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PCBe. These capillaries exhibited a bleed of 0,7 pA (flame fonization detec-
tion) at 320°C. The second method yielded thicker filma (0.1 u) for higher
capacity for use with clectron impact MS,
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RECENT EPIDEMIOLOGIC STUDIES OF PCEs
William R. Gaffey

Monsanto Company
St. Louis, MO 63167

Bafora the Yusho incident in 1968, published studiecs of the health
effects of PCBs, vith the exception of Maigs et =l, (1954), vere essentially
clinical studies of occanional sccidental ssvare expocures, In the following
decada ten epidemiologic studiss were published (irn addition to the msny
reports on the Yusho incident {tself), all but one of which dealt with
occupationally axposed populatiens, and only one of vhich studied the
relationship between cancer and PCB exposure (GCaffey 1982).

&

Sinca 1978 thare liave baan ten spidemiologic studies of the health
effaects of PCBe. Saven of then are cross-secticnasl investigations of symptome
and biochemical parsmetaers, Of these, five are occupationsl, ons is a study
of both eccupational and nonoccupational exposure, and one is nonoccupational,
The remaining three reports ars cohort mortality studies of occupationally
exposed groups, In addition, there has baen & report on ecsncer mortality in
the Yusho population,

This paper briefly summarizes the status of the epidemiologic evidence on

health effects as of 1978, and reviews and evaluates the subsequent studies in
detail. ‘

THE EVIDENCE AS OF 1978

The Yusho incident of 1968 at first appearud to be a classic exsmple of
the effects of a massive ingestion of PCBs, Over 1000 Japanese became 11l
after eating & cooking oil contaminated with Kanechlor 400, a PCB compound of
Japanese manufacture, The moat common acute symptoms obsarved were hyperpig-
mentation and acne-like lesions, central mervous system symptoms, discharge
from the eyes, and vomiting and diarrhea, These symptoms were dose related,
and somes of them persisted for as long as six years. Laboratory tests showed
disturbances of liver function and fat metabolism, and thers vera clinical

reports suggestive of snde abnormalities in the children of Yusho mothers
(NIOSH, 1977).,
&

As of the:end of 1977, 51 deaths smong Yusho patients had baen identi-
fied, with an apparent excess of cancer deaths (Urabe et al, 1979), However,
the data vare not adjusted for age, snd the completeness of ascarteinment of
the dsaths is Mot known, The elapsed time Srom the original incident to the
< ported deat| ;(onl decads) wvas short emough to cast doubt on whether the
caacars couldgdn fact have arisen from the Yusho exposure.

In sny casa, in the decade following the Yusho incident snalytie
techniques fogaidantifying PCEs and allied compounds improved considerably,
and the cooking oil was resnalyzed. The uev analyses showed that the Yusho
patients had in-fact ingested about the sans amount of polychlorinated dibenzo-
furans (PCDFs)ies of PCBs, in addition to polychlorinated quater-phenyls

189




(PCQa), Current determinations of blood and tissue levels of these other
conpounds in Yusho patients hsva shown total levels about agual to that of
PCBs (Kimbrough 1980). It tharsfore appears that the epidemiologic findings
in the Yusho incident should properly be attributed to the more toxic PCDF
rather than to PCBs.

There vere nins other published crose-sectional studies of symptoms and
biochenical parametsrs related to PCB exposure, ons of vhich vas sonoccupa-
tional, and one occupational study of cancer morbidity and mortality.

In wsummary, the cccupational studies found chloracne or other
dermatitis, and mild liver function abnormslities in the absence of clinical
illness, to be sesociated with PCB exposure. Two studies of cholesterol
levels gave contradictory results, and cone study of triglyceride levels showed
an Increase. The nonoccupational study showed no association between blood
PCB levels and sny of the Yusho symptoms, but did not examine liver function
or fat metabolienm.

The cancer study found an apparent excess of malignant melanoma based on
three cases, but was later withdrawm because of concern about whether the
exposed population had been corractly identified,

RECENT STUDIES

The seven cross-sectional studies completad since 1978 addresz a broader
ranga of health effects than did the pre-1978 studies, and in some cases used
formal statistical techniques to tike account of confounding variables such as
age, sex and veight, Two of the studies, Fischbein et al. (1979) and Smith et
al. (1982) evaluated thair findings in relation to higher chlorinated and
lovar chlorinated PCBs separately, The studies’ findings cen be classified
under five gensral headings: dermatologic effects, liver function, fat
matabolism, othar objective findings, and reported symptoms and illnesses.

The cohort mortality studies, slthough they collacted data on all causes of
death, vere concernad primarily with cancer,

Dermatologic Effects

Table ] summarizes the results of the five studles that reported on
dermatologic effects. The negative study of Baker et al, (1980) examined 18
exposad .workars, 19 members of their familice, and 89 community residents with
exposure to fertilizer countainicg PCBs., The resat wers occupstional atudies,
two of which found ehlurucn. cud all of vhich found dermaticis,

,S’-“

Yischbein et al, (1979) tcportad thlt S0 parcent of 326 capacitor
manufacturing workers raportsd s hittory of derzatological symptoms, the most
common being a rash. Those with sywptoms had higher blood lavels of high
chlorinated PCEs, Maroui et al. (1981 II) reported ten cases of dermatitis
(five disgnosed as active or past chloracne) fin 80 exposed workers, but
provided no further dats on the bload PCB levels of those with dermatitis
versus those without. Chasa et al. (1982) found incraased dormatitis, and
some chloracne, in the most exposed group ocut of 120 railroad maintenance
vorkers, but within the group found mo significant association with blood or
fat PCB levels. Suith at al, (1982), in a study of 92 employees of two
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Table 1, Studies of Chloracos and Other Dermatitis in
Relation to Blood PCB Lavels#*

Study

Chloracne
’ . Darmatitis Related

Other "

Dose Adjusted for
Other varisbles

Fischbein st al. (1979)

Baker et al. (1980)

Maroni et al. (1981 1I)

Chase et al. (1982)
Smith et al. (1982)

“ 4 = x

=

“ ¢ 4 m
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1 N
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% N = Not found
Y = Pound

No entry = Not reported
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utility companias, found no consistant as;oeiation between dermatitis and
either high or low chlorinated bleod FCD 1.7.1:.

Although the data are not con-iltcu:. thoy suggest thac there nay be a
gross dose responze relationship hatwean dermatitis and bleed levels of PCBs,
possibly complicated by variations inm individual suscaptibility and in work
habits that may affect absorption of PCBe.through the skin,

Liver Punction

Table 2 shows the results of the six studies that investigated liver
function. The two monoccupational studies showed no liver function anomalies
agsociated with blood PCB levels, The first one did not adjust for
confounding variablea (Baker at al, 1980), Ths second, a study of 458
residents of a comxunity with high eavironmental lavels of PCBs, found sn

asgoeiation which dipappeared when ags sad aleohol cousumption vere taken into
account (Kraiss et gl. 1981),

Of the four occupational studies, three showed varicus liver fumetion
anonalies related to blood PCB lavels. Chase et al. (1982) adjusted the
results for age, Smith at al, (1982) adjusted the data for age and sex, The
latter study showed a significant sssociation of liver function anomalies with
lov chlorinated blood PCBa in one of the two plants studied but not in the
othor, Maroni et al. (1981 II) found liver abnormalities associated with
elevated blood PCB levals, but the liver abnormalities ware defined as liver
function anomalies or livar related sy=ptoms or clinical. findings of abnor-
mality, They state that "only in a fev .casas vas a wsll=defined liver

failure (pre:ence of nymptcmn. h.patonnglly. and abnormal liver findings)
presant.”

. ! -4 ﬁiyﬁi"
Pischbain et al. (1979) found no livcr’function nucmali-s associated with

exposure, and in fact commented on the plucity of abnormsl results” in their
biochexical studies. C e \ iﬁfﬁﬂ g i

With the exception of Haroni et al.t 1981. the occupstional studies agree
in finding few or no liver function abnorma%itiEl. and no agsociated clinieal

} 111ness.

Pat Metabolism

Table 3 summarizes the rasults of the five studies that examined fat
metabolism, Fischbein et al. (1979) found no aszsocistion between cholesterol
or triglycerides and blood PCEs. Kreiss et al. {1981) found an increase in
cholegterol with increasing blood PCB levals, but no relationship ef triglycer-
ides to blood PCBs when an adjustment was vade for cholesterol lavel, Two
other studies, Baker et al, (1980) and Chase et al. (1582) agrea that
cholesterol ia not associated with b1°°5a§9§f bur that :tiglycaridea ars.

D05, R U

Smith et al, (1982) found ‘cholesterol levels to be pouitivcly associated
with lov chlorinated PCBs in one of the two plauts studied. Triglyceriden
wera positively associated with high chlorinated PCHs in one plant and

negatively associated in the other, whars they vers positively associzted with
lov chlorinated PCBs,
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Table 2.

Studies of Liver Fuanctionm in
Ralation to Blood PCB Levels?

Study

Atmormalities

Adjusted for
Ccvariables

Fischbain at al. {1979)
Baker et al. (1980)
Kreies et al. (1981)
Maroni et al. (1981 II)
Chase et al. (1982)
Smith et al. (1982)

W ¢ 4 =:Wm m

W o T o E W

* N = Not found
Y = Found
No entry = Not reported
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Table 3, Studies of Fat Metabolism in
Relation to Blood PCB Lavels

;

Study Total - - Triglycerides Adjusted for
Cholesterol ... . Covariables

Fischbein et al. (1979)

Baker at al., (1980)

Krelss at al, (1981)

Py

- S a

Chasze et al, (1982)
Smith et al., (1982)

* N = Not found
Y = Found




The preponderance of .videncl il thlt eholescc:cl is not asssociated with
.. blood PCBs, There is uo obviocus axplanation for the sssocciation of
.I.choleuterol and blood PCBs foand by Kreiss st al. (1981). Howevar, their use
- of cholastsrol as sn sdjustmsnt’ factor. for ‘triglycerides inplies that they
view cholesterol as au indapendsnt varilbl. that predicts triglycerides. Thes
results of Baker et al. (1980) snd Chase et al. (1982) do mot support this
viev, since they show thaot the putative predictor, cholesterol, is not asso-
ciated vith blood FCD lsvels whila triglyceride levels ars. The association
between triglycerides and blood, rcn levels appears to be snbivalent at the
least, o ;

Other Objectiva Pindfngs -V

. T ‘

. Pischbein et al, (1979)," Baker ot .1‘*11930) and Marond et .1. (1981 1I1)
» exsmined blood ehlnilt:y snd !aund a0 ‘asscelation with btood PCB lavals,
N (" ‘\‘7- ?%|1

. Xrsizs et 11. (1981) tound a -tntilciellly l!gnifican: ponttiv. assncia-
tion between diastolie blood prassura‘and blood FCBs after adjuatisg for
cholesterol, triglycerides, smoking and race. Howvever, Smith et sl. (1982)
reported no such association,

Warshaw et aol. (1979) reported decressed vital capacity in 243 eapacitor.
manufacturing workers comparad with published refersnce standards, However,
wmost of the study pepulation were current or former smokers, vhile the reference
standard is based on s non-smoking population. The effects of smoking could
be sufficient to explain the findings, *

Reported Symptoms and Illnesses |

Six of the studies investigatad a rangs of symptoms and illnecses. Twe
of them reported positive findings in oceupationally exposed populaticns.
Fizchbein et al. (1979) reported a history of gactrointestinal symptoms in 18
percent of 326 capacitor manufacturing worksrs, s pravalence of from 3,0 to
15.2 percent of various musculoskeletal symptonms, and a prevalence of from 4.8
to 27.8 of various neurological symptoms. These were, howaver, unralated to
bloed PCB level or duration of employment, Maroni et al. (1981 IT) reported
eight cadas of gastrointestinal ccmplaints in 80 exposed vorkers with no
indication of whether there was a zvelationship to blood PCB level or duration
of employment. They also reported cvo blucding haunangioman and one case of
chronic myelocytic luukzuia

b Spacifiecally
Boksr st al. (1980} found 1o ,tionshi suith any of the; gpllouing. fever,
wveight loss, ancrexia,;fatl ] cho,mgyn irtita:ion.fcnush. shortness of
breath, nausea, vomiting, dia ] o-iual pain.,:rthtnlgin gud persistert
rash, Kroise et sl. (1981)jye P ' q;l. thingjter tqgleue. of 1llness
or vaight losl'in the’ pruviou i
history of heart disease, and.pe
stillbirth or iafant dal:h. i e

Chase et al. (1982) f.uea’, indZany evidence of organ toxicity in a
review of the medicsl histories and pbysical findings in a group of exposed
railrosd maintenance workers,. and Smd h




dose-dependent increage in eithsr symptoms or past illucsses. Their inquiry
coversd digestive, respiratory, central sad periphcnl nervous systen,
dermatologic, and exwtional symptoms,

The evidence shows no PCB related syaptoms or illcessas, since the two
reports out of six that meantionsd lylptm failed to shov an association vi:h
lavel or duration of exposurs.

Cazeinogenicity

Table & shows the uja: £indings o! cancer moreslity in thrae cohort
studies of PCB exposed worksrs. Brovn et al, (1981) stud{ed s cohort of
capacitor manufacturing wvorkers in two plaats who had bean exposed at least
thres months batwesn 1946 and 1975 inclusive in one plant or batween 1940 and
1975 4nclusive in the other. Yollow-up wus more than 97 percent complate as
of the end of 1975, seund expected mortality was calculated frox U.S. population
rates. HNonstatistically significant excessen wers found for rectal cancer,
based on four deaths, and liver cancer, based on three deaths. The rectal
cancers shoved a slight increase with an iuncrease in the latency period, but
the liver cancers showed no consistent trend. There wera no increases in
mortality from these causes associated with increasing lengths of eéxposure.

Bertazzi et al. (1581) also studied a cchort of capacitor manufacturing
vorkers in s plant near Milan., The cohort cousisted of every person who had
wvorked for at laast eix months betweedn 1946 aud 1970, inclusive, except for
clerical workers, Follow-up was over 938 percent complete as of the end of
1978, and axpscted mortality was based on rates in the city vhere the plant
vas located, Data vers snalyred separately for male (290) and female (1020)
workers., A etatistically significant excess mortality from all cancers, basad
on eight deaths, was found in male worksrs, and a statistically significant
axcess for all causes was found in female vorkers, bassd on 15 deaths. There
vere mnonsignificant axcesaes of lymphatic and hematopoletie cancer im both
saxes, based on four deaths, and of digestive cancer in malss, based on three
deaths. The sites involved in tha digestive cancer desths vare stomach,
pancreas and biliary tract. NRo analysis by duration or latency of exposure
vas attempted becsuse of the small numbers involved. The authors mote that
ths cohort wvas very young. and that their follow-up will be eoucinued.

P J%,;i:g\
Zack ot al, studied all hourly nsle vorkers vho had 'been uployed in the

.manufacture of PCBs in a general chemical plant for at least six months
between 1945 and 1965 inclusive, ., -«!'ouw-np vas lpproximt:.ly 99._percent
complate (onaipezson vas }:g!_g)*’uu end of- 19]7. lnd u'paetcd Jortality
vas caleulnted 'from U.S. popuhti t:atu There vers lighc*“ cncur ‘deaths.

" The only noteworthy finding’ vnt [ W

'B.

DISCUSSION

Doll (1981) has suggutad critarias for eutublish:lng carcinogenicity from
epidemiologic evidence. They are similar to those proposed by the Interna-
tional Agency for Research on Cancer (1980) and are essentially as follows:
(1) thore is an excess in exposed groups beyond vhat can ba axpacted by
chance, (2) thera is an nppzoprhto uhtionsh!p with dose or duzation of
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Table 4. Inconsistencies in Mortaiity Studies
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Study Ro. Studfed RKo. of Deaths

Principal
Findings

Brown et al. (1981) 2567 163

Bertazzi et al. (1981) .

Zack et al, (in preparation)

Liver
Rectum

Digestive
Lymphatic
and hema-
topoietic

Lung
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exposura, (3) thars are no knowmn bialing or conteunding fnctoru. (4) the
apspcistion is obssrved repeatadly in differant circumatances, The develop-
ment of these criteria was stimulatsd by concern to provide generally aceepted
guidelinen for establishing carcinogeuicity. but they apply equally well to
other health outcomes, X i

\'._. - ~£, ‘ '\- -

Criteria for establishing ths lbuancc of a health effect are inharently
more difficult, Tha eliche that it is impossibles to prove a negative in true
but misleading, in the sense that it is also imposaible to prove a positive
association by meana of epidemiologic studies. A statistically significant
positive finding allows us to conclude that an associstion exists, vith
known probability that the conclusion is wrong. Repeated positive atudies
raduce that probability in a manner that can be calculated, but there remains
a chance that the finding is false. On the other hand, a negative study
allows us to conclude that theres is no association, with a probability of
error thst depends on how great an association really might exist. Repeated
negative studies reduce this probability, but there is always a large
probability that a very suall effect might not be detected. Therefore both
positive and negative studies carry a rigk of error, although in both cases
the strength of the evidence may be such ss to meke that chance negligibly

- small,

Cronss=sectional Studies

Thera is & reasonable consensus that dermatitis is associated with
occupational exposure to PCBa, although the dose response relationship has not
been established in all of the studies. Two nonoccupational studies agree
that thera is no dermatitis sssociszted with enviropmentsl, i.e., nonoccupa-
tional exposura, The differencs in the results of the occupational snd
nonoccupational studids is consistent wvith the order-of-magnitude differences
in the expoourss of the two groups.: i« PP .

ANfRr i Wt - -

There is a simtlsr prepondotauec of avidence :ha: nild li{ver function
anomalies are associated with occupational but not with nonoccupational
exposure. One occupational study found mssociated clinical symptoms, but the
remsining three studies.found no detectable clinical illness. By Doll's
criteria of consistency, it is very unlikely that elinical illness is associa-
ted with the anomalies found in occupationally exposed populations.

Findings concerning cholesterol levels agaln show a preponderance of
evidence that cholesterol levels are not associated with blood PCB levels,
even though one nonoccupational study did report an association.

The situation with respsct to triglyceride levels is slightly more
ambiguous, Two out of five studies, including one nonoceupationgl study,
found a relationship with blood PCBs, so that the possibility that such a
relationship really exists nuuc be_ eon:édezed

Studias of blood chcuistty vere uniforuly uegative, Two studies of
diastolic blood pressurs gave contradictory results. One study of pulmonary
function suffered from a failurs to account for smoking so that its findings
cannot be attributed to PCB exposurs.- None of these areas of study appear to
shov any relationghip to PCB exposurs. ::

e ey ays




“avidence by Doll's criteris,’ 1dles

"range of symptoms‘'to PCB expo o 0e

“'symptoms, but’ did not show thlt tbly T 'rnlnted :o blood PCB lavnl or -
duration of gnployueut. :

Cohort Cancer Studies

The most noteworthy characteristic of the thres mortality studies is
that they do not agrea with each othar, Excess cancer of the liver, zoctum,
stomach, pancreas, biliary tract aad lung are each found in one of the studies
but in none of the others.

Although the powar of the studies 1s limited (the most powerful omne,
Brown et al. (1981) has a probsbility of about 0,33 of detecting a threefold
excess in liver cancer mortality), the lack of a latency relatiomship in that
study and the complete absence of liver cancer in the other two studies
strengthens this power in a way that cannot be quantified precisely.

The average duration of follow-up in each of the three studies was 15,3
years Brown et al. (1981), 15.7 years (Maroni et al. 1981) and 20.2 years
(Zack et al.}, PFurthar follow-up, especially of the firet two studies, would
provide the longer latency and greatar nuzmber of deaths that would increase
the power of the studies., KNevartheless, the data sveilable at the presgent
time do not provide the consistent, exposurs relatsd results that would
justify concluding that PCBs are carcisogenic in human beings.
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Following the discourse of Dr. Gaffey, Dr, Philip Taylor presented pre-
liminary results of a study he conducted in conjunction with investigators
from the New York State Department of Health for the National Institute of
Occupational Safety and Health, In this study, the effects of PCBs on repro-
duction in occupationally exposed women were investigated. This study was
undertaken because in the Yusho episcde (accidental ingestion of rice oil
contaminated with PCBs, chlorinated dibenzofurans and quarterphenyls) 1l women
were pregnant at the time of exposure, two of these women had miscarriages and
nine had live births. Three of the infants were light for age and eight of
the nine had various symptoms of fetotoxicity, such as eve discharge, cola-
colored skin, and erupted teeth, In addition, fetotoxicity has been produced
in a varlety of animal species.
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The cohort of women that was studied were workers for the General
Electric Company at two facilities in Upstate New York south of Lake George.
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The two facilities were lecated in adjacent communities and have been involved
in the manufacture of capacitors since 1946. There have been roughly 7400
individuals employed in those communities between 1945 and 1975, of whom about
half wzre females. A cohort of women was studied whose personnel records
indicated they had taken leave because of pregnancy.
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Between 1958 and 1975, there were 388 pregnancies in 354 women that
resulted in live births within the State of Hew York, and these became the
object of the investigation. The information on bircth weight, maternal age,
parity, year of birth, race, sex, and date of last menstrual period was ob-

tained from birth certificates, and where necessary hospital records and physi-
cian records were reviewed.
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From a file of all single live births in the surrcunding two-county area,
a single control was selected for each of these births occurring to a capaci-
tor worker matched on maternal age and paricy precisely; year of birth plus or
minus a couple of years; and race. The controls were cross-checked againsc
the personnel files of the GE records to assure that they had never worked at
GE, The cohort was limited to persons who had worked at least three months
for GE and were divided into high and low exposure groups.

e

High exposure areas were those parts of the plant in which there was
direct contact with PCBs during or after the introduction of PCBs into the
capacitor. The areas of the plant with low exposure consisted of some women
with clerical jobs which presumably would have no contact with the PCBs and
women from the manufacturing process prior to the introduction of PCBs. In
1975, area samples taken in one survey showed that the values in the high
areag, following the impregnation of PCBa were in the neighborhood of 679
ug/m” and in the lower areas they were 260. In 1977, the areas of high
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furans (PCDFs) as of PCBs, {n addition to polychlorinated quater-phenyls
185

i
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expogure had an average value of 310 and.the areas of low exposure of 227
ug/m”.

Persongl air samples were only done durin§ a NIOSH industrial hygiene
survey in the high areas and averaged 168 wg/m™ air. Air samplea taken imme-
diately ontside the plant averaged in the neighborhood of 6 pg/m” while
ambient air levels are 0,1 ug/m” or less.

When the birth weighes of infants from the low exposed group vere com-
pared to county controls, it was determined that the. 337 infants of mothers in
the low exposure group had birth weights that were 66 grams higher than the
birch weights of the matched county controls. A comparison of gestational
ages showed that the 51 neonates from high expnsed women had a mean decrease
of 3.4 days in gestational age and the mean difference of their birth weights
was mirus 95 grams when compared to county controls, This difference was not
statistically significant.

However, when 5] neonates of high and 337 neonates of low exposed females
within the plant were compared, the neonates of the high exposed group weighed
an average of 153 grams less than the neonates of the low exposed group. This
difference was statistically significant, When the data was adjusted for
gestational age, it was found that the difference in weight was largely due to
differences in gestational age. Overall, 13.7% of births occurred before 37
weeks of gestation in the high exposure groups and 5.6 in the low exposure
i group, The point estimate for the rate ratic was 2.4 with 90X confidence
intervals that did not cover one, The meaning of these results, a reduction
in gestational age of approximately one week and a reduction in birth weight
o of about 153 grams, when high and low exposure groups weve compared within the
. - plant is open to interpretation in terms of biclogical implications. This

AN study was the only attempt to invesatigate reproductive outcomes in PCB exposed
« females,

e All studies discussed by Dr. Gaffey in the presentation that preceded

- Dr. Taylor's were either cross-sectional studies In predominantly adulc
populations or mortality studies, Dr., Gaffey took the liberty of comparing
PR studies that were basically quite different. Two of them were general
TR population-type studies; the one by Baker, et al. of CDC, was done in
ot Bloomington, Indiana. A general population that had been exposed to PCBs 1in
n soll was compared to a control population, This population had no higher
2 blood levels of PCBs than the comparison group. it is therefore not surpris-
, ing that no striking health effects could be associated with PCB exposure.
: The only exceptions were a small group of 1B workers or former workers who had
A o i had somewhat higher exposures.

S Another study Dr. Caffey mentioned was also a CDC study of a predomi-~
" g anantly black population of the small town, Triana, Alabama, This population

] had had exceptional exposure to DDT residues, but in addition, when serum
samples were analyzed, PCBs were also found in high concentrations in some of
the people. A total of 458 people were examined, and the range of the PCBs in
that group in serum was 3.2 to 157.9 ug/l. There were 98 persons in this
group that had levels higher than 30 pg/l, There was no extensive PCB contami-
nation in the town of Triana. The PCB blood levels in these people could be
associated with cthe consumption of fish. As far as we could determine, the
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fac PCB levels. Smith et al. (1982), in a study of 92 employees of two

e PCB concentrations in fish had usually not exceeded FDA guidelines for the L *
. past ten years before the study was done, An additional important finding in N " 4
this study vas that as the age of the people increased, their PCB blood levels
seemed to increase, and in females the PCB blood levels were lower thamn in

; males. According to a recent paper by Mary Wolff, there is also an increase
P in PCBs in adipose tissue with sge. Dr. Chase in a recent publication, which
-l vas one of the papers reviewed by Dr. Gaffey, found that the workers with
longer exposure had higher PCB body burdens.

The incidence of hypertension in this black populacion from Triana scudied
by Kreiss er al, was J0%. At a méan age of 24 years, this is a higher incidence
than what has been reported among blacks. .After adjusting for other confounding
variables for hypertension, such as weight, cigarette smoking, age, alcohol
consumption, there was still a small contribution which had to be atrributed
to PCB exposure., More studies need to be done to determine whether these
findings can be verified. This population is quite different from the popula-
tion that Dr. Blair Smith examined where no association with high blood pres-
sure was found. In that population, the mean age was 40. Exposure was occupa-
tional in nature and most of the workers were vhite.

In addition, Dr. Gaffey discussed three mortality studies. All of theu
had in common that the number of available death certificates was very small.
Even though small excesses of cancer were found, this information has to be
taken with caution because of the limitations of the studies. Mortality needs
to be examined further to determine vhat the gignificance of these findings
is. 1If the latency period for the induction of cancer in humans is 20 to 40
years, a sufficient amount of time has not elapsed to determine whether exposure
to PCBs is a risk factor in the development of cancer.

Although PCBs were first manufactured in the carly part of this century,
we are now beginning to gee a larger population that has been exposed to PCBs
for 10, 15, and 20 years or longer. This population will have to be followed
further before any decision on the incidence of cancer in humans can be made.

v
Following these general comments, many different points were raised by
the attendees.

Dr. Taylor was asked whether the children whose birth weight he reviewed
were followed after birth. However, since his study was a record search
study, this was not possible nor was it possible rto control for confounding
variables. It was, however, possible to establish that 11 children had died
) up to the age of 5. Seven of those deaths occurred smong the 388 county
N controls and 4 occurred among the infants of the 377 low exposure group of the

DL GE workers. In addition, it was again pointed out that the low expased group
st and the high exposed group in the GE plant were not matched but adjustments
- 3 for variables were made in the analysie of the data,

o The point was made by Dr. Mary Wolff that Dr. Gaffey's statement about

smoking among the workers of the Warsaw studies was irrelevant since the find-

" ings of restrictive pulmonary function tests made in that study were usually
not assoclated with smoking. However, epoxies were used in that plant. This
may be an important confounding variable.
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Additional attempts to quantify expo;ﬁre in the two GE plants studied by
Dr. Taylor were made by Mary Wolff., The loGgr chlorinated biphenyls in people
were strongly correlated with air levels while the higher chlorinated
biphenyls were not.

Dr. Caffey pointed out that the duration of followup in two mortality
studies reviewed in his presentation (Brown and Bertazzi) was about 15-1/2
years and In the Zack study about 20 years.

So, the result is that the mortality rate, for example, in the Brown
study for males was about 5.3 per 1000; in the Bertazzi study about 2.79; but
among males Brown's rate was 3.8; Bertazzi's rate was 0.48. Tt seems to be an
extraordinarily low mortality rate and yet ic was almost 100X more than
expected. It is very difficule to explainm,

Zack's rate for males was 12,6 per 1000 vhich i1s understandabls because
the cutoff date for admission to the study wzs 12 years before the end of {ic,
but it is puzzling. 1In the Bertazzi data the cohort is admictedly young. H{is
males have a lower rate than Browm's, about half the rate, but his females
have about 1/8 the rate. It 1is very puzzling to him,

RN
PP

Since in the Triana study (Kreiss, et al, 1981) exposure to PCBs and DDT
residues had occurred, the question was raised whether the effects of DDT
residues and PCBs could be additive, and it was pecinted out that cthe analysis
of the data did not seem to indicate this.

Dr. Blair Smich, National Institute for Occupational Safety and Health,
indicated that in capacitor plant workers which he had studied the mean serum
PCR levels nf the lower chlorinated homologues were on the order of 500 ug/!
with a background level of 10 to 15 ug/l. Yet, the morcality data from the
Brown study of a plant which was similar were equivocal. He is therefore left
in a quandry about trying co impute some human toxicity to PCBs in the occupa-—
tional exposure situation.

In that regard Hr‘ David Brown asked him to say thac he was planning to
follow up on that cohort which has been followed throu 1975, He will be
following it through 1980. With additional years of foilowup, the study will
statistically become more powerful and possibly some of the borderline excess
risks for cancer may turn out to be statiatically significant or possibly not.
Dr., Smich went on to poinr out that in those studies where the magnfcude of
the association between PCB serum levels and biochemical tests was reported in
a quantifiable way that rhe amount of variation was in general no more than
abour 10%. In regard to liver function tests and serum lipid or plasma lipid
abnormalities, the associations appear weak.

When Dr. Smith analyzed hig data obtained from capacitor workers blood
pressure, unadjusted for age, was correlated with serum PCB level; but when it
was age adjusted, the correlation went away. At present, it 1is not possible
to explain the discrepancy between his study and thact by Kreiss, et al. (1980).

Dr. Gaffey then made the point that the Browm and Jones' study has some
data for longer latency periods, and the cancer data suggests no trend. He
gave vinyl chloride as an example where, with these kinds of studies, some-
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low chlorinated PCBs.
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thing would have been seen, It was noted by Dr., Kimbrough that in the Brown
and Jones study there secemed to be 8 trend for rectal cancer, and since vinyl
chloride causes such an unusual tumor, it is much more casily detected. 1In
addition, she pointed out that basically snalyzing death certificates is a
very ingensitive tool,

Whereupon Dr. Taylor objected, indicating that relative to the other end
points presented here, they are as sensitive. He also indicated that continu-

ing as a former wotrker from CDC located in the New York State Health Depart- B, - i
ment, he would be locking at and expected to have-available information within 2!
the next year on the entire cohort of 7400 and some odd workers of the GE %<
cohort. At this point, 750 deaths have been identified which will make the ;ﬂnt-i
i1ssue of arguing about thirties and forties reasonably moot for the parcicular S
PCE compounds that exposure was incurred at those particular facilities, ;;;,' 3
. 13 o

Dr. Gaffey in further commenting on the Brown study pointed out that j:

there were only three liver cancer deaths; it is fairly difficulc to show a '}'t

trend with only three observations. The Brown study was, in terms of g .

statistical power, a relatively weak study. It will become more powerful with =1,
{ncreasing length of followup. As epidemiologists, we are dealing with highly R
variable outcomes fraught with error, both due to inherent bioclogical g ]
variabilicy and variasbility due to analytical technique and mediocrity of the X
recording of information on death certificates. Given the inherent dirtiness 3
of the data, how refined does our measurement technique have to be in terms of

separating out specific PCB isomers and homologues? In place of a single :
number, the proliferat{ion of additional numbers as predictors is confusing. R

w o

Whereupon Dr. Taylor stressed that vhenever randomly sloppy data are
analyzed, the bias is always in the null direction. If a differe:ce is bt
demonstrated with sloppy data, it is more likely that it is true than it -
isn't. However, if a difference i{s not deronstrated and the data are sloppy, ¥ 3
then 1t must be determined whether the 1inability to establish a difference is ..
related to poor measurement technlques. Mr., Bob Nooman with Amtrak asked -l
Dr. Caffey whether, in trying to explain the apparent contradictions and incon- L
sistencies in findings in.the cross-sectionsl studies, was an attempt made to ;
compare PCB dosage levels and mode of exposure. Dr., Gaffey stated thac he did iy

not attempt to do that, 3

Dr. Gaffey, when asked by Dr. Chase whether he felt that the studies he
reviewed vere not adequate stated that the cross~sectional studies were quite
adequate and that the mortality studies are more adequate than has been sug-
gested; and that the problems that have been raised about the power af the
tests are beside the point because a complex of things 1s evaluated. The
power i{s examined to detect excess mortality or a trend., In the studies that
do not show an excess, it is determinad whether there is something chat is
almost there, but there appears to be nothing of this kind. Haybe as these
studies are followed up further, the evidence will become even stronger, but
the evidence does not indicate a carcinogenicicy problem with PCBs or other
problems beyond the dermatitis and the marginal liver abnormalities.

'
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According to Dr. Chase, when dealing with the issue of cancer with a long
latency period exceeding the latency periods allowed for in aay of the chree
crogs-sectional studies, the studies were not sufficiently powerful, either
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collectively or individually, to detect an increased risk. Further, there may
not be a trend in the liver camcers, but there {8 an excess of liver cancers

in the Brown study. The excese is conceded by Brown as not being statistically
significane, It i3 of interest that there Is an excess of liver cancer im tne
Yusho population as well, again, not statistically sigunificant, and the conclu-
sion is that a sufficiently powerful study is not yet available to say any-
thing definite, This has been said by a couple of other speakers.

Dr. Gaffey responded that he did not menticn the mortality in the Yusho
population because he discounted it as a PCB-relacted phenomenon. It is not
known out of what population it arose because as time has gone on, the defini-
tion of Yusho has changed, and the dencminator has changed in ways that are
not nredictable., Secondly, the mortality data from the Yusho study have aot
been age adjusted. Thus it is not possible to determine what percentage is
too high since comparisons with an age-adjusted population cannot be made. 1In
other words, this is not an age and time-adjusted proportional mortality study;
and thivd, the elapsed time interval, at least from the Yusho incident until
the first mortality figures are given wan ten years. For the Yusho deachs,
the question 1s whether a latency period of lees than ten years, may have been
too short to, cause the cancer., As far as Brown's study {s concerned, even if
his excess in liver cancer were statistic.”ly significant, it should not be
accepted ag being occupationally related unless it were related at the very
minimum to latency-of exposure and.possibly also to duration, and neither of
these were the case.

bt ekl 3
s i
[ —

ARSI N
PR T R

e

)

Te e

A
1
1.
3

bt <

p s org

Dr. Chase agreed on the shortcomings of the Yusho data but the three
studies presented by Dr. Gaffey do have some shortcomings as well. They are
not adeduate to draw a definitive conclusior as to the carcinogenic risk of
PCB expusure yet. There 18 also a question about Fischbein's study. According
to Table 2 of Dr. Gaffey's presentation, no dose trelationship betueen liver
function tests and PCB levels was found. The Fischbein article seemed to suggest
to Dr., Chase that the main liver function tests were not significantly
abnormal in the exposed group but that there was a statistically significant
linear correlation between at least one of the liver function tests and PCB
levels which has also been reported in other studies. Furthermore, in che
1979 Fischbein study it was etated that aunalysis of data to determine whether
an asgociation between PCB serum levels, cholesterol, and triglycerides
existed would be reported at a later date.

[ I——"

PRGN

2 Do

Dr. John Browum of General Electric pointed out that chemically PCBs are
lipophilic agents which tend to distribute at equal concentratiéus in all
lipid peols in the body within a few days or weeks, and this means that the
level in lipid reservoirs, such as the micellar lipids of the lipoproteins in
blood tend to approach that of the PCB ad{pose tissue reservoirs. As a result,
in any population of individuals having similar adipose tissue levels the
blood level of PCB must of necessity parallel that of the level of blood lipid,
S0, there is 2 confounding in there. You predict that in a populacion of such
individuals you would have to find a correlation unless the second law of
thermodynamics were being violated. The correlation may become weak and diffi-
cult to see in a large population reflecting a large spread of adipose tissue
PCB levels. The fact that there i{s a confounding between the levels of blood
lipid and blood PCB means that it is difficult to establish correlations which
infer that PCB has caused a change i{n lipid metabolism or a correlate of
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elevated blood 1lipid such as hypertension. However, this does not mean that
such hypothesized correlations camnnot be tested. Instead, what it means is
that the proper correlate to look for in testing either hypertension or serum
1ipid 1s not the serum PCB level but the adipose tissue PCB level.

In the case of the GE capacitor worker population, this has been explored
by GE. A significent correlation of the serum PCB levels with both triglycerides
and cholesterol was found. However, this correlation vanishes when correlatzions
are made with adipose tissue PCB levels. Apparently Dr. Chase has made similar
observations in his population and Dr. Brown raiséd the question whather this
problem of confounding had been examined by others wheo are looking for abnormal-
ities in lipid metabolism. It was pointed out by Dr. Kimbrough that to her
knowledge, this had not been done, The fact that there are higher concentra-
tions of lipids in serum might explzin why some people have higher PCB blood
levels. They were concerned about that i{n the Triama study bescause ouly blood
levels were don.. In a population that gets oldur, cholesterol leveis seem to
increase in people that eat a western type diet and with it, PCB blood levels.
One argument agains® thit would be the fact that there seems to be a relatively
consistent ratio between PCB bl.od levels and PCB adipose tissue lavels.

Dr. Brown indicated that to the extent these ratios have been examined by
GE, 3 better correlation exists between adipose tissue PCB level and serum PCB
level {f a correction i{s made for the serum lipid level.

In response to a question by Dr., Friess, Dr, Kimbrough stated chat there
are some scientists who feel that it would be better to use adipose tissue for
the determination of body burdens and as en exposurs index. It is of course
more difficulct to get adipose tissue than it is to obtain blood samples. Iu
large studies, the tendency has been to use serum and to determine PCBs in
serum and assume that this represents a8 small portion of what is in adipose
tigssue. If results from populations are reviewed vhere laboratory analyses
have been adequate, there secms to be a constant ratio between PCB concentra-
tions in adipose tissue and in serum., This ratio varies with time to last
exposure if exposure wag recent and such protlems as weight loss.

Subsequently Dr. Ian Webber of RTE Corparation took issue with Dr.
Caffey's statement that the Yusho oil incident was not a PCB related incldent.
Dr. Webber stdted that in the case of the Yusho oil the PCBs had been in use
for some considerable time and had degraded to give a "dirty" oil. It might
be that the heat exchanger application of PCBs results in a worst case
situation. Transformer oils on the other hand tend to degrade also. From a
practical point of view, health studies that involve the largest amount of
exposure to people in torus of either those getting rid of PCBs from
contaminated oils or people involved with retrofilling transformers, should be
done because these are the people who sre likely to come into contact with
dibenzofurans in PCB solutions. Have any studies been done with used PCBs?

Dr. Robert Bell from GE then informed the audience that they were in the
middle of a project evaluating 40-year-old transformer fluid. Their [indings
to date indicate that the levels of dibenzofurans in 40-year-old fluid are at
or below levels of the original PCBs that were delivered to GE, Thus,
transformers operating at amhient temperatures do not pose a significaut




Dr. Webber countered that those tramaformers operating at ambient
temperature i robably do not contain significant levels of dibenzofurans.
There are hovever, a lot of factors iu the use of PCB oils that come into
play, the age, the amount of oxygen involved and hot spots caused by faulting.

Dr, Bell then mentioned the Binghamton case. Dr. Kimbrough asked whether
everybody was familiar with the Binghamton situation. A transformer caught
fire and a lot of combustion products were formed. Because the transformer
also contained chlorinated benzenes, chlorinated dibenzodioxins formed in
addition to chlorinated dibenzofurans, and because of the way the airshaft was
situated in relation to the transformer, all of this material was evenly dis-
tributed over a very large astate office building.

According to Dr, Ahmed, epidemiology is a two-edged sword and one can
pretey much argue one's case depending upon how one interprets the data.
Taking Dr, Gaffey's presentation and other information as well, a correlation
is assumed between PCEB blood concentzation and actual exposure levels. In any
kind of an epidemiologic study, it could be asked what the actual exposure
level of the individual or cohort to a given agent was. Obviously, surrogates
are used, and this could lead to all kinds of interpretacions which may lead
to positive correlations or negative correlations depending upon how it all
comes out. )

Secondly, to address the problem of confounding variables, Dr. Gaffey in
one slide showed studies that wvere done since 1978. Some of the studies had
been adjusted for confounding variables, and somz of them had not. Dr. Rimbrough's
data showed that PCB blood levels increase with age, at least in this particular
group and that there was a sex difference in PCR blood level. This alone
should warn us that we should try to adjust for variables in any of these
studies. We have to adjust for age, ethnic differences, sex, and so on.
Unless this 1s done for all studies, they cannct be compared on the same basis.
Those studies that do take smoking habits and various other confounding varialles
into account are obviocusly far better. Unfortunately, many of the studies
presented here have not looked into these factors properly. Dr. Gaffey made a
suggestion that statistical power could be increased if studies vere combined.
Issue must be taken with pooling dif{erent populations from different geographical
areas, such as the Brown study and the Bertazzi studies, which were done in
tvo different parts of the -world. The two populations obviously had echnic
differences and the study protocols used were quite different. Statistical
power, even though we should look at all of the information in a qualicative
way, has to be used in such a way that the statistician will agree gives a
value of the senaitivity of the study. Some of the studies presented today
were occupational and others nonoccupational. No information was given in the
nonoccupational studies about the degree o which thesge individuals were
exposed. Problems about latency periods exist. Sinece when -and how long were
individuals exposed to PCBs? How did their bloecd concentration correlate with
their actual exposure years ago? There are so many problems with each of
these studies, it cannot possibly be concluded whether or mot PCBs cause the
kinds of problems presented. We-do have pogitive studies on dermatitis and
chloracne, Then there are studies that conflict with one another. How cam it
be concluded that this means that there are no problems associated with PCBs?
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Dr. Gaffey responded that he did not think that he said there were no
problems, but that he apecified the problems that seemed to be consistently
turning vp. In addition, there is almost no way to get around using surrogates
for exposure in cohort mortality studies because it is not possible to measure
with any precision the exposures that took place many years ago. Furthermore,
confounding variables can frequently create spurious differences. They can
rarely wipe out real differences because to create a difference where there,

in fact, is none, any confounding variable will do. But to wipe out dif-
ferences that exist, a conspiracy smong & number of confounding variables is
needed which is rather unlikely. The nonoccupational studies have in common
the fact that their exposures are low, and the occupational studies have in
common the fact that their exposures are high. 1t was not suggested that some
simple pilece of arithmetic can combine all these studies into one overall
numerical estimate of power, but any reasonable assessment of the evidence has
to regard not the power of an individual study, but the mass of the evidence,
not necessarily iu any formal way, although this could be done.

Dr. Kimbrough pointed out that individual susceptibility must be con-
sidered as well and that there seems to be an effect on reproduction in
animals and that has not been studied to any great extent in humans. Animal
data also suggest that females are perhaps more sensitive to the toxic effects
of PCBs than males, and perhaps a greater effort should be made to lock for
health effects in females.

Dr, Brown responded to an earlier question raised by both Dr. Friess and
Dr. Ahmed relating to the persistence of PCBs in the body and whether bedy
burdens can be used as a measure of integrated exposure. They are attempting
to answer this question through their studies of the GE capacitor worker group.
The results to date indicate that moat PCB isomers of the Aroclor 1254 type
are highly persistent in the body, and they don't clear. Once they have been

deposited in the body they are there forever unless they can be excreted through

lactation. This may be true for a few {somers of the lower PCBs. There may

be one or two iscmers that can be used for tracking Integrated exposure. This
is not certa’a yet. Most of the lower chlorinated homologues are cleared but
certainly the higher isomers. represent a permanent record of exposure.
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CHAPTER 6

HEALTH EFFECTS - LABORATORY STUDIES

The first paper in this chapter reviews the designs and results of animal
studies performed to assess the toxicological effects of PCBs, For the sake
of thoroughness, this review includes several studies completed prior to 1978,
Data are presented and discussed on the following topics: skin effects,
reproductive dysfunction, teratogenicity, fetotoxicity, liver structural and
enzymatic alterations, gastric lesions, immunosuppressive effects, porphyria
Induction, carcinogenesis, and murtagenesis. The paper concludes with a
summary of known effects in animals and a comparison of these to findings in
humans,

The second deals specifically with one PCBs effect known to occur in both
animals and humans -- liver enzyme induction. The data demonstrates in
substantial detail how substitutions in the para, meta, and ortho positions
can alter this activity. The enzyme induction by the PCBs is compared to the
established structure-activity relationships of the phenobarbital and methyl-
cholanthrene type inducers, as well as to the more hazardous polychlorodibenzo-
p-dioxin compounds. . o

The discussion summary begins with a detailed analysis of the animal
carcinogenicity studies, both those presented in the paper and several addi-
tional studies, The discussion summary then examines the "initlator-promoter”
theory and the implications of rat liver nodules findings.




