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Mortality Study of Workers 
in the Manufacture of Vinyl 
Chloride and its Polymers*

Irving R. Tabershaw, M.O. and William R. Gaffey, Ph.D.

Animal studies have shown that inhalation of vinyl chloride produces in rats angiosarcoma of the liver 
as well as cancers of the lung, kidney, skin and other sites. Although workers in occupations involving 
exposure to vinyl chloride have been found to have an increased risk of hemangiosarcoma. no excess of 
other cancers has so far been reported.

This historical prospective mortality study of 8384 men who had at least one year of occupational ex­
posure to vinyl chloride before December 31, 1972, demonstrated that cancers of the digestive system 
(primarily angiosarcoma), respiratory system, brain, and cancers of unknown site, as well as lym­
phomas. occurred more often than expected in those members of the study population with the greatest 
estimated exposure. The mortality from other cancers was lower than that of the general male 
population, with the exception of cancers of the buccal cavity and pharynx. There was an excess of 
these cancers, which however was inversely related to estimated exposure. The explanation for the latter 
finding is not apparent

The other major findings of the study are: (1) The overall mortality of the study population was ap­
proximately 75% of what would be expected in a comparable population of U.S. males; (2) No cause of 
death showed a statistically significant excess over what would be expected in a comparable U.S. male 
population; and, (3) No deaths identified as angiosarcoma of the liver were found other than those 
previously identified.

This is the first epidemiological study which suggests that in humans vinyl chloride may also be 
associated with cancer of multiple sites.
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Vinyl chloride in ns manufacture and 

polymerization has been identified as a 
narcotizing agent,’ as a liver toxin,* 1 
and as a vasospastic agent producing a 
specific occupational disease, 
acroosteolysis.4 Recently, vicryl chloride 
has been incriminated as a carcinogen 
producing in a group of workers 
engaged in the manufacture of polyvinyl 
chloride a rare fatal liver tumor, 
hemangiosarcoma.5 Large doses of the 
chemical in rats reportedly produced 
cancer of the skin, lung and other 
organs.4 Unpublished but public in­
formation' indicates that inhalation ex­
periments with rats in doses easily 
reached in manufacturing operations 
produces in addition to angiosarcoma of 
the liver, skin, kidney and other 
malignant lesions.

The present study, however, was not 
restricted to the conditions and sites 
suggested by the above investigations, 
but concerned itself with the entire spec­
trum of causes of death, to the extent 
permitted by the size of the study group. 
The objectives of the study were: (1) To 
compare the mortality of individuals 
who have worked in vinyl chloride 
plants with that of the general 
population; (2) To compare mortality 
patterns within the population of vinyl 
chloride workers, based upon estimated 
occupational exposure; and (3) To com­
pare mortality among vinyl chloride 
workers with the mortality of other oc­
cupational groups.

The study population consisted of in­
dividuals from 33 plants who had 
worked for at least one year in a job in­
volving exposure to vinyl chloride before 
December 31,1972. and included retired 
and terminated as well as active 
workers, for each such worker the date 
of birth and an employment history were 
obtained, and the vital status of the 
worker as of December 31, 1972, was 
ascertained, for those found to have 
died, those death certificates that were 
available were obtained and the cause 
of death determined. The observed mor­
tality was compared with that of the 
United States male population.

Data Collection
In each plam. data were collected for 

each worker stated by the plant 
management to have been employed for 
at least one year in a job involving ex­
posure to vinyt chloride. In some plants.
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particularly those producing the 
monomer, this determination could be 
made on the basis of |ob titles. Usually, 
however, exposure was a function of 
both job title and the location of the job 
in the plant, so that the assessment of ex­
posure had to be made on a case-by­
case basis by plant officials.

Data were collected for as far back in 
time as complete records were kept. In 
most cases this covered the entire history 
of the plant. In others, records were kept 
for a fixed period such as a decade. In a 
lew, records were kept for different 
periods, depending on whether the 
worker had died on the job or had left 
employment.

In most plants it was impossible to 
quantify exposure. However, industrial 
hygiene and safety personnel in each 
plant were able to identify certain jobs 
and locations as involving the highest 
exposures in the plant, and to classify 
other exposures as medium or low 
relative to the "high" represented by the 
jobs with the greatest exposure. Con­
sequently, each exposed job in a 
worker's history was scored 1, 2, or 3 to 
indicate low, medium or high estimated 
exposure.

This gross classification has two major 
failings, as a result of the subjective 
nature of the estimates. The first is that 
the scores represent estimated relative 
exposure within a given plant. It is 
therefore possible that, in objective 
terms, a "high" score in one plant 
corresponds to a "medium" or even 
"low" score in another. The second is 
that the scores usually do not take into 
account changes in exposure over time. 
A worker with long service may 
therefore have had jobs in the remote 
past which involved "low" exposure 
relative to other jobs at that time, but 
which might be "high" in comparison 
with current exposures in the same job. 
This subjective classification is therefore 
of questionable validity in characterizing 
the exposure of a given worker. For 
epidemiological purposes, however, 
those who have high scores can 
reasonably be expected, on the average.

to have had (he greatest exposur. 
those with low scores will have 
least, even though the true expo,Ur^ 
each group may vary considerably ,* 
person to person. rjf>i

The estimated exposure history 0| 
worker was summarized by calcul * 
an Exposure Index (El). This wa, d 
by multiplying the number of month,0"* 
each job by the exposure score, roran ^ 
these overall exposed jobs, and div.q,"' 
by the total number of months o< 
posure. n

Follow-up of Study Population
A follow-up procedure was msrj,^ 

for those who had left employment 
whose vital status could not be det» 
mined at the local plant, using diftr. 
marl follow-up and retail credit bur«4 
investigations. Table 1 shows the V,J 
status of the population as of Decerns. 
31, 1972. Follow-up is 35% comply.. 
Those who were not found were brr- 
(and began their exposure) about te- 
years before the group on which lollo* 
up was complete, and had about tu - 
the duration of employment in expose- 
jobs with a slightly higher El. Althour- 
there appears to be nothing very unusu* 
about this group in terms of work history 
and exposure, it is nevertheless true ih*- 
their exposures took place further back 
in time than that of the group so, 
cessfully traced. It is therefore possibi. 
that their mortality, after a substantia 
latent period, might show a sotnew ha- 
different pattern from that of the tracrd 
group.

All of the subsequent analysis is con 
cemed with the 7128 workers on v« Ivy- 
follow-up was complete. Table 2 show- 
their distribution by duration of expo**? 
employment and the year in which tha- 
employment began. Although alrruv 
half the study group first entered e* 
posed employment in 1960 or lar* 
there are nevertheless 854 workers wit- 
20 years or more exposure, and iw 
with 15 years or more. Table 3 shows the 
relationship between duration of *• 
posure and El. There does not appear t» 
be a close relationship between the b
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r
jrnt the duration of exposure, that is 
* alters with a higher £1 da not differ 
^bstantiaily in duration of exposure 
-,xn those with a lower El. One im- 
.'..caiiort is that in assessing the relation­
ship between mortality and exposure. 
■%<h duration and level of exposure can 
v examined separately, as well as in 
, rnbmation.

Calculation of Risk of Death 
The risk of death is expressed as a 

Standardized Mortality Ratio (SMR), 
»hich is the ratio of Ibe number of 
■Oserved deaths in the study population 
to ihe number of deaths to be expected 
n a comparable population of U S. 
males. SMR's were calculated for overall 
mortality and for 33 major cause groups.

Table 4 shows observed and expected 
<±*iths. and the SMR, for each of these 
rruses for the total study group. In 
ratculating the SMR's for specific causes, 
** 24 deaths for which no certificates 
•we found were assumed to have the 
same cause distribution as those for 
•f»ch certificates were available.

the standard population, each SMR 
•nuid be equal to 100. Therefore, the 
eatistical significance of the deviation of 

SMR in the study population from 
** "peered value of 100 was tested.* A 
w'gle dagger indicates those SMR’s 
•f*ich differed significantly from 100 at 
** 5% level, that is. which had a 
Jxnbability of .05 or less of occurring by 

A double dagger indicates those 
were significant at the 1% level. 

r* b*sed on fewer than five ob- 
cases were not tested for 

*th'*cance.
r<l>le S shows the same SMR’s for

•nAets
M with an Exposure Index below

Trite 2. — SfrtribirtiM * MmHh |» Samti tmtlimm* kr raw i* Wife* nrtxrT l«fnt 
l» 1121 mist Uterite Itertwt «itk CtnpteM M

T« la. 
Start* Tout u-ui 126-171

Oat* * tain 
i»ui zam 300-331 340-419 »*■■■ >

mo-is 15 2 4 i 4 i u 5
194*41 tou US 93 U9 t$l 277 237 34 2
19»99 1962 IIS 257 5*3 >31 2S2 29
114041 32U 1114 1442 115 17
111011 715 115

Trttf 7121 ntt i m m m S69 25* 39 n

■k. <hoS* at 15 abov*- ***
P°',U °* 1-5 rePres*nB * leve* 

f hu **tWeen "'ow" and "medium.” 
6 shows similar results for 

^ with less than five years ex­

posure versus those with five years or 
more.

In order to examine the possible in­
teraction between duration and level of 
exposure, the study population was 
divided into four groups on the basis of 
both El (low vs high) and duration of ex­
posure (short vs long) using the same 
dichocomization as Tables 5 and 6.

Table 7 shows the results for short ver­
sus long exposure in the low El group, 
and Table 8 shows the same comparison 
in the high El group.

In each of the above tablfes, deaths for 
which certificates had not been received 
were assumed to be distributed as a 
uniform percentage of all causes. The 
cause specific SMR's were therefore ad­
justed upward by a percentage which 
varied in each subgroup^

Results of Analysis
The overall mortality of the study 

population is statistically significantly 
lower than that of the U.S. male 
population. There were 352 observed 
deaths compared with 467 expected, for 
an SMR of 75.

Table 4 shows that no specific cause 
of death was statistically significantly 
greater than expected. Several, par­
ticularly heart disease, accidents and 
"other diseases" not detailed in the 
tables, were significantly below their ex­
pected values.

When the study population is divided 
according to intensity and duration of 
exposure (Tables 5 and 6) and com­
binations of these measurements (Tables 
7 and 8) three major panerns emerge.

For malignant neoplasms as a whole, 
the SMR increases with increasing ex­
posure. whether measured by level, 
duration, or both. In the high exposure 
group with 5 years or more exposure 
(Table 8) there are 36 observed cases 
and 26.11 expected.

For cardiovascular — renal diseases as 
a group, there are also increases in the 
SMR with increasing exposure, but the 
numbers of observed cases remain less 
than expected, the differences being 
statistically significant in all groups ex­
cept the high exposure, long duration 
group in Table 8.

For ail other causes, there are no con­
sistent relationships with exposure.

Within the malignant neoplasms, the 
largest (although not statistically) 
significant SMR is in cancers of the buc­
cal cavity and pharynx, with five ob­
served, 2.84 expected, and an SMR of 
189. However, Tables 5 to 8 show that 
all these cases have Exposure Indexes 
below 1.5 and four out of the five have 
less than five years exposure. Table 10 is 
a listing of these deaths with age at 
death, duration of exposure, and cause 
as stated on the death certificate

Cancer of the digestive system shows
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no excess in the study population as a 
whole. However in those workers with 
an El of 1.5 or higher, there are 12 ob­
served cases where 9.14 are expected 
(Table 5). In the subgroup of the above 
workers with five years or more ex­
posure. there are 11 observed cases and 
7.47 expected.

Respiratory cancer shows a slight ex­
cess in the total group, and a similar pat­
tern for different exposure categories, 
with 13 observed versus 10.28 expected 
when the Exposure Index is 1.5 or 
higher, and 12 observed versus 8.50 ex­
pected when, in addition, the duration 
of exposure is five years or more.
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Malignant neoplasms of other and un­
specified sites show an excess in the 
total group, and an increase with both 
level and duration of exposure (Tables 5 
and 6). The relationship with exposure is 
more pronounced, since those with ex­
posures of less than five years have 
fewer cases than expected.

The lymphomas, although occurring at 
about the expected rate when the whole 
group is considered, are concentrated 
almost entirely in the high exposure, 
long duration group. In that category 
there are four cases observed and 1.84 
expected.

Cancers of the genital and urinary

organs, and leukemia, have fewer ca'«- 3
than expected. The number of case* /- 5
too small to examine any trends. %
Discussion $

The favorable overall mortality of it* ' 
study population is a phenomenon com­
monly observed in working population- 
standardized Mortality Ratios in the lo»
80's and below have been found * 11 
Even in occupations with well defined 
hazards which cause an increased ri-i 
from a specific cause, the overall rmv^jj 
tality may still be favorable because 
the low risk from other major cause- 
death, frequently in the cardiovasculJg 
— renal category.” -t-*

Mortality Study of Workers in Manufacture of Vinyl Chloride/Tabershaw. GaffrQ
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„'***" of these facts. SMR's which 
,* ghee than expected may be worthy 

rttention even if they are not 
*Mie*"v significant. This is especially 

^ ’tt the present study since the num- 
V’»JT ******** from many causes is quite 

. and even a relatively high SMR 
H I0* ,**ch statistical significance, 

addition, a particular cause 
1 consistent pattern of increase 

^ **posure or estimated exposure.
bindings are particularly interesting. 

a. . th**e criteria, mortality from 
ftv* c*ncer, respiratory cancer, can­

^of

cer of other and unspecified sites, and 
lymphomas, appear to be related to ex­
posure as defined in this study.

In view of the association between 
vinyl chloride exposure and angiosar­
coma of the liver, the digestive cancers 
were examined further to see what con­
tribution angiosarcoma made to the ob­
served mortality pattern.

Of the 19 digestive cancers, seven 
were liver cancers, of which two were 
angiosarcomas according to the death 
certificate. However, among angiosar­
coma deaths in vinyl chloride workers

Occupational Medicine/Vol. 16. No. 8/August 19/4

identified by other investigators, there 
were six which occurred in the present 
study population during the study 
period. They were all found in the 
course of the study. Table 11 shows 
these cases with the cause of death as 
given on the death certificate. Note that 
one case was certified as cirrhosis, and 
was so considered throughout this study, 
since the validity of comparisons with 
population data required that cause of 
death be determined only from in- 
formation on ihe death certificate. The 
other five were correctly classified as

BFG37197
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liver carirpr. but only Iwo were specified 

as angiosarcoma
If there had been no angiosarcomas, 

the number of deaths c'assmed as 
cirrhosis in this study would have 
decreased by one. and :*e number 
classified as digestive cancer would have 
decreased by five The oattern of 
duration and intensity ci eoosure in 
these five cases was such that if thev had 
not been present there wouic have been 
no relationship berween exposure and 
digestive cancer. The mociaiirv paltern in 
this cause group is therefore attributable 
to angiosarcomas of the iiver

The other cause grouo worth further 
investigation is cancer of other and un­
specified sites, both because it is a 
heterogeneous category and because it 
seems, unlike the other cancers, to be 
more related to duration than to level of 
exposures.

Table 9 shows a list of the specific 
causes included in this category, which 
is essentially brain cancer and 
generalized cancer with primary site 
unknown. About 40% of the observed 
deaths were due to brain cancer. In the 
general male population, about 22% of 
this category is due to brain cancer, so 
that not only is the mortality from cancer 
of other and unspecified sites excessive, 
but brain cancer is overrepresented 
within the category.

The possibility exists based on the lack 
of specificity of some of the listed causes 
that some of the brain cancers were not 
primary, but metastases from another 
unidentified site such as the lung.

The cancers of the buccal cavity and 
pharynx are difficult to explain because 
of their occurrence in the low exposure, 
short exposure group. It is possible that 
this is a chance occurrence, that ex­
posures to other substances were in­
volved. or that the mouth and pharynx 
may be peculiarly susceptible because of 
the gaseous nature of the chemical.

Possible Biases in the Calculation 
of Risk

There are two major potential sources 
of bias in the study. The first is that the 
follow-up rate is lower than is desirable. 
The second is that observations of 
workers with long exposures followed 
by a long latent period are not 
adequately represented, so that the 
power of the study to detect causes of 
death associated with long exposure and 
long latency is impaired. Populations 
with such characteristics exist and
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should be investigated.
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