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A cross-sectional mortality study af 4,341 deaths occurring
among current and former employees af 17 PV fabricators
during 1964-1973 is prasented. The objectivas are: (1) to lden-
tity any angiosarcorna deathe amang the employees of these
fabricators, and (2) to examine the distribution of desths by
cause. No angiosarcama deaths were found among the study
group. Sex-race-cause-specific Proportionate Moriality Ratios
(PMR's) were compuled, using the corresponding U.5. mor-
tality as the standard. Among white employees, there appears
10 be an excess In total cancer mortalily, particularly 1hat of
the digestive system. Observed deaths were found to exceed
the expected In cancers of the breast and urinary organs
among white females. Deficit mortality was observed in
cirrhosis of liver among both male and female white em-
ployees.

The January 1974 disclosure of three deaths from angio-
sarcoma of the fiver in a single vinyl chioride polymerization plant
and the attention focused on this new occupational disease are
well knaown. A significant amount of information from animal ex-
perimentation and observation on humans engaged in the produc-
tion of vinyl chloride followed.! However, there was no informa-
tion regarding the possible adverse effects an employees engaged
in polyvinyl chioride V() fabrication, where potential exposures
ware thought to be low and to result from the release of unreact-
ed monomer trapped in the resin. This issue was considered of
great import because of the very large pumber of warkers belneved
to be cngaged in fabrication.

tn March 1974, representatives of PVC producers, who are
members of the QOrganization Resources Counselors {ORC), Oc-
cupationa| Safety and Health Standards Group, contacted ORC
about the feasibility of a study of health risks to employees work-
ing with vinyl chloride and polyvinyl chloride, Since the National
Institute for Decupational Safety and Health NIOSH) was con-
ducting a study of viny! chloride and resin producing employees,
the scope of the proposed ORC study was limited to employees of

From the Division of B4 and Epiderniotagy. Dep of G i

drcine ind imerngtional HMekh, Co L Sr.hootelMcdn:m
Washington, DC 20007 ©rs. Chiszze and ngl and Orpnh.m Resauces Couts
selons, #nc. Washington, §C 20006 ©Or. Nichokl.

Journal of Decupational Medicine'ol. 19, Mo. $/September 195~

R G D0 e e

companies engaged in the fabrication of PVC resin into finished
products. A numbec of alternative study designs was considered,
and it was decided that a proportional mortality study would best
meet the wgent need for information. The ftudy concentrated on
deaths occurring during the ten-year period 1964-1973 amang ac-
tive fabricating employees plus tetirees. Since it was not pessible
to identify those employses with only vinyl chioride’'exposure, the
study focused on deceased employees who worked anywhere in
those plants where PVC fabrication was carried on. The primary
objective of the study was to determine whether of not any angio-
sarcoma deaths had eccurred among employees of the fabricators
under study. A secondary objective was to examine the distribu-
tion of all deaths by cause.

The relatively few producers of viny! ciloride manomar and of |
PVC resin are generally medium to large companies. PVC fabri-
cators, however. range from large plants of major companies to
very small job shops. Even in a large plant, there may be few em-
playees who are in the viciaity of PYC resina. The range of coms..
pany plant size and number of exposed employees help to explain
the wide range of estimates of total employment dependent upon
PVC resing. Fabrication Is geographically disbursed, with at least
some operation in almast every state. Typlcal fabrication products
include coated wire, upholstery fabrics, floor and wall coverings.
pipe and other construction materials, toys, recreational equip-
ment, phonograph records. containers and container lining and a
myriad of novelty items, Since the fabrication of PYC resin inte
finished products Is often a part of diversified product lines in &
plant, raw materials othar than resin are utilized, Thus, emplovees
may be exposed to toxic agents cther than viny! chloride. Conse-
quently, in the current study, it it not possible to isclate only the
effact of viny! chloride. Some departures from expectation miy be
due to exposures to vinyt chloride, to one or more cther agents, to
some coimbination, or to employee chasacteristics other than
secupation.

Maierials and Methods

The decision to focus on a cross-sectional mortality study
rather than on an historicat cohort study dedived fram several con-
sidecations. First, the primary study objective was 1o determine
felatively quickly whether of not any angiosarcama deaths could
be Identified ameng the study group, and this was best ac-
complished by examining causes of death among relatively tecent
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{ie., past ten years} decedents. The desirability of identifying an
historical cohort for follow-up was recognized, but it was deter-
mined that it would not be possible to identify clearly and com-
-pletely the necessary cohort of workers within a reasonable period
of time. if at all. As a consequence, this study is based upon 4,341
deatts which occurred during the period 19641973 among
curtent or former employses of 17 companies angaged in PVC
fabrication. A total of 55 plants supplied data on all identifiable
deaths since. a5 was mentioned earlier, it was not possible to iden-
tfy those amployees with oply viny! chioride exposure Tor the
stdy. . .

in order to be included in this study, a deceased employee fell
into one of the following categories: (1) employse died while ac-

tively employed. {2 employee died after retiring from the come

pany with retirement benefits, and (3} employee died after tar-
minating employment but with vesting i & company-sponsored
Ufe insurance plan. Deaths accurring among former employees
with less than the number of yaars necessary for insurance vesting
were not included in plant records and were, therefore, not
avaitable for this study.

An sttampt was made to compensate for at feast same of the
“laakage” due to employeas leaving the industry prior to the time
they were vested in dny insutance program by using the following
procedures: Once death records for a given company were iden-
tified, death certificates were obtained and separated into two
groups as follows: (1) all deaths with cancer ICDA 140-205 up to
1967; ICDA 140-209 for 1968 on), or liver disease {ICDA 580-586
up o 1967; ICDA 570-576 for 1965 on), or suspected liver con-
dition mentioned on the death certificate: and () all deaths from
causes other than cancer or kver disease, Death records men-
tioning cancer or liver disease and giving a hospital as place of
deaath were segregated and sorted by hospital. Whera there were
severaf death recocds for a single hospltal or several hospitals in
the same area, arrangements were made for a Registeted Records
Adminlstrator (RRAY to visit the hospitals, review medical records,
contact the hospital pathologist and review pathology records to
determine whether there were any angiosarcoma cases in the
hospital’s pathology recards. f so, an attemnpt was made ta deter-
mine whether or not the angiosarcoma possibly could be refated

. to viny! chloride exposure. This procedure enabled us to identify
whether any employees, who had ieft the industry prior to vesting
In an insurance program and remained In the local area, had died
from angiosarcoma of the liver. The haspita! inquiry procedures
tumed up five deaths from angiosarcoma of the liver: according to
company emplayment records, hone were employed at any time

of death was classified according to the eighth revision of the in-
ternational Classification of Diseases.?

Over the ten-year period under study, plant stze was found 10
have changed drastically in many cases. In one instance, & plant
employing 300 employees in 1973 employed fewer than 10 in
1964. At the other extreme, one plant employing 5,000 people in
1964 had only 2,000 in 1973. Some companies had gone out of
business. Such developments show not only the rapid changes
taking place but also the difficulty of determining average industry
employment. The 17 companies covered In this report ranged
from single plant. small companies lone with 70 employsss) to
multiplant large companies (one with over 2,000 employees),

» Average number of employees clustered between 300 and 500.

Although total employment i difficult to determine precisely. it is
estimated o have been between 65,000 and 70,000 at the end of
1973

Since the population at risk could not be determined, mortality
rates as measures of risk coukd not be calculated. Rather, results
were summarized in terms of Proportionate Mertality Ratios (PMR
adjusted for the age distribution of the study group. The PMR uses
relative frequencies of spacific causes of death by age in a com-
parison population to obtain expected numbers of deaths from
that cause in the study population. Sciection of an appropriate
comparison population poies some difficulties” since it wouild be
desirable to have & cause of death distribution for a simifar group
of workers dying during the same period, but not subjected to the
factor under study. But such a comparison population was not
available, and the study used morality for the United States,
specific for cofor and sex, for comparative purposes.3 Despite
recognized deficiencies, the PMR .can provide cluss on unusual

-distributions of causes of death where trug rates cannot be

calculated.

Results

Tahble 1 gives the distribution of deaths among the emplovess of
the 17 PVC fabricators within each of the ten years. An increase in
the proportion of deaths taking place In later years of the decade
may reflect a variety of factors, such as an Incraasing employee
popuiation, less complete availability of records for earlier yeary
(e.g.. In one company, there were no records for the first four of
the ten years), increase in duration of exposure, ete. However,
there is no reason to believe that any unavailable death records fos
earlier years wou'd be concentrated in a few causes and theceby
bias the distribution of deaths for those years.
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Table 2. = Disiribution of Desths Among Employees of 17
PVC Fabricators by Coler wad Ser 1%54-1973.

Race - Teul Male Fll:: Unknewn
Totat A4 MI6 63 2
Wity bl ] JIu8 £01 0
Nirtalty : 24 180 ———3¢ L)

i Uk - m ] » 4

The distribution of deaths in the study group by race and sex is
given in Table 2. Most deaths (B4.7°%) occurred among males. The
vast majority 88.7%) of decedents were white and there were 288
6.6%} for whom race could not be determined. Table 3 shows this
distzibution of deaths by age. For both white male and white
female employees, more than hall of the deaths occurred amang
those aged 65 and over [58.1% and 51.9% for white men and
white women, respectively). The corresponding proportions of
deaths which occurred after age 65 in the United States

© population in 1968 were $9% and 72%, respectively). The higher

propartion of deaths among white women over 65 in the LS.
population comparad to the employee population may indicate
that refatively fewer women wark to retirement age than do mea.
While the aumbers of deaths among nonwhite employees are toa
small for any definite conclusions. the distribution of deaths by
age among nonwhite men is roughly comparable to that for the
total United States.

Tables 4 and 5 show the distribution of deaths for selected
causes by sex for whites and nonwhites, respectively. Among
white men, nearly 60% of the deaths are from diseases of the cir-
culatory system (CDA 390-458) and 20% are deaths from cancer
(ICDA 140-209). The cormespanding percentages for the tatal US,
population of white males in 1968 {midpcint of the study period
were 54% for diseases of the circulatory system and 16% for can-
cer. Digestive and respiratory cancers account for somewhat less
than twao-thirds of all cancer deaths among the white males in the
study group as compared to about 59% of all cancer desths
among US. white males in 1968, For white women, over 46% of
the deaths are from diseases of the circulatory system {compared
to 57% for ali US. white women in 1968}, and 30% were from can-
cer {compared w0 18% for all US. white women in 1968).
Somewhat over half of the cancer deaths among white women in
the study were from cancers of the breast and digestive syster,

about the same proportion as for alt US. white women in 19568
About two-thirds of the deaths for both nonwhite men and
women were from discases of the circulatory system and from
cancer, The aumbaers of deaths for most causes among nonwhites,
however, are quite small making interpretation difficult and are
presented mainly lor completeness.

Aga-adjusted PMRs for white male and white farmale employees
of the 17 PVC fabricators are presented in Table & for selected
causes of death There ware no similar analyses for nonwhites
because for nearly all causes, the numbers of deaths were too
small to produce stable PMRs. Expecied numbers of deaths have

..been cakulated on the basis of the sex-cause-age specific

distribution of deaths among U.5. whites in 1968 applied to the,
tota! number of deaths by age among white men or white women
in the study group. The midpoint of the study pericd (1968} was
selected for the standaed, since k B representative of the study
pariod and provides U.5. mortality data coded according to the
aighth revision of the iternational Classification of Diseases. Ex-
pected numbers are deaths for individual causes ta be expected
in the study group if the proportion of total deaths ascribed to a
given cause were the same as for the corresponding LS. race-sex
group, while accounting for differences -between the age
distributions of deaths in the study groups and deaths for the
United States. A PMR larger than unity would indicate that the
relative proportion of mortality (rom that particular. cause in the
study population & higher than would be expected based on the
1968 U.S. mortality experience. Due to the nature of the data, for-
matl significance tests and interpretation in problblhitl: terms are
deemed inappropriate,

In addition to the numerical value of the PMR nself the ob-
served number of deaths is also of interest. The farger the number
of deaths obsarved, the more reliable the PMR There were two
deaths of unknown age among the white males. one a digestive
cancer UCDA 153f and one an unspecified cancer ((CDA 799).
These were included in the age groups with the lowest relative
frequency for those causes, that is, less than 35 years for total can-
cer and digestive cancer and 65 and over for other and un-

_ specified cancer. Such an assignment has a trivial effect on the ex-

pectation but i3 the most conservative way of handling these
unknowns, since it serves to increase the expectation and bence
fower the PMR! by the least amount

Based upon both the number of deaths and the value of r.he
PMR, there seems to be an important excess in total cancer mot-
tality among the white males in the study group. The distribution

by specific cancer site suggests that any sxcess appears to be con-
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centrated in digestive system cancer, given the luge number of
deaths (31% of all cancer deaths). For each of the sites within the
digestive system, observed numbers of deaths are greater than ex-
pected. Although, except for intestinal cancer, the obsetved num-
bers of deaths are small. The PMR for liver cancer bs rather high,
but a definite concluston ks difficult with only six observed deaths.
Dn the other hand, the PMR.for clrrhosks of the liver suggests a
deficit in mortality from that cause.

For white women, the PMR for total cancer appears high, as It
did for white men, with cancer of the digestive system and,

perhaps, cancer of the breast contributing a fair amount to the ex-

cess. The PMRs for individual sites within the digestive systermn are
based upon small numbers but supgest an increase in intestinal
cancet. The PMR for urinary cancer, though based upon only 11
denths, seems strikingly high and may be an indication for further
investigation. On the other hand, in contrast to the observation in
white men, the PMR for resplratory cancer among white women is
very close to unity. Similar to the cbservation ¥ white men, mor:

tality from clirhosis of the liver seems to be in deficit. but the
conesponding observed number of deaths i quite small, Among
both white male and female employees, diseases of the circulatory
system account for a large percentage of total deaths. in each
case, observad numbers of deaths are close to expected. There
appears to be a somewhat differant pattern among men and
wormen for deaths due to accidents, pobonings, violence with the
number of deaths somewhat low among men and high among
women, - -

“There were 39 cancer deaths among nonwhite men, somewhat
greater than expectation, although the numbers by site are too
smalt for meaningiul analysis. Mormlity from cerebrovascular
disease appeared high (PMR = 2.11) but the finding was based
upon only 19 deaths.

Discussion
The present study was designed with two objectives. The first
was 10 determine whether or not any angicsarcoma deaths had

626 ) _ o - Mortality Among Employees of PVC Fabricators/Chiazze, Nichals, and Wang
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centrated in digestive system cancer, given the luge number of
deaths (31% of all cancer deaths). For each of the sites within the
digestive system, observed numbers of deaths are greater than ex-
pected. Although, except for intestinal cancer, the obsetved num-
bers of deaths are small. The PMR for liver cancer bs rather high,
but a definite concluston ks difficult with only six observed deaths.
Dn the other hand, the PMR.for clrrhosks of the liver suggests a
deficit in mortality from that cause.

For white women, the PMR for total cancer appears high, as It
did for white men, with cancer of the digestive system and,

perhaps, cancer of the breast contributing a fair amount to the ex-

cess. The PMRs for individual sites within the digestive systermn are
based upon small numbers but supgest an increase in intestinal
cancet. The PMR for urinary cancer, though based upon only 11
denths, seems strikingly high and may be an indication for further
investigation. On the other hand, in contrast to the observation in
white men, the PMR for resplratory cancer among white women is
very close to unity. Similar to the cbservation ¥ white men, mor:

tality from clirhosis of the liver seems to be in deficit. but the
conesponding observed number of deaths i quite small, Among
both white male and female employees, diseases of the circulatory
system account for a large percentage of total deaths. in each
case, observad numbers of deaths are close to expected. There
appears to be a somewhat differant pattern among men and
wormen for deaths due to accidents, pobonings, violence with the
number of deaths somewhat low among men and high among
women, - -

“There were 39 cancer deaths among nonwhite men, somewhat
greater than expectation, although the numbers by site are too
smalt for meaningiul analysis. Mormlity from cerebrovascular
disease appeared high (PMR = 2.11) but the finding was based
upon only 19 deaths.

Discussion
The present study was designed with two objectives. The first
was 10 determine whether or not any angicsarcoma deaths had

626 ) _ o - Mortality Among Employees of PVC Fabricators/Chiazze, Nichals, and Wang

1

AP00006971



are-too -

fascular

Tebls 8. — Obaarvad sndt hiub‘ Daaths ht- Selectod Cavssy Amang Employess

of 17 PVC Fabricators by Sex. White Only, 1064-1873.

Pl

. - ) . aw Q*Tr Fama

. i L R R . . K

£ Cawss of Duath ®h Ror, . Ghaernd L oy Oveerved Expacted [0

‘ AN Corpars. 140208 [11] 61997 144 . 137 644 K]

b Satosl Gty ged .

b Phey 140149 15 16575 ) 3 T e 158

3 Bigwilive Syelem 150158 ) 162343 129 53 842 155

E Slomech 151 - > 41 v 518y - - 1M 3 .- ~ 41 151

Bt tatwotiw v = 8] - mesiv iz A R L e, ] W MM 15
Ractum - 28 TSN - 1 . [ -~ .. 1Y %
[ . $ C o AMG T ]A3 - 0 - 08 -
l-whmsmn : AL et | [T 1T ) 100

T s ? ‘»ﬂ-Lm Sy . e 12

B T I

o

‘-—.-..V' Nt
-r-u-\ -~f‘1"33;z

P AL 324 -.---L.:».'-‘.-"“mm.%&‘.\ Tkt if-x‘,-ﬂ RO ..v;.ﬁ;’f...-g,.—.-,,- !{‘u.'lu« -_z- g S ot -!,...,., L el

PR & the wtic of cbeerved £ sxpaciad whare the wxpected mumber & miculsted on the besis of the disbibution of dmths for B kol US. & 1968 spacific for onicr, sn. ouse. oo ape

occurred among employees of the PVC fabricators under study.
Since no arigiosarcoma deaths were found among the employees
studied, the first question has an unequivocal answer. A secondary
objective was that of examining the distribution of deaths by
ause among the emplayees under study. IMpLcit in that objective
I the question of whethar or not that distrthution is, in some
sense, unusual. There is no unequivocal answer to the latter

<estion. Whether or not an observed distribution of causes of -

wdeath is unusiad cisarly refates to the mandard or comparison
population as well as the analytic methodology.!

On the basis of a proportionate mortality analysks, there appear

to be excesses in total cancer mortality among both white men

“and white women in- the study, when compared to the

distributions of deaths for the total United States specific for color
and sex and adjusted for age. Excesses in cancer mortality appear
concentrated in cancers of the digestive system and, in particular,
in cancers of the intestine for both men and women. in addition,
there is 2 suggestion that mortality from cancer of the breast and
Aminary organs among white women employees is higher than that
for the total US. There are, however, several reasons why

Journal of Decupationat Medicine Vol. 19, No. 9/September 1977

definitive interpretation s difficult. it has, for example, been
suggested that a Proportionate Mortality Ratic based on an exter-
nal population may not be sufficlently discriminating in screening
for potential hazards.f in addition, an analysis using PMRs faik to
take account of the absolute risk of dying in the population under
study.* Further, a number of studies have suggested an overall

. favorable mortality for industrizl working papulations, even in

those where well-defined hazards Increase’ risk for a specific
cause? * Factors such as these we meant to suggest cthar
proportionate morility analysls must bae interpreted cautiously,
with the intentlon of providing leads for further investigation.

Results consistent with those of previously published studies
would be of particular inserest. With no comparable working
populations in the {abrication industry, potential contrasts may be
found in studies of vinyl chloride workers. Monson, et al,
provided a proportionate mortality analysis of 167 deceased
workers @il presumably white males) in two plants, one where
vinyl chioride monomer is produced and one where it Is
polymerized into polyvinyl chioride Resutts of that study suggest
4 possible excess n total cancer mormality, primarily cancer of the
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liver. However, there wit » suggestion that cancers of the lung
and brain 2!50 appeared with excess frequency. The current study,
while suggesting an excess in total cancer, particularly digestive
cancer, doss not clealy point to marked excesses for cancers of
the liver, lung, and brain among white men, although the PMRs fos
these cancers are greater than one. The observed-to-expected
PMRs teported by Monson for vascular lesions afiecting the cen-
tral nervous system, circulatory diseases, and external causes are
similar to those reported here. )

. Tabershaw and Caffey, in a shudy of workers engaged in the
manufactyre of vinyl chlaride and its polymaers, conclude that no
specific cause of death was statistically significantly greater than
expactations bassd upon Standardized Mortality Ratios [SMRs)
wsing the LI 5. male population as the standard.* By other criteria,
however, the authors conclude there may be an excess risk for
mortality fram digestive cancer, respiratosy 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 seem to indicate that excesses of mor-
tality fram 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-
peir to be consistent with previously studied workers, they
suggest the need for continyed investigation,

Summary :
Results of a study of 4.341 deaths occurring among currant and
former employees of 17 PYC fabricators during the period 1964
1573 are prasented. The study was carried out to determine
whather any angicsarcoma deaths had occurred among em-
ployees of these fabricaters and te examine the distribution of

deaths by cause. No angiosarcoma deaths were found among the

study population. Distributions by cause of death among white
rale and white femile employees were compared with those for

68 )

the entire US. specific for color and sex and adjusted for sge by
means of Proportionate Mortality Ratios. There appears to be an
important excess in total cancer mortality among both white male
and white lemale employees with digestive cancer, particularly
that of the intestine. contributing to the excess. Among the
women employees, cancers of the breast and urinary ergans may
also be in excess. No excesses were found Jor diseases of the cir-
culatory system. There were deficits in mortality from cirrhosis of
the liver among both male and female employess and & deficit in
accidents, poisonings, and violence among men. The we of the
Proportionate Mortality Ratio based on an external standard
requires caution in interpreting these results, but the need for fur
ther investigations b indicated.

This rtudy was 3p ‘uyu-' 2 cogs A n Can €

8. F. Coadrich Cormp  ¢h % o g Tire and Rubk

Company, ohas anl- Motor Vehicle M&u—: Jm-n:im Snuip
Uniroyal &

Chemtcal Company. Union Carbide Coip
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