratological
effects in the ol!uprun.. In monkeys dosed with PCBs, there are
no dose-related abnormalities in the offspring, but they are
smaller in size. Based on those observations, it is the Cate-
gory 1 team's conclusion that commercial PCBs present no appreci-
eble risk of teratogenicity in offspring of human females exposed
under occupationsl conditions.

In test animals, i.e. rats, dogs and rabbits, PCBs
are fetotoxia when administered at relatively high doses to the
pregnant female. In the human, the only reported epidemiological
evidence for fetotoxicity in exposed populations stems from the
unigue Yusho event, in which causation may not be linked to
CBs.
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Mutagenesis -

Investigations of possible mutagenesis ke; acuts or
chronic exposures to commercial PCBs have shown negative results
in & sexies of in vitro and ia vivo tast systems. Isolated
Bacterial test systems (Ames test) and human lymphocytes in cul-
ture shoved no evidence for PCB-induced mutation or transformation.
With in vivo systems in intact animals: (a) cytogenetic tests
for alterations of call structures or for induction of chromoscme
abnormalities yielded negative fesults; and (b) bdoth the mcuse
nL.eromchu test and the dominant lethal tast demonstrated
negative results. Incubation of human lymphocytes in culture
with PCBs caused an ut.onue- ia glucose transport through the
cell membranes. °

Thate is no significant evidence that PCBe are
mutagenic in test systems, and no reports of such activity in
human populations. It ie .quiu unlikely that commercial 4= ]
mixtures would exart mutagenic aeﬁlvity in humans. This conclu=
sion u' consistent with the lack of excass cancer incidenca
observed in PCh~exposed human populations.

Other Nealth Rffects
This grouping {ncludes ensyme ind ion, {

competence and porphyria. PCBs induce mixed function oxidases
(MPO) 4in the liver of test animals. The important issue is »
whether or not this process includes the specific induction

of cytochrome P-448 as a general property of the PCRs, with the
‘added implication that some oxidase system is BSeing induced that
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could be involved in chemical carcinogenesis. Several conclu-
sions wers reached with respect to this issue: (a) the pre-
dominant effect of commercial PCBs is cytochrome P-450 induction,
not P-448; (b) commercial PCBS in the U.S. can contain up to
about 2 ppm of PCDPs; and (¢) the PCDFs can lndhcc cytochroae
P-448. TFrom these observations in animal model systems and our
judgment, it is concluded that under conditions of ‘u.s. occu-
pational exposure to PCBs, none of the MPO inducing actions of
the commercial mixtures will be of toxicological significance
over the lifetime of a PCB-exposed person.

With respect to potential PCB effects on immunocompe-
tence in test animal systeas, some observations are pertinent to
the assessment of probable hazard in the human., It has been odb-

‘urvod in chicks that if the PCB dosages are high enough, atrophy

of the splenic pulp and necrosis of the lymphoid system can be
demonstrated. Similar indicators of change in immunocompetence
can also be produced in ducklings, mice, and monkeys as a conse-
quence of severe change in nutritional status. High doses of
PCBs leading to marked reduction of food intake and utilization
éan lead to such changes in nutritional status. These considers-
tions lead to two general conclusions relative to the PCB-exposed
husanss (a) as projected from animal studies, if the PCB dosage
is high enough to lead to general toxicity in the human (e.g9.,
decreased food intake, fall in body weight, fall in weight gain),
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isaunosuppression mey be demonstrable secondary to malnutrition;
and (b) at lower dose levels, thers is no likelihood of signifi-
cant immunosuppression.

)on;hyru, or daposition of porphyrin-derived pigments
in liver end urine, has been observed in experimental animals
such as ths rat and rabbit dosed with PCBs. The affect has s
delayed onset, end especially in the rat, seema to take place
by machanisas different from thoes employed by known chemical
porphyria-producers {n the human. It is concluded that, aeide
from the unique case of Yusho diseass, no evidence has accrued
for the occurrence of poréhyrh in populations exposed to PC3s
even under high level occupational exposure conditions.
Epideniology "

this section (XII) of tbo study prasents s uparu.-.
{ndependent sssessment of the recorded epidemiological literature
and data bases on human exposures to commercisl PCBs, and on the
significance of the health effacts attributed to thase upoiuru.

Summary points in this assessment include the folloving:s
{a) wortsality dats, based on very saall numbers of dssths, do not
confirm s carcinogenic effect of PCBs in man; (d) dsts on human
skin lesjons in relation to PCB exposures have shown variability
in incidence of this effect with geographical locus and vith ine
creasing blood level indicators of exposure; (c) data from studles
of liver snzymes and liver function suggest chenges in one or

mOTe enzymes related to PCH exposure that are not associated
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with liver disease and that occur at lavels below those at
which chloracne occurs; (d) there is frequently a positive cor-
relation between PCB levels and triglyceride lsvels in dlood;
and (o) epidemiological data on reproductive effects, hematology
and immunclogy in humans exposed to PCBs do not suggest abnor-
malities in these systems or processes.
Busan Occupationa) Exposure Levels

Of the various effects noted in animal test systems,
only dermatological affects, including some chloracne, have bdeen
clnrx.y demonstrated in human populations at the dosage levels
associated with occupational cxpocuui « Table 10 summarizes tha
nature and intensity of some exposures that have occurred to per=-
.lmu involved occupationally with PCBs and the biological
indices that have leeo-ipnnhd these exposures, measured as PCB
content in blood and adipose tissue.

8ince the risk to human health from even high level occu-
pational exposures has been shown by the studies asvailadle to be
low, it may be concluded that much lower human exposure levels do
not present significant risks.
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