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Before the Yusho incident in 1968, published studies
of the health effects of PCBs, with the exception of Meigs
et al (1954), were esaentislly clinicsl studies of occd=)
sionsl accidental severe exposures. In the following decade
ten epidemiologic studies were published (in addition to the
meny reports oa the Yusho iancideat itself), all but one of
which dealt with occupationally exposed populatiouns, and
oaly one of vhich studied the relatiomship between caacer

aad PCB exposure (Gaffey, 1982).

DISCLAIMER
This document is & prelisinery draft. It has sot been
released formally by the Office of Drinking Water, U.S.
Bavironmental Protection Ageacy, and should not at this
stage be coastrued to represeat Agency policy. It is beinmg

circulsted for commeants on its technical merit and policy
i{mplicatioans.
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2 PCB EPIDEMIOLOGY

Since 1978 there bave been ten epidemiologic studies
of the bhealth effects of PCBs. Seven of them are crossy
sectional investigations of symptoms and biochemical
parsmeters. Of these, five are occupational, ome {s »
study of both occupational and non-occupstional exposure,
and one is non-occupationsl. The remaining three reports
are cohbort mortality studies of occupationally exposed
groups. In addition, there bas been a report on cancer
mortality in the Yusho populatiom.

This paper briefly l;’-urizel the status of the
épideaiologic evidence on health effects as of 1978, and

revievs and evalustes the subsequent studies in detajl.

TR EVIDENCE AS OF 1978

The Yusho incident of 1968 at first appeared to be a
classic example of the effects of a massive ingestion of
PCBs. Over 1000 Japssese became ill after eating a cooking
oil contaminated with Kanechlor 400, a PCB compound of
Japanese manufacture. The most common acute symptoms
ebserved were Ahyperpigmentation and acne-like lesions,
central nervous system symptoms, discharge from the eyes,
ead vomitiag asod diarrhes. These symptoms were dose
related, and some of them persisted for as long as sixz
years. Laboratory tests showed dJdisturbances eof 1iver
functiea and fst metabolism, asnd there were climicsl
geports suggestive of some asbnormalities in the childrea of
Yusho mothers (NIOSX, 1977).
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3 PCB EPIDEMIOLOGY

As of the end of 1977, S1 deaths among Yusho patients
had Ddeen identified, viﬁ an aspparent excess of cancer
deaths (Urabe et al, 1979). However, the data were aot
adjusted for age, and the completeness of ascertainment of
the deaths is not known. The elapsed time from the
original incident to the reported deaths (one decade) was
short enough to cast doubt on whether the cancers could ia
fact have arisen from the Yusho' exposure.

In any case, in the decade following the Yusho
iscident analytic teehnique"- for identifying PCBs and
sllied compounds improved ‘considerably, and the cooking oil
wes reanalyzed. The new analyses showed that the Yusho
patients had in fact ingested about the same amount of
polychlorinated dibenzofurans (PCDFs) as of PCBs, in
addition to polychlorinsted quater-phenyls (PCQs). Current
determinations of blood and tissue levels of these other
compounds in Yusho patients have shown total levels about
equal to thst of PCBs (Ximbrough, 1980). It therefore
sppears thst the epidemiologic findings in the Yusho
fancident should properly be attributed to the more toxic
PCOF rather than to PCBs.

There were nine other published cross-sectional
stedies of symptoms and biochemical parameters related to
PCB exposure, onse of which vas Bon-occupational, asd ome
occupational study of cancer morbidity and mortality.

Ia summary, the occupational studies found chleracae
ot other dermatitis, and mild liver function abnormalities
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ia the absence of clinical illness, to be associsted with
ICB exposure. Two studies of cholesterol levels gave
coatradictory results, snd one study of triglyceride levels
showed an incresse. The non-occupational study showed meo
sssociation between blood PCB levels and any of the Yusho
symptoms, but did oot examine 1liver function or fat
metabolisa.

The cancer study found an°apparent excess of malignant
melsgoas based on three cases, but was later withdrawn
because of concern about vhei_:het the exposed populstion had

been correctly identified..

RECENT STUDIES

The seven cross-sectional studies completed aince 1978
addresa a broader range of health effecta than did the
pre-1978 studies, snd in some cases used formal statistical
techniques to take account of confounding variadbles such as
age, sex and weight. Two of the st.ud:lei, Fischbein et al
(1979) snd Saith et al (1982) evalusted their findings in
g}u!gn to higher chlorinated sud lower chlorinated PCBs
-gpcntely. The studies' findings can be classified under
five . genersl  headings; dermatologic effecta, liver
feaction, fat metsbolism, other objective findings, and
.Q?o:_t.ed sysptoms aad }_l}ul_u.. The cobort wmortality
studies, although they collected data on all causes of
desth, vere concerned primarily with camcer. .. . .

€~ - - it T .. e T Tl
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Dermatologic Effects
Table 1 summarizes the results of the five studies

that reported on dermatologic effects. The negative study
of Baker et al (1980) exsmined 18 exposed workers, 19
members of their families, aod 89 community residents with
exposure to fertilizer containing PCBs. The rest were
occupational studies, two of which found chloracne and all
of which found dermatitis. N

Fischbein et al (1979) reported that 50 percent of 326
ecspacitor wmanufacturing wer‘:ken reported a history of
dermatological symptoms, . the most common being a rash.
Those with symptoms had higher blood 1levels of high
chlorinated PCBs. Maroni et al (1981 II) r;poned ten
cases of dermatitis (five diagnosed as active or past
chloracne) in 80 exposed workers, but provided no further
datas on the blood PCB levels of those with dermatitis vs.
those without. Chase et al (1982) found increased
dermatitis, and some chloracne, in the most exposed group
eut of 120 railroad msaintenance workers, but within the
group found no significant associstion with blood or fat
PCB levels. Saith et al (1982), in a study of 92 employees
of two utility compsaies, found no consistent association
between dermatitis snd either high or low chlorinated blood
ICB levels.

Although the data are not conmsistent, they suggest
that there may be s gross dose response relatieaship

betweeca dermatitis asd blood levels of PCBs, possibly
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complicated by variations in fndividual susceptibility sad
fa work habits that may affect absorption of PCBs through
the skin.

Ever Function

Table 2 shows the results of the six studies tbat
investigated liver fuaction. The two noa-occupational

studies showed no liver function anomalies associated with

blood PCB levels. The first one did not adjust for con-’

founding varisbles (Baker ¢t al, 1980). The second, a
study of 458 resideats of a cosmunity with high environ-
mental levels of PCBs, found an association which
disappeared when age snd alcohol consumption were taken
iato account (Xreiss et al, 1981).

Of the four occupational studies, three showed various
ldver function anomalies related to blood PCB levels.
Chase et al (1982) adjusted the results for age. Saith
et al (1982) adjusted the data for age and sex. The latter
study showed a significant associstion of liver functioa
saomalies vith low chlorinated dlood PCBs in one of the two
plaats studied but sot in the other. Maroni et al (1981 II)
found liver abnormalities associated with elevated blood
PCB levels, but the liver abanormalities were defined as
1liver fuaction “;..u“ er liver related symptoms or
cliaical findings of adoormality. They state that “emly ia
8 few cases vas 3 well-defined liver failure (preseace of
symptoas, bhepatomegaly, and abnorsal liver findings)

presest.”
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Fischbein et sl (1979) found no 1liver functioa
saomslies associated with exposure, and in fact commented
oa the "paucity of abnormal results” in their biochemical
studies.

With the exception of Maroni et al, the occupational
studies agree in finding few or no liver fuaction

abaormalities, and no associated clinical illness.

Table 3 summarizes the- results of the five studies
that exsmined fat -enboli'--.- Fischbein et al (1979) found
a0 association Setveen cholesterol or triglycerides and
blood PCBs. Kreiss et al (1981) found an incresse in
cholesterol with incressing blood PCB levels, but no
relstionship of triglycerides to blood PCBs vwhen an
adjustment wvas made for cholesterol level. Two other
studies, Baker et al (1980) and Chase et al (1982) agree
that cholesterol is not associated with blood PCBs but that
triglycerides are.

Saith et al (1982) found cholesterol 1levels to be
positively associated with low chlorinated PCBs in ooe of
the two plants studied. Triglycerides were positively
sssocisted with high chlorinated PCBs in one plaat and
segstively associated ia the other, vhere they were
pesitively associated with lov chlorinated PCBs. .

The preponderance of evidence is that cholestercl is

mot associated with Dlood PCBs. There i3 mo obvious
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explanation for the sssocistion of cholesterol and dlood
PCBs found by Kreiss et al. DMowever, their use of
cholesterol as an adjustment factor for triglycerides
impliea that they view cholesterol as an independent
wariable thst predicts triglycerides. The results of
Daker et al asud Chase et al do mot support this view, since
they show that the putative predictor, cholesterol, is mot
quochted wvith dlood PCB levels while triglyceride levels
are. The association between triglycerides and blood PCB

levels appesrs to be ambivaleat at the least.

Otber Objective Findings
Fischbein et al (1979), Baker et al (1980) and Maroni

ot al (1981 II) examined Dlood chemistry and found no
association with blood PCB levels.

Kreiss et al (1981) found a statistically significant
positive association between diastolic blood pressure and
blood PCBs after adjusting for cholesterol, triglycerides,

* smoking and rsce. However, Saith et al (1982) reported no
» such associatioca. ' 3 .
Vazshaw et al (1979) reported decressed vital capacity

4a 243 capacitor facturing k compared with

- published £ standards. Nowever, most of the study

population were cucrrent or former saokers, while the
seference standard is based en a2 non-smoking pml;uu.
The effects of smoking could be sufficient to explaia the
fiadings.
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Reported Symptoms and Illnesses
Six of the studies iavestigated a range of symptoms

and flloesses. Twve of them reported positive findings im
occupationally exposed populations. TFischbein et al (1979)
zeported » history of gastrointestinal symptoms ian 18
percent of 326 capacitor manufacturing workers, a
prevalence of from 3.0 to 15.2 perceat of various susculo-'
skeletal symptoms, and a prevalence of from 4.8 to 27.8 of
various neurological symptoms. These vwere, however,
unrelated to blood PCB levél or duration of esployment.
Maroni et al (1981 II) 'xeported eight cases of gastro=)
{atestinal complajnts in 80 exposed workers with no
{sdication of whether there was a relsationship to blood PCB
level or duration of employment. They slso reported two
bleeding haemangiomas and onme case of chroanic myelocytic
leukeaia. . ... .
The other four studies rxeported no PCB related
findings. Specifically Baker et al (1980) found no
telatiocaship with any of the following; fever, weight loss,
aasrexia, - fatigue, headache, eye irritation, cough,
.shortaess of bresth, ssuses, vomiting, diarrhes, sbdominal
pain, arthralgia and "persistent rash. - Kreiss et al (1981)
Teported the same thimg for prevalence of {llness or weight
2088 " {a “the-"previocus” year, @s& -of ‘medication, wse “of

Sedits]l care, history of heart di » "and per ge of
Ppregaancies ending fa wmiscarriage, 'stillbirth or iafaat

Sedth.
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Chase et al (1982) failed to (i;d sny evidence of
ergsn toxicity in s review of the medical histories and
physical findings 1in a group of exposed railroad
saintenance vorkers, asud Suith et al (1982) reported mo
consistent dose-dependent increase in either symptoms or
past illoesses. Their inquiry covered digestive,
zespiratory, ceatral and periphersl npervous systes,
dermatologic, snd emotional symptoms.

The evidence shows no PCB related symptoms or
fllnesses, since the two rep:irn out of six that mentioned

symptoms failed to show an associstion with level or

duration of exposure.

Carcinogenicity
Table & shows the major findings of cancer mortality

ia three cohort studies of PCB expéud vorkers. Browa
et al (1981) studied a cobort of capacitor manufacturing
workers in two plants who had been exposed at least three
soaths betwveen 1946 and 1975 inclusive in one plant or
between 1940 snd 1975 inclusive in the other. Follow-up
was more than 97 percent complete as of the end of 1975,
snd expected mortality was calculated from U.S. population
gzates. JNoo-statistically significant excesses were found
for rectal caacer, based os four desths, and liver caacer,
besed oa three deaths. The rectal cancers showed a ;u.m.
facrease vith aa iacrease in the latency period, but the

liver csncers shoved no consisteat trend. There were no
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facreases in wmortality from these csuses associated with
iscreasing lengths of exposure.

Bertazzi et al (1981) also studied a cobort of
capacitor masufacturing workers in a plaant near Milaa. The
cobort consisted of every person who had worked for at
least six months between 1946 and 1970, inclusive, except
for clerical workers. Follow-up wass over 98 percent
complete as of the end of 1978, and expected mortality was
based on rates in the city where the plant was located.
Data were analyzed cepanteiy for male (290) and female
(2020) workers.” A sfatistically significant excess
mortality from sll cancers, based on eight deaths, was
found in male workers, and a statistically significant
excess for all causes was found in female workers, based on
15 deaths. There were non-significant excesses of
lymsphatic and hematopoietic cancer in both sexes, based on
four deaths, snd of digestive caacer in males, based on
three desths. The sites involved in the digestive cancer
desths wvere stomssch, pancresas and biliary tract. JNo
smalysis by duration or latency of exposure was attesmpted
becsuse of the small numbers involved. The authors note
that the cohort was wvery young, and that their follow-up
will de contiaued.

Zsck et al studied all hourly male workers whe had
Deea employed in the manufacture of PCBs in a g;unl
chenical plaat for Aut least six months betveen 1943 aad

1965 iaclusive. Follow-up was approximately 99 perceat
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complete (one person was lost) as of the end of 1977, and
expected wmortality was cslculated from U.S. population
rates. There were eight cancer desths. The oaly aotef
worthy flndinj vas & non-statistically significaat excess
in lung cancer based on four deaths. No liver cancer

deaths wvere found.

DISCUSSION -

Doll (1981) has -uuea-ted criteris for establishing
carcinogenicity from epldel.iologtc evidence. They are
similar to those proposed by the International Ageacy for
Research on Cancer (1980) and are essentially as follows;
. (.1) there is u.rex_ce.u in exposed groups beyond what can de
expected by .chnnee, (2) there is an appropriate relation-)
ship with dose or duration of exposure, (3) there are no
known biasing or coafounding factors, (4) the association
is observed repeatedly in different circumstances. The
development o!; these criteria was stimulated by a concern
te provide generally accepted guidelines for establishing
carcinogenicity, but they apply equally well to other
bealth outcomes.

Criteria for establishing the absence of a bhealth
effect are inherently moxe difficult. The cliché thst it
s impossible to prove a megative is true but misleading,
‘4a the sense that it is also impossible to prove a pesitive
sssecistioa by neau' of epidemiologic studies. A statisé)

tically significaat positive finding allows us to coaclude
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thst an associstion exists, with a kaown probability that
the conclusion is vrong. Repeated positive studies reduce
thst probability in a manner that can be calculated, but
there remains & chance that the finding is false. On the
ether hand, s negative study allows us to conclude that
there is no association, with a probability of error that
_depends oa how great an association reslly might exist.
Repeated negative studies reduce this probability, but
there is aslways a large probability that a very small
effect might not be detected:. Therefore both positive and
segative studies carry a’ris‘k of error, although ia bdboth

cases the strength of the evidence may be such as to make

that chance negligidbly small.

Cross-sectionsl Studies

There is a reasonable consensus that dermatitis is
associated with occupational exposure to PCBs, although the
dose response relationship bhas mot been established ian all
of the studies. Two mom-occupstionsl studies agree that
there is no dermatitis associated with enviroosentsl, i.e.,
som-~occupational exposure. The difference in the results
of the occupational and wop-occupational studies s
ceasistent with the order-of-magnitude differeaces in the
exposures of the two groups.

There is a similar pond of evid that mild

¥

1iver function assomalies are associsted with occupatioasl

but mot with non-occupationsl exposure. Ome occupatiomsl
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study found associated clinical symptoms, but the remaining
three studies found no detectable cliniénl illness. By
Doll's criteria of comsisteacy, it is very unlikely thst
clinical fllness is associated with the anomalies found ia
eccupationally exposed populations. .

Findings concerning cholesterol levels again show 3
preponderance of evidence that cholesterol levels are not
associasted with blood PCB " levels, even though one
non-occupationsl study did report an association.

The situation with rely'.gct to triglyceride levels is
slightly more ambiguous. Two out of five studies,
iacluding one non-occupational study, found s relationship
with blood PCBs, so that the possidbility that such a
relationship really exists must be considered.

Studies of Dblood chemistry were uniformly negative.
Tvo studies of diastolic blood pressure gave coatradictory
gesults. One study of pulmonary function suffered from a
failure to account for smoking so that its findings cannot
be attributed to PCB exposure. None of these areas of
study asppear to shov any relstionship to PCB exposure.

Nose of the six studies of reported illnesses and
sysptomss coastitute evidence by Doll's criterias. Four
studies showed no relationsbip of a wide range of symptoms
te PCB exposure. Two occupationsl studies reported various
syuptoms, but did oot show that they were related te bloed

PCB level or duration of employmeat.
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Cohort Cancer Studies

The most notevorthy characteristic of the three mor-'
tality astudies is that they do not agree with each other.
Bxcess cancer of the liver, rectum, stomach, pancreas,
%iliary tract snd lung are each found in one of the atudies
but in none of the others.

Although the power of the studies is limited (the most
poverful one, Brown et al (1981) has a probadility of adbout
0.33 of detecting a t.hreefold excess in liver cancer
wortality), the lack of a xhtency relationship in that
study and the ce‘plete ab;ence of liver cancer in the other
two studies strengthens this pover in a way that camnmot be
quantified precisely.

The average duration of follow-up in each of the three
studies was 15.3 yeaxrs (Brown et al), 15.7 years (Maromi
et al) and 20.2 years (2ack et al). Further follow-up,
especially of the first two studies, would provide the
longer latency and grester aumber of desths that would
{acrease the pover of the studies. Nevertheless, whe data
«@vefleble ot the preseat tise do wet provide the coasis®)
Sont, - expesure related - resulis . that weuld Justify
Soacludiag ¢that PCBs are carcisogenic in buman beings.
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Theses documents e Mu Mjmh‘l’ v:itnn dth
1 unscientific discussions such as:

on e 3-23 the asuthor statss: “Howeaver, the onnu.l.ws
use mathematical models and the assumptions made by the
. EPA wttaout coupctng thuo mnlu o nauty m sasily
do-onstnm. _ EREE
The rsport by the Wew ml-\d cn Msociation begins “The
discovery of small amounts of PCBs, ths use of vhich has been
banned by the EPA, in natural gas transmission lines is
nsither unexpected nor cause for public alarm.®

Later in discussing acute PCB toxicity the report states:
*Short term sffects of moderate dosss in animals are
minimal. The toxicity is comparable to that expected from
such substances considered nhetnly safs such as table
salt, alcohol or caffeine.”

In discussing chronic effecta the report ststes: °*...PChBs
producs minimal changss in new borns. In fact they axe no
mors toxic to the fetus than most chemicals, and less toxic
with regaxd to birth defects than some c¢ommon vitmmins and
horaones. *

Summary of the Health Bffscts of ¥CBs

Ths "Summary of ths FNealth Effects of PCBs® tends to misguide
the reader a8 to what the actudl articles present. The owsrall
tone of the Summary is a rafutation of the technical presentation
o an sxaggeration of the mltln‘ arguments presented in the
six raview articles.

On pp. 1, I-l.. and 2-2 of the Summary, the authors cits and
discuss Welisburger's and William's concept of promotsrs and
initiators, and epigenetic md genotoxic mechanisms. Bowever,
they do not point out that the concept and the eln.iucnioa of
carcinogens by Weisburger and Willaim are not shared by many.

on pp. 1. 2, ad 1-5 tho aathors dhcuu the large number of
negative carcinogenicity studies fox PCBs and prasent the
inadequacies of the positive studiss. They do not mention the
inadequacies of the negative studies. PFor sxampls, the refsrance
papers show thik only a few of the negative studies srw of
sefficient duration to ately characterize them as megstive
studies. Nost of the studies guoted in the six artioles are of
ond ysar or leds Surstion (s.9., see article by Crump, p. 20).
rcr the positive studies, they criticise that tip lm

vas téo t&tndmn..udyaum(p. l-J).

n u not-a nlonnt concarn for e positive study.

. .-21
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The authors also stated that the positive studies should bde
discountsd because of lnadsquate design. If this is the case,
the negative studiss should also be discounted as well. It is

lfaxr mors difficult to Prove a negative result than a positive

Often, obssrvations cited in the rsvisv papers ars nsglected
or omittsd in the CMA Summary. For example, p. 3, paragraph 2,
sentence 3 of Summary: “The preponderance of studies has not
{dentitied a clinical disease associated with exposurs to PCB,
nor has it provided persuasive evidence of hsalth impairment®
compared to Paper No. 1, p. 22, paragraph 1, last sentance: .
*...a single study which suggests that diastolic blood pressuxs
may ba relatsd to bdlood levels of PCBs.” This study suggests
soms cardiovascular toxicity. In addition, dermatologic
reactions is k to be iated with PCBs poisoning.

The Summary contains too mich smphasis on the possible
carecinogenicity of PCBs and doss not mantion much on the possible
chronic health effscts. The six articles have more details of
the chronic effects.

One of the controversial issues in this document is that the
CMA contractor feels that PCBs axrs tumor promotsrs and not
{initiators. Sincs promoters may have threshold and reversidle
sffects, the authors feel that low level sxposurss do not
represent & hazard for cancar. The evidence for this asssrtion
i{s presented on pege 2-7 through 2-8 and again on pages 3-17
through 3-19. Thess arguments can be summarized as followvs.

1) PCBs increase the frequency of liver tumors in rodents;
a tumor typs which s spontan ly in these animals.

2) PCB induced tumors are not mestastatic.
3) PCB tumors axrs not transplantable.

4) Promotersd axrs not mutagens. Many of the mutagenicity
test on PCBs wers megative,

S) Continued presence of PCBs is required to sustain liver
neoplasia and removal say causs tumor regression.

There ars several problams with this line of reasoning.
Pirst the mechanisms of action of initiators and promotsrs ars
becoming less clsar. The dogma that initiators causs mutations
and promotors have "epigesnetic® effects in cancer expression ia
no longsr totally accepted. Cairns has recently proposed that
initistors may not act through the induction of mutations by way
of DNA damage as is usually thought. Purther, the term
spigenetic is not very useful; for example, what if a chemiacal
caused 8 heritable change in chromatin structure by altering the
action of DSA methylasss. This affacts the DNA and therefore ls
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netic,” and yst neither the sequence of b-n ‘nor the number
chromosonss ig-effected: Because of such auuc-uu- it s
Metor, p.xhq-, not to -t:notm chemicals. - .

Bven l! L pt the e reasoning, lt is important
to note that not all mutagenicity tssts on PCBs were n-!:ho.
In the Monsanto document satitled.®A rsview and evaluat. of
“caxcinogenicity ia mice and rats aad mutagenicity studies with
PCB”® several positive mutagenicity tests were oited along with

-the negative results: Aroclor 1221 and 4{-chlorobiphenyl waze
positive in the Ames tast. -TCB and the 3, ¢ epoxide of TCB -
induced single strand beeaks in DNA of L~929 cells. Kanschlor
m vasp found to induce chromcsomal aberrations in vitro while

chlor 500 vas positive in vivo. Continuous exposure of OGN

cells to Aroclor 1234 cauaed cell transformation to type

III foci. Thesse Cells formed a sarcoma vhen implanted into
irrediated mice. Aroclor 1260 and 2,4,5,2°,4°,5° -
hexachl oblﬁ:nyl also cauged ntvhologten transformation of
¢ 107 4-Chlorobiphenyl caused en increase i{n
unscheduled DA muunu in CHO cslls while Axoclor 1254 induced
chromosome damege in ring doves fed a 10 ppm 4dist. Clearly,
based on these dua ons can m- tnat PCBs may have initiater
activlty.

uanny. in el.leulating the riek uthaeo for incrsased human
cancsr casss caused Dy exposurs to PCBs, the contractor made (dut
414 not stats) an snormous assumption. It was assumed that
bescause hepatomas wers induced ln rodsnts, this vas the only
tumor type for which humans wers at risk. Although the .
correlation between carcinogenicity in snimals and man is good,
the issue of site concordance is not clear. Therefore, bumans
nay be at risk for other types of tumors a8 well. Since tde
incidence of hepastomas in the human population is low, the risk
sstimate producss s very low number of PCB induced cancsr.
Rowaver, if thess chemicals wers also associasted with lung
carcinoma, for example, risk utlmu would be much higher.

vy T4 N ¢

n. late.r .qqt o! tho hny oenli-u -ut.ly of a complsts
refutation of the risk assssament dons by Crump and Magtsrman,
the last document on the “"Asssssment of Carcinogenic Risks from
PChs in Food,.* vul wery. little documentation of the reasons for
not accepting Dx. Crump's asssssment. In his asssssment, certain
models axe uped pduin viztually safe doees of PChs at .
specified risks. Be includes the probit modsl, the one-hit
sodel, and the meliti-stege model. . .Ne also usss the one~hit and
multi-hit models.to-Jerive egtimates of life time extrs risks to
mmm&wumcrm Although the-
‘Sumnacy® is-interssting readiag, in wost cases ¢ {s not of
sufficient. qctucuu vduley tD WrTast 8 .response. . In amy
case, the Summaxy conclusions for risk ssssssment axe o
supported by the tschaical :peviev documents..:In fact, snlike the
other section such & spidemiology, ths risk assessasnt ssction
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40es nOt evan attempt to summarize the matarial in the risk
assessaent tschnical document. Thare are several specific
problems with the Summary.

1)

' 1) Several places in the Summary (pages 4-5 and 1-3) the
authors conclude that there is little reproductive risk from PCBs
in animals. The Crump and Masterman document contains the data
from the reproductive studiss in monkeys which showed effscts at
lavels a8 lov &= 2.5 ppm. The PCB data is unusual in showing
reproductive sffects at levels lower than those at which
carcinogenic sffects axe sesn. The fact that this is not even
mentioned in the summary document, svsn though ons of their own
technical raview documents include the data, casts some suspicion
in the summary document.

2) Aside from the bilological arguments regarding mechanisa
of cancer which are used to refute Crump's risk assessment, thers
is another major argumant proposed. It is that if the risks are
a8 large as Crump's estimates indicate, these risks would havs
besn Jdstectsd by now in high risk populations. Ths review of the
spideniology studiss show the highast number of cohort deaths
studied for sufficient latency periods is less than 100. It is
doubtful that relative risks of less than 15-20 times would de
dstected vith this size population (ve ars prssently doing the
calculation).

3) Using the EPA Water Criteria documents, the authors in
the summary section calculatad the sxpected incriase over
background cancer for certain subpopulations. There is a mistake
somswhere in the conversion figurs given in Table 3-5 equating
79 ng/l to 80 ug/day. The 80 ug/day does not produce the
sxpected increases Oover background shown in Table 3-6. A
conversion to 80 ng/day rather than 80 ug/day would produce the
sstimates shown in Table 3-6 and on pages 4-10 the figure is
given as 80 ng/day. .

4) On pages 4-6, the authors use the CAG documents which
show that i{f PCBe u!;n not carcinogenie, the allowable daily
intake would be ug of CBS per day. This i{s calculated using
reproductive deta in minks (which was similar to reproductive
data in monkeys) and a safety factor of 100. This allowvable
daily intaks of 210 ug7day is not disputed by ths authors, yst
the sxposurss shown in the table on page 4-11 for capacitor
workers is 4 times higher than this allowadls daily intake.
Therefors, even without considering carcinogenicity, the
allowable daily intake of 210 ug/day, which is used by the
suthors to gquestion the much lower safe levels from cancer data,
is already 4 times lower than averags exposurs of capacitor
workers. All thé arquments used {n the Summary for negating
cartain models used for extrapolation of cancer risks by
:uhlnuue sxguments would have no ralevance to resproductive

ata.
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S) " The -uor' ot !h‘ summary document makss no attqt o
estinate’ any tisks: dccdtding to their proposed model of cancer.
This may be because the it model, also used by Cruwp, gives

the lowest risks of almost uy -oa.x dvailable ot low lsvels.

tﬂn safs levsls shown on page 34 of Crump's report using this
model are bDelow ths .xpo’m of’ average eqacucr wmu. svan
for um = Mgl -

,‘ -:. Lol 1 : i

B AR RRY . mgdnlolmo!m

Sl ¥

The lpuuloloqy of ?CBs by Caffay was raviewed Xn gtnt
detall, Our comments s directed to answer the Question of
whether his conclusions and gensralizations are justified based
on cur cursery review of the cited studies. We chose t© bogin
with the review of m oueinogonlcity section since this is o
most concern.

-- R o

Caxcinogenicitys tn gtnu-d. catby'. oconclusions marnuly
the i‘ﬁn‘%g‘ro%auiomu svidencs necessary to

causal assoclation between ¥CB exposurs and carcinogenicity m
reasonable in light of the criteria established in Richard Doll‘'s
aper. HNowever, ssveral of the studies reviewed Gaffey
Bertassi et al, Sack and Musch) suggest an owerall increase in
risk from dsath due to cancer and all studies reviewed by Gaffey
40 in fact reveal sxcssses for specific sitas: although most of
these excesses were not statistically significant or site
concordant vith one another. It should be statesd at the cutset,
that the prasence of consistency strongly supports causality, but
its abumadounotr\no ttou.

Gaffey deliberatsl aitnd ea. pnuunu-y mortality
£indings of ths Yusho incident from this section because this
study vas not an spidemiologic analysis dirscted at cancer.
Urabe et al reported 11 deathe from malignant neoplasss amony 35
contirmed deaths of Tugho victims., ' The athors stats that “this
rates (11/33) is memuuy highex than the 21.1% that is the
mortality rats ‘neoplasms in the same prefectures” for that
yoar (1977) bat ‘eathors also gtats that "i{t would be
premature to conclude that this high mortality besrs association
with PCB poisoning.® Nevarthsless, thres of thess deaths were
due to liver cancer smd two from lung cancsr, wtamuum
concordance with npom ltu prwioa studise’ (nek Musch,
Srowe and’ Je-u!- T T R
) P2 ST O QUL SR 5 P R ot :

lmru u thé studies nv“m ly w (ldm ot n. Sack
and Masch)  axe uum. n !n"«m. lally smong thoss
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Purthermore, the powsr of detecting a -1gn1uc;&§ elavated risk
has not bsen rsported for any of these studies and these
calculations should be performed as part of ocur in—depth ruvigw.

In addition, it should be noted that most of the studies
reviswed by Gaffey axe mrtniz studies, and not incidence
studies, and are therefors based on death certificate information
which is known to have cartain limitations for dstecting cancsr
risks due to chemical exposure. The principal limitation being
that analyses basesd on deaths alons may sxclude thoss workers who
left saployment from a study plant and later developed cancer,
but have not expired and are therefore not counted among the
cancer deaths. .

With the exzception of the Yusho study (Urabs et al), no
reliable data on past industrial sxposurs vers resported. Two
studies (Brown and Jones: Bertazzi st al)- reportsd relatively low
airborne levels of PCBs a8 estimates of current exposurse. Only
‘SBahn et al reported that their study population were "believed to
have besn heavily sxposad® to PCBs. In the absenca of high body
burdsn lavels or clinical indications of chloracns, we would have
to assume that occupational exposurs to PCBs was relatively low,
and, therefors, would not be sxpscted to producs a measurabdble
differential effect on mortality.

In summary, based on the preliminary results rsportsd in the
litexature, Gaffey's conclusions with respsct to cancer risk ssea
reasonable, but he unjustifiadly dismiases the significance of

ggestive evid . Bertazzi st al, for instancs, recognizing

the limitations of their analysis based on a few mmber of deaths
(27), stats that “the results so far obtained are strongly
suggestive of an excsss of mortality froa cancsr among mals
workers and an excess of mortality from all causes and from
cancer asong female workers.® Ssveral of the studies reviewed by
Gaffey (Brown and Jones, Bertazxzi st al, Zack and Musch)
determined the vital status of their cohorts as of 1977 and
1978. It is possible that formal requests to thess investigators
to follow~up thefir investigations through 1981 may resolve
ambiguitises that are dus to imsufficient numbers of deaths.

Pinally, Gatfey reports on ths privats communication of
preliminary results fiom two investigators (Rousch and Sinclair)
whose results should be secured as soon as possible 80 that we
can svaluate their relevance to Gaffey's conclusions. It is our
opinion that further rigorous sevaluation by mors qualified,
sxpects is inherently desirable and will add to our undsrstanding
of the significance and deficisncy of thess studies, but we doudt
that there is sufficient epidemiological evidence at this time to
s\ t a causal association batwaen PCB axposurs and cancer.
Additional studies among mors highly exposed worksrs with
sufficient numbers of deaths should be supported in ocder to
resolve rsasonable concerns about ths potential carcinogenicity
of PChs.
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Accidental Haavy g_ﬁwnx Gaffasy reviews two incidents in
this eection r usho reports), but Meigs 1. more
Whtdy ravisied in the pext o.cuca..:_;v:- cimn s

t the humercus studles which have been lished 1n mmm
with m Tusho incident represent & sizesble fraction of the
total health effect 1litsraturs concerning »Chs. Gelfsy, and the
authors of the General Rlectrid health effect report, attsmpt to
nininise the Televanca of these findings for two aain reasons:
(1) les of the Ml Mee B11 wers found to be contaminated
with dibenzofyrans, and (1) victims of this incident ingested-
large dosss of ICBs which are irrelevant to assessing the health
sffects from lower occupational exposurss found in the United
States. Proper svaluation and intexprestation of these objsctions
ars crucial to ths assessaent of hu.lth effects related to PCB
*XPOSUTS. .. -

"Yusho disease 1s a qun term which refers specifically o
acuts and sud~acuts poisoning Sue to ingestion of Xameni Miecs Oil
which was contaminated with FCBs. Thers ssems to be & general
consensus that the average mount of Ranechlor ingestsd was
estimated to be about 2 gm vhile the ainimum amount ingested by a
patient was about 0.5 gm. As of 1977, there were 1,663 victims
of Yusho, who sxhidbited a variety of acuts symptoms ranging from
severs chloracne and byporpignunucn to less specitic effscts
such as vomiting and diarrhea.

Ths most notable finding from this incidsnt sssms to bs that
patisnts sesn thres and six yesars aftsr first coming down with
Yusho dissase still exhibited symptoms of Yusho, biochesmical
abnoraalitiss and persistent blood lesvels of PCBs. Unless these
sffscts can all nuon:ﬂah attributable to the dibsnzofuran
contamination, say that the severity, incidence and
persistencs of thess effects all warrant serious concern for PCB
sxposurs. Both the specific toxic sffects (as determined from
aninal and human studies) of FCOPs and PCBs must be compared, as
well as the quantitative, widm lupyort:lng the utm of PCOP
contamination.’ b - AR

th respect to the rﬂhtau—y lortcuty reports, Gaffsy
juu!hbly calls attant to the problam that the population-
aterisk, o Mnam of the relative risk ratss, cannot be
Gsternined, and therefore. nts & problem for detsramining the
scteal "attack rate® as well as the relevance of elevated cancer
' eaths' among !u:o victims. This prol;}.- is mitigated somevhat
the finding that known ussrs of oil, 80
:’uiulo-tbu‘l :'i =pomutotthmumnn
“affected. uu‘ sors than 720 ml, 100

‘wers affsct: u ut thet Yusho victims, as d.!laod
by vaxious ¢ inlul. cuort‘i. in fact sent the total
aunbet” of 0 Sontaminated oil. This, of course,

15" dnjecture -na h sudJect to much oriticism. But until this
problem is resolved, nid-loloqlc analyses utuyung the cohort
approsch mgy be_insppropriaty and uucmublo. C

P iR cam e e e
P ST .
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‘iaffey only briefly resvisws the reproductive sffscts seen
;"“’"l childran of Yusho victims and hs nsglects sntirely to
IOPNre on more recent findings. The EPA Water (uality Critsria

Imyunt reports that “thirtsen woman, 11 with Yusho and 2
Vithaue, byt married to men with Yusho, deliversd 10 live and 2
Stilihorn infants beween Pebruary 15 and December 31, 1968.°
Ninc ne the 10 had hypsrpigmentation, and S had grayish-dark
Plgmuntarion of the gingiva and nails. Other findings of reduced
GYowth, prematursly srupted testh and incrsased ays discharge -
WOXU «lso reported. Nine mors infants with hypsrpigmentation
YSr: lnrn to Yusho mothers betwesen 1969 and 1972 (Yoshimura
1974), "The Water Quality Criterias document reports on ssveral
Studiuy which found slevated levsls of PCBs in breast milk of
Yuslv, women. Again, the significance of thess findings dspands
UPOn oyr {nterprstation of the relsvance of PCDP contamination,
%8 wviil ag on the potential for lactating mothers with high body
Bulrdun levels to deliver PCBs to mursed infants.

Fnyironmental Levels and Burdsns: Gaffey's conclusions
CuM Yaasonable ust . Hs concludes that high sxposurs
to IThg ragults in higher body burdens, all other things being
®qUal, There wers a faw inconsistenciss which can bs adequately
$xPlained by mors rigorous interpretation of the studiss which
Vill heve to ba addressed in a more in-depth revisw.
Spucirically, what is the significance of high burden levels? 1Is

1y 4 threshold level for adverss health effects? What is ths
Siynir{cance of higher chlorinatsd compounds and what is the
POtuntial for futurs bicaccumulation under current SXPOSUre
Situnriong?

Fildemiologic Studies of PCBs and Msaith: Dermatologie
ol funrgy cﬂgq Justif{ably concludas that "the data suggest
Stiimuily that when PCB blood levels exceed about 150-200 ppbd,
€hiniacne can occux,” but most studies have shown that the
OCtii ynes of chloracns is not further associatsd with blood PCB
luviin, s Gattey gests that this apparsnt inconsistency msy de
@ fureion of p-z:o“z-.l idiosyncratic factors or that not all
CHiun of high blocd PCB levels ars associated with chloracne
butiuing they 4o not have sufficient skin contact for chloracns to
duvuing, In any svent, dermatologic rsactions have bsen
Cuminegntly associated with PCB sxposurs and thess rsactions ¢
AUy ypnder occupational exposure conditions as low as 0.1 mg/m’,

f.iver function: It is difficult to maks any interprstation
Ol 1hnge £indings without reviewing sach of the nine studies. 1In
ey a), there does NOt Sesm to be consistent findings of
iy mal 1iver function or biochemical indicators of snzyme
“¢!17ity; nevertheless, ssveral studiss did report abnormalitiss
,"‘ »hxyma levels vhich may have relevances beyond that suggestsd
7 Cattey.

¥at metabolism: Gatffay's conclusions as statsd ars
Chunistgnt with the reported findings. -
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*Nost studiss mhﬂu one m-oecupatlond study have
_asssociated incru;d tripycerides with PCB exposure. The dsta on

{cholesterol are not consistents an increase, a decreass mé no
changs were found (one lt‘.’ sach). SDL cholestexol either

. decreased or was unchanged (one study sach). Evea if I
""" exposurs has soms sffect on fat mstabolism, it appnn o be

. ‘ytuout any spparsat clinieal significance.®
s %5 ?‘ Z1liness and Other Conditions: All of the -euuu
section nore roughly svaluated.’
Gc!hy quotes Smith et sl. as saying “"that no studies to date
have shown that occupational sxposurs to PCBe is assoclated with
any adverss health cutcome, to be distinguished from demonstrabls
subclinical biochsmical altsrations.® It {s possible that these
biochemical abnormalities have not yet revsaled any clinical
nanifestations, and it is not elsar whether - the subeclinical
altsrations prassent ssrious health effect concerns.

In general, acst of thess studiss are cross-sectional, and
thersfors maks no sffort to ascertain the trus population-at-
risk. In other words, the investigators did not identify their
study populations from historical employment rscords - thersby
snsuring that all workers had some minimal duration of sxposure -~
and furthermors, these studiss made no effort to identify workers
who may have lsft employmment for occupational health reasons.

In most casss, ths study population rspressntad thoss workers
currently smployed and healthy.
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