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ABSTRACT. Because of the demonstrated toxic effects on
anina’s resulting from exposure to polychlorinated bi.
phenyls (PCBs), the National Institute for Qccupational
Safety and Health conducted a retrospective conort mor-
tality siudy of 2,567 wourkers in two plants where PCBs
were used in the manufacture of electrical capacitors. All
workers included in the study were empinyed for at least
3 months in areas of the plants where PCBs were used. The
vital status of 98% of the two conarts was determined, and
39,018 person-years were accumulated. All-cause morality
was lower than cxpected {163 obs. vs 182.4 exp.) as well
as all cyicer monality, (39 obs. vs 43,8 exp.). Excess mors
wality was noted fur rectal cancer {4 obs. v3 1.19 exp.) and
liver cancer {3 obs. vs 1.07 exp.), altheugh neither excess
was statistically significant. In one of the plants the observed
mortylity due fo cirrhosis of wie liver was also elevated,
The results of detailed industrizi hygiens surveys cone
ducted in each plant are also presented.

POLYCHLORINATED BIPHENYLS (PCBs) 2re a class
of ca.npounds composed of biphenyl mosecules with a
varying number of substituted chivrine atoms. In comaier-
¢ially prepared PCB mixtures, the weigni-percent of cnlor-
ine has varied from 2) to 65 5. I some preparations, there
hay abw been sonie degree of contamization by Lhiorodie
benzofurans,!
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The primary usc of PCBs has been as a liquid insulating
material in elecirical capacitors and transformers, therefore,
the greatest potential for occupational exposure has been
ity the manufacture and repair of these components. Poly-
chlorinated biphenyls have also becn used in heat exchange
units, hydraulic svsterns, vacuum pumps, gas transmission
turbines, plasticizers, ddhasives, pesuzide catenders, paints,
and carbonless copving papers.

Since 1971, PCBs were sold in the United States only
for use in closed systems. According to the Tovic Sub-
stances Control Act of 375, rules and regaiations were
promulgated to ltmit the manufacture and use of PCBs.
This Act stinulated that 21 U.S. produition of PCBs end
January 1, 1979, and thm a)} LS. sale and distribution of
PCBs cnd July I, 1979, However, continua! exposure 1o
PCBs will occur amnng workers wno maintain transtormers
and <apacitors, and among the general populztion via
contamirtated food.

Durirg five past few years, interest in the health cffects
among individuais exoosed to PCBs has been stimulated by:
{a) the tendency for PCBs 10 accurnulate in Lissues and
cectain organs;?*? (b) the stability of PCBs and their per-
sistence in the cnvironment;** and {c) the demonstrated
long-term toxic effzcs, including liver tumors and other
liver discdses, in expuscd laboratosy anim,ls.**? Much of
this interest was exgrossed at the National Conferencs on
Palvehlorinated Bijtseny s in Novemrber, 1975," and the
tuxtaily of PCIs has been extensively revicwed in the
MIOSH Criteria Documeant on PCBs.'* In comnarisan w
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the accumulated information on acute toxic effects in
humans ard adverse offects in animals. fittle is known
about the chronic effcets from fong.term exporure in rean,

To detesmine whether past occupational exposuse to
zommercially produced PCBs has caused ary Jong-term
hzalth effects, NEOQSH initiated an epidemiologic study
among workers jn two capacitor manufacturing plants, In
conjunction with this study, detailed industrial hygiene
surveys were also conducted by NIQSH to document the
levels of exposure to PCBs and other chemicals.

Description of Facilities

Bath of the plants chosen for study manufacture efeg-
trical capacitors and were selected because: (a} each had a
large wark force; (b} PCBs had been used for mare than
30 yr; (¢} there was considerable potential for exposure to
PCBs with little potenrtial for exposure ta ather known
toxic contaminants; and {d) the records necessary 1o iden-
tify individuals to be included in the study population
were rcadily available. At the time the study was initiated,
both plants were still using PCBs, Plant 1 is located in New
York State and is divided into two manufacturing facilities
within cigsc proximity, One facility that has used PCBs
since 1946 produced small industrial capacitors and the
other facility has produced large PCB-filled power capaci-
tars since 1951, The type of PCBs used has varied during
the years from "Aroclor” {(Monsanto trade name) 1254
{54% chlarine) to 1242 (42% chlorine) to 1016 {(41%
chlorine), In addition, several other kinds of oils were used,
but in a limited number of capacitors,

Plant 2, located in Massachusetts, began to use PCBs to
manufacture capacitors in 1938. This plant also changed
the type of PCBs used from "Aroclor” 1254 10 1242 to
1016, Until 1972, other types of capacitors which did not
contain PCBs were made at this plant. Castor oil was used
jn licu of PCBs to produce the large puwer capacitors at
this plant.

Both plants assembled small and large type capacitors
using the same general techniques. The following briefly
describes the assembly process.

Winding and pre-assembly. The inner components of
the capacitor were made of paper, foil, and sometimes
plastic film; wound together; and subscquently loaded into
metal casings. This job was done in an enclosed dust.free
roum where there was minimal caposure to PCBs. There-
fore, the workers in these jobs were not Considered “ex-
posed’” when choosing the study cohort.

Impregnation. The pre-assembled capacitors were filled
or impregnated with the PCBs. Within this area there was
potential for exposure to PCBs, and thierefore, those
employed in Lhis arca were considered ““exposed”” when
choosing the study cohort.

Final assembly. The tops of the capicitors were closcd
by crimping, rubber sloppers, or soldering. which involved
some cxposure to PCBs. The capacitors were washed to
remove excess PCBs by runring them through a detergent
wash or a2 degreaser such as trichloracthylene. Finally, they
were sent through the final operations involving drying,
testing, and painting. Those emploved in several of these
10Ds were considered "exposed”” when Chouysing the study
cohort,

{Vel. 36 (No. 3}

Other areas where there was potential cxposure 1o
PCBs in the plant; inciuded the laburatory and the area
whare rejected capacitors were rebuilt, Approximately
10% of the twa waork forces were employad in arcas where
there Rad heen potential exposure to PCBs, These em-
played in these iobs were considered “PCB exposed*! for
purpotcs of choosing the study cohorts.

Histarically, the work force at Plant 1 has becn com-
posed of appreximately 50% white males and 50% white
females, Plant 2 has had a less homagencous wark farce,
with two-thirds being female, and reilects the gencral
ethnic make-up of the arca. which is largely Cape Verdean
and Portugucse.

METHODS

Mortality study. A retrospective cohort mortality study
was conducted to determing whether individuals oceu-
pationally exposed to PCBs have experienced any increase
in cause-specific martality, The study cohorts were gefined
as all waorkers vho accumulated at teast 3 months of em-
ploymient at any time in areas of the piants where there
was a potential for exposure to PCBs. These “expcsure
jubs” were designated Ly the comoanies and venficd by
the labor unions (at Plant 1), and by the NIQSH industrial
hygiene surveys to represent the high-cxposure jobs. Tri-
chlorocthylene (TCE) was used as a degreaser in bath
plaits. Therefare, if the work history records indicated
that an employee had potential exposure to TCE, the
individual was not included in the cohort. This included
very few workers,

An effort was made to determine the vital status
{living or deceased) of each jndividual in the cohorts s of
fanuary 1, 1976. Vital status was determined through
records maintained by Federal and State agencies, includ-
ing the Socizl Security Administration, state motor venicle
registration, and state vital statistics offices. For those indi-
viduals who could not be located through these sources,
U.5. Postal Majl Correction Services and other follow-up
searches were used. For all those known to e deceased,
death certificates were requested and causes of death were
interpreted by a qualified nosologist according to the
International Classification of Discases {ICDA) in effect
at tha time of death, and then converted to the 7th
Revision of the iCDA. Those who had an unknown vial
status were assumed to be alive as of January 1, 1976,
therefore the true risk of mortality was not overestiniated.
Those who died after january 1, 1976, were considered
to be live for purposcs of analysis.

Person-years were accumulated for each worker starting
after 1940 when 3 months of emplayment in cxposed jobs
were completed, and ending at the date of death or the
study end date (1/1/76)~whichever occurred first. Using a
modificd ltfe table computcr program similar o that
described by Cutler,'® the person-yzars for each cohort
were combined into 5-yr calendar tine periods and S-yr
age groups and muitiplied by the corrcsponding U.5. wilite
male {for male cohort membcrs) and U.S. white female
{for fentatc cohort members} cause-specific mortality r.lcs
to yicld the expecicd number of deaths. Person-years were
additionally distributed by S-yr exposore and S-yr latency
{number of years from date tirst employed in exposed
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Tabie 1. —Vital Sratus of PCH Wockets
Plant 1 Prant 2
Males Females Total Males Femnales Total Grand Total

Known Lo be dlive 520 160 880 633 836 1,469 2,349
Known 1o be deccaied is 18 73 28 62 90 163
Unknown viial starus ] ? 15 14 26 40 55 12%)
Total 58] Jes 968 &78 924 1,599 1567
Person-years 1828 s./85 13010 9,229 16,779 26,008 39,018

jobs; categorics. Obscrved and expected causc-specific
deaths were compared and differences were tested using
the Poisson distribulion.

fr.dustrial hygiene survey. The detailed industrial
hygiere surveys included personal time-weighted air sam-
ples iram sclected job titles, 35 well as ared air samples.
In both plants, samples were taken for PCBs (Aroclor
10145}, trichlorocthylene, lead, tin, and rinc. In addition,
samytles for toluene, methy| isabutyi ketone (MIBK},
alum.num, and iron were taken at Plant 1. These surveys
were designed to characterize the exposures occurring at
the time of the survey and may not reprasent exposurcs of
previgns years, especially those of Plant | where exposures
may liave been reduced beciuse of new production tech.
nigues recently inftiated.

RESULTS

Murtality study, A total of 2,567 workers met the
definition of the study cohort. Table 1 gives a breakdown
of the vital status ascertainment and the number of person-
ycars within each sub-cohort. The vital status ascertain-
ment is 38% complete,

The possibility that records might be missing from the
personnel files used to assembie the Plant 1 cohort was
cited at the beginning of the study. in an effort to deter-
mine whether eligible workers were missing from the
Plant 1 cohort, a validity check was conducted by the
New York State Department of Health® using method-
ology similar to that described by Marsh et ai!? Sacial
Security Administration {SSA) quarterly earning state-
ments {SSA form 941} from 1945.1965 were obtained and
compared to the names appearing on the microfilmed per-
sonnel records that were used to assemble the cohort. The
results of this comparison yielded 35 additional ‘workers
(3.5% of cohort) not included in the Plant 1 study cohost.
This small portion of the population at risk that is missing
from the study cohort should not seriously bias the resuits.
A similar validity check was not done at Plant 2, as it
appeared from our inspection that the personnel file sys-
tem had been maintained intact.

Tabte 2 shows the distribution of the cohorts by dura-
tion of cmployment in jobs where PCB exposure occurred.
The distribution within the two plants is somewhat similar,
with the exception of the fermale workers in Plant 2, where

Table 2.—Duration of Employment among Cohort Members in PCB Exposure jobs
Plant t Males Females Total
N (rF)* N (RF) N (RF)
3&mo 137 (23.5) 79 (20.5) 21§ (22.3)
& ma.l yr a8 (1s5.1) 59 (153) 147 (15.2)
12yr 93 {16.0) 92 (239) 185 (19.1}
23 yr 53 { 9.1} 41 (10.6) 94 { 9.7)
ROy 165 (24.3) 82 (21.3) 247 (25.5}
19yr A7 (A1) 3283 79 (8.2)
Total 583 385 968
Pant 2 Males Females Total
] N (RF} N [RF) N (RF)
1§ me 211 {313 207 (22.4] 418 (26.1)
& mo-l yr 127 {1s.8) 15t {17.4) 258 (180}
1.2 yr 118 {17.5) 175 (18.9) 293 (18.3)
23y 64 [ 9.5) a2 { a.9) 146 ( 9.1)
310 e 123 (18.2) igd {20.3) 311 {19.4)
10 yr 31 (4 11l (12.0) 143 { 89)
Total 615 924 1599
*RF z Relative frequency.
171 - Archives of Fnvironmental treaith
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Tabie } -0bsarved ind Expeeted Deatht 10/E) According 1o Maier Causas among PCE Workrty
Plant 1 Pane 2

Cause of Death ™ |
[Tin Rewision (CO No.) Ml Females Males Femates Totsd (MR ¥ i.::,:fm“
All malicnant peoglsme

{140-20%) LT 4 7.2¢6 3 £8) 23/ 20.00 39/ 43.79 189} [v3 -1
Mervous system

(3310334, 3451 M 34 YA K H Y v44 sf 560 1y 1155 148} 144 < 15T)
Circulatory wwyem

{400 -468) 261 2238 1 633 L4/ 14,18 13 1984 80/ 629) 9s3) (73 - 123)
Accidents

(3009621 7 602 voH17 3 1.43 U 187 ¥y 1829 ) [37 B b ¥
Al other causes 0/ 12.00 sf o534 6/ 10.26 19/ 1649 40f 4479 (39} 64 . 122]
All e2uses 5315397 18 2077 28/ 4051 €2 65.10 (63 102,38 189) (16 - 104)

more employces had warked for 10 or more yr, and in
maie workers where there was a high frequency of short-
term (3-6 manths) employees.

When the two cohorts arc examined by year first em-
ployed in jobs where PCB exposure occurred, the females
n Plant 2 are seen to have had an earlier initial date of
exposure. In Plant |, 49.4% of the males and 45.1% of the
females were first employed in PCB exposure jobs before
1955. in Plant 2, 49.3% of the males and 69.6% of the
females were first employed in PCB exposure {obs befare
1955,

Tables 3 and 4 summarize the number of deaths ob-
served {abs.) from the study cohorts and the number of
deaths expected (exp.). The ail-cause mortaiity is lower
than expected in cach cohort, with an SMR [Standurdized
Mortality Ratio (SMR = gbscrved deathsfexpected deaths
X 100)] of 95 (73 abs. vs 76.7 exp.) for Plant 1 and an
SMR of 85 (90 obs. vs 105.6 cxp.} for Plant 2, These SMRs
may be influenced by the “healthy worker effect.”' There
is no increase in observed mortality among the total cohort
for any of the major ciuses of death listed in Tablc 3.

Table 4 lists the observed and expected number of
deaths by specific cancer cause and for cirrhasis of the
liver. When both cohorts are combined, the abserved num-
ber of deaths is more than that expected for cancer of the
rectum (9 obs. vs 1.19 exp.} and liver cancer~ICDA =155,
T56A (3 obs. vs 1.07 exp.). The only statistically signifi-
cant diffcrence (P < .085) in observed versus expected
deaths occurred in females from Plant 2 for cancer of the
tectum (3 obs. vs 0.80 exp., P <.05}. For both cohorts
combincd, there are 6 deaths due to cirrhosis of the liver,
while 5.60 were expected. Five of these cases are from the
Plant 2 cohart, shile 3.2 were expecred. According Lo
hospital reports, &t least 3 of the 6 persons who dicd of
cirrhusis of the liver were known to have consumed alcohol
regularly,

The redationship between latcney and the tnortality from
alil eancer, cancer of the rectum, liver cancer, and cierhosis
ot the liver is shown tn Table 5. For "all cancer”’ there is
no appdrent pattern in cither cohort, For cancer of the
sectuny, theee s a slight increase with an increase in the

| Vel 36 [No. 3]
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latency periads. All of the deaths due to fiver cancer occur
before 20 yr of latency and there is no trend of increasing
risk with an increasc in the latency period. The risk of
mortality due to cirrhosis of the liver does not show a
consistent increase with an increase in the latency periods:
there 1s hawoever, a greater risk after a2 20-yr period.

The relationship between these same causes of death
and length of employment in PCB exposure arcas of the
plants is given in Table 6. As indicated in the Tabic, there
is no increase in mortality with increzsing lengths of expo-
sure, except for cirrhosis of the liver; however, the sumbers
in this comparison are small.

industrial biygiene survey, The industrial hygicne survey
results of arca and personal sampling for PCBs {Aruclor
1016) are summarized in Tables 7 and 8. Because of differ-
ences in the production processes, the resulis by specific
jobs or work arcas arc not comparable between the two
plants, However, relative comparisons can be made, and
the range of concentrations observed in Plant | are lower
than those in Plant 2. In Plant T, the time-weighted average
{TWA) personal air samples ranged from 24 ug/m3 10 393
ug/m3, and the TWA arca air sump'les ranged from 3 ug/m?
to 476 ug/m3. The TWA personal air samplcs in Plant 2
ranged from 170 ug/im3to 1260 pg/m3, and the TWA arca
air samples ranged from 50 ug/m? 1o 810 wg,'m?,

Trichlorocthyicne was measured near the degreasers in
both plants. OF 11 arca air samples from Plant T, all were
tess than 35 ppm, cxcept for two which measured 195 ppm
and 321 ppmi. At Piant 2, three area air sumples were tahen
which ranged from 33.4 ppm to 77.5 ppm.

Arca air sampies were measured for tin, lead, and sinc
near the saldering operations. There were no Jetectable
levels for tin a1 either plant. Of four samples collected tor
lead and zinc at Plant 1, lead was detected in one sample
at a loved of 12 ug/m3, und zinC was detected un two
samples at levels of 8 and 24 ug/im?. At Plant 2, 15 sam.
ples were collected for lead and zing; all but one (41,2 pg/
m?} of these samples showed no detectable levels for lead.
Six of the 15 samples revealed concentrations of zing
ranging from 2.3 to 94,1 ug/m?.

Both peisond! and arca samples were taken in the area
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Table 4.—Observed and E xpected Deaths (O/E) According to Specific Cancer Causes and Cirrhosis of the Liver among PCB Workers
Plant 1 Plary 2
Cause of Death 95% Confidence
-(71h Revision ICD Nn:) Males Females Males Females Totai [SMR] Interval
All malignant ncoplasms
{§40-205) ' 9/ 9.70 4/ 1.26 3t 683 23/ 20.00 39] 43.3% {89) {63 - 1221
Stomach
(151} o/ 0.51 of 0.22 1/ 0.31 o/ 0.2 1/ 166 {60)
intestine exp. rectum
{152,153) 1/ 082 of 0.70 of 0.54 )y W9 4] 403 (99} (27 - 254)
Rectum
{154) 1 0N o/ 0.18 o/ 0.20 3 0s0* 4/ 119 (336) {92 - 850)
Biliary pass fiver
Liver nol specified
(155, 156A) 1/ 0.3 o/ 0.8 Df 0435 1/ o051 3 107 (2801 {58 - 820)
Pancrcas 0 053 1/ 027 o/ 0,35 o/ 075 1/ 190 (53
(15
Respiratory system
{160-164) 5/ 322 1J 031 of 2.22 ¥ 1,83 1 198 {88) {35 - 181)
&reast
{(10) 1esens 1/ 1.86 & 498 7/ 684 {102 (41 » 283)
Lymphatic and hematopoletic
(200-205) of 110 o/ 0.59 0f 0,54 Y 3 434 (48)
Other 1/ 2398 1/ 2.55 2} 212 & 113 10/ 14.78 (s8] (32 - 124
Cirrhosis of liver
(581) I/ 169 o/ 0.73 2/ 1.26 3 192 6/ 5.60 {107} {39 - 233}
P05
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. Tabie 5.~Obsarved and Expected Oeaths According to Latency* among Male and Femzle PCE Wot kars
1. All Cancers
Latency Plant 1 Plant 2 Plants | 2
(vr) ot £ SMR g E SMR o] E SMR
<10 yr [ 5.27 114 [ 7.16 17 12 13.03 93
10-<20yr 3 6.61 45 16 1091 147 19 17.52 108
>3209r . 4 507 19 4 8,17 9 s 13.24 60
J It. Cancer of Ractum {(ICD = 154)
<10 yr 0 0,13 0 0.21 0.36
10-<20 yr Q 0.}9 “ee 2 0.29 690 2 0.48 417
>20yr 1 0,15 667 1 on 476 2 0.36 356
1. Liver Cancer (1ICD =155, 156A)
<i0yr i 0,12 833 1 0.18 556 2 0.30 667
10-<<20 yr Q 0,14 s ¥ 0.17 iro 1 0.43 233
>0 yr 0 0.12 0 021 0 033 ...
1V, Cirrhosis of Liver {(ICD = 581)
<i0yr % 0.80 125 ¥ 0355 105 2 175 14
10-<20 yr b 1.0% “en 1 1,35 74 1 236 424
>20yr ¢ 0,61 .- 3 0.88 341 3 .49 200
* Latency = number of years from date first employed In exposed job.
t O =observed deaths.
1 E = expected Jeaths,

of welding operations for measuring aluminum and iron
at Plant 1, The aluminum samples ranged from nondetect-
able 10 233 ug/m3, and the iron samples ranged from 47
ugim3 to 123 pg/m3,

Twelve personal samples were collected for toluenc and
MIBK during painting operations at Plant 1. Toluene
concenirations ranged fiom 0.48 10 22 ppm and MiBK
ranged from 2 to0 5 ppm.

Although the exposures to PCBs at the dates of survey
{Plant 1 —Aprit 1977, Plant 2—-March 1977), were relatively
higher in Plant 2, the historic levels of exposure may have
been more equivalent, The exposures that occurred 20 to
30 yr ago are more relevant when considering the occu-
pational cancer risk among the study cohorts, The PCB
mixturcs used during these time periods were Aroclor 1254
and 1242, whereas Aroclor 1016 was first used in 1971, {n
addition, several different stabilizers have been added Lo
the PCBs (12} or loss by weight) used at Plant | since the
carly 1960s. These include potential carcinogens such as
diglyceride cther-disphenol-a and, more recently, viayi
eyciohexene dioxide. It is not known which stabilizers
have been used at Plant 2.

[vol. 36 {No. 31}

DISCUSSION

There are few previous epidemiologic studies that have
examined the long-term heaith effects on humans exposed
to PCBs. Individua)s poisoned by rice oil heavily contam-
inated with PCBs {Yusho Discase) have been studicd exten-
sively ywars aiter the incident took place in Japan in
1968, However, the rice oil contaminant also con-
tained polychiorinated dibenzofurans and other contami.
nants in higher concentrations than those found in com-
meecially prepared PCBs. A high prevalence of skin and cye
conditions were noted in the Yusho patients, In addtion,
there were clinical and laboravory findings that included
changes in the mictoanatomy of liver celly and a decreased
concentration of bilirubin in the serum of these
individuals, 3113

Early reports regarding the health effects from occu-
pational exposure to PCBs include chloracne,™ digestive
disturbances, eye irritation, liver injury, and impotence,™ %
Mast of these findings have been reported s case historics,

{n a recent study of valunteers conducted by the Mount
Sinal School of Mudicine,®® 326 workers who were em-
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Table 6.—0Observed and Expected Oeaths According 1o Lencth of E<posurs among Male and Femngie FCB Workers
Length of - Plane 1 Plant 2 Manis ! 2
Enployment  ge £t SMR 0 3 SMR 0 3 SMR
I. AN Cancers (1CD = 140-205)
Tmo -5 yr 11 12.21 50 20 .78 108 51 30.99 100
59 yr 1 2.95 34 2 410 49 3 7.08 43
10-14 yr 0 1.00 3 228 132 3 3.28 91
15-19 yr 1 0.69 145 1 1.04 96 2 13 1
> 20 yr 0 o.n 0 0.63 0 0.74 ...
I, Cancer of Rectum [ICD = 154)
3ma-§yr 1 0.3§ 288 1 0.4% 208 2 0.33 24!
59 yr 0 0.09 0 0.1t 0 020 .-
10-14 yr 0 0.03 2 0.06 33038 2 0.09 2222%
15-19 yr 0 0.02 0 0.03 ce- 0 0.05  ..-
2 20yr 0 0.00t - [} 0.02 s [} 0.02 .-
111 Liver Cancer (CD = 155, T56A)
Imo-§yr 1 0.29 345 2 045 444 3 0.74 405
$9yr 0 0.08 - ¢ 0-11 -- ¢ 0.19
10-14 yr 0 0.02 --- 0 0.08 --- [} 0.08% .e
1519 yr 0 0.02 0 0.02 oe- 0 004 -..
& 20yt 0 0.002 .- 0 0.02 .- [} 0.02 wa-
1V. Cirrhosis of the Liver [ICD = 581)
3mo-5yr 1 1.79 b1 2 2.28 [ 1) 3 4.0§ 74
59 yr 0 0.39 .- 1 0.4% 208 1 0.17 TS
1014 yr [} 0.12 . 1 0.24 416 1 0.36 278
15-19 yr 0 o.10 1 0.13 789 1 0.23 43§
2 20yr [} 0.02 e [} 0.08 .- [} 10 ...
*Q = gbserved deaths,
{E = expected deatht.
tp <ot
ployed at Plant 1 wore examined. The most prevalent symp- 1949 and 1957, along with exposure to other toxic and
toiis noted were dermatological and those of the central potentially carcinogenic compounds. -
nervous system. There was a low prevalence of abnarmal In a summary of case hisiofies among approximately
liver findings on physical examination, However, a sub- 300 workers employcd in the manufacluring of PCBs, ™
groun ¢xposcd to PCBs were lound to have liver cnzyme no malignant melanomas or pancreatic cancers were
chanyes different from thase of 2 normal, non-exposed observed. However, among the death certificates of 50
group. In additiun, abnormal serum glutamic oxalacetic former workers at this manufacturing facility, 7 cases of !
transaminase {SGOT) Tovels were associated with plasma tung cancer were observed whereas 2.7 cases were expected. |
levels of PCEs. There was a relatively high prevalerce of The findings were pretiminary and were not adjusted for
deurcased lung capacity among a subgroup of 243 workers age or smoking,
tesicd.¥? Thesc previously reported findings of an increased risk
In a pretiminary rcport.&tm'_‘ reported an increase in of mortality due to malignant melanoma, cancer of the
deaths duc to malignant melanoma {2 obs. vs 0.04 exp.) pancreds, and lung cancer among workers exposed 1o PCBs
and cancer of the pancreas among 5t research and devel- are not corroboraled in the prosent study. There are no
oprcnt employecs and 41 refinery plant emptoyees at a vbserved deaths due to malignant melanoma and only |
New Jersey petrochemical Facifity. These individuals were wbseived deat from panc eatic cancer while §.89 are
exposed 1o Aroclar 1254 during various periods between expected, There are 7 obscrvad deaths trom resoiratory
126 Archives of Environmeniy e dtth
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system cancer, whereas 7.69 are expected. The only cate-
Zorics of cancer in which the number of obscrved deaths
are greater than expected are for cancer of the rectum and
cancer of the liver and only a slight increase for breast
cancer. When both cohorts and sex groups are combined,
none of the excesses are statisticaily significant at # < 05.
However, the exgess in Jiver cancer is noteworthy because
it is consistent with the toxicology data observed in tabor-
atory animals exposed to PCBs, where effects have been
noted In the liver 2 The slight increasc in deaths duc to
cirrhosis of the liver in the Plant 2 cohort is also consisient
with the notion that PCBs have a toxic effect on the liver.
In most occupational health studies where cancer
mortality is being assessed, Jatency is an important variable;
the hypothesis being that there is an increased risk of
mortality once a certain time period has elapsed after
initial exposure_ [n this study, this hypothesis is difficult
to examine because of the smalt number of deaths. None

of the causes of death analvzed according to latency
clearly demonstrates this association. Rectal cancer show's
a slight increase with an incsease in bitency, and cirrhosis
of the liver shows an increase in risk with an increase in
latency after 20 yr,

There is no refationship between increasing durations
of employment in jobs involving PCB exposure and the
risk of mortality due to cancer or cirrhosis of the liver,

When cancer mortality is examined by Plant, it is evi-
dent that most of the cxcesses occur in Plant 2 —especiaily
among the fcmale group. This finding may be related to
more exposures to PCBs at Plant 2, as indicated by the
industrial hygiene results. In addition, there was an oppor-
tunity for cartier exposures at Plant 2, potentially allowing
tor a tonger latency period. However, this difference in
mortatity may be a function of the size of the cohorts
(Plant 1 only has half the rnumber of person-years as
Plant 2), and thus, simply be a statisticat quirk,

Table 7.-Concentraiions of PCBs (Aroclor 1016} ag Plant 1 (April 1977)
A. Power Capacitor Manufacturing Facility
Personal Air Samples Area Alr Samples
Toual Total
Sampling Sampling
No. of Time TWA®* No., of Time TWA®

fob Titles Samples {min} Ggimd) Location  Samples {min) afm®)
Recovary

Repair 2 840 298 Test and 2 240 41

Paint

Salvage

Operator 1 426 155 Assembly 2 851 29
EMF operitor 1 43 15 Shipping 1 428 16
Treat helper 2 357 30 Storage 1 427 14
Treat operator 2 73V 66 Winding } 420 3
Repair 1 422 10

B. Small Capaciter Manufacturing Facllity

Moveman

({Sealing area) 2 689 393 Soldering 2 782 476
Moveman

i i

L‘I;s)tm. and soidering 5 1306 220 Assembly 2 127 us
Testing 3 1220 218 Shipping 2 338 56
Packer 3 1287 199 Winding 2 528 54
Treat operator 2 845 160 Can b 36 s

f

Rework and final Manufacturing

asembly 2 324 152 Cover 2 134 45

Manulacturing

Maintenance 1 404 150
Rework tester 1 433 140
Rework packer 1 435 132
Rework

tester solder 1 i 24
*TWA is calculated during the total sampling time period.
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Table 8, -Concentrations of PCBs [Arorlor 1018) at Plant 2 (Mareh 1977)
Personal Air Samples Area Alr Samples
Total Total
Sampling Sampling
No. of Time TWA® No. of Tima TWA*
fob Tities Sampies {min) {g/m3) Lacation Sampiey [min) {g/m?)
Degresser ! b1 3] 1,260 Impregmation 2 176 810
Soider 3 184 1,080 Pump room 3 1079 430
Tanker 9 2120 850 Testing 5 1424 120
Moveman
{vaidering
area) 3 752 720 Preassembly 4 1213 140
Heat svak
operator 3 12 630 Shipping 2 741 20
Tester 3 917 2%0 winding 4 637 70
Pump Mechanic 1 7 280 Cover 3 1089 60
manufacturing
Floorman
{pre-assambly)
158} 170 Offica 2 T41 50
*The TWA Is calculaied during the total sampiing time peried.

A potential confounding variable or interaction variable
in this study is the passible effect of alcohol ingestion on
the observed increase {at Plant 2} in mortality from cir-
rhonis of the liver. However, Lihis cannat be properly
assesed in (he present study, since not enough is known
dbout the ingestion of alcohol among the entire study
enhart.

CONCLUSIONS

Eecause a relativety smatl number of deaths were
obs.rved, conclusions drawn from the results of this study
are 1entative,

Adl-cause marcality is lower than expected, and there
was no increase in mortaiity for the major causes of death
that were examined. Among the cancer causes, there was
incrased cancer of the tiver and rectum. Cirrhosis of the
liver was also elevatcd in one of the plants. The stight
excesses for liver cancer and cirrhosis of the liver are con-
sriteie with -proviously reported findings on experimental
anmimuis exposed co PCBs, and suggest that there may be
an associdtion between these causes of death and oecu-
patisaal cxposury to PCBs {i.e, Aroclor 1254 and 1242},
Hoever, the findings for tiver cancer do not reflect a
rekezionship with latency that has been observed for other
carcinogens found in the workplace. The observed excess
in vancer of the rectum retated to PCB workers wis un-
crpected and requires further investigation.
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Does business siress canse high

blosd pressuze?
Stress onthe job is a real problem for most of us.

Mary people think high-pressure jobs cause high
blood pressure.

Scientists and doctors aren't sure if stress causes
high blood pressure. But one thing is for sure:
anybody. no matter how they react to stress. can
have high blood pressure,

If you have high blood pressure. you can control
it—with medication, weight control. less salt, and
whatever else your doctor tells you to do. every day.

No malter what you do lorallving. ..
keep onliving,

High blood pressure. Treat it and live.

Naporgl Hgh Booa Pressare Education Program.
Nahgnat Hean Lurg ond Glocd Instdule.
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