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Executive Summary

This addition to a previous study of the available bio-
medical literature on potential health effects of the poly-
chlorinated biphenyls (PCBs) and related impurities is essen-
tially an update from literature and other data retrieved during
late 1981 and up through HNovember 15, 1982. As in the first
study, the review and conclusions were formulated by a Category
I team from DFHLE&S, Inc. and subjected to a second level review
and critique by an independent Category II team. The comments
and suggestions from the Category II review have been incorpo-
rated into the final revised text of this annex, for which
DFHL&ES, Inc. takes full responsibility. All new conclusions
for each specific health effect in test animal systems and
human populations are discussed in the context of both the
new studies reviewed and conclusions from the previous report

material based on the earlier literature.

A summary ©of the njér new findings and conclusions with
respect to specific health effects resulting from PCB exposure
is given below. Also included is a summary of observations on
health effects attributable to exposure to polychlorinated diben-
zofurans (PCDPs) in test animal llodcis and humans, for this same
literature retrieval period.

1. Recent findings on the health status of {individuals
previously exposed to the mixtures of PCBs, PCOPs and PCOs
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(polychlorinated quaterphenyis) in the contaminated rice bran
cooking oils consumed during the Yusho episodes in Japan
(1960's) and Taiwan (1970's) have served to emphasize and re-
inforce two points made in the 1982 report. First, it appears
that elevated PCOF levels in the cooking oils may have been a
principal causa of the enhanced toxicity of those oils over
that of the parent commercial PCB mixtures originally charged
into the heat exchangers. Second, because of the mixed PCB;
PCOF: PCQ content of those oils, the Yusho episodes are not
appropriate models for prediction of human health effects

trom exposure to commercial PCB mixtures.

2. New findings {n test animal models and exposed
human populations have served to emphasize distinct species
specificity in biological processes of tissue metabolism,
distribution and excretion. The residual concentrations ot
PCB congeners in fatty and other tissues are seen to be par-
ticularly dependent on ease of metabolism and subsequent
excretion of polar metabolites, free or conjugated, from

specific congeners in commercial PCB mixtures.

3., In the domain of acute toxicity of PCBs, recent
attention has been focused on: (a) the substantial toxicity
of 2,3,6-hexa CB (chlorinated biphenyl) in inhibition of
growth of a mouse embryo cell line; and (b) the marked
hepatotoxicity of the 3,4,5-hexa CB congener in young mice.

The latter was a rare congener in commercial PCB mixtures.
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These findings do not alter significantly the generalizations

on structure vs. toxicity in the 1982 report.

4. Dermal effects in humans attributable to exposure to
PCBs and related impurities are of continued interest, even
though most of the rare cases of chloracne found in PCB-exposed
industrial workers are not severe and not long-lasting after
exposure has stopped. Such signs were particularly severe
and long-lasting in certain of the Yusho poisoning patients.
The most recent evidence reviewed by Kashimoto et al. (1981)
for chloracne in Yusho victims points to the enhanced levels
of contaminants such as ths PCOPs in the rice oils as primary

factors in ssvere chloracne,

S. Recent rvesults on the potential impact of PCB ex-
posure on liver structure or function have derived from an
experimental study in the rat and an epidemiological study of
capacitor workers. It appears that Aroclor 1254 does not in-
duce benign liver lesions (hyperplastic foci, nodular hyper-
plasia) in the male Sprague-Dawley rat, and that extended ex~
posure of people in the electrical industry setting to various
Aroclors has not resultsd in findings of significant liver

dysfunction or disease.

6. In two studies, gastric lesions were observed in
rats and monkeys receiving Aroclor 1254 orally; such lesions

have not been seen in occupationally exposed human populations.
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In the rat, at sitea near the glandular stomach that were
high in alkaline phosphatase, an increasad frequency of
occurrence of cystic intestinal metaplasia was observed. In
the monkey, the principal finding in the stomach was hypertro-
Phic and hyperplastic mucous gastrophy. These are non-

cancerous lesions.

7. Studies in the rat using Aroclor 1254 and focused
on potential carcinogenesis in chronically exposed rats at
target organs such as liver, bladder, stomach and intestinal
tract have proven essentially negative, in our opinion. The
recent reevaluation of rat stomach tissues from an NCI bio~
assay (1978) by Morgan et al. (1981) did not result in a sta-
tistically significant, dose-related increase in the numbers
of stomach adenocarcinomas observed. However, the finding
by Preston at al. (1981) of a possible tumor-promoting effect
of Aroclor 1254 in the Sprague-Dawley rat is judged as biolog~
ically significant and requiring further investigation.

8. A new study has evaluated the effect of Aroclor 1254
on :cproduct@n. the compound being administered in concen-
trations of 25-900 ppm in the diet of female rats during days
6-1%5 of gestation. Noted were: (a) decrease in placental
protein and glycogen; and (b) decreases in fetal weight and
survival rate. Since decreases in food intake were alsoc noted,
resulting in reduced nutritional status and a decrease in

weight gain, attribution of the placental and fetal effects
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to either direct PCB action or to altered nutritional state

cannot clearly be made.

9. Recent test results on mutagenic potential of PChs
in Ames tests with Salmonella systems in vitro, with or

without metabolic activation, have been negative.

10. The ability of Aroclors to induce a variety of micro-
somal enzyme systems in test animal tissues has been widely
documented. A new and unexpected finding in this area of bio~-
logical activity has been negative: Aroclor 1254 leads to a
decrease in microsomal enzyme content of P-4507; in rabbit
lung, rather than an increase, with no alteration in P-450y;
content. On the positive side, Aroclor 1254 causes the
induction of glucuronyl transferases and inhibits the release
of polymorphonuclear glucuronidase from leucocytes. These
bioclogical actions have not been related to human disease

states or dysfunctions.

1l. Recent experimental studies have shown that immsuno-
logical effects in test animal systems exposed to PCBs and
in Yusho victims exposed to mixtures of PCBs, PCQs and PCDPs
can indeed occur. Humans exposed to Yusho oils and monkeys
exposed to synthetic mixtures of PCBs, PCQs and PCDPs show
signs of immuno-supprsssion or alterations in immunoglobulins
and T-cells. Immunogenic alteration or immunotoxicity have

also been observed in rabbits and mice dosed with PCBs. How-
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ever, the evidence to date doea not point to a direct, dose-~
trelated effect of PCBs alone in exposed human populations,

expressible as a change in immunological competence.

12. The new epidemiological study of Lawton et al,
(1981) on electrical industry workers, taken in conjunction
with other recent studias on workers occupationally exposed
to PCBs, leads to additional insights in the areas of skin
problems, lipid metabolisam, pulmonary function, blood glucose
levels, blood uric acid levels, and general complaints and
symptoms. The Lawton study found no signs of chloracne, past
or present, and no dermatological findings specifically re-
lated to PCB exposure. Associations were found between blood
levels of PCBs and serum triglyceride levels in exposed per-
sonnel. The Lawton study extends previous conclusions that
PCB exposure under occupational conditions does not lead to
signs or symptoms of clinicel diseasa, despite the presence
of normal incidence rates for symptoms associated with inter-
current disease and/or generel stress. Further, the Lawton
study did not reveal any abnormal findings with respect to
pulmonary function in PCB exposed workers, or any changes in
either fasting blood glucose levels or serum uric acid levels

va. those levels in control populations.

13. In the domain of potentiel behavioral effects attri-
butable to PCB exposure, several recent studies are of inter-
est. In offspring of rats given prenatal treatment with
Kanechlor 300 end 500, and of monkeys dosed with Aroclor 1248
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in the dlet during pregnancy, signs of decreased learning
ability were observed, Offspring of mice after prenatal and
postnatal exposure to Aroclor 1254 showed a latency periog
in making responses, following training in an avoidance
response pattern. These behavioral manifestations of pCh
exposure in animal models have not been related to any poten~

tial behavioral changes in exposed human populations.

14, The PCDFs have been studied with increasing interest
in recent years as realization grows that they are toxic
derivatives of the PCBs and may be important contributors to
the toxicity of mixtures in which they are present if their
concentrations are at high encugh levels. In rtecent animal
studies they have been shown to be powerful aryl hydrocarbon
hydroxylase (AHH) inducers, especially when the lateral
2,3,7,8-positions are fully substituted by chlorine atoms.
They produce many toxic signs in test animal systems at doses in
the ug/kg/day range, including severe skin changes, swollen
eyelids, enlargement of meibomian glands, squamous metaplasia,
hyperplasia of the gastric mucosa, thymic involution, hypo-
plasia of the bone marrow, and hepatotoxicity. Aside from
continued analysis of residual health effects in Yusho pa-
tients, in which the opinion is growing that the PCDFs are
principal contributors to the pou;uont toxic syndrome ob-
served, no human PCOF exposure vs. effect information has

been documented in the 1981-1982 interval.
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I. INTRODUCTION

A study on the potential health effects documented in the
literature through 1981 for human populations, from exposure
to commercial polychlorinated biphenyl (PCB) mixtures under
occupstional or other environmental conditions, was completed
by this firm in 1982, Entitled "Potential Health Effacts in
the Ruman from Exposure to Polychlorinated Biphenyla (PCBa) and
Related Impurities®, the study (hereafter labeled as the DPHLS
report), was sponsored by the Edison Electric Institute (ER1)
and the National Electrical Manufacturers Aasociation (NEZM\).
The literature coverage in that study included important toxi-
cologicsl and epidemiological papers generally asvailable
through the middle of 198l. It was issued under a date of
Pebrusry 12, 1982.

Since many important PC3 studies have appeared in publica~
tiona or presentations since mid 1981, an update of the DFHLS
study in the form of an annex was deemed advisable by both spon-
sors. The present document constitutes that updated annex to
the 1982 DFALS rvreport. It covers literature rtetrieved from
library and oOther sources up to a cutoff search dats of

November 15, 1982,

As in the original DPFHLS study, the present annex was
constructed in draft by a Category I team composed of members

of this firm (Drs. Drill, Friess, Hays and Loomis), reviewed
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for content and with suggestions for vevision by two external
peer revievers (Drs. Standaert and Alvares), and finally
revised by the Category I team which takes full responsibil-
ity for its content and conclusions. The annex is cast in
a format which largely tracks the original report, section
by section, in the sequence of health effects. For each
effect, the results of new toxicological and epidemiological
studies are considered, and then reviewed in the framework
of results cited in the 1982 report to reach judgment on
the possibility of occurrence of that effect in exposed
human populations. Also included in the annex are sections
dealing with recent publications on behaviorsl effects attri-
buted to PCB exposure, and with new findings on potential
health effects from exposurss to polychlorinated dibenzo-

furans (PCDFs).

It is of considerable interest that modern receptor theory
has been brought to bear on interpretation of health effects of
of PCBs and related compounds. It is possible that manifes-
tations of toxicity may result from a common initial path-
way of interactions of certain PCBs, PCDPs or PCDDs with
tissue elements in mammalian organisms. In particular, recent
interpretations of experimental findings in test animal systems
have centered on the possibility that‘ono Or ROre receptor pro-
teins may be involved in initial binding of a suitably substi-

tuted compound leading to ultimate expression of a biological

MONS 015790



-10-

activity auch as chioncno or thymic involution, In this
picture of events, under a theory proposed by Poland and
Knudsen (1982) and Nebert et al. (1981), the effects stemming
from exposure to a given polychlorinated molecule would be tra-
ceable to initial binding to an inherent receptor surface whose
structure and location in tissues are genetically controlled.
Such binding could occur broadly across mammalian species and
strains, providing a unifying basis for correlating phenomena
of many types in different species. The PCBs as a group are
considered to be the least potent in this binding -~ mobili-
zation process, the PCDPs orders of magnitude more potent,

and the PCDDs the wmost potent of all,

The receptor substance itself is thought to be requlated
genetically, and to be cytoplasmic in location. If the
receptor is induced by a given stimulus and triggered by
binding of the agonist, the mobilization of the endogenous
transmitter substance could then account under this theory
for hyperplasia at a variety of cutaneous and hepatic tissues,
involution of the thymus, and metabolic derrangements leading
to lesions of chloracne. The theory is presently quite
useful, in the material that follows, in efforts to under-
stand phenomena that extend across many species and are
triggered by specific molecular structures in the PCB and

PCDF families of compounds.
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II., YUSHO EPISODE

Since the occurrence of the 1968 Yusho episode in Japan
involving consumption of Kanemi rice bran cooking oil contain-
ing PCB, PCQ, and PCDF impurities which were accidentally
leaked into the oil from heat exchanger coils originally
charged with Kanechlor 400, the medical follow-up and history
of recovery of these patients has been persistent and well
documented. Yoshihara and Yoshimura (1981) have Tecently
reviewed residual health effects from this intoxication
episode, as seen in medical examinations made over the past
decade. In general, most of the clinical symptoms from
this bran oil intoxication have diminished gradually, accom-
panied by a decrease in blood PCB levels to a mean residual
of 7 ppb (vs. a mean level of 3 ppb in control subjects).
Since the estimated average total intakes of PCBs, PCQs and
PCOFs in these patients during 1968-1969 amounted to 633,
596 and J.4 mg respectively (Yoshihara and Yoshimura, 1981)
the persistence of traces of markers of the original intox-
icant load in the circulatory systems of these individuals
after a 15 year period ia striking. Perhaps stemming from
residual body burdens in storage tissues, this occurrence of
traces of marker substances in blood has been accompanied
by the persistence of certain symptoms, e.g. subcutan-
eous cyst formation, pigmentation of the skin, eyelids and
gingiva, eye discharge, and abnormal changes of the tarsal
gland in a rvelatively small number of severely affected

Japanese patients. MONS 015792
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Considerable variance has been recorded in estimates of
PCB, PCQ and PCDF intakes in patients and in oil samples from
the Taiwanese episode. In a very recent analytical study,
Masuda et al. (1982) have reported on analyses for PCB, PCQ,
and PCDF congeners in the 1979 Taiwan Yusho oil, and in the
blood of Taiwanese patients sampled several months after the
onset of symptoms from that episode. The levels in oil and
blood were compared with those from the Japanese Yusho epi-
sode of 1968, except that blood samples from Japanese
patients were taken 5 years after that poisoning aepisode.
It was found that: (1) the concentrations of PCBs in the
Taiwan oil (60-100 ppm) were 10 percent or less of that in
the Japanese oil (900 ppm), but the concentrations in the
blood of Taiwanese patients were about ten Or more times
those of Japanese patients. These results follow from the
ingestion of higher amounts of oil by the Taiwanese (about
12.3 kg per person vs. about 800 ml for Japanese consum-
ers), the net ingestion of about equal amounts of PCBs by the
two populations, the longer time interval for metabolism/
elimination by the Japanese, and the fact that the Taiwanesse
oil had a higher proportion of more highly chlorinated congen-
ers. (2) The Taiwan rice oil contained a much lower concen-
tration (90-180 ppm) of PCQs than did the Japanese Yusho oil
(800 ppm). (3) Both the Taiwanese. and Japanese oils con-
tained PCDPs, chiefly 2,3,4,7,8 - penta CDF and 2,3,4,6,7 -

penta COF, which were also detected in the blood of Taiwanese
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patients. In view of previous findings by these investiga-
tors that 2,3,4,7,8 - penta CDP is one of the most accumula-
tive congeners in the livers of humans, monkeys and rats,
and is very potent in its biological actions (P-448 induc-
tion, thymic atrophy or liver hypertrophy), Masuda et al.
(1982) conjecture that this congener may well be one of the
most important etiologic agents for the Yusho poisonings in

both countries.

Yoshihara and Yoshimura (1981) also take note of the in-
creasing body of evidence implicating the PCDF component in
the Japanese Yusho o0il as an important contributor to the
total toxic syndrome. Further, they cite supporting experi-
mental data in the rat with a variety of PCDF congeners,
glven at single doses in the range 1-10 mg/kg, which included
significant lowering of thymus weight, increase in liver
weight, and retention in liver of large fractions (20-97%)
of the administered PCDP congeners that contain 5 or 6 Chlor-~

ine atoms per molecule.

Nagayama et al. (1981) have also contributed to the data
base on possible contributions of the PCDF component to the
Japanese Yusho syndrome, from experiments on controlled heat-~
ing of Kanechlor 400 which parallel the cumulative heating
cycles characteristic of the use of this fluid in a metal
heat exchanger. In the presence of metallic iron, nickel or

stainless steel end a small amount of water contaminant as
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an oxygen source, heating at 300°C for seven weeks leads to
an increase of PCDFP content in the Kanechlor to levels of
240-560 ppm; further heating at 350°C for four more weeks
led to enhancement of PCDF content to 610-740 ppm.

The possible role of PCDPs as a principal agent in Yusho
poisoning has been studied in detail by Kashimoto et al.
(1981). This work was based on comparative health effects
observations on a group of 56 patients in the Japanese epi-
sode, 15 Yusho patients in the Taiwanese event that occurred
about ten years later, control populations, and groups of
workers occupatlonally exposed to PCBs in Japan and Taiwan.
Kashimoto et al. have presented analytical data on relative
PCB: PCQ: PCDP residual levsls in liver in Yusho patients
from the Japanese episode, showing relatively high retention
of PCDPs in that tissue (PCBs: PCQs: PCDFs = 100:76:20), and
on concentrations of these components in several samples of
the toxic Yusho oils obtained during the two separate but
parallel intoxication episodes. From their data analyses,
Kashimoto and colleagues concluded that the PCDFs in the
Yusho oils were the major pathogenic compounds contributing
to the development of the Yusho syndrome in the Taiwanese
patients, despite their low levels in blood comparsd to
those of the PCBs and PCQs (PCBs: ?CQ-: PCDFs = 500:160:1).
This conclusion was Dbased principally on the following
points.

1. The clinical manifestations and duration of Yusho

symptoms were disproportionately more severe and
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persistent in consideration of the blood PCB levels
observed in Taiwanese patients than in PCB - exposed
populations of industrial workers with considerably
higher blood PCB levels wWho had much more benign or

mild clinical syndromes.

2. PCDPs show a marked tendency to accumulate in the
liver, which could well explain the frequent initial
finding of jaundice and other serious abdominal
symptoms in Yusho patients and the absence of such

changes in people occupationally exposed to PCBs.

w

From biological dose vs. response data for a series
of toxic effects in many test animals, 1ncludin§ the
chick, monkey, mouse, and rat, it is apparent that
the toxicities of PCBs and the derived PCQs are of
the same ovrder of magnitude, but that the toxic
potencies of PCDFs are greater by factors ranging
from 100 - 10,000.

Finally, Chen et al. (1981) have analyzed the toxic con-
taminants in a Taiwvanese Yusho cooking 0il that was ingested
by approximately 2,000 people. These investigators studied
six samples of the oil, both for total PCB and PCDF content
and for the distribution of congeners in each family of com-
pounds. They found that the distribution in the PCB fraction

favored the more highly chlorinated structuces
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(penta=CB: tetra: hexa: hepta: tri: = 47:30:16:6:1), snd
thst the PCDF congeners wvere mostly of the penta - CDP snd
tetra CDP variety with only minor amounts of hexa - CDF and
tri = CDF. This distribution of components differs from
that in Jspsnese Kanechlor 400, and would be in sccord with
more lasting Yusho symptoms by persistence in tisesue storage
of more highly chlorinated molecular species that are less
active metabolically and less likely to be axcreted as polar

metsbolites or their conjugates.

Discussion and Conclusions

These recent findings, especially as they have focused
increasingly on the potsntial role of slevated levele of
PCDFs in contsminsted cooking oile as the principal contri~
butor to the Yusho syndrome in the Japanese and Taiwvaneee
intoxication episodes, serve to emphssize and reinforce
points made in the DFHLS snslysis of earlier studies. First,
heat exchanger action on PCB fluids leading to elevated PCDF
levele contributed . to the enhanced toxicity of the Yusho
cooking oils over that of the parent commercial PCB mixture.
Second, because of the unique PCB:PCQ:PCDF distribution of
the Yusho oils, it ie not correct to use these intoxication
episodes as models of acute or subchronic PCB poisoning in
humans, or for prediction of human health effects from expo-

sure to commercial PCB mixtures.
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III. BODY BURDENS, METABOLISM AND KINETICS
A. Animal Experiments

In continuation of studies on the biological fate of
individual PCB congeners in animal models following admini-
stration of & single dose of a radiolabeled compound, Sipes
et al. (1982) have reported on the distribution, metabolism
and excretion of 2,4,5, 2',4',5'- hexa-CB in the beagle dog
and the cynomolgus monkay by following the lavels of lic
labelad matsrial in excreta, blood and tissues for up to
15 days in the dog and 90 days in the monkey. These workers
observed the rates of elimination of this persistent hexa-Cs
from thess test animals. Elimination from blood occurred as
a biphasic kinetic process. After the first rapid phase, the
slower terminel elimination from blood was characterized by
rate constants that were three times as great in the dog as
in the monkey. The kinetics of excretion of the PCB in the
two species also dJdiffer markedly: by 15 days the dog had
axcreted 66 percent of the dose, mainly in the feces, whereas
the monkey in a 90 day interval had excreted only 18 percent
of the dose. The remainder of the dose in both species was
found largely as the parent compound in adipose tissus and
skin es the major storage depot. Furthsr study on biliary
excretion of the hexa-CB in the two species again showed
that excretion processes in the dog are faster than in the
monkay, fourfold in this case during two hours, with 0.8
percent of the label appearing in the bile of anesthetized
dogs during this period. However, the monkey excreted a
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greater percentage of the dose as parent compound into the
biliary flow than did the dog, reflecting a lower degree of

metabolism of this hexa-CB in the liver of the primate.

From these and other obeervations, Sipee et al. reached
a number of significant conclusions. First, the dog is
clearly able to eliminate this hexa-CB from the body substan-
tially faster than the monkey. Indeed, the dog is the only
test species that has been shown to reduce its body burden
of this persistent PCB substantially, probably because of
its ability to metabolize the molecule despite the lack of
vicinal unsubstituted ring position pairs. The monkey
appears to be similar to other species in its pattern of
elimination of this hexa=CB. The processes Of tissue distri~-
bution in the dog are relatively rapid, beginning with early
distribution into skin and adipose tissue. 1In the dog liver,
metabolism is relativsly facile in that approximately 80
percent of the radiolabel present in that tissue at 24 hours
was in the form of metabolites. In contrast, for both dog
and monkey, the major molecular species present in muscle,
skin and adipose tissue was in the form of unmetabolized
parent compound. For both animal species, the major route
of elimination of the hexa-CB and metabolites was via the
feces. .
These results of Sipes et al. with 2,4,5,2',4',5'~ hexa-CP
can be integrated with findings from previous studies by

Matthews and his colleagues (e.g. Matthews and Anderson, 1973)
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1975) to afford a brief survey of the pharmacokinetic beha-
vior of three PCBs in three species, dogs, monkeys and rats.
For 4,4' di-CB, data from the rat afford reasonable predic-
tive power for distribution, metabolism and elimination in
the dog, but not in the monkey. For 2,3,6- hexaCB, the dog
and the rat eliminate the compound at similar rvates which
were, however, faster than the observed rate in the monkey.
Finally, in the present study by Sipes et al., the 2,4,5 -
hexaCB data from the monkey are quite similar to previous
findings in the rat, but the dog is decidedly different in
that its metebolism and elimination retes are much faster.
Claarly, -pociu specificity operetes markedly and not alwvays
predictably in the pharmacokinetics of PCBs in test animal
models. The reason behind the ability of the dog to metabo-
lize the persistent 2,4,5 - hexaCB, presumably by direct
biochemical action at unsubstituted ring meta positions, is

presently unknown.

A point bearing on the direction of PCB metabolism in
liver by monooxygenases induced by Aroclor 1254 or by l-meth-
ycholanthrene (3-MC) was demonstrated in a recent paper by
Helpaap-Wood et al. (1981). These workers studied the
actions of ensymes contained in 90009 fractions derived
trom the PCB induced Sprague-Dawley rat and the Ha/ICR mouse
on unsubstituted biphenyls. When a single polar group is
already in place, as in the monohydroxylated biphenyls,

it appears that induction of the 3-MC type (P-448 requiring
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enzymes) leads to !ur.ther monohydroxylation in the ring that
already bears the first hydroxyl group. The diols produced
in this metabolic step result from ortho-para direction by
the initial hydroxyl group, leading to 2,5 - and 3,4 -diols.
These workers also demonstrated a species difference in the
effects of PCBs on the hydroxylation of biphenyl in mice.
They showed that Aroclor 1254 induction of biphenyl metabo-
lism differed in the rat and in the mouse. 1In the rat, PCBs
induced hydroxylation both in the 2- and 4- positions. In
the mouse, Aroclor 1254 resulted in an increase in 2- on

biphenyl formation, but not in the 4- hydroxylation.

Work on metabolic hydroxylation of commercial Aroclor
mixtures in test animal systems has recently been extended
to the terphenyl series. Voss (1981) has observed that the
mixture of polychlorinated terphenyls (PCTs) in Aroclor
5460 and a representative hexaCT congener (2,2,2° 5,5',8'*
~hexa-CT) undergo metabolism in the Sprague-~Dawley rat to
yield monohydroxylated metabolites, which as yet have not
been fully characterized. The rates of excretion of
these hexa-CT congeners and their metabolites in feces and
urine were quite low: within 7-14 days only about 10 percent
of the radiolabel in the administered dose was recovered in

excreta, largely in the feces.
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B. Human Observations

Previous studies by Jensen and Sundstrom (1974), who
deternined the fate of 40 PCB congeners in human adipose
had shown that PCBs with no chlorines at the 3,4- position of
one ring (e.9. 2,5- diCl-) constituted about 20% of PCBs in
human adipose tissue. Two compounds, 2,4,5,2',4',5'- and
2,3,4,2',4',5'- hexachlorobiphenyl accounted for 36% of the
PCBs is tissue. Similar findings were reported by Kuroki

and Masuda (1977),

In an effort to assess exposure among workers in capacitor
manufacture, WOlff et al. (1982) determined PCB concentrations
in plasma (290) and adipose tissue (61). The highly chlorin-
ated congeners appeared to be present mostly in tissues of
workers who had been exposed to the higher chlorine-containing
Aroclors in the past. The less highly chlorinated PCBs, di-,
tri-, and tetrachloroblphenyls, were found in workers who vere
recently employed and had thus been exposed to the lower
chlorine-containing PCBs mixtures, such as Aroclors 1016 and
1221 which were used from 1971 to 1976, Further they found
that higher exposure occurred among persona with direct
contact with PCBs, in jobs such as capacitor filling. Adipose

tissue concentrations were proportional to those in plasma.

Wolff et al. (1982) have reported recently on epidemio-

logical findings in a limited cohort of 26 workers employed
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over a period of years in the manufacture of electrical capaci-
tors. They presented analytical data on the content of 37
different PCB congeners in paired samples of adipose tissue
and plasma in these workers. It was noted in general that
the concentrations of PCBs in tissues were related to the
duration and relative intensity of exposures to these chemi-~
cals in the workplace, with a median range of 0.1-9 ug/g for
individual congeners in adipose tissue and 0.3 - 27 ng/ml in
plasma. As a rule, the PCB concentration {n adipose tissue
wvas proportional to that observed in plasma, with partition=-
ing between adipose and plasma in an approximate ratio
190:1. Congeners with chlorine atoms in 4 and 4‘positions,
such as 2,4,4'-tri, 2,4,2',4'-, 2,4,5,4'~- and 2,4, 3',4'
-tetra~CB, vere major components in plasma and adipose
tissue. These workers had been exposed primarily to
Aroclors 1016, 1242, and 1254 (20-54% chlorine). Congenecs
with unsubstituted 3,4 positions (e.g., 2,5-dichloro substitu-
ted) wers observed at lower tissue concentrations and lower
adipose:plasma ratios than other congeners, probably reflec-
ting metabolism to polar derivatives and excretion by virtue
of vicinal positions unsubstituted in either ring. Conver-
sely, compounds with 2,4 and/ or 3,4 positions substituted
by €1 on both rings were present in much higher proportions
in plasma or adipose tissue than in'tho PCB mixtures used to
£ill capacitors, probably because of diminished capability
for hydroxylation and elimination, and were characterized by

such higher adipose:plasma partition ratios than those for
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congeners with unsubstituted 3,4-vicinel ring positions.
Alao, as expected on the basia of increased PCB tissue
storage vhen metabolic possibilities are limited, those
congeners with 2,4-substitution on both rings had@ higher
adipose:plasma partition ratios than congenars with 3,4-sub-
stitution on at least one of the rings. Finally, metabolic
oxidation and excretion of polar metabolites in human sub-
jects of those PCB congeners with two vicinal unsubatituted
carbons correlate rather well with lower adipose:plasmsa
partition ratios previously observed by Hatthews and Tuey
(1980).

Bickel and Muehlebach (1980) seem to agrea with
Matthews thst by blocking metabolically vulnersble groups
(such as 2 unsubstituted carbons) a persistent compound may
become an unmetabolizabla one. They cite the “key work®
of Matthews end Andarson (1975) that the hexa isomer,
2,4,5,2',4',5'CB has no unsubstituted psir snd was practi-
cally unmetabolized. They slso state that in addition to
degree of chlorination, the para positiona (4,4') are most
metabolically vulnerable positions. Thus 2,4,2',4'- tetra-Ch
is more persistsnt than the 2,5,2',5'~ isomer. Pinally, they
speculate that tha general structure-persistence relationships
apply to other polyhalogenated hydrocsrbons, such as PiBa,

and polychlorinsted naphthalenes.

Bickel and Muehlebach noted, for correlation purposes be-

tween congener distributions in tissuea and in commercial
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Aroclor mixtures, that the distribution of PCB congeners in
humsan adipose tissues sampled in their survey centered about
a mean degree of chlorination near that of hexa~CB and therefore
vas closer to the composition of Aroclor 1254 (mean degree
of chlorinetion, S5.1) than to Aroclor 1242 (mean, 3.1) or
Aroclor 1221 (mean, 1.2). It ia clear, however, that the
distribution of congeners in human tiasues after extended
Aroclor exposure intervals, and a description of their mean
degree of chlorination, do not necessarily constitute quanti-
tative indices of identity or relationship to any single
Aroclor source. Failure to establish this firm linkage is
due, at least in part, to the shifts in residual retention
in adipose tissue that cen accompany structure-specific
metabolism and excretion of suitably substituted congeners

from a complex exposure mixture.

Discussion and Summary

The current findings on tissue levels and pharmacokin-
etic handling of PCBs in test animal models and exposed
human populations have not revealed any significant new
insights on the mechanisma esployed by mammalian systems in
coping with the presence of these molecules in tissues.
Nearly all studies reviewed suggest strongly that in most
species, including humans, the higher chlorine containing
isomers are more biopersistent and resistant to metabolisa

to polar metabolites. The total data base on PCB handling
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mechanisms including tissue distribution, metabolism excre-
tion, points to distinct species specificity in these pro-
cesses, with rate and tissue distribution constants that
are also linked to molecular structure of the individual PCB®
congeners. The residual concentrations of PCB congeners in
fatty and other tissues are seen to be particularly dependent
on the ease of metabolism and subsequent excretion of polar
metabolites of specific components of the commercial PCB mix-

tures to which humans and other animal species are exposed
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IV. GEMERAL TOXICITY

In a recent study by Norback et al. (1981) a cell culture
from a mouse embryo cell line was used to examine the toxicity
of two hexachlorobiphenyls. This method involves measurement
of growth rata and plating efficiencies of the cell line.
Evaluetion of two hexachlorobiphenyls (2,4,5.2',4°',5' and
2,3,6,2',3',6') demonstrates that the 2,3,6,2°',3',6'-isomer
wes the most toxic and the order of toxicity paralleled the
long=term whole animal studies. Not all cases showed a
linear dose {(concentration)-response related effect on the

cell numbers after 10 days exposures.

Biocca et al. (1981) fed hexechlorobiphenyl isomers in the
diet of five week 0ld mice. Hexachlorobiphenyl residues were
determined in adipose tissue and liver. The 3,4,5,3',4°,5°
-igsomer (not commonly encountered in commercial mixtures)
was the most toxic of those studied and was the most concen-
" trated in the fat snd liver. It also produced the greatest
mortality es well as hepatocellular markings, hepatocellular
swelling and necrosis, subcutanecus edems and chenges in
body and organ weights at doses ranging from 0.3 to 300 ppm
in the feed.

In a review article by McConnell and Moore (1979) on the
general toxicities of halogenated aromatics, including the
dioxins, biphenyls, dibenzofurans and naphthalenes, they

noted that the structure-toxicity relationships are similar
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tor all the compounds in non-human primates but the absolute
dosss to produce toxic effects are quite different. The
effects include losa of body weight, alopecia, chloracne,
blepharitis, waxy ear canals, dry-scaly-skin and nails and
prograssiva weakness. Fetal deaths often occur and offspring
may die sarly. The signs are lsss conspicuous in rodents
than in non-human primatea. Rabbits specifically show
chloracne. There ars other effecta, such as, testicular
degeneration, hyperplasia of the epithelial tissue in the
urinary tract, lesucopenia, pancytopenia and sltered serum

enzyme systems which may be ro!lcéuvo of organ damage.

Behavioral Effects

The use of behavioral effects in the assessment of the
toxicity of xenobiotics, particularly those affecting the ner-
vous systems, is a new field of toxicology which may event-
ually provide sensitive biological endpoints. There are
some wvho DbDelieve that behavioral changes in offspring as
well as reduced growth rates should be considered as terato-
logical effects, Dbut until more is known about behavioral
lesions and the underlying mechanisms we prefer to adhere to
the original concept that contol?qy refers to abnormal

structural changes during embroyonic developaent.

Several animal species have been used to detect subtle

behavioral effects of PCBs in offspring of mothers exposed to
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the environmental pollutant during various stages of gestation.
Shiota (1976) using the Japanese brand of PCBs, Kanechlors 300
and 500, administered@ by gavage on 8-14 and 15-21 days of
gestation to rats, showed that the offspring had lower birth
weights than controls and learning impairments were observed
in maze testing., HoOwever, other field activities and swimming
ability of the treated and control offspring were similar.
Storm et al. (1981) administered Arocclor 1254 to female mice
prior to mating and during gestation. There was no effect on
the ability of the mice to learn an avoidance response; but

they took longer to learn the response.

The data obtained with primates appear to be more defin-
itive. Bowman et al. (1978) observed that feeding of Rhesus
monkeys at 2.5 ppm of Aroclor 1248 in the diet rvesulted in
disruption of discrimination learning. A dose-effect rela-
tionship between PCB DboOdy burdens early in life and later
behavioral effects were observed. Surviving monkeys were
hyperactive in locomotor tests and deficient in 1learning
various types of discrimination problems at 6 and 12 months
of age. These same monkeys became significantly hypoactive,
when compared to controls, at 44 months of age (Bowman and
Heironimus (1981). These dJdata may indicate that primates
may have a greater sensitivity to g utero PCB exposure than
do mice. In other studies, Bowman et al. (1981) also ob-
served hyperactivity in the early stages of development of

monkeys whose mothers had rveceived the PCBa. However, in
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these studies the hyperactivity did not correlate with pCe

dosage, leading to the deairability of further study,

More extensive studies are required to determine which
particular period of exposure (gestation or lactation) contri-
butes to the observed behavioral effects. It would also be
important to correlate these effects with physiological or
biochemical tissue markers, in particular at the central

nervous system (CNS) level.

Discussion and Conclusions

Recent activity in the study of the acute toxicity of
commercial Aroclors and synthetic or purified congeners has
tended to focus on evaluation of specific changes induced in
target organs and cell lines. Findings of interest that
complement previous literature include: (1) substantial tox-
fcity of 2,3,6-BCB in inhibition of growth of a mouse
embryo cell line; (2) marked hepatocellular toxicity of the
3,4,5-HCB congener in young mice; and (3) an explanation for
the inability of 4-chloromethylbiphenyl to induce in vitro
genotoxic effects in terms of {ts ready metabolic conversion
to the corresponding hydroxy compound. These findings do
not alter the generalizations on 'PCB toxicity, acute or

chronic, pointed out in the 1982 report.

The relevance of the behavioral studies in animals to man
can only be a matter of speculation, for little or nothing is
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Xnown about any structutal or metabolic changes that might have
taken place during the period of gestation and the ingeation
of PCBs in the animal teata. In animal studies, it ia well
known that housing conditions and malnutrition may alter
the development of offspring, leading to some abnormal behav-
ioral pattern. It is our view that one cannot draw any
general concluaion from these studies in relation to behav-
joral changes in man and that much more work will be required
to understand the mechanisms involved in altered behavioral
activity. Further, the current findings do not cast add-
itional light on the problem of whether or not lesions lead-
ing to behavioral aberrations are the precursors of patho-

logic changes in tissues in animal models or humans.

MONS 015811



-3l

V. DERMAL EFPECTS
In the previous report on potential human health effects

from exposure to PCBs, it was pointed out that one of the
clinical manifestations of Yusho disease was the appearance
of chloracne in about 82% of the patients who had consumed
contaminated rice oil containing PCBs, PCDFs and PCQs.
Fischbein, et al. (1979) reported on the clinical findings
among PCB-exposed capacitor manufacturing workers, and noted
a high incidence (38-41%) of dermatologic problems in his
study population which included about 5% of cases with acne-
form eruptions. Other investigators (Inoue et al., 1975;
Ouw et al., 1976; Chase et al., 1981; Maroni et al., 1981;
Baker et al., 1980; Smith et al., 1981) h..vo found low to
zero incidence rates for chloracne in populations occupation-

ally exposed to commercial PCBs and derived products.

In a later paper (1%982), Pishbein et al. made a more de-
tailed study of dermatological findings among capacitor work-
ers and noted a high prevalence of dermatological effects
such as erythema, swelling, dryness, thickening of the akin,
rash, hyperpigmentation, comedones and acne. However, acne
was far less prevalent in these industrial workers than
among patients with Yusho disease, .despite high concentra-
tions of PCBs found in the blood of some of the subjects in

the Fischbein survey.
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Discussion and Conclusions

It seems clear that prolonged exposure to certain Aroclor
or Kanechlor type PCB mixtures in the occupational setting,
sufficient to establish high blood levels of PCBs, could lead to
the development of signs of chloracne {n sensitive individuals,
but this effect has been seen only rarely. It has generally
been observed that an industrial outbreak of dermatitis,
including chloracne cases, coincided with the production or use
of a poor or oxidized grade of PCB containing enhanced levels of
contaminants, presumably the PCDFs, and PCQs, Such contamin-
ants, which have been identified as major components in
sanples of the rice oils from the Yusho events in Japan and
Taiwan, in our opinion, have led to the high incidence of
chloracne in Yusho patients. The recent findings of Kashi-
moto et al. (1981) also point to this conclusion. Compat-
ible with these observations is the finding that most of the
signs of chloracne found in industrial workers are not severe
and not long-lasting after exposure has stopped, and are not
at all comparable in severity or duration to the symptoms

seen in some Yusho disease patients.
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vI. EFFECTS Of PCBs ON LIVER

A. Hyperplastic Foci and Nodular Hyperplasia
in the Liver

In a recent study, Preston et al. (1981) reported that the
oral administration of Aroclor 1254 alone or with PCDP impuri-
ties did not induce foci of cellular alteration, hyperplas-
tic nodules or cholangiomas in the livers of male Sprague-
Dawley rats. Further, pretreatment of the animale with
diethylnitrosamine (DENA) followed by administration of
Aroclor 1254 4id not significantly affect the incidence of
foci of cellular alteration or other benign hepatic lesions.
These results are summarized in Table I. The tumor-promoting
activity of Aroclor 1254 recorded in the Table is discussed
in Section VII of this annex. These results are of particu-
lar interest from the standpoint that the studies of Calan-
dra (1975), the National Cancer Institute bicassay (1978) and
Preston et al. (1981) with Aroclor 1254 all fail to contirm
the increase in benign hepatic lesions reported by Kimbrough
et al. (1973) for Aroclor 1260 in the rat.

B. Liver Punction and Liver Diseaae in

PCB~Exposed Workers
In an unpublished, coaprehensive epidemiologic study of

General Electric Co. employees, Lawton et al. (1981) studied
liver function in 172 capacitor workers previcusly exposed to
PCBs. Serum PCB levels for the workers averaged 276 ppd for
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Aroclor 1242, S8 ppm for Aroclor 1254, and 34 ppb for Aroclor
1260. The hepatic studies showed that the mean serum values
+ 2 standard deviations (SD) were within the normal range for
SGOT, SGPT, alkaline phosphatase, total bilirubin and direct
reacting bilirubin analyses. The mean serum SGPT value of
34.5 IU was within the normal range (1-55 IU), but the upper
level of +2 SD exceeded the normal range. As a part of this
study, Lawton et al. conducted an evaluation of the history
of 194 PCB-exposed capacitor workers. There was no relation=-
ship between the exposure and episodes of jaundice or hepati-

tis, most of which occurred prior to employment.

Summary and Conclusions

These recent studies add important findings on the poten-
tial impact of PCB exposure on liver structure or function
in the rat and in human populations. Clearly, Aroclor 1254
does not lead to benign liver lesions in the male Sprague-
Dawley rat, and extended exposure to Aroclors in the indus-
trial setting has not resulted in findings of significant
liver dysfunction or disease in capacitor workers surveyed

in the Lawton study.
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TABLE I

Incidence of Liver Lesions In Male Sprague-Dawley Rats
Treated with Aroclor 1254
(Data from Preston et al., 1981)

Treatment® Ar DENA + DENA +
Ar + AR AR 1354 -

Number of: Control 1254 PCDF  DENA 1254 PCDF

Animals 72 34 34 32 33 32

necropsied

Foci of cellular [ 0 0 10(31) ] 1y

alteration

Neoplastic nodules 0 0 [4] 6(19) 10(30) 5(16)

Hepatocellular Y 0 0 5(16) 21(64) 27(84)

carcinoma

Cholangioma 0 0 0 1(3) 1(3) 2(6)

Cholangiocaccinoma 0 1] 0 0 1(3) 1(3)

*Numbers in parentheses are % incidence.
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VII. GASTRIC LESIONS

vorgan et al. (1981) examined histologically the stomachs
Oof 144 rats treated with Aroclor 1254. (These preserved tis-
sues were from the NCI, 1978 bioassay study). All stomachs were
examined {a) by routine section through the junction of the
pyloric region and the duodenum and (b) by section of any
areas that gave a positive staining reaction for alkaline
phosphatase. Although the phosphatase stain may aid in
detectingy areas with cellular change, the authors state that
most of the stomachs showing positive alkaline phosphatase

activity were histologically normal.

The authors reported an increased frequency of cystic in-
testinal metaplasia in the treated animals; comparative inci-
dences were 0/47 in control rats, 3/48 in low-dose, 1/48 in
madium~dose, and 13/48 in the high-dose treated animals.
Treatment did not change the frequency of "crypt type" intes-
tinal metaplasia or diffuse intestinal metaplasia. The
total number of rats with all types of intestinal metaplasia
was 3/47 in control rats, 4/48 in low-dose, 5/43 in medium-
dose, and 15/48 in the high-dose treated group. Thus, the
high-dose group, but not the low or medium-dose groups,

showed a significant increase in intestinal metaplasia.

Vetaplasia is characterized by an adaptive substitution

' by one type of adult or fully differentiated cell for another
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type of adult cell. Although intestiral metaplasia and stonmach
cancet Mmay co-exist in the pyloric region of the vat stomach,
{t does not mean that the changes are related or that metaplasia
{s a premalignant change. Findings in this study with cespect
to stomach or intestinal tract cancer are Jiscussed elsewhere

{n this review.

An unusual form of gastric lesion has ULeen observad
{Geistfeld et al., 1932) in monkeys housed in new facilities
which cesembled cthe mocrphological c<hangyes that have been
described for animals receiving PCBs in their diet. Forty-
five of 259 male nonkeys died of chronic progressive disease.
The principal necropsy f{indings were hypertrophic and hyper~
plastic mycous gastrophy. The gastric lesion was charactecrized
Ly hyperplasia of the gastric epithelium, hypertrophy of mucus~
secreting glands, cyst formatinn and nenetration of glands into
the submucosa. PCBs were implicated in this fiading because
nt the presence of Aroclor 1254 in the adipose tissue of the
animals and in samples Of concrete from pens in which the
nonkevs were housed. The source of the PCDs appeared to be
the concrete sealer used in the construction of the pens. Re-
moval of successiva layers of concrete greatly reduced the
leval of PCB exposure, with & corresponding reduction in
animal deaths. Quantitative information on levels of PCBa
in the concrete and on dose transfer to the monkeys was not
obtained.
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Sumagx' and Conclusions

It seems clear that relatively high doses of commercial
Aroclors delivered chronically to the stomachs of rats or mon-
keys can produce pathologic changes in stomach or nearby
intestinal tiisues. In the rat the major change is seen in
an increase in the frequency of cystic intestinal metaplasia
in tissue loci otherwise charactarized by elevated alkaline
phosphatase levels. In the monkey the principal pathologic
findings in the sjomach are hypertrophic and hyperplastic
mucous changes. These recent findings amplify and extend

indications of target action on the stomach seen previously

in the monkey and rat.
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VIII. CARCINOGENESIS: EXPERIMENTAL

A. Hepatocellular Carcinoma
Preston et al. (1981) reported that administration of Aroclor
1254 alone or with added PCDF content for 23 weeks in male
Sprague-Dawley rats did not induce hepatocsilular carcinoma or
cholangiocarcinoma in the treated animnals (see Table I, Section
VI). They found, however that the number of hepatocellular
carcinomas induced by diethylnitrosamine (DENA) was in-
crcased when the DENA-treated rats also received Arxoclor
1254, either with or without PCDF, indicating a tumor promo-

ting effect of the Aroclor (Table I).

B. Bladder_Cancer

Cladder tumors were not observed in rats given Aroclor

1254 for 23 weeks {Preston et al., 1981).

C. Stomach, Intestinal Tract Cancer

Using fixed tissues from an earlier bioassay, Morgan
et al. {(1981) conducted a reexamination of the gross morph-
ology and histology of the stomachs of 191 animals preserved
from the 1978 NCI bioassay of Aroclor 1254 in F344 rats. The
stomachs of these animals were suipod for alkaline phosphatase
activity, and the alkaline phosphatase positive areas were used
to select areas of possible pathological significance. By this
means, they detected histological changes in an additjonal
three animals which they characterized aes early adenocarci-
noma; one lesion was in the medium-dose group and two in the
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high-dose group. Sex of the animals was not stated. They
also noted two regions of severe dysplasia in the high-dose
group. The lesions which were observed in the glandular
stomach and at the junction between the pyloric region of
the stomach and the duodenum by Morgan et al. included intes-
tinal metaplasia, cystic lesions, and three new adenocarcin-
omas not seen in the original examination. The total inci-
dence of adenocarcinomas observed in a total dosed population
of 144 animals was therefore one cancer at the low-dose,
three at the medium-dose and two at the high-dose of Aroclor
1254, for a total of six adenocarcinomas. The authors con-
cluded that since the incidence of stomach adenocarcinomas
was less than two percent (no tumors in 47 animals) in
simultanecus controls, the observation of six cancers in 144
treated rats constituted a finding in which the likelihood of
occurrence at random is less than 0.0S. Further, they referced
to this cancer tncidence rate relative to the incidence of
stomach adenocarcinomas in historical controls (cited to be
one case in 3548 animals), and concluded anew that the occur-
rence of six adenocarcinomas in 144 Aroclor-treated rats is

highly significant (p < 0.001).

These conclusions as to the statistical significance of the
adenocarcinoma findings in the stomach tissues reexamined by
Morgan et al. should be subjected to scientific scrutiny and

challenged on several grounds, detailed below.

1. First, Morgan et al. do not specify what statistical

MONS 015821



-40-

methodology they employed to reach their conclusions about
the significance of the cancer incidence in Aroclor-treated
animals vs. either the concurrent controls or the historical
controls. The comparisons are further confounded in that
the cancer incidence is not separated by both sex and
dose for test animals, and proper comparisons are not made
between cancer incidences for each sex at each dose level

and the corresponding control group values.

2. Since the rate of occurrence of cancers by sex group
was not recorded, the only valid test that one can apply to
these experimental results is the simultaneous set of com-
parisons for three dose groups and controls. When this is done,
for example, by chi-square analysis with three deyrees of free-
dom, the chi-square statistic is 3.39 for the Morgan data. A
value of 7.815 would be required for significance at a
level of 0.05. Therefore, the rates of occurence of stomach
adenocarcinomas among the dosed and concurrent control groups
as presented in the paper could represent just a vandom draw-

ing from the same populations.

3. Attribution of possible biological significance to the
adenocarcinoma incidence rates in the three treated groups is
further compromised by the fact that there is no clear Aroclor
dosage vs. response relationship among the results. Indeed,
fewer cancers were observed at the high-dose than at the the

medium-dose. The authors do not discuss this point. MONS 015822
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4. Finally, the reference by Morgan et al. to cancer rates
in historical controls is inappropriate and possibly mislead-
ing, since the tissues of historical controls were not exam-
ined in the same painstaking manner and by the same personnel
who performed the Aroclor animal reexamination. Bearing in
mind that Morgan et al. picked out cancers in their tissue
reexamination that had not been recorded by the pathologists
in the 1978 biocassay procedures, it could well be that
cancers in the. large number of historical controls went
unrecorded. These points constitute serious objections to
any possible conclusion that the 1978 NCI bicassay provided
consistent evidence for. the occurrence of stomach adenocar-

cinomas in F344 rats treated with Aroclor 1254.

Another aspect of this general problem of potential stom-
ach tumors in test animals dosed with Aroclor mixtures is pro-
vided by the findings from studies in monkeys discussed in our
previous health effects document. Workers in the laboratory of
Dr. J. R. Allen at the University of Wisconsin had performed
experiments with Aroclor 1248 administered in the diet of the
Rhesus monkey, leading to findings of gastric lesions in this
primate species. These findings included hypertrophy and hy-
perplasia of the gastric mucosa, edema of the stomach submu-
cosa, and mucous conversion of the gastric epithelium at
doses as low as 100 ppm in the feed. No such gastric changes
were documented in monkeys fed at 2.5 or 5 ppm in the diet.
Additionally, Aroclor 1248 in the diet as low as 2.5 ppm
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also produced reproductive problems in monkeys and some
tetotoxicity in their offspring in the cxperiments conducted

Ly Dr. Allen and his colleagues during the period 1974-1980.

The work of Allen et al. (1973) on gastric lesions in
monkoys received some confirmation in the work of Becker et
al. (1979) who produced gastric lesions in Rhesus monkeys
receiving dosages of Aroclor 1242 in the mg/kg range, How-
ever, Iatropoulos et al. (1977) working with the PCB mixture
Clophen A-30 and the monkey as test animal did not observe
the production of gastric lesions. The question of whether
low doses of PCB mixtures of a sufficient degree of chlorin-
ation can indeed produce gastric lesions in a primate model,
possibly as the precursors of the carcinogenesis which Morgan
et al. claim to have seen in Aroclor l254-treated rats, is

an important health effects {ssue that requires further

experimental study,

rinally, in the recent study of Preston et al. (1981) it
was found that treatment of male Sprague-Dawley rats with
Aroclor 1254 (100 ppm in the diet) for 23 weeks did not

induce gastrointestinal carcinomas.

Summary and Conclusion

The recent evidence on carcinogenic potential of Aroclor
12%4 in the rat, as cited above in two experimental studies
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.Eocustd on the liver, bladder, stomach and intestinal tract
as target organs, must be viewed as essentially negative in
our opinion. However, the finding by Preston et al. (1981)
of a possible tumor promoting effect of Aroclor 1254 in the
Sprague-Dawley rat must be judged as biologically significant.
Further studies to probe possible promoter activity of PpCB

mixtures in mammalian systems seem worthy of early attention.
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IX. REPRODUCTIVE EFFECTS

Spencer (1982) has made an asaessment of the fetotoxic
effects of Aroclor 1254 in rats by adding the compound to the
diet of pregnsnt snd pseudoprsgnant Sprague-Dawley rsts; doses
ranged from 25 to 900 ppm administered on days 6 through 15.
There was a decrease in ovarien protein in pssudopregnant
rsts snd a dscrease in placsntal protein and glycogen in
pregnant rats. Embryonic resorption did not occur up to ex-
posure lsvels of 900 ppm, but there waa a decrease in fetal
survival rate and fetal weight at concentrations of 300 ppm
snd 100 ppm respectivsly. Thers was alsc a significant
decresse in food intake and maternal body weight at doses of
300 ppm snd sbove, and nutritional factors alone may account
for the reduced fetsl survival and fetal wveights observsd

at thess high concentrations.

Summary and Conclusion

This new study on the impact of Aroclor 1254 on reproduc-
'uon in female rata fed 25 to 900 ppm in the dist at a critical
period during gestation confirms previous reporte that high
doses of tha PCBs may be fetotoxic. Although {t is known that
high doses of PCB may affect food intske and weight gain, the
degree to which the fetotoxic effecta are directly caused by
PCBs Or are a secondary consequence of altered nutritional

stete i{n the dosed animals is presently unknown.
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X. MUTAGENESIS

Although this annex deals principally with polychlorin-
ated biphenyls, it is of interest to note results from a
study by Ashby et al. (1981} on mutagenic properties of
substructural elements of the PCBs in the in vitro Ames test
systems. Starting with single aryl rings, these workers
found that aniline and benzyl chloride give a negative re-
sponse in the Ames test for mutagenicity, using a number
of strains of S.typhimurium. The addition, however, of a
benzene ring to form 4-aminobiphenyl (4AB) and 4-chloro-
methylbiphenyl (4CMB) greatly enhances the biological activ-
ity above that of the parent compounds. Positive responses
for 4AB were observed in strains TA 1537, TA 1538, TA 100
and TA 98. A negative response was observed in TA 1535.
Positive responses for 4CMB were obtained in strains TA 98,
TA 1538 and TA 100 but weak and non-reproducible positive

effects in strains TA 1535 and TA 1537.

On the basis of these observations one might expect that
certain PCBs would also be mutagenic in the same Ames assay
systems., Schoeny (1982) tested 2,4, 2°',4'-tetrachlorobi-~
phenyl, 3,4,3',4'-tetrachlorobiphenyl, 4-chlorobiphenyl,
2,4,6, 2',4',6'hexachlorobiphenyl, and several chlorinated
dibenzofurans. All the compounds were found to be non-
mutagenic for strains TA 98 and TA 100 when tested over a
3-~log dose range. They were also non-mutagenic when tested

with either induced or non-induced microsomal extracts as
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activators. These results are cteminiscent of the cecent
finding on the lack of mutagenic potency, with or without S9
activation, of the important PCDD congener 2,3,7,8 dibenzo-

p-dioxin in the Ames systems.

Summary and Conclusion

These recent test results on mutagenic potential of PCBs
and their analogs in the Ames test with Salmonella test
strains add to a body of previously available data pointing
to & lack of potency with regard to this important biological
effect. Although the biphenyl nucleus substituted with a
single polar or rveactive group (NH; or CH Cl) yields posi-
tive results in Ames systems, single or multiple substitution
of C1 groups on the biphenyl rings generally does not yield
mutagenic activity, with or without metabolic activation by
89 fractions., It is of further interest that this lack of
mutagenic activity also extends to several polychlorinated

dibenzo-p-dioxins.
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XI. OTHER HEALTH EFFECTS

A. Effects on Enayme Systems

Many reports have appeared in the past two or three years
which dealt mainly with effects of the PCBs and related halogen-~
ated compounds on liver microsomal enzyme systems. Most of
these reports simply confirm what is known of the effects of
PCBs on the livear and its enzymes. Gartoff et al. (1981)
showed that single or repeated doses of various Aroclors in
rats produced decreased hexabarbLital sleeping-time and in-
creased liver weight. Shull et al. (1982) studied the induc-
tive capacity of certain Aroclors in mink and ferrets and found
that at 20 ppm in the diet, Aroclor 1016 and 1242 produced only
weak induction of mixed function oxidases (MFO). Related poly-
chlorinated compounds such as the polychlorinated naphthalenes
induce mixed hepatic microsomal enzymes in immature male rats,
as shown in a study by Cockerline et al. (1981). They induced
both the phenobarbital and methylcholanthrene types of enzymes.
Pereira et al. (1982) compared single doses of Aroclor 1254 to
single doses of diethylnitrosamine (DENA) as inducers of foci
in the liver which produce gamma glutamyl transpeptidase and
found that Aroclor was a much weaker initiator of those foci

than DENA.

The rate of progression of the effect of single doses
of Aroclor 1254 on the different liver forms of cytochrome
P-450s (a,b,c,) and epoxide hydrolase (EH) in rcat liver

microsomes was reported by Parkinson et al. (1982) to vary
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{n vegard to rate of induction and duration of effect. Ryan
et al. (1982) isolated a new hemoprotein from rvat liver
called P-4504 and found that it could be induced by Aroclor
1284 and phenobarbital, but not by 3methylcholanthrene.
Nilsen and Tuftgard (198l) reported that various forms of
cytochrome P-450 were inducible in rat livers by paraffins.
Ryan and Levin (1981) have purified and characterized the
spectral peaks of three different cytochrome P-450 enzymes

(a,b,c) from rats given Aroclor 1254.

Lilienblum et al. (1982) showed that Aroclor 1254 stimu-
lated glucuronidation systems, that is, the glucuronyl tran-
ferases, GT; and GT;. It was also found that GT; is induced
by methylcholanthrene, whereas GT; is like the phenobarbital

induced enzyme.

In connection with the effects of PCBs on glucuronidase
release when polymorphonuclear leucocytes are treated with
certain releasers, such as human blood serum plus zymogen,
Lee (1981) showed that Aroclor inhibited release of polymor-
phonuclear glucuronidase. The possible significance of this
£inding is not clear. A clearly protective mechanisma has
been shown to result when the microsomal system is induced
by the PCBs in Aroclor 1254 since this induction partially
protects mice from benzeneinduced leucopenia (Wierda et al.,
al., 1981) and Greenlee et al., 1979). In chicks, Hansen et
al. (1981) found that Aroclor 1254 was less potent as an
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enzyme inducer than was the same amount of Aroclor 1254 in
animal fat obtained from swine which was subsequently fed to
the chicks. High-dose levels (i.e.; 9mg/kg) of the Aroclor,
were required, but the chicks did not show any other toxic
effects from the PCBs. The effects of the puticidd mirex,
photomirex and kepone were found by Chu et al. (1380) to be
additive, but they did not potentiate the induction of
microsomal enzymes produced by polybrominated and polychlor-

inated biphenyls in rats.

Ueng and Alvares (1981), Alvares et al. (1962), Alvares
(undated workshop report, 1981l) and Serabjit-Singh et al.
(1982) have shown that in the rabbit lung, microsomal enazyme
content as well as cytochrome P-450 were decreased, rather
than induced, by administration of Aroclor 1254. The de-
crease was due to a decrease in P-450; with no alteration
in P-4507y. At the doses of the Aroclor used by Alvares
et al. (1982) the PCBs were poor inducers of arylhydrocarbon
hydroxylase activity in the livers of mice as well as in the
kidney of rabbits, but resulted in suppression of this enzyme
in rabbit lung. The Serabjit-Singh et al. study (1982)
showed that the effect on the rabbit lung enzyme system was
dose related and that 200 mg/kg of Aroclor 1260 in one or

two doses produced no change in lung cytochrome P-450.

The effect of topically applied Aroclor 1254 on cthe same
enzyme systems in the skin has been investigated by Bickers et

al. (1982) who showed induction in whole skin, epidermis and
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dermis of arylhydrocarbon hydroxylase, O-deethylase and epox-
ide hydrolase. They emphasized the importance of the skin

as an organ for metabolizing xenobiotics.

Summary and Conclusions

The ability of Aroclors to induce a varviety of micro-
somal enzyme systems in tissues Of test animals has been
widely documented. The recent results add to the body of
information on the specificity of the induction process in
terms of the types of enzyme systems induced and of the
specific tissues in which the process occurs. Notable new
findings include: (1) the surprising observation that Aroclor
1254 leads to a decrease in microsomal enzyme content of
rabbit lung rather than an increase, due to a decrease in
P~4507y with no alteration in P-450y; content; (2) the
tinding of a new induced hemoprotein in rat liver designated
as P-4504; (3) the induction of glucuronyl transferases by
Aroclor 12%54; (4) Aroclor 1254 inhibition of release of
polymorphonuclear glucuronidase from leucocytes; and (5) the
demonstration that PCB induction in skin leads to an impor-

tant contribution to metabolism of xenobiotics.
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B. Immunologic Effects

Chang et al. (1981) followed 30 patients who had "yy-
Cheng” disease, due to ingestion of rice bran oil contamin-
ated with PCBs, PCDFs and PCQs, in 1979, and found differen-
ces in these subjects compared to controls in regard to the
serum immunoglobulins. They found that serum IgA and Ig»
but not IgG globulins were lower in the patients than in
controls. Also total T-cells, active T-cells and Ty-cells
were decreased in the patients but the percentages of 8-
cells and T-cells were not different in the patients. Hori
et al. (1981) succeeded in simulating the Yusho disease in
monkeys by feeding them daily doses of a mixture of 5.0 mg of
Kanechlor 400, a polychlorinated dibenzofuran (5 ug) plus a
polychlorinated quaterphenyl! (S.0 mg). The animals exhi-
bited the usual signs and symptoms of Yusho, such as edema,
liver necrosis, and i{mmune suppression. These results
strongly suggest that PCDFs and/or PCQs play a major role in
the etiology of Yusho.

Rabbits which were fed Aroclor 1248 for 4 weeks prior to
mating, during gestation, and nursing of the young, were tes-
ted for immunogenic alterations (Thomas and Hinsdill, 1980).
No general toxicity was seen in the mothers. Only the oft-
spring from the mothers fed 250 ppm (the highest dose in the
study) showed some impaired contact sensitivity but these
offspring also showed impaired body weight gains. It was

questioned whether the effect observed on contact sensitiv-
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ity was a direct effect rather than an indirect effect due

to the general action on body weight gain.

Silkworth and Grabstein (1982) showed that PCB-produced
immunotoxicity was mediated through tha Ah (aryl hydrocarbon)
gene locus in mice and that only the "planar” structure of the
PCBs (planar being 2,3,3',4'- versus non-planar 2,5,2°,5S'

-isomers of tetrachlorobiphenyl) was active.

Summary and Conclusions

Continuing work on immunological effects in humans ex-
posed to PCBs mixed with other chlorinated substances in
contaminated rice bran oil (PCBs, PCDFs, PCQs), and in mon-
keys exposed tc synthetic mixtures of these three components,
has shown signs of immunosuppression or alteration in imssun-
oglobulins and T-cells. Causality with respect to PCBs alone
has yet to be established in these species. Additionally,
signs of immunogenic alteration or immunotoxicity in rabbits

and mice dosed with PCBs have been Observed.

Despite the growing numbers of studies on this health
effect, the body of available evidence does not suggest that
PCBs alone can produce a dose relutcd'othct on immunological
competence in the human. In human PCB workers there is no
rsported effect on food intake and body weight, an effect

seen only at relatively high-dose levels in animals.
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XI1I. Epidemiology

A. Skin Problems

e

Lawton et al. (1981) made a review of medical records of
workers at several General Electric plants; the records from
a five year period (1970-1975) were reviewed at which time
the employee census varied between 1,500 and 1,800, Skin
irritations and dermatitis wvere reported among these

employees.

Medical records for a 15 year period of individuals
occupationally exposed to PCBs were reviewed. During this
period, 49 individuals presented with "allergic contact derma-
titis" to PCBs or other constituents of the compounded dielec-
tric fluid:; the dermatitis cleared rapidly, usually without
medication, upon removal from exposure. NoO cases Oof chloracne

were observed.

Lawton et al. (1981) also examined the dermatological
history of 194 PCB~exposed capacitor workers; 7S5 employees
had 100 dermatological findings of various types in their
medical history. Many of the tabulated cases had dermatolog-
ical findings that would not be considered work-related,
since employees recognized the contact nature of most rashes
{¢iberglass, dirty gloves, watch straps, etc.). Two cases
of rash were related to epoxy exposure and not to dielectric
fluid. Physical examination of these employees was unremark-
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able and no signs of chloracne past or present were discov~
ered. Pigmentation, thickening of the skin or discoloration
of the fingernails were not noted. Many of the dermatclog-
ical episodes were noted to antedate employment at General

Electric.

Most employees had multiple industrial exposures arising
from job mobility (maintenance men, use of other chemicals such
as solvents, etc.). The authors conclude that it was difficult
to relate any dermatological findings specifically to PCa

exposure.

B. Lipid Metabolism

The recent epidemiologic study of Lawton et al. (1981)
also focused on workers with elevated serum PCBs. The average
serun levels were: Aroclor 1242, 276 ppb; Aroclor 1254, 58 ppb;
Aroclor 1260, 34 ppb. The mean serum triglyceride level for
172 PCB-exposed workers was 144.5 mg/dl, which is within the
normal range of $50-200 wmg/dl, but the upper level of 2 SD
was above the normal range. Deteiled statistical analysis

demonstrated:

1. A significant positive associmtion between log serum
triglycerides and log serum PCB levels, either as

Aroclor 1242, Aroclor 1260 or total PCB;

2. Wwhen PCB and DDE 1levels were considered as
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distributed in a serum lipid fraction (sum of
triglycerides and cholesterol), the log serum
triglyceride level was not significantly dependent
on log serum PCBs plus DDE;

3. Wwhen PCBs and DDE were considered as body
burden, the log serum triglyceride level was
significantly dependent on burden only when
the percent body fat was removed as an indepen-

dent variable in the case of Aroclor 1242;

4. That the log serum triglycerides were positively
related to percent body fat Dbut negatively

related to sex.

Following discontinuation of the use of PCBs at the
jeneral Electric plants on 6/30/77, Lawton et al. (1981)
iound that the serum cholesterol level for each sex of PCB-
1xposed workers showed a statistically significant decline
:hrough 1979, The 1979 determinations showed that the range
+ 28D) in the exposed group was above the upper limit for
:he standard range. The serum cholesterol had a significant
jositive association with log serum PCBs but not when stated
s PCB in adipose tissue or PCB body burdens. The serum

tholesterol level was service and/or age dependent.

C. General Complaints & Symptomatology MONS 015837
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matology are subjective in nature and that the “"normal”
background incidences of various symptoms can vary widely in
different studies, depending in part on how questions are
asked and on the type of questions used. Thus, symptomatol-
ogy reported by workers is the least reliable of the data

available for analysis.

Fischbein et al. (1979), studying volunteers from Gen-
eral Electric plants, did not find a signiYicant correlation
between reported symptoms and plasma PCB level or between
symptoms and duration of employment. Lawton et al. (1981),
studying symptoms reported by 194 PCB exposed capacitor
workers at General Electric plants, found reported symptoms
(headache, dizziness, depression, memory loss, fatigue, ner-
vousness, sleeplessness, somnolence) to be less frequent
than reported by Fischbein et al. (1979). The analysis of
Lawton et al. (1981) suggests that the symptoms reported can
be reasonably associated with intercurrent disease and/or

the general situations of life stress.

Smith et al. (198l1), summarizing data from combined
work sites, reported that coughing at work and eye irritation
were related to both L-PCB and H~PCB levels in serum whereas
the symptoms of loss of appetite and peripheral "“tingling®
were associated only with L-PCB. Many of these differences
were not observed when individual work site data were anal-
yzed separately; the lack of a difference in each site mav
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result because jobs were included as a confounder variable.
Most studies have not reported any major symptoms associated
with exposure to PCBa (Smith et al., 1981; Kreiss et al.
1981).

Except for Yusho disesse, which is a special situation
(see Section II), and an occasional report of chloracne
(section XII), there has been no reported clinical disease
in PCB-exposed populations (Karppanen and Kolho, 1972; Mumph-
cey, 1980; Smith et al. 1981; Chase et al. 1981; Xreiss et
al. 1981; Baker et al., 1980; Lawton et al., 1981). The
common but not consistent findings of abnormalities of lipid
metabolism, especially blood triglyceride levels, and minor
abnormalities of liver enzymes, especially SGOT and GGTP,

were not associated with symptoms or clinical disease.

D. Pulmonary Punction

The work of Warshaw et al. (1979) of pulmonary function
in workers in a capacitor plant, has been reviewed previously.
In contrast, the study of Lawton et al. (1981) did not
demonstrate that PCB exposure, as measured by serum PCB
levels, is correlated with spirometrjic abnormalities. Their
data are calculated on the basis of Knudson et al. (1976),
using a normal range to >70% for both vital capacity and
PEV)/FVC as recommended by the American Thoracic Society.
Abnormal findings occurred primarily in smokers and ex-smokers,
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as shown in Table II.

E. Fasting Blood Glucose Levels

In the epidemiologic study of capacitor workers (Lawton
at sl., 1981), the mean fasting blcod gluccse level and range
tor PCB exposed workers were within normal limits. Compari-
son of 1976 and 1979 values showed an apparent decline in
1979 that was statistically significant. It wes also obser-
ved that {fasting blood glucose levsls increased with age,
which is in agreement with the literature. Glucoauria was

not observed.

F. Uric Acid Levels

Normal serum uric acid levels were obtained in PCB-

exposed workers {(Lawton et al. 1981).

Summary and Conclusions

The epidemiological review of medical racords of
General Electric workers by Lawton et al. (1981), focused on
employees with records of PCB exposure in electrical capacitor
manufacture provides additional clinical data to assess the
possible hazards of PCBs. For vorkers occupationally sxposed
to PCBs over many years, it is important to note that dermato-
logical findings were relatively minor, physical examinations

ware unremarkable, and no signs of chloracne past or present
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were discovered. Some relationships indicative of altered
triglycerides in the circulating serum, were observed; they
were not associated with symptoms of clinical disease.
Other reported symptoms, e¢.g. headache, dizziness and depres-
sion are reasonably associated with general life stress, not
PCB exposure. Complaints of coughing and eye irritation
have been reported by Smith et al. (198l1) as related to
serum PCB levels, but this has not been reported by other

authors.

The study by Lawton demonstrates that extensive exposure
to PCBs in the occupational setting, sufficient to have
established blood levels in excess of 200 ppb, has not led
to the production of clinical disease states in General Elec-

tric capacitor workers.
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TABLE 11

Prevalence of spirometric abnormalities in 187 PCB-exposed
capacitor workers. Criteria for abnormality of FEV)/¥VC
given as percent of predicted using standards of Knudson
et al. (<70% compared to the older standard (<75%) used by
Warshaw et al.).

MALE FE MALE
Non- Current & Non- Current &
Smokers Ex-Smokers All Smokers Ex-Smokers All
Fvce® 0/41 5/105 5/146 1/1% 4/26 ' 5/41
(4.8%) (3.4%) (7.0%) (15.4%) (12.2%)
FEV)® 0/41 11/105 11/146 0/15 8/26 8/41
(10.5%) (7.5%) ) (30.8%) {19.5%)
FEV,/ )
FVC+ 0/41 217108 21/146 1/1% 11/26 12741
(20.0%) (14.4%) (7.0%) (42.3%) (29.3%)
++ 12/41 36/105 48/146 4/15 20/26 24741
1(29.3%) (34.3%) (32.9%) (26.7%) (76.9%) (58.5%)
® < 79.5%
+ < 70.0%
++ < 75.0%
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XIII. Recent Find on Health Effects of
olychlorinated D ngofurans

l. Introduction

With increasing realization that the relatively po-
tent polychlorinated dibenzofurans (PCDFs) occur as
trace constituents in commercial PCB mixtures, and are
also formed in small yields at temperatures above 270°C
(Choudhry and Hutzinger, 1982) by oxidation/cyclization
of suitably substituted PCB congeners, attention has
turned to evaluation of the contributions that these
tricyclic compounds may make to the toxicity syndrome
elicited by exposure to PCB/PCDF mixtures or to individ-

ual PCB congeners.

A workshop on chlorinated aromatic heterocyclic com-
pounds was held in Rome in October, 1980. The papers
presented at that workshop represent summaries of impor-
tant studies performed to that date and form a useful
framework for integration with work on the PCDPs that
has appeared in the past two years. Specifically, major
workshop papers included: (1) a presentation (Jansson
and Sundstrom, 1980) which described the formation of
PCDPs during a fire in electrical capacitors containing
PCBs; and (2) a paper by Mc Nulty et al. (1980) which
presented results on the chronic toxicity of
2,3,7,8~tetrachlorodibenzofuran in Rhesus macaques.
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Since the biological potencies of PCDFs are of the
order of 102 - 104 greater than the toxicities of
corresponding substituted PCBs with respect to produc~
tion of such health effects as chloracne and P-448 oxi-
dase induction, it is clearly important to sort out the
contributions to total toxicity patterns made by PCDFs
even when they are minor constituents (at a few ppm) in
PCB mixtures. Indeed, Kashimoto et al. (1981) have
already high-lighted this point in their analysis of the
progress of the Yusho disease syndrome in Japanese
patients. These patients were exposed to contaminated
rice oil in which the PCDF content was only 5 ppm (on a
rice oil basis) but may have been almost entirely respon-
sible for the persistence of chloracne and skin pigmenta-
tion over many years in some of the more severely
affected patients. Therefore, the following sections
are devoted to a brief review of some recent advances
toward understanding of the structure vs. activity rela-
tionships for this important class of halogenated poly-

cyclic compounds.

2. Animal Studies

Recently, Hori et al. (1982) reported on an inter-
esting study in which the PCB and PCDF fractions isola-
ted from a batch of the original Japanese Yusho rice oil
were administered orally as the PCB fraction alone (15.4
ug/mouse/day) or mixed PCB + PCDF fractions (15.4 ua +
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1.0 ug/mouse/day) for seven days to male ICR strain
mice, followed by analysis of the retention of individual
PCB congeners in liver and ediposa tissue for the next
50 days. Overall, results were essentially the same for
the two experimental groups in the following respects:
(1) by day SO in both liver and adiposs tissue the rela-
tive content of hexa-and hepta-CBs retained was nearly
90 percent of the PCBs in those tissues, probably because
of metabolic elimination of lower chlorinated congeners;
and (2) residual amounts of PCBs in tissue with the meta
and para positions unsubstituted by Cl atoms (i.e. the
3,4-, 4,5-, 3',4'=-, or 4', S'-positions) were small,
presumably because of low original concentrations and
ready metabolism via vicinal unsubstituted ring posi-
tions. The principal effect of the PCDPFs on PCB reten-
tion in tissues was to lower the half-lives of three
marker PCB congeners in each tissue by a factor of adbout
two. This effect was presumed to originate from selec-
tive metabolic activation/elimination of these congeners
by P-448 oxidases induced by the PCDPs.

Yoshihara et al. (1981) have reported on an impor-
tant study of the acute actions of 13 dJdifferent PCDP
congeners in male Wistar rats, with single intraperiton-~
eal injections of congeners in corn oil vehicle at levels
near 1 mg/kg leading to enzyme induction of the 3l-methyl-

cholanthrene (P-448) type and to variable accumulations
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in liver tissue. A major finding of the study concerned
the controlling influence oOf ring substitution by Cl
atoms on the course of 3-MC type enzyme induction in
liver tissue); all 9 PCDFP congeners having at least ) Cl
atoms in the critical lateral positions (2,3,7,8 on the
PCDF rings) exhibited typical 3-MC type induction., The
most potent congeners for this effect, active at a
single dose near 1 mg/kg, were those with the lateral
positions completely filled, i.e. both 2,3,7,8 - tetra
CDF and 2,3,4,7,8 - penta CDF. Congeners with two or
less Cl1 actoms in the lateral positions did not show any
enzyme inductive effect at a single dose as high as 5-10
mg/kg.

In this study, the PCDF congeners active as 3-MC
type inducers also produced marked atrophy of the thymus
snd hypertrophy of the liver in rats; congeners inactive
as inducers failed to elicit these effects on thymus and
liver. The ability of congeners to concentrate in liver
and produce acute hepatotoxicity turned out to be quite
variable and to bear no clear relationship to PCDP struc~

ture.

The comparative acute and subchronic toxicities of
two of these highly substituted PCDFs with lateral posi-
tions completely filled, the 2,3,7,8 - tetra CDF end

2,3,4,7,8 penta CDF congeners, were studied earlier by
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Moore et al. (1979) in single strains of mice and guinea
pigs and also in the Rhesus monkey. All animals were
doaed by gastric intubation in corn oil, and showed
toxic signs ranging through the set: body weight loss,
decrease in body weight gain, thymic atrophy, liver
hypertrophy, anemia, edema of face and 1lips, loss of
facial end other hair, loss of fat, hyperkeratosis,
squamous metaplasia, etc. Curiously, both the guinea
pig and the monkey were quite sensitive to the acute
toxicities of these PCDPs 5-10 ug/kg (12-15 days) and
1000 ug/kg, respectively, but the (57B1/6fh(J67) strain
of mouse was relatively insensitive to acute toxic
actions of these PCDPs, showing no clinical signs of
toxicity over 30 days at doses up to 6600 ug/kg. These
acute lethality data could also be compared with acute
data on the correspondingly substituted dibenzo-p-dioxin,
the 2,3,7,8 - tetra CDD congener, to give an estimate of
the relative lethal potencies of fully laterally substi-
tuted PCDFs vs. PCDDs. 1In the guinea pig the PCDPs were
only 2-4 fold weaker than the tetra CDD; in the monkey
the factor by which the PCDFs was weaker was about 20
fold; and in the resistant mouse the factor difference
in 30 day LDSO0s was approximately 23 fold. These differ-
ences amount to one to two orders of magnitude in lethal

strength of fully laterally substituted PCDDs over PCDPs.

The PCDFs are not uncommon contaminants in the eco-
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sphere. They are formed in the course of synthesis of
polychlorinated phenols. Rappe et al. (1979) have noted
that they are found in fly ash and flue gases, resulting
from pyrolysis of PCB residues by at least three cycli-
zstion reactions involving either loss of two ortho Cl
atoms, loss of ortho H and Cl atoms, or migration of Cl
atoms on rings followed by cyclization. Cavallaro [19
al. (1980) have also measured the amounts of PCOP con-
geners in effluents from incinersted solid urban wastes.
Rappe et al. (1981) have found many PCOP congeners stored
in the fat of animal species as widely separsted as the
snapping turtle (U.S.) and the grey seal (Sweden), using

mass fragmentograms as the detection/identification tool.

PCDF congeners have been studied in recent pharmaco-
kinetic and toxicologic experiments with a variety of
animal models. Decad st al. (1981) studied the distribu-
tion and excretion of the fully laterally substituted
2,3,7,8 - tetra CDP in two strains of mice, with the
findings that the liver was the major site of initial
accumulation, vedistribution to adipose tissue then
occurred, 55-80 percent was excreted as polar metabolites
in the feces within 10 days, and the whole body halt
life for total elimination of parent compound and metabo-
lites was of the order of 2-4 Jdays. Veerkamp et al.
(1981) also studied PCDP metabolism, using the Wistar
rat. These workers found that monohydroxy and dihydroxy
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derivatives were in various tissues and excreta (fat,
liver, urine, feces), ilnvolving, at least in part, the
occurrence of Cl atom shifts plus hydroxylation. Lower
degrees of PCDF chlorination led to a variety of hydrox-
ylated derivatives, plus some containing the -SH sulf-
hydryl group isolated as the methylthiocether, but the
higher PCOFs (e.g. the fully substituted octa CDP) resis-
ted metabolism. Much unchanged PCDF was excreted in the
feces, presumably before intestinal reabsorption had
occurred, Mc Nulty et al., (1981) extended the study of
the actions of the potent congener 2,3,7,8 - tetra CDP
to Rhesus ronkeys. Dosing in the food at SO0 ug/kg/day
for 2 montha or 5 ug/kg/day for § aonths yielded severe
signs of toxicity (and early deaths) in these primates,
including reduction in physical activity, severe skin
changes, swollen eyelids and enlargement of the meibomian
glands, hyperkeratonic nail bed, atrophy or squamous
metaplasia of sebacecus glands, mucous metaplasia and
hyperplasia of the gastric mucosa, involution of the
thymus and hypoplasia of the bone marrow. In animals
that survived, recovery was apparently complete after 3

months on control diet.

Because of the biological potencies of suitably subs-
tituted PCDFs, the ability to detect and quantitate
small amounts of these compounds in tissues and other

sanples becomes very important. Hutsinger et al. (1981)
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have reported on a bioanalytical approach to this prob-
lem which makes use of an initial step involving revers-
ible binding to a specific recaptor protein of tha hepa-
tic cytosol of rodents or in cultured mammalian cells.
Essentially, this technique measures tha ability of a
compound in s sample to displace radiclabeled 2,3,7,8-
TCDD from its binding to the receptor system, and quanti-
tates the molar amount of that compound in reference to
that concentration of unlabeled TCDD which can effect
half-displacement of the label. Prom extracts of air
samples conéasnlng PCDFs or PCDDs in the nq/l3 concentra~
tion range, this method ias able to afford eatimates of
the amounts of tetra-octa chloro-substituted congeners

in either family of compounds.

A recent report (Silkworth et al., 1982) on s 1981
fire in the State Office Building in Binghamton, New
York involved fire products from s transformer containing
ss dielectric fluid 635 percent of a PCB mixture and 35
percent of chlorinated benzenes. The fire resulted in
release of large quantities of asoot contaminated with
PCBa, PCDDs and PCDPs. Congeners present included the
fully laterally subatituted 2,3,7,8-TCDD (two samples:
2.8, 2.9 ppm) and 2,3,7,8-TCDF (272, 124 ppm). Both the
ao0t and equivalent sample of its benzene extract were
tested for acute oral toxicity and lethality in guinea
pigs and dermal toxicity in rvabbits. In guinea pigs,
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the spectrum of toxic signs expected for PCDD~-PCDP mixtures
(weight decreases, effect on thymus and kidnay, hyperpla-
sia and metaplasia, triglyceride elevation, etc.) was
about equivalent for either carrier mode, scot vs. extract,
as vere the respective LDS0 values (410 mg soot/kg, 327
mg soot equivalent/kg). In rabbits, dermal application
of the soot or the extract resulted in liver pathology,
but local skin serous inflsmmation occurred only with
the benzene extract, indicating that the socot matrix
prevented local inflammatory reaction from particle-
bound PCDDs and PCDPs.

Pinally, in a comprehensive recent review, Parkin-
son and Safe (1981) have attempted correlations of PCOP
toxicities with aryl hydrocarbon hydroxylase (ANH) induc-~
tion, as & key biological action of these chemicals.
The animal toxlcities sort into the following major
health categories: (1) wasting syndrome, involving pro-
gressive weight loss that is not simply related to de-
creased food consumption; (2) a variety of skin disor-
ders including chloracne, alopecia, etc.; (3) lymphoid
involution, with thymic and splenic atrophy and immunosup~
pression; porphyria, involving an overproduction of
uroporphyrinogen; (5) endocrine and reproduction dysfunc-
tions (6) terastogenesis; (7) carcinogenesis. These auth-

ors tested correlations between specific health effects
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in these categories snd the sbility to induce AHH, rea-
soning from the basis that corresponding astructure ve.
activity relationshipe in each chemical class should
influence or govern toxic potency for a given effect,
receptor binding affinity to the specific cytosol recep-
tor, and ths sbility to induce P-448 vequiring ARN.
Taking sccount of age dJdependent, sex-dependent and
organ-specific differences in susceptibility seen in
different test species and strains, and effects dependent

on ths prs or abse of a genetic Ah locus control-

ling AHH synthesis, some positive correlations were in-
deed noted. Good correspondence wss found between mo-
leculsr structurs lending to AHH {nduction and that
producing significant binding affinity to the cytosol
receptor. However, it was noted that AHH induction may
correlate with one toxic effect but not another as struc-
ture ia varied, and that in some cases the relationship
between ARR induction and toxicity is not established
vhequivocally. Wo compelling evidence wss found that
AR per ge.-mediates the lethal effects of these com-
pounds, even though ABR induction correlstes with toxi-
city for c_pru!.n cpoéiﬂc health effects. Parkinson and
Safe lllompolntod out that other fsctors impinge on the
ability to sort out clesr correlations between AHH indue-
tion and epecific toxic effects. PFor example, these
polyhalogenated compounds alter the vitamin status of
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animal models (vitamin A, etc.), which may in itself
have great impact on bioclogical response patterns, and
iron deficiancy in a test animal model may be abls to

negate or perturb the ability of a compound to initiaste

porphyris.

3. Human Observations

No new information besring on PCPP-induced heslth
effscts in exposed human populations has sppeared in the
pest tvo years, aside from the incressing emphssis placed
on potential causation of persistent Yusho disesse symp-
toms {n Japanese and Taivenese pstisnts by these cheai-
cala. It is possible that PCDPF effects such as chloracne
snd ensyme induction might also occur in other sufficient-
ly exposed human populations, but detection would depend
on being able to sort out the specific contributions of
these agents alone from the totsl spectrum of chemical
sixtures (e.g. PCBa and chlorinated phenols) in vhu;h
they are generally encountered as trace cantaminantg.
To date, the -jdentification of unique PCOF effects in

husans has not been documented.

Summary and Conclusions

The PCOPs have been studied with increasing interest
in recent years as reslization grows that they are impor—
tant contributors to the toxicity of mixtures in which
they may be present at only tiny mole fractions. 1In
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recent animal studies they have been shown to be powecful
AHH inducers, especially when the lateral 2,3,7,8-posi-
tions are fully substituted by chlorine atoms. They
produce many toxic signs in test animal systems including
severe skin changes, swollen eyelids, enlargement of
meibomian glands, squamous metaplasia, hyperplasia of
the gastric mucosa, thymic involution, hypoplasia of the
bone marrow, and hepatotoxicity. They undergo metabolic
hydroxylation and excretion when the pattern of chlorine
substitution is suitable, with major excretion of polar
metabolites in the feces. Aside from continued analysis
of vesidual health effects in Yusho patients, in which
the opinion is growing that PCDFa are major contributors
to the persistent toxic syndrome observed, 1little in
the way of human PCDP exposure vs. effect information

has been documented.
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PREFACE

The technical review concerned with the effects of PCBs, as pro-
vided on the following pages, summarizes the findings reported in the
following documents:

e “The Epidemiology of PCBs" by Willtam Gaffey, a Monsanto pub-
lication, (13981).

¢ "A Review and Evaiuation of Carcinogenicity Studtes in Mice
and Rats and Mutagenicity Studies with Polychlorinated 8i-
phenylis* by Geaorge Levinskas, a Monsanto publication, (1981).

o "The Toxicity of Aroclor Products 1242, 1254, and 1260 to the
Liver of Albino Rats" by George Levinskas, a Monsanto publica-
tion, (1981).

s "Human Health Effects of Electrical-Grade PCBs" by J.F. Brown,
Jr., J.7. Coe, and H.D. Pocock, Jr., a General Electric publi-
cation, (1981).

o "Technical Review of the Health Effects of PCBs" by Robert
James, Morris Cranmer, and Raymond Harbison, a New England Gas
Association publication, (1981).

o "Assessment of Carcinogenic Risks From PCBs in Food" by Kenny
S. Grump and Marjory Masterman, prepared for the United States
Congress Offtce of Technology, contract # 933.1350.0, (1979).

11
MONS 015864



The reader will note that, with the exception of the section on
risk assessment, the summaries in this report contain no specific ref-
erences to other documents. Since the documents listed above, which
review the pertinent literature on PC8 health effects to date, give
specific references for further study, it was not thought necessary to
repeat these same citations in the body of this report. For a more
in-depth review of the pertinent PC8 1iterature and specific cita-
tions, it is suggested that the reader refer to the documents listed
above.
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EXECUTIVE SUMMARY

In this paper we examined the human health risks associated with
exposure to PCBs. To accomplish this purpose, we reviewed all signif-
icant published or readily available studies of the effects of PCBs as
well as the pertinent current theories of carcinogenesis, the scien-
tific body of knowledge which supports these theories; and have pro-
vided an analysis of the chemical carcinogenesis testing performed
with commercial PCBs. As a result of this review and evaluation, it
is our independent professional opinion that “any exposure to P(CBs”®
does not pose a significant health risk to humans. These conclusions
are based on data of the primary exposure to commercial grade PCBs.

After reviewing the carcinogenesis test data, we have concluded
that commercial PCBs do not represent a carcinogenic (genotoxic/
fnitiator) risk and that, even if they possess oncogenic {eptgenetic/
promoting) activity, the risk at low exposures is insignificant. This
mechanistic distinction is a very important basis from which to
address the cancer risk. To paraphrase a succinct summary of this
distinction by Weisburger and Williams, promoters {oncogens) share the
characteristic of being active only at high, sustained doses, and wp
to a certain point, the lesion may be reversible. Thus, these types
of carcinogens represent only quantitative hazards to humans, and safe
Tevels of exposure may be established by carrying out proper dose-
response studies.

Attempts to estimate the potential risk of cancer to man caused
by PCB exposure using data developed in rodents represents a contro-
versial but crucial dilemma. Numerous studies involving both mice and
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rats have heen reported, but only one study exists toc date that Sug-
gests PCBs may cause an increase in hepatocellular carcinoma. When
the paucity of convincing data fs compared to the large number of neg-
ative tests, and when other important contributing factors are con-
sidered (e.g., the spontaneous rate of liver injury and liver regener-
ation, thereby promoting aberrant hepatocellular growth; etc.), it is
difficult to conclude that PCBs represent a significant cancer risk in
man.

Analysis of published animal data leads to the conclusion that,
in animals, commercial PCBs represent a low acute exposure hazard;
that mutagenic, teratogenic, and reproductive risks are minimal; and
that the carcinogenic potential of this compound has not been convinc-
ingly demonstrated in an anima) model relevant to man. This lack of
suggestive risk based on animal data has been further borne out by the
fact that neither liver nor other cancers in man have been positively
Tinked to PCB exposure in recent epidemiologic studies utilizing large
study populations.

At worst, PCBs at high or elevated doses meet some of the cri-
teria for a chemical promoter, i.e., they enhance tumor growth through
epigenetic mechanisms but do not induce new tumor growths. This dis-
tinction is of extreme importance and can be made based upon the known
mechanisms for genctoxic carcinogens and those for promoting agents.
PCBs demonstrate many characteristics of the latter and none of the
former. A further importance of this distinction is that P(Bs have
only been shown to possess a weak promoting activity at most, There-
fore, the thresholds both proposed in theory and observed in animal
studies suggest that there are safe exposure levels for PCBs.

The occupationd) exposures are certainly the most extensive and
longest-term human PCB exposures that we are currently aware of, and
are therefore probably most representative of what adverse effects
might be expected. A comparative review of these occupational-
exposure studies reveals that, like other chemicals, PCBs can cause
adverse health effects, but in many respects these have been minimal.
While dermatitis and chloracne, which were reversible after discon-
tinuing the exposure, have been noted in some cases, no other sig.
nificant findings were routinely made. Even though several studies
incorporated clinical chemistry analysis as indications of organ
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dysfunction or other physical disorders, no remarkable clinical find-
ings have been uncovered. Furthermore, several investigators have
commented to the effect that there is a “paucity of abnormal results”
and that “there is no evidence of physical harm resulting from working
with PCBs.* In spite of over 50 years of use, no causal relati{anship
has been established for any specific type of cancer, nor has it been
proved that the incidence of cancer mortality has increased. The
largest study, by the National Institute for Occupational Safety and
Health (NIOSH), which tnvolved over 2,500 persons, did not detect any
statistically significant excess in the cancer mortality. Since this
study failed to demonstrate an excess cancer rate in a high exposure
population, it provides some reassurance that it fs unlikely that
future studies will show any increased risk of cancer from PCBs.

In summary, epidemiologic studies have demonstrated that PCBs are
not remarkably toxic chemicals after acute exposure, and that when
excess exposure does occur, the usual consequences are dermatologic
and not of a serious or permanent nature. Chronic exposures have
added little or no additional adverse effects of note to this picture.
The preponderance of studies has not identified a clinical disease
associated with exposure to PCBs, nor has it provided persuasive
evidence of health impairment. There is no evidence of an excess in
total mortality or in mortality due to cancer, cardiovascular disease,
or nervous system disease associated with occupatiaonal exposure to
PCBs. PCBs have not been 1inked to any human cancer, and studies to
date indicate it is highly unlikely future studies will establish such
a link. Therefore, it appears that PCBs are not a remarkable toxi-
cant, but a chemical which requires high doses to produce harmful
effects.

The chemical analyses of P(Bs have shown that they often contain
polychlorinated dibenzofurans (PCOFs) at low levels. The concentra-
tions of these toxic contaminants are generally in the parts-per-
million range in pure PCB mixtures, but percent of contamination can
be substantially increased as a result of industrial use. Since
levels of PCBs generally found tn the envirorment are in the parts-
per-miliion range or lower, the concomitant concentrations of PCDFs
would be expected to be unmeasurable. For this reason and because
the toxicity data of all PCB exposures have probably included this
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contaminant, the concern for low level exposures to PCOFs is still
expected to be minimal. However, the conclusions reached in this
report apply to exposure to commercial PCBs and cannot be applied to
all environmental PCB exposures, which may include expasure to concen-
trated contaminated waste mixtures.
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1. MAMMALIAN TOXICOLOGY OF PCBs

Any assessment of hazards posed by exposure to a chemical must
consider the doses required to elicit each toxic response as well as
the spectrum of toxicities the chemical is capable of inducing. A1l
of these factors must be cqcfuny incorporated into the final estima-
tion of risk. Many toxicity tests depend upon clearly observable
effects, such as organ injury or tissue damage. For these tests,
detection of the effects in question is clear, and the results can
directly be extrapolated to determine the potential for a simtlar
adverse effect in man. However, a complete safety assessment and
evaluation must also include tests designed to measure mutagenic or
carcinogenic potential. While the biological manifestations for these
tests may be easily measured and reproduced, what the experimental
results represent with respect to the expected human response is less
clear. Therefore, results from the latter tests should not necessar-
ily overshadow findings in the former tests. Instead, the results
from all tests must be evaluated for internal consistency. As new
data emerges, this information should likewise be incorporated and, if
necessary, the risk reassessed.

Polychlorinated biphenyls (PCBS) are not capable of causing imme-
diate 1ife-threatening responses in animals except at very high doses.
When given as a single oral dose to rats, mice, or rabbits, the dose
Tethal to 50% of the test species lies in the 1,000 to 16,000 mg/kg of
body weight dosage range. According to the scheme proposed by the
American Industrial Hygiene Association, this dosage range for acute
or immediate toxtcity classifies PCBs as only a slightly toxic to
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practically nontoxic chemical. Ethyl alcohol is in the same toxicity
class. The most consistent pathologic findings associated with the
Tethality of short-term tests are fatty infiltration of the liver,
liver injury, and centrilobular necrosis of the liver. This is not an
unexpected finding. Many chlorinated organic chemicals produce liver
or kidney injury in mammals. Other effects observed in acute studies
include depression and lethargy, decreased pain response, anorexia
(loss of appetite), ataxia (unsteady gait), and diarrhea. These are
signs of chemical intoxication that are also commonly seen with many
other organic chemicals.

PCBs applied directly to the skin of rabbits produce dermal re-
sponses such as erythema, hyperkeratosis, biisters, and desquamation.
These effects are not a particularly remarkable finding for any or-
ganic chemical. [n monkeys, the epidermal disorders from oral dosages
of 250 to 400 mg/kg are facial edema, hair loss, and acne. Wwhile
chloracne has been reproduced in humans after high accupational expo-
sures, it can also be produced by exposure to other chlorinated ben-
zene derivatives. Other than discomfort and some scarring in severe
cases, it is a reversible effect.

Subchronic studies have revealed other effects. Weight loss and
Tiver injury become a more consistent finding in the rodent species,
with 1{ver enlargement and an fnduction of liver metabolism occurring
at lower doses. PCBs are potent inducers of the mixed functicn oxi-
dase system, more potent in fact than either phenobarbital or DOT,
which have been used extensively as experimental tools for this pur-
pose. PCB mixtures are also uniquely capable of inducing both cyto-
chrome P-450 and cytochrome P-448.

The other systemic effects reported are porphyria; increased thy-
roid metabolism; gastric hyperplasia; increases in triglycerides,
cholesterol, and phospholipids; and atrophy of the spleen and thymus.
Estrogenic activity for PCBs has been reported in rats, and prolonged
menstrual cycles and increased bleeding have been observed in monkeys.
Of the above effects, the thymic change and the immunosuppressive
effects of PCBs are probably of most concern. Changes in the immune
system could lead to increases in the susceptibility to and severity
of infectious and neoplastic diseases. However, attempts to verify
that the immunosuppressive effects of high doses of PCBs might
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increase the cancer risk from other causative agents have produced
inconsistent results. PCBs have been reported to inhibit the tumor
growth of Walker 256 carcinosarcoma cells, to enhance the growth rate
of MCB cells derived from the moloney sarcoma virus, and to be without
any effect on the moloney leukemia virus.

Test procedures designed to indicate serious long-term or chronic
effects have been somewhat variable, but these too have provided
fairly unremarkable effects when compared to the potential harm caused
by other useful industrial chemicals that have been similarly tested.
Mammalian studies indicate that there is little reproductive risk as-
socfated with moderate to high doses of PCBs. Studfes using up to 100
mg/kg/day did not affect reproduction in the rat, and similar results
have been reported from tests in mice and monkeys. PCBs do, however,
cross the “placental barrier." Primates born to exposed mothers have
shown symptoms of intoxtcation. Also, those doses high enough to dis-
rupt the estrus cycle have been shown to decrease the implantation
rate. Yet PCBs did not produce any histopathological changes in the
reproductive tracts of either sex of rats, caused no chromosomal dam-
age or arrested spermatogenesis, and were negative in the dominant
lethal test for inheritable damage to germ cells. More importantly,
PCBs have not significantly altered embryo or fetal development in
either rodents or nonhuman primates at doses that were not maternally
toxic; thus, {t can be concluded that there appears to be little or no
teratogenic or reproductive risk associated with exposure to PCBs.

The overall mutagenic potential of PCBs is inconsequential. Bi-
rect mutagenic activity as measured by point mutations in bacterial
tester strains nas been recently reviewed by Levinskas (1981). Ac-
cording to the results of seven different studtes, a group of chlori-
nated biphenyl compounds did not demonstrate any mutagenic activity.
Although there is one report in the literature that 4-chlorobiphenyl
might have mutagenic activity, other researchers have not been able to
reproduce this observation. Additionally, Aroclor 1254 was found not
to stimulate unscheduled DNA synthesis in the rat hepatocyte., In
tests designed to observe chromosomal aberrations or alterations in
number, the results were also overwhelmingly negative. PCBS were
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negative when tested in the Drosophila melanogaster, negative in cyto-
genetic analysis of in vitro human 1ymphocytes, negative in cytage-
netic preparations of rat sperm and bone marrow cells, and negative in
the dominant lethal assay. Thus, chlorinated biphenyls have not
demonstrated any mutagenic potential when tested with the majority of
commonly used and well-substantiated mutagenicity procedures.

Attempts to estimate the potential risk of cancer to man caused
by PC8 exposure using data developed in rodents represents a contro-
versial but crucial dilemma. Numerous studies involving both mice anc
rats have been reported, but only one study exists to date that sug-
gests PCBs may cause an increase in hepatocellular carcinoma. When
the paucity of convincing data is compared to the large number of
negative tests, and when other important contributing factors are con-
sidered (e.g., the spontaneous rate of liver cancer in rodents; the
inductive and cellular growth-promoting potential of PCBs; the poten-
tial for PCBs to induce recurrent liver injury and 1iver regeneration,
thereby promoting aberrant hepatocellular growth; etc.), it is dif-
ficult to conclude that PCBs represent a significant cancer risk in
man. This lack of suggestive risk based on animal data has been
further borne out by the fact that neither liver cancer nor other
cancers in man have been positively linked to PCB exposure in recent
epidemiologic studies utflizing large test populations.

Industrial-grade PCBs may not be just a mixture of chlorinated
biphenyls but a mixture that may also contain chemical contaminants,
the polychlorinated dibenzofurans (PCDFs). Therefore, when consider-
ing all of the data summarized in preceding paragraphs, an assessment
of the toxicity and risk to PCB exposure may be complicated by the
fairly recent recognition and acknowledgement of PCDF contamination.
Tetra-, penta-, and hexachlorodibenzofurans have been measured in
Aroclors 1248, 1254, and 1260 in concentrations on the order of 0.1
ppm for each isomer. Studies of Japanese brands of PCBs indicate that
they contained concentrations which were several times higher.

Of even more concern is the possibility that dibenzofurans may be
formed 1n significant amounts when PCBs are exposed to high heat and
some reactable form of oxygen. This concern was first expressed after
the Yusho incident when it was discovered that the PCOF content was
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approximately 1,000 times higher than expected for commercial Japanese
PCB mixtures. Studies have revealed that the oxidatfon of PCBs to
PCOFs ts 2% to 3% for Aroclor 1254 at 550° to 600°C and that, during
combustion, the rate of formation is time and temperature dependent.
However, these conditions do not exist in the normal manufacture or
use of PCBs nor in the normal use of PCBs in capacitors or trans-
formers. These conditions might have occurred, however, in some heat
exchange equipment. So, at present, the conditions for and the extent
of PCOF contamination in PC3 wastes is unknown.

wWhile it should always be considered that PCDFs may increase the
toxicity of commerctial PCB mixtures, the variety of acute and chronic
tests reviewed on the preceding pages are tests in which the contridu-
tion of PCOF toxicity was, no doubt, unconsciously measured. There-
fore, concern for the greater toxicity of this contaminant, when it is.
in concentrations approximating those previcusly measured in commer-
cial PCB mixtures (1.e., about 1 ppm), should be tempered dy the
possibility that its risk is that reflected by the animal test data
gathered for what was previously considered to be a PCB mixture alone.

To refterate the original premise, evaluating the hazard of any
chemfcal on the basis of animal data requires careful consideration of
(1) the spectrun and types of toxic responses induced; (2) the degree
of species variation or consistency of the effects monitored; (3) the
relevancy and validity of the test performed; (4) the dosage required
to elicit the response; and (5) the level of relevance of the toxic
effects observed, based upon the expected level of human exposure.

Thus, many of the PCB-induced adverse effects would be expected
for a chlorinated organic compound of the PCB type, or at least these
effects are consistently produced by many chlorinated organics. These
effects include liver injury, liver enlargement, 1iver enzyme induc-
tion, irritation when applied to the skin, chloracne, and possibly a
disruption of the estrogenic balance in females because of increased
1iver metabolism. Aithough these may indeed be considered adverse
effects, all chemicals are capable of altering some physiologic func-
tfon at a high enough dose. I[n the more relevant reproductive, tera-
togenic, mutagenic, and carcinogenic tests, chlorinated biphenyls were
consistently negative with only a few exceptions. These exceptions

.
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can be discounted because of inadequate study design, disputable
interpretations, and unusual tests. Thus, it seems unnecessary to
display a disproportionately high concern for those few controversial
studies, especially when their findings were not reproduced in sub-
sequent studies under similar or identical conditions. In the vast
majority of experiments, the effects were produced by PCBs at high
doses. Since the expected and likely human exposure to PCBs is low,
the results of the tests using high-exposure conditions are not rele-
vant to the expected human exposure level.

Therefore, it appears that PCBs are not a remarkadle toxicant,
but a chemical which requires high doses to produce harmful effects
and one which clearly represents minimal or no risk to humans because
of the limited nature of anticipated human exposure. While PCBs can
be toxic, and their toxicity can be dramatically increased by high
levels of dibenzofuran contamination, the mawmalfan toxicity data sug-
gest that, in general, PCB mixtures can be tolerated under most real-
world conditions.
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2. THE ROLE OF PCBs IN PRODUCING CANCER

Chemically induced carcinogenesis is a special aspect of toxicol-
ogy, for the toxicants may or may not observe traditional toxicologic
principles. For example, although carcinogens show dose-response
relationships, may undergo biotransformation to active or inactive
metabolites, and demonstrate specific structure activity relation-
ships as other toxicants do, they may also be unlike other toxicants:
they may not demonstrate thresholds and there may exist a long and
indefinite latency period between the critical biochemical event and
any cellular or physiologic expression.

In recent years, the scientific community has concluded that even
among chemical carcinogens there exist vast differences in the mechan-
fsms by which they induce cancer. Ome can separate chemical carcino-
gens into two groups. One group obeys traditional toxicologic princt-
ples while the other does not. This classification of carcinogens has
been described by Weisburger and Williams in Casarett and Doulls'
“Toxicology: The Basic Science of Poisons.” These authors separate
carcinogens into genotoxic (inttiator) and epigenetic (promoter) car-
cinogens, the distinction being that genotoxic carcinogens induce can-
cer by initiating a permanent change in ONA. Epigenetic chemicals
comprise those chemicals which alter the manifestation of cancer by
other than genetic means and include hormones, immunosuppressants,
cocarcinogens, and promoters. This distinction is extremely important
because genotoxic carcinogens are irreversibie and may not have
thresholds; therefore, some risk is present at any dose. Promoting
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agents (epigenetic chemicals), on the other hand, do have demonstrable
threshold levels; thus, there are exposures for which the risk is
minimal or the risk exists only for some finite interval after expo-
sure.

For our discussion of the carcinogenic potential of PCBs, we
reviewed the data for evidence to determine to which of these two
classes of tumorogenic chemicals PCBs belong, and in our discussion we
refer to the epigenetic class as promoters (i.e., chemicals that only
increase the manifestation of cancer cells) and to the genotoxic class
as initiators.

After reviewing the carcinogenic test data, we have concluded
that PCBs do not represent a genotoxic (initiator) risk and that,
while they may possess some promoting activity, the risk at low expo-
sures s insignificant. This mechanistic distinction fs a very impor-
tant basis from which to address the cancer risk. To paraphrase a
succinct summary of this distinction by Weisburger and Williams, pro-
moters share the characteristic of being active only at high, sus-
tained doses, and up to a certain point, the lesion may be reversible.
Thus, these types of carcinogens represent only quantitative hazards
to humans, and safe levels of exposure may be established by carrying
out proper dose-response studies. The following paragraphs summarize
the data supporting this important distinction and address their sig-
nificance for PCBs.

There has been great controversy about the relevance and nomen-
clature of rodent hepatic lesions. Most of this controversy surrounds
the criteria used to diagnose cancer. The National Cancer Institute
(NCI) has recommended a scheme for the classification of hepatocel-
Jular tumors and related lesions in rats. These recommendations have
not been universally accepted, but are utilized in many of the reports
of PCB carcinogenesis. The NCI classification scheme is extensive and
specific in defining neoplastic lesfons. It was concluded by NCI that
benign hepatic cell tumors, i.e., without potential for malignant be-
havior, could not be diagnosed consistently. Therefore, terms such as
*adenoma,” which refers to a benign tumor, were not recommended. It
was also determined that the term “"hepatoma,” used to denote a benign
Tiver tumor, was imprecise in its usage and was not recommended for
the description of any of the lesions under discussion. [n contrast
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to tradition, detection of vascular invasion or metastases was not
considered by NCI to be essential for the diagnosis of hepatocellular
carcinoma. Instead, the utilization of inclusive cytological criteria
describing changes which may or may not have the potential to become
the disease process we call cancer, including many responses which
will never progress to cancer, was accepted at the expense of the more
definitive criteria of malignant or invasive neoplasms.

The first report of PCB-induced tumors was that of an increased
incidence of hepatomas. A later publication of the first study, which
appears to have included the animals from the original report, terms
the previously described hepatomas as well-differentiated hepatocel-
Tular carcinomas. Similarly, another study describes the production
of hepatomas by PCBs 1n mice, but later the hepatomas are described as
neoplastic nodules. Changes in liver cellular morphology were
observed in mice only when the PCB chlorine content was 52% to 54%,
and then only at exposure levels of 300 to 500 ppm. Lower doses did
not produce tumors, and those PCBs with a chlorine content below 52%
to 54% did not induce tumors. Further, the reported study of PCB-
induced cancer in mice included only 12 mice studied for 32 weeks.
This is not an acceptable bioassay procedure because of the small num-
ber of experimental animals used and the short time of exposure.

Also, there was an inconsistency in reporting terminclogy. The Tiver
changes were reported as hepatocellular carcinoma and alse as hepato-
mas or tumors or nodular hyperplasta. A better bioassay was performed
later that included larger numbers of test animals exposed for longer
periods of time, and no increased incidence of tumors was reported.
Subsequent studies were consistent with this larger study, and the
majority of scientific 1iterature supports the claim that PCBs are not
carcinogentc in mice.

Similarly, only PCBs with a chlorine content of 60% produced
those cellular morphological changes in rat liver that were classified
using NCI guidelinas as hepatacellular carcinoma. However, this same
PCB mixture was tested in another strain of rat and did not signifi-
cantly increase the incidence of tumor formation. Moreover, four
other studies also failed to show any PCB-induced tumors. With one
exception, there is a consistent absence of reports finding PCB-
induced hepatocellular carcinomas. Again, those PCBs with a chlorine
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content below 52% to 54% did not produce tumors in rats. These
results are similar to those for mice. Neither were tumors induced
when the average PCB chlorine content was 52% to 54%. The two studies
using an average chlorine content of 60% reported no induction of
hepatocellular carcinomas.

There is only one report of PCB-induced hepatocellular carcinoms
in rats. Since this report used the criteria developed by NCI for
classifying liver pathology, we must weigh the importance of this
report against the majority whose data are negative. As previously
stated, utilization of these inclusive cytological criteria to define
cancer will define some hepatocellular changes as cancer that will
never progress to cancer. Furthermore, investigations have shown that
the vast majority of regenerating or hyperplastic nodules reported as
cancer disappear upon removing the animals from the chemical exposure.
While some investigators have considered the use of the inclusive
cytological criteria for classifying hepatocellular lesfons, many have
rejected this classification scheme because of its lack of diagnostic
discrimination. Thus, the single report of PCB-induced cancer in rats
uses a pathological description in oppositfon to the usual terminology
for describing a benign tumor.

Chemical carcinogens are those substances capable of initfating
cancer. Cancer is defined as the praduction of life-threatening
malignant tumors of potentially unlimited growth that expand locally
by fnvaston and systemically by metastasis. Chemical carcinogens
irreversibly tnitiate and ultimately produce cancer. This {s an
important distinction and requires careful and accurate evaluation of
the kind of tumors produced. Chemicals that promote benign tumors are
not carcinogens., Therefore, tumor type is critical to determining
whether a compound is a carcinogen. Failure to distinguish between
tumor types will place equal importance on test results regardless of
whether a malignant or benign tumor is produced as a result of expo-
sure to a chemical. Therefore, it is absolutely essential to define
the tumor type associated with chemical exposure to be able to evalu-
ate the outcome and apply the data to humans.

Equally tmportant, it is essential to determine the mechanism by
which tumors are produced. Failure to distinguish the mechanism by
which tumors are produced will place equal importance on chemicals
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which are initiators (genotoxic) and on those which are promoters
(epigenetic). The following discussion of cancer will make the impor-
tance of this point clear.

Initiation of cancer is the process of producing damage to ONA of
a magnitude suffictent to be sustained, but of a nature which permits
cell survival and thereby predisposes the capacity of uncontrolled
growth. Those cells containing damaged DNA then produce clones con-
tatning an inheritable mutation. Mutagenicity is defined as produc-
tion of an inheritable alteration in the genome of a cell. An altered
genome will increase the probability of cellular dysfunction. There-
fore, inheritable mutations or infttation of genes responsible for
cellular regulation increase the probadbility of producing cancer, a
condition of regulatory dysfunction expressed as uncontrolled growtn.
Since most mammalian genes exist in allelic pairs and the malignant
phenotype is probably recessive for nonviral induced cancers, a reces-
sive mutation would not normally express itself as cancer until a sec-
ond mutation occurred in the other allele. While there fs normally a
Tow probability of this occurring spontaneously by chance, given
enough mutations in enough cells and a prior {nheritance of suscepti-
ble genes through the germ cell line, the chance of having a success-
ful mutation within both alleles of a critical gene, thereby producing
a dysfunction in cellular regulation like cancer, becomes probable.

Thus, we can easily see how genotoxic agents {initiators) can
apply selective pressure upon the cell toward the cancerous state.
However, in our most often used test species, the mouse and the rat,
there is a normal background incidence of the initiation process lead-
ing ta cancer in the liver. Thus, where there is a history of spon-
taneous cancer incidence, there is 1ittle doubt that cancer will oc-
cur; only the rate and the time required to develop cancer {latency)
is unknown. [n this situation, the risk of cancer increases with time
and the magnitude of the initiated response s a cumulative probabil-
ity. In rodents, several factors have been shown to alter their back-
ground cancer incidence including total dietary calortes, fat content,
vitamin £, stress, crowding, and gender. Therefore, to define a chem-
jca) as a carcinogen (initiator) rather than another promoting factor
in these species by using changes in liver cytoarchitecture requires
proof that the chemical fs an initiator and not a promoter of the

2-3 MONS 015882




spontaneously occurring disease state. To do this, it must be shown
that the compound initfates sustained damage to DNA in a dose-
dependent manner.

On the other hand, promoters are chemicals that modify gene ex-
pression and cellular communication. Promoters can alter the ability
to control varifous genes, thereby providing a selective growth advan-
tage. Promotion {s defined as enhancing the selective proliferation
of previously initiated cells. By definition, promotion cannot occur
until a critical gene is initiated. Wounding, growth stimuli, necro-
sis, inflammation, and certain chemicals can selectively and rapidly
allow cells containing the mutated gene to form a clone of semiiniti-
ated cells. Cell death, cell trauma, and cell hyperplasia are al}
produced by PCBs and can be expected to yield conditions favoring
preferential growth of (promotion of) previously initiated cells. One
can safely generalize that the tumorigenic properties of PCBs result,
at least, in greatest part from alteration of the homeostasis of con-
trol mechanisms. Thus, changes seen in rodents with a high incidence
of liver tumors must be interpreted carefylly so as not to mistake
toxic responses and promotion for inftiation. Additionally, processes
only promoting cancer in situ would be expected to regress upon re-
moval of the promoter and not change the ratic of metastasizing to
nonmetastasizing tumors. It is noteworthy that often such appears to
be the case with liver cancer in rodents produced by cyciic chlori-
nated compounds.

In summary then, it has been documented that PCBs do not increase
the incidence of tumors at any site except the rodent liver. Liver
tumors are a common part of the natural disease process of rodents.
Thus, changes seen in rodents with a natural history of a high inci-
dence of liver tumors must be interpreted carefully so that toxic re-
sponses and promotion are not mistaken for initiation, Liver cell
death, trauma, and hyperplasia are all produced by PCBs and can be
expected to yield conditions favoring preferential growth of celis
with dormant neoplastic phenotypes. Therefore, one can safely gener-
slize that the tumorigenic properties of PCBs in the rodent liver re-
sult, at least, in greatest part from these alterations of homeosta-
sis. The following summarizes the data delineating PCBs as a poten-
tial promoting agent (epigenetic) but not an jnitiator (genotoxic car-
¢cinogen).
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Comparison of the Characteristics of Promoting Agents and Effects of
PCes

1. Promoters produce increases of spontaneous tumors at selected
sites. PCBs produce only liver tumors.

2. Tumors produced by promoters usually do not increase the
metastatic characteristics of spontaneous tumors of the same
site., PCB-increased iver tumors do not metastasize.

3. Promoters do not produce transplantable tumors unless the
naturally occurring tumor is capable of transplantation. PCB
tumors do not transplant.

4. Tumors influenced by promoters are often affected by factors
such as nutrition, stress, chronic injury, and sex of the
animal, Liver tumors are affected by these factors.

S. Promoters need not be mutagenic. PCBs are not mutagenic.

6. Neoplastic lesions increased by promoters may be reversible.
PCB-increased liver tumors regress.

7. Progression of differentiation of neoplastic lesions
increased by promoters often ceases when the stimulus is
removed. Continued presence of PCBs is required to sustain
liver neoplasia.

8. Neoplastic effects of promoters are usually associated with
the chronic dysfunction of the affected site. PC8s produce
chronic hepatotoxic responses,

9. Promoters do not necessarily increase the effect of carcino-
gens acting at the target site. PCBs reduce the response of
several other liver carcinogens,

10. Promoters affecting the liver often increase microsomal
enzyme activity and eventually produce evidence of metabolic
dysfunction. PCBs stimulate LME and produce metabolic dys-
function.
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11. Promoters rarely, if ever, increase tumor incidence at expo-
sure levels producing no toxic effects., PCBs are tumorogens
only at toxic doses.

12. Promoter effects often require continued presence of the
stimulus. Continued presence of PCB is required to sustain
neoplastic alterations of the liver.

Comparison of the Characteristics of Carcinogens (Initiators/Genotox-
ic) and the Effects of PCBs

-

. Carcinogens usually produce neoplastic lesions at multiple
sites. PCBs increase lesions of the liver only,

2. Carcinogens often increase the malignancy of spontaneous tu-
mors at the same site. PCB-increased liver tumors are of law
malignancy.

3. Carcinomas irreversibly progress once a critical tissue mass
is established. PCB-increased tumors can regress.

4. Carcinogens produce tumors which metastasize. PCB-increased
liver tumors do not metastasize.

§. Carcinogens produce lethal tumors. PCB-increased liver tu-
mors are not lethal.

6. Carcinogens produce transplantable tumors. PCB-increased
liver tumors do not transplant.

7. Carcinogens are often effective at single exposures. PCBs
increase Tiver tumors anly after prolonged, continuous

exposures.

8. Carcinogens are often active at nontoxic doses. PC8s omly
increase liver tumors at hepatotoxic doses.

9. Inftiators are mutagens. P(CBs are not mutagens and therefore
are not fnitiators,
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It is apparent that the neoplastic effects of PC8s match the def-
initions of a promoting agent and do not match the definitions of an
initiator.

It might also be mentioned that Butler and Jones (1978) have pre-
viously stated that certain compounds, especially persistent chlorin-
ated compounds including PCBs, increase the incidence of only liver
tumers fn rodents and that these tumors may not be malignant. In
fact, halogenated chemicals are the most numerous class of chemicals
to fnduce rat or mouse liver tumors alone, and most are known not to
be mitagenic. These chemicals produce liver cell damage and regenera-
tion and/or induction of hypertrophic and hyperplastic changes. Thus,
it is likely that these nonmutagenic chemicals are causing rodent
tumors by an epigenetic mechanism.

This distinction concerning the halogenated hydrocarbons has been
noted by other scientists as well. For example, Weisburger and Wil-
liams have stated:

Validation of this concept of a promoting rather than a
genotoxic action of chlorinated hydrocarboms is not only an
important distinction from a theoretic point of view, but is
even more relevant in terms of regulatory actions tndicated
to prevent chronic disease.

They further reiterated this idea by stating:

If, on the other hand, no convincing evidence for genotox-
fcity 1s obtained, but the chemical is carcinogenic in
animal bioassays, then the possibility exists that the chem-
ical ts an epigenetic carcinagen. The strength of this con-
¢lusion depends on the relevance of the in vitro tests, For
example, the finding that certain stable organochlorine
pesticides do not display genotoxic effects in liver cell
systems, which are identical to the in vivo target cell for
these carctnogens, strongly supports the interpretation that
these carcinogens may act by epigenetic mechanisms. The
nature of these mechanisms s poorly understood at present
and is probably quite different for different classes of
carcinogens. They may invqlve chronic tissue injury,
jmmunosuppressive effects, hormonal imbalances, blocks in
differentiatfon, promotion of pre-existing altered cells, or
processes not yet known,

In conclusion, we have raised the gquestion, Does one experiment
utilizing prolonged exposures at high levels, in a single sex of a
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single strain, incriminate commerctal PCBs as a carcinogen? To answer
this question, we have reviewed the pertinent current theories of
carcinogens, the scientific body of knowledge which supports these
theories, and have provided an analysis of the chemical carcinogenestis
testing performed with PCBs. (n the basis of the data that have been
reported in the last few years, PCBs do not appear to be carcinogens
{initiators).

At worst, PCBs at high or elevated doses meet some of the cri-
teria for a chemical promoter, f.e., they enhance tumor growth through
epigenetic mechanisms but do not induce new tumor growths. This dis-
tinction is of extreme importance and can be made based upon the known
mechanisms for initiators and those for promoting agents. PCBs demon-
strate many characteristics of the latter and none of the former. A
further importance of this distinction is that PCBs have only been
shown to possess a weak promoting activity, at most. Therefore, the
thresholds both proposed in theory and observed in animal studies sug-
gest that there are safe exposure levels for PCBs.
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3. RISK ASSESSMENT AS PART OF THE REGULATION OF PCBs: STATEMENT
OF PURPQSE, NEED, AND LIMITATION

The increasing use of chemicals and our ever-growing realizatiecn
of their impacts on human health necessitate a scientific basis from
which to determine the largest quantity of a chemical, if any, that
could be absorbed over an indefinite period without producing adverse
health effects. For this purpose, the toxicologist has long relied on
dose-response relationships to guide extrapolatton downwards from the
observed range to estimate a “safe” dose. A general premise of toxi-
colagy has been that the extent of induced adverse effects is closely
related to the extent of exposure. Some interestad parties have
called for an exception to this established toxicological concept,
suggesting that chemicals should be considered either as carcinogens
or noncarcinogens, regardless of dosage involved. Many toxicologists
continue to maintain that carcinogenesis, although complicated, is in
fact consistent with classical toxicological concepts. National ef-
forts have been made by several government agencies to develop a data
base for evaluating test procedures used in the detection of cancer,
as well as to develop methodologies for performing risk estimations
for chemically induced cancer.

Undeniably, chemical technology has in a large measure contrib-
uted to the achievement of the present standard of living. [t has
produced many of the tools and resources needed to reduce human suf-
fering and to modify selective pressures of the environment. Accompa-
nying these benefits, however, is the possibility that toxic proper-
ties of certain chemicals have the potential to threaten man's health.
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Therefore, a rational policy for chemical utilization is to produce
the highest standard of living consistent with a quantitatively ac-
ceptadble hazard-to-benefit ratio.

A product containing chemicals should be approved for use if
there is an acceptable margin of safety between the anticipated expo-
sure and the level es;imated as hazardous to humans or the environ-
ment. Yet, to accomplish this task, the toxicologist must face the
dilesma of estimating the risk to an enormous and variable human popu-~
lation by extrapoiating the hazards determined from studies conducted
on small bers of envir tally controlled and genetically homo-
geneous experimental animals. With the Timitations of present experi-
mental and theoretical techniques, there {s considerable paotential for
error in assessing both sides of the hazard-to-benefit ratio. For
thesé reasons, the limitations of toxicological evaluations should be
clearly stated. It never has been, and is not now possible to guaran-
tee absolute safety. Small populations of experimental subjects,
either animal or human, may provide an imprecise estimate of hazard
for comparison to a large human population of variable genetic disease
states, cultural backgrounds, and ages. Ways of overcoming these lim-
itations are slowly being recognized, and techniques for extrapolation
must make maximum use of avajlable data.

Thresholds

As a prologue to the discussion, it must be stated that we should
resist falling into the {ntellectual and experimental quagmire called
“threshold® and the mischief of “value judgement." There is no mathe-
matical reason to distinguish cancer from many other toxicological
effects. For cancer or any measurable response that may theoretically
lack a threshold, the no-effect dose merely becomes a sample-size-
dependent phenomena. To argue threshold is to obfuscate. We will
later develop the thesis that time is the critical point of considera-
tion.

The concept of a threshold dose fs based on the premise that un-
Tess a specific set of conditions exists, some smaller dose will not
produce the measured effect. For carcinogens (i.e., initiators),
since there always exists the possibility of a response, the threshold
limits of an effectively measured response only depend upon the sample

3-2 MONS 015890



size in a statistically significant evaluation. This does not mean
that thresholds do not exist, ror does it mean that thresholds cannot
be estimated in a practical manner. It does not mean that bounds can-
not be estabiished. It only means that thresholds are not absolute
and cannot be defined with absolute certainty. In fact, if known,
they might yield \ittle practical relief to our current dilemma, since
under the preceding limitations time, rather than dose, may become the
critical and determining factor of risk. This stems from our percep- -
tion that as the dose decreases the latency period increases. There-
fore, time is the most appropriate medium to describe the magnitude of
excess risk or reduced quality and quantity of 1ife due to neoplastic
Tesions. Finally, we have demonstrated that PCBs are not genotoxic;
therefore, the no-threshold arguments do not apply.

Germane to the modification of risk determinations by combining
socially accepted values is the consideratton of the hazard/benefit
margin. Some chemicals may be considered essential insofar as there
is no substitute process considered less hazardous, or for which the
requirements of a replacement strategy outweigh or replace the origi-
nal health concerns. For such chemicals, a relevant approach to con-
trolling the risk is to permit only those uses for which the absence
of hazardous exposures of the chemical can reasonably be assured. The
cornerstone of this strategy requires that we define the hazard, then
determine the amount of exposure which is not expected to be hazard-
ous, which In turn defines the limits of the sensitivity of the ana-
lytical methodologies required,

Rephrased, the requirements of the analytical methodology and the
limitations of chemical use would be defined toxicologically by the
acceptable risk rather than as a function of the state of the art of
analytical chemistry. The alternatives, zero-residue rules {such as
found in the Delaney Clause) or risk analysis based upon an endless
series of conservative presumptions, are inadequate and unusable in
several respects. Such alternative approaches provide a false sense
of security by ignoring the problem of "false negatives,” which may
result from chance or inadequate testing. In addition, they encourage
poor and limited experimentation, since the less we do and the less
precise we are, the less chance we have of determining anything at a
statistically significant level. Moreover, these alternative
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approaches capriciously eliminate from consideration the use of chemi-
cals whose benefits might be documented to outweigh a worst-case cal-
culation of the carcinogenic hazard.

Value Judgement and Emphasis

Ambiguities in the process of articulating an acceptable safety
policy will automatically arise if proposed criteria require incorpor-
atfon of the unobtainable goal of attempting to prove scientifically
that no deleterious effect will take place, i.e., to prove the absence
of the possibility of an occurrence in some future time. Examples
have been described by Or. Alvin Weinberg as “transcience.® Such a
policy postulates society's need to insure an absence of positive
findings beyond the range of the methods avajlable for data collec-
tion. Toxicologists' tools, however, are limited to experiments em-
ploying the scientific method. These experiments are usually designed
to establish that phenomena resulting from repeated experimental ma-
nipulations are real, are not artifacts, and have not occurred simply
by chance.

We are all aware that positive as well as negative findings may
be artifacts and that in most scientific disciplines there is a posi-
tive reward for investing in adequate techniques and replication of
experiments. Insistence on any desired degree of assurance against
making a wrong conclusion is standard operating procedure. The qual-
ity of safety evaluations will suffer if we adopt ingrained unidirec-
tional attitudes which demand that, once we find a positive carcino-
genic effect, no number of negative studies provide an adequate coun-
terbalance. Such attitudes inappropriately ignore false positives and
discourage rigorous and repeated experimentation by even the most re-
sponsible sponsor. In addition, this emphasis places the sponsor and
the conscientious regulator alike in the position of being bludgeoned
with experiments carried out by third parties under conditions that
often are not appropriate for safety evaluation or for which the re-
sults have not been validated. This dilemma ferments frustration, and
inevitably intellectual problem-solving deteriorates into arguments of
the wrong issue--for example, thresholds.
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Wwhy Are Traditional Models I[napplicable?

When direct measurements are impossible, assumptions must be made
if we are to be able to extrapolate a cancer hazard from animal stud-
les at relatively high dose rates to human population cancer hazards
at intermittent and low dose rates. Thus, one set of assumptions we
must face concerns the description of the function relating the real
hazard measured at high dose rates to a theoretically estimated animal
risk at low dose rates. The magnitude of low dose risk ts highly de-
pendent upon the assumed shape of the dose-response function, and for
neoplastic disease we must consider time. Unfortunately, the shape of
the curve at low dose rates for most models is much more sensitive %o
manipulating the extrapolation procedure than to the experimental
data. This has led to the discouraging observation that, for most
models advanced to date for reguiatory purposes, extensive experimen-
tatfon and quality assurance means less than arbitrary mathematical
manipuiation, e.g., worst-case confidence limits.

The extreme differences between models for extrapolating to low
risks have been reviewed in detail elsewhere and a sumnary is pre-
sented in Table 3-1. The probit, logistic, and one-hit curves can all
be shown to calculate that one-fourth of a dose producing a 50% tumor
incidence will produce a 16% tumor response. The families of curves
generated by these models are indistinguishable in the range usually
described by most experiments, that is, the 8% to 92% tumor response.
However, several thousand animals would have to be tested in order to
distinguish with confidence between predictions by the probit and lo-
gistic models in the 2% to 4% response. Hence, extreme differences
between the estimated doses generated by the three models are noted
when extrapolating to an upper confidence of no more than a one in a
mitlion risk,

The “extreme value® curve, another possible mode!, would gener-
ally Yie between the probit and logistic, depending on the slopes se-
lected. The choice of an extrapolation model is critical, but the
parameters to be adjusted in the use of the model, particularly the
slope and upper confidence intervals, are even more critical.

The Jogistic analysis can also be rejected because the Jogistic
function, as originally proposed by Reed and Berkson in 1923, is an
empirical form of a series of at least six equations obtained by data-
fitting and not by any form of derivation. In addition, the forms of
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Table 31

DOSES REQUIRED TO PLACE UPPER LIMITS
OM ESTIMATED RISKS

Estimated Risk Probat Logistic One-Hit
1073 167 1/323 1718
10é 11 1/9.8 x 0° /7.1 x 108
1078 1/2040 176.3 x 106 7.8 x 107
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the logistic are uncertain since different investigators use different
equations, and the different slopes and intercepts thus obtained are
without physical meaning, even in well-defined chemical or biochemical
systems. The logistic equation has a mathematical form similar to the
Hi1l equation that is based on the mass-action law. Thus, there seems
to be no reason to use the logistic function.

Even for a particular model, for example the probit, nondata fac-
tors influencing the model can produce widely different extrapolation
results (Table 3-2). For comparative purposes, dose-reduction factors
for a risk not to exceed one in a million are given in Table 3-3 using
probit of slope of one.

it s obvious that application of the most refined methods of
observation or changing diagnostic criteria can lower any observed
threshold. For example, if we consider hyperplasia as the endpoint
rather than neoplasia, we shift the threshold. Repeating the biocassay
will demonstrate variability even among genetically equivalent indi-
viduals. Phenotypic heterogeneity of any population and micro-
environments will be expressed and will influence the responses ob-
served. Almost all toxicologists believe that for any compound and
for given conditions a "biologically insignificant dose" exists.

There is little doubt that this is true; however, so far no acceptable
appraach has emerged for cancer risk assessment since a consensus on
the definition of “insignificant” has not been reached.

Low Dose Madels

Most investigators grappling with Tow dose extrapolation problems
agree that we must continue to develop mathematical models describing
hazards from carcinogenesis, A more fundamental insight into the re-
lationship which undoubtedly prevails between dose and excess response
at low constant dose rates is of critical importance. Much effort has
already been expended. Crump et al. (1), Guess et al. (4), and Peto
(5) have invoked certain hypotheses of carcinogenesis to argue that
the possibility of linear responses at low doses must be considered.
For example, Crump et al. (1) and Guess et al. (4) offer the proposi-
tion that the probabilfty, P(d), of response at dose rate is given by:

P(d) = l-exp[-(ap *+ a1d + 3202 + ....)1, a2 0.
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Table 3-2

FRACTION OF EXPERIMENTAL DOSE YIELDING ZERG TUMORS
USING PROBIT CXTRAPOLATION WITH DIFFERENT SLOPES
FOR AN ESTIMATED RISK NOT TQ EXCEED
ONE IN 100 MILLION

Fraction of Dose X Not Exceeding Risk

Tumors Observed

st Dose Slope = 1 Slope 2 1.% Slope 3 2.0
0/50 X/18,000 X/690 X/13%
0/100 X/ 8,300 . X/410 X/ 91
0/500 %/ 1,800 X/150 LYAR ¥4
0/1000 x/ 1,000 X/100 X/ 32
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Table 33

FRACTION OF EXPERIMENTAL OOSE USING PROBIT EXTRAPOLATION
WITH A SLOPE OF OME WHICH IS CALCULATED 1O PRODUCE AN ESTIMATED
UPPER LIMIT RISK NOT TO EXCEED ONE IN A MILLION

Tumors Observed at Dose X Fraction of Experimental Dossge
0/50 x/2,500
07100 X/1,140
0/500 X/ 250
0/1,000 X/ 140
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When P(d) is small, the excess risk P(d)-(0) is approximately
P(d)-P(0) = 270 + apd2 & ...,

and the pseudo-question of nonthreshold low-dose linearity for pure
poses of modeling is determined by whether or not the coefficient a]
is zero. There are plausible assumptions, such as detoxification
mechanisms, ONA repair, or the necessity for muitiple molecular inter-
actions, that lead to a; » 0. There are also plausible assumptions
for some agents that can lead to positive values for aj. we will
almost never have the knowledge to completely discriminate between
these alternatives. Acceptable approaches to extrapolation must make
efficient use of what experimental data we have or can get. Injection
of value judgements, such as selected worst-case confidence limits in
place of central expected values for the coefficients aj, incorpor-
ates a bias value judgement into the extrapolation procedures that
almost always outweighs the information inherent in the data. When
one applies selected worst-case confidence 1imits rather than the cen-
tral expected value {f.e., the most likely value) for a it s
equivalent to accepting that 3; is positive. At low dose rates,

this value judgement (such as an arbitrary worst-case confidence lim-
its) dominates the remaining terms. The requirement to use upper con-
fidence limits rather than central expected values in fact guarantees
that models will yield nonthreshold linearity at low dose rates. Mas-
querades should not be necessary. If a policy calls for the selection
of nonthreshold linear models, let us state so clearly and forth-
rightly. The arguments associated with masked conservatism have be-
come redundant, predictable, and intellectually unappealing.

The lack of mathematical logic supporting certain value judge-
ments becomes apparent when they are applied to the procedures of
Crump et al. (1) and Guess et al. (4). Techniques become untenable
when they are insensitive to responses at experimental dosages and
fatl to distinguish between low levels of potent carcinogens and non-
carcinogenic substances. Guess et al. {4) have documented this by
constructing two sets of dose response data for a noncarcinogenic
agent. One simulation contained 150 responses at each of 10 dose
rates, while the second was made up of 300 responses at each of 5 dose
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rates. In both cases, as was predicted, the 90% upper confidence
Timit on a; was positive. [t then follows that the upper confidence
1imits on curves relating limits of possible extra response to dose
rate will always appear to be linear at low dose rates. The predicta-
bility of false positive prediction of nonexistent risk supports the
contention that the value judgement inherent in the use of worst-case
confidence 1imits is not always appropriate. Value judgements should
be delineated or completely separated from the guantitative use of
mathematical models.

Another example of a mathematical procedure is provided by Gaylor
and Kodell (3) in thefr study of 14 sets of toxicological dose re-
sponse data previously described by the Scientific Committee of the
Food Safety Council (2). The behavior of a gamma multihit model was
purported to be compared to the Armitage-0oll multistage model for low
dose extrapolation using the technique §1yen by Crump et al. (1). The
Gaylor and Kodell Armitage-Doll multistage model results did not
exactly agree with the Scientific Committee of the Food Safety Council
data because the limits calculated by Gaylor and Kodel did not assume
4 maximun degree of dose in the exponential term, whereas the limits
calculated by the Food Safety Council took the degree of dose as
fixed. Gaylor and Kode!l (3) concluded that: “Conceptually linear
extrapolation would (should) be more conservative, but this is not the
case in actuality, apparently because more stringent mathematical as-
sumptions and conditions are required" (by the gamma one-hit model).
Selected examples are given in Table 3-4.

The examples given in Table 3-4 reinforce the recommendation made
by the Scientific Committee of the Food Safety Council (2) calling for
reason when mathematical interpretations affect real-1ife decisions:

Although the value judgement invoived in the use of conser-
vative risk assessments may seem appropriate in the light of
the many scientific unknowns involved, once formalized as a
specific mathematical procedure it escapes the control of
the deciston-maker and can lead to undesirable and unsound
results by distorting the balance between risk and benefit.
We, therefore, recommend the separation of the mathematical
and societal aspects of the problems, with the extrapolation
procedure chosen to provide 'best estimates' of risk as well
as their upper or lower limits.

The toxfcological and mathematical uncertainties associated with
extrapolating risks from relatively hign experimental dosages in
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Table 3-4

LOWER 97.5% CONFIDENCE LIMIT FOR DOSAGES PREDICTED
TO MAVE A RISK OF LESS THAN ONE MILLION IN RGOENT POPULATIONS

Dose $c1.  Com.

Substance Unat fSC 1978 Linesr Armatage-Doll
Aflatoxan By Ppb 3.8 x107 7.9 x 107 5.9 x 167
Vinyl Chloride opm Lex10> 7.0 5.2 x 107

-4 -4
Ethy lenetniourea pom 6.8 x 10 1.0 x 10 3.2x 0
Oieldrin pom 9.6 x 1078 5.7 x 1078 2.9 x 10°¢
oor oom 2.0 x 1072 3 x 07 2.6 « 0
3-12
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animals to low human exposure levels are often cited as a principal
concern of those who call for complete prohibition when a chemical has
been “"demonstrated” to be a carcinogen. A slight modificatton of this
approach is to use a series of conservative assumptions for data
presentation foliowed by linear extrapolation or equivalent "“model*
use from upper confidence limits of the experimental results to a zero
response at zero dosage. Since rodents, the principal bioassay
species, have substantial rates of ndoplastic disease at many sites,
such an 2approach invites the option of declaring almost any thoroughly
studied compound a carcinogen. PCBs are just such an example when one
weighs all the negative studies against the single positive study of
Kimbrough.

Evaluation of Criteria and Calculations of Risk from PC8s for Hu-
mans by Crump

We have now discussed the lack of mathematical logic supporting
use of certain value judgements. In addition, Crump violated his own
criteria for justifying the selected model for PCB risk analysis.
This can be demonstrated with Crump's own words. Crump states in ex-
plaining his approach to risk analysis for PCBs:

Tumors of so many different types arise in such a diversity
of different tissues, their etiology is so little under-
stood, and the agents that cause tumors affect a subject in
such diverse ways, that it might seem that no general con-
clusions can be drawn. However, for a certain broad class
of ‘directly-acting' chemical carctnogens the range of un-
certainty associated with the shape of the dose response
curve at low doses can be greatly narrowed. As used in this
paper, the term “"directly-acting carcinogen” encompasses
(Guess, Crump and Peto, 1977) carcinogenic agents for which
either the agent itself or a metabolite acts directly at the
cellular level and produces a hereditable change which even-
tually leads to the formation of a tumor. Carcinogens which
are carcinogenic by reasons of their mutagenicity should
fall into the category of ‘'directly-acting carcinogens.’
Accordingly, carcinagens which test positively using the
Ames mutagenicity screening test for carcinogenicity are
very likely to be directly-acting.

The available data suggest that even if Crump's statement was
true, the concept could not be appropriately applied to PCB risk
analysis since PCBs are not direct-acting carcinogens as demonstrated
by scientific literature. For example, the Ames assay utilizes
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Salmonella typhimurium to detect reverse-point mutattion at the histi-
dine locus. Only 4-chlorobiphenyls have demonstrated any activity in
the Ames 1538 tester strain. In this same study, PCBs such as 2, 2°,
5, 5' tetrachlorobiphenyl, 1254, and 1260 were negative. In subse-
quent studies, not even the positive for monochlorobiphenyl could be
reproduced.

It has been demonstrated that PCBs do not cause significant clas-
togenic effects in rat bone marrow or sperm cells even at high doses.
Aroclor 1242 was given at a single dose of 1,250 to 5,000 mg/kg and at
500 mg/kg for four days (a regimen causing the condition of the ani-
mals to deteriorate}, while Aroclor 1254 was given at doses of 75 to
300 mg/kg for five days. These findings are consistent with the lack
of chromosomal aberrations observed in human lymphocyte cultures with
doses of 100 mg/kg Aroclor 1254,

The possible mutagenicity of PCBs has also been studied using the
dominant l@thal test. There was no statistically significant increase
in the number of dead implants, again at high dosages of Aroclor 1242
and 1254. This test, the dominant lethal assay, has been repeated and
again the results were negative. PCBs do not have significant muta-
genic potential.

Crump continues to try to Jjustify his models and approach taken
for risk estimation for PCBs by stating:

A partial solution to the low-dose extrapolation problem for
the case of directiy-acting chemical carcinogens has been
given in Peto (1977), Crump, Hoel, Langley and Peto (1976),
and Guess et al. (1976). The key result is that, at least
as long as background carcinogenesis is present, we should
expect the dose response curve not to be absolutely flat at
zero dose. Wwhat this means is simply that when risk is
plotted against dose response on ordinary linear scales, the
tangent line to the dose response curve at zero dose should
have a positive slope. When a dose response function has
this property we will say it is linear at low dose.

Crump also offers a possible explanation of why the dose response
function should be linear at low dose when background is present
{Crump, et al. 1976), as does Peto (1977), which will be briefly out-
1ined here. Crump et al. and Peto argue that when background carcino-
genesis is present, the cellular mechanisms through which the test
agent produces cancer should already be operative in producing back-
ground tumors. When this {s true, the effect of the test agent is to
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add to any already ongoing process. The dose response curve is for
all tumors produced through the mechanisms through which the test
agents acts. Background carcinogenesis is allowed for by an effective
background dose dg. In this case, the added risk caused by a dose d
of the test agent could be expected to increase approximately linearly
near ¢ = O (1.e., the tangent line at d = O will have a positive
slope). Implicitly assumed is the fact that an added dose of a car-
cinogen acting through this mechanism does not produce a smaller risk.
If background carcinogenesis is allowed for by positing an effective
background dose d, estimated from the data, then the wide range of
risks obtained using different models effectively disappears (Peto
1977) because they all approach a simple linear model.

The Crump and Peto argument does not apply to PCBs. That the
1iver cancer rate induced by direct-acting carcinogens is not added to
by PCBs has been demonstrated on several occasions. The effects of
PCBs on carcinogenicity of various chemicals have been investigated by
aumercus groups. Kanechlor-500 in combination with 3' methyl-4-
dimethylaminoazobenzene, h-z-fluurenylacetamide, and diethylnitrosa-
mine in the diets of rats markedly decreased the formation of hepateo-
carcinomas. Kimura et al. demonstrated that pretreatment with Kane-
chlord00 in diets of rats 4 months prior to and 2 months during treat-
ment with 3' methyl-4-dimethyulaminoazobenzene protected the rats
against the formation of hepatocarcinomas induced by this carcinogen.

The two-stage system of mouse skin tumorigenesis allows one to
evaluate critically the {nitiat{ion and promotion phases of carcinogen-
esis individually. This system allows one to study the effects af
modifiers on initiation and promotion separately in a skin carcinogen-
esis assay. The results of Berry et al. demonstrate that PCBs possess
the capacity to decrease tumor initiation in a mouse skin assay and
that at the doses utilized, PCBs had no initiating or premoting prop-
erties. Their study tested PCBs for promoting activity in mouse skin
with a high (200 nmol) initiating dose of OMBA. In a 30-week treat-
ment period, the normal OMBA-inititated, TPA-promoted controls yielded
approximately 8 papillomas per mouse. PCBs (at doses of 100 wg/mouse
glven twice weekly) did not promote the development of skin tumors.
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When tested without OMBA inftifation, PCBs did not demonstrate any car-~
cinogenic activity. PCBs did not produce any observable skin lesions.
Crump himself invalidates the model's use with the linear low

dose assumption for PCB risk analysis when he states:

The evidence for low-dose-linearity given above appliies
mainly to directly-acting carcinogens. An indirectly acting
carcinogen might be one which causes some gross physiologi-
cal change such as suppression of ovulation which could pre-
dispose the subject to cancer. For such carcinogens the
shape of the dose response curve at low dose is highly spec-
ulative. There could possibly be a threshold dose below
vmkih tr]m agent has no carcinogenic effect at all on an in-
dividual.

The reader should be reminded that for the purposes of the dis-
cussion, promoter and indirect carcinogen can be used interchangeably.
That PCBs are at worst an indirect carcinogen is supported by a large
amount of data. PCBs induce microsomal mixed-function oxidases and
cause hepatomegaly in rodents and other mammals. Heptomegaly has been
interpreted by Kimbrough to be the result of the hypertrophy of indi-
vidual hepatocytes. Hyperplasia also commonly occurs and increased
mitotic activity can occasionally be noted. Hepatocytes enlarge and
may accumulate lipid in their cytoplasm. At the ultrastructural
level, enlarged hepatocytes show an increase in smooth endoplasmic
reticulum and inclusions within the cytoplasm, which appear like con-
centric whorls, surrounding 11pid vacuoles. Morphalogic changes in
the mitochondria have also been described (Kimbrough et al. 1972).

In addition to these alterations, PCBs induce experimental hep-
atic porphyria. In the rat, experimental hepatic porphyria only oc-
curs in the Sherman strain female. This observation indicates a
unique sensitivity for the Sherman female rat. On microscopic exami-
nation, an increase in macrophages and prominent Kupffer cells con-
taining brown ceroid pigment and necrobiosis of liver cells is promi-
nent. Lipid accumulates in the cytoplasma of hepatocytes, resulting
at times in hepatocytes with foamy cytoplasm.

Acute as well as chronic toxicity of PCBs has been studied in
rats, monkeys, mice, and cows. The organ consistently affected was
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the liver. For example, when maie Sprague-Dawley rats were fed a diet
containing mixtures of PCB isomers (Aroclor 1248, 1254, and 1260) at a
concentration of 100 ppm fn the diet for 52 weeks, there was an in-
crease in thelr serum 1ipids and cholesterol, and a transient increase
in triglycerides accompanied by distinct morphological changes in the
liver. Generalized liver hypertrophy and focal areas of hepatocellu-
lar degeneration were followed by a wide spectrum of repair processes.
The tissue levels of PCB were greater in the animal receiving the high
chlorine mixtures and high levels persisted after the PCB treatment
had been discontinued. )

Summary Supporting the Statement that PCBs Are at Worst Indirect
arcinogens {Promoters})

1. Promoters produce increases of spontaneous tumor at selected
sites. PCBs only produce liver tumors in rodents for which
there is a spontanecus occurrence.

2. Tumors produced by promoters usually do not increase the
metastatic characteristics of spontaneous tumors of the same
global (direct-acting) site. PCB increased liver tumors do
not metastasize.

3. Promoters do not produce transplantable tumors unless the
naturally occurring tumor is capable of transplantation. P(CB
tumors do not transplant.

4, Tumors influenced by promoters are often affected by facters
such as nutrition, stress, chronic injury, and sex of the
animal. Rodent liver tumors are affected by these factors.

5. Promoters need not be mutagenic. PCBs are not mutagenic.

6. Neoplastic lesions increased by promoters may be reversible.
PCB tncreased liver tumors regress.
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7. Progression of differentiation of neoplastic lesions in-
creased by promoters often ceases when stimulus is removed.
Continued presence of PCBs fs required to sustain Tiver neo-
plasia.

8. Neoplastic effects of promoters are usually associated with
the chronic dysfunction of the affected site. PCBs produce
chronic hepatotoxic responses.

9. Promoters do not necessarily increase the effect of carcino-
gens acting at the target site. P(Bs reduce the response of
several other liver carcinogens.

10. Promoters affecting the liver often increase microsomal! en-
zyme activity and eventually produce evidence of metabolic
dysfunction. PCBs stimulate LME and produce metabolic dys-
function.

11. Promoters rarely if ever increase tumor incidence at exposure
levels producing no toxic effects. PC8s are tumorogens only

at toxic doses.

Characteristics of Initiators (Direct-Acting Carcinogens)

1. Initiators usually produce negplastic lesions at multiple
sites. PCBs only increase lesions of the liver.

2. Initiators often increase the malignancy of spontaneous tu-
mors at the same site. PCB-increased liver tumors are of low
malignancy.

3. Carcinomas irreversibly progress once a critical tissue mass
is established. PCB-increased tumors can regress.

4. 1Inftiators produce tumors which metastasize, PCB-increased
liver tumors do not metastasize.

MONS 015906
3-18



5. [Initiators produce lethal tumors. PCB-increased liver tumgrs
are not lethal.

6. Initiators produce transplantable tumors. PCB-increased
liver tumors do not transplant,

7. Initiators are often effective at single exposures. PCBs
increase liver tumors only after prolonged continuous expo-
sures. °

8. Initiators are often active at nontoxic doses. PCBs only
increase liver tumors at hepatotoxic doses.

9, Initiators are mutagens. PCBs are not mutagens and therefore
not initiators.

It is apparent that the neoplastic effects of PCBs match the defini-
tions of a promoter and do not match the definitions of an initiater.
We have established that the rationale for justifying the technique

for analysis of PCBs by Crump is inappropriate when compared against
Crump's own criteria.

Conclusions About the Application of Linear Extrapolation and the
Equivalent Nonthreshold gﬁads to RISk Analysis og PLBS

We will establish our thesis when we thoroughly analyze the risk
analysis offered by Crump. When referring to his modeling efforts,
Crump states, "The expected numbers of extra cases of hepatocellular
carcinomas per year resulting from a nationwide exposure at a dietary
level detected in the 1976 Total Diet Study (3.3 wg/day} would range
between 220,000 (288,000 x 70) = 11.1 cases/year and 220,000,000/
(764,000 x 70) = 4.1 cases/year."

Crump misleads the reader by suggesting that the mathematical
model used to generate these numbers brings logic to the effort. For
example, if one simply takes the ratio of animals with and without
liver tumors at 100 ppm in the Kimbrough study, divides by the esti-
mated human exposure (1 ppdb), then muitiplies by the size of the human
population in the United States (220 miilion), and finally divides by
the human lifespan of 70 years, one gets the same answer as Crump:
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26 tumors/184 animals 1 ppb PCB/200 ppm PCB/70 years = 4.3
cancers/year,

Crump's analysis of risk ta infants is markedly overstated. A
rat consumes approximately 10% of its body weight per day. Feed with
100 ppm PCB equals a consumption of 100 mg/kg. Therefore, a rat con-
sumes the equivalent of 10 mg PCB/kg/day. If the human milk sample
was 2% fat, then the whole milk would contain 2% of the 4 ppm Crump
considered, or .08 ppm. A liter of milk would contain .08 mg of PCB.
A child weighing 6 kg would have to consume 750 liters of milk a day
to equal the exposure of the rats. If the child truly only consumes
1.5 liters a day, then there is a 500-fold difference in exposure rate
between rat and baby.

If the baby is exposed, as suggested by Crump, for only 1/140 of
its 1ifespan, this has to be considered. The 500-fold difference
times the 1/140 of the lifespan is equal to a 70,000 exposure differ-
ential. The linear risk as calculated by Crump’s technique would be
2/1,000,000, not the 1/4,800 reported by Crump.

If we approach the problem another way, we obtain other interest-
ing comparisons. The PCB dose to high exposure women averaged 1.7
ug/kg/day. A lactating female maintaining her weight would then have
1.7 ug x 50 kg, or 85 ug/day of PCB, available for transfer to the
baby. If the baby weighs 6 kg, the dose is 14 ug/kg/day. This, when
compared to the 10 mg/kg/day dose to the rats, yields an exposure
ratio differential of 700 times. The exposure pertod of 1/140 times
the exposure ratio yields a total exposure risk of 98,000 times less
for the human than the rat. The linear risk as calculated by Crump’s
technique would be 1.4 x 10 “4, not the 1/4,800 reported by Crump.

If we insist on linear extrapolation, what are the relative risks?
Let us assign an average exposure resulting in 500 ppdb bicod level to
capacitor workers, 70 ppb to the heavy fish eaters in Michigan, and 20
ppm to the general Michigan population. Let us assign an exposure of
12 ug/kg/day to the capacitor workers, 1.7 ug/kg/day to the fish
eaters, and .5 ug/kg/day to the general population. These estimates
were taken from the documents of Crump and the EPA water quality
criteria for PCBs.
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The rats in the Kimbrough study were exposed to 10,000 ug/kg/day.
Therefore, the ratio of exposure between rats and man is:

Capacitor worker/rat = 0012
Fish eater/rat = .00017
General population/rat s .00005

The chances of dying from liver cancer can be expressed tn several
ways. For example, 816.3/100,000 Americans die each year from all
causes. The tncidence of liver cancer disease 1s 3/100,000. This
translates to a .37% chance of liver cancer. Expressed another way,
there will be about 2,000,000 deaths in 1981 and 9,400 are estimated
to be from liver cancer. Therefore, 9,400/2,000,000 equals a .47%
chance that the registered death will result from liver cancer. This
estimate will be rounded off to a .5% chance for the purposes of our
dtscussion,

If the risk were linear (and the risk to humans is the same as in
rats, or .14), then the risk in man would be .00017 for capacitor
workers, .00024 for fish eaters, and .000007 for the general popula-
tion. Expressed another way, the risk to humans for liver cancer
would tncrease to:

Capacitor worker .005 + .00517 = .01017
Fish eater .005 + .000024 = .005024
General population .005 + .000007 s .005007

Thus, the cancer mortality data suggest that there is only a
slight possibility that the actual risk for capacitor workers would be
higher; however, the data are far from conclusive. [t is also obvious
that 1t would be impossible to determine epidemiologically the tiny
{ncreases expected to occur either in the fish-eating population or in
the general population.

Let us approach the problem from a different viewpoint. Let us
suppose that our risk analysis should be conducted on a relative risk
basis. [f the relative risk to rats at 100 ppm is 26, and the same
exposure ratios between rat and man hold, then the risks are as fol-
lows:
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Capacitor worker .005 + .0012 x 26 = .0362 (724% background)
Fish eater .005 + .00017 x 26 = .0094 (188% background)
Genera) population .005 + .00005 x 26 » ,00552 (110% background)

Again, this hypothesis cannot be rejected at the lower exposures
because it {s not pdssible to analyze it on the basis of information
available. However, the capacitor workers aid in the evaluation of
this hypothesis since the highly exposed individuals would demonstrate
an incidence which is seven times the background incidence.

How Did EPA Analyze the Data?

The preceding discussion of human exposure makes clear the fact
that a high percentage of the United States population has been and is
exposed to low levels of PCBs in food, water, and air. Those groups
at particular risk for PCB exposure include industrial workers exposed
in the workplace and individuals consuming large amounts of contami-
nated fish, such as sport fishermen (42 FR 17487).

An assessment of carcinogenic risk was made by EPA performing
extrapolation from anima) data using a linearized multistage (non-
threshold) model. The extrapolation used was reported to take into
account the bjoaccumulation of PCBs in fish and shellfish. [t is as-
sumed that an average of 2 1/day of water are consumed along with
6.5 g of fish taken from that water source. Exposures from other food
sources, air, or occupational exposure are not included in the crite-
rion level derived by this mode!.

Among the studies reviewed by EPA, only one was considered suit-
able for use in the cancer risk assessment. EPA made the remarkable
statement that, "Of the rat studies, the only one involving long-term
exposure and adequate numbers of animals is the study of Sherman rats
by Kimbrough et al. (1975)." EPA goes on to state, “Because there is
no recognized safe concentration for a human carcinogen, the recom-
mended concentration of PCBs in water for maximum protection of human
health is zero." Since attaining a zero concentration level may be
infeasible in some cases, and in order to assist the agency and states
in the possible future development of water quality regulations, the
concentration of PCBs corresponding to several incremental lifetime
cancer risk levels have been estimated. A cancer risk level provides
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an estimate of the additional incidence of cancer that may be expected
in an exposed population. A risk of 10-5 for example, indicates

a probability of one additional case of cancer for every 100,000 peo-
ple exposed, a risk of 10-6 {ndicates one additional case of can-

cer for every million people exposed, and so forth.

In the Federal Register Notice of Availability of Oraft Ambient
Water Quality Criteria, EPA stated that it is considering setting
criteria at an interim target risk levels of 10-5, 10-6, and 10-7,
as shown in Table 3-5.

If such is the EPA's estimate, 80 ug/day, how does it compare
with other EPA statements and those results gathered in the NIOSH and
FDA studies? Even when one makes ail the conservative assumptions
utilized in official PCB cancer risk estimatfons, one arrives at an-
swers which are so low as to escape our capability of detecting a pos-
itive effect via epidemiology. Therefore, one must conclude that
mathematical risk estimation, even for the occupationally exposed,
yields estimates which are vanishingly small. However, the overzeal-
ous use of mathematical models and the assumptions made by the EPA
without comparing these results to reality are easily demonstrated.
EPA states in the Federal Register Notice of Availability of Draft
Ambient Water Quality Criteria that the following risk to cancer from
PCBs exists, 105 cancer risk = 80 ng PC8/day.

Table 3-6 summarizes known human exposures to the risks calcu-
lated by an extrapolation of the values.

Using estimates performed on preceding pages calculated from ac-
tual cancer rates in the United States, 9,400/2,000,000 equals a .47%
chance of dying from 1iver cancer. This estimate will be rounded off
to a .5% chance for the purposes of our discussion. Using these com-
parisons, it can be seen from the table above that if the EPA esti-
mates are correct then 10% of the liver cancer in the United States
would be due to PCB exposure; the Michigan control population wouid
expect a 100% increase in liver cancer incidence, the Michigan fish
eaters would have a 3-fold increase, the average capacitor worker
would have a 10% incidence of liver cancer or a 20-fold increase, and
the highly exposed capacitor worker would have a 25% incidence of
liver cancer or a 50-fold increase. No human evidence supports any of
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Table 3-3
EPA INTERIM TARGET RISK LEVELS

Exposure Assumpt ione Risk Levels end Corresponding Criterts’
107 1078 10°

2 liters of drinking
water snd consumpt ion

of 6.5 g fiah gd 0.0079 ng/1 0.079 ng/1 0.79 1
shollfish only (80 ug/day)
Coneumpt 1ore of fish .0079 ng/l 0.079 ng/1 a.79 1
xi shellfish only (80 ...",7’4.,>

1Calculated by applying a linesrized multistage model a8 diecussed in
the Husan Health Appendices to the October 1980 Federsl Register
notice which announced the aveilsbility of this document. Since the
extrepolation modwl is lineer st low doses, the sdditionel lifetise
risk is directly proportional to the water concentrstion. Therefore,
water concertretions shown in the table sbove vary by factors of 10,
100, 1,000, snd eo forth.

2Approximetely 99 percent of the PCB exposure results from the con-
sumpt ion of aquet ic urrnn- which exhibit sn averags bioconcentra-
tion potential of 31,200-fold. The remaining 1! percent of PCB expa-
sure resuits from drinking water.
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Table 3-6

EXTRAPOLATIONS OF EPA RISK LEVELS
TO A HIGHER LEVEL OF HUMAN EXPOSURE

8lood Exposure

Group Blood Exposure EPA Extrapoleted Risk

Highly exposed

cepacitor

workers 21,000 ppb 2 mg PCB/day 5%
Average capecitor

wocket 500 ppb .82 mg PCB/day 10%
Michigen fish

sster 70 ppo .12 mg PCB/dey 1.4%
Michi control

population 20 ppb .03% mg PCB/dey 5%
Cenecral population 2 pph .0033 mg PCB/day .05%
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these estimates. On the contrary, it {s obvious that the EPA standard
is from 10 to 100 times more severe than can be justified on the basis
of human experience, and from 10- to 20-fold more severe than can be

excluded on the basis of human experience. As our data base grows, it

. {s Tikely that the standard will be found to be at least another order

of magnitude too severe.

In summary, the rationale that was used by Crump and Masterman in
establishing the PCB cancer risk was based on a genotoxic theory of
carcinogenesis and was compiled from a series of ultra-conservative
assumptions. These assumptions ignored the fact that PCBs are not
genotoxic; utilized only the positive data and ignored the negative
data; applied constraints to mathematical models which transformed
them to the equivalent of linear extrapolation; ignored all other com-
peting causes of death; equated cancer risk in the last moment of life
with the risk of a newborn; and exaggerated exposures, for example:
assumed that mother's milk was 100% fat, equated al) PCBs' toxicities
as the most toxic results observed for any PCB, and ignored the rever-
sibility of PCBs’ effects and the marked improvement in human exposure
levels that has occurred in the last five years.

Furthermore, using a mathematfcal model to extrapolate the risk
at lower doses does not increase the reliability of animal data. The
most important question still remains: "Does the animal data reflect
the human situation and response?® With the addition of the NIOSH
study on capacitor workers to the PCB literature it can be demon-
strated that the risks estimated using Crump's mode) are unrealisti-
cally conservative by serveral orders of magnitude. In a practical
sense, a substantial number of people have been chronically exposed to
higher levels of PCBs for a longer period of time than that which oc-
curs for the general population. Since no adverse health effects were
causally demonstrated in this population, no measurable adverse ef-
fects would be expected for the general population.
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4. SUMMARY AND CONCLUSIONS

In past decades, a combination of “open” systems and sloppy or
i11egal disposal practices resulted in the release of large quantities
of chemicals into the surrounding environment. In the 1960s, when it
became apparent that persistent chemicals like OOT and PCBs were ubf-
quitous environmental contaminants which took years to biodegrade,
attention became focused on their potential bioaccumulation and the
possible negative effects of this on animals and humans. Even though
the principal Unfted States manufacturer, Monsanto [ndustrial Chemical
Company, had voluntarily restricted PCB sales to manufacturers of
“closed” electrical equipment in 1971, Congress enacted the Toxic Sub-
stances Control Act in 1976, mandating a phaseout of PCB manufacturing
and use. During this time, PCBs were considered as highly toxic and
dangerous chemicals capable of causing permanent adverse health ef-
fects such as cancer and birth defects. In recent years, however, a
substantial increase in sclentific data has resulted in a better un-
derstanding of the actual effects of human exposure to PCBs. [t was
the purpose of this document to review the data regarding the health
effects of PCBs to provide an updated perspective to the PCB fssue.

While it ts the consensus of this report that PC8s do not pose
the health hazards once feared, this conclusion may be complicated by
a contaminant, polychlorinated dibenzofurans (PCDFs}, often found in
commercial PCB mixtures, which in some special circumstances may pose
an increased risk. Yet PCOFs are only a minor component of PCBs pro-
duced in America, probably in the range of only 0.1 to 2 parts per
million (ppm) of commercial PC8s. In addition, such commercial PCB
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mixtures were apparently the same as those extensively tested gver the
years, Therefore, the concern for this level of contamination is ex-
pected to be no greater than that predicted for what was previously
considered to be “pure” PCBs.

It was not the intent of this document to determine the full im-
pact of PCOFs with regard to the hazards associated with PCBs. How-
ever, the PCOF content of PCBs may be increased under conditions of
high temperatures, and the possibility of increased toxicity by the
presence of this contaminant or others should always be considered
when deating with PCB waste mixtures of uncertain origin. Since the

quences of cial PCB exp e alone were feared and regu-
lated in the past, it was this fssue alone which was addressed in this
document. Therefore, having brought the above qualifying considera-
tions to the attention of the reader, this report focused only on
those health hazards expected to arise from exposure to commercial
PCBs alone.

For the benefit of readers whose background and understanding of
the field of toxicology, and the principles upon which it is based,
is minimal, the following short discussion on safety and hazards is
provided ta help eluctdate the problems invelved in extrapolating test
data to human consequences.

A poison is an agent that can produce an adverse effect in a bio-
Togical system. This adverse effect may be an alteration of normal
function or the destruction of life. The definition of a poison is
broad by necessity and would include most chemicals, if not all. That
is, all agents are capable of altering some function or producing
death in some biological organism. Thus, ciassifying a chemical as a
poison does not describe the most important feature of poisons, which
is those circumstances and conditions under which an adverse effect
can be produced. An agent that is a poison produces harm only within
prescribed conditions of usage.

The safety of an agent can be defined in terms of its probability
for producing an alteration of normal function or causing destruction
of life under specified conditions. To determine the safety of an
agent, the toxicity of the substance must be determined under con-
trolled circumstances. Assessment of the toxicity of the agent will
define the limits and conditions necessary to produce any adverse
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effects. The question then asked is, "What is considered safe and
under what circumstances?® Critical to this determination is predict-
ing the impact of the substance and the variations that are likely to
occur within the exposed population. A critical evaluation of experi-
mental evidence ts necessary to define the probable hazard ts man and
the magnitude of the hazard. The accuracy of the prediction will de-
pend on the types of experiments performed; the adequacy with which
they have been performed; and, most importantly, the interpretation of
the experimental results and the limits of the data.

The questions to be asked are, “Are PC3s poisons or are they
safe? And if they are poisonous, when?* The problem is thus reduced
to predicting an agent's safety based upon experimental evidence and a
comparison of the results to the l1ikely levels of human exposure.

PCBs can be pofsons. That is, like all other chemicals, PCBs are ca-
pable of altering normal function and can destroy 1ife under specific
circumstances and condftions. Alternatively, PCBs are safe under spe-
cific circumstances and conditions. The following summary of PCB
properties and effects is meant to provide a perspective on their
safety.

PCBs are chlorinated compounds of the biphenyl molecule. Theo-
retically, approximately 209 separate chlorinated biphenyls can be
produced chemically. These compounds have unique physical and chemi-
cal properties that have made them useful and applicable to many com-
mercial needs. The physical-chemical properties that make these com-
pounds useful are their thermal stability; resistance to alteration by
acids, bases, and other chemical agents; and their ability to provide
excellent electrical insulation, fire resistance, and low volatility.
PCBs are useful as lubricants, heat transfer 1iguids, and hydraulic
fluids.

PCBs are ubiquitous to the human environment, as evidenced by
their detection in the fat and blood of persons not occupationally
exposed to them. These compounds have been identified in air, water,
soils, wildlife, marine organisms, fish, and in our food supply.

Thus, to minimize man's environmental exposure to PCBs, the United
States Food and Orug Administration (FDA) has set tolerances of 0.5 to
5.0 ppm for the various components of our daily food supply. I[n the
early 1970s, the daily consumption of PCBs was estimated by FOA to be
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about 15 micrograms per day (ug/day). However, all evidence now indi-
cates that the level of daily PCB intake by humans is subsiding. Yet
these factors have resulted in a major concern for the potential long-
term effects of PCBs on human health because many of us still contain
low levels of PCBs.

Owing to their low solubility in water and low concentrations fn
air, PCBs do not present an acute toxicity threat to either birds or
aquatic organisms. [n other words, the quantity of PCBs necessary to
cause death within a short period of time, such as 96 hours, is
greater than the amount generally found in natural environments. PCBs
can cause major problems for some species, however, because these
chemicals are persistent, 1ipid soluble, and resistant to biodegration
and/or excretion. Consequently, PCBs can bioaccumulate (build up in
quantity within an organism) as well as biomagnify within food webs
{accumulate in larger amounts per group of\organfsms at each subse-
quent trophic level). The greatest amounts of PC3s are present in the
long-1ived predatory fish (e.g., trout, sharks) and birds (e.g., ea-
gles, hawks). Sufficient quantities of PCBs may build up such that
physiology or function is disrupted. At high levels, PCBs may de-
crease resistance to diseases, interfere with reproduction, and dis-
rupt defensive behavior. In the case of birds, increased mortality of
embryos can result as a consequence of the thinning of eggshells.
Therefore, it has been concluded that PCBs can cause major environmen-
tal disruptions, particularly within aguatic habitats. Responding to
this problem, the United States Environmental Protection Agency (EPA)
has attempted to curtail the release of PCBs into the environment by
regulating theifr use and disposal.

Many aspects must be considered and weighed before the hazards to
humans associated with exposure to PCBs can be estimated. The human
hazard evaluation and subsequent risk estimation for any chemical must
address the data base utilizing thorough comparative toxicologic as-
sessments. This means that the animal and human data available must
undergo 2 careful consideration of 1) the breadth and variety of the
toxic responses manifested; 2) the degree of species variation or spe-
cles consistency in the effects monitored; 3) the possible and/or pro-
posed mechanisms of toxicity; 4) the validity of the tests performed
and their relevance for extrapolations to man; 5) the dosage used in

3-4 MONS 015920



animal tests versus the expected human exposures; and, finally, tg the
extent that the data are available, 6) the outcomes of serious paison-
ings and long-term occupational exposures. Only when a consistent
pattern of toxicity in animals is consistent with the human experi-
ences can safe guidelines be promulgated.

wWhen assessing the hazards associated with human PCB exposure
based upon the mammalian test data, we must consider all of the animal
data. While concern is given to positive findings, our decisions must
also address the negative data and those doses required to induce the
toxicities seen in animals versus our expected human exposures.

A review of the PCB literature reveals that PCBs are not very
toxic If the exposure is of short duration. The organ dysfunctions
caused by longer but nonchronic exposures also occur only at rela-
tively high doses. This suggests that while organ dysfunction such as
liver injury or chloracne might occur in man, 1t should occur only
after high or sustained exposures. This suggestion has, in fact,. been
supported by the available human data. Therefore, there is little
risk that these effects will occur in persons exposed to the generally
low levels of PCBs in today's environment, if exposure occurs at all.

Similarly, the animal data jndicate that there is little repro-
ductive risk and that PCBs do not cause birth defects even at moder-
ately high exposures. Again the animal data reflect the findings in
humans. The Yusho incident, a high PCB exposure combined with expo-
sure to other toxic chemicals, failed to demonstrate a substantive
concern for teratogenic effects. Considering the balance of the re-
production studies and the breadth of the mutagenic tests performed,
it has been concluded that PCBs do not pose a significant mutagenic or
reproductive hazard.

While positive carcinogenic activity has been reported in one
study using rats, this study must be placed in perspective against a
far greater number of studies involving rats and mice that were nega-
tive. When 3 positive test result is our only available data, then
that result should be considered as an obvious basis of concern for
human exposure. However, a lack of comparable results in subsequent
or other similar studies surely decreases the concern for and the val-
idity of focusing on only the positive data. Such is the situation
for PCBs. [t would seem more reasonable to place greater emphasis on
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the large amount of negative data gathered, a suggestion that {s be-
coming increasingly substantiated by human exposures. In the last few
years, the reported epidemiologic evidence has not identified PC8 ex-
posure as the cause of any form of human cancer.

Therefore, even though there are animal data to demonstrate that
PC8s are toxic at high doses, some toxicity at high doses is expected
for any chemical. Additionally, while there is some evidence suggest-
ing that the carcinogenic potential of PCBs be considered, the balance
of the animal data also suggests that it is unlikely that this single
response should become the focus of disproportionate concern usually
given to potent carcinogens with definite initiator or genotoxic prop-
erties. On the contrary, one might propase that there exist enough
animal data to suggest that this finding could be pertinent only to
those specific test conditions and the particular mixture of PCBs
tested. In summary, when all of the animal data are considered, they
suggest that low levels of PCBs do not pose a significant health risk.

At this point in assessing the hazard associated with exposure to
PC8s, a more thorough discussion of the carcinogenic potential of PCBs
is needed because the risk of cancer from PCB exposure {s the most
serious concern of the PCB-induced adverse effects. This concern is
surely of the utmost fmportance to the general public. This has been
reflected by the stance taken by the EPA, which is manifested by EPA's
recent (1980) publication summarizing its concern for PCBs. This am-
bient water quality criteria document indicates (and we paraphrase)
that if PCB8s are not carcinegenic, then an allowable daily intake of
210 ug of PCBs per day would be an estimated safe continual exposure.
{f, however, PCBs are carcinogens, while there may be no safe level, a
level of risk approaching a lifetime risk for cancer of only one ex-
cess cancer in 100,000 persons exposed would be approximately 2 to 80
nanograms per day (ng/day). By comparison then, the distinction of
whether or not PCBS have carcinogenic potential trans)ates into a
2,500- to 100,000-fold difference for what {s calculated as an allow-
able or safe level. Thus, the distinction between whether or not a
chemical has carcinogenic potential has a profound impact on how the
chemical 1s perceived by the public as well as how it might be regu-
1ated.

While we agree with the concern for and the distinction of chemi-
cals which are carcinogens, it s the conclusion of this review that
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there presently exist sufficient PCB test data to reevaluate those
concerns for PCBs initiated by reported findings years ago. Further,
the data now allow us to make the important distinction of whether or
not PCBs are indeed initiating carcinogens.

Current theories of chemically-induced tumorogenesis differenti-
ate tumorogens by mechanism. One class is the fnitiating carcinogens
that alter ONA and produce permanent, inheritable, expressible changes
in the initiated cell. These initiated cells may ultimately be trans-
formed into the disease process we call cancer. The second class fis
the promoting agents, which do not directly alter DNA, do not produce
inheritable changes, and are not effective with single or 1imited ex-
posures. Chemicals producing tumors by a promoting mechanism have
demonstrable threshold levels below which chemical exposure will not
result in the expressfon of tumors. The risk caused by these chemi-
cals therefore is insignificant in some for exposures that are below
the threshold.

A review of animal testing data documents the case that PCBs, at
worst, have some of the characteristics of a promoting agent and do
not exhibit characteristics of an initiating carcinogen. A review of
chronic cancer bioassay data further reveals that PCBs produced only a
single species-, sex-, and mixture-specific positive response. The
large number of negative tests indfcate that they do not possess
broad, potent, promoting activity. At the hepatotoxic doses tested,
one reported PCB-induced increase in rodent liver tumor incidence af-
ter the many studfes conducted should not be a totally unexpected
finding. The animal testing data and bfological characteristics of
PCBs overwhelmingly indicate that if they produce an increase in tu-
mors they do so by a promoting mechanism. Therefore, it can further
be concluded that there are indeed safe levels of PCB exposure and
that not all exposures carry a risk of producing cancer.

The occupational exposures are certainly the most extensfve and
longest-term human PCB exposures that we are currently aware of and
are most representative of what adverse effects might be expected. A
comparative review of these occupational-exposure studies reveals
that, like other chemicals, PCBs can cause adverse health effects, but
in many respects these have been minimal. While dermatitis and chlor-
acne, which were reversible after discontinuing the exposure, have
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been noted in many cases, no other significant findings were routinely
found. Even though several studies incorporated clinical chemistry
analysts as indications of organ dysfunction or other physical disor-
ders, no remarkable clinical findings have been uncovered. Further-

_ more, several investigators have commented to the effect that there ts
a “"paucity of abnormal results” and that “there is no evidence of
physical harm resulting from working with PCBs.” [n spite of over 50
years of use, no causal relationship has been established for any spe-
cific type of cancer nor has the incidence of cancer mortality been
proven to be increased. The largest study, by the National Institute
for Occupational Safety and Health (NIOSH), which involved over 2,500
persons did not detect any statistically significant excess in the
cancer mortality. Since this study failed to demonstrate any statis-
tically significant excess in cancer in a high expasure papulation, it
provides some reassurance that it is unlikely that future studies will
find any cancer risk from PCB exposure.

There are four epidemiologic studies addressing the carcinoge-
netic potential of PCBs. However, the first two studies are being
reconsidered and will not be addressed here. The two most recent
studies have larger populations with better defined exposure records
and therefore more accurately refiect PCB effects. A recently re-
ported NIOSH study by Brown and Jones examined 2,567 workers from two
capacitor plants with about half of the cohort having exposure periods
of at least 20 years. There was a higher than expected incidence of
rectal cancer among the workers, \but the higher than normal rectal
cancer rates in the geographical area in which the workers lived were
not taken into consideration in the experimental design. There was
also a statistically insignificant increase in liver cancer deaths.
The death rates from all cancers was less than expected (39 as opposed
to 43), as was the mortality from all causes. The last study by Ber-
tazzi and coworkers, also just reported this year, examined 1,310 em-
ployees with at least six months' employment in a capacitor plant. An
excess {ncidence of digestive cancer was observed, but there were no
1iver cancer deaths. Again, the total number of deaths was small.

The study is continuing and these results may be considered prelimi-
nary.
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It must be remembered that in any epidemiologfc study it may be
impossible to eliminate all of the unrelated but confounding variables
in the observed populations. Addftionally, it is not uncommon to see
measurable increases in one type of cancer over what is mathematically
expected because we cannot choose a subpopulation to observe that re-
flects exactly the baseline cancer rates of the total population. In
fact, it is well known that different areas of the United States nave
different backgrounds for many of the specific types of cancer. All
this must be considered carefully, and no conclusions should be at-
tributed to any finding of excess cancer which is not statistically
significant dut above expected values, unless this same excess for
that specific type of cancer is repeatedly demonstrated in subsequent
studies.

A positive correlation between exposure to a chemical and a re-
sultant adverse health effect relies on the following conditions: (1)
a positive association must be seen in individuals with known expo-
sures; {2) the positive association cannot be explained by bias in
recording, detection, or experimental design; (3) the positive associ-
atton must be statistically significant; (4) the positive association
should show both dose and expaosure period dependency; and {5) the pos-
itive association must be observed repeatedly in subsequent studies
and cannot be a single, confounding, variable observation. To date,
the mortality studies concerned with PCB exposures present several
problems of interpretation, the most obvious and important of which is
the different increases in cancer type reported. Taken as a whole,
they provide no support for assertions that PCBs are a cancer-causing
chemical. The variety of tumor sites found to be of most concern
within each study largely differs from the animal data and is tncon-
sistent with the selectivity of currently known promoting agents.

In summary, epidemiologic studies have demonstrated that commer-
cia) PCBs are not remarkably toxic chemicals after acute exposure and
that when excess exposure does occur, the usual consequences are der-
matologic and not of a serious or permanent nature. Chronic exposures
have added 1ittle or no additional adverse effects of note to this
picture. The preponderance of studies has not identified a clinical
disease assaciated with exposure to PCBs nor has it provided persua-
sive evidence of health impairment. There 1s no evidence of an excess
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in total mortality or in mortalfty due to cancer, cardfovascular dis-
ease, or nervous system disease associated with occupational exposure
to PCBs. PCBs have not been linked to any human cancer, and studies
to date indicate it is unlikely that future studies will establish
such a link.

" The NIOSH epfdemiology study demonstrated the absence of any can-
cer excess among those exposed to far higher levels than the general
population has received. The liver cancer rate in the United States
is one of the Yowest in the world and is not increasing over time. I[f
one were observing a significant effect from PCBs, one would expect to
detect a gross rate change, yet such is not the case.

Even when one makes all the conservative assumptions utilized in
the official PCB cancer risk estimations, one arrives at answers which
are so low as to escape our capability of detecting a positive effect
via epidemiology. One must conclude that mathematical risk estima-
tion, even for the occupationally exposed, yields estimates which are
vanishingly small. The data provided by recent studies do not support
the current assumptions by EPA. The EPA, in the Federal Register No-
tice of Avaflability of Draft Ambient Water Quality Criterfa, esti-
mates that the following risk to cancer from PCBs as: 1075 cancer
risk = 80 ng PCB/day. When this estimate is compared to the NIOSH and
the FDA studies, one finds a large disparity between those results
that would be predicted by this value and those that were actually
measured.

The following table summarizes estimated exposures and the risk
calculated based upon the EPA calculated risk at Tower doses, as pro-
posed in EPA's ambient water quality criteria document (45 FR 79320).
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Blood EPA

Levels Estimated Calculated
Group of PCBs Exposure Risks
Highly Exposed Capacitor >1,000 ppb 2.0 mg PCB/day 25.0
Workers
Average Capacitor Worker 500 ppb .84 mg PCB/day 10.0
Michigan Fish-Eater 70 ppb .12 mg PCB/day 1.4
Michigan Control 20 ppb .035 mg PCB/day .5
Population
General Population 2 ppd .0035 mg PCB/day .05

The chances of dying from liver cancer can be expressed in sev-
eral ways. But simply speaking, there will be about 2,000,000 deaths
in 1981. Of these, it is estimated that 9,400 will be from liver can-
cer. Therefore, 9,400/2,000,000 equals a .47% chance that those dying
this year will be dying from liver cancer. Rounding off these esti-
mates to a .5X% chance for the purposes of our discussion, and using
these comparisons, thus leads to the conclusion that for the general
population, about 10X of the liver cancer in the United States would
be due to PCB exposures; that the Michigan control population would
expect a 100% increase in 1iver cancer incidence, that the Michigan
fish-eaters would have a three-fold increase, and that the average
capacitor worker would have a 20-fold increase, while the highly ex-
posed worker would have a 25% incidence or a 50-fold increase. There
is no humsn evidence to support any of this. The EPA's proposed water
criterta standard is from 10 to 100 times higher than can be justified
on the basis of recently published human experience, and from 10 to 20
times higher than can be concluded on the basis of the negative find-
ings from the human experience.

It s our conclusfon that commercial PCBs do not represent a sig-
nificant health hazard. However, the presence and extent of contami-
nants (e.g., PCOFs) may alter the health concerns. Therefore, it is
essential to determine the level of contaminants present when dealing
with PCB wastes before applying the conciusions of this report to

waste mixtures.
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