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EXECUTIVE SUMMARY

The present study on the potential health effects in
human 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,
toxigological and epidemiological sciences designated as the
Category I team. Oragt material for the study report vas revieved
by a second group of specialists designated as the Category II
teas, and other scientists, leading to comments and suggestions
for improvement which were incorporated into the draft report.
The available body of scientific literature on health effects
of PCBs in humans and in test animal systems vas reviewed and
analysed with emphasis on the relationships 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 human

exposures were congidered in g ating as 8 of the prodb-
abilicty of occurrence of any specific health effect in humans.
The results of these assessnents are suammarized belov, separately
itemized under each major health effect. It should be noted

that each assessment applies to the potential for donlopunt of
that effect under the type and level of human exposures sctually
encountered in the U.S. during the past decades, with the most
inctensive integrated exposures having accurred in manufacturing
operations that were terminated in this country in 1977,
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Yysho Disease

Separate consideration was devoted to the Yusho episods
recognizing the special charscter of the human exposures to high
concentrations of aixtures of PCls and their thermal degradation
products, polychlorinated dibengofurans (PCDPs) end pelychlorisated
quacsrphenyls (PCQs). Several conclusions reached dy the Category I
toaRm are of importance: (a) it ies impoesidle to stipulats vhether
sny of tha health affects cbserved is causally releted to PCB
exposure, eincs the cther halogenated compounds are sleo diologi«
cally sctive: (b) the dosage patterns experisnced By Yusho patiests
and U.S. industrial workers (PCB-exposed) are not at all comparable;
the ‘htur group experienced low level, long time period exposuree
primerily via inhalavion and ekis contact, with only ainimal oral
ingestion: (c) the similar health o!!.c't. seen in Yusho patieats
from the Japanese and Taiwanese episodes of exposure to contami~
nated cooking oils poiant to the same type of toxic mixtures
resulting from thermal heat exchanger action in the two svents:

(4) becauss of points {(a)~{¢) adove, and the fact that st lsast
the PCDPe in the Yusho oils are potentially more toxic than the
PCBs on the basis of animal data, it is act passible to extrapo-
late the Yusho experience to prediction of ascuts aad sub-chronic
sffects of commercial PCI mixztures ia the human; (e) finally,
with respect to predictions of human csrcinogenesis from the
Yusho type of exposure the data are so incomplete that cemelu-
sions regerding any types and of <A sttribut-
table to those exposures have to swait further definitive study.
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Sody Byrdens, Metabolism, and Kinetics

Some general obsesvations derive from consider-
ation of the data on the storage, digtridbution, metadolism and
excretion of commercial PCB mixtures (with sssocieted impurities
such as the PCDPs) in mammalian systems. The dynamics of the
pathweys by which these processes occur ia test animsl models
have been explored intensively and have been fairly well worked
out. The variability of PCB effects with species of teet animal
model has been investigeted for a number of important effects,
and some general structure vs. activity rules have emerged from
these studies. There thus exists a conceptual framework, but
not experimental data. for descriding such phencmena in humans.
Purther, important dats on ths Diochemical interactions of PChe,
PCDFs and metabolites with tissues have Deen obtained that bdear
directly on interpretation of toxic effects in these tissues.
General Toxicity )

From acute, subehronic and chroaic studies of PCB
effects in test animal models, a general summary of heaslth
effects encountered includes: (a) a low order of scute toxicity:
(b) skin lesions: (c) effects on iiver tissue that are generally
Teversible at lower doses dut that trend toward irreversidility
with increased dosing; (&) effects on the gastric mucosa;

(e) affects on the meastrual cyecle and on reproductions
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(£) porphyria: (g) effects on the kidney: and (h) miscellanecus
changes including hematologic alterations, thymic atrophy and
lymphatic changes.

There is a considerabls range of spacies susceptidil-
ity to bioclogical activity of the PCEs, with cne representative
comparison of order of decreasing activity bDeing aink, moukey,
rat. It is concluded that there is no dasis for decermining
which species zost accurately sesves as a model for prediction
of general subchromic/chronic toxicity ia man; rather, the judge
ment of the most #ultadle surrogate for man must dbe made indepen~
dently for each majoer health effect. Pinally, it is noted that
ueﬁew: there is some similarity between acute health effect
phenomena produced By PCB expesure in the monkey and humaa Yusho
disease, it would de incorrect to oquio Yusho disease with PCB
intoxication because of the auch more complex mixture of compounds
encountered in Yusho oil than in a commercial PCB mixture.

Sxin and other Cutanecys Tissues

Commercial PCBs are capable of producing skin lesions
ia the monkey model and in exposed humans. Chronic adminisera-
tion of PCBs to the monkey produces chloracne. Ia humans occu-
paticnally exposed to PCBe skin disorders including chloracne
have occasionally been cbserved. These skin disorders have deen
shown to De reversidle in some of the animal and human studies.
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Liver Effects

PCS mixtures are cspsble of generating important
effacts on liver tissue in animal models. These effects include:
(a) increase in liver weights: (D) histopathologic changes in
liver including enlarged hepstocytes, deposition of fet droplets
in tissue, and tissue necrosis and cell death; (c) enlargemant
of the liver; (d) the occurrence of adenofibrosis. s benign
lesion; and (e) an increase in proliferative lesions of the
liver, including incresses in hyperplastic foci and nedular
hyperplasis. Theee increasss in prolifsrative lesions sppear
to increase in severity with increasing degree of chlorination
of the PCB mixture. as seen in the greater potency of Aroclor
1260. over Aroclor 13%4. The effecta on liver tissue are gen-
erally reversidble at lower 4oses Dut trend toward irreversibilicy
with increased dosing.

Aowever, Lp contrast with the go.ltiv- £indings of PCB
effects on liver tissue in animal models, no significant effscts
on liver function tests have been observed from clinical daca on
humen populations exposed to PCBs in the occupational setting.
Further, there has been no spidemiologicel finding of liver
disease in U.S8. occupationally-exposed personnel. Also, as
aoted in the Yusho discuesion adout persons exposed to contami-
nated cocking oil with a PCB content of 1000 ppm, there was no
£inding of liver diseaee in the categories of either jaundice or
hepatocellular injury.
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gastric Lesions
When tested in menkeys end rodents, PCBS show species

specificity with raepect 0 a toxic effect on the gastric
epithelium, or stomach lining. Ia the monkey, with Aroclor
1242, there is a mucoue conversion of the gastric epithelium
that can dest Ye descrided as a dysplastic growth pattern. This
groweh pattern does Qo% constituts a neoplastic tnuhé-m.
In rodents, PCBs d0 not evoks this effect on the gastrie wucoea.
ia humans occupationally o:poua t0 PCBe thers ars no cliaical
lindl.uqc o data of gastric lesions, and no evidencs of stomach
cancer dus to this expoeure.
care. enesis: } # 1 _and ¢. 8.

A sizesdls volume of animal experimental work has deen
. directed taoward chzonté studies in several species: the mouse,
the rat and the dog. Thers ere some aress of interpretation
that are still undef debate Dy the lavestigatore concerned, dut
in the opinion of the Category I team the following represents
conclusions that can be drawn from presently availadble data:
(a) the evidence on carcinogeaicity is negative for gastrointes-
tinal carcinoms and bladder carcinoms in rats and hepatocellular
carcinoma in the dogr (b) some studiss have reported an increase
in hepatocellular carcinoma ia mice and rats exposed to commer~
cial PCBs chronically, whersas other studies heve affordad nega-

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
esssntially negative results for hepatocellular carcinoma, gastro-
intestinal carcinoms and all other forms of cancer. There is a
single preliminary study that phrporn to show an increase in
melanoma (skin cancer) in occupationally exposed pecple, but the
full data display and anslysis have not been mada for this study.
In contrast, in two larger and more detailed studies, this finding
has not been confirmed; no axcess incidence of melances in exposed
personnel has been observed.

Retrospective mortality studies of PCB-exposed human
populations have not demonstrated a consistent relationship
between extent of exposure and the development of any par-
ticular type of cancer. The human studies in bepatocellular
carcinoma are not comprehensive, but to the extent that they
have been developed the results do not confirm the projection
of a risk for liver cancer based on the animal studies. Somwe
tindings of increases in lymphatic and hematopoietic malignancies
were delov the level of statistical significance, and were refuted
by observations of changes in the opposite direction in other
epideniological studies. Even findings of statistically signi-
ticant differences between exposed and control populations with
respect to the incidence of rectal cancer in women at one plant
have not been confirmed by observations in other studies. The
variance in these £indings points up the important principle that
the Standard Mortality Ratio (SMR) may vary widely in differant

MONS 015592



studies, and that undue emphasis should not ba placed on the
SMR found in one study unless it has been confirmed by similar
findings in repeat or parallel studies.
Reproductive Effects

l:aorunnul‘wrk with commercial PCB mixtures and
animal sodels has been directed to the reproductive process
itself, to taravogenesis in the offspring, and vo possible
fetotoxicity. In most test np-elu,icu produce deleteriocus
effects on reproduction at high dosages. 1In the female monkey
at relatively high dosages, difficulties are encountered in con-
ception, in implantation of the fertiliszed ovum, and in carrying
the fetus to ters. Siailarly dcsed, the msle sonkey does not
transait these difficulties to the mm;«t« process. In the
umn.'um occupationally or otherwise to PChs, there is
in general no evidencs for adverse effects on the reproductive
process, although there are little data from which to drav cone
clusions. In the very special case of Yusho exposure to high
levels of PCBs and other polychlorinated hydrocarbons, the new-
vorn in significant proportion were pigmented, small, and showed
a retarded rate of groweR, WNowever, this pigmentation disap-
peaced and the infants caught up with control population infants
{n total growen. '

The potential for FCB~induced teratogenesis, or produc-
tion of defects in the embryo or fetus, has been investigated
in several species of test animals. Most animal tests
have yielded negative results when PCB8 veres 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 congener, 3,4,3',4'-tetrachlorobipnenyl, ine-
duced a behavioral defact ("waltzing ayndrome®) that may be
releted to an anatomical defect in the inner ear. PCBs in mice
may produce some delay in implantation. In rats, no gross
teratological changes wers observed, but some alterations in
thyroid structure or function produced by PCB edministration
aight fall under the definition of terata. 1In dogs and in
swine, no teratological effscts wers noted at lower PCB doses)
however at the highest daoses of PCB in the feed, at which the
dam suffers marked reduction in food consumption and is thereforxe
nutzritionally deficient, there ere dose-related teratological
effects in the ott.prinﬁ. In monkeys dosad with PCBs, thers are
no dose-related abnormalities in the offspring, but they are
smaller in size., Based on those observations, it is the Cate~
gory I team's conclusion that commercial PCBs present no appreci-
able risk of teratogenicity in offspring of human femsles expoeed
under occupational conditions.

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

Investigations of possible mutagenesis !ru; acute or
chronic e2posures to commercial PCBs have shown negative results
in a series of in vigro and {3 vive test systems. Isolated
bacterial test systems (Ames test) and human lymphocytes in cul-
ture showed no evidence for FCH-induced mutation or transformatiom.
With in vivo systems in intact animals: (a) cytogenetic tests
for altsrations of cell structures or for induction of chromoeome
abnormalities yielded negative fesults; and (b) doth the mouse
-Qnmelouc test and the dominant lethal test demonetrated
negative results. ZIncubation of humen lymphocytes im culture
with PCBs caused an alterasion in glucose transport through the
cell membranes. :

There is nO significant evidence that PCBe are
mutagenic in test systems, and no reports of such activity in
husan populations. It is quite unlikely that commercial »C3
miztures vould exert mutagenic activity in humans. This cenclus
sion is consistent with the lack of ineid
observed ia PCI-exposed human populations.
guner Beaiwh Rffects '

This grouping includss enzyme induetion, immune-

competences and porphyria. 9Cls induce mixed function oxidases

(MPQ) in the liver of test animals. The imporrant issue ia

whether or not this procese igeludu the specific induccion

of cytochrome P-448 as a general property of the PCRa, with the

added implication that scme oxidase systes is Deing induced that
‘ WONS 015595
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could be involved in chemical carcinogenesis. Several conclu-
sions were reached with respect to this issue: (a) the pre-
dominant effect of comnercial PCBs is cytochrome P-480 induction,
not p-uny (b) commercial PCBa in the U.S. can contain up to
about 2 ppm of PCDPy; and (¢) the PCDFPe can induce cytochroame
P-448. From theaae observations in animal model ayetams and our
judgment, it ia concluded that under conditions of U.S. occu-
pational exposure to PCBs, none of tha MPO inducing actions of
the commercial mixtures vill be of toxicological significance
over the lifetime of a PCB-exposed person.

With respect to potential PCB effscts on immunocompe-
tence in test animal syetsms, some observations are pertinent to
the asesssment of probable hasard in the human. It hea been ob-
.urvod in chicks that if the PCB doesges ere high enough, atrophy
of the splenic pulp and necrosia of the lymphoid aystem can be
demonatrated. Similar indicators of change in immunocompetsnce
can elso be produced in ducklings, sice, and monkeys as a conse~
quence of severe change in nutritionsl status. High doses of
PCBO leading to marked reduction of food intake and utilization
can lead to such changes in nutritional status. These considera-~
tions lead to two general conclusions relative to the PCB-exposed
humans: (a) as projected from animal studies, if the PCB dosasge
is high enough to lead to general toxicity in the human (e.9.,
decreased food intake, fall in body weight, fall in weight gain),

MONS 015596



.12 -

immunosuppression may be demonstrable secondary to aalnutrition)
and (D) at lower dose levels, thers is no likelihcod of signifi-
cant iamunosuppression.

nrﬁhytu, or deposiction of porphyrin-derived pigmencs
in liver and urine, has been observed in experimentel anisals
such as the rat and crabbit dosed with PCEBa. The effect has a
delayed onset, and especially in the rst, seems to take place
by sechanisas different from those employed by known chemical
porphyris-producers in the human. It is concluded that, aside
from the unique case of Yusho di » N0 evid has sccrued

for the occurrancs of m:ﬁhyrh in populations exposed to PCle
even under high level occupstional exposure conditions.
tpidemiology

This section (XII) of the etudy presents a separate,
independent assessasnt of the recorded spidemiological literature

and dats basss on human exposures to commercial PCBe, and on the
eignificance of the health sffects attributed to these exposures.

Summary points in this assesssent include the following:
(e) mortality data, based on very saall numbers of deaths, do not
confirm a carcincgenic effect of PCBa in man; (D) data on human
skin lesions in relation to PCB exposures have shown variability
in incidence of this effact with geogrsphical locus end with ine-
creasing blood level {ndicators of exposure; (c) data from studies
of liver enzymee and liver function suggest changes in one or
more snsymes celated to PCB exposure that are not associated
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with liver disesse and that occur at lavels below those at
which chloracne occurs: (4) there is frequently a positive cor-
relation betwaen PCB levele and triglyceride levels in dlood;
end (e) epidemiological data on reproductive sffects, hemarology
and immunology in humans exposed to PCBs d0 not suggest abmor-
malitiee in these systems Or proceeass.
Buman Occupational Exposure Levels

Of the varioue effecte noted in animal teet systems,
only dermatological effects, including some chloracne, have deen

cleerly & trated in h populations at the dosege levele

aseociated with occupational exposures. Table i0 summarizes the
neture and intensity of some expoeurss that have occurred to per-
eonnel involved occupationally with PCBs and the bioclogical
indices that heve accompanied these exposuree, measured as PCB
content in dlood and adipose tissue.

Since the risk to human health from even high level occu-
pational exposures has desn shown by the studies available to be
low, it may be concluded that much lower human exposure levels do

not presant significant risks.
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I. INTRODUCTION

A. Origins and Methodology of the Study
In August, 1981, the firm of consultants in toxicology,

Drill, Friess, Hasys, Loomis and Shaffer, Inc., Arlington, Virginia
(DFBLS) entered into a contract with the Edison Electric Institute
(EEX) and the National Electrical Manufacturers' Association
(NEMA) vhereby DFHLS agreed to examine the toxicological and
epidemiological literature on polyehlorinated biphenyls (PCBs)
and provide E2I and NEMA with DPELS®' independent, professional
opinion on the human health effects of PCBs at varying dosages

or exposure levels. To this end, the principal scientifie
studies and data compilations available on toxicological and
epidemiological effects of PCBs, as commercial aixtures and as
purified single éonécm’n, have been reviewed by a team of
scientists designated as the Category ! team. Members of the
Category I team are Drs. V.A. Drill, S.L. Friess, H.W. Hays,

T.A. Loomis, and C.B, Shaffer from DPHLS. Additionally,

Dr. G. Matanoski of the Johns Hopkins University has acted as an
independent member of the Category ! team charged with study ot
cthe pertinent epidemiological literature on PCBs and their human
health effects, leading to an independent as and evalu-

ation of the probability, causality and reality of these effects.
Catagory I team revievw of the animal and human data
resulted in draft saterial on the relationships between PCB

exposure and specific health effects in test animals and in
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exposed human populations. Further, where humsn data vere lacking
or incomplete, the Category I team members developed specific
projections or opinions as to the probabilicy of oceurrence of
cextain health effscts in exposed humans, based on the existing
animal/human data basse. Health sffect areas scrutinized in-
cluded: general toxicity; effecte on skin and other cutanecus
tissues; affects oa liver; effects on gastric tissues) carcino~
genesis (experimentel and clinical observations); reproductive
effecte including fetoroxicity and teratogenicity; mutagenesis)
Yusho disease and occurrence of cancer; snd other health effects
including enzyme induction, changee in immunocompetence, and
porphyria. Dr. Matancski's treatment of epidemiological obeer-

a

yations constituted an indep saction of the dreft report.

" praft sections from the Category I team were then
revieved for contant, conclusions and opinions Dy the members of
s scientific tsam of pharmscologists and toxicologists designated
as the Catsgory Il team: Dr. F.G. Standsert (Georgetown Univer-
eity), Or. A. Alvarss (Uniformed Services University of the
Health Sciences), Or. J.A. Thomas (West Virginia University) and
Dr. P.K. Enterline (University of Pittsburgh). DOr. Enterline
was the prime reviewer of the epidemiological contribution made
by Dr. Matanoski.

Comments and critique from Categocy II ceam members,
singly and as a group, wers then transmitted to the Category I team
for consideration, leading to revisions and aaplifications thae
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are in place in the final draft of this study. Comments and
suggestions from scientists representing the sponsors of this
study, EEI and NEMA, are also conaidered.
In the final version of the study, to the axtent
posaible, a section on summary and opinion is appended to each
. discussion of a potentisl human health effect attributable to
PCB exposure. The primary responsidility for each of these
ssctions is assumed by the Category I team, even though the con-
tent may have benefitted from useful eontrn,suuom by Category
Il personnel.
B. Comsercial PCB Mixtures
Polychlorinated biphenyls (PCBe) are members of a
class of non-polar cluorlutod_ hydrocarbons based on the biphenyl
nucleus, {n wvhick sultiple chiorine atoms are substituted on
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either or both the primed and unprimed aromatic rings. Certain
individual mesbars of the PCB family have been preparsd in a
velatively pure state, with substitution of ring positions by
chlorine ranging from dichloro isomers (symbolised as 2 - CB) up
to the nonochloro (9 = CB) and decachloro (10 - CB) derivatives.
Commercially, PCBs vers marketed in the United States under the
tzads name of Aroclors. They wers also manufsctured abroad
under tha tradenames “Phenoclor” and “Pyrvalens” (france),
*Clophen® (Germany), snd RKanechlor (Japan). Thay sre comprised
of mixtures of chlorinated biphenyls. The last two digits of
the U.S. commercial name denote the percentage of chlorine in
each mixture, €.9., Aroclor 1342 contsins 42% by weight of C1
corresponding to en average of approximately three chlorines per
biphenyl molecule, Likswise, Aroclor 1254, Clo’hll; ASO and
Ranechlor 30¢ all contain 348 chlorine corrtesponding to five
chlorine atoms per molecule on the average.

Commercially useful mixtures of PCBa have been widely
distriduted over the world in the past few decadss, usually in
applicationa that have precluded sxcessive axposures of user
populations. HNowever, becsuse of the great chemical stabilitcy
of these polychlorinated molecules, their persistence in the
snvironsent after accidental relesse can be lengthy leading to
possible exposuree of people and biots in the bicephere. The
results of these expodures, as well as tb of per 1

pationally exposed to PCBs in the course of chemical synthesis
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and manufacturing operations, are of great importance from the
standpoint of potentially harmful health effects that might
occur Oon an acute or chronic dasis.

C. ECB Impurities
Commercial PCB mixtures are truly complex, containing

variable numbers and s of g £s within a given family
of compounds, and traces of impuritias, all of which are poten-
tially toxic to humans and animals. Impurities that have been
identified in PCBs as manufactured are polychlorinated derivatives
of napthalene (PCNs), nrph'cnyu (PCTs), aethylbiphenyls, and
dibenzofurans (PCDFs).

The occurrence of PCOFs is particularly noteworthy in
view of the higher toxicity for certain congeners, relative to
PCBs. It is important to note that there ar; theoretically 133
possible PCDF congeners, a fev of which are believed to be highly
toxic.

While revieswing PCB toxicological or epidemiological
data, a number of factors related to the actual material involved
must be considered. The PCDF content of commercial PCBs varies:
for Aroclors the reported range is 0-2 ppm of total PCDP congeners.
Por Buropean and Japanese PCBs, the reported range for PCDF con-
tent is 3-20 ppm. The impurity levels can also be affected by
exposure to high temperatures and oxygen. For example. Aroclor
1254 is converted to 2-3% PCDPs at 550-600 degrees C. Thess
same conditions result in the formation of polychlorinated
quaterphenyls (PCQs).
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I1., Yusho isode
In 1968 a mass outbreak of food poisoning occurred in

Japan, following ingestion of a cooking oil contaminated with

PCBs and other compounds, that aroused worldwide concern over

the potential human health effects from exposure to PCBs. However,
this poisoning, which became known as Yusho disease, differs sig-
nificantly in several vays from occupational exposure to PCBs in
the United States so that data from the Yusho incident cannot

be extrapolated to indicate the effects of PCBe in industrial
situations.

Recent studies of the rice oil involved in the Yusho
poisoning show that the oil contained relatively large amounts
of other ehloztm_nd hydrocarbons such as PCDPs and PCQs (see
Kuratsune et al., 1976; and Nayabuchi at al., 1979). The rice
oil that d the 4i vas found to contain about 1000

Ppm of PCBs, S ppm of PCDPs, and 1000 ppm of PCQs; the amounts
of the latter two classes of chlorinated hydrocarbons in the
rice oil are higher than in the Aroclors used in the United
States. Hayabuchi reanalysed the intake data for the Yusho
patient, and calculated that the average intake for the mean
latent period was PCB 466 mg, PCOP 2.5 mg and PCQ 439 ag; the
snallest intake by a patient wes estimated to be 111, 0.6 and
105 a9 respactively.

PCB concentrations in the tissues of Yusho patients

were auch lower than those of asymptomatic individuals with body
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burdena of PCBs resulting from occupational exposure. Purther,
PCD fractions of blood, tissues, and breast milk of Yusho patients
yielded gas chromatographic patterns showing a larger amount of
late-eluting peaks than do PCB fractions of tissues of individuals
subjact to other types of PCB exposure {(Koda and Masuda, 1979%).
These pattszna have never been obsarved in individuals (human or
aninal) expossd to PCBs in othar situations. They are unique to
Yusho disease. Also, PCDPs have been found in tisaues of Yusho
patiente. .

Purther evidance for tha uniqueness of tbe syndrome
in humans exposed to the Yusho oil is furnished in two recent
studies. Hayabuchi st al. {1981) in follow-up studies on these
patients five or more years after the poisoning found significsat
positive correlations for the years 1973-197¢ between ﬂod '
concentrations of PCBs and the total amount of rice oil consumed,
but not vith the dosage of rics oil consumed per unit of body
veight per day. Xashimoto at al. (1981) found that Yusho is
quits different from ordinary PCB toxicity in the sense that,
even 12 years after the first outdreak, PCQs have been found
in the patients' blood and both PCQs and PCDPs have deen found
in their tissues and organs.

It {s cbvious from this brief review that Yushe cannot
be considared a model to reflect the poesidle effects of the ICB
exposure in man. Although much can be learned from the Yusho
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incident, it would be misleading to attempt to intsrpret the
obsecvations on Yusho patients as velid signe and symptoms of
overexposure to PCBe or to attempt to quantify the poseible
effects of PCB exposure based on Yusho disease.

A. Yusho Dieesse

Yusho diseasa is characterized by the ingestion of a
mizture of chlorinated hydrocarbons containing PCBs in lerge
amounts over a rslatively ehort period of time (latsnt period
Crom start of ingestion to onaet of the dissase sveraged 71
days). In contrast., the studies of PCB expoeure in workers in
the United States have been concerned with the poesible effects
of chronic exposurs to small amounts of PCBs through inhalation
or akin contact.

The principal signs of Yusho dieease are skin conditions
such ae acneform erxuptions, pigmentation of the skin and nails,
and nypersecretion of the Meidomian glsnds. Chloracne snd hyper-
secretion of the Meibomian glands are bellieved now to be caused
predominantly by PCOPs. Hyperpigmentation of the skin is observed
rarely, if ever, in human populstions with heavy occupational
exposure to primarily PChs.

The actions of PCDPs sppear to differ in seversl vaye
from those of the PCBs. Kurataune et al. (1976) ahowed, for
example, that the liver appears to concentrate PCDFs selectively
relative to PCBa. It was also found that relative to PCBs, the
concentration of PCOPe was about 250 times higher in the rice oil
than in unused Kanechlor-400. Additionalliy, ths PCDPs appear to
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be highly toxic, st least in the rabbit; a single oral dose of
0.5-1 mg/kg of the tri- and tetra- chlorodibenzofurans caused
severe and often lethal necrosis in the rabbit (Mofmann, 19354,
Bauer at al., 1961).

8. Yueho Disease and Liver Punction

In view of the effect of PCEs on the liver of the rat
and the highly toxic action of PCDFs on the liver of the rabbit,
it was snticipated that the Yusho patient would have severe
liver damage, but such has not been found.

In their review of Yusho disease, Kuratsune et sl. (1972)
list "ths subjective symptoms of Yusho as stated by 189 patisnts®;
110 report jeundice. Data to confirm thes patisnts’ ®subjective
syaptons” sre not provided, nor is the presence of this “symptoa®
confirmed by other statemsnts of clinical findings. Prof. Urabe
(Chief of the Study Group) 4id not list jesundice as & sign or
‘symptom of Yusho disease and the disgnostic criteria adopted in
1972 do not make refersnce to jaundice or the need for a liver
function test in these patients (8ee Ruratsune st al., 197¢).

The fellowing two papers on Yuaho disesse and liver
function are in Japanese and the bﬂ.O'l suamary given below is
taken from the report of Kurateune st al. (1976).

Okumaxa and Katsuki (1969): They examined 24 patients
2000 after. the onset of the disesse)
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(1) There were no objective signs of liver disorders:
(11) No patients were jaundiced and only three had
palpable livers (in one patient examinations of a
liver biopsy showed marked hypertrophy of the amooth

endoplasmic reticulum).

Okumara (1972): Liver function teata were performed

in 38 Yusho patients with various subjective symptoms.

({) An increase in lactic dehydrogenase (LDH-35) and in

thymol turbidity titer was observed in some of the

severe cases, °"but no definite evidence for liver
disorders was obtained.”

In & follow~up study of 121 Yusho patients the mean
serum bilirubin was 0.40 mg/100 ml compared with 0.87 ug/100 m}
in control patisnts (Rirayama et al., 1974). The difference
was atatistically significant and the authors suggest that there
may be accelersted dilirubin disposal from the blood.

It may be concluded that the Japanese findings do not
provide evidence for the development of hepatocellular injury or
jsundice 1in patients with Yusho disease.

C. Yusho Disease snd Carcinogenicity

Urabe snd co-workers (1979) report that 51 of 737 Yusho
patisnts in the Pukucka district had died and they list the cause
of death for 31 of the patients. There were 11 deaths (33%.4%)
from neoplasms which they stats is substantially higher than the

21.1V rate that is “the mortality rate from necplasas in the
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aame prefecture this year.® A further analysis ils not provided.
The folloving malignant neoplasms were liated ae the cause of
death for the 1l patients with cancer.

Anatomical Site No. of Cases
Seomach Cancer 2
tiver Cancer :
tiver Cancer &
Liver Cirrhosis 2*
Lung Cancer 2*
Lung Tusor 1
Breast Cancer 1
Malignant Lymphoma 2
TOTAL: 11
*Autopsied

Information on age and other relevant spidemjological
data srs not given, and even a tentative conclusion regarding
tusho disease and any aslignancy sust swait further analysis.
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IIXI. Body Burdens, Metabolism, and Kinetics

A. Introduction

The degree of chlorination ( 2 to L0 atoms of Cl per
PCB molecule) and the positiona of the chlorins aubatituents on
the biphenyl rings both exert a profound influence on hov mam-
malian systems handle any given PCB molecule. The degree and
position of chlorination play a major role in determining th:
pathways for metabolism and elimination of the parent molecsles
and their metabolitee by animal models and the human. These
structural factors also bear on 1ipid solubility of the molecules,
and therefore influence to some extent the kinetics of PCH tissue
distribution and atorage. The following sections deal with the
present state of knowlege on these PCS handling mechanisas em-
ployed by animal models and the human, recognizing that there i»
8 strong linkage in the dynamic processes beginning with exposure
and ending in excretion. These topics will be treated in three
groupings: (1) distribution and storaqe of PCH metadolites in
tissues; (2) metabolism and excretion; and (3) kinetics or
the dynamics of PCB turnover in animal models and the human.
Presently, some generalizations emerge with regard to PCB struc-
ture vs, reactivity relationships and mechanisms for handling
PCBS in test animal systems that make reasonadle extrapolation
to potential events in the human organism possible, even when
direct evidence for actions of a given compound or PCB mixture

in human populations is not availadble.
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Aditional attention has deen directsd to available
information on the actions of PCDFs in animal models and the
human, and to a variety of biochemical effects racorded Lor PCBs
and their wetabolitss in mammalian systams. PCDPs mey De con-
caninents of some commercially used PCBs. Although 10-20 ppe of

these contaminante have been found in PCRs factured in Bv

L

and Japan, only trace amounts on the order of one or two ug of
total PCDF congeners per g of PC) have been reported in the
Aserican manufsctured mixture Aroclor 1254 (Bowes st al., 1973).

8. PCB Distribution and Storaqe in Tissues

A considarable body of literature exists on studies of
the time dependence of the distribution, movement and storasge of
PCBe and their metabolites in the tissues of szperimentsl anisal
models and of humans, following exposurss to chiorinated biphenyls

a8 pure compounds or mix . In test snimal models using un-

lsbeled or radiolabeled (1/2 C or 1/2 K) PChs, lled exp
were generslly by the oral route (stomach tube, or in tha feed)
or by intravenocus injection. followed by study of the changing
distribution of the agent end its metabolites in the circulating
blood, in tissues, in bile fluid and in excreta as s function
of elapsed time aftar dosing. In the human, sxposures with
resulting body burdens of PCEs wers generslly of the subchronic
type steaming either from massive poisoning events, as in the
Yusho events, from chronic occupational exposures in asir and vis
skin contact, and vis PCB contaminants in sir, weter, food snd

surface contacts in the ambient. FKumans may 8lso have been
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exposed to PCBs occupationally in the chemical manutacturing
procsss, in the manufacture of capacitors snd in the manufacture
and repair of transformers. Until, recently, several aicroscope
immersion oils contained 30-40% PCBs as Aroclor 1234, causing
potential sxposures of atudents, pathologists, microscopista,
ete; the degree of exposure is lov and the penetrstion through
skin from these products may not be as extensive as in lsrge
scale manufscturing processes.

In human studies, PCB distridbution and storage in
readily obtained tisaues vas generally followed epidemiologicsily
in exposed populations by monitoring levels in blood, sometimes
in mother's milk as a function of time and sometimes by measuring
PCBs in adipose and other tissue ssaples obtsined clinically snd
post mortem.

Animal Model Results

The picture of distribution and storage of PCBs and
their metabolites in tissues over time has been developed moet
completely from controlled dose experiments in anisal models.
Generally, rats and mice were the animals of choice for this
work (Burse st al., 19747 Geyer st al.. 1980; Guiney st al .,
1978; Mattews and Anderson, 1975; Morales and Matthews, 1979,
Albro and Pishbein, 19727 Burse et al., 1976), but the dog, as
vell as the monkey, has slso been used (Hsu et al., 197%5ay
Milling st al., 1979 Sipes st al., 1960). The dynsmics of
tissue distribution vary with different isomers and congeners,
and depend in large measure on vhether or not the specific PCB
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moleculazr structure allows repid metadolism and excrstion of
polar metabolites via bile, feces end urine (Milling et al.,
19797 Safe et al.. 19737 Sipes gt al.. 1940: Macthews st al.,
19783 Guiney g% al.., 1978; Guaelian, 1979) or elower metadolism
with retention of parent compounds and metabolites in tiaaues.
As will be discussed in the following section, matabolic trans-
formation in the liver ia particularly facile for those ICBs
with lower chlorine content ( 2 - CB through 4 - CB, t.e. 3~4
chlorines per PCH molecule) and with adjacent ring carbom atome
uneubstituted by chlorine atoms (Matthews and Tuey, 1980;
Sundstrom et al.. 1976; Kato et al., 1980; Jensen and Sundstrom
ot al., 1974d; Ghiasuddin et al., 197¢; Matthevs ot 3l., 1978),
ror many PCB molecules tn'vm.ea metabolic transformation and
excretion is not exceesively rnpu.' the dynamic distribution of
parent compounds end metabolites in tisaues following dosing has
been studied carefully (Mizutani at al., 1980; Safe et al.,
197%; Sipes st al., 1980). The folloving generslizations appear
valid in animal models for structures ranging from 1-CB to €-CB
and higher.

rirst, the PCBS ars readily adbsorbed from the gut
following oral administretion and appessr rapidly in the blood-
stream (Albro and Pishbein, 1972; Bexlin et al., 1973; Chen and
Matthews, 1974). Within minutes to hours, the materials largely
clear from the Dlood and eccumulate in the liver and in auscle
tissue (Berlin st al., 1975; Burse st sl., 1974; Chen and
Matthews, 1374). BHowever, trecas of PCBs have been found in the
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blood of humane, probably by redistribution from other tissuss,
years atter exposure. The liver is the primary locus for meta-
bolism of the PCBs, aepecially for reactive specias, leading to
mixtures of parent molecules and metabolites that then either
translocate to othar tissuee or are excrevad by both bile/gut,
lumen/feces and urinary pathways. As translocation from liver
and muscle occurt-lﬁ the rodent modal and other species over
time periods ranging from hours to many days, the ultimate
depots for major amounts of the non-polar PCBs and their polar
matabolites appear to be adipcse tissue and skin (Berlin et al.,
197S; Hansen, 1979 Guiney st al., 1978; Burse at sl., 1974).
The genersl distribution pathway in rodents may therefore de
characterized as sequential migration from gut and bloodstress
entry points to liver and muscle tissues, in a repid process,
snd thence to depot storage in body fat and skin.

When tha PCB structure is such as to permit ready
netabolisa to polar hydroxy, dihydroxy or diol derivetives, the
aetabolic process may be closely linked in time with excretion
of the metabolites (Jensen and Sundstrom, 1974; Lay st al.,
1979; Matthavs and Tuey, 1980; Matthews at al., 1978; Matthews
and Anderson, 1978). Animal studies on urinary and fecal ex-
cretion of PCBe icuzolian. 1979; Matthews and Anderson, 197S;
Berlin at al., 19785 Lay et al., 1979; Chen et al., 1976¢: Van
Miller et al., 197S), and rates of eliminetion of PCBs from

liver into bile and then into gut/feces, show that the larger
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proportion of ion in d 8 18 by fecal elimination (Kawo
et al., 1980; Lay et al., 1979; Chen et al., 1976; Van Miller 13
al., 19735) Chen end Metthews, 1974) of polsr metabolites, mostly
glucuronides, eliminated via the dila.

The dynamics of distribution and elimination of PCBe
in twvo monksy specias have been studied (Wsu, et el., 19734,
Sipes et a)., 19607 Hsu at al., 1975b), and are found to follow
s similarly complex pathway, but with wider tiseue distributioa
uitimately than that seen in the rst. In our opinion, thias
differsace may relate in part to the ablility to analyss more
tissues in lsrger snimals. With fat tissues present ia only
small proportions in the infant Rhesus monksy, the ultisate
depots included bone marvov and the adrenal glands, in addition

" to skin (Heu et al., 197%s).

Long-term studies involving chroaniec administration of
PCBs at lov dosage levels ta animal models for significant
tractions of their lifetimes, vith detsrminations of total bur-~
dens and tissue distributions achieved over time periods of one
to two years of ingestion, are lacking.

en [T 4 idemio Studies

Experimental data on body burdens and tissue distridbu~
tions of PCBe in humans as a result of precisely-seasured in~
takes are not available. HNowever, thers sre several population
ue:;on for which exposures to PCEs can be at least roughly
estimated, and from which tissue samples (blood, subcutanecus and

other fatty tissus, etc.) have been taken to obtain indices of
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body burden. These sectors include: (1) humans occupationsily

sxposed to PCBs during years in which they were employed in

sanufacturing pr {Karpp ot al., 1972; Hasegave et al.,
1972; Kitamura et al., 1973; Ouv et al., 1976; PFischbein et al.,
1979; wolff et al., 1981; Maroni et al., 198la, b; Smith et al.,
198la, b; Chase et al., 1981); (2) humans accidentally poisoned by
PCBs ingested in contaminated foods, as in the Yusho experience
in 1968 snd in corresponding ingestions of contaminated rice

oil in Taiwan (Chen, 1980; EZPA eummary, 1980); and (3) humans
living in areas in which PCBa have somehovw entered the food
chain or weter au?ply in measurable amounts, leading to long-
term, low-level body burdens in adulte that may also be present
in the human milk supply for transmiaeion to infants (Humphrey,
1975, 1980; Kuwabara st al., 197%; Kuwabara et al., 19790; Mes
and Davies, 1979; Watanabe et al., 1980). An additional source
of exposure that is more difficult to characterize quantitatively
stens from the exposure of families to contaminated clothing of
PCB workers. Survey work has besn done in all of these popula-
tion sectors worldwide. The results are sketchy, but tentative
qualitative generalizations can be drawn.

Blood or plasma levels of PCBs are most readily
followed in potentially exposed population datas using highly
sensitive analytical techniques such as gas chromatogrephy end
mass spectrometry. Por occupationally exposed people (NIOSH,
1977; Smith et al., 1980a) values ranging from 10 ppb up to a
maximum of 3330 ppb have been observed, with the additional
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qualitative finding from Japanese rsfersnces that the half-life
for disappesrzance of 7CBs from blood following cessetion of
axposurs ranges from ) to 30 montha. PCB blood levels wvere
higher with increased durstion of exposure. Por Yusho victims
in Japen, with blood samples taken $-7 years following exposure
to PCBs, in the 1973-1973 time frame (NIOSH, 1977) values ia the
cange )-33 ppb vere obssrved. Enhancesent factors over control
group levels (mean, 3 ppb) &8 greet as 10 were calculated, bdut
the observed blood lavels wvere still such lower than lewels
found in Japanese capacitor workers. It is of intersst to aate
the obur;ntten of Huaphrey (197S) on the very slowv clearsnce of
PCBs from the tissues of humans exposed by esting fish. 1In
general populations, blood plasma or serua levels of PCBs in the
range $-29 ppb have been found (NIOSH, susmary p. 38).

A current snd vell documented study of body burdens of
PC3s in persons employed for many years in capacitor sanufactur~
ing (Wolff et al., 1981) ie of special value from the standpoint
of its correliations of tisaue concentrstions with extant of
sxposures. With highly chlorinated PCRBa (B=PCBS), plasss concen-
trations of 1-546 ppd in exposed personnel correlated vith total
sccumulated exposure time. For the lsss highly chlorinated PChs
(L-PCBa), plasns levels in the vange §-2330 ppb correlated better
vith specific tasks of individuals working wvith these 2-C3 to
4-CB aolecules. Also obeerved in this atudy wvas a corrslstion
of levels in plasma with levels in adipose tissus for each class
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of PCBs, with H-PCBs and L-PCBs taken as separate classes, and
an overall adipose/plasma partition coefficient of 190.

The levels of PCBs and metabolites in subcutaneous fat
in humans have also been surveyed in general populations (NIOSH,
1977), in groups such as Yusho patienta with high exposures, and
in some occupationally exposed individuals. For the general
population, levels in fat range from lees than 1l ppm to greater
than 2 ppm. FPor Yusho individuals, eleveted fat PCD levele in the
range 13-75 ppa have been observed, corresponding to peak enhance-
ment factors as high as 30 over the population at large. It
should also be noted that the spectrum of compounds in humen
tisaues is not necessarily identical with the spectrua in the
mixture to which & given population was exposed (Kuvebara et al..
1971a). Ranges of adipose tissue PCB lavels in occupationally
exposed individuals have been reported as ‘160-635 ppm (Karppanen
et al., 1972), 1-12.6 ppm (Chase et al., 1981), and 2-271 ppm
(Wolft et al., 1981).

Special surveys have been made of PCB3 levels in the
milk of lactating human mothers (Mss and Davies., 1979; Watenade
at al., 1980; NIOSE summary) and of levels in human esmbryoanic
and fetel tissues resulting from in utero transfer from Yusho
feaales (NIOSH, 1977). Human milk sasples with values of »CiBs
in the range 0.008-0.1 ppm have been observed. Clearly, con-
centrations in ailk are higher than those in bloo'd prinrﬂy
because ailx is rich in fat. Organe from the esbryonic and
fetal tissue displayed PCB levels in the range 0.002-0.750 ppm
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for whole tissuea, with fat derived from these organs yielding
levels in the range 0.0¢~1.14 ppm.

C. PCB Metabolism and Excretion

Aninsal experimente invelving exposure by feeding, in-
tubation or injection of purified FPCB ieomars in test snimal
models have yialded some important generalizaticns on the
machanisms employed Dy asmmalian species to metabolize PCBs to
more polar derivatives, and to excrate bdoth parent compounds and
metabolites. Beginning vith ready absorption from the gut and
transfer to circulating blood, or with direct injection inte the
bloodetrean, & given PCB moleculs ultimatsly reaches the liver
vhere eajor metabolic sctions are initiated, The processes of
metaboliem and excretion as 8 result of these pctlonl are complesx, ?
and depandant on the molecular structure of the PCB. Genersl
Ceatures of these processes include the following points:

(1) Variadble amounte of PCB metabolites are excreted
via the feces after delivery to the gut lumen via the bile flow
pathway. Uncainqod PCBa can occur and be diacharged in milk.
Relatively 1 a age ted as polar metabolites in

urine than {n fecee in most sninal models (Xato et al., 1900
Lay et al., 1979; Chen et al., 197¢; Ven Miller et al., 1979,
Chen and Matthews, 197T4).

(2) Metabolites ace formed in patterns that differ
quantitatively or qualitatively among sammalian species. Thay
are generslly formed Dy oxidetive processes that are thought
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to involve an arene oxide formation that results in monohydroxy-
lation, dihydroxylation, hydroxylation and methylation, or diol
formation accompanied by partial reduction of an aromatic ring
(Berlin et al., 1975) Lay et al., 1979; Lucier et al., 1978,
Milling et al., 1979; Sundatrom et al.. 1976; Gardner et al.,
1973) Chen at al., 1976; Matthews et al., 1978; Van Miller at
al., 1973; Hsu et al., 1975a; Hsu et al., 197%b; Burse st al.,
1976). Evidence also exists for dechlorination of a PCB in the
process of metabolism (Kato et al., 1980; Hutsinger et al.,
1974b). Por some PCB structures, the process of oxidative meta-~
bolism may be closely followed by excretion via the liver-bile-
feces pathway (Chen and Matthews, 1974).

(3) Compounds with lower levels of chlorination (2 -
CB to ) or 4 ~ CB) generally undexgo ..u“““v more readily,
and faster than the more highly chlorinated PCBs. The more
highly chlorinated PCBs may persist in tissues for years because
they are not metabolized. Indeed, 10 - CB {s virtually inert.

(4) In the case of metabolism by oxidative pathways,
the most facile process involving formation of hydroxylated
products occurs when one or both aromatic rings contains adjacent
pairs of ring carbon atoms (called vicinal ring stoms) that are
unsubstituted by chlorine atoms. In the absence of unsudstituted
vicinal positions, direct hydroxylation can occur in the ring,
but with greater difficulty (Geyer st al., 1980; Matthewvs and
Tuay, 1980).
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The importance of vicinal unaubstituted positions on
PCB rings in facilitating oxidative metabolism in the liver is
explained by a mechanise that involves an arene oxide interme-
daista (Daly st sl., 1972). When either or both of the vicinal
positions contain chlorine, reaction rstes will be lower, but
the mechanism is not entirely ruled out. Additional molecular
resrrangesents, including the so-called NIHR (National Institutss
of Heslth) shift of a ring substituent (Daly et sl., 1972), may
be involved., Less is known about mechanisas of direct enzymatic
hydroxylation that do not proceed through an arene oxide inter-

nediate.

Azene Oxide .
(S) Hydroxylated metabolites of the PCBs and their

conjugates will generally display different orders of toxicity
than those shown by the parsnt molecules.

(6) A genecal point of intecsst with respect to PCB
metabolites lies in the observation that they are usually more
polsr than their parent compounds. Conjugation of the hydroxy
and dihydroxy metabolites as glucuronides or sulfates can occur,
leading to polar conjugatss that can readily de axcreted. The

polar charactar of metabolites, in contrast with the nonepolar
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characteristics of the starting PCBs, can lead to differing dis-
tribution, storage and excretion patterns for the two classes
of cheaical compounds. Polar metabolites are not readily par-
titioned into fat or reabsorbed from the urinary or gastrointes-

tinal tracts. Therefore they are excreted relatively rapidly.

D. PCB Kinetics

Profiles of the dynamic growth and decay of PCH/ meta-
balite concentrations in each key tissus can be drawn from
controlled toxicolegical experiments. The distribution of a given
PCB and its metabolites in the blood, tissues and excrets of test
animals is followed as a function of time after administration.
Tissues are viewved as body compartments into which materials are
delivered from the arterial blood supply, in which some setabolic
processes may occur, and from which materials are delivered invo
the venous drainage systems. A collection of such compartments
communicating with the blood supply and controlled by rates of
flow through the compartments, vith postulated equilibration
of any given chemical in a compartaent with its venous blood
flow, constitutes an appropriate modeling’ lyitu for correlating
PCB distribution, storage, metabolisa and excretion kinetics in
an animal over time. This aulti-compartment model has been
employed by Matthews and co-workers and others (Anderson et al.,
1977; Bungay et al., 1979; Tuey and Matthews, 1977; Lutz et al.,
1977), to sort out the kinetics of specific PCB isomers in

rodent models. The PCB administration can be either direct
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injection of a PCD into the blood circulation, or its absorp-
tion into blood from the gut after feeding or intubation of the
compound. [Excretory pathways sre 9is the liver/vile/gut route
or the blood/kidney/urinary elimination systea.

The success of a model equation system in fitting
analytical data for a given PCB snd predicting the shape of its
concentration vs. time curve for each organ or compartaent de~-
pends in large measure on saveral factors, ineluding: (1) the
assignment of suitable values for distribution coefficients of
PCB compounds in each compartment; (2) the differential blood flow
o various organa; and (3) the cle from org and the

body. This fitting procesas has nov been carried out for e
number of PCBa for which kinetic data are availadle (Anderson
st sl., 1977; Chakraborty, 1978). The goodnaess of fit of the
model to each set of PCH kinetic data sveilable atteste to the
validity of the assuaption that matsrials partition st equie-
1ibriua batween Dlood and tissue sccording to pursly physical
properties involving solubility parameters of the chemicals.

E. Niscellanecus Siochemical Effects of ¥Che

Studies of the actions of PCBs in animal models and
humans exposed to these chemical ﬁonu accidentally or in the
occupational setting have revealed a variety of biochesmical
effects On mammalian organisms. Scme, such as alteration of
drug metabolism by virtue of PCB induction of sicroscmal aixed
function oxidases (MFPO), are trested elsevhere in this document.
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Other effects appear to be unrelated to MFO actions, and have
been detected in the course of acute or chronic toxicological
experiments with laboratory animal models or epidemiological
surveys of exposed human populations.

In an aninal study (Bastomsky et al., 197%) aimed at
probing the previous evidence on reduced serum bilirubin levels
in Yusho patients, it was found that Aroclor l2S54-treated rats
showed increased liver microsomal protein, as expected, but with
no significant elevation in liver bilirubin UDP-glucuronyl trans-
farase activity that could have accounted for reduced serum levels.
Other studies (Grote et al., 1973; Lake et al., 1979) have shown
enhanced levels of chis trsnsferase activity. At present
therefore, the mechanism underlying the hypobilirubineamia in
Yusho patients remains speculative.

rrom epidemiological studies of Yusho patients (Serik,
1979), a cather general biochemical finding has been the obser-
vation of porphyrins in urine and porphyrin accumulation in liver,
as a result of exposure to chlorinated hydrocarbons including
PCBs. Chronic hepatic mera is the designated condition,
which increases with exposure and can therefore be taken as an
indicator of the extent of PCB exposure. Porphyria is discuesed
elsevhere in this text (section XI).

A biochemical factor that may bear on the toxicity of
PCBs in certain sensitive human populations, ¢.g., fetuses, neo-
nates, ensyme deficient adults, etc,, is related to the ability to
excrete the toxic phenolic metabolites rapidly and efficiently.
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Since a common route of excretion involves preliminary conjuga~
tion of the phenolic hydroxyl groups with glucuroaie acid in the
body, or sulfate conjugation, it has been pointed out (Calabrese,
19770) that human groups that are bdiochemically deficient in che
abiliey to conjugate could be predisposed to accumulate PCBs

and nmetabolites because of this deficiency. A more serious con-
sequence of altered liver capadility would be a reduced capacity
to deal with arene oxide intermediates effectively.

An intesresting biochemical defect in human lymphocytes
has been studied (Lae and Park, 1980) thet can be asttributed to
dizect action of PCBe on these white bdlood cells. Por both human
lymphocytss and monocytes, it has been found that incubation
of the cells with Aroclor 1254 in culture medium causes a de-
crease in their ability to take up glucose from the medium. A
non-metabolizable analog of glucose, 1-deaxyglucose, was used to
detect the bdiochemical defect, which wae steributed to ICB expo-
sure but vhich may well be more general for sny organic chem-
ical that concentrates in the fat of the cell wall. It may
entail direct action of PCBe on an sctive transport process in
cell membranea. In this regard, liver glucose-é-phosphatase has
been found to be inhidiced in rats fed various Aroclor mixtures
(Litcezest et al., 1972).

The proceases by which PCB pretreatment i{nflusnces
rates of protein and nucleic acid (ANA) syntheais and turnover
in rat liver tiasusa have Deen inveatigated systemstically
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(Narbonne, 1979a, b, ¢, @), using radiolabeled substrates. It

is clear that liver tissue, in vivo and in vitro, responds to

PCB treatment (Phanochlor DPE) by increasing the protein syntheeie
in liver microsomal fractions in a process that is both age and
sex dependent. Concomitant increaees in liver fat are also

seen in vivo, as vell as changes in levels of RNA synthesis in
various liver fractions and increases in liver weights. Proa

the turnover experiments in rats, it is also observed that micro-
somal membrane protein metabolism ia enhanced by ingestion of
Phanochlor DPS.

Some further diochemical effects of PCB exposures on
the human are seen in workers occupationally exposed to these
chemicals for extended periods of time (Saith et al., 1978).

The findings, as yet unexplained in terms of requisite dosagee
or underlying mechanisms, are that: (1) the circulating tri-
glyceride levels in blood plasma are elevated for exposed workers
' over controls, but are still within normal levels; and (2) the
circulating levels of high density lipoprotein are lowered in
exposed groups of workers,

Another biochemical effect seen in PCB-treated rats is
worthy of note, since it relates to an impairment of excretion
of an important drug and its metabolites (Schmoldt et al., 1979).
In the Wistar rat pretreated with Aroclor 1248, the drug digi-
toxin and its metabolites were blocked to a significant degree

from excretion via the bile. The results suggest that tha
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blockage is due at lesst in part to 8 PCB-induced impairment of
the cleavsge of one of the sugars from digitoxin,

Pinally, the ection of PCBa leading to induction of
mixed function oxidases (MPOs) in the liver, with elevation of
associsted cytochromes P=430 or P-448, has p ial

.

These ars discussed elsevhere (section XI).

?. Some Observations on Polychlorinated Dibensofurans

The PCOPs. are of special interest since they are known
to be highly toxic ia their own right, and the degree to which,
as cou;ut'mnu. they add to the potencies of #CB aixtures in
production of adverse health effscts in animal models and husans
has not been fully evaluated. However, toxicological studies in -
animale with PCOPs containing l-4 or more Cl atoms per molecule
(Morita and Oishi, 1977; Goldatein st al., 1976¢; Veerkamp et al.,
1981) have shown that the PCDPs ars qualitatively quite similar to
their structursl PCB analogs with respect to properties of
tissue distribution, ;nuboun and excration. In the mouse, the
heavily chlorinsted isomers localisze in liver, spleen and fat
{Morita and Oiahi, 1977), with & half-1ife for clearance froa
the body of about twvo weeks. In the ret, metabolism occurs by
oxidative pathvways leading to mono= and dihydroxylaced derivatives
(Vearkamp et al., 1981), with & wide varistion in ring position by
the hydroxy function among the lower chlorinated PCDEFs. The oc-

tachloro derivative yields ro setabolic products in tissuee or

MONS 015629



- 49 -

escrets (Veerkamp st al., 1981}, 1In the chick (Goldatein et al.,
1976), the 2,3,7,8-tetrachlorodibenzofuran (TCDZ) has been shown to
be relatively poor in ansyme induction. However, Goldatein et sl.
(1978, 1979a) have shown that 2,3,7,8-TCOF is a potent inducer

of cytochrome P-430 and aryl hydrocarbon hydroxylase.

Some important data on PCDF metabolism and excretion
in the human were obtained (Mappe et sl.. 1979) by analysis of
liver tiseue from two deceased patients in the Yusho disease
group in Japen. Prom the differencea in PCDF structural rela-
tionships in the contaninsted rice oil and in the PCDP fractions
isolated from thes livers, inferences could be drawn with respect
to PCDP structurs (all contsining 4-6 chlorine atoms per molecule)
retained by the liver vs. those thst had dissppeared from liver
by processes of metabolism/elimination. In striking parallslisa
with PCB dlspoalt!on.tn sasmalian tissuee, it was found that
none of the PCDFs retained in liver had two vicinal unsudstituted
{by C1) positions in either asromatic ring. Apparently, all such
molecules had been sufficlently susceptible to ozidative metab-
olism to be hydroxylated and excreted from liver in the bile.

The above observations are not to be taken as all-
inclusive with respect to the body of information that must be
developed in the toxicology of the PCDFs. This class of com-
pounds, even at low contaminant levels, is an important contridb-
utor to the total spectrum of toxic affects from commercial PCB

mixtures.
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G. Susmary and opinion

Some geéneral reflections and opinions can reasonably
be dravn from the previous discusaion regarding the use of animal-
derived biochemical and kinetic information to predict certaia
events and hazards in husan PCB intoxications,

(1) Pvachways of absorption, distribution, metabolisa
and excretion have been explored fairly extensively ia anissl
models. From the species variadility seen, coupled with limiced
ocbservations in the human, educated guesses and predictions can
be mede on the occurrence of certain toxic effects and processes
in the human.

{2) Mathematical analyses of kinetic data from animal
sodeling experiments lead to some generalizations (Luts et al.,
1977) that could apply to ICB turnover kinetics in the human:
(1) kinetic rate constants for metsbolism of PCBs by the liver
decrease 88 the degree of chlorination increases; (2) rate con-
stants for biliary clearance of PCB metabolites from the liver
are nearly cthe same for all PCBe; (3) urinary clearance rates
for PCBs decrease as the degree of chlorination of the parent
molecules increases; and, (4) for each PCB, the value of the
distribution coefficient between fat and blood is greastst than
that in any other major tissue, indicating that the fat compart-
aent of all tissues may constitute the major ¥C3 depot.

{(3) Kinetic models derived from animal data may u'm-

ful for prediction of time courses of action in the human once
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additional data on metabolism and clearence rates for individual
PCBs in human tissues are obtained.

(4) Soma general PCB structure vs. activity relation-
ships have emerged from animal atudies, particularly rodents,
that can have useful predictive power for the human.

(%) There is some relevance of the features of the

absorption/distribution/metabolism/clearance pr d4 d
in this section to the toxicology of PCBs in animals and husans,
Ffor example:

(a) The possibility that an atene oxide intecrmedi-~
ate can occur in PCB metabolism has special significance in
terms of potential reactions with protein, RNA or DNA to cause
tissue damage or damage to I cell's nuclear functions.

(b) The retention of PCBs in adipose or other
tissue can have major significance by creating reservoirs from
which material can be leached over time for reaction at other
tissue sites.

(c) There is little evidence in humans for acute
cytotoxicity of the kind usually associated with reactive
metabolites. Rather, some of the adverse effects of PCBs, e.9.,
chloracne, could stem from the physical presence of unreacted
material in the cells along with oils and/or sebaceous materials
of the skin.
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IV. Genersi Toxiciecy
A. Gensral Considerations

Any ettempt to undertake a systematic svaluation of the
toxicity of PCBs is confounded by a number and variety of factors
that complicate the interpretation of the findings and limit
their generalization. Therefore, these factors should be recog-
nized at the outset of consideration of the available body of
toxicological literature. The more important of these factors
aTe listed ee follows:

(a) The multiplicity of commercial producte of bdoth
U.S. and foreign manufacture;

(b) The multiplicity of isomeric forms of PCBs in
commercial products;

(e) Qualitative and quantitative differencee in meta-
bolism of different isomers within the same speciss;

{d) Qualitative and quantitative differencee in meta-
bolism of the same isomer between species;

(e} Differences in rates of metaboliam of diffarent
isomere within the eame epeciee;

(£) Differences in rates of metabolism of the same
isomer between apecies:

(g) Differences in the biological half-lives of
difterent isomers within the same species;

(h) Diffsrences in the biological half-life of the

same isomer between speciss;
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({) The prasence in commercial products of iapurities
of much greater tozicity than that of pCaa;

(1) The vearliadbility between ccamercial products of the
same type (i.e., seme degree of chlorination) in the concentration
of impuritiss of much greater toxicity than that of pChse;

{x) The veriability between cial prod s of tha

different types (i.e., diffevent degrees of chlorination) in the
concentrations of impurities of much greatar toxicity than that
of 2CBs; and

(1) Differsnces between speciee in suscsptibility o
the toxic action of (1) individual isomers end their setabolites,
and (1i) the impurities thst may be present in commercial products.

The preceding factors say underlie the conclusion
reached by the Panel of Hazardous Trace Substances (1972) that
®(tlhere is no consistent relationshiip between tosicity and
degree of chlorination which is valid for different species and
diffarent routes of ezposure.® To thisz might be added the obser-
vation that thers is often no conalstent relationship between
the results of investigations on products of the same degres of
chlorination from diffsrsnt sanufacturers. These observations
constitute caveats that phould de borne in aind as individual
wllwlﬂieli experiments and results are evaluated.

8. Ispurities in Commercial Products

The work of Voe and his associates (Vos and Roeman,
1970; Vos et al., 1970; Vos and Beems, 1971) led to e recognition
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of the significant role played by traces of impurities in com-
mercial PCBs in influencing the apparent toxicity of the latter.
In studies invelving three commercial PCBa of the same degree of
chlorination, these investigators found marked differences in
toxicity that wers traced to ths presence, in two of the products,
of small amounts of chlorinsted didenzofurans (PCOPs) and chlo-
rinsted naphthalsnes. The PCDFs are related closely, both struc-
turally and toxicologically, to the chlorinated dibenzodioxine.
The 2,),7,8-tetrachlorodibenzo~-p~-dioxin {somer is an extremely
potent toxicant in mammals, especially for the fetus. The chlo-
rinated naphthalenes are lese toxic than the chlorinated dioxins,
but nevertheless cause chloracne and other symptoas in man
similsr to those produced by PCDPs.

' The uul;t of the contridution sade by contaminants to
the toxicity of commercial PCBs is uncertain, but the consensus
ia that it is substantial. Thers seeas little doubt that the
skin lesions, including chl ne, are d by PCDPfs. The

Panel on Hazardous Trace Substances (1972) states that the PCDPe
"are prodbably the chief if not exclusive cesuse of chloracne in
man.® FPishbein (1974), in his review of the toxicity of chlo-
rinated biphenyls, observes that "(l]iver damage and skin lesions
ars believed to be caused primarily by chlorinated dibenzofuran
contaminants and to a minor extent by PCB itself." rurthermore,
since the chlorinated dibenzodioxins exhidit pronounced embryo-
toxicity, it is not unreasonsble to expect that the PCDOPs shace
this property and, hence, are largely responsible for the fetal
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deaths and resorptions that have been observed experisentally
with commercial PCls.

An appreciation of tha role played by contaminants in
the toxicity of commercial PCBs ia iaportant for two reasons.
riret, it may explain discrepancies between tha results of
studies of apparently siailar commercial products. Second, it
points up the difficulty of sttempting to use PCB tiseue lavels
0 correlats the results of laboratory studies with obeervationa
of «wﬁttou;ly or environmentally expoaed populations. Por
exanple, some animal populations in the environment appear to
be unaffected by PCB tissue levels that are equal to or greater
than those associated with adverse sffects on comparable species
in che laboratory.

C. Ganersl Toxicology

1. Acute Toxicity
The Aroclors of the PCB class have a low order of

acute tozxicity. The acute orel LDS30s for rats range from 1-10
g/kg. The LDS0s by single application to the skin of rabbits
are approximately 1-3 9/kg. Oral and dermal LDSO data have been
summarized by Pishbein (1974), Kimbrough st al. (1978), and the
Panel on Easardous Tracs Substances (1972).
2. Subchronic and Chronic Tozicity
(a) Genersl

Subchronic and chronic toxicity ere grouped together

for purposas of this discussion since the effacts of chroaic
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exposure to PCBS are ouinthlly extensions of those observed
from repeated exposurea of shorter duration.

There are numerous published studies in which commer-
cial PCBs (Aroclors) have been administered by various routes
for varying periods of time to most common aammalian species of
laboratory animals., Out of this sase of observations, one may
identify two principal classes of bioclogical effects of these
subatances. These classes are (a) alterations in the liver, and
(b) skin lesions.

(b) Altsrations in the Liver

Enlargement of the liver, both in absolute terms and
s a percentage of body weight, has been observed consistently
in most species consequant to repeated exposure to PCBS, although
it is more pronounced in rodenta than in others. This phencasnon
has been reported for sice (Ximbrough snd Linder, 1974), rata
(8ruckner st al., 1973, 1974a, b), guinea pigs (Vos and Van
Driel-Grootenhuis, 1972), rabbits (Kollsr and 2inkl, 1973),
dogs (Calandrs, 1976), and monkeys (Allan st sl., 1973). Carly
enlargement of the liver is primarily the result of an increase
in the sisze of the hepstocyte associated with an increase in the
amount of the smooth endoplasaic reticulum (SER). These develop-
ments are umluoé also with increaaed enzymatic activity of
the liver (Bruckner st al., 1973).

A detailed discussion of tha effects of PCBs on liver

in test animal systeas is given in section VI,
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(¢c) Skin lesions
Cutanecus effects from repeated exposure 0 commercial
#CBs can be elicited by feeding to monkeys or skin application
to rabbits, although the results are somewhat mcre dramatic in
the former. The results of theae snimal studies are discussed
in section V.

(d) Miscellanecus Effects

fyperplasia and dysplasia of the gastric sucoes have

been observed in monkeys fad s diet conteining 300 ppa of Aroclor
1248 for three months (Allen and Morback, 1973). Gastrointestinal
lesions 40 not appear to occur in rodents, 'oxcopt at very large
single doses by mouth (Kimbrough, 1978). A dietary concentration
of 2.5 ppm of Araoclor 1248 produced alterations in the menstrual
cycles of sdult, femsle thesus monkeys (Allen et al., 1979},
Mensee vere prolonged, and there was an increase {n menstrual
bleeding. Hepatic porphyria bas been demonstrated in sice after
faeding Aroclor 1234 (Ximbrough and Linder, 1974), in rata after
feeding Aroclors 1254 or 1260 (Kimbrough, et al., 1971), and in
rabbits after vepeated skin application of Arceclor 1260 (Vou and
Seens, 1971). Urinary excretion of coproporphyrin vas increased
in rats fed Aroclor 1242 (Bzuckner et al., 1974), and both urinary
and fecal excretion of porphyrins was incressed in rabbits re-
caiving repeatad skin applications of Aroclor 1260 (Vos and
Beems, 1971). Other effects reported for one species or another
{include structural changes in the kidney (Vos and Beems, 1971,

Bruckner et 8l., 1974a, b) hematologic slterations (Bruckner et
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al., 1974a, b) and thymic atrophy together with a reduction in
the number of germinal centers in the spleen and lymph nodes
(Vos and Beems, 1971).

D. Summary and Opinion

Voluminous literature establiashes that commercial
PCBs are capable of producing a variety of dbiological effacts
when administsred in large quantitiss to experimental animals.
The majority of thase effects can be grouped into two categories,
namely, thoss involving the skin and those involving the liver.
A number of miscellanecus effecta that have been observed in one
species or another can be considered secondary to tha action of
the substances on the liver. In general, these effscts are only
elicited by relatively high dosages of the PCBs, reflecting the
low order of acute toxicity of the U.S. commercial mixtures.

There is a considerable range of species euaceptibility
to the biological activity of PCBs as meassured by the size of the
dosage, tha duration of tha exposure, and the severity of the
effect. Mink appear to be the most sueceptibdle, monkays somevhat
lese so, and rodents the most resistant. There is no basis for
a judgment as to wvhich species most accurately serves as a model
for men. A comparison of the observations on humans in the Yuaho
incident with those on monkeys fed relatively small amounts of
PCBs has led some investigators to conclude that the latter
species is an asppropriate surrogate for man. Although there are
sone sinilaritias between Yuaho disesee and the findings in

monkeys, they are not sufficlent to justify such a conclusion.
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There is evidence throughout the literature that some of
the biological effects observed experimentally wvith commercisl
PCB mixtures ars caused not by PCBs theaselves but by other
chlorinated aromatic compounds present as lapurities, such as
the PCOFs. The significance of thia finding ie that PCH levele

resulting froa pational or envi al - (1] t de

iaterpreted in the same wey e9 those observed {n experisental
snimals. A brosder implication of this circumstance is that the
results of laboratory studies are not necessarily predictive of
vhat may be sxpected from incidental exposurse since the nature
of the expasure say have differed in the twd instances.

As {s always the case in experimentsl toxicology. the
_ni!.dtty of test results as predictors of hazard to man must
evait eontim:ton or denial by cbservations of exposed human
populations. Portunately, the reports of actual injury to man
from PCH axposure sre few, although sxtensive epidemiological
surveys have been conducted and others are in progress. An
evaluation of the spidemiology of exposure to PCBs is ths sudject
of section XII of this report. Still other sections of the re-
port deal vith specific potential health sffacts in greater
detail.
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V. Skin and Other Cutanecus Tissues

gpithelial and follicular hypexplasia and hyper-
karatosias have been reported to occur following the application
of PCBa on the skin of rabbits (Vos and Beems, 1971). Skin
lesions have also been observed in rats and guinea pigs from tha
application of PCBs. Repeated application of Aroclor 1260 to
" the skin of rabbits caused thickening of the skin ss a result of
hyperplasia and hyperkeratosis of tha epithelium (Vos and Beems,
1971).

Cutaneous effects have been elicited in mele rhesus
monkeys fed a diet containing 300 ppm Aroclor 1248. Within one
month the animals lost considarsble hair from the head, neck end
back (Allan et al., 1973, 1973). Similar effects have been
observed in fenmala ibooul monkeys fed a diet containing 23 ppm
Aroclor 1248 for two months (Allen st al., 1974). Within six
weeks the animals began to lose hair and developed obvious signs
of edema of the 1ips and eyelids. Saell pustules involving hair
tollicles appeared adout the mouth, cheeks and neck. Abraham
and Allen (1973) showed that the infant monkey was able to
tolerate doses of PCBs that produce extreme morbidity in adult
monkeys. They suggested that there may be variations in absorp-
tion, distribution, metabolism, storage and excretion in adult
and infant monkeys that may account for these differences.

follleuhr hyperkeratosis is an important feature of
the occupational disease known as acne, which is characterized by

the appearance of papules, comedones and cysts. Industrial
hl
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dermatosis of the acneform type has been observed among workers
exposed to chlorinated hydrocardons (Jones and Alden, 193¢,
Mayers and Silverberg, 1938; Maroni et al., 1981). Seven cases
of chloracne of the face and head have been reported among 14
chemical operators exposed from 3-19 months intermittently to low
concentrations of chlorinated biphenyls {(Meigs and Albom, 19%4).
Puceinelll (1954) and Hofman et el. (1962) report chloracne in
several capacitor workers, whereas Saith et al. (1981) noted that
none of t.acA capacitor vorkers examined in thie recent gurvey
vers found to have acneform lesions suggestive of chloracne.

The acneform eruptions that occur in the skin of bovh
monkeys and rabbits may be caused by a squasous metaplastic change
in the oplr.hou\-_ lining the sebaceocus glands, which result in a :
change in the cheracter of the secretion from normal oily to

kerzati . This dition fraquently resulta in plugging end

rupturs of the glands with quent infl Y £eactions
(acne). The question of wvhether a similar condition can occur
in aan from exposure to PCBs will be dealt vith in another section
of this report.

It has been suggested that the cutanecus eruptions
that ocour in both animals and man from exposure to commercial
preparations of PCBs may be dus to certain impurities. Chemical
analysis of the PCBs that contaminated the rice oil that caused
the Yusho disease in Japan showed high levels of polychlorinated
dibenxofurans (Kuratsune, 1976).
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VI. Effect of PCBs on Liver

A. rimental Data

1. Liver Weight

The adainistration of PCBs may induce an increase in
liver weight (Teble l). The affect is more prominent at the
higher dose levels; the lowver doses of PCBs do not increase
liver veight. The detailed date of Kimbrough et al. (1972)
sre not included in the table. They found that Aroclor 1260,
administered with the diet in doses of 3500 and 1000 pps for eight
monthe, significently increased liver weight in mals and female
rats; doses of 20 and 100 ppm were effactive only in mals rats.
Aroclor 1254 increases liver weight in both male and femals rats
at dosss of 20, 100 and 300 ppw.

Although the data {n Table 1 illustrate the effect
obteined in subchronic and chronic studies, it should be noted
that liver weight may also be increased in acute toxicity studiee.
PCB congeners (penta-, hexa-, and heptachlorobiphenyls) given in
e high single dose of 50 mg/kg, cen incresse liver weight in the
rat; in moet but not all tests, liver triglycerides, cholesterol
and phospholipids wers increased (Yoshihare st al., 1979). 1In
the monkey a single oral dose of 1.5 g or 3.0 ¢g/kg of Aroclor
1354 produced slight enlargemant of the liver in ¢ days (Allen,
Norback and Hsu, 1974).

The incresse in liver weight is correlated with hepatic
cell hypertrophy and an increase in smooth endoplasaic reticulum
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Table 1
Effect of PCBs on Liver Waight and Morphology
Weight Changes
+eincrease
O=no change ical findings

Studies in Mice

Kimbrough & Linder + Plecmorphism,
19 ) necrosis

’

Aroclor 1254

Studies in Rats

Sennett, et al.,  _ 300mg 6 days + Calls swolles,
- ! hyaline
2, €3% Q1 2%0 ng wp to 100 days + . .
mzu ot al. "~ 100 ppm 19 moaths +
Are-lor 1254, 1260 10 ppm 18 months 0
1l pom 18 months
Aroclor 1242 100, 10, 1 ppm 18 months’ 0
zitterest ot al., 500 ng 4 weeks +
1972
Aroclor 1242, 1248 30 »y - 4 veaks - @
1254, 1260 S ng 4 wveaks 0
0.9 oy 4 wesks Q
Allen & Abrphamson, 0.1% ia. § veaks + Pat droplets,
1973, diet . areas of secroeis

Aroclor 1248, 1234, 1262

Sruckner et al., (1973)_ ‘100 mg/x 3 weeks - sudanophilis
. ' every 2nd vacuclation
Aroclor 1242 day
Sn der et al. J1974 2% pom 2,46 ° o vieh
S ppm - months .74 3 » increa:
. 1lipid vith sSudan
IV stain

MONS 015644



- 67 -
Tahla 1 (COMNTINUED)

Effect of PCBe on Liver Weight and Morphelogy -

Weight Changes

+eincrease  Major Eistole
Owno change  ical findings
' Studies in Rats (Continued)
iuu et al., ° 100 ppm up to 0 Enlazrged hepa-
10 acaths .? vacoo=
Aroclor 1242, 101¢ lated cytoplass
' as uild changes
stydies in Rabbits :
Vos et al., ' 120 dezmal 4 veaks .
x waek secros
Aroclor 1260 eracion,
haxachlorobiphenyl
Rolaar & Sinkl, 1973 .
Aroclor 1254 300 ng 14 weeks Enlazged hepato
Aroclor 1242 . e » . gal.!;.‘ hepate
cytes, scme
necrosis
Aroclor 1221 . " ’ . 9 ¥o Nistological
Studies in the Monkey
Allen ot al., 1373
Aroclior 1248 300 pom 90, days + . Zalarged hepato
Cytas, 20 necro
Azroclor $460 5000 ppm . ® * . »
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Table 1A

Liver Lesions in Albino Rats Treated with Aroclors for 2 Ynu.

(Data from Levinskas, 1981)

[
Control Aroclor 1242 Aroclor 1254 Aroclor 1260
Diet level, ppa [} )} 10 100 1 10 100 1 10 100
No. gnlult sxamined 2) 32 29 16 30 26 26 26 25 25
Vacuolar change 1 7 ] 9 ? 9 1 L 7 9
Focal necrosis 1 1 1 [} 3 1 1 4 3 6
Focal lymphoid infiltration 1 0 4] [} 2 ] 1 [ ) 0
Focal hypertrophy hepatocytes [ 2 J ] 3 4 14 3 13 9
Nodular hyperplasia 1 1 1 [ ] ] 3 14 0 7 6
Ductal hyperplasia s I 3 6 3 14 ¢ 7 12
ilepatoma o 0 [} 3 [ ] 4 0 1 7
Cholangiohepatoma 0 0 0 1 [ [ ] 2 0 0 4
Hepatocellular carcinoma o o o [} ] 0 [} [} o [}
3
a “The results of this study were presented in a susmarized form
by Calandra (1975) and were later reanalysed and tabulated by
° Lavinskas (1901), '
o
[ o
1*d 4
o
&
'3
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in the rat, rabbit and monkey iv« et al., 1972: Allen and
Abrehamson, 1973; Bruckner et 81., 1974e; Allen, Norback and Hsu,
1974; Allen, Carstens end Barsotti, 1974). Ecobichon and Comeesu
(1974a, b) found that the effect of PCBs administarsd intraperi-
tonsally on liver woigh.t and on hepatic enaymea associeted with
hepatic endoplasaic reticulum was related to the position of

the chlorine substitution on the biphenyl nucleus. However, all

of the congeners and i s adminietered at e dose of 50 mg/kg
intraperitoneslly for three deys produced en increase in smooth
endoplesaic, lipid droplets and microbodies, elthough the quanti-
tative response veried (Bansell and Ecobichon, 1974).
2. Genersl Histology

) Tha adainistration of PCBs to experimental animals wvill
produce hiatopathological changas in the liver. The main effects
obtained are the production of enlarged hepatocytes, fat droplets
and slight degree of necrosis; the occurrence of these changes
depend particularly on the dose of tha PCB and to some extent on
the particular Aroclor (Tables 1 and 1A). Necrosis seems to be
more severe in the rabbit than in the rst. In general, the
morphological changes observed in the liver of PCB-treated animals
are siailar to those found after treatment with other chlorinated
hydrocacbons.

In a detailed study, Kimbrough et al. (1972) found that

Aroclor 1360 (20, 100, 500 and 1000 ppm) and Arcclor 1254 (20, 100
and 500 ppm), given in the diet of rats for eight months, produced
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enlarged liver cells and cytoplasmic inclusions. At the higher
doses, there vas evidence of 1ipid accumulation, vhich was asso-
ciated with a foamy cytoplasa, and pigment accumulation in the
Rupffer cells. The pigment gave & positive Prussian-blue reaction,
indicating the presence of hemosiderin. Studies of rats four to
six months after exposure to different doses of Aroclors 101¢ and
1242 indicated that the morphological changes are reversible and
diseppear gradually after dosing is stopped; the hepatocytes
-were still larger than coatrols, but the frequency of vacuolated
cytoplasa or inclusions wvithin the cytoplasa had decreased (Buzse
et al., 1974).

Aroclor 1254 was svaluated by the National Cancer
Institute (1978). Pischer rats receiving 25 ppm in the diet for /
eight weeka had enlarged livers, but without evidence of histo-
logical abnormality. 7The administrations of doses of 23, 30 and
100 ppm for 104~-103 weeks did not increase the frequency of
liver lesions such as congestion, inflammation, necrosis or
angiectasis.

3. Menofidbrosis

Menofidbrosis (synonyms: Dile duct proliferation, bila
" duct adencmatoeis, cholangiofibrowis, fibroadencms) has been ob-
served in some rats receiving PCBe. Adencfibrosis is generally
regarded as 3 benign lesion. In their reviewv of experimental
tumors, Stewart and Snell (1957) stated that there is no con-

vineing evide that ad €ibrosis is a precancercus lesion.
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It should be noted, however, that Reuber (1968), studying 2-
acetamidofluorens and 2-diacetamidofluorene, suggested that
adsnotibrosis is a precancerous lesion for the development of
cholangiocarcinoma.

(1) Studies in mice. Kimbrough and Linder (1974)
observed foci of adenofibrosis in the liver of some mice with
300 ppm of Aroclor 1254 in the diet for 11 months. Ito et al.
(1974) comment that they did not observe cholangiofibroeis in
mice receiving Kanechlor.

(11) Studies in rats. Kimbrough et al. (1972)

obeerved n«not'tbroou in rats treated with Aroclor 1260 and
12547 the effect was obeerved at the higher dose levels and
particularly in animals receiving Aroclor 1254. When the feeding
of 300 ppm of Aroclor 1234 was discontinued end the animals
etudied up to 10 additional months, the fat end liver content of
PCB remained high and the adenofibrosis persisted (Ximbrough st
al., 1973). In e later paper involving treetment with Aroclor
1260 at 100 ppm for 21 months, mention is only made that a few
rata showed arsas of adenofibrosis, indicating a low degree of
response, but data are not tabulated (Ximbrough et al., 1975).
In further studies by the same group adenofibrosis vas not ob-
served in rats fed Aroclor 1016 or 1242 (100 ppm) for up to 10
wonths (Burse et al., 1974).

In a study with three Aroclors, administrastion of
100 ppm in the diet for 24 months produced a lov incidence of
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cholangichepatoma (Table 1lA), but concentrations of 1 ppm or 10
pom were without effect (Calandra, 1976; Laevinskas, 1981).
Treatment 4id not significantly affect ductal hyperplasia.

The study of the National Cancer Institute (1978) did
not obsarve adenofibrosis in rats receiving Aroclor 1254 at doses
of 25, 50 and 100 ppm for 104-105 veeks.

In studies with various Kanechlors, Ito et al. (1974)
administered Xanechlor 3500, 400 and 300 in the diet at concen-
trations of 1000, G0 end 100 pPm. At ths concentratioa of 1000
pom of the Kanechlors, the incidance of cholangiofibrosis ranged
from 13 to 308 in the rats) cholangliofibrosis did not occur at
lavels of 500 or 100 ppm. Kimura st al. (1976€) also reported
cholangiofibroeis in vats treated with Kanechlor 400. <

4. Ryperplastic Foci and Nodular Uyperplasia
13 the Liver

Syperplastic foei or hyperplastic ereas represant
minimal changes in the hepetocytas. Such foci or areas of hy-
perplastic changes are uncommon in untreated young rats, but
incresas with age. The hyperplastic aresas or foci may coexist
with nodular hyperplasia and/or hepatocellular carcinoma. The
significance of hyperplastic foci is that they may be part of o
spectzum capable of progressing to a nodule (Squire and Levite,
19735). 4

The hyperplastic nodule (nodular hyperplasia., necplastic
nodule, hepatoma) is generally as large or larger than the ares
of several lobules, and the lesion is sometimes elevated above
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the surface of the liver. The lesion ls frequently referred to as
a neoplsstic nodule and some consider it to be a manifestation

of a carcinogenic procees, the sarlier stages of which may de
represented by ths hyperplastic foci discussed above. The use of
thsee terms in the literature is confusing, as some who use the
word "hyperplastic nodule” regard the lesicn to be part of the
neoplestic process whereas others consider it to be unrelated to
neoplasia. Some investigators use the terms adencma or hepatoma
to designate the lesion, implying that it is a benign necplasa.

Despite the differing terminology, it may be considersd
that ths hyperplastic foci snd nodular hyperplasia (neoplastic
nodules) occurring in the liver are benign leaions rather than
carcinomas. However, such nodulee may be part of a sequencs of
neoplastic changes that eventually progrese on to hepatocelluler
carcinomas. Although the date on hyperplastic foci and nodular
hyperplasia are discussed in this section and hepatocarcinogenesis
are discuseed in section VIII, the experimental data on the inci-
dance of benign and nalignant lesions are given in the same
table so that the overall dbiological effect of the treatment
can be observed as a uait.

(1) Studies in mice. Ito et al. (1973) observed
nodular hyperplasis in mice only at the higheat dose level of
Kanechlor 500. (Magasaki et sl., 1972, reported the same dsta.)
Whereas Kanechlor 300 produced nodular hyperplasia at 300 ppm,
lesser doses vers not active and Kanechlor 400 or Kanechlor 300
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vas lnactive at all doses studied (Tadle 2). There vas some evi-
dence that the administration of Ranechlor $00 increased the
nodular hyperplastic response induced dy ctor P isomers of benzene
hexachloride.

Kisbrough and Linder (1974) observed adenofibroeis and
hepatomas in 9 of 24 mice fed Aroclor 1254 (300 ppm in the diet)
for 11 months; in animals fed Aroclor for only six moaths followed
by a five month recovery there was no adenofidrosis and the inci-
dence of hepatoma vas only 1/24 mice.

(14) Studies in rats. Replinger st sl. {1971)
4id not observe hepatic lesions in rate receiving different
Aroclors for 18 months; bowever, re-evaluation of the slides
indicated a significant increase of nodular hyperplasia in the
treated animals (see National Cancer Iastitute, 1979).

Ito et al. (1974) observed nodular hyperplasis in rats
receiving 100, 500 or 1000 ppm of nm@or 5601 4 lesser effect
was observed vith Kanechlor 400 and there vas no significant
effect of Xanechlox 300.

Risbrough et al. (1973) rsported a significant increase
in the incidence of hyperplastic foci or areas and neoplastic nod-
ules in female rats given 100 ppm of Aroclor 1260 mixzed with the
diet for 2l mosths (Table 3). Ia another study, the dietary
administration of 100 ppm of Aroclor 1242, 1254 and 1260 for 24
months incrsased the iancidence of nodular hyperplasia (Table lA);
& lesser effect vas obtained with 10 ppm, and ) pps 4id not produce
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TABLE 2
Incidence of Liver Lesions in Male Mice
Treated with PC3s for 24 Weeks
(Data of Ite et al, 1973)

Incidence

- Nodular

in Byperplssia

diet
Xanechlozr 300 $00 - 7/12

250 0

100 0
Xanechlor 400 500 0/12

250 0

100 0
Xanechlor 300 300 0/12

250 0

100 [+]
Consrols e 0/6
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TABLE J
Incidence of Liver Lesions in Female Rats
Treated with Aroclor 1260
(Data from Kimbrough et al., 197S)

Incidence
Lesion D—
Coatzols Experimental
Nyperplastic focl or areas 28/113 102/184
sisoplastic Nodules 0/173 1447184
Hepatocellular Carcinoma /7113 26/184
)
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TABLE 4
Incidence of Liver Lesions in Male and Female Rats
Treated with Aroclor 1242, 1254 and 1260
100 ppm in Diet for 24 months
(Data from Calandra, 1978)

Agoclor
1242° 1284"" 1260
Nodular hyperplasia /20 13727 /27
Bepatomas ' 3/20 4/27 $/27
Eepatoceliular carcinoma 0/20 0/27 0/27

%10 males and 10 females
**13 males and 14 females
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TABLE §
Ineidence of Liver Lssions in Male and Female Rats
Treated with Aroclor 1254

(Data from National Cancez Institute, 1978)

Males Females
Low Mid High Low Mid High
Dose Doss Dose Dose Dose Dose
Nusber of animals
neczropsied 24 24 24 u 22 24
L 34
Hypezplastic foci
or areas
H ] 12 6 9 1?7
Aencma, Nos* o o 1 0 1 2
Hepatocellular
carcinoma ¢ 1 2 0 0 0

* Hyperplastic fosi, hepatocellular adencmas or carcincmas were
not diagnosed in the controls.

+ Not otherwvise specified

* As defined in report
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a positive response (Calandra, 1976; Levinskas, 1981). All
three Aroclors produced an increased number of hepatomas at the
high dose (Tabls 4). There was no evidsnce of matastasis or
invasiveness, and the lssions were regarded by the pathologists
as benign tumors.

Ths results of a bioassay of Aroclor 1254 for carcino-
genicity, using doses of 25, 50 and 100 ppm in the diet, are
susmarized in Tabla 5 (Netional Cancer Institute, 1978). Their
uae of teras ia confusing, for although thay use ths words "nodular
hyperplasia® in their table, they state in the text that “the
aress of nodular hyperplasia appeared to be mioroscopicslly
similsr to what is currently termed ‘focal arsas of cellular
alteration.'" Thus, we have used tha term "hyperplaatic foecl orx
azeas® in Table S to describe gholr results. It ia evident from
the data in Table S5 thet the hyperplestic foci were present in a
dose-velated frequency. Although the incidence of the hyper-
plastic fooi did not differ significantly from the controls, this
incidence appeared to be releted to trsatment. The biological
significance of the increase in “focsl areas of cellular alters-
tion® is not clear as relatively few adenomss were found.

Both the above studies (Kimbrough et el., 197S; National
Cancer Institute, 1978) demonstrate an incresse in proliferative
lasions of the liver; the effect is greater with Aroclor 1260
than with Aroclor 1254.

(1ii) Studies §n dogs. Hepatic nodulsr hyperplasia
did not occur in the dogs receiving dietary levels of 1, 10 or 100
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ppm of Aroclor 1242, 12354 or 1260, respectively, for tvo years
(Calandra, 1976). Each treatment group consisted of eight dogs
(four female and four male).

S. Susmary and Comment
The administration of high doses of PCBs o aniasls

can producs hepatic enlarg t and an | in liver weignhts,
witich {s assocciated with an increase in smooth endoplasmic
reticulum. Other effects include a slight degree of necrosis
and the presence of fat droplets and & vacuclated cycoplasm.
These changes, which are siailar to those found after treatment
with other chlorinated hydrocarbdons, are readily induced by high
. doses of PCBS, but are absent vhen lower doses of PCEs are given.
The response appears to be greater with increased chlorination
of the biphenyl nucleus but, depending on dose, even the high
chlorinated derivatives say not produce a positive response.

Treataent with PCBs usually increasas the oecurrence
of hyperplastic foci. The nodular hyperplasia, neoplastic nodules
or hepatomss have been reporced Lo be increased in some studies,
but other evaluations have not confirmed these effects. The
effects of PCBs on the occurrence of nodular hyperplasia, neo-
plastic nodules, hepatomas, or adenofibrosis is highly variable;
some studies hsve reported a positive effect whersas others
failed to show an effect of treataent. Again the change in
histological response or in frequency of benign hepatic tumors
is related to both the doss of PCB administeread and the degree
of chlorination of the PCS,
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Data on hepatocellular carcinoma in PCB-treated animals
ara discussed in section VIII.
8. Clinical Data

1. Liver Punction in PCB-exposed Workers

Based on results in animals, it was expected that if
PCBa produced a significant degree of injury in man, it would
ba to the liver. Such has not been the case, as the cliniesl
studisa aummarized belowv have provided little evidence for the
occurrence of hepatic dysfunctions in PCB-exposed workers even
though the blood level of PCS may be relatively high.

(1) Quw et al. (1976) studied liver functions {n 34
workers exposed to Aroclor 1242 for one month up to 23 years; 31
were exposed for more than one year and 16 for five or more years.
Scattered individual abnormal test results were obtained: serum
bilirubin was normal and in all 34 subjects, alkaline phosphatase
wvas elevated in 1l of 34 ;ubj:eu and serum transaminase {SGPT)
was increased in five tests.” There was no relationship of the -
results to the blood level of PCB and the mean of each hepatic
function test for the whole group was within normal limits. asp

¢/ The abbreviations used in this section are as follovs:

SGOT = serum glutamic oxaloacetic transaminase
SGPT = serum glutamic pyruvic transaminase
SGGT = serum gamma glutamyltranspeptidase

LDG = serum lactic dehydrogenase

AST = aspartate asminotransferase

ALT = serum alanine aminotransferase

SOCT = gerum ornithin-carbamoyltzansferase

BSP = bromsulfonphthalein
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a correlation between diastolic blood pressure and H-PCB but
this disappeared when corrected for age. Other investigators
have not found this relationship, so the difference may be
associated with an unrecognized incerrelated variable or a
chance auocuucr; related to the multiplicity of factors that
have been examined.

Warshaw et al. suggested that workers in a capacitor
manufacturing plant (population of Ffischbein ot al.) had de-
creased vital capacity and restrictive impairment of lung fune-
tion in the sbsence of signs of radiographic change (Warshaw 13
al., 1979). “my have compared the FVC to that of other worker
populacions in previous hazardous exposure studies as vell as
to & non-smoking normal population. The npoteﬂ parcent abnor-
mality of PCB workers is 14t compared to $5.6% cited for non-
smoking populations. The comparisons do not indicate that they
have been controlled for smoking habits and sex.

Most studies have reported no clinical disease in PCB-
exposed populatiens with the exception of Yusho disease and chlor-
acne (Karppanen et al.; Humphrey, Saith et al.; Chase oL al.,;
Kreias et 8l.). Some have reported symptoms that are difficule
to evaluate since most are subjective and could be related to
worker bias. Pischbein et al. suggested that neurologicsl symp-
toms were increased but thete is no similar group with which to

compare workers and thus make this assessment. Smith et al.
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(1981) in the study of the combined work sites found that cough-
ing at work and irritated eyes were related to both L-PCB and
H~PCB. Loss of appetite and peripheral “tingling” were associated
only with L-PCB. History of skin rash was associated only with
H-PCB. llany of these differences were not observed when individual
work site data were analyzed separately. The lack of a difference
in each site may result because jobs were included as a confounder
variable. Most studies have not even reported any symptoms or
history of disease (Baker et al. and Kreiss et al.)

In all studies reviewed there was little evidence of
clinical disease with the exception of chloracne and this condi-
tion seened to be most frequent under specific conditions of
exposure. The other common but not consistent Cindings were
abnormalities of lipid metadolism, ospeéinlly blood triglyceride
levels, and abnormalities of liver enzymes, especially SGOT and
GCTP, which were related to levels of PCBs. The lipid and liver
changes appeared to ocCcur at lower levels than the skin manifes-

tations and were not associated with clinical disease or symptons.
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XIV. Glossary of Terms or Abbreviations

AK alkaline phosphatase

BSP bromsulfonphthalein liver function teat
GGTP gamma glutamyl tranapeptidase

H=pCBs PCBs with high degrees of chlorination
L~-PCBs PCBs with lower degrees of chlorinetion
LDM lactic dehydrogenase

PChe polychlorinated biphenyls

pCOrs polychlorinated dibensofurans

PCNs polychlorinated naphthalenes

PCQs polychlorinated quaterphenyls

PCTs polychlorinated tarphenyls

SGOT serum glutamic oxalic transaminase

SGPT serun glutamic pyruvic transaminaae
SOCT serum ornithine carbamoyl transferase
Yusho the disease.noted in Japan following human ingestion

of cooking oil contaminated with PCBa, PCDFs and PCQs.
fo parental test anisals

fla, Fib litters derived from first generation animals
at their first (a) and second (b) matings
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tests vere also performed on seven vorkers vith relatively high
blood PCB; four of the seven tests vere slightly above the normal
limit of S8 but, as the suthors state, since other conditione
euch as fever may increase B33P retention, thasa results by them-
selves could not be taken as proof of hepatic damage. The B8P
test reaults did not nhqv a significant correlation with blood
PCB levels or the length of exposure (5 to 23 years) to PCB.

(1) Pischbein et al. {(1979) etudied liver func-

tion tests in 321 workers oxponid to PCBs in an electrical manu-
tacturing plant for lsas than five years to more than 1S years.
The percent of tests that gave an abnoraal test result was 9GOT
2.2%, SGPT 7.2%, LDR 3.5%, alkaline phosphatase 1.2%, and serus
. bilirubin 5.3%, and indicated & °"very low prevalence of abaormal
liver findings.® Thers vas no comsent or analysis to state that

8 certein mmber of the subjects showed a pattern of abaormal
A liver function tests indicstive of hepatic dysfunction. These data
can be taken to represent a seriss of random test reeulta thst
night be expacted in a populacion of 121 individuals ranging in

age from less than 30 years to over 70 years. Control subjects

or P 4 X were not included for comparisoan. There
wvas perhaps some indication of s relationship of SGOT levels to
plasma levels of PCBs, but the two exposure categories of ICB
levels are too broad and require a finer analysis.

(111) Baker et al. (1980) studied liver function

in 148 individuals vwith various degrees of exposure to PCBs; the
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mean PC3 serum levels for the four test groups varied from 17.4
ppb to 735.1 ppb. There was no change in liver functioh teets
{sGOT, !cn, LDH, alkaline phosphatase or serum bilirubin) in
relation to PCB blood levels in either drinkers or nondrinkers of
slcohol. Serum GGTP (gamama glutaayl transpeptidase) correlated
with aarum PCB, but a correlation did not exist when alcohol
drinkers were removed from the analysis.

(iv) Maroni et al. (198la, b) etudied liver function
in 90 workers exposed to PCBs for an average of 12 years and
reported that 16 individuals had an abnormal liver finding as
judged by clinical examination or by laboratory tests.

Inspection of the data shows relatively fev instancas
of sbnormal liver function tests. The most frequently altersd
laboratory testa vere as follows:

8 of 80 subjects with increase of SGGT activity

7 of 80 subjects with increased serum amino-

transferase activity (AST or ALT)

6 of 80 subjects with increase of SOCT activity.

It is evident from their data that many of the changee are slight,
and as test results from control subjects were not included, ve

do not Xnow what the normal test varistions may be for 80 control
subjects of e similar age. Further, examination of the data for

the 14 subjects with clinical hepatomegaly shows only one subject
with an abnormal test in three types of tests (3SGGT, AST/ ALT and
SOCT); only two of the subjacta gave a positive response in two of
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the test typea; eight subjects had an abnormality in only one cast;
thrse subjects had normal test results. Serum bilirubin and slkaline
phosphatase activity were within the normal range in all subjects.
Based on the above reviev, it is evident that only one
of the 80 subjects shoved a pattern of test results indicative
of abnormal liver function; the other test results reflect only
random variations from normal.
Maroni st al. also reported that the mean level of blood
PCBs in the 16 worksrs with abnormal liver findings vas sig-
nificantly higher than that of ¢4 vorkers vithout abnormal liver
findings, but the ranges for the two groupe show conaiderable
overlapping and the two subjects with the highest blood pCB
levels had normal liver function tests. The only control we cas
uae to evaluate the suggested relstionship between PCB bloed
level and liver function are the 10 subjects with chlorsene; these
10 individuals had normsl liver test results deapite the fact that
_their mean blood ICI concentration vaa high and not significantly
different from the sean blood PCB level found in the 16 workers
discussed above. Thus, it cannot de said that this study demon-
strates a relstionship between a high dlood PCB level and abnrormal
liver function teats, attesting further to the randoaness of the
liver fuaction test results in the study.
(v) Smith et al. (198la, b, ¢) evaluated liver function
cests in PCH-exposed employees from an electrical manufacturing
plant, a municipal electric utility company and a privately-owned
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electric utility company. The data on SGOT and GGPT are difficule
to evaluate as the results of the measurements are not given, and
therefore may be aaeumed to be within normal population levels;
rather, the authors sought correlations between the log of $GOT
and GGTP with the log of the lower serum PCBs and the log of high
serum PCBs. Calculations include simple correlations, ssparste
regressions vwith the confounders aa predictors, and squared par-
tial correlation, plus other computstions to aee if associations
existed. Their tablee 6, 7 and § summarize many of their calcue
lations, and dats for transaainases from table 7 ars summarized
below.
Correlation With

Serum Serum
log L-PCB log H=-ICB
Electric equipment Company
lo9 3GOT NS sig
log GGTP Sig Sig
Municipal electric utilit n
log $GOT NS NS
log GGPT NS NS
privacel utilit )
log SGOT Sig NS
log GGTP NS NS
Sig = statistically significant L~=PCB = lower chlorinated
biphenyls
NS = not significant H=PCB e higher chlorinated
biphenyls
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Correlations (associations) were found at the equipment
company but the data cannot be examined to determine if the
calculated value has any sedical significance. Correlstions st
the publicly-cwned utility company were not significant. At the
privataly-owned utility company, the only positive finding was a
positive association of SGOT with serum L-PCB. It ia not clear

what the change in this one tsst result means as the serum L-ICBs

were not significantly different bety the exposed end non-
exposed groups.

The test results for total bilirubin, alkaline
phosphastase snd lactic dehydrogenase srs not discussed, lad it
is presumed that these msasurements of liver function were not

_ abnormal.
2. Liver Disease in 9CB-Exposed Workers

Medical examinstion of PCB-exposed vorkers has not
shown the presence of liver disease. In the study of Plachbein
et al. (1979), physical examination of 326 individuals (age less
than 30 to over 70 yeara) revealed 4 individuals with abnormal
liver sise, two of whoa had a history of heavy alcohol intake;
one of the four had a elight elevation of ane liver function
test (SGOT of 55).

In another study of 148 i{ndividuals with varying
degrees of PCB exposure, there vas no evidence of liver disease
88 detarmined by medical history and physical examinations (Baker
ot al., 1990). Samich et al. (1981) did not £ind evidence for liwe-
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disease in their subjects, there being no significant findings on
physical examination of workers at an alactrical equipment manu-
facturing plant who were heavily exposed to PCBs, or workers at

a municipal utility company or a private utility company who wers
less heavily exposed.

Deaths from cirrhosis of the liver were not increased
by exposure to PCB (Brown and Jones, 1991); six deaths were
obeerved (three of the six consumed alcohol regularly) versus
$.6 expected.

3. Summary and opinion

The veviev of clinical data demonstrates that exposure
to PCBs does not significantly affect liver function tests. Liver
function remains normal in individuals with aeasurable, and freg-
uently high levels of serum PCB. Also, exposure to PCBs does
not result in the production of clinically detectable liver
disease. The induction of enzywe systess in the liver and the
bioleogical aignificance of this process, as mediated by PCBs,

are discussed in section XI.
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The oral administretion of PCBs to nonhuman primates

VII. Gastric lesions

hes been shown dy Allen and co-workers to induce hypertrophy and

hyperplasia of the gastric amucose.
vithin the epithelius of the stomach, but in the mucosal lining

and the submucose, there mey be edema of the submucosa of the

Kucossl cysta mey be present

stomach., In addition, there is frequently invesion of the under-

lying mucoea by isolated glandular el ts of the al

epitheliun,

General effects of this neture have been produced

in the monkey by:

1

i1)

114

iv)

V)

A single oral dose of 1.5 g or 3 g of Aroclor
1248 (Allen, Norback and Hsu, 1974).

Aroclor 1248, 300 ppm and Aroclor 5460 (a
polychlotimtﬂ triphenyl), 5000 ppm in the
diet for 90 days (Allen, Abrehamson and Norback,
1973; Allen and Noxback, 1973).

Aroclor 1248, 25 ppa in the diet for 2 months
(Allen, Carstens and Barsotti, 1974).

Aroclor 1248, 100 ppm in the diet for 2-3
months (Allen, 1975).

Aroclor 1248, 2.5 ppm and 5.0 ppm in the

diet for up to one year (Barsotti and Allen,
1978). (Gastric changes vere not listed for

these doses in Allen's review.)
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vi) The hyperplastic gastritis may persist for
over one year following discontinuance of
PCB exposurs (Allen, 197%).

A nixture of low chlorinated biphenyl (Clophen A-10)
was not observed to produce gastric lesions in the monkey
{Iatropoulos st al., 1977).

The findings of Allen st al. were racently confirmed
and extended by Secksr ot sl. (1979). Their study involved six
aonkeys, one untr;atod and one each receiving a diet coataining
3, 30, or 300 ag/kg of PCB (Aroclor 1242); two monkays received
s diet containing 10 mg/kg. Monthly diopsias taken from the
greatar curvature of the stomach ehowed a dramatio decrease in
ths number of parietal cells with a concomitant increase in the
number of mucous neck cells. The zymogenic (chief) cells were
4180 reduced Ln number. This vas followed in all treated anissls
by & aucous conversion of the gastric epithelium, with downe
growth of the gastric glande into the submucosa and the evestual
formation of cysts. It is noteworthy that the lo-lcr;o were

confined to the stomach; no chenges were ¢ d in other regions

of the gastrointestinal trace.
The gastric chang can de d ibed as a dysplastic

growth pattern, but thers is no neoplastic transformation (Allen
and Norback, 1973). Nowever, the authors speculate that they are
"suqgestive’ of an eventual neoplastic transformation.

Analysis of the results obteined in the monkey {ndicates
that the PCB~induced morphologic changes in the gastric aucose
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nmay be specific to this species and not predictive of possible
effecta in man.

(1) Even within the monkey a specificity of action
is present, aa ths lesion induced by PCBs is
found only along the greater curvaturs of the
stomach; neithar the cardiac nor pyloric portions
wers affected (Becker et al., 1979).

(i4) Hypertrophy and hyperplesia of the gastric
mucosa heve not been reported in the rodent
(Allen and Abrahamson, 1973), rabbit (Vos,
1972) or in other speciee (Vos and Koerman,
1970).
Clinical findings to date have not suggested or indicated

that exposure to PCBs incr the of of the

stomech in the human (see also section VIII, relating to

carcinogenicity).
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VIII. Carcinogenesis: Experimental and Clinical

A. Experimental Studies
All authors do not use the words tumorigenesis and

necplasia to indicate the same type of reaponse. Tumorigenesis
is a genaral term that refers to both benign growths and malig-
nant growths; compounds may affect the ogcurrence of beaign
tumors without inducing cancer. MNeoplasia means simply e new
growth. The term “neoplesia” can refer to a benign or malignant
growth. Oftantimes authors may combine deta relative to benign
and malignant growths so that when the terms tumorigenesis or
neoplasia are used, they must be carefully defined.

1. Hepatocellular Carcinoma
(i) Studies in mice. 1Ito et al.:(1973) ob-

served hepatocellular carcinomas in mice only in the high dose
group given Ranechlor 300; lower doses of Kanechlor 300 or the
other Kanechlors 4i@ not produce a carcinogenic response (Tabdle
2). The administration of 300 ppm of Aroclor 1254 in the diet
for 11 months did not induce hepatocellular carcinomas in mice
(Kimbrough & Linder, 1974).

(i1) Studies in rate. The administration of
Ranechlor 400 for 400 deys did not induce hepatocslluler carcinoma
(Rimura & Baba, 1973), hut the period of treatment may have been
too brief to detect a carcinogenic effect. In a further study
Kimura st al. (1976) administered Kanechlor to rats for six months
but due to body weight changes & variable dosage schedule was

employed., Pollowing the cessation of trsatament, the rats were
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fed on a normal diet for 270-410 days; autopsy, after a total
experimental period of 430-590 days, did not reveal hepatocsllular
carcinoma in any of 12 rats.

Ito et al. (1974) treated rats with different doses of
Ranechlor 500, 400, and 300 for periods up to 52 weeks; hepato-
cellular carcinomas vere not observed, but the duration of treat-
ment vas probably too short to rulas o.ut tha possibility of a
positive response.

The three major studies pertaining to PCBs and hepatic
carcinoma in the rat are those of Kimbrough st al. (1973), Calandrs
(1973) and the National Cancer Institute (1378). RKimbrough and
co-workers, using the Sherman strain of rat, found that 100 ppm
of Aroclor 1260 in the diet for 21 months produced a significant
increase in the incidence of hepatocellular carcincss in female
rats (Section VI, Table 3). NMale rats were not studied.

The administration of three different Aroclors at a doee
of 100 ppm to rats for 14 months (Table 4) did not induce hepato-
cellular carcinoma (Calandra, 197%). The author states that
this negative finding was based on evaluation of the liver sec-
tions by ) pathologists, vho read the slides independently and
ssparately. Be states furthar that Professor P. Pour ce-evaluated
the Kimbrough slides and did not agree with the reported findings
(see also section VI, Table 1lA).

The results of the Mational Cancer Institute (1978)
bicassay of Aroclor 12354 for possible carcinogenicity are shown
in section VI, Table S. Fischer 344 rata were used and the OB
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nixture vas administered at three dose levels (25. 50 and 100 ppwm)
in the diat for 104-103 wveeks. The effact of the tresatment on
body weight end mortality at the higher doas lsvels demonstreted
thet maxisum tolarated doses vere ueed, thus providing s satie-
fectory test of carcinogenic potantial. A sufficient number of
rats of both sexes was available for meeningful statistical
enalyees of the incidence of late-developing tumors. Treatment
was associsted with only three hepatocellular carcinomas in mala
rats, vhich vas not eignificantly different from the controls,
and it was concluded that Arcclor 1234 wae not carcinogenic in the
biosasay.

(1i1) Studies in dogs. BEepatocellular carcinoma did
not occur in dogs (four male and four female per group) receiving
1, 10 or 100 ppm of Aroclor 1242, 1254, and 1260, respectively, in
their diets for two years (Calandra, 1978).

(iv) Diecussion. Data from the mouse provide only

limitead and rastricted svidence for e carcinogenic effect of the
Japanese compound Kanechlor $00 (Table 2). Studies on the rat

give contlicting resulta on hepatic carcinoma. (Section VI deals
with the benign hepatic proliferastive lesions found in the

treated zats, which may or may not indicste carcinogenic potential.)
Kisbrough st al. (1975) reported an increase of hepatocsllular
carcinomas in female rats ceceiving Aroclor 1260, whereas the
studiee of Calandrs (1973) and the National Cancer Institute

(1978) did not obsarve a significant incresase in hepatocellular

carcinomas in rate receiving different Aroclors. Whether the
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divergent tesults are related to the different atrains of rats
that vers used, represent differences in the effect of the two
Aroclors, or are dus to other factors is not known. It {3
obvious, however, that in viaw of the differing results obteined
{t is not possible to extrapolate or project pussible sffects
in man. Bepatocellular carcincmas did not develop in dogs
treated with Aroclor for two years.
2. Bladder Cancer

Rimbrough (1972) observed bladder cencers in two rats
fed 100 ppm of Areclor 1260 for eight months. In a later study
with 200 rats receiving 100 ppm of Aroclor 1260 for 21 months the
only bladder tumor observed (a transitional cell papilloms) was
in & control animal, and it vas concluded that “the occurrence of
the bladder tumor in the previous experiment was spparently un-
related to the ingestion of Arcclor 1260° (Rimbrough et el., 1979).
This type of variation demonstrates the unreliability of nu&ta.g
significance to small changes in tumor incidence in & given ex-
periment, particularly when the incidence does not show a
statistically significant difference from s control group.

Benign or malignant bladder tumors did not occur in
cats traated with Aroclors 1284 (1S, 50 and 100 ppm) for 104-10%
weeks (Mational Cancer Institute, 1978).

The above studies do not. demonstrate that administra-
tion of Azoclor 1254 or Aroclor 1260 induces bladder cancer in the

rat.
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3. Stomach, Intestinal Tract Cancer

Treataent of female rats with Aroclor 1260 (100 ppm in
diat) for 21 months did not induce tumora in tha gastrointestinal
tract (Kimbrough et al., 1979%).

Treatment of rats with Aroclor 1254 (23, SO and 100 ppa
in the diet) for 104-10S weeks did not induce gastrointestinal
carcinomas (National Cancer Institute, 1978). Tumors occurred
in random manner as illustrated in Table 6.

4. Carcinogenesis - Other Organs

Studies with PCBs in relation to cancer of the liver,
gastrointestinal tract, and urinary bladder have been discussed
separately above. In the studies with PCBs other organs have
been evaluated in detail without finding any effect of chronic
adainistration of Aroclors on the incidence of benign or salignant
neoplasas. The following appraisals refer to tumors of these
other organs.

Kimbrough et al. (197$) found that the chronic
administration of Aroclor 1260 to rats did not affect the incidence
of benign tumors or carcinomas of the thyroid gland, adrenal gland,
uterus, lung and other organs. FPrequently investigators look
only for increases in tumor incidence, when in fact decreases are
often obtained. It is worth noting that mammary adenocarcinoms
occurred in 3/173 control animals versus an incidence of 1/184 in
treated animals. If the incidence had been reversed, some
suthors may have coamented or suggested that PCBs may increase

the occurrence of MAMMArY cancer, but such would not have been
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Tabla §

Incidence of Gastrointestinal Carcinomas
in Rats Treated with Aroclor 1254 -
(Data from National Cancer Instituts, 1978)

Nunber of Cacrcinomas
Control Low Dose Med. Dose  Eigh Dose

Males

Stomach, adenocarcincma o 0

Jejunun, carcincma Q 0 [} 1

Cecun, adenocarcinoma -] 0
Pemales

Stomach, adenocarcinoma o 1 1 []
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the case as the ber of ry ad ret in control

groups can vary significantly from study to study. If the incidence
of spontaneous tumors can vary, then the number of malignancies

in the treated group will vary with each experiment independent

of the treatment given. An additional illustravion of tumor
variability is the incidence of ovarian granulosa theca cell

wumors which was 3/149 in controls versus 0/163 in the treated
animals.

In the National Cancer Institute (1978) study, the
chronic administrations of Aroclor 1254 was without effect on
the developwent of benign or malignant neoplasms in the various
body organs of the rat (the liver, gastrointestinal tract and
urinary bladder were discussed separately adove). 1In the
study, interstitial cell tumors of the testes were present in
nearly all control and treated animals, there being no effect of
treatment. Leukemias, which were the second most common neo-
plasms, were found in 134 of control males and 17% of control
females. A statistically significant dose-related trend for
leukemia was present in the treated males but not in the female
rats, However, direct dose comparisons between each treatment
group (male or female) and the control group were not statisti-
cally significant, so that an effect in males could not be clearly
related to the adainistration of Aroclor 1254. Adding the few
lymphomas to the leukemies for the analysis did not change the
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conclusion. Kimbrough at al. (1975) also did-not find a sig~
nificant effect of Aroclor 1260 on leukemia incidence (1/173 in
controls vs. 0/184 in trested animals).

It may be concluded from these atudies that the chronic
oral adminiatration of high doses of Aroclors 1260 or 1234 2oes
not {nduce dbeniqgn or malignant tumors of the thyroid gland,
sdrenal gland, uterus, lung, hematopoietic system, pituitary
gland, thymua, kidney and other organs in rats.

S. Summary and Opinion

Anisal studies do not provide convincing evidence that
PCBe induce liver cancer. Of the major studies in the rat, one
has been judged positive and 2 have been negstive. Nepatic car-
cinoma vas not produced in the dog. Chronic administration of
Aroclors in the rat did not induce bladder cancer, gastro-
intestinal carcinomas or cancer of the thyroid gland, pituitary
gland, adrenal qlahﬂ. uterus, lung, hematopoietic systes or
other orgyans.

B. Clinical Stuldies

The studies of Brown and Jones (1981) and Bertazzi and
co~vorkers (1981) have evaluated the relationship betweean ex-

posure to PCBe and the subsequant develop of . Both
analyses are retrospective mortality scudies of workers to deter-
mine the cause of the death and, for salignancies, the specific
type of cancer causing the death; the deaths are designated as

*observed cases.® The parson-years of exposure of the vorkers o °
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PCB were determined and combined into calendar time periods and
tive-year age groups to calculate from mortality statistics the
nuaber of “expected® deaths, The number of observed versus
expected deaths was than coapared. Background data relative to
these studies are summarized briefly, as follows:

(1) Brown end Jones (1981). The suthors analyzed
163 known desthe occurring among 2,567 workers sxposed to PChs
for 39,018 person-years. [Expoaure to PCBS ranged from three
months to over 20 years. The type of PCBs used at the plants
were Aroclor 1254, 1242, and 1016.

(i11) Bertazsi et al. (1961). The suthors analyszed
27 desths occurring in 1,310 workers exposed to PCBs for 20,563
person-years, determining "observed” versus "expected® rates
for malignancies. Mortality wvas studied for a 25-yeer period
(1954=1978). Exposure up to 1964 vas mainly to A?oclet 12%4
and Pyraline 1476; starting in 1963 mixtures with 42% chlorine
were used (mainly Pyraline 3010 and 3011).

(444) Bahn st al. (1976, 1977). These authors
report 2 cases of malignant melanoma in 31 men exposed to Aroclor
1254. It is not clear from their studies if they are discussing
morbidicy or mortality; Brown and Jones (1981) interpret the
report as mortality.

Pertinent data on the mortality from malignancies are

susmarized in Table 7 and sre discussed below,
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All Malignancies. Brown and Jones reported 319 ob-
secved cases of cancer versus 431.8 expected cases, vhereas
Bertezzi at al. found s statistically significant increase {n
males, but not in female workers (Tabls 7). There vas no in-
cresse in the risk of mortality from all malignancias with lengeh
of exposure or with the number of years of employment (Brown and
Jones, 1981).

Rectum. The Qaly statiscically significant 4ifference
observed in the study of Brown and Jones was for rectal cancer
in femalas from Plant 2 (Table 7). Thers was no significant
finding for females in Plant 1, males in Plant 1 or 2, or for
the combined data for sales and femalee. The incidence of rectal
cancer shoved a slight, but statistically insignificant, increase
with increase in latency; no dirsct relstionship with increased
length of exposure is spparent.

Bertassi et al. (1981) 4id not report a case of rectal
canger in PCB exposed individuals.

Stomach, Psncreas. The atudies did not damonstrate an
increased risk loi stomach Or pancrestic cancer (Table 7).

Bepatocellular Carcinoma. Three cases of liver csacer
ware observed in the study of Brown and Jones (1981), but the
differsnce from the control rats was not reported to be statiati-
cally significant (Table 7). Bertazzi and co-workers d4id not
mention observing any case of hepatic cancer. Examination of the
data for latency effect or for length of exposurs to PCPs did not
shov any relationship to development of liver cancer (Brown and
Jones, 1961).
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Table 7

Deaths Prom Specific Types of Cancer

Comparison of Obsarved Deatha in PCB Worksrs
With Expected Deaths

Numbexr of Cases

Statistic
Reference Malignancy Sex Obsexved Expect SMR  signi ggg.::.
o ALl 'R, 3 .79 ) s
2 . " L 31,32 241 7=0.04
2 . r J 2.3 1] xs
1 Rectum " 1 0.51 s
1 . Z(plant 1) © 0.18 "
. r(plant 2) 3 0.50 <0.08
1 " M,r 4 1.19 33¢ s
1 Stomach u,r 1 . 1,68 60 »s
1 Pancreas n,r 1 1.90 33 us
2 Digestive Ozgans M 3 0.88 340 ns
{stomach, pancreas, ¥ .0 - - »s
billary tract)
1 Hepatic Carcinoma MNM,? 3 1.07 280 us
1 Lyaphatic & N 2 'O VR T us
dematopoietic
2 . L} 2 0.46 435 ns
2 . ? 2 0.48 444 s
3 Melanoma . 2 0.04 P=g.001
b | 7% 4 (] - - NS
2 ot | 73 4 0 - - s
Ref 1, Brown and Jones, 1981
2”2, Bertazzi at al., 1902
~ 3, Sahn et sl., 1976, 1977
SR, Standardized mortality ratio (cbserved deaths/expected deaths x 100)

ns, Not significant
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Lymphatic and Hematopoietic Cancer. The two atudies
show diametrically opposite risk values, although neither is

statistically significant (Table 7).

Melanoma. Bahn et al. (1976, 1977) reported two
cases of malignant melanoma occurring among 31 men who had been
exposed to Aroclor 1254. Based on the Third National Cancer
Survey incidence rates, Bahn st al. calculate for a person-year
analysis that only 0.04 malignant melanomas would be expected,
the difference being statisticelly significant (P=0.001). The
extensive atudies of Brown and Jones and of Sertazzi et al.
fail to confirm the increased risk of mortality for malignant
melanoma reported by Bahn and co-workers (Table 7), raising
doubts about the significance of the Bahn studies. Even an
association with the low P vslue of 0.001 has not besn con-
tirmed.

Sumaary. The clinical evaluation of PCBs relative
to cancer is currently based on a limited amount of data, and
any conclusion regarding their affects must de regarded as
tentative. Nevertheless, some detailed analyses are available
and concluaiona based on thea, as liated below, are of some
significance.

l. Retrospective mortality studies have not demon-
strated a consistent relationship between exposurs to PCBs
and the development of a particular type of cancer.

2. The clinical findings on hepatocellular carcinoms

are of great interest aa some experimental studies report an
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increase in liver cancer in rodents receiving PCBs. Althougn
BSrown and Jones (1981) observed three caaes versus 1.07 expected
casea, the difference is not statistically significant. Their
analysis of PCBD exposure and risk of mortality from liver
cancer is also noteworthy since it did not demonstrate an
effact of latency (number of years from date first employed)
or a relationship to increased duration of esployment in jobs
involving PCB exposure. These latter observations are, how=
ever, based on saall numbers. Bervazzi et sl. (1981) dtd not
report any significant relationship between vci exposure and
liver cancer. Taken together these studies do not confirm
the projection of & risk for liver cancer in humans based on
the animal studies.

3. The SMR (Standard Mortality Ratio) may vary
widely in different studies, and eaphasis should not be
placed on an increase in the SMR found in one study unless a
significant change in SMR can be confirmed in several repeat
studias. PFor example, Brown and Jones found the SMR for
lymphatic and hematopoietic malignancy to be decreased while
Sextazsi st al. Teported an incresse, slthough neither result
was statistically significant {(Tadble 7).

4. Brown and Jones observed a statistically signi-
ficant increase in SMR for rectal cancer in women at one plant,
but not in a different plant, and no significant effect in

male vorkers at either plant was observed. Bertazzi et al.
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IX. Reproductive Effects

A. Reproduction
Numerous reports have appeared in the literature on

the effects of polychlorinated biphenyls on reproduction in
animals. Gellert and Wilson (1979) showed that female Sprague-
Davley rats given 30 mg/kg Aroclor 1221, 1242 and 1260 by gavage
during days 14 through 20 of pregnancy had no effect on the
reproductive function of the offspring as judged by (a) normal
estrus cycles, (b) r}o:ul appearance of ovaries and uteri, and
(¢) fertility of males. Feeding 550 ppm of Aroclor 1284 for §7
days to Sherman rata resulted in fewer litters, smaller litter
size and 1000 mortality by day three of the Pl pups. At 100 ppm
survival of both Pl, and Flp offspring was reduced. The pups
were smaller than controls but appeared normal at weaning,
Aroclor 1260 fed at a dietary level of 3500 ppm (35.4 mg/Xq) for
67 days prior to mating markedly reduced litter size and
survival-to-weaning in the Ply and Pl generation. Dietary
levels of S ppm Aroclor 1254 and 100 ppa Aroclor 1260 had no
effect on reproduction in rats exposed through two generations
(Linder et al., 1974). A dietary concentration of 2.5 ppm of
Aroclor 1248 produced alteration in the menatrual cycle of
adult fesale rhesus monkeys. Menses were prolonged and menstrual
bleeding was increased (Allen at al., 1979).

Keplinger et al. {1971) fed rats and dogs Aroclor 1242,
1254 and 1260 at doses of 1.0, 10.0 and 100 ppm. No adverse
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effect on reproduction was obsarved in rats given 1.0 and 10 P
Aroclor 1242, but there was a decresse in survival of pups at
100 ppm of Aroclor 1242, 1254 and 1260 as well as a decresse in
meting indices. The effect of PCBs on rsproduction in desgle
dogs and svine has been studied by Zarl at al. (1974). Arcelor
1254 interfered significantly with reproduction in dogs st doses
above 1.3 mg/kg/day while in swine 10.0 ag/kg/day lowered ferti-
lity and survivability of neonates. The reproductive sffscts in
dogs are qun'uenahlo because of unexplained changes in tha repro-
duction pattern among controls.

8. Terstogenicity

1. Introduction

Teratogenicity is that property of sn agent whersby -
it is capable of inducing congenital defects in the developing
embryo. Such agents that sre chemical substances sre known as
*tegatogens® and the defects they induce ere known as “terata’.
Although teratogenicity is considered generally to involve only
anatomical defects, some autharitiee regard functional or bdio-
chemical changes as manifestatcions of teratogenicity.

A distinction must be made detween texstogenicity and
fatotoxicity, i.e., toxicity to the fetus. The finding of dead
or resorbing fetusas in the uterus of an experimental animal ia
not evidence of a teratogenic action of the test substance.
Similerly, a smaller size of the newborn is indicative of feto-
toxicity rather than teratogenicity.
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A substance may appesr to be teratogenic if it pro-
duces savere toxic effecta on the pregnant female. Maternal
disesss and malnutrition affsct the number end quality of the
offapring. Defects in the offepring that are secondary to toxic
effects of the substance on the mother are not considered terata.

Teratogens produce their harmful sffects during the
period of formation of cells, tissues, and organs. Hence, once

development of ths fetus has been completed, a terstogenic

evant can no longer occur. Chemical sub admind 4 to
the mother can ba transmitted, together with their metabolites,
vis the milk to the suckling young, snd may produce toxic effects
in the latter. However, auch sffects are not indications of
teratogenicity. i

Conventional tests for the detection of teratogenicity
involve adminietration of the test substance to pragnant femalss
at repeated intervale throughout the period of organogenesis,
e.g., days 6 through 13 of the gestation in the rat. The treated
famalss sre sacrificed on the day prior to parturition, and the
tetuses removed from the utsrus surgically for examination.
Alternatively, the test substance may be administsred over rela-
tively long periods of time, and the snimals allowed to breed
nornally ss in the usual one-~ to three-generation reproduction
studies. The appearance of malformed offepring among the
succeeding generations would be evidence of teratogenicity.

In order for a chemical subetance to vhich the mother

is exposed to exert a direct sction on the conceptus, it or one
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or mors of i{ts metabolites must be able to cross the placental
barrier. Transplacental passage of PCBs has been demonstrated
in several aninzal species (Allen at al., 1980; Curley at al.,
1973; Couvillion et al., 1974; Grant et al., 1971), and is known
to occur in the human (funatsu at al., 1972).
2. Mice

PCBs were not teratogenic in mice at dosages up to 300
mg/kg given on days 1 through 6 or days 7 through 11 of gesta-
tion (Toeruk, 1973). BNowever. a recent atudy (Marks et al.,
1981) with the hexachlorocongener 3.,3°,4,4’S5,3’ -hexachlogobi-
phenyl in mice at dosages in tha range of 0.l-16 mg/kg/day
during days ¢ through 13 of gestation produced a significsat
increase in fetal malformation, a significant decrease in average
fetal weight, and an menu; in tha percentage resorptions.

Torok (1976) ceported that orsl sdministration of
37% mg/Xg or 750 mg/kg of 2,2'-dichlorobiphenyl to mics on days
one through three of gestation resulted in prolongation of the
interval between breeding and parturition, He attributed this
oburnttpn to delayed {mplantation. Although the treated
animals had fewer litters and lesser 3ean litter sizes, there
was no indication of teratogenicity.

Some nice exposed to 3,4,3'4’'-tatrachlorobiphenyl
were veported to exhibit & “waltzing syndrome® (Davis et at.,

1979; Tilson et al., 1979). The dosage vas 32 mg/kg administerse

by gavage to the mothers on days 10 through 16 of gestation. The -
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syndrome consisted of increased motor activity, hyperreflexie,
and epieodee of head bobbing and rotational movements that were
present up to at least eight montha of age. Not all exposed mice
were affected similarly, but even thoee that did not exhibit the
syndrone showed diminished performance in various neurobehaviorel
testa. Tilson et al. (1979) refer to theae observations as the
*behaviorel teratology" of §-CB.
3. Rats

Thers ars a plethora of studiss in which the reproduc-
tive effecta of feeding various Aroclors to rats have been in-
vestigated (Calandra, 1976:; Gellert and Wilson, 1979; Replinger
st al., 1971; Keplinger st el., 1972; Linder st al., 1974; Ville-
neuvs st al., 197la). Collectively, these studies reported feto-
toxicity de the dosage was increased, but no teratogenicity vas
demonstrated. It may be useful to note the order of magnitude
of the dosages inwoived. Villeneuve et al. (1971s) found no
effect from the administration of dosages of up to 100 mg/kg per
day orally to pregnant femalss from the sixth through the
titteenth day of gsstation.

Ultzastructural lesions in thyroid follicular cells
and a reduction in serum thyroid hormones have been reported in
neonstal and weanling rats vhose mothers had been fed a diet
containing 30 ppm or 3500 ppm of Aroclor 1154 throughout the
period of gestation (Collins and Capen, 1980). The authors
suggeat that alterstions in thyroid structurs end function in
the fatua or neonate may be related to subeequent dieturbances

in growth or development.
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4. Dogs

In the study conducted dy Earl et al. (1974), pregnanc
bitches weres given dosages of 0.23, 1.0, or 5.0 mg/kg of Aroclor
Lzsi from the day of breeding to the day on which they wecs
necropsied. At 5.0 mg/kg, thers was an increase in the percentage
of resorptions, a decrsase in the number of live pupe per litter
at birth, and a reduction in the peccentage of those surviving
to two weeks. Tha terata observed consisted of enlarged fonta-
nellss, cleft palates, and superfluous phalanges. This dosage
was eeid to limit diet consumption severely. Ths authors etate
that one litter of the controls "may have had a genetic defect
cthat caused an unusually high incidence of terata.®

S. Swine

arl et al. (1974) included miniature evine (fSormel
strain) in the investigation described immediately above.
Pregnant sows vere given daily oral doeeges of 1 mg/kqg. 10 mg/kg,
or 30 mg/kg of Aroclor 1284. 0Dosing began 21 days defore breed-
ing and wae continued until the day of necropsy. The authors
concluded that doee-related effects were seen at all trestment
levels as evidenced by decreases in the aumber of pregnancies,
aumber of live pigs farrowed per litter, and percentage of live
offspring after two weeks of age. Syndactyly and cleft palates
were observed in the young of sovs receiving 10 mg/kg, and
patent fontanelles and cleft palates in the offspring of those
receiving 30 mg/kg. As in the case of the dogs, the higher

dosages csused s marked reduction in food consumption.
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6. Monkeys

In a study reported by Allen et al. (1974), six adule,
female rhasus monkeys were fed a diet containing 23 ppm of
Aroclor 1248 for two months. ODuring this period, all animals
devaloped characteristic signs of toxicity, although they main-
tained a regular menstrual cycle. One animal died. At the
beginning of the fifth month, or three months after discontinu-
ance of exposure to the test substance, an attempt vas made to
breed the survivors. Three animals appeared to conceive, dut
only one succseded in carrying her fetue to term. Although
this infant vas well devaloped, its body weight was considersbly
lower than that of the cvornéo rhesus infant. Examination of
the tissues showed no gross or microscopic lesions.

In a second study by the Wisconsin group {(Barsotti
et al., 1976) lnvolving 18 adult, female rhesus monkeys, nine
were fed a diet containing 2.5 ppm, and nine vere fed a diet
containing % ppm of Aroclor 1248. After seven months on these
diets, the eight surviving animals from the 2.5 ppm group and
eight from the 3 ppm group were mated with control males. All
animals in the 2.5 ppm group became pregnant, but three of these
resorbed their embryos; the remaining five gave birth to live
infants. In the S ppm group six animals became pregnant. These
impregnations resulted in three adbortions, one resorption, one
stillbirth (suffocation during difficult delivery), and one un-
complicated birth. At birth, the six infants were small; how-

ever, other than their small stature and focal areas of dermal
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hyperpigmentation, their genaral appearance, hemograms, and
osseous development as evaluated radiographically wers normal.

The adult, female rhesus monkeys that were the originsl
subjects in the study discussed above were fed the diets contain-
ing 2.9 ppm or % ppm of Aroclor 1248 for six months prior o
breeding, throughout gsstation, and for three monthe aftar
delivery for a total of about 18 months (Allen et al., 1940).
Only 16 females ware bred, inasmuch as one had died end snother
vas dropped from the study for some rseson not explained. About
one year after diacontinuance of the Aroclor-containing diets,
the animala wvere bred again to control males. All of the seven
survivors in che S ppm group conceived, but only four gave birtd
to live infants. In the 2.5 ppm group, one animal had an abor-
tion and the remaining eeven had uncomplicated deliveries.
Apart from their somewhat smaller size compared to the young
of the control animale, the infants appeared normal. Analysee
of adiposa tissue froam two stillborn infants of mothers in the
S ppm group showed the presence of PCls, but hiatological evalue
ation of adipose and other ti b d no ab licies.

7. Clinical Data

Funatsu et al.: (1972) atudied in detail four babies
born to mothers wvho bad ingested rice oil contaminated with a
heat-exchange fluid containing PCBs., PCDPS and PCQs. The mothers
were among the population axpased in the "Yusho” episode. Three
of the four babies exhibited some evidenca of intrauterine sal-
nutrition or retardation of growth, and all four had dark bhrown
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pigmentation of the akin that was most pronouncad st the geni-
talia, axillae, and near the fingernails. The same pigmentstion
vas noted on the lips, gums, and palate. While one or more of
the infants diaplayed other clinical aigns, no neurological or
cardiovascular abnormalities, nor any malformationa were observed.
The pigmentation of the akin and mucous meambranes disappeared
within two to five months of age in sll cases.
8. Summary and inion

(a} In a variety of tests, commercial PCB mixtures
(Aroclors) ahoved no teratogenic activity in mice, rats, rabbits,
and monkeys.

(b) Earl et al. (1974) have not demonstrated convine-
ingly a teratogenic action of Aroclor 1254 in dogs or swine.
An evaluation of their work suffers from a paucity of information
and the possible presence of a genetic defect in the dog colony.
The published abstract tends to be misleading. Examination of
the unpublished manuscript shows that the authors did not regard
the two lover dosages as teratogenic for either species. The
highest dose is said to limit food consumption severely in both
species. Therefors, it is likely that the defects observed in
the offspring ware the result of severe maternal amalnutrition.
Hansen et al. (1973) failed to find teratogenic effects in svine
when the mothers were fed a diet containing some 20 ppm of
Aroclor 1242 throughout gestation and nursing.

(¢) The observations of Collins and Capen (1900) on

ultrastructursl slterstions in the thyroid glands of perinatal
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rats whose mothers were exposed to Aroclor 1254 are indicative
of functional changes rather than of teratogenicity.

(d) The occurrence of & "waltiing syndrome® in mice
exposed prenatally to 3,4,3',4'-tetrachlorsbiphenyl might Tep-
resent s true terstogenic effect (Davis et sl.. 1979). Tis
phenomenon usually results from a structural or functional
defect of the niddle ear. The dosage used to produce the
syndrome is relatively high. while the exposed snimals were
not uniformly affected ilnsofar 4s the overt signs ere coacerned,
Tilson st al. (1979) prasented evidence to shov s vider pre-
valence of more subtla neuro-behavioral effscte. It is not kmown
vhether this condition could be induced by a commercial PCB
mizture.

(¢) The scientific literature presently supports the
conclusion that PCBs present no appreciable risk of teratogeni-
city for humans, in our oplnlon.'tn view of the essentially
negative test results in four test species and the questionadle
positive £indings in the dog and in swine.

c. ratotoxicity

Rabbits given 1.0 wmg/kg of Aroclor 13354 deily for 28
dsys of gestation had no effect on the developing fetus but
doses of 12.3 to 30 aq/kq were fetotoxic. Rats appear to be
more Tesistant than rabbits, as doses up to 100 mg/kg do not
cause fetal desths or malformations (Villaneuve et al., 1971a).

Embryotoxic effects of Xanechlor 300 and $00 were produced ia
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Sprague-Dawley JCL rats when fed at levels of 500 ppm in thae
diet throughout gestation (Shiota, 1976b). Diete containing
5.0 ppm of Aroclor 1248 were fetotoxic to rhesus monkeys.
Fetuses and neonates of mothers with Yusho diseaae
have developed some of the characteristic signs of disease as
a reeult of transfer of PCBs to the fetus and infant through
the placsnta and breast feeding (Yamashite, 1977; Mateuda, [13
al., 1978; vakushijji et al., 1978). Studies in mice on the
transfer of PCBs to fetuses and offspring indicate that the
amount transferred depende upon the chemical structure of the
individual compounde and the position of the chlorine atoms
within the chemical structure (Matsuda et al., 1978, 1979).
Acoclors 1242 and 1234 are potent inducers of hepatic
microsomal enzymes. A single intraperitoneal injection of
100 mg/kg of Aroclor 1242 to rats increased liver weight, total
microsomal activity, as measured by hydroxylation of acetani-
lide and N-demethylation of aminopyrsne, and hepatic cytochrome
P-450 (Bruckner et al., 1973). Ths breakdown of endogenocus sub-
stances such as progesterone, estradiol and teatosterone has
been shown to be increased 15 animals pretreated with chlori-
nated biphenyls (Orberg, 1976¢). It ia posaible thet alterations
in the metabolism of the endogenous substances by PCBs may
upset the normal balance that is sssential for implantation of
the fertilized ova in the utsrus (Smith, 1968). TFeeding a PCB
mixture containing 60% chlorine significantly incresaed the

uterine weight of guinea pigs (Vos, 1972).
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Yamashita (1977) studied the clinical features of pCw,
PCO? and PCQ induced fetopathy in four babias born from mothers
poisoned by contaminated rice oil. There vas intrautecine re-
cardation of growth, dsrk brown pigmentation on the ekin and
mucous membranes, adematous face and exopthalaua. In some casee
the retardation persisted for many months but the infanta eventu-
sily qained their weight for the age group.

Although over 100 nursing mothers residing in Michigan
duzing 1977-1978 hed residuese of PCRs in breast milk ranging from
1.0 ppa to over 3} ppm, there have been no reports of serious
adverse effects on reproduction or infant mortality (Wickiser,
198L).

Summacy and_opinion

1. It is appacrent from studies on humans and animsls
that certain classes of polychlorinated biphenyls are more
toxic than others and that the degree of chlorination is one
of the determinant factors in their toxicity. B8ut, as stated
previously under cutsneous toxicity, the presence of contami-
nants say be responsible for the adverse sffects on reproduction.
Olshi gt al. (1978, 1980) compared the activities of FCBs and

dibensofurans in rats and found that dib furans markedly
depressed body weight, decreased weights of the thymus, ventral
prostrate and seminal vesiclea and reduced hemoglodin and hemato-

crit values, while PCBs had little or no effect.

MONS 015694



- 129 -

2. On the guestion of fetotoxicity in PCB~exposed
females, positive results are sesn in certain test animals (rats,
dogs, rabbits) when the PCBs ars administered at relatively high
doses (greater than 10 mg/kg) to pregnant animala. In the human,
the only reported evidence for fetotoxicity in exposed popula-
tions stems from the unique Yusho event, in which causation may
not be linked to PCBa. NO such reports have been made on other
exposed human populations, suggesting the absence of this effect

in the human under occupational exposure conditions.
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X. Mutagenesis
A. general

The term "mutagenesis"” refers to any procese that
induces a permanent change (mutation) in the genetic composition
of a cell, thereby causing that cell to differ in & consistent
way from its parent. If & mutation occurs in a germ cell, the
offspring resulting from the union of that cell with another
will have an altered genetic composition that will persist in
the germ line unless the alteration is lethal. MNutations ececur
spontaneously through unknown mechanisas, but they also say be

caused by radiation or chemical subst (mutagens). While

in & strict sense the term "mutation” applies only to changes
in the DMA at the molecular level, it is considered broadly to
include alterstions in the number and structure of chromosomes.
Mutagenicity is the property of an agent, chemical
or physical, to induce mutations. Chemical substances may de

tested for mutagenicity by & variety of methods, among which are

those that employ (a) bacterial teat syst ., {b) cytog tic

analysis in vivo, (c) cytogenetic analysis in vitro and (&)

dominant lethality in a rodent.

8. Bacterial Test Systess

The "Ames test” 18 the most popular test of mutagenesis
enploying 8 bacterial test system. It is a so-called “backward”
mutation aystem that uses & series of mutant strains of salmonella

typhimurium that have lost the ability to synthesize the amino
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acid histidine. BHence, they can grow only if exogenocus histidine
is supplied. A mutation has occurred if, after exposure to the
chemical substance, the organisms regain the ability to grow in
the absence of histidine.

Aroclors 1221, 1234, and 1260 showed little genic

activity in the Ames test (Wyndham et al., 1976) with indications
that Aroclors with lower chlorine contents are veakly positive
{n the Salmonella test systems. Howvever, these results must de
discounted since they could not be replicated (dcMahon et al.,
1979; Sefe, 1980). As a general finding, HNeddle lnd. Bruee (1977),
McMahon et al. (1979), Schoeny et al. (1979), and Safe (1980)
were unable to find evidence of mutagenicity of PCBs in bacterial
test systems. ° i '

C. Cytogenetic Analysis in Vivo

In this procedure, the experimental animal is treated
with the test substance and, after a suitable period of time,
sacrificed for examination of rapidly dividing tissues. Bone
marrow and the seminiferous tubules are generally the most
trequently used tissues for this purpose. It is customary vo
inject the animsls with colchicine several hours before sacri-
tice in order to promote the accumulation of e,uo in the meta-
phase stage of division. 1In this stage, the chromosome can be
examined more readily for abnormalities.

In two inveetigations, PCBe wers judged not to have

produced ohr 1 abnormalities. Dikshich et al. (1973)
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exanined seminiferous tubules of rats at different intervals

after daily dosaqes of 50 mg/kg of Aroclor 1254. Green et al,
{1975a) examined both bons marrov and spermatogonial cells of
rats after either a single dose of 5000 mg/kg of Aroclor 12432,
or four daily doses of 500 mg/kg. In all casas, it was concluded
that no significant chromosomal damage had occurred.

The micronuclaus test is a test for agents that tend
to break chromosomes (clastogens). A micronucleus is a fragment
of chromatin that hes broken away from a chromosome during cell
division and has failed to be included in either of the daughter
nuclei. The phenomenon can be observed best in newly formed
erythrocytes since these stain differently from the mature
erythrocytes in that they exhibit polychromasia for . a period
of 24 hours or so. Furthermore, the nucleus has been extruded
at the last maturation division so that the -!.ctpnucht, which
remain behind, are readily visible in an otherwise chromatin-
free cell. Micronuclei occur in a small fraction of normal
red cells, but their incidence is increased by the action of
clastogens. The teet is carried ocut by administering the agent
to the test animal, and examining the polychromatic erythrocytes
in bone marrow smears after some interval of time has been allowed
for micronuclei to form,

Heddle and Bruce (1977) reported Aroclor 1254 as nega-

tive in a micronucleus test.
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D. Cytogenetic Analysis in Vitro
Koopingscner et al. (1972) activated cultured human

lymphocytes with phytohemagglutinin and treeted them with 100 ppm
of Aroclor 1254 at various stagee of a division cycle. The cells
than vere examined for chromosomal aberrations for the diffsrent
stage treatasnts. Aroclor 1254 had no apparent effect on chromo-
sonsl integrity as meesured by cytological evidence.

E. Dominant Lethality in Rodents

A dominant lathal mutation is one that occurs ia ¢
germ cell. While it does not impair the function of that cell,
it kills the fertiliszed ovum Or the developing embryo. MNice and
vats are the prefsrred experimental species. In its simplest form,
the test consiets og treating males with the auspected sutagen,
mating them with normal females, and counting the number of viadble
offspring. The test could be used to detect dominant lethal muta-
tions in females, but it would be difficult to rule out adversa
effects on the embryo that might be dary to non-g ie

effects on the mother.

Green st el. (1975b) concluded that Aroclors 1242 and
1254 were not mutagenic since they fsiled to induce dominant
lethal sutations in rats. In similar studies reported both by
Keplinger at al. (1972) and Calandra (1976), Aroclors 1242, 11234,
and 1260 vere adminietered to male, aldbino mice in e singla intra-
peritoneal dosage of either 500 ag/Xg or 1000 mg/Xg. Subsequent
astinge of theee animals to control females showed no effect of
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treatment on the number of implantation or resorption sites,
nusber of viable embryos, or preimplantation loss.

P. Summary and Opinion

Thare is no evidence from in vivo test systems that
any commercial PCP mixture is mutagenic. The same observation
holds true for the bulk of the investigations employing in vitro
techniques. In our opinion, therefore, it is quite unlikely
that the PCBs as a class nvoh mutagenic activity in the human,
either acutely or chronically. Since chamical mutagenesis and
carcinogenesis often correlate for a given active chemical,
this opinion is reinforced by the essentially negative findings
on carcinogenesis in populations occupationally exposed to PCBs
(sections VIII and XII).
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XI. Other Health 2ffects

oA LA AL LA A AL

A. Enzyme Induction
1. Introduction

Most chesicals that ere eallowed to enter the body are

converted by the body to a variety of different chemical entities.

in this menner, food b transt 4 into energy. Chemicals,
other than food or those that are naturally preeent in the body,
that are introduced into the body are genarally called “xencbiot-
ics," and they also are frequently converted by the body to deri-
vatives of the original compounds. The conversion processes are
regulated by the enzymatic systems generally tsrmed biotransforma~
tion systems. Although there are a multitude of xenobiotic sub-
stancss to which humans are exposed, there are only a few different
enzyme systsms involved. The body basically bjotransforms chemi-
cals by oxidizing. reducing, hydrolysing or combining (conjugating)
the agent with other chemicels. Although each of theee systaas
is important, of particulsr interest hers ere those systems that
result in conversion of the original compound to the oxidized
derivatives.

It is not uncommon for the body to react to some xenc-
biotic compounds that Lt normally blotrensforms by increasing
its ability to perform the biotransformation function dy producing
an incresse in the amount of enxymes availadble. This procees,
which is called "induction® of the enzyme system, effectively
makes the body mors capable of biotransforming not only the com-

pound that initiated the induction but also all other compounds
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that acs oxidized by the same enzymatic system. In this manner
Lt is feasible for & given xenobiotic agent to induce a bjotrans-
formation system that affects the ability of the body to biotrens-
form not only the original compound but also a large number of
other xencbiotics ae well as some naturally existing cheaicale
within the body. Shortly, it will de shown that the PCBs in
general have been described as being effective, that is, potent
inducers of major oxidative biotransformation systems in experi-
sental animals and in the human. via induction of enzymes, the
concentration of various normally occusring chemicals may be
altered. The scientific evidance associated with these subjects
will be evaluated in terms of the available curreant litszsture.

The najor oxidative biotransformation eystea in the
body, as f£ar as xenobiotics are concerned, is present in gnitn:
activity in the liver and is present in lesser activity in scet
other tissues. In experimental studies, the liver genszally
serves as & monitor of drug or chemical effect on the oxidizing
enzymes. The ensymes are located in the "microsomal® fraction
of the liver cells. This is a fraction of tha cell that can be
obtalined by proper ulua‘cnntrtzuqauon tachniques. The biotrans-
tormation eystes of interest is known as the “eicrosomal sixed
function oxidase system (MFO)". Functionally this system operates
to incorporate oxygea into the xenobiotic agent vias a serties of
engymatic actions. The systeam does this by making an “active®
oxygen atom available via a hemeprotein enzyme. This hemeprotein
is in fact a family of proteins collectively identified es
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*cytochrome P-4350." The ability of the enzyme to operate as an
oxidative systen is dependent on the existence of seversl neturally
occurring subetances end, in particular, on the existence and
quantity of aveilable cytochrome P-450 in the microsomal frection
of tha liver.

Microsomal P-450 can be meesured directly or indirectly
using verious substrates. Direct measurement of P-450 is based
on measurement of the protein system from which these enzymes
obtained their name, that is, when the enzymes are reduced and
combined with carbon monoxide they exhibit, in a spectrophoto-
meter, maximel ebsorption of light energy at the vaevelengths of
450 nanometers, hence the name cytochrome P-4350 system. The
P-450 system can also be measured in terms of its activity on
specific substrates such as ethylmorphine and antipyrine.
Induction of this system is measured in terms of en increase in
P-450 and/or its utivity'(bund on units of protein per saaple
of microsomes). Investigations of enzyme induction have separated
the P-450 enzymes into two groups, identified as P-450 and P-448
groups, on the basis that various coiponcnt- of the P-4350 group
of enzymes are "induced® to different degrees by different xeno-
biotic agents. The P-450 ensymes are those that are mainly
induced by the barbiturates, wvhereas the P-448 enzymes eres mainly
induced by 3l-methylcholanthrene and show maximal ebsorption at
448 nencmeters. The literature includes studies that suggest

that the P-448 enzynes as well as the P-450 enzymes are induced
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by certain PCBs although there appears to be some species and
tissue specificity in their inductive properties.

Investigations of the effects of PCBs on cytochrome
P-4508 have centered on two areas of interest. One involved the
induction mechanisa via the use of either a commercially availsdle
saaple of a single PCB congener (such as 2,4.%,2',4',%'-hexachloro-
biphenyl) that was synthetically prepared and could be tagged vity
a radicactive atom to facilitate analytical work. Generally, s
group of experimental animals (rats) was adainistered the PCA.
Samples were then obtained at various levels. Livers were thea
examined directly for the quantity of cytochrome P~430 or indi-
rectly for P=4350 and P-448 activity via its enzymatic action on
various sudbstrates. The liver may alsc be examined histologically -’
and for evidence of the state of protein synthesis. Induction
of the #=450 enzymes in the human is estimated dy measuring the
plasma elimination rate (plasma half life) of antipyrine in
controls as compared to exposed subjects. Antipyrine {s a drug
that is completely absorbed when given orally and completely
aetabolized by the liver P-430 aicrososal system.

The second area of interest concerned the ability of
the liver microsomal systes to biotransform PCB. 0Of particular
incereet was the nature of the intermediate and final .producu
of the biotransformation process. This sudject is important in
understanding the toxicology of the PCBs because of the following
hypotheses:
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(a) Certain PCBs induce the microscmal mixed funtion
oxidation systems thereby influencing not enly their own
metabolism but also the metsbolism and time course of action
of available endogenous hormones as well as other xenobiotics
(including drugs) administered to humans.

(b) Certain PCBs or contaminants of commercial
preparations of PCBa may lead to tha formation of intermediate
epoxide type derivatives, and these derivatives can covalently
bind to macromolecules in the liver thereby leading to hepatic
toxicity.

2. Induction of Liver Entywes

Various studies have reported on the effect of short
term exposure of rats to mixtures of chlorinated biphenyls. 4
one such study by Ecobichon et al. (1974) used the Aroclors
identified as Avoclor 1016, 1231, 1242, and 1254, and another
study by a French {nvestigator, Wardonne (1980), used a Prench
preparation known as Phenoclor DP§. In doth studies the sample
material consisced of a mixture of congeners of the chlorinated
biphenyls. These studies showed that vhen rats vere administered
10 ppm of the PChs in their diet for only one day, tha livers
from the animals showed induction of P-450, aniline hydroxzylase,
and asinopyrine-N-damethylase. The induction of these eniymes
was maximus in about five days. 1If the rata vere given 10 ppm
of the PCBs in the Adiet for 3 consecutive days, induction occurred

in three to five days and to a lesser extant over the remaining
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4 day interval. 1In the !c'cbichen study, intraperitoneal injectiaen
of the Aroclors in doees of 30 ag/kg vas made for three consecutive
days. Animals wers eacrificed 96 hours latar. Nixed function oxi-
dative enzymes wers found to be induced {n tha liver. The greatest
induction vas seen with the more highly chlorinated Aroclors. The
conjugation entyme induction occurred rapidly on exposure to the
Aroclors, and particularly to those Aroclors that are more highly
chlorinated. The PCBs used {n these studies wvere commercial
grade.

In order to better understand which of the P~450
cytochromes are induced by the PCBs, Rysn et al. (1979) treated
groups of rats with Aroclor 1284, phenobardital or l-methyl-
cholanthrene. The livers were used to prapare three d;!!onnt
P-450 fractions on the basis of differing molecular weights and
they identified the three frections as P-430,, P=450y and P~4350¢.
All three of the P-450s wers obtained frem the PCB treated animals.
P=4505 and P~430y vere obtained from the phencbarbital treeted rats
and P-450, and P-430g vere isclated from the 3-methylcholanthrene
created rats., (P-450¢ is probably equivalent to P=448). There-
tors, this study showed that the Aroclor induced at least thres
identified cytochromes including the type induced by phenobarbital
and the type induced by l-methylcholanthrens,

In 1980 Parkinson et al. investigated the validity of

the concepts that vere curreat at that time regarding the structure-
activity relationship between specific PCB congeners and hepatic
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enzyme induction. The study was designed to yield the structure
vs. activity data. Basically, they conducted experiments in
rats using 8 synthetiec PCB congeners plus phencbarbital and
methylcholanthrene as enzyme inducers. They concluded that in
order for a PCB to induce a methylcholanthrene-type or a mixed-
type liver enzyme systeam, the PCB would have to contain chlorine
substituted at specific positions on the phenyl rings, whereas
the PCB inducers of the phencbarbital type had multiple diverse
structures that could not readily be defined.

Whether PCBs are administered for as short a time
as 1 to ] days or whether they are administered daily for up
to a year, various liver enzymes appear to be induced, but the
phenomenon of induction does not saen to be specifically
very harmful to the animals. Allen and Abrahamson (1979) fed
rats diets containing 100 ppb of Aroclor 1248, 1254, and 1260
for 13, 26 and 52 weeks. The growth rate of these rats vas
comparable to the controls but the test animals did show liver
hypertrophy, some focal cellular degeneration and an increase
in serum lipids. 1In general, the effects were no greater in
those animals that received the diet for a year than in those
that received the diet for 13 veeks.

Alvares et al. (1973) published results from experi-
ments that involved treatment of rats with Aroclor 12%54.

Intraperitoneal administration of 25 mg/kg/day for 6 days
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produced a tripling of cytochrome P-448 content of the livers
snd a 10-fold increase {n the enzyme activity involving benzo{al-
pyrene hydroxylation (which is a typical l-methylcholanthrene
type of induction), as well as an incrsase in ethylmorphine-N-
demethylation (& typical phenobarbital type of induction).
They thsrefore concluded that Aroclor 1254 induced a mixzcure
of both P-448 and P~430. In 1977, Alvares and Kappas described
some additional work that showed the adbility of Areclor 1254
to cross the placental barrier of tha rat, to de transmitted
to the neonatal rat through the mother's milk, and to cause
increases in biotransformation snsymes in the fetue and newborn,
Goldstein et al. (1979, 1979) attempted to resolve
the question of vnituo: puce PCB congeners had enzyme inducing
properties that vere differsnt from those produced by commercial
preparstions of the single congeners or the PCP commercial mix-~
turss (such as Aroclor 1254). These authors synthesized a *pure®
sanpla of 2,4,%,2¢,4°,5'-hexachlorobiphenyl and showved that it
had different snzyme induction propertiss than d4id ths same
copmercially obtainadble, specially prepared, congener that was
reported to ba "99¢ pure®., The difference in the induction
capability of the two preparstions vas primarily in regard to
the induction of P=448 cytochromes in which the syntheticelly
pure isomer, at doses of 230 ag/kg aduinistered to femala rats,
induced aryl hydrocarbon hydroxylase (ANH: a P~448 enzyme eystem)
only 5=£0ld; whereas the commercial isomer at a dose of S0mg/kq
produced a 30-fold increase of ANN. Also, a GC-MS analysis
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of the two preparations of hexachlorobiphenyl showed that the
commercial preparation coantained 4 contaainants that were not
present in the pure congener. Two of these contaminants were
identified as a tri and a tetra chlorodibenzofuran (TCOP).
TCOF was then shown to be a potent inducer of ABH and cyto-
chrome P-448. The ED (effective dose, 50% of test animals)
for TCDF re: enzyme induction was found to be 0.5 micrograms/kg
for three days. Therefore, the conclusion was that even a
998 pure congener that was commercially obtainable can contain
sutficient dibenzofuran to alter the ensyme induction action.
In one report, Alvares st al. (1977) had studied
alterations in drug metabolism in both rats and humans. In
the rat study Aroclor 1016 elicited a barbiturate type of
induction of hepatic enzymes. That Aroclor did not induce
cytochrome P-448; however: Aroclor 1254 4id induce cytochrome
P-448. The human study involved $ workers in a capacitor
manufacturing plant who handled primarily Aroclor 1016.
These exposed wvorkers showed a low half-life (10.8 hrs) of

antipyrine as compared to 1 non-exp d subjects (who

showed a half-life of 15.6 hrs). The volume of distribution
of the drug in the two groups was not different, so the com-
parison of the half-lives of the drug in the two groups is
valid. Thus, enzyme induction occurs in the human in response

to occupational exposure to Aroclor 1016 and the induction
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as measured by antipyrine asetabolism is e P-450 type of
induction.

In 1975 Bickers at al. rsported on the effects on
liver enzymes associated with topical administration of immer-
sion oils (as used in mlcroscopy). These immersion oils vers
known to contaln approximately 30% PCBs. One to ten microlitars
of the oils were applied daily for siz days to the shaved backs
of rata and the animals were sacrificed on the 7th day. The
authors found that both skin and liver enzymes were induced.

In a second experiment 10 microliters of the oil wvas topically
administered on one occasion only, and the animals vere saczi-
ficed at various intervals following application of the oil.
P=450 and liver moncoxygensses were induced (including benzo-
a-pyrene hydroxylase, a P-448 enzyme systea) showing maximal
effect in 2 days with a slow return to normal by 28 days. In
this study there must have been 3.:7 large differences between
individuals in the control group because their data show very
large differences batween groupe with only a 3%\ significance.
The immersion oils currently marketed in the USA do not contain
Che.

3. Metabolites of PCBs

Shimada and Sato (1980) studied the reactive metabo-
lites of PCH metabolism. Their work involved the use of isotope-
labeled PCB congeners. This work suggests that PCB epoxides
say be the activated forms that covalently bind the sacromole-~

cules in the livar cells. A hexachlorobiphenyl congener
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(2,6,5,2',4',5 ~hexachlorobiphenyl) that has nc adjacent unchlor:i-
nated atons 1n the biphenyl ring and that cannot be converted to
the epoxide was found not to be covalently bound although accumu-
lation of this PCB in the liver was found to occur. Other PCBs
show covalent binding that is principally with microsomal proteins
rather than the ribosomal RNA: & conclusion based on the finding
that various protcases would solubilize the radioactivity of the
labeled atom. Treatment of the animals with phenobarbital produced
livers that showed good covalent hinding to the PCB, but treatment
of the animals with methylcholanthrene produced livers with poor
PCB binding capability. The aucthors concluded that PCB epoxides

&c:c formed by the nmoncoxygenase systen and these epoxides were

rosponsible for the binding of the compound to microsomal proteins.
Their conclusions are based on indirect findings.

4. Intcractions Based on the Induction of Enzymes
by PCBs

One report (tlurphy et al.., 1979) described studies that
the authors claimed indicated the existence of a drug interaction
in the form of potentiated lethality of fluroxene in Aroclor pre-
treated animals. The authors did show that the Aroclors induced
hepatic enzymes. Their method of measuring enzyme induction was
to measure the metabolism of warfarin by livers of the Aroclor-
treated animals according to a procedure that they had developed
and that they claimed could differentiate hetween induction of
P-450 as compared to P-448. Thecy found that Aroclor 1254 in rats

mainly induced cytochrome P-448 whercas Aroclor 1260 induced mainly
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cytochrame P-430. The authors than indicated that both Aroclors
cauaed animals to show increased lethality on subsequent admini-
stration of fluraxene. We have difficulty interpreting thig
article. Ve 40 not believe that the conclusions are aupported
by the data that are given. In one case involving Aroclor 1260
the data are not given in the table and in the other case the
data obtained following administration of fluroxene do not appear
to be different fram the control data.

5. Enzymes Other than Cytochromes Affected by ICEs

Two additional reports deal with an action of the
Aroclors on ATPase activity. One of these reports (Lee and Park,
1979) used cultured human lymphocytes and showed a dose-response
relation for Aroclor 1354 and inhibition of mitochondrial respiza-
tion. Ffrom this effect they indicated that there asay be a decresse
in adenceina triphcephate (ATP) concentration. We can ses no vey
to avaluate what this report seans since the concentrations of the
Aroclor used are not correlated with concantrations that aight de
involved in intact biological systems. The other report (LaRoccs
and Carlson, 1979) indicated that the Aroclors produced in vitre
inhibition of rat magnesium ATPase activity at a concentration of
30 parts per million. A weak correlation vas found between increas~
ing inhibition and increasing chlarination. A strong correlation
vas found betveen PCB-induced inhibition of the ATPases and de-
creasing aqueous solubility. We don't know what these results
signify ocher than that they seem seem to be incidental findings

-=- many other chlorinated hydrocardons do the same thing.
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6. Summary and Opinion

The available data from experimental studias on animals
and man indicate that the commarcially available preparations of
the PCBs (Aroclors) as well as some highly purified PCB congeners
act to induce some of the hepatic enzymes. Conaiderable effort
has been devotsd to determine which of the microsomal enzymes are
induced by the Aroclors. Thera are some data that indicate that
tha predominant induction occurs for the P=450 type of cytochromes
(identified as & phenobarbital-type of induction). When experi-
ments ara conducted with the "more pure® congeners there is vary
little evidence for induction of any enzyme systems other than the
P~450 cytochromes. In general, induction is greatest with the most
highly chlorinated derivativas, but the least chlorinated deriv-
atives also induce the P-430 cytochromes. '

The subject of whether tha "pure" congeners of the ICBs
have less action on the cytochrome systems than the commercial
materials may be only of academic interest, since the preparations
that ars available to industry and the public ars the commercial
preparations such as the Arcclors. It should be recognized that
authors tend to describe effects due to PCBs vhereas they are
usually referring to effects of Aroclors (such as Aroclor 1234),
wvhich are mixtures of PCBs plus various trace contaminants.

The commercially available preparetions of the PCBs
are capable of inducing certain hepatic enzymes in the rat and

there is one report suggesting that occupational exposure to
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conmercial PCBs may induce an hepatic enzyme. There ars no daca

suggesting that the overall health of the animals or man ia ine

[ 39 d as s -1 of PCB-induced aicrosomal enzymes.

Although t’t is suggested by some people that changing the meta-
bolic transformation capability is inherently detrimental o che
animal, there is no real evidence to support such an hypotheais.
when ensymes are induced end they are than {nvolved i{n the bio~

activation of xenobiotic agents, such enzyme induction could de

harmful depending on the dosage sequence and the inherent toxi-
cologic properties of any specific agent. On the other hand, if
the enzynes that are induced are involved in bioinactivation of -

xenoblocic compounde, then induction may be beneficial to the
snimal again depending on the dosage saquencs and inherent toxi-~
tologic properties of any apecific agent. There is no good ex-
perimental or clinical evidence that PCBe say act through their
enzyne induction capability to affect "hormone® levels and result
1n harmful effects on the dody.

8. PCB Effects on Imaunocompetence

A fev reports appeared prior to 1970 that suggsated
indirectly that ICBs may influence immunocompetsnce. In 1970,
Vos snd Koeman showed that vhen chicks vere fed 400 ppm PCB for
€0 days they showed ltMﬂy of the splenic pulp and lymphoid
necrosis. (Chicks at higher doses all died during the teet.)
The chicks also showed porphyria and liver necroeis. In 1971,
Voa snd Seeams reported that commercial PCD samplee applied to
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the skin of rabbits daily five times weekly for 38 weeks (27
applications each containing 188 mg PCB) produced histologic
strophy of the cortex of the thymus and a reduction in the
number of germinal centers in the spleen. At this time the
animals mhowed marked chlovacne of the akin, increased fecal
coproporphyrin and protcporphyrin as well as liver and kidney
damage. The authors stated that these effects were strong in-
dicators of an immuncsuppressive action of the PCBs.

In 1977, Loose and co-workers fed Aroclor 1242 to
mice for six weeks. The enimals were then immunogenically
stimulated with sheep red blood cellis as an antigen and the
antibody response wae measured. The method of measuring anti-
body activity involved plaque~cell estimation in the spleen
and the measursment of the plasma immunaproteins. Positive
findings were obtained aa campared to controle snd the authors
particularly remacked about the reduced IgA levels found in the
PCB-treated animale. It was slso noted that clinically subtoxic
levels of Aroclor 1242 were profoundly immuncsuppreseive. These
authors also cite the work of Koller and Thigpen (immuncsuppres-
sion by a PCB to pseudorabies virus in rabbits), Vos and van
OrieleGrootenhuis (immunocsupression by PCB in guinea pigs) and
Friend and Trainer (incxeased mortality in ducklings that had
been previcusly axposed to Arocler 1254 and then inoculated
with duck hepatitis virus).
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In 1978, Locse and co-workers studied the effects of
PCBs on host resistance systems. !iice that vere fed dieta con~
taining 167 ppm Aroclor 1242 for three weeks and for six veeks
exhibited increased sensitivity to salmonells endotoxin and a
decreased curvtvni time to inoculation with malaria. Thus
they concluded that host resistance vas impaired by prior treat-
ment with PCBs.

Also tn 1978, Thomas and Hindsdill reported on studies
in which they fed monkeys 2.5 to 5.0 ppm PCB (Arcclor 1248).
After six months the monkeys dw'hpo_d chlcracne, alopecia and
facial edema. After 1l months contral and treated acnkeys wers
tested with antigens (sheep red blood cells and tetanus tomoid).
The only positive finding was in the 5.0 ppm aonkeys vho shoved
significantly lover antisheep red cell antibodies as campared to
controls. No effect was obtained regarding the antibody respense
to tetanus toxoid. These authors also fed mice up to 1000 ppa
of the PCB for three to five weeks without evidence of avert

eoxicity, but these animals 4id show a higher mertality when

challenged with the pathegen salacnella typhimurium as compared
to the contrals. '

In 1980, Oishi and Riraga repoarted on their studies in
vhich they had given mice PCBs (commercial praduct) dy orsl intu-
baticon once weekly foar four weeks. Other groups of aice were fed
COF (chlorinated dibensofuran) or CDD (chlorinated dibenzoe-p-di-
oxin). Only the groups of animals that had received 10 or 100
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micrograms/kg COF showed decreased thymus weights. All groups
were challenged with endotoxin and again only the CDF-pretreated
aninals showed increased lethality compared with the controls.
It is noteworthy that the authors found no deaths in their con-
trol animals given endotoxin, a finding that raises doubt about
their experimental design. In this study the PCB pretreated
animals did not show increased susceptibility to endotoxin. In
the same year (1980) Imanishi et al. showed that mice fed PCBs
for 21 days at 100, 200, or 400 uictoqraul/gn'VQ:o significantly
more susceptible to herpes simplex virus and electromelia virus
than were animals fed a PCB-free diet.

In 1981, Cheng et al. reported on the immunclogic
evaluation of patients from Taiwan who developed an acne-like
skin disease, termed Yu-Cheng disease, that was related to the
consumption of rice-dbran oil contaminated with PCBa, PCDFs and
PCQs (in an accident very similar to Yusho). The authors had
30 such patients who showed average whole blood PCB levels of
49 ppb, with a range of 13 to 98 ppb, plus an additional control
group of 23 healthy parsons matched according to age and sex
who showed no detectable levels of PCB in their blood. The
patients had decreased concentrations of IgA and IgH immune
globulin but not 1gG. Their study of subpopulations of lympho-
cytes showed that the percentage of B cells was not affected by
the disease but the percentage of some species of T cells was

decreased as compared to the controls.
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Environmental chemical effects on immunocompetence
have been extensively czeviewed by Faith, Luster and Vos (1380).
A number of studies cited by thes found PCBs to be immuno-
suppressive in various species (from ducklings and chicks to
mice and aonkeys), in some cases at dose levels that produce
litcle effect other than hepatocyte hypertrophy. Only one
study (Street and Sharsa, 1975), which involved feeding low
levels (Q.18 to 6.5 mg/kg/day) of Aroclor 1254 to rabbits,
showed no significant effect on humorsl or cell mediated re-
spongse. Qur review of the Street and Sharms report indicated
that there was a dose-related trend tovard immunosuppression
in their snimals and at the higher doses (2.1 and 6.5 mg/kg/day)
tor four to eight weeks the animals shoved significant increase
in liver weight. The Paith, Luster and Vos z‘ovhv lists several
general factors (nutritional status, hormonal levels and amounts
of immunoregulatory proteins such as slpha-fetoprotein) that
influence immune function. Therefore those studies in which
:mmune function was studied following exposure to levels of
the PCBs that resulted in overt toxicity are meaningless from
an imaunotoxicologic viewpoint. In contrast, immunosuppression
at dosage levels that do not produce general toxicity would
be significant.

Susmary and Opinion

The overall conclusion that can be reached in regard

to the studies on che effacts of PCBs on immunocompetence is:
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(1) with exposure conditions that lead to general toxicity,
immunosuppression may be demonstrable, but it may be indirectly
induced: (2) with experimental conditions wherein only subclinical
toxicity is observed, such as hepatocyte hypertrophy, there is the
possibility that immunosuppression is also produced; and (3) under
still lower PCB exposure conditions it is impossible that immuno~
suppression 18 involved. Perhaps the beat study to estimate a no-
effect dose for exposure to PCBs would be the Thomas and Hindedill
(1978) study which suggests that six months' exposure to hetween
2.5 and 5 ppm of PCBs in the daily diet of monkeys is a threshold
for effects on the immune system. Unfortunately, there are fev data
directly concerned with the dose~-response relationship for effects
of the PCBs on the immune system in animal models or the human.

C. Porphyria

The adatnistration of PCBs to cats will produce a delaysd
type of porphyria, i.e., deposition of porphyrins and their degra-
dation products in tissues and excreta. Although the mechanism of
action of the PCBs is unknown, it apparently differs from that of
other porphyrogenic compounds such as hexachlorobenzene or isopro-
pylacetamide. It has been ihouqht that the effect of PCBs in
animals may indicate that these compounds can induce conditions
suca as porphyria cutanea tarda in man, but clinical data have
not shown this to occur in PCB-exposed workers.

(i) Experimental Data. The fecal content of copropor-

phyrin and protoporphyrin of rabbits was increased by Aroclor 1260
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and by hexachlorobiphenyl, but the difference was statistically
significant only for coproporphyrin (Voe et al., 1972b). Bruckner
et al. (1974) obaerved an increased excretion of urinary copropor-
phyrin in rats given Aroclor 1242, $ or 28 ppm for two, four, and
six months. .

Goldstein et al. (1974) emphaeized the delayed onset
ot the PCB~induced porphyria; vats fed 100 ppm of Aroclor 1284
becane porphyric after two Or seven aonths of treatament. Although
the excretion of coproporphyrin and other porphyrina wes increased,
the largest elevation was in the uroperphyrin fraction. There wvas
als0o a marked accumulatioa of uzoporphyrin in the liver. The
scudies of Coldstein et sl. suggest that PCPs aay effect uropor-
phyrin formation or utilization. The induction of delta-sainolev: ’
linic synthetase (ALA synthetase, a rate-limiting enzyme in heme
synthesis) does not appear to be the mechaniem by which porphyria
18 induced by PCH, as it is for many porphyrogenic chemicals. In
thair studies the increase in ALA synthetase activity wes prodadly
secondary to the porphyria. Also, Aroclor acts to increase liver
cytochrome ?-450 rather than to decrease it.

Hexachlorobenzene is known to induce a3 delayed type

of hepatic porphyria similar to that produced by Aroclor 1254.
However, the two responses apparently differ significantly as
Goldstein et al. reported that the rats fed PCBs did not exhibie
the nervous or cutaneocus signs associated with hexachlorobenzene

peisoning.
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(11) Clinical Studies. Some of the Yusho

patients ingesting rice 0il contaminated with PCBS reported
pigmentation of the skin and nails, but there were no studies
to evaluate a posaible relationship of the reported symptoms
to any change in porphyrin metabolism (Kuratsune, 1972).

Smith st al. (1981 s,b,c) determined urinary
coproporphyrin, uroporphyrin and porphobilinogen in PCB-exposed
workers; they did not find a correlation between the urinary
porphyrins and the serum level of the lower chlorinated PChs
or the higher chlorinated PCBs. The subjects did not have any
recognizable dysfunction and there was no clinically apparent
illness with high levels of PCD exposure or with high serum PCB.

Other investigations evaluating the health effects
of PCB exposure have not reported cases of porphyrin-related
disease or cases of porphyria cutanea tarda (Fischbein et ai.
1979; taroni et al. 1981).

The observation that PCBs increase ALA synthetase in
animals raisss the possibility that PCBs can cause an attack of
porphyria in patients suffering from acute, intermittent porphyria.
However, a case of this type has not been reported in the medical
literature. As noted above in studies on the rat, the action of

PCBs appears to differ from that of other porphyric agents.
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XIY. Epidemiology

Although case rcporti of toxic effects, especially skin
lesions related to expoaure to chlorinated organic chemicals,
have been recorded almost from the beginning of their use
(Jones and Alden, 1936), few epidemiological studies appeared
until the accidental exposure of a large Japanese population to
PCBs, PCDFs and PCQs from the contamination of rice oil. Since
that time, numerous studies have been undertaken to determine
the health effects related to exposure to PCBs in the workplace
and general environment. It muat be remembered that there were
problems in these studies in assessing the effects because some
of the environmental exposures may have involved PCBs that had
been altered by processing at high temperatures (Brown, J.rF., Jr.
et al., 1981). The numbers of individuals exposed occupationally
are relatively small, although some may represent the heaviest
and most protracted exposures of sny reported, and theLr_uddod
burden of PCBs from the workplace must be compared to the back-
ground levels that are currently present in all populations.
Many of the commonest changes noted in biochemical and other
medical measurements obtained in screening surveys have not yet
been associated with any sub‘cquon: development of disease.

In order to evaluate the epidemiological studies that
assessed the effects of PCBs, we will discuss the results of
mortality data, morbidity data, and screeninq surveys scparately

even though many studies include data on several outcomes.
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A. Nortelity Studies

In 1968, an unknown number of persons in the western

part of Japan ingested rice oil containing Kanechlor 400 that
was contaminated with polychlorinated dibenzofurane (PCOPs) in
amounts 280 timee mora than the usual levela in Japanese PCBs
(IARC, 1978) and more than 1000 ctimes the ueual levels in U.S.
Arocleoes. By 1977, 1663 cases of “Yusho” had been recognized
based on eymptams of ocular discurdances, skin lesions, primarily
subjective neurological symptoms and blocd PCB levels (Urabe,
1979). rifty-one desths have occurred in thsse patisnte and the
causes heve b«ﬁ reperted to include liver cancers and lysphamas.
However, thers have deen no raparts on the nuabers of expected
dsaths by specific cauees based on ths usual desth retes in simi-~ !
lar Japanese populatione. The distributicn of cauass may sisply
zepresent the usual distribution of deatha found in the age groups
chsracteristic of Yusho patients, and so it is imposeible to
sssess thes mortality patterne of these cases st the present time.
Bertassi et al. (1981) have reported a study of 1,310
workers, predaminantly wamen, who, beginning in 1946, inicially
were exposed to Aroclor 1254 and Pyralene 1476 and subsequently
were exposed to mixturee with 42% chlorine content. Moctality
deta were callected on all individuals with six monthe o more of
enployment over a 23~year pericad ending in 1978. Tne totel number

of desths (27) wes emall but there was an excess of martality in
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female workerd compared to the general population, which is yn-
uaual for any working group. This study demonstrates a siqnifi-
cant excess for all neoplasmas for the combined sexes and an excess
specifically of lymphomas. It is difficult to interpret these
data since the type of cancer incriminated seens to differ from
that of other studies., Further, the data of Brown and Jones (198])
(see below, and also the compilation in Table 7, section VIIL) on
workers in twe manufacturing plants do not confirm a finding of

excess malignancies in PCB-exp d per l. The 1 two-

fold excess in mortality of female workers in the Bertazzi et al.
study deserves further attention. »

A retrospective cohort mortality study of 2,%67 voikcr.
in two electrical capacitor manufacturing plants that had used
PCBs for over 30 years, identified 163 deaths (Brown and Jones,
1981). The type of PCBs used over the years had varied and in-
clude Aroclors 1254, 1242 and 1016. The overall mortality and
total cancer mortality were low, but there were three-fold ex-~
cesses of cancers of both the rectum and the liver (with a total
of 7 deaths) although the results were not statistically signi-
ficant. The only significant excess wss that of the subset of
rectal cancers in females in plant 2. The standardized mortality
catios (SMRs) for vrectal cancer, liver cancer or cirrhosis did
not increase vwith ipctnolinq latency or duration of employment.
Unless one can demonstrate that the risk of cancer increases in

association with increasing duration of employment, which serves
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as a proxy measure of dose, it is difficult to suggest that the
agent is possibly causative for the disease.
Although this study has devoted strict attention te

dstails such ae the completeness of identification of wockers
and sscertainment of outcome {t has not verified the diagnosis
of csses nor investigated the presence of confounding vsriablee.
Rectal cancers are often misclaesified Dy location in the inces-
tinal tract. Ths classification "liver cancsrs” may include
cancses of the gall bladder and biliary system as well as seta~
static lssione to the liver from cancers at other sites. There-
fore when one has an axcess of liver cancers, verification of
specitic aite within the liver system as vell as identification
of primary liver leeions ie extremely important, eepecially since
the number of deatha from this cause ia smell. The investigetors
have not verified the diagnoeia of either liver or rectal cancers.
Since aleohol is considered a frequent etiologicsl agent for
cirrhoais of the liver and poaeibly for liver cancer, ;on- intor-
mation on consumption would be relevant as a confounding viriadle.
%o data on possible confounding variables have deen reported in
the paper.

The mortality data from the occupational groups and the
Yusho patisnts are based on very small numbers of deaths and at
present do not confirm 8 carcinogenic effect in man. The obser-~
vaetion of excess liver cancer deaths in workers occupationally

exposed to PCBa is of major interest since ths liver was a target
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site for changes in animals and since man has demonstrated evi-
dence of subclinical alterations in liver function. If liver
cancers are to be cvaluated, the diagnosis of primary cancers of
the hepatic cells must be confirmed in the mortality studies since
the number of cancers in the group will be very small. The
avallable data demonstrate no consistency in the cancer mortality
patterns in the studies and no data on a possible relationship

of cancers to dose of PCBs.

8. dorbidity or Incidence Data

skin

Skin lesions have been reported in association with
exposure to chlorinated aromatic compounds since the early 1900°e
(Jones and Alden, 1936). Taylor has emphasized that acneform
eryptions are more frequent with the chloronaphthalenes and the
dibenzofurans and that the variation in the quantity of these sud-
stances that may be present as contaminants in PCBs may account
for differences in reporting of skin eruptions with exposures.
Taylor has also reported that the acnegenic capacity of various
compounds changed according to their form (fumes, liquid or solid)
and the degree of chlorination {Taylor, 1979). These factors may
also influence the presence of reported skin disorders in studies.

Not only the frequency but the characteristics of skin
lesions have differed in the various studies. Jones and Alden’'s
early description of the lesions they associated with chlorinated

biphenyls included "blackheads® or "carbon-colored” comedones
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sometimes distributed in unusual areas of the body and ofcgen
associated with cystic acreas and yellow pus (Jones and Alden,
1936). Taylor noted that the cystic swelling and hypersecretion
of the maibomian glands are important characteristics of the
chloracnegenic n!!oc.e of PCBs compared to other similar chemicals.
These were the typical lesions reported by Meigs et al. in 7
ol 14 vorkers exposed to a PCB vapor leak froa a heat exchanger
in a plant in Connecticut (Meigs at al., 1954). The exposure to
vapors was intermittent but of extended duration. Liver function
testa were normal in most of these workers and no ICBS levels in
individuals were obtained, although an air sample prior to the
onset of skin disease was 100 ug per m , which was within the
accepted standards. .
The patients vho were muunf described with Yusho
disease nhad lesions similar to that described above in about 33
and a brownish pigmentation of the skin and nails in 10% of
patients. These frequancies vere increased subsequently to in-
clude about 70 to $3% of patients because of nev definitions of
characteristics of disease or delayed development of the signs.
The eyes ware also involved, exhibiting swelling of the upper
lids, ayperemia of the conjunctiva and eye discharge (Xuratsune,
1972). Pigmentation of the akin and eye discharges also occurred
in newborns of affected aothers. lo conpa:u'on groups have deen
included in these studies of Yusho patienzs. Where the lesions

are pathognomic of PCB-related disease this nmay not be-necessary
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but when the lesions are more general, comparison groups are
essential. There were histopathological changes in five patients
autopsied that seem to be associated with contaminated rice oil
ingestion. These changes included hyperkeratosis of hair follicles
and increased melanin pigment in the basal layer of the epidermis
(IARC, 1978). Three out of the five cases also had proliferation
of ductal epithelium of esophageal glands. It would have been
helpful {f these pathological assessments had been made blindly

so that qualitative judgments such as "increased melanin® could
have been compared in exposed and non-exposed groups. Correlating
these patholagical findings with changing levels of PChe, PCDPs
and PCQs would also have been helpful but there are no reported
dats relating to these issues in the papers available. It is
known that the amount of used Kanechlor in the rice oil coasumed
by the patients was between 0.5 and 2.0 g, which would indicate

a PCB exposure similar to levels in occupational settings.

Hars et al. in two separate papers (1974, 1975) have
described the skin lesions in workers in a capacitor factory
where Kanechlor had been used. The serum PC3s of all workers
ranged from 7 to 300 ppb but it is not known how these values
correlated with the presence of skin lesions (Hara (13 gl., 1974;
Hara et 2;.. 197%). Discontinuance of the exposure not only
decreased the overall PCB level to 7SV of the original value
but the skin lesions disappeared to "vestigial markings on a

few individuals.” The summary of the report does not indicate
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the correlation of the dlocd PCH and skin lesions although there
are data in this paper on the half-life of PCBs in relation to
duration of exposure,

Hasegavwa has reviewed the health of vorkers in five
plants whose industrial process included exposure to Ranechlor
(Hasagawa et al., 1972). The industries included capaciter
manufacture, PCB manufacture, and biphenyl recovery. The vaper
concentrations ranged fram 13 to 9¢8 uq/-z. Skin lesions were
ceported to be uarelated to blood PCBs but generally related
to direct skin contact. The average blood PCB level was 370 ppbd.
The principal dermal findings included bdrown chrmcdermatosis of
the dorsal joints of hands, fingers and nail beds and acne. There
were no further descriptions of the latter lesions so that the
presence of chloracne could not be confirmed, but the brown skin
discoloration certainly is typieal of the Japanese woarker reparts.

Kitamura et al. described 131 werkers fram an electrical
capacitor manufacturing plant (Kitamura et al., 1973). The lesions
in 10 of the workers described in this group are even more vague.
They did not include the typical colerstion of nails; chlorscne
was not directly diagnosed; and the follicular lesions did noe
occur at points of contact with PCBs. From the description of
the study it is not clear that the author's conclusions that the
skin lesions were due to PCBs was justified without further in-
formation on the usual frequency of similar types of skin lesions
in normal populations or a description of typical chloracne. The
bleod PCB level in this group was 820 ppb averaqe.
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Inoue et al. studied the health of workers who were
exposed to Kanechlor 500 in a thread-glossing factory (Inoue (19
al., 1975). The frequency of skin lesions was lov. The blood
PCBs were over 50 ppb in 7 out of $4 individuals studied.
One person had representative chloracne with blood PCBs of 190-210
ppb.

Ouv et al. described one case of chloracne among 34
workers exposed to Aroclor 1242 in capacitor manufacture (Ouw
et al., 1976). The average blood PCB was 400 ppb. In addition
five workers complained of eczematous rash but there vas no de-
scription of lesions. Seven out of 1S process workers and ¢
out of 19 impregnation room workers complained of burning and
irritation of the eyes, face and skin. It is difficult to recon-
cile these complaints with level of exposure since it should have
been higher in the latter group of workers than the lor-gr. Bow-
ever, Aroclor concentrations in air as high as 2220 ug/m were
measured. The investigators indicated that the "dermatological
complaints® occur more often among workers with higher "blood
Aroclor levels® but they also indicate there is no clear corre-
lation. It is difficult to be sure of the rue meaning of
dermatitis as elicited by history when the answers can be biased
and the authors do not indicate which cases are related to physi-
cal findings only.

As part of a health hazard evaluation at a facility that

manufectured electrical distribution equipment, NIOSH studied the
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health of eight workers and found no symptoms or physical signs of
chloracne (NIOSH, 1977). There were several sudjects who reported
skin rashes but not those typical of PCB exposure. The mean PCB
level in blood was 98 ppdb with the highest value being 286 ppo.

Another health hatard evaluation waa done after an ac-
cidental spill of PCBs (NIOSH, 1980). In this situation thers
were no signs of chloracne. Hovever, the mean dlood PCB level
of exposed waorkers was only 6.4 ppb; this was belov the mean
tor unexposed workers. Humphrey studied the PC3 level of {ndi-
viduals on the basis of fish consumption (Bumphrey, 197%). HRe
found that the PCB level was correlated with tish consumption
with mean blood levels ranging from 46 pPpb to 82 ppb and a
maxiaum individual level of 366 ppb. Tn;ro vere no skin lesions’
or ather hoalth.problon. associated with PChs.

A medical and biochemical survey vas made of 120 male
workers exposed to PCBs in the maintenance of railroad cars and
locoaotives (Chase et al., 1931). Among the exposed group of 86
workers the "medical histories and physical findings" revealed
“severs) cases of chloracne” -~ "with none being found in the
other groups.” No further details are given as to whether the
conditions were currently active, nor was there a description
of the lesions. It would be of interest to confirm these cases
as true chloracne since the current mean plasma PCB level in
the exposed group is oaly 311.4 ppd (range 10-312 ppd), a very

lov level of PCEs to be associated with chloracne.
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Fischbein et al. (1979) completed a medical survey of
capacitor manufacturing workers who were self-selected for physi-
cal and bio-chemical exaninations. A high proportion (45=55%) of
both male and female workers complained of skin disorders with
11y giving a history of acne beginning after the onset of expo-~
sure. “Dermatologic findings"” vere present on physical examina-
tion in 38 to 41% of female and male workers, respectively.
However, these lesions included "erythema, swelling, dcyness,
and thickening,” which would not be lesions characteristic of
PCB exposure. Five pearcent of the study population had acneform
eruptions. There is no mention of whether these were typical
of chloracne or were the usual acne lesions found in any medical
survey. Since skin lesions are common in the general popullt;on
and since the population was self-selected initially it is diffi-~
cult to evaluate these findings. The average lover PCB homologues
in plasma were 124 ppb and of higher PCBs, 49 ppb. The authors
report that the skin £indings were correlated with plasma H-PCBS.
Unfortunately, if the examinations were done with the observer
knowing the job held by the participant, all results can be
biased, since reporting might be related to the job held and the
PCB levels were related to job. There was no note of skin hyper-
pigmentation but 15% of workers had eye abnormalities including
"injected conjunctiva and palpebral hyperpigmentation and edema.”
Again, it is not clear how frequently these lesions would have
been reported in normal subjects had examinations been done

without knowledge of exposure categories.
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Maroni et al. (198l) recently reported on two qroups of
workers who were exposed to PCBs in the manufacture of capacitors.
Ons group {A) had been exposed to both 544 and 429 chlorinated
biphenyls. Although the levels of the trichlorinated chemical
vere similar in current enployees in the two plants (128 ppd (A)
and 137 ppb (B}), the levels of pentachlorinated agent differed
(249 ppb (A) and 63 ppb (B)). It is of interest that 10 cases
of acne and folliculitis appeared in the two plants and at
least four ware entirely typical of the coadition. All four
typical cases occurred in nine employeee who had worked in a
high pover capacitor impregnation area of plant A where levels
of pentachlorinated biphenyls were high. Their aean blood #CB
was 450 ppb, a value not different from that of the five une
affected workers but certainly higher than the overall levels
in the two plants. !laroni et 4l. also noted two cases of
bleeding hemangiomas, but one had existed from birth and the
only ditference in his condition was that bleeding had taken
place after the job started and the lesion was excised. The
other patient had bleeding from the tongue and a cavernous
nemangioma was discovered as well as chronic myelocytic leskemia.
Case reports such as this and particularly the unusual circum=~
stances surrounding multiple conditions in one patient in the
second case sake such firdings difficult to interpret. The re-
ports of chloracne appear valid and suggest a problea.

Baker et al. examined sludge users, workers in a ca-

pacitor plant, workers' families and community non-sludge users
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(Baker et al., 1980). Since the sludge contained PCBS, it was
falt that its use as fertilizer might seriously affect the PCB
level in the blood. The level of Aroclor 1242 ranged from 7.2
to ¢8.6 ppb and for Aroclor 1254 from 10.1 to 26.5 ppd, with
the lowest levels being found in sludge users and the highest
levels in workers. No cases of chloracne or other symptoms of
toxicity were noted but only two PCB values were above 200 ppb.
Smith et al. examined workers involved in the
maintenance, repair and overhaul of electrical transformers and
measured levels of PCBs by job (Smith et al., 198l). The mean
serum levels of L-PCBs in the municipal utility workers vere 11
to 36 ppb with a maximum of 39 ppb, and of H-PCBs of 6 to 24 ppd
with a maximum of 74 ppb. In the privately-owned facility work-
ers had similar values with L-PCB levels between 19 to 22 ppb
with a maximum of $2 ppb, and H-PCB levels between 6 and 31 ppb
with & maximum of 250 ppb. There was no significant difference
in either place in the frequency of skin lesions between those
with less than 10 ppd and those with greater than 10 ppb H-PCBs.
There was a significant excess of symptoms of eye irritation in
one and a history of bronchitis and joss of smell in the other
apong those with serum levels of H-PCBs greater than or equal
to 10 ppb compared to less than 10 ppb. However, since these
ate subjective measures of disease and since workers may have
been influenced to report subjective symptoms differently
depending on job it is impossible to evaluate the importance

of these observations.
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Smith et 4al. reported on the physical findings and
symptoms in 197 workers who menufactured alectrical equipment.
The serum levals of L-PCBs in the vorkers varied by 3ob, with
the geometric means ranging from 89 to 502 ppb, the highest
lavels (2400 to 1330 ppd) dbeing found in tha depacrtment where
capecitors were processed, finished, and tested, and in a
department that had assigned work :htoudhout the plant. The
geometric mean level of 8-pCBs ranged from 22 to S1 ppdb, vieh
the highest values (150 to 250 ppd) in these departments. This
plant had alweys used 42% chlorinated biphenyls, both Aroclor
1242 and 10l6é. Although there were some symptoas of skin and
eys lesions (darkening of skin and nails, skin rash, and irei-
cated ayes) that appeared to be different batween the groups
with L-PCB 200 ppS greater than or equal to 200 ppb coapared
to thote with lower values, these differences disappeared vhen
the comparisons were corrected for age and job. Thus one can
conclude that symptoms wers primarily related to age and job
with the latter essociation being either real or diased. The
SYRptoms were not related to the body burden of PCBs indepen~
dent of job. No evidence of skin lesions suggestive of chloracne
wvas found on physical examination, in spite of some extraordi-
narily high #CB blood levels.

In a preliminary report, Bahn (1976) indicated the
incidence of cancer in 64 employees exposed to Aroclor 1284

in a research and development laboratory and 65 refinery workers
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with & similar exposure from the same area. The 1nvestigator
reported a significant sxcess in the incidence of melanoma of
the skin as well as pancreatic cancer based on expected cancer
rstes from ths Third National Cancer Survey. In a subsequent
lettsr to the New England Journal of tedicine, Bshn et al. have
rsported only on the sxcess of melancma (Bahn et al., 197¢).
When Lawrence criticizad tha study on tha basis of ths fact
that individuals could have besn sxposed to multiple chemicals
in the laboratory environment (Lawrence, 1977), Bahn end col-
leagues suggeated that the resson for empheeizing the melanama
Tisk was the b1°1cqic1i plausipility of such an associacion
whersas an excess risk of pancraatic cancers could have indi-
cated an association with multiple chemicals (Bahn st al., 1977).

Ths investigators themselves have discussed ssvarsl
of tha tlgvl of this study. Information on true exposure is
limited and perhaps more importantly one-fourth of the exposed
workers had to be omitted. The author hae aleo suggestqd that
she undsrestimated the death retio by including individuals
during their early years of employment when there had not been
a sufficiently long latency from tha time of firat exposure of
PCB to the expected time of cancer development.

There are other probleme with this study related to
ths identification of caaes in the exposed population and the
camparability of case ascertainment in the Third National Cancer

Survey data. Apparently the invastigators identified cases
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without attempting to validate the accuracy of diagnosis.
Pancreatic csncer is very difficult to recognize and diagnose.
The diagnoses o0f the two cases need to be validated from hospi-
tal records in order to make them comparable to data from the
survey. Skin cancers such as melanomas may be diagnosed in
doctors’' offices. Thus, the lesions could be missed in the
cancer survey data where records were obtained primarily from
hospitals but identified in populacions with routine medical
care. It would be necessary to validate the cases in thie
study through the use of hospital and pathology records and
then to compare thase cases to a comparable group of esployed
individuals who have had active medical surveillance by phyei-
cians.

In aummary. the data on skin lesions in relation to
PCB exposures have indicated a remarkable consistency. Individ-
uals vho have a body burden indicated by a blood level of 200
or moze Ppb PCBe have sn increased riak of chloracne. There is
little evidence of risk belovw this level and those studies that
do suggest & riak at lover levels usually do not have a compari-
son group or they have not collected the data in a manner such
chat bias might be avoided. The data also suggest that typical
skin lesions may occur more frequently in workers exposed to
#CBs that have been heated and to PCBs that have $S4% or more
chlorination. Since the skin lesions occur more frequently

after heating, it is possible that chloracne is actually due
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to some alteration or contamination of the PCBs with more
scnegenic materials such as dibenzofurans, as found in the
Yusho incident. Symptoms of chloracne are reported troqucntly
among those who use Xanechlor: this could be related to level
of exposure or its high level of PCDFs relative to PCBs. Such
a possibility could not be evaluated with the information in
these papers. The relationship to direct skin exposure could
also not be evaluated.

C. B8iochemical Changes and Liver Function

Extensive studies of liver function have been included
among the recent papers on PCBs., Some of these are summarized in
Table 8. The onély study of Meigs et al. involving a PCB leak
from a heat exchanger indicated that there were no abnormalities
in seven workers with chlozracne except for some transient changes
in liver function tests in one worker (Meigs et al., 1954). These
changes could not be definitely attributed to PCBs.

The study of Hasegava et al. of 99 workers in sis indus-
trial plants in Japan indicated that increases could occur in
enzymes such as SGOT, SGPT and decreases in blood cholinesterase
(Hasegawa et al., 1972). The authors regarded the changes in
liver function as mild and not clinicslly significant. Kitamura
et al. (1973) indicated that in the 13 capacitor workers the

hepatic function tests were normal.
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Ouw et el. tested the liver function of capacitor
workers through the use of biochemical markers and found the
overell test data for the group to be normal (Ouw et al., 1976),
The BSP liver function tsst was conducted only on individuals
with blood PCBs above S00 ppb; four out of seven workers were
sbove normal levels, but it is not clear whether these velues
were above the range of errcr of the tast or whether there wers
oher tactors that might have influenced the results. 1t is
indicated that the blood PCB level and the BSP teet do not
correlate.

NIOSH (1977) evaluated the liver function of seven of
eight workers exposed to PCBs in the manufacture of electrical
equipment. The levels of SGOT, SGPT, alkaline phosphatase, and
total bilirubin were normal in e group of seven workers with e
mean PCB level of 98 ppb.

Fischbein et al. (1979) examined a group of 321 worck-
ers fram two capacitor manufacturing plants. The wockere had
mean lavels of L-PCBa of 124 ppb and H-PCBs of 49 ppdb. A smell
propocrtion of the workers had abnocrmalities in the biochemical
tests. Two percent had abnormally high levele of SGOT, 7% high
levels of SGPT, 2% high levels of GGTP, 1V high levele of alka-
line phosphatase end 3%\ high levele of LDH. However, there were
no abnormally high levele of bilirubin. The reesults of this study

have not been corrected for important confounding variables such
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as age, alcohel intake and other disesases currently or in the
past (8.g. hepatitis) that may influence these findings. There
is no unexposed group for comparison. The investigators have
not presented dats correlating increasing enzyme levels to in-
creasing PCS levels, vhich vould be an appropriate method of
presenting the relationahip between two variables that are con-
tinuous. The study does include a comparison of the data di-
chotoaized by two levels of SCOT, less than 30 and greater than
S0 i.u. and two levels of both lower and higher homologues of
PCBs. These data indicated significant differences betveen
the proportion of individuals with high and normal SCOT levels
for H-PCBs greater than 73 ppb compared to lover levels and for
L-PCBe greater than 200 ppd compared to lower levels. It ig not
clear whether these PCP levels vere selected after examining the
data, in vwhich case the conclusions would be questionable.

The 16 individuals involved in a PCB spill (NIOSH,
1980) had normal liver function tests that included tocal bili-
rubin, transaminase, alkaline phosphatase, and lactic dehydroge-~
nase. The triglyceride changes could not be svaluated by the
investigators because of inappropriate test procedures. Choles~
terol levels were normal. This group had very low blood KB
levels of 6.4 DPpb as & mean value, a level lover than that of
non-exposed groups.

Baker et al. (1980) studied PCB levels in users of

PCB-contaminated sludge as a fertilizer compared to workers in
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a PCB-uaing facility, their families and non~sludge users in
the community. The PCB level varied from 17.4 to 75.1 ppb in
the four groups with the lowest level being found in the sludge
ueers. There were no signs of changing levels of SGOT, SGPT,
alkaline phosphatase, LDH or bilirubin {n relation to blood
PCBe in drinkers and non-drinkers of alcohol. The GGTP level
correlated with PCB level in the total population bue, vhcn\
alcohol consumers were removed, the corrslation disappeared.
taroni et al. (198l) etudied liver abnormalities in
80 workera from a capacitor manufacturing and testing plant.
Sixtecn workers (20%) had aaymptomatic liver abnormalities.
Over 80% of theee had enlarged livers. Among this group the
. most frequent enzyme elevations were the gamma glutamyl transe
peptidaece (GGTPi in half the caaes, the transsminasee in 448
and the ornithin-carbamoyle-trensferase (SOCT) in 38% of caeea
with enlarged livers. The mean L-PCB level wvas significantly
higher in workers with abnormal liver findings compared to con-
tzols (215 tO 92 ppd), mean H-PCH level wvas significantly higher
{308 to 176 ppd) and total mean PCB level was significantly
higher (524 to 296 ppdb). The levels of PCBs in these workers
are high compared to values from many of the exposures recently
reported. It is interesting that the authors report that sl-
though there is an association between liver disesse and PChs
there was no such association for chloracne, but the number of

cases vas smaller for the latter parameter.
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Chase et al. (198l) exanined the serum PCB levels and
the biochemical markers of liver and 1ipid activity in 120 main-
tenance wockers who had had varying exposures to PCBs in their
work, Plasma PCBe were correlated with SGOT and, after adjusting
for age, the correlation detween these two variables is stil)
significant. There is no significant correlation betveen plas-
ma PCBa and GGTP or SGPT. Lf this correlation is correct it
has occurred with levels of PC3s in the bdlood of exposed vor-
kers (33.4 ppd) that are lower than those found {n other studies
relating subclinical changes in liver function with PCBe (NIOSH,
1977). However, without corrections for other potentially com-
founding variables such as alcohol intake and the history of
other diseases such as hepatitis, it is difficult to assess the
tinding.

Recently, NIOSH has completed three studies repre~
senting cross-sectional medical surveys in two groups, individ-
uals working in capacitor manufacturing (Smith et al., 198la)
and individuals working in maintenance and repair of electrical
transformers (Smith et al., 1981b). The third study combined
the data from each study in an overall analysis.

In the capacitor aanufacturing group there vere 224
participants for whos L-PCBs and H-PCBs were decarmined, as vell
as biochemical studies. Several aimple correlations were cal-
culated and, {or all those that were significant, multiple

regression equations vere developed using all other predictor
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variables for which information was availadle. This included
drug intake, smoking history, other biochemical markers, age,

sex and others. Serum H-PCB was significantly correlated with
SGOT and GGTP. There were, however, no clinical findings sug-
gestive of liver disease and no indication that the levels of
these enzymes were abnormally high. Exposures in this plant were
high with plasma PCB levels being 8 to 50 times the level found
in the community.

Smith et al. (1981b) have reported in the survey in-
formation on 93 individuals who were about equally distributed
between a municipal electric system and a privately-owned elec~
tric utility company. The levels of H-PCBs and L-PCBs are simi~
lar in the two facilities. There voro'vory few enzyme tests
related to liver function that were significantly correlated
with PCB levels. The only significant correlation was a positive
relationship between L-PCBS and SGOT for the private company.

Smith et al. (1981) subsequently reanalyzed the data
for the three sites presenting partial correlations for L-pCBs
and H-PCBs 1nde?tndcntly without correcting the level for alter-~
nate homologues since they vere closely interrelated. Under these
circumstances, there is not only a positive correlation between
H-PCBs and SCOT and GGTP at the manufacturing plant but also a
correlation with L-PCB and GGTP. The positive correlation
oetween L-PCB and SGOT still remained after corrections for the

private utility company. Combining the data for all sites it is
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noted that 1oy SGOT and log CGCTP demonstrate both significant
and haguogeneous trends in relation to log L-PCB level. Only log
SGOT is related to log H-PCB and in this case the trend for all
sites is homogeneous but not significant. In these snalyses,
the only confounding variables considered were age and sex for
one study site whereas the analyses in the previcus papers con-
trolled multiple variables such as smoking and other diseases.
Redueing the number of variables and increasing the number of
subjects available for study may have accounted for the changes
in the relationship with biochemical markers and symptoms to the
levels of PCBs. Because of the many changes in relationship, it

is difficult to indicate precisely the iation be spe=
cific liver enzymes and specific hamologues of PCBs. It does
appesr that in these studies one or more eniyme levels within
normal ranges may be related to cne or mcre types of ICBs in the
blood,

In order to identify the enzyme system that is induced
by the various chlovinated foxms of biphenyls, Alvacres et al.
(1977) cested the induction of liver cytochrome P=4350 and P-448
by Azeeler 1016 in rats and in workers occupationally exposed to
the agent. In rats, the lower chlorinated PCB elicited a barbdi-
syrate type of effect on the oxidative enzyme systea inducing
cytochreme P-450, ethylmorphine-li-demethylase, and aicrosamal pro-
tein. Unlike Aroclor 1254, which induces dboth P=430 and P-448,

the rats with Aroclor 1016 showed little effect on benzo(s)pyrene
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hydroxylase activity, which auggests little induction of P-448
by the chemical. The testa in exposed workere were conducted
by determining the half~-life of ths antipyrins whose metabolism
is stinmulated by the barbiturats class of inducing substances.
The worksrs had a -igniticlnély shorter nmetabolic half-life of
ths drug than ths controls auggesting that the Aroclor 1016

had induced cytochrome P-450.

In a study of 458 community tresidents in a town that
had high levels of PCBs in fish, Kreiss et al. (1981) found a
correlation between PCBa as nmeaaured againat Aroclor 1260 and
GGTP. There were no correlations with other liver enzymes.
Corrections were made for several other variables auch.aa sge,
sex, fish and alcohol consumption, and obesity.

In summary, the data from the studies of liver en-
iymes and function suggest that the populations expoeed to PCBs
usually do not have clinical liver disease, although in one study
there was asymptomatic hepatomegaly (see Table 8). Few of the
early l:udlcn allow us to separate the various homologues of
PCBs in order to correlate enzyme reaponse to level of chlorina=-
tion of PCBs. Recent studies suggest that SGOT and/or GGTP are
the most sensitive markers of change in the liver enzyme sys-
tems related to PCB expoaure. In the studies that included
extensive testing of all enzyme systems as well aa characteri-
zation of the PCBa, the data have inconaistencies that do not

allow us to judge clearly the level or the specific type of
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$C3 that ie related to increeeed levels of specific liver en-
symes. !any of the studies have not corrected for other con-
tounding variables such as elcohol coneumption. The dats are
suggestive that thers are changes in one or mere liver enizymes
related to PCB exposure that are not aseocieted with disesse
and may occur at levele below those at which chlorecne occur.

D. Lipid Metabolism

The long-term studies of patiente with Yuaho disease
have revealed several other sbnormalities, among which wvere
elevated blood triglyceridee (Urebe et al., 1979). In recent
reporte of individuals exposed to PCBs., assessment of 1lipid
metabolism has indicated some abnormalitias, but in general
no clinical manifestations of theee abnormelitiee auch as
increased risks of cardiovescular disease have been noted.

Some Of thaae atudiea are eummarized in Table 9.
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Hasegawa et al. (1972) had noted changes in lipid
metabolism of Yusho patients as manifested by decreases in
the blood levels of cholesterol, triglycerides, phospholipids
and beta-lipoproteins. Other studies such as that of Hara (13
al. (1973) on Yusho patients had noted elevated triglycerides
in 554 of subjects who had blood PCBs above 50 ppdb. The latter
data were not corrected for any risk factors such as age or
weight. Bumgarner et al. (1973) indicated normal cholesterol
levels in 37 refuse workers who had a mean PCB level of ¢ ppbd.

Fischbein et al. (1979) has examined lipid metabolism
in 321 capacitor workers. Cholesterol levels of 300 or mere
mg/100 ml were found in 17.8% of workers and triglyceride levels
of 200 or more mg/100 ml were reported in 10.5% of the popula-
tion. The total lipids were elevated (above 1 g/100 ml) tn 3.4%
of the population. These metabolic parameters, however, are
influenced by age, perscnal hadits, and the presence of other
diseases; it is therefore essential that the data be compared
to a population with similar age and sex distribution and that
confounding variables be controlled dbefore one can assess the
role of PCBs in these ocbserved changes. Since these compari-
sons were not made, no conclusions can be drawn frcm these
observations.

In the study of Baker et al. (1980) in which PCB~
contaminated sludge users were compared to exposed wocrkers, their

families and community controls, there was a nhighly significant
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positive correlation of plasaa triglycerides and serum H-pCB.
This correlation was strengthened when alcohol consumers vers
removed. Thers wag & negative corralation of HOL chalesterol
with H=PpCBs thet was not statistically significant. The ilavesti~
gators suggested that the mean level of sarum PCB in fasting
subjects with hypertriglyceridemia was only 25.0 ppb which ts
lower than the levels at which this abnormality was noted in
previous studies (50-200 ppb, NIOSH decunnt).. It is not clear,
however, vhether the other studies with higher levels have used
total PCBs, vllioro.l this study used only B-PCBe in the correla-
tion anslyses. Tha H-PCBa constitute 33 to 99% of the total

nean PCBs in the groups. Personal characteristics may influence

triglyceride levels, and many £ s were

pe ely idered
by these investigators including age, sex and drinking habtts.
These lipid abnormalities may be occurring at the lower ICB
limits, or even below those limits reported previously.

Chase st al. (1981) in their study of maintenance
vorkers exposed to PCBs found that levels of plasma PC3s were
significantly correlated with triglycerides but not with choles~
terol. Adjusting for age or length of employment does not change
the significance of this correlation. The triglycerides are not
sigaificantly correlated with fat PCB levels. As mentioned pre-
viously the levels of plasma PCBs in this qroup of workers Ls low
(33.4 ppo).
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Smith et al. (l98la), in the study of 224 workers
from a capacitor manufacturing plant, found that serum PCBs were
correlated with measures of lipid metabolism. Corrections were
made for relevant variables such as smoking, history of diabetes
and heart disease, drug use, and others. The partial. correla-
tions indicated a significant correlation between serum H-PpCB
level and total cholesterol and triglycerides and a significant
negative correlation of plasma triglycerides with serum L-pCB
levels. When the levels of H-PCB and L-PCB were combined the
correlation was positive as seen in other studies where total
PCBs have been examined. There were no signs of clinical dis-
ease in relation to the elevated lipids. It was noted that
several of the lipid measurements were correlated with GGTP
level. As the authcrs suggested, this may indicate that PCas
induce hepatic microscmal enzymes, as has been found in labo-
ratory animals and man, and these in turn may increase synthesis
of specific lipids.

Smith et al. (1981d) in a health study of 93 workers
divided between & public and private utility plant found corre=~
lations of lipid metabolites with PCB levels that conflicted
with data fraom the previous study. Triglycerides were positively
correlated with H-PCBs in one facility and negatively correlated
with R-PCBs in the other. Both correlations were significant
even after cez-roctlm for multiple variables. Both triglycerides

and cholesterol were positively associated with L-PCBs in only
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one facility even though the levels of the biphenyls in the
blood were similar in the two populations. High density lipo-
proteins wers negatively correlated with H-PCBs in only one
establishment. In this case, the other facility also demon-
stzated a sizilar negative relacionship But the level of the
correlation was much lower.

Smith et al. (1981c) have combined the data from
these two studies and corrected the results for only age, sex
and study site. Under these circumstances there were less con-
tlicting data in the correlations. Only one significant corre-
lation with L-PCB vas noted and that was a positive correlation
with cholestercl at the private utility. Both cholesterol and
log triglyceride were associated with H-PCBs at the equipment
manufacturing site. Triglycerides and H-PC8 were positively
correlated and HDL-cholesterol and 8-PCH negatively correlated
at the municipal utility site. Combining the data from all
study sites indicated that log triglyceride was significantly
asscciated with both L-$CS and B-PCB but the trend for all
sites was homogeneous only with L~-PCB. Log HDL-cholesterol was
significancly and noqnuvolf associated with H~-PC3s and this
trend was consistent across all sites. There was no significant
relationship of PCBs with total cholesterol.

Kreiss et al. (1981) have studied s community where
high levels of PCBs and DOT were founds in fish. Among the 438

pazticipants, there was a positive correlation between cholesterol
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and PCBa measured as Arcclor 1260. There was no additional
contribution by ssrum triglyceride or HOL-cholesterol to the
prediction of serum PCB in multiple regression analysis.

In summary, the studies in man suggest that there
is frequently & positive correlation between PCBs in blood and
triglyceride levels, although there are many studies that
demonstrate no relationship. The correlation is often to the
higher homoloques of PCBs and occurs in some cases vwith blood
levels of H-PCB at 25 ppb Or below. The data associating HDL-
cholesterol and H-PCBas are not as often significantly correlated,
but when they are, the relationship is negative. Lower levels
of HDL-cholesterol may be an important risk factor for coronary
heart disease but there is no evidence of a relationship of
chese lipid findings to clinical disease in these studies. The
variation in the presence of lipid abnormalities in relation
to PCBs in the studies and the variation in the specific lipid
changes observed would suggest that there may be a confounding
variable that has been ignored and that is influencing these
relationships. A positive correlation of blood lipids with
plasma PCB levels could in part be a consequence of the ten-
dency of PCBs to distribute equally among all 1ipid pools in the
oody.

E. Reproductive Effects

Very few papers have addressed the problems of human

reproductive effects related to PCB ingestion. The early paper
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by Kuratsune {1972) on the Yusho patients had indicated that
out of 11 women patients and two of the wives of patients
who were exposed et any time during pregnancy, there wers 10
iive born and two stillborn infants and three of the live born
were ssall for their ags. The authors do not provide comparison
figures on reproductive outcomes for that area of Japan so that
it is impossible to assess the meaning of these figures. It is
cleaz, however, that for all babies whose recorda were reviewed,
skin staining and iyo discharge were usually preseant. RKreise [13
al. (1961) simply indiceted that there was no sssociation of
miscarriage, still birth or infant death rate independent of age
effects in a study Of e community with high PCB levels. In gen~
sral, the date on reproductive sffects from exposure to PCBS ere
limited.

F. Hematology and Immunologqy

Most of the studies of hematological effects heve found
no abnormalities and these ohsotvuezgns have been made in simple
scatenents. The studies of Kitanura et al. (1973), Bumgarner et
al. (1973), Rarppansen and Kolho (1973), Fischbein et al. (1979),
Saker et al. (1980), and Haroni et al. (1981) have not reveeled
any abnormalities of hemoglobin or -leukocytes. Ouw et al. (1976)
cveported several procein and globulin tests on exposed workers
that wers higher or lower than the reported normal. However,
the overall levels of globulins were not different in two groupe

of workers with high and low exposures. In the initial abstract
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relating to the Baker et al. (1980) study, the authors reported
increased hematocrit and hemoglobin in relation to PCB levels
controlled for age. The second complete report corrects for
several other variadbles that may account for the difference in
results. In the three reported studies of Smith et al. (1981},
the investigators looked at red cell count, white coll~count,
nemoglobin and hematocrit and found no significant correlation
with either L-PCB or H-PCB when corrected for confounding vari-
ables. In the latter studies they have alsc examined the corre-
lation of total protein, albumin and the various glodulin frac-
tions and found no significant correlations after correcting for
other factors.

In general, there are no recent studies that suggest
abnormalities of the heme system in man related to levels of
PCBs. In addition, the Smith et al. (1981d) study of workers
in electrical utilities showed no significant variation in PChs
related to urinary porphyrins, porphobilinogen or l7-ketosteroids
or 17-hydroxysteroids.

G. Other Pactors

Kreiss et al. (1981) in the study of a PCB-exposed com-
munity found increased diastolic blood pressure to be correlated
with PCB levels even after the correction for other variables.

No comparison data for a control group were given. The study of

workers in the equipment manufacturing plant also demonstrated
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