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Increasing evidence of the rise of cancer in workers
exposed to vinylchloride

VBSMULEVICH.! 1 VFEDOTOVA, VSFILATOVA?

From the All-Union Cancer Research Centre.' AMS USSR, Moscow. and Institute of Occupational \[edlcme

Gorky, USSR

assTRACT The results of a cancer mortality study among workers employed in the production of

vinylchloride and polyvinylchloride between 1939 and 1977 suggest a significant increase in deaths
from malignancies ol the lymphatic and haemopoietic tissues. Mortality for tumours of the digestive
urgans, respiratory system. bone and connective tissues. brain. and skin are also greater than in the
veneral population, There were no registered cases of liver angiosarcoma in the study cohort during
the follow up period. The risk of cancer was highest among the workers exposed to concentrations
of VC of 300 mg/m* and more who had worked at the plant for [5 to 19 vears. The relatively high
number of leukaemias and lvmphomas in the study group and the absence of liver angiosarcomas
probably reflects specific carcinogenic action of different doses of vinylchloride.

The carcinogenicity of vinylchloride (VC) has been
studied only recently although this compound was
synthesised almost 150 vears ago' and its industrial
production in many countries started in the late
1930s.

The first clinical and hygicne study of the oc-
cupationul seuting and health of workers in plants
producing VC and polvvimlchloridu (PYC) was un-
Jertaken in the USSR in the early 1950s. This study
showed heavy air pollullon with VC in the shop; of
the plant, reaching levels of 100-800 mgsm?.* This ex-
posure resulted in a high Irequency ol occupational
toxic angioncuroses in the workers® and led o the
legtslative limitation in the USSR (1957) of the VC
level in the working zone to 4 maximum permissible
concentration (MPC) of 30 mg;m?

VC and PVC induced diseases in the workers pro-
ducing these agents were deseribed later by several

forergn authors.* ™ Officially established MPCs of

VC in the working zone in several countries belore
1974 were us follows: United States—770 mgrm?;
lualy, France. Finland. and Yugoslavia-—1300: Eust
(_u_rm._mv-—-\OO West Germany—260: and
Rumania—100.7

n (970 Violu published the results ol his animal
expertments that were dimed at reproducing the acro-
vsteolysis observed in PVC workers. The ammuls de-
veloped tumours of the lung und skin and led the
author to conclude that VC was carcinogeme.? Many

Aveepled 0 October 1956

other workers have confirmed that VC is carcinogenic
o animals.” "' In 1974 the first reports on cases of
liver angiosarcoma among workers occupationally
exposed to VC appeared. The frequency of this dis-
case in the exposed groups was 300 to 600 times
bigher than in the general population.!*'®

The study presented here was aimed at evaluating
the prevalence ot malignant discuse among workers
cmploved between 1939 and 1977 in several Soviet
enterpnises producing YC and PVC,

Materials and methods

The buse of the study was one of the oldest Soviet
chemicul plants where VC und PVC have been pro-
duced for various periods und under ditferent ech-
nological patterns.

The duta on the specified workers were obtained
from the registers of the administrative department
and from attendance journals and lists ol particular
shops. For every member of the study cohort the lol-
lowing data were collected: specificd occupauon, du-
ration of employment in a VC cxposed job. data und
cause ol death, and results of any postmortem study.
The documents analysed were the death ceruticate.
medical histories of discase. and necropsy protocols
of those who had died from cancer.

The cohort included all employees who had worked
it a VC exposed job for at least one month as well as
those who had changed their place of employment.
were retired. left through il health, or were dead.
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Thus the study cohort consisted of 3232 workers
(2195 men. 1037 women).

The death rates in the cohort were determined by
considering both the number of observed subjects and
the period of observation.!” The numbers ol person-
vears of observation for the entire cohort was 43216
(27059 for men. 16 157 for women),

The expected numbers of cases of cancer for the
cohort were based on the mean death rates in the city
where the plant is located for the years 1959. 1969,
and 1975 in the age group 15-74. The extent of risk
was evaluated by means of standardised monality ra-
tios (SMRs). The significance of the difference be-
tween the rates on the p level £0-05 was determined
by the confidence limits of the varation of cancer Ire-
quency, '8

The results of the hygiene study of the occupational
vavironment in VC production for the period
193366 were treated by methods ol variational sta-
usucs with identification of average VC concen-
trations for particular workplaces.'®

The extent of VC influence on the warkers resulting
rom the average VC doses that they had been ex-
posed (o while working was estimated within the {ol-
lowing gradation:

high  level—mean

> 300 mg;m*:
moderate level—YC concentrations 30-300 mg/m?:
low level—concentrations < 30 mg/m?’.

For the quantitative estimation of the “share™ ol
VC and PVC in the total process of cancer devel-
vpment in the workers of this industry the technique
of factorial dispersion analysis®? was used.

concentrations of VC

Results

Between 1939 and 1977 288 deaths were registered 1n
the cohort. including 63 from cancer. Histological
confirmation of the diagnosis ol cancer was available
for 60% of the cases.

As shown by the SMRs, the workers in VC-PVC
plants have an increased cancer mortality by com-
panson with the general population of the city (table
). This was particularly noticeable for lung tumours.
pancreas, bones and connective Ltissue., skin. and
brain. The observed mortality (rom leukaemias and
lymphomas is significantly higher than expected. No
cases of angiosarcoma or other liver tumour were
noted.

For the male workers exposed to VC. the total can-
cer mortality was somewhat lower than in the male
population of the city. The numbers of cases of pan-
crealic cancer. {ung cancer. tumours of the bones and
genitalia. and leukacmias, however. were higher than
expected but not significanly so.

The cancer mortality {or the female workers was
greater than cxpected due to malignancies of the
stomach, rectum, skin. brain, and lymphatic and hae-
matopoietic tissues. The excess for leukaemias and
lymphomas was statistically significant.

As was clear from the analysis of working
conditions at the plant there were three categories
of workers based on the intensity of exposure to
VC-PVC. The first group (highest exposure) consists
of the workers of the major occupations (apparatus
operators, fitters) employed in  producing VC
by dchydrochlorinauon of dichlorethane in the

Tuble | Observed numper of deaths from cancer 1 Obs | and SM Rs of cancer in the cohort of VC und PYC workers
\en Waomen Both texes
Stres ICD8 1965 O SMR Obs SMR Obs SMR
All malignancies 140-209 14 Y42 19 1538 3] 106 &
Oratcasity and pharynx 141-149 1} - )] - o} -
Drgesuve organs: 150-159 17 HER 5 1212 25 350
Oesophagus 150 [’} - i} - D} -
Stomach 151 14 %33 7 1429 21 847
Rectum 154 0 — | 125-0 1 500
Panereas 157 3 172 0 - L} 142:9
Liver ) —_ 0 - 0 -
Respiratory organs; 160-163 (R 1417 0 - 18 1343
Laryny 161 I 100-0 ] - 1 L3051
Trachea, bronchus, lung 162 17 145 ) 0 - 17 1393
Boags and connectve tisaue 170-171 H 166-7 0 | 1429
Skin 172-173 1 —_ t HXX) O 1 2000
Hreust 174 0 — i - 0 -
Reproductive orguns IRO-~187 ! 1250 2 ila 3 833
Uninars organs 1XR=1KY ! RES] 0 — I RED ]
Brain god nervous svsiem 191-192 2 Y 2 3000 4 153 %
Leuhaemia, afeukaerniy 204-207 i 46 h} b6 7 3 000
Other malienanaes of lymphatic and
haemtopoietic tssue 200-203, 208, 1000 4 2000 0 3 Ak
m

sremncant al p o« 005
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Observed deaths from cancer 1 Obs) and SM Rs in subgroups of workers with varwous exposures to VC

935

Table 2
Men Women Both sexes
Level
af exposure 1o VC  Sites Obs SMR Obs SMR Obs SMR
High All sttes: -4 101-4 12 444.4+ 30 132-0
Stomach 8 79-2 5 384-6" 11 114:0
Lung 13 1711 0 s 13 163-83
Lymphomas, leukacmias 3000 4 4000-0* 7 636-4*
Moderate All sites! 15 107-1 5 136 20 1087
Stomach 5 1220 : 1333 7 128-8
Lung 4 129-0 0 - 4 125:0
Lymphomas, leukaemias { 166-7 ! 1429 2 153-8
Low All sites: 1 313 2 282 ] 294
Stomach ! 33 ( — ] 270
Lung 0 )] — 0 —
n 1 3333 ! 2000

Lymphomus. leukaemias

“Sienincantap = U 05,

medium of methyl alcohol and tn producing PVC in
the suspension who worked in these shops from the
beginning ol their employment up to 1959 (when
certain improvements in working conditions were
realised).

The second group (moderale exposure) is repre-
sented by the workers in the new shops producing
PVC with modern technology and those who were
employed before 1971 in drying departments and ap-
paratus operators in the polymerisation departments
where PVC was produced with imported technology.

The third group {low exposure) is composed of em-
plovees of the new shops. the drying workers em-
ploved bewtween 1971 and 1977 and laboratory
assistants and other workers having minor contact
with VC.

The first and second occupational groups had a
increased SMR for all cancers (table 2). More men in
these groups died than in the general male population
from cancer of the stomach and lung and from
leukaemias. It is of interest that only in the high and
moderate exposure groups of male workers were
cases of lung cancer noted. This supposes some etfect
of smoking, an essential factor in the development of
lung cancer' ~** that might enhance the carcinogenic
influence of VC.

Among the female workers exposed to the highest
doses of VC, the SMRs are high and significant for
malignancics ol the stomach. and for leukaemias and
Ivymphomas.

The workers in the lowest exposure group also had
the lowest SMRs.

Table 3 Ohserved deaths [rom cancer ( Obs) and SMRs in various subgroups of workers by duration of employment and

cxposure to VC

Men Women Both sexes

2 heved Duration of empiavment (years) Dhs SMR Ohs SMR Obs
High i 13 32 ! 68:5 19
iy 5 04-2 5 714 3 10
10-14 b 909 1 3333 3
15-19 2 818 4 13333+ 6
=30 1 667 1 500-0 2
SModerate 0-4 t 1l t 4764 {2
59 3 1304 ] 76:9 4
10=14 0 - 2 1053 2
15.19 1 166-7 0 - i
a0 0 —_ t 142.9 |
Low -4 t 476 ) —_ i
i-9 0 - 0 - 0
114 0 — [} — 0
15-19 0 — 2 2857 ?
20 1] - 0 - 4}

“Siemticancat p < 003,
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Thus there is a clear relation between cancer mor-
ality and the level of VC exposure in the study co-
hort: the workers subjected to doses higher than
30 mg/m* have a higher risk of cancer than those with
minimal contact with this compound,

Table 3 presents the distribution of deaths from

cancer in the groups with different periods ol

cemplovment. The highest SMR is in the group having
worked at the plant for 15-19 vears.

The treatment of the results by factorial dispersion
technique for estimating the share of influence of VC
{in dependence of level and duration of its action) on
the risk of cancer have confirmed its significant role
(5-8%. p < 0-001) in the development of tumours
umong the exposed workers.

Discussion

Qur study has shown an increased cancer mortality in
the workers emploved in the production of VC and
PVC. compared with the general population. An in-
creased frequency in malignancies of the digestive or-
gans. respiratory tract, brain. and lymphatic and
haematopoictic tissues observed in this study is in ac-
cord with the results of similar studies of workers in
VC-PVC planits in the United Kingdom. W Germany.
France, United States. and other countries,**~**

In our study no angiosarcomas were noted: these
tumours iare considered by some authors o be a
speaific occupational disease of VC workers,*? 2? The
reason {or this lack of angiosarcomas may be due to
the mcasures for limiting airborne levels at work
which were introduced earlicr than in other countries
and to effective protection (by relevant individual de-
vices) of workers in high exposure jobs. On the other
haad. it may retlect a certain specificity of action on
the organism of various VC concentrations: higher
doses lcud to the development of liver angiosarcomas
whercas moderate ones may afiect other organs. This
ideca is 1o some extent confirmed by animal
experiments'* with different doses of VC (3690, 266.
25. and |4 mg:m?) where the lowering of adminis-
wred VC doses was accompanied by a change in the
ratta ol liver malignancies. {vmphomas and lcu-
kaemias towards the production of the latter,

The tinding of significant increases in SMRs tor
Ivmphomas and lcukaemias. especially among female
workers who usually have lower occupational ex-
posures o VC than male workers is noteworthy. This
probably reflects a higher susceptibility ol the women
to the carcinogenic action of VC but this hypothesis
needs further study,

The refution between the carcinogenic action of VC
and the level of exposure agrees with experimental
cuidence on this subject.!” This gives hope that cur-
rent measures ror limiting VC exposure at work (low-

ering of the MAC in the USSR to 0'1mg/m?.
promotion of the hermitic sealing of the equipment
used. and development of the non-stop technologies
of VC production) will effectively serve 10 prevent the
carcinogenic effects of VC on workers,
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