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Abstrant

L retrospective cohort mortality study of workers exposed to polychlori.
nated biphenyls (PCBs) during production of the compounds is reported, A tata)
of 89 workers exposed to PCBs for a minimum of six months during the period
from 1945 to 1955 were followed through 1977, and their vital status was deter-
mined. Comparison of this PCB-axposed cohort's mortality exparfence with zge-,
race-, and cause-specific mortality rates of the U.5. male population was
performed., Qbserved deaths were not statistically greater than expected for
any of the cancer sites examined, Mo deaths wtr;h;;;lrvod fnr'cincor of the
1{ver or malignant melanoma, A statistically significant excess of circulatory
disease deaths, exclusive of arter{osclerotic hesrt disease, was observed in

white males,
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The term “polychlorinated biphenyls™ (PCBs) describes a group of mixed
:hlorinated biphenyls which vary in consistency from light, free-flowing
Tiquids to crystalline and noncrystaliine solids, depending on the degree of
chlorination. PCBs have been in commercial use sfnce 1929, Their dielectric
properties, resistance to oxidation, acids, bases, and other chemicals, and
thermal stability have made them usefyl for many applications, particularly in
the production of capacitors and transformers, and in the fnsulatfon of elec-
tric cables and wires,

Reports of adverse health effects {n man i{nitiated from several -incidents
of accidental heavy exposyre to PCBs. A process change in a chemical plant
introduced an unspecified PCB compound (Arochlor) inte the work environment,
resulting in exposure of 14 workers to estimited breathing zone PCB levels of
0.1 mg/m3.1 Chloracne developed in one-half of the axposed workers, and liver
function tests showed a borderline abnormality in one of the Seven affg;:ed
warkers. After 13 months of follow-up. the chloracne had disappesred, but the
Tiver function abnormality, although improved, remained.

Accidental ingestion of rice of1 contaminated with PCs has resulted in
severa) outbreaks of common symptcmatolagy, reperted from Jagan {“"Yushe"
disease)}2 and Taiwan '{*Yu-Cheng” disesse).3 The most common acute symptoms
observed were hyperpigmentation and acne-like lesions, discharge from the eyes,
neuroendocrine disturbances, emesis, and diarrhea. There was 3 dose-response
relationship between the amount of ofl ingested and the proportion of persons
reporting symptoms, After Six years, many of the patients still reported such
symotoms as headache, stomach pafn, numbness of the extremities, arthralgia,
nd respiratory symptoms.® Although massive ingestion of PCBs occurred {n

these incidents, amalysis of the cooking oil in the Yusho episode showed that
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wolychlorinatad dibenzofurans® and polychlorinated quaterpheny1;5 were co-
contaminants. Analysis of blood samples from patients in both incidents, as
well as liver and adipose tissue from Yusho patients, shoJed the presence of
these compounds along with PCBs.7» B These co-contaminants obscure the rela-
tionship of PC8Bs to the symptoms resulting from ingestion of the contaminated
rice oils.

The Yusho {ncident served as a stimulus to a large number of toxicologi-
cal studies dealing with the health effects of PCBs. Chronic toxicity studies
of PCBs in mice and rats have shown hepatic effects ranging from hyperplasia to
well-differentiated hepatocellular carcinomas following the ingestion of varicus
pCB-containing diets.?, 10 Studies of hunan exposure to PCBS have shown that
body burdens are direztly related ta the level ¥ esposure to pces. 1, 13
Yorbidity -studies have focused on the effecis of ?C3s on the skin, liver, dlcod
chenistry, and othar systems.13, 16 Chlcracne, dermatisfs, mf1< liver func-
tion abnormalities, and increased triglycerides levels were reported with some
consistency from these studies.

Fortzlity studies of occupationally-expcsed individuals have not yielded
consistent results. A preliofnary reportl7 addressed an increase in deaths due
to melignant melanoma (2 obs. vs. 0.04 exp.), which occurred in a group of 5l
research 2rd development and 41 refinery workers at a Hew Jersey petrochemical
plant, Another author commented on problems in defining exposures in this
study.18 In a study of 2567 capacitor plaat workers exposed to PCds 19
excesses of liver and rectal cancer deaths, which were not statisticelly sig-
nificant, were reported. Although few deatis were availadle for analysis by
duration of exposure and latency, there was no trend by these measures for

1{ver cancer deaths, and a slight increase by latency but not by lengin of

MONS 004079



Judith A. Tack/Page §

exposure for recta! cancer deiths. Another study of 1310 workers from a capac-
{tor-manufacturing plant with at least six months employment between 1946 and

1970 found statistically significant excess deaths from a1l cancers (in males)

and 211 causes (in females).20 Suggestive, but not statistically significant,

excesses were noted for deaths due to digestive system cancars {in males) and
malignancies of 1ymphatic and hematopoietic tissue (in males and females). 1o
deaths were attributed to 1i{ver cancer or malignant melanoma. Due t0 the rela-
tively young age of this worker cohort and the resultant small number of deaths
{n = 27), site-specific excesses were based on two or three deaths; therefore,
further study of this cohort was proposed by the authors.

At about the time of the inftial report dealing with the mertality exseri-
ence of an occupationally-exposed worker cohort, a preliminary review of the
mortality experience of Monsanto warkers involved {n the production of PCAs
was carried out. The present study represents a completed analysis of this
worker cohort's mortality, with particular attantion given to overall cancer,

1iver and pancreatic cancer, and malignant melanoma,

Yaterfals snd Methods

During the perdiod from 1936 to 1977, PCBs were manufactured at Monsantd
Company's Saujet, 1111nofs plant. Throughout this period, the process of
manufacture remained relatively unchanged, This process, {n brief, {nvcived
the batch chlorination of biphenyls in the presence of iron and iron chloride
catalysts. The crude mixture produced in the chlorinators was then aerated,
distilled, earth treated, filtered, and transferrad 0 storage tanks befare
shipping. While ne {ndustrial hygiene monitoring data were availadle to quan-
tify the PCB-exposure levels during the stuoy time, interviews with plant
personne! established the fact that PC3 exposure levels did not vary consicer-

ably within the PCB department. Therefore, 211 workers in this department
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were considesred to have a common exposure to PCBs, as well 25 other chemical:
used in the department, including hydrochloric acid, tri- and tetrachloroben-
2ene, biphenyl, and chlorine gas.

A1l male employees from the hourly roll who worked in the PC3 department
for at least six months between January 1, 1945 and December 31, 1965 were
selected for the study. By use of the plant's computerized work histary systen,
union records, and manual work history verification, 89 male, hourly employess
ret the criteria for {nclusion in the study. The vital status of 98.9% (88) of
the cohort was deternined as of December 31, 1977, using standard follow-up
techniguas. Table ] summarizes the results of the vital status tracing. A
gfath certifitate was obtained for each person found to be deceased, and coding
of the underlying cause of death was perfersed %y an experienced nosologist,
using the laternational Classificatian of Disesses,-Adapted, Efghth Pevisian.ll

Usizg a zomputer program developed for such an application,22 the odserved
auover of ceaths among PC3 workers was cempared with those expectad based on
age~, race-, and cause-specific mortaiity rates of U.S. males. To compute ex-
peciad rumdars, person-years 2f observation were allocated to five-year age
ard c2leadar tize categories and sultiplied by corresponding race- and cause-
spezffiz cdazsth rates for U.S. meles. The resulting quantities were summed
cver atl ages and years to obtain the total expected numbars. Ratios of od-
serve? 15 axzscted number of deaths were expressed as standardized mortalizy
ratios (3i?s). Significance testing of the SHRs was performed at the 5% level,

sssyning that the observed number of deaths folles a Poisson distribution.23

Fesylts
0f the 53 PLB workert for whom vital status tracing was successful, S8

wars verified 1iving and 30 were verified decerased. Death certificates were
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obtained for each of the decedents. The person-years of observation zantri-
buted by the entire worker cohort are shown in Table 2. A total of 1800.1
person-years were observed at all ages, with the majority observed in the
middle-age range {ages 35-60 yrs. contributed 743, or 1331.1 person-years to
the total}). Cross-classification of PCB exposure duration with vital status
(Table 3) shows that the majority of both 11vin§ and deceasad workers were
exposed less than three years. The average length of exposure to PCBs for
1iving and deceased workers was similar, with deceased workers having slightly
more exposure time {3.7 yrs. vs. 1.2 yrs., respectively).

Cause=-specific SMRs are listed in Tables 4 and 5 for the 50 white and 25
norwhite male members of the PC3 study cohort. Deaths due to malignant neo-
plasms, as indicated In Table 4, accounted for 27% {8) of the total numder of
deaths. No cancer deaths were attributed to malignant neoplasms of the liver
or pancreas, or malfignant melanoma. While many of the cancer-specific SMRs
exceed 100, none are statistically significant. In white males, lung cancer
accounted for 75% of the deaths Zue %0 malignant neoplasms, while no single
cause predominates {n nonwhite males. Table S presencs a brief summary of the
eight cancer deaths {n the PCB worker cohort.

Among the non-salignant causes of death (Tadle 6), diseases of the cir-
culatory system accounted for almost half of the deaths. For the category of
c1rcu1|t§ry system disease, exclusive of arteriosclerotic heart disease, the
SHRs for white males and for the total cohort were significantly greater than
100. The excess in deaths due to this category is accounted for soiely by the
experience of the white males, since nomwhite males showed an SMR of 31. o

other causes of death in Table 6 showed observed deaths winich were statistically
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greaser than expected. The overall Sif3 for ml11;H:;; and non;m;lign;nt
causes was 131 (30 observed, 22.88 expectad deaths), Little difference was

found in this overall SMR by race (for whites, 133; for nonwhites, 128},

Discussion

This investigation dealt with the mortality experience of a cohort of 49
mals workers involved for a Teast six months {n the production of PC3s betwsen
January 1, 1945 and December 31, 1965. The only cause of mertality which
showed a statistically significant excess in observed deaths was circulatory
diseases exclusive of arterfosclerotic heart disease. This excess was appcreng
0aly far white males. Circulatory diseases in this category inecluded deaths
from rheumatic heart disease, cerebrovascular disease, and other formgy of hear:
digezss.

f this excess cause of death 1s n2t an artifact, one would postulatse thet
the~e may also be a relation tet~gen risk factors of these circulatory 2iseases
and PC3 exposure. Blood pressure, & risk facter (when elevated) of caronazy
heart disease {CHD) and cerebrovascular disease, has deen related t2 bicod PC3
levels in two studies, with conflicting results. One study?® found tnat
se~um PCS: levels made a statistically significant contribution to explaining
ths varicb11{ty of diastelic (but not systolic) blood pressure measurements in
ruitiaie regression analyses of data from a community exposed to DOT and PCBs,
while ancsher study?S found no such association. Studies of lipids, which
have been assaciated with CHD and (with less consistency) with cerebrovascular
disease, have considered total cholesterol, high density l{psprotein (KCL), ar:
triglyceride levels in relation to blood PCB levels. While no consistent
assocfation has been shown between blood PCOs and tota' zholestarol or HOL

Tevels, most,}3: 18 but not a11,2% studies have shown increased triglycerice
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lavels with increased blood PCB levels. Given the Tack of support for an
association betwesn PCHs exposure and non-ASHD circulatory system deaths from
previous)y reported mortality studies, and the inconclusive relation between
cardiovascular Hsk factors and blood PCBs, this exckss cause of death myst he
viewed as a preliminary finding, in need of support from other studies.

While previous mortality studies as well as toxicological studies have
implicated a variety of cancers - digestive sysion, 1iver, pancreas, malignant
melanoma ~ as possible results of exposure to PCBs, the present study provides
no support to such findings. In tﬁc_ﬁonsanto woé;or cohort, no Jcaths were
attributed to l{ver or pancreatic cancer, nor were any malignant melanomas
found. The overall excess in cancer deaths, while not statistically signifi-
cant (8 observed, 4.46 expected, SMR = 179), {s mainly a result of respiratory
cancer deaths in workers for whom smoking hadits ware not ascertained.

Although *he present stucy's results d not support a carcinogenic effect
essociated with PCB exposure, there are significant limitations to the results.
A principal limitation {s the size of the worker cohort, which prevents the
detection of increases i{n risk to deaths froa rare diseases. A much larger
cohort followed for a longer period would be necessary to detect a two-fold
{ncrease, for example, in observed 1iver cancer deaths. In order to allca for
a latency period, the study cohort was 1{m{ted to those work{ng at least six
months unt{l December, 1565. Since PCB production continued uatil 1977, further
follow-up of the mortality of Msnsanto's PCB-exposed workers will have larger
aurbers, as well as longer follow-up time.

Another limitation common to retrospective studies of occupational cahorts
s lack of knowledge of exposures from other work-related activities. while
personal habdits, such as smoking and drinking, can sometimes be roughly ascer-

tained {f co-workers or family members arc avaitable for {nterview, previous
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exposures, or concurrant occupational exposures during follow-up, are gfugn
irpossible to assess. The Connection of an effect to 4 previous PC3 exnosurs
must first consider other potential effect-related eoxposures.

A useful corparison group in occupational mortality studies {s an unex-
posed industrial cohort, from the same plant, {f possible. Ascertainment of
mortality of such a cohort allows for comparison of SHRs batween exposed and
unexsosed cohorts, which reduces the possibility that an elevated cause of
death {n 4he exposed cohort 1s a result of & generally greater than expected
cause-specific mortality {in that aree or {ndustry. Such a comparison groun
would Rave bDeen useful {n evaluating the elevated mortality due to non-ASHD
circulatory system diseases found {n this study.

Givena the size of the study cohort and the other limitations described
aSove, the results of this analysis of PC3-exposed workers' mortality experi-
ence are not cefinitive, but rather contribute to the health-effects rriexrch
en PCEs. future study of this cohort could evaluate the mortality of wariers
fnvolved frca the 1ﬁit1|1 through the final year of PCB production, and thus

have mar: sower to detect any passible hazurds of PCB exposure.
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Table 1

Follow-up Status of Polychlorinated 31phenyl
Workers as of Oecember 131, 1977

Follow-up Status Humber
Status known 28
Yerifiad alive 58
Verified deceased 30
Death certificate found 30
Death certificate nct found 0
Status Unknown 1
Total 89
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Ferson-years of Observation Contributed by
Palychlorinated Biphenyl vorkers by Age

in ¢2:rs aznﬁgng{:Qf:n
20-24 1.4
25-29 63.8
30-34 142.6
35.39 222.5
40-44 2312
45.49 325.3
50-54 294.5
55-59 207.8
§0-64 134.0
65+ 115.2
'Total 1800.1
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Table 3

Duration of Exposure to Polychlorinated
Biphenyls by Yital Status

yital Status

o< -Judith A. Zick/Page 16

Living Onceased Unknown Total
Years of Exposurs* (n = 58) (N = 30) (n » 1) (n = 89)
<1 20 1 1 rd ]
1-1 20 12 0 32
3-8 5 4 0 10
1 . 12 9 ] 21
Average Length
of Exposure 3.2 yrs. 3,7 yrs, 0.7 yrs, 3.3 yrs.

*L{fetime exposure prior to l-1-68
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Table 4

Observed and Expected Daaths Due to Malfgnant
Meoplases by Rice, FC# Worker Cohort

WU un

e wWA

(til;:‘:.l::) Covie of Death nmt: "‘l;:l' hbmh:“ ".SII:: 0 nt‘“l SHR*
140-209 ALY Malleeant macplams 4 2.70 148 4 1.7¢ 227 8 446 1D
140- 149 Succal cavity & pharyaz o 008 - 0 007 - 0 016 -
150-15¢9 Olgastive organs &

peritonnm 0 0.7% - 1 0.5 172 P L 75
158, 156 tiver o 008 - o 005 - o 0.0 .
150-154, 157-159 Qher digestive organs 0 0,70 - 1 0,53 189 1 1.23 8l
160.163 Respiretery systam 3 0,9 )¢ 1 0.5% 169 4 1.83 21
162, 163 Lung 3 0.8 37 1 055 182 4 1.4 218
160, 161 Rher respiratery organs 0 0.08 - o 0.04 - 0 0.0% -
185-189 Genitowrinary ergens 9 0.2 - 1 0.2) 43 1 0,51 1%
200-t02 ey et P 1 012 833 1 o040 2%
164-184, 190-19% A} other sites 103 278 0 o017 - 1 0,53 109
*No SMA was statistically significant (all p-valuves grcater than 0.0%)
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Teble §

Cave Sumsarfes of Cancer Daaths hmony
Polychlorinated Bipheayl Morkers

Year of Year of First Year of PCe Exposure Osath Cartificate
Race irth Ezposure Neath Muration (me,) Cavse of Death (I1CO4)

Nomehite 1909 1942 1959 13 Carclnoma of colon
{153.9)

Norwhite 1913 1954 1963 ” Carcinomatosis-
Primary site,
kidney (189.0)

Nonwhite 190% 195} 13968 ] Carcinoms of luny
{162.1)

White 1893 194) 1963 b1 Carcinama of right
leng {162.1)

vhite 1912 1951 19%8 L Carcinoma of lung
(162.1)

White 1916 1951 1977 b3} Carcinoma ef lung
{162.1)

lonwhite 1507 1945 1964 ] Multlple myeloma
{203.0)

Wite 1906 1940 1987 1 Metastatic carcinoma.
carcinomstosis
{199.0)
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Table 6

UL L o,

Observed and txpected Deaths Due td Noa-salignant

Causes by Race, PCB Worker (short

i

w4

[.C.0, M. White Males Nonuhite Males Total
{Eighth Rev.) Cavie of Daath 0 E sm 0 L sk E S
190-458 Uiseasay of the circula-
tory system 11 6.82 161 5 4.3% 118 11.17, 143
410-413 Ateriesclerstic heart - )
dlscase 4 499 80 3 L2 1M 7.1% W7
190-409, 414-458 Al ether circuletory
: 1ystem 7 1.8} 526 2 %15 % 1.9 226
46n.519 MHeeases of the respirs-
tory system 0 0.7} 1 0.54 188 1.27 T4
520-577 Olseases of the dlgestive
system 1 0.7% 13} 1 0.4% 222 1.20 167
8n0-998 External cousas ef death 4 1.4 - 1 0.9% 10% 2.4 °?
All ether non-milignant
cevses 2 1.1 182 0 1.0 - 48 mn
Teta) All causes, salignant §
sen-ad Vignant 15 1.3 1) 12 9,38 128 Jo 228 121
*p < 0,08
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