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i of PVC Fabricators

Mortality Among Employees

tconard Chiazze, Jt, Sc.D.; William E. Nichols, Ph.D.; and Otto Wong, Sc.D.

A cross-sectional mortality study of 4,341 deaths occurring
among current and {ormer employees of 17 PVC fabricators
duting 1964-1971 is presented. The abjectives are: (1) to iden-
nly any angiosarcoma deaths amoang the employees of these
ubricators, and (2) to examine the distribution of deaths by
cuse. No angiosarcoma deaths were lound among the study
group. Sex-race-cause-specific Proportionate Mortality Ratios
PMR’s) were computed, using the corresponding U.S. mor-
ulity as the standard. Among white employees, there appears
to be an excess in total cancer mortality, particularly that of
‘ the digestive system. Observed deaths were found to exceed

the expected in cancers of the breast and urinary organs
smong white females. Delicit mortality was observed in
rehosis
ployees.

t fiver among both male and female white em-

The January 1974 disclosure of thece deaths from ango-
srcoma of the Iiver m a single vinyl chlonde polymerization plant
and the attention focused on this new occupational dnoave are
well known. A significant amount of information from snwmal ex-
permentation and observation on humans engaged n the produc-
von of vinyl chlonde followed ' However, thote wat (o miorma-
ton regarding the possble adverse effrcts on emplayees engaged
m polyvinyl chlonde ®VC) fabrcation. where potentul evposures
were thought to be knv and to result from the reicase of unreact-
ed monomer trapped n the resm This nsue was comadered of
creat mport because of the very large numbor of worers brieved
to be engaged n fabrcation

In March 1974, representatves of PVC producers. who are
members of the Organzation Resources Counselors (QRC). Oc-
Cupational Safety and Health Sundards Croup, contxied ORC
dbout the feasibility of a study of health rnks 10 employecs work-
ng with vinyl chlorde and polyvinyl chionde. Smce the Natwonal
stitute for Occupatonal Safety and Health INIOSH) was con-
ducting a study of vinyl chlonde and resin producing emplavees,
the scope of the proposed ORC study was himited to employecs of

fram the Drvmunt of Bostattas and [ pedemukty, Drpartment of Commesvdy
Mrdume and iverutonid Healh, Cargriown Uneeendy Schoud ol Mede e
Vashngion. DC 20007 ©n Chuzre snd Wang' snd Orgamisian fruma o Cram
o, I, Wadwton DC 200068 O Na holyt

Journal of Occupational Medicme/Val. 19, No 9/September 1977

companics engaged in the fabrication of PVC resin mto finished
products A number of alternative study designs was considered.
and it was decided that a proportional mortahty study would best
meet the urgent need for information. The study concentrated on
deaths occurning during the ten-year period 1964-1973 among ac-
tive fabricating employees plus retirees. Since it was not possible
to dentfy those emplovees with only vinyl chlonde exposure, the
study focused on deceased employees who worked anywhere in
those plants where PVC fabrication was carried on. The primary
obpective of the study was to determine whether or not any angio-
swcoma deatts had occurred among employees of the fabricators
under study. A secondary objective was to examine the distriby-
ton of all deaths by cause.

The relatrvely few producers of vinyl chlotide monomer and of
PVC rewn are generally medium to large companies. PVC fabri-
cators however. range from large plants of major companies to
werv smull job shops. Even in a large plant. there may be few em-
ployees who are n the vicinity of PVC resins. The range of com-
pany plant size and number of exposed employees help to explan
the wude range of estimatcs of total employment dependent upon
PVC resins Fabrication s geographically disbursed, with at least
oM operation i almost every state. Typical fabrication products
nchude cudted wae, uphobtery fabacs, floor and wall covenngs.
ppe and other construchion materials, toys, recreational equip-
ment phonograph records. containers and container lining, and a
mvrud of novelty tems Since the fabrication of PVC resin mto
fnnhed praducts  often a part of diversifred product lines n a
plant raw materuls other than resin are utilized. Thus, employees
muv be evposed 1o toxee agents other than vinyl chloride. Conse-
quently i the current study. it is not possible to isolate only the
etiect of vinyl chlorde Same departures from expectation may be
che 10 exposaes to vinyl chioride, to one or more other agents. to
wome combngtion, or to employee charactenstics other than
aCCupton

Materials and Methods

The decrnion to focus on a cross-sectional mortality study
rathet than on an hestoncal cohort study derived from several con-
sderatons Fust, the primary study objective was to detetmine
relatvely queckly whether or not any angiosarcoma deaths could
be dentifed among the study group, and this was best a-
cumpinhed by examuning causes of death among relatively recent
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i.e.. past ten years) decedents. The desirability of identifying an
historical cohort for follow-up was recognized, but it was detes-
mined that it would not bie possible to identify clearly and com-
pletely the necessary cohort of workers within a reasonable period
of time. if at all. As a consequence. thus study is based upon 4,341

aths which occurred during the period 1964-1973 among
«urrent or former employees of 17 companwes engaged in PVC
fabrication. A total of 55 plants supplied data on all dentifuble
deaths since, as was mentioned earlier, 1 was not pos«ble to wden-
tify those employees with only vinyl chloride exposure for the
study.

In order to be included in this study, a deceased emplovee fell
into ane of the following categories: (1} employee died while ac-

‘tively employed. (2} employee died after retiring from the com-
pany with retirement benelits, and (3) employee died after ter-
munating employment but with vesting in 3 company-sponsored
life insurance plin. Deaths occurning among former emplovees
with less than the number of years necessary for insurance vesting
were nat included n plant records and were. therefore, not
available for thws study.

An attempt was made to compensate for at ledst same of the
“leakage” due to employees leaving the mdustry prior 10 the tene
they were vested in any msurance program by using the following
procedures. Once death records for a given company were xden-
tified, death certficates were obtained and separated nto two
groups as follows: (1) all deatts with cancer (ICDA 140-205 up to
1967; ICDA 140-209 for 1968 on), ar hiver drease UCDA $80-586
up to 1967; ICDA 570-576 lor 1968 onl, or suspected bver con-
dition mentioned on the death certificate; and (2 ail deaths from
causes ather than cancer ar liver disease. Dedth records men-
tiomng cancer or liver disease and giving a hospaal as place of
death were segregated and sorted by hospdal \Where there were
several death records for a single hospital of several hospatals n
the same ares. arrangements were made {or a Regntered Reconds
Adminmtrator RRA) 1o visit the hospitals, review meducal records.
€ ntact the hospital pathologist and review pathology records to
determine whether there were any angosdcome cases n the
hospital's pathology records. If so. an attempt was made (0 deter-
mine whother or not the angiosarcaaia possibly could be clated
to vinyl chloride exposure This procedure enabled s to dentdy
whether any employees. who had left the mdutry pror to vesing
n an insurance program and remamed i the kxal arcs. had deed
fr m angiosarcoma of the kver. The hospital ewquay procedures
turned up five deaths from angiosarcoms of the bver. accondag to
company employment records. nane were emluyed a any 1vme
in PVC labrcating plants. These deathn were reported to O5HA
NIOSH. and CDC for incluson w the natonw e anguararcorne
survey.

Death certdcates not mentionmg 3 hoswpdal o 2 place of death
required an additwonal step to determane whethes death of curred
n a bospral or i a recent hospitalizateon had accured praw 10
death. The certfyng physcun was quered by mal lor o

formation on recent hospialzation of the decedent and whether
there was any indication that he or she had cancer of vy darase
Additionally identified bospitals were contacted as sbove

Orginally, it was planned that death certdcaies would be ob-
tained from life insurance carners. in pracixe, both company and
life insurance records were used because of record retention prac:
tices and retneval problems in the murance carmers All available
death certificates were examined by a traned nosolognt for men-
tion of angiosarcoma anywhere on the certdwcate. and no angwo-
srcomas were found on the death certdecates Undeiying caune
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of death was classified according 10 the eighth tevisin o =,
ternational Classification of Diseases.?

Over the ten-year period under study, plant size was 7y - .
have changed drastically in many cases. In one instance , .
employing 300 employees in 1973 employed fewer thy -
1964. At the other extreme, one plant employing 5.000 pr-.. .
1964 had only 2.000 in 197). Some companies had gone .. .
business. Such developments show not only the rapd (k,-
taking place but also the difiiculty of determining average o ..
emplayment. The 17 companies covered in this repont 13-,
from single plant, small companies (ane with 70 emplne.. ©
multiplant large companies lone with aver 7.000 emphu..
Average number of employees clustered between 300 sny -,
Although 1otal employment is difficult to determine precie, -
estimated to have been between 65.000 and 70.000 at the ¢- -
1973. .

Since the population at risk could not be determined, mo--,
rates as measures of nsk could not be calculated. Rather -.a
were summarzed in terms of Proportionate Mortality Rain. =,
«diusted for the age distribution of the study group. The P
relatve (requencies of specific causes of death by age in 3
parson population (0 obtain expected numbers of deain. -
that cause n the study population. Selection of an apn-..
comparson population poses some difficulties since it wa. -
deswable to have a cause of death distnibution for 2 similar - .
of warkers dying during the same penod. but not subjected:.
factor under study. But such a comparison population wa.
available, and the study used monality for the Unied S: o
spocific for color and sex, for comparative purposes - D=
recognuzed defciencies, the PMR can provide clues on un.. .
dutrbutions of causes of death where true rates cannis .
calculated.

Results

Table Y grves the distribution of deaths among the emplove-
the 17 PYC fabrcators within each of the ten years. Anincrea -
the proportion of deaths taking place in later years of the des-
may otlect 2 vanety of factors, such as an increasing emplo.~
population, less complete availability of records for eacler 1.
e g . n one company. there were no records for the first fow
the ten years), increase in duration of exposure, etc. Howeo
there » no reason to bebeve that any unavailable death recorc--
earfae years would be concentrated in a few causes and the
busy the distnbuton of deaths for those years.

Tavie 1, ~ Distribation af Desths Among Emolayess of 17

PYC Fabricatary by Year of Deasth, 19641971
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occurred among employees of the PVC fabricaton under study.  definitne interpretation is difficult. 1t has, for example, been

™ -

Since no arigiosarcoma deaths were found among the empioyees
studied. the first question has an unequivocal answer. A secondary
objective was that of examining the distribution of deaths by
Cause among the employees under study. Implhcit i thet obpet tve
s the question of whether or not that dutebution . n some
sense. unuswal. There i no unequivocal answer to the latter
question. Whether or not an observed drtributon of causes of
death is unusual clearly relates to the standard of comparson
population as well as the analytic methodology.*

On the bass of a proportionate mortality analyss, there appesr
o be excesses in total cancer mortalty among both wihute men
#d white women n the study, when compaed to the
distributions of deaths for the total United States specifx for color
and sex and adjusted for age. Excesses in cancer morntality appear
concentrated in cancers of the digestive system and, in particular,
i cancers of the intestine for both men and women. In additon,
there is a suggestion that morulity from cancer of the breast and
urinary organs among white women employees is higher than that
for the towl US. There are, however, several reasons why
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suggested that a Proportionate Mortality Ratio based on an exter-
nal population may not be sufficiently discriminating in screening
for potentul hazards.? In addition, an analysis using PMRs fails to
ke account of the absolute risk of dying in the population under
studv * further, 2 number of studies have suggested an overall
favorable mortality for industrial working populations, even in
thote where well-defined hazards increase risk for a specific
cause ' ¢ Factors such as these are meant to suggest that
proportonate mortality analyss must be interpreted cautiously,
with the intention of providing leads for further investigation.

Results consistent with those of previously published studies
would be of particular interest With no comparable working
populatons m the fabrication industry, potential contrasts may be
found in studwes of vinyl chioride workers. Monson, et al,
provided a proportionite mortality analysis of 161 deceased
workers Gl presumably white males) in two plints, one where
vinyl chloride monomer is produced and one where it is
polymerized into polyvinyl chloride.* Results of that study suggest
a passible excess in total cancer morality, primarily cancer of the
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fiver. However. there was a suggestion that cancers { the ung
and brain also appeared with excess frequency. The current study,
while suggesting an excess in total cancer, particularty digestive
cancer, does not clearly point to marked excesses for cancers of
the liver, lung, and brain among white men, although the PMRs for
these cancers are greater than one. The observed-to-expected
“MRs reported by Monson for vascular lesions affecting the cen-
»al nervous system, circulatory diseases. and external causes are.
similar to thase reported here.

Tabershaw and Caffey, in a study of workers engaged in the
manufacture of vinyl chloride and its polymers. conclude that no
specific cause of death was statistically significantly greater than
expeclations based upon Standardized Mortality Ratios (SMRs)
using the US. male population as the standard.” 8y other criteria,
however, the authors conclude there may be an excess risk for
mortality from digestive cancer, respiratory cancer, cancer of
other and unspecified sites, and lymphomas. At lower exposure
levels. they suggest some excess for cancers of the buccal cavity
and cancers of the other and unspecified sites.

The current study would scem to indicate that excesses of mor-
tality from cancer of the digestive system are not sex-specific and
are not limited to liver cancer. The majority of the PMRs for cancer
among both white men and white women are in excess of unity,
Such results must be interpreted with caution but. since they ap-
pear to be consstent with previously studied workers, they
suggest the need for continued investigation

Summary

Results of a study of 4,341 deaths occurring among current and
former employees of 17 PVC fabricators during the perod 1964-
1973 are presented. The study was carried out to determme
whether any angiosarcoma deaths had occurred among em-
ployees of these fabrcators and to cxamine the distribution of
deaths by cause. No angiosarcoma deaths were found among the
itudy population. Distributions by cause of death among wiute
male and whute female employees were compared with those for

.. -
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the entire US., specific for color and sex and adjusted for . .
means of Propartionate M ruality Ratios. There appears 1o -
important excess in total cancer mortality among both whie ~
and white female employees with digestive cancer, pany |
that of the intestine. contributing to the excess. Aman
women employees, cancers of the breast and urnary organ. -
also be in excess. No excesses were found for diseases oi
culatory system. There were deficits in mortality from cirthe
the liver among both male and female employees and 4 dor.
accidents, poisonings, and violence among men. The use - -,
Proportionate Mortality Ratio based on an external stans.
requires caution in interpreting these results, but the need 1. -
thet investigations is indicated. -
The study was spomored by the fallowwvg ogamzations: Amercan Con (o= -
8 F Cooderch Company, D d Sh & C Frestone Tue an s .,

Company, lohny Manvifle, Motor Vehole M.:m:lum Assocuton 1,
Chemxal Company. Union Cartede Comporation, Uneaval incorprraied
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