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LFI H-R FROM THE. Pm-::umm

n 1989, Monsanto Company joincd with other ma;or c.hemxcal companus to eatablssh the (..hcmml

Manufacturers Association’s Responsibe Care Initiative.. Rcspons&blc L.arc is the most ambitious”

environmental, safety and health commitment ever undertaken by a nmluﬁ\cturlng mdusu-y in the
;" United States. Monsanito extended this commitment worldwide, and it is one of the le.xdmg comp:unes

o

encouraging the-adoption of this type of i :mpauw throughout the world o o P

¢

' The 10 gmdmg pnnnples are:
1. To recogoize and 1espond w0 cnmmumry concerns about chemlcals and our operations.

2. To develop and produce. chenumls that cart be manufactured, transported, used and
disposcd of safcly. ,

3. To make health, safety and cn"xmnmenml cousxdemuuns a priority in our planning forall
existing and new products and processes. '

4. To report promptly — to officials, employea, CUStOMIELS & md the pubhc — information on
chemical-related health or environmental hazards and to recommend pmtcctlvc mcasuses,

5. To counsel customers on the safe. use, transporation a.nd dhposal of chemical products.

6. To opcrate our plants and fcilitics in 2 manner that pmtects the envirorimeng and the . : R
health and safety of our employees and the pubhc

7. 1o extend know ledge by conducting or supporunb Icscard'l oy healch, s.lfcty and environ-"
mental effects of our products, processes and waste matmals o

8. To work with athers to resolve problers cnated b)' ast h.mdhng and disposal of
h.u.ardous subsunces.

1

9. To participate with government and others in creating rcspons;ble laws, reguhnom and '
standurds to safeguard the community, workplace and environment. :

10. "lo promore the principles and practices of Responsible Care by shasing’ expeneme; and
offering assistance to othets who produce, handlc, use, r.ramporp or d:sposc of chemicals.

We belicve t.hat Rcspnmnblc Care md the Monsanto Plcdgc are pan ot one umﬁa:l fabric. ,
Rcspnmxbic Care was created for the mdustry as 2 whole, and Monsanto fully supports aond pamapatcs
. inthisimportant initiative. The Monsanto Pledge guides the cmployccs af our pamcular company. X
' Furthermore, our Worldwide Envireamencal Guidelines express dcﬁniuvc thuitr:ments embodied i in
" the I’lcdgc and in Responsible Care. As we continue to weave speuﬂu Responsible Care elemens into

i obr oW initiacives, we are confident thae Momanto has the kind of structure we need to ensure the
i welfare of our workers, our customers, our communitics and the cnvlroumcm '
! This annual review of our commitments, our accomplishmenis, Out staristical d.\m, and areas'in

b which we need i improvement is one way in which we say to the world at lalgc. ; Wc are publxdy

' accountable for our performance.” :

W intend to deliver oh out committnents.

! %
- This tepun is.primc'd
Earle H. H“U‘blbﬂt\, JI‘ Sy o . “with suy-besed inks on
) : Lo o e S0 ercent recyded
) . ~ President and Lhtcf 0pcraung Ofﬁu:r N . pepess of which 10 per
: F cent is derived from
Monsanto C(Jmpa.ﬂy . o v L SN e . past-consumer wase.
. A; o A : ) .
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. THE MONSANTO PLEDGE

he Monsanto Pledge is our
~ vision of environmental responsibiliy. It shapes'the on-the-job-
decisions of ¢ every Monsanto employee worldwidc and guides the-
company in achieving its averall commitment to miganingful
envnronmcntal safety and health soluuons

It is our plet@e to:
w

Reduw a11 toxte and hazardous releases and emissions, working towm'd
ansdtimate goal of zero qﬁ‘a‘l,
TS
Mcure 1o Momanlo opermion poses rmy undue rlsk to our emplqyees
and our communities;
' T

wOrb 1o dchieve smtalnabb z(gnadture tbmugb new
' teci.mbgy and practices;
Y -,
lQ‘muregmundun{ér mﬁ{y;
RS

Kecp our plants open to our communities and invole the communlty
in plant ope‘rwtons
. a8 N . ‘ .
Manage all corporate real as&z!e, including plant sites, 10 benefit nature; and
) L : - » T
Search worldwide for technology to reduce and climinate waste from our
operations, wih the top priority being not making it in the first place.

w
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Mortality among Workers Exposed to Polychlarinated
Biphenyls

Thomas Sinks,' Gregoty Steele,? Alexander B, Smith,' Kathy Watkins,' and
Ruth A. Shuits!

On the basls of evidencs from animal studies, polychlorinated biphenyis (PCBs) are
considered potentially carcinogenic to humans. However, the results of studies In
human populations exposed to PCBs have been inconsistent. The authors conducted
2 retrospective cohort analysis (1957-1986) comparing the mortafity of 3,588 electrical
capacitor manufacturing workers with known exposure to PC8s with age-, sex-, and

: calendar time-specific mortolity rates for afl whites In the United States. Proportional
hazards modeling was also performed to cxamine the assoclation between cumulative
FCB exposure and site-specific cancer mortality, Allcause mortality (192 deaths ob-
served, 283.3 expacted) and total cancer mortality (54 deatiis observed, 63.7 expected)
were lower than expected. Mora deaths were observed than expected for malignant
malanoma (8 observed, <2.0 expected) and cancer of ths brain and nervous system (5
observed, 2.8 expected). Thz average estimated cumulative dose for the cases of brain
cancer (22.9 units) was greater than for other workers (12,9 units), but the 95%
confidence intervals around this difference were broad. The risk of malighant melanoma
was niot related {o cumulative PCB exposure. These resuits provide some evidence of
an association between employment at this plant and malignant melanoma and cancer
of the brain, The possibiiity that the resuiis ara due to chance, bias, or confounding
cannot be excluded. Am Jf Epidemiol 1992:136:389~98,

brain neoplasms; electricity; melanoma; montality; occupational diseases; polychiori-
nated biphenyis '

- .-

Although banned from production and
distribution in the United States, polychlo-
rinated biphenyls (PCBs) remain in the ¢n-
vironment. Exposed workers include those
involved in the maintenance aand replace-
ment of electrical transformers and capaci-
tors and those working in the disposal of
materials containing PCBs (1). In 1985, the

Environmental Protection Agency. esli-
mated that 1.6 million substation capacitors
and 21,000 transformers containing PCBs
remained in use (2). Another two million
mineral oil transformers were contaminated
with PCBs at levels of >50 ppm. With ap-
proximately 2.5 percent of transformers re-
moved from scrvice annually, 1.4 million

Received for publication August 14, 1291, and in final
form March 16. 1982, -

Abbreviations: (1, confidence nterval; PCBS, potychio-
tinated biphenyis; SMR, stancardized mortality'ratia.

! Division o Survediance, Hazard Evalustions, end Field
Studies, National instilute for Occupaticnal Safety and
Headth, Cincinnati, OH.

? Environmenial Epiderniclogy Section, Epidemiology
Resource Center, Indiana Stale Deparnment of Heailh,
Indianapoiis, N,

3 Current address: Department of Famgy and Commu-
ciz Medicine, Esstam Veginia Madical School, Norfolk,
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contaminated transformers. will remain in
service in the year 2000,

On the basis. of evidence from animal
studies, PCBs are considered potentiaily car-
cinogenic in humans (3-5), but no consis-
tent results have emerged from studies of
humans exposcd to PCBs. Some studies
have found an excess of malignant mela-
noma, liver and hiliary tract cancer, cancer
of the rectum, hematopoietic malignancies,
and lung cancer (6-9).

To further evaluate the carcinogenicity of
PCBs, we conducted a retrospective ¢cohort
study of workers with known exposure to
PCBs because they had worked in a plant
that manufactured electrical capacitors con-
taining PCBs (10). -

MATERIALS AND METHODS :

The study cohort consisted of individuals
who worked at a plant in which electrical
capacitors containing PCBs were manufac-
tured from January 1957 through March
1977, at which time the PCBs were replaced
with isopropyl biphenyl. Aroclor 1242
(Monsanto Chemical Company, St. Louis,
Missouri) was used through 1970, and Aro-
clor 1016 was used from 1971 onward. The

@

MAINTENANCE

£-30 CAPACITOR
PROCESSING AND
BAKING OVENS

(PCB SOURCE)

plant was contained undcr a single roof with
administrative offices and certain processing
ureas isolated by walls (figure 1). The details
of the manufacturing process have been de-
scribed elsewhere (10). The primary arca in
which exposure to PCBs occurred was the
area- around the impregnation ovens in
which the capacitors were heated. When the
doors of these ovens were opened, fumes
were released, spreading PCBs throughout
the facility.

Approximately 10 percent of the work
force was directly involved in capacitor pro-
duction. In 1977, the concentration of PCBs
in the serum of workers in the plant was
sevenfold greater for salaried workers and

50-fold greater for capacitor-processing

workers than for individuals in the com-
munity (11). The solvents used at the plant
included toluenc, xylene, methyl cthyl ke-
tone, trichlorethylene, and 1,1,!-trichloro-
ethanz. Personal and area environmental
sampling for several metals indicated that
metal exposures were well below the rec-
ommended standards.

Retrasnective cohiort study
The study cohort consisted of 3,588 men

@

— A-3§ PAINT. ROOM

FIGURE 1, Floor plan of capacitor manuiasturing plant shawing iinpragnation avans and potychiotinated biphenyt

{PCB) oxposura zonaes (800 feat = 274 m).

RN R}

pros

905174

th

ne
at

St
in

of

cc.
Al
vic
ing.
Wi
we
am
co!
dc!
kn:
ait!
the
fol!

aliv
19¢
The
tha.

WQ:
‘YI 1:
ing
.ﬂ'f;c

mui



wit
sing
tails
1 GCe
aia
the

P

wihic
mes
10Ul

vork
pPro-.

T was
and
sing
om-
daet
fcee
ora-
mral
that
o~

men

honyl

01-08-93

¢ ots,

L ORI e v e e s a2

-

’

Al et

15:98 MCGREA AND MCCREA

[ZRT TR FYPICN

ID=8912 3385 5307

Polychiorinated Biphenyls and Mortaity ~ 391

and women who worked at the plant for at
least 1 day between January i, 1957, when
the plant opened, and March 31, 1977, when
the use of PCBs was discontinued. All per-
sonnel records and death records in the com-
pany’s possession were microfilnied and ab-
stracted. Race was indicated in 12 percent
of the personnel records, and the majority

of these workers (96 percent) were white. We -

considercd workers whose race was un-
known 1o have been white, since 98 percent
of the local population was white (12), Be-
cause of the small number of nonwhites in
this cohort, we excluded persons known to
be nonwhite from the analysis. Workers with
missing dates of birth or Social Security
numbgers and those who had not worked for
at least 1 day at the plant were also excluded.

Vital status was determined through the
Social Security Administration. We received
information on deaths reported to the Saciat
Security Administeation as of the end of
1987 and on persons known to be alive as
of December 31, 1984, For persons who
could not be truced by the Social Sequrity
Administration, the Intemal Revenue Ser-
vice provided both vital status and the mail-
ing address of the most recent tax return,
We considered these individuals alive if they
were indicated to be so by the Intemat Rev-
enue Service and if the local post office
confirmed that their mail was still being
delivered, Vital status was considered un-
known if it could not be determined from
either the Social Security Administration or
the Internal Revenue Service with post officc
follow-up.

Workers known 1o have bzen alive as of
December 31, 1984, were assumed to bo
alive as of the study end date (June 30,
1986), unless they were known to have dicd.
Those whose vital status was unknown and
those who died after June 30, 1986, were
considered alive in the lifc table analysis, For
workers known 1o be deceased, the under-
lying cause of death was determined accord-
ing to the revision of the /nternational Clas-
sification of Diseases that was in effect at
the time of death,

Person-years at risk of dying were accu-
mulated starting on January 1, 1957, or on

the first day-of employment at the plant,

. .whichever occurred luter, and continued un-

ti} the date of death or the study end date
(June 30, 1986), whichever occurred first.
March 31, 1977, was considered the last
possible day of cmployment. The Life Table
Analysis System of the National Institute for
Occupational Safety and Health was used
to distributc-person-years. at risk over sgx-
specific 5-year calendar time periods and 5-
year age groups (13). The expected numbers

of cause-specific. deaths were calculated by .
multiplying the age-, sex-, and calendar

time-specific US mortality rates for all
whites by the corresponding number of
person-years at risk, The number of ob-
served cause-specific deaths was divided
by the number of expected cause-specific
deadis to yield a standardized mortality ra-
tio. Ninety-five percent confidence intervals
around the standardized mortality ratio were

calculated using an approximation based on.

the Poisson distribution (14).
Praportionat hazards analysis

The primary purpose of the proportional
harzards modeling (15) was to determine
whether a dose-response relation existed be-
tween cumulative exposure to PCBs (dura-
tion of employment multiplied by an expo-
sure intensity rating) and mortality from

either malignant melanoma or brain cancer.

Pertinent exposure information included
our knowledge of the manufacturing pro-

cess, cuvironmental data collected in 1977

(10), and data on scrum PCB levels collected

during a cross-sectional study conducted a -

few months later (11) (table 1).

Qur principal cumulative dose estimate
(cumulative PCB 1) was bascd on the avail-
able environmental sampling results and the
assumption that-sirbomnc and dermal PCB
exposures decreased with distance from the
impregnation ovens. We assigned the lowest
exposure weight to the office area, giving it
a weight of 1 and desighating it as zone 1

(see figure 1). Two production departments, °

isolated by walls and separate veatilation
systems, were also assigned to zone 1. The
production area was then divided by three
equidistant and concentric semicircles cen

' 905175
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TABLE 1. Mesn levels of polychlorinated biphenyls In a US elactrical capacitor manufactusing plant and in

serum samples from warkers in the plent, 1977

Zong
Unitawn® 1 2 3 5
No.¢ Level tevel  No. Lavel No. Love! No. Level

Environmontal measurements (ug/m®)

Aren air sampling . 2 16£158 4 48x+13 8 5919 4 76%52
Parsonal breathing zone i
sampling 0 NS§ 0 NS 0 NS 38 984+88
Serum samplost (ng/mi)
Current job
Salaried workers 66 126 101
Hourly workers only 51 199377 23 98445 71 305479
Only worked in one areal
Salariod workers 38 119228
Hourly workers only 7 12161 5 100x27 8 763+ 1,117

* 2one was unknown for ealariad workers.
1 No. of obsorvations.

Moan 3 standard Geviation.

NS, not samplad.

tod Diphenyts ware measured ag weor chiorinated biphanyl molecules with no more than four

6).
9§ whao only § In this area owing their employmant.

tered upon the impregnation ovens. A value
of 5 (based on the environmental sampling
data shown in table 1) was given ta the
highest exposure area immiediately sur-
rounding the ovens (zone 5). The process
area furthest from the ovens was assigned an
exposure weight of 2 (zone 2), and the area
adjacent 10 the ovens was assigned a value
of 3 (zone 3). Maintenance workers (7 = 34)
were assigned an exposure score of 4 (zone
4) if their primary work area was in zone 3
but they were called upon to work in zone
5. Hourty workers (7 = 125) who ¢ould not
be located by department were assigned to
zone 2. Cumulative PCB 1 was calculated
by multiplying the number of days worked
in each department by its cxposure weight,
summing across departments, and dividing
by the number of days in a year. Thus,
cumulative PCB exposure from working in
zone 5 for | year was considered equivalent
to that from working in'zone 1 for 5 years.
Since the accuracy of our estimate of cu-
mulative PCB could not be verified, we es-
timated it using two additional weighting
schemes., Qur second estimate (cumulative

FCB 2) was based on the results of the serum
PCB values, assigning a weight of 1 10 zones
1-4 and a weight of § to zone 5. The third
¢siimate (cumulative PCB 3) assumed no
crposure difference in zones 2-4, which
were weighted by a factor of 2.5. Zone | and
zene § retained their original weights,

We examined several exposure variables
besides cumulative PCB dose. Workers were
catcgorized as exposed (or not ¢xposed) 1o
1,1, -trichloroethane, trichlorethylene, tol-
uenc, methyl ethyl ketone, and xylene if they
had worked in a department where these
solvents were detected during environmen-
tal sarpling, Work in each PCB ¢xposure
zone (dichotomous) and ever having worked
outside of zone 1 were also analyzed. We
also cxamined the duration of employment
and vears since first employment. We did
not consider exposure to the various metals,
because the environmental measurements.
indicated that these exposurés were mini-
mal.

Cages for the proportional hazards analy-
sis included workers from the population at
risk with a;primary cancer of the brain or a

el
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malignant melanoma listed as an underlying
or contributory cause of death. Age was used
as the time variable, Cascs whose iliness was
diagnosed before their employment began
were excluded. All workers who were born
within § years of a case and were the same
sex as the case were eligible for inclusion in
a comparison group (risk set) for that case.
The risk sets were further limited to warkers
who survived to the age at which the case
died and were employed at the facility prior
to that age. The work history of each mem-
ber of the risk set was truncated at the age
at which the index case had died.

An agsociation between cumulative dose
of PCB exposure and cancer outcome was
considered to exist if 95 percent confidence
intervals surrounding the risk cstimate for
cumulative dose did not include 1.0. Ninety-
five percent confidence intervals were cai-
culated for the estimated rate ratios using a
test-based method proposcd by Miettinen
(16). Variables that, when included in the
model, altered the coefficient representing
PCB exposure were maintained for mului-
variate analysis. All two-way interactions
were examined.

RESULTS
Retrospective cohort study

The study cohort included 3,588 work-
ers—2,742 men and 846 women (table 2).
Overall mortality was lower than expected
(192 deaths.observed; standardized mortal-
ity ratio (SMR) = 0.7, 95 percent confidence
interval (CI) 0.6~0.8), as was mortality from
diseases of the heart (60 deaths observed:
SMR = (0.7, 95 percent CI 0.5-0.9) and
accidents (28 deaths ohserved; SMR = 0.7,
98 percent CI 0.5-1.0) (table 3). The stan-
dardized mortality ratio for ail cancers was
also below that expected (54 deaths ob-
served; SMR = 0.8, 95 percent CI 0.6-1.1).
The standardized mortality ratio for deaths
due to skin cancer was clevated (8 deaths
observed; SMR = 4.1, 95 percent C] 1.8~
8.0). All eight skin cancer deaths were due
to malignant melanoma. (The Life Table of
the National Institute for Occupational
Safety and Health does not contain a calcu-

TABLE 2. Sex and vital status of workers
axposed to polychiorinated biphenyis in a US
efectrical capacitor manufacturing plant,
1987-1977

Total No. - ol

Factor o, rejected wﬁ:
Sex*

Mala 2,788 43 2742

Female 858 12 846

Total 3,643 55t 3,588
Vital status :

Alve 3,208 47 3,241

Deceased 216 7 209%

Unknown 139 1 138§

Total 3.843 55 3,588

Mi:gﬂmmduﬂmrm(wp«mommmas
1 Rejocted from the analysis because their work histories

Gid not meet study inciusion criteria (7 = 40) or their race was

KNowm 1o be nonwiite (n = 15).

1 Seventesn workars died after June 30, 1986, and were
consicersd alva as of the study end data (June 30, 1588).

§ Workers with an unknown vital status (@ = 138; 3.8
Manswuwudn\esmymuaw(m

, 1986). :

lation for the expected number of deaths
from malignant melanoma.) An increase
was also noted for death from cancer of the
brain and nervous sysiera (5 deaths ob-
served; SMR = 1.8, 95 percent CI 0.6-4.2).
The excess mortality from melanoma and
brain cancer affected both men and women.

All eight melanoma deaths included in
the lifc table analysis occurred 5§ or more
years after initial employment, and three
deaths occurred. in. individuals who had
worked at the plant for more than 10 years
(table 4, top). One person had been diag-
nosed with malignant melanoma approxi-
mately 2 months pror to working at the
facility. The ohserved excess skin cancer
mortality remained after this case was re-
moved from the life table analysis (SMR =
3.5, 95 pereent CI 1,4-7.3). A ninth worker
died in 1987 with malignant melanoma
listed as a contributory cause of death; this
individual had worked at the plant for |
month and died 20 years afier expasure.
Pathology reports or medical records con-

firmed the diagnosis of malignant mela- -

noma for all cases.

All five brain cancer deaths included in
the life table analysis occurred S or mare
years after the date of hire, and were more

’ : 905177




01-08-83

15110

394

MCCREA AND MCCREA

Sinks et al.

ID=812 336 5387

TABLE 3. Obsarved and expectad numbers of deatha and standacdized mortatity ratioa for 3,588 electricat
capacitor workers axposed 1o polychiorinated biphenyis, 1957-1327

Undertying cause of death Qbst Expt SMRt 95% C1t
All causes 192 2833 Q.74 0.6-0.8
All cancers 54 3.7 08 0.8-1.1
Site- spacific cancers
Buccal cavity and pharynx 0 7 .
Digestive organs 8 139 06 0.2-1.1
Biliary passages, fver, and galibladger 1 0.8 1.1 0.0-8.4
Pancreas 2 28 07 0.1-25
Rectum 1 12 0.8 0.0-45
Respiratory system 15 20.2 07 0.4-1.2
Kidnay 2 1.5 1.3 02438
Lymphatic and hernatopoietic tissug 7 72 10 0.4-2.0
Sking 8 20 4,1% 1.8-8.0
Brain and nervous system§ 5 as 18 0.64.2
Al other sites combinad 5 85 0.6 0.2-14
Diseases of the heart 60 654 0.7% 0.5-08
Diseases of the respiratory system 10 123 08 04-15
Accidents 28 A1 0.7 0.5-1.0
Violence 14 215 0.8 0.5-1.1
*p < 0.05; **p < 0.01.

T Ovs, obsarved; Exp, axpected; SMR, stardurdized rartanty rulio; Cl, confidenca interval.

1 The expectad number of deaths was caiculatod using mwnalivy rates for Hsal Gell Carcinema, squamous cell carcinoma, and
malignant matanoma combinad. All obsérved skin cancar deaths were dua 10 matignant moelanoma.

§ Cancar of the train and central nervous system included the folewing /nternational Classification of Diseases cooes: code 143,
Sixth and Severth Aevisions; and codas 191 and 192, Eighth and Ninth Revizions,

TABLE 4. Martality from skin cancer and cancer ¢f tho brain and contral nervous system in 3,588 electrical
capacltor workers exposed to poiychiotitated biphenyls, by duration of employment and number of years
“since firat empioyment, 1957-1977

¥, ot

Yaars since first Duratlon of employment (years)
amployment <10 =10 Total
Skin cancer*
<10 OfEt 2/0.56 2/056
SMRt 3.59 3.5¢
I 210 ofE .01 3/0.43. 6/1.44
i SMA 297 g.98 416
Total OjE 6/1.57 3/0.43 8/1.69
SMR 3.19 8.98 402
Cancer of the brain and ¢ ¢; tral narvous systemt
<10 o 2/0.68 2/0.88
SMR 2.28 228
=10 Q/E 0/1.29- ne2 s
SVR 0.00 4.84 1.57
Totel 0/E 2/2.18 3/0.62 5/2.79
SMR 0.92 ' 4.84 1.79

* Expected monberg of skin cancar deaths were calculated for basal csft carcinoma, squamous coll Carcinoma, and malignant
malanoma combinad. Al abserved skin cancer denths wara dua 10 rmafighant malanoma.
1 O/E, cbserved/expacted: SMR, slandardized mortafity ratio,

$ Expected numbers of ¢anoevs of the train and cantrad nervius systen includad the following imternationat Classitication of
Diseazas 0000S: code 193, Sixth and Saventh Rovisions: and codss 191 and 182, Eighth and Ninth Revisions.
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common among those with a longer dura-
tion of employment (table 4, bottom). Two
additional brain cancer deaths were ob-
served that were not included in the life table
analysis. One worker died of a glioblastoma
shortly after the study end date. He had
worked at the plant for 6 months and died
24 years after his first exposure. A black
famale who had worked at the plant for 1
years died of a glioblastoma 2 years after
lcaving work. Pathology records or medical
records confirmed the diagnasis of primary
brain cancer in the five workers who had
died of brain cancer. Medical records could
not be obtained for two of the cases, but
death certificates indicated that the under-
lying cause of death was carcinoma of the
brain.

Proportional hazards analysis

The proportional hazards analysis for ina-
lignant melanoma included eight cases with
risk sets that varied in size from 111 to 1,112
workers. The distributions of the ¢ases and
their comparison groups by ¢xposure zone
were similar, with 25 percent of the cascs
and 33 percent of the comparison group ever
having worked in zone 5. Only one cuse
worked in a department that had been mon.
itored for solvents. The 95 percent ccafi-
dence intervals surrounding the odds ratios
fur years since first employment, duration
of employment, and cumulative PCB expo-
sures all included 1.0 (table 5).

The proportional hazards models for
brain cancer included seven cases, and the
risk sets varied in size from 42 workess 1o
489 workers. Cases were more likely than

the comparison group to have worked in
‘zone 3 (rate ratio = 3.4, 95 percent CI 0.7-

16.8). Only one case was considered poten-
tiatly exposed to any of the solvents. The
number of years since first employment was
similar between the cases and their compar-
ison group. Brain cancer cases had a longer
average duration of employment than the
comparison graup, but the 95 percent con-
fidence interval for this association was
broad (table 5). Of the three measurec of
cumulative exposure, the two ¢stimates that

%%
0.10-2.82
0.61-7.80
0.68-1.88
0.75-1.84
0.84-1.75

ARt
0.54
218
1.27
1.18
1.23

©raln cancet
SO

75

5.7

15.8

127

16.1

combined
{n = 1670}

Ag risk sats

HMesan
4.8
52
120
83
121

&0

6.1

85
220
16.4
204

Cases
=7

Mean
14.1
838
29
142
218

0.21-6.48
0.22-3.03

0.50-1.46

0.47-1.44
0.50-1.88

95% C1*

so

58

55
14.9
13
15.1

Makgnant metanoma’
Al risk sats
(n = 3.455)
46
72
108

* 8D, standard devaticn; AR, rate ratio; Cl. corfiderce interval; PCB, polychiorinated biphenyl

135
10.8

Mean sp* Mean
65 X
45
119
106
125

45
82
73
86

14.5

+ The sate ratios presented eatimate the risk associated with any 10-unit ncrease in these continuous variables, as calculated by a Cox proportionat hazerds model.

$ Cumutative PCB 1, estimate of cumudative PCB doss besed on durabon weightad by distance from impregnation ovens.
Cumnulative PCB 2, estimate of cumulative PCB dosa based on duration with a weight of § for cays worked in zone 5.

suref
Cumulative PCB 1

TABLE 5, Mean valuss for number of years since first amployment, duration of employmsnt, and estimated cumulative exposure 2mong electrical capacitor

workers sxposad to polychlorinated biphanyts, and rate retios for mortality from mafignant melanome or brain cancer according 1o these vadables, 1957-1586
RA*.
116
0.82
0.83
0.97
0.8s

Years sinca first employment
Estimated cumulative PCB* expo-

Duration (years) of employment
Cumulative PCB 3

Cumulative PCB 2
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weighted departments by proximity to the
impregnation ovens (cumulative PCB 1 and
cumulative PCB 3) were stronger predictors
of brain cancer, On average, brain cancer
cascs had more than twice the estimated
cumulative PCB dose (cumulative PCB 1)
of the comparison group, but apain, the 95
percent confidence interval for this associa-
tion was broad.

DISCUSSION

‘This group of workers had an overall sur-
vival rate that was better than expected when
they were compared with all white men and
women in the United Statcs. At the same
time, they experienced greater than fourfold
excess mortality from malignant melanomiz,
The risk for malignant melanoma did cot
vary by duration of employment, time since
first employment, or estimated cumulativz
PCB exposure. There was also an excess of
brain cancer mortality which increased with
duration of employment. The workers whio
died of brain cancer had a higher cumulaiive
PCB exposure than the other workers at the
plant. However, the 95 percent confidence
intervals for these measures of brain canccr
risk were broad, and the results should te
interpreted with caution.

Predisposing nisk factors (17) or environ-
mental exposures probably do not accont
for the excess deaths reporied in this study.
Interviews were conducted with the next of
kin of the eight workers who had died of
malignant melanoma. None of the casos
were related to each other, none had a con-
genital mole, and none had had an earlier
primary malignant melanoma. One case
may have had a dysplastic mole; two were
considered sun-sensitive; and one was of
Celtic ancestry, An environmental causs i8
also unlikely. Age-adjusted and calendar
time-specific mortality rates (18) for maliig-
nant melanoma and brain cancer for e
county where the facility was located were
similar to both state and national rates.

The skin is a recognized target organ for
several effects of PCBs, and it is a major
route of exposure in the workplace. Chlor-
acne (19-21) and hyperpigmentation (22)

have bcen reported among PCB-exposed
workers. While PCBs appear to affect melan-
ocytes, it is not known whether they pro-
mote or initiate neoplastic transformation
in these cells, and the mechanisms invoived
in hyperpigmentation and carcinogenesis
probably differ, _

Studies of human populations cxposed to
PCBs have yielded a variety of results. No
excess cases of brain cancer or malignant
melanoma were reported in three cohort
studies (7, 9, 23). An cxcess incidence of
malignant melanoma was reported in a ¢o-
hort of 72 workers exposed 1o PCBs (6), but
that study was considered inconclusive (24).
Excess numbers of brain cancer cases have
been found in two other PCB-exposed co-
horts (8, 25). Unrecognized diffcrences be-
tween study populations, different exposures
from different manufacturing processcs, €x-
posures to ather carcinogens; or chance may
explain the discrepancies between the var-
ious studies. At the same time, the statistical
power (26) of all of these studies has been
limited by the relatively smait numbers of
deaths observed.

OQur study had several limitations. Fewer

than 10 percent of the person-ycars at risk
were calculated with more than 19 years
since the date of hire, and there have been
relatively few deaths in this cohort. Thus, we
could not assess the risk of cancers with long
latency periods. In addition, the small num-
ber of observed deaths resulted in risk esti-
mates with broad confidence intervals.

The manner in which the environmental
and biologic exposure data were collected is
perhaps the greatest limitation of this study.
The small number of environmental sam-
ples collected outside the capacitor process-
ing arca and the lack of any data from before
1977 prevented the construction of a vali-
dated job-exposure matrix. The data from
serum PCB measurements, also coilected at
a single point in time, only included infor-
mation on current employees. Furthermore,
the concentration of PCBs in scrum . is af-
fected by their long hali-lives (27) and by
individual factors such as body weight, age,
and sex (11), which further limits the use-
fulness of these data. Because of these limi-
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* tations, the weighting scalcs used must be
considered . crude approximations. While:

other weighting scales can be envisioned, all

“incorporate assumptions that cannot be ad-
equately tested, Thus, the limitations of the

exposwre data- may have led to substantial

misclassification, obscuring a possiblc dose--

response reiation (28).
Various forms of bias or confounding
should also be considered. Tic healthy

. worker effect (29), together with the inclu

sion of persons lost to follow-up, could
partly explain the low overall mortality of
this cohort, A small selection bias came
about from our decision 1o exclude from the

- life table analysis four nonwhites whose race
was determined from death cerntificates. At

the same time, a small amouut of person-

time for unidentified, surviving nonwhites .

slightly increased the expected numbers of

deaths. Finally, any association of excess'
mortality with PCBs may have been con- .

founded by simultaneous exposure to PCB
contaminants, such as polychlorinated di-

-benzofurans, or other unidentified sub-

stances.
Dmplte the conflicting results from the
various' epidemiologic  studies, PCBs are

- considered potentially carcinogenic to hu-

mans by the National Institute for Qceupa-

. tional Safety and Health (3), the Interna-
tional Agency for Research on Cancer (4),

and the Environmental Protection Agency
(5). This study provides some. evidence of
an association between PCB exposure in an
occupational environment and mortality
from malignant melanoma. The brain can-

- cer finding suggests that this outcome should

be carefully studied in further follow-up of

this cohort. The continued follow-up of this -
cohort and several other large cohorts of -

PCR-cxposed populations will be essential
for the final determination of the carcino-.
genicity of PCBs to humans. -
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