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

VBSMULEVICH.! | VFEDOTOVA? VS FILATOVA?

From the All-Union Cancer Rescarch Centre, AMS USSR, Moscaw, and Institute of Oceupational Medicine,?
Gurky. USSR

ABSTRACT The results of a cancer mortality study amony workers employed in the production of
vinylchloride and polyvinyichloride between 1939 and 19/7 suggest a significant increase in deaths
from malignancies of the lymphatic and haemopoietic tissucs. Mortality for tumours of the digestive
organs, respiratory sysiem, bonc and connective tissucs. brain, and skin arc also greater than in the
general 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 300mg/m? and more who had worked at the plant for 15 to |9 years. The refatively high
number of leukaemias and lymphomas in the study group and the absence of liver angiosarcomas
probabiy reflects specific carcinogenic action of different doses of vinylchloride.

The carcinogenicity of vinyichloride (VC) has been  other wurkers have confirmed that VC is carcinogenic
studied only recently although this compound was 10 animals.®~'4 In 1974 the first reports on cases of
synthesiscd almost 150 ycars ago’ and its industrial  liver angiosarcoma among workers occupationally
production in many countrics started in the late exposcd 10 VC appeared. The {requency of this dis-
1930s. - casc in the cxposed groups was 300 to 600 umes
The first clinical and hygicne study of the oc-  higher than in the gencral population.'® '®
cupational scting and heaith of workers in planis The study presenicd here was aimed at evaluating
producing VC and polvvinyichioride (PVC) was un-  the prevalence of malignant discase among workers
deriaken in the USSR in the curly 1950s. This study employed between 1939 and 1977 in several Soviet
showed hecavy air pollution with VC in the shops of  cnterprises producing VC and PVC.
the plant. reaching lcvels of 100-860 mg/m*.* This cx-
posurc resulied in a high frequency of occupational  Materials and methods
toxic angioneuroscs in the workers® and led 1o the :
legislative limitation in the USSR (1957) of the VC  The busc of] the study was onc of the oldest Soviet
leve! in the working zone 10 3 maximum permissible  chemical plants where VC and PVC have been pro-
concentration (MPC) of 30 mg/m?. duced lor various periods and under different tech-
VC und PVC induced discascs in the workers pro-  nologiccl patierns.
ducing these agents were described later by several The duda on the specificd workers were obtained
forcign authors*** Officially cstablished MPCs of from the registers of the administrative department
VC in the working zonc in several countries before  and from attendance journals and lists of particular
1974 werc as follows: Uniied States—770mg:m®:  shops. For every member of the study cohort the fol-
ltaly. France. Finland. and Yugosiavia—130(: East lowing duta were collected: specified occupation, du-
Germany—500;  West  Germany—260:  and  ration «.” ecmployment in a VC cxposed job. data and
Rumara— 100." cause of death, and results of any postmoricm study.
In 1970 Viola published the results of his animal  The documents analysed were the death certificate,
cxperiments that were aimed al reproducing the acro-  medicit! historics of discase. and necropsy protocols
osteolysis observed 10 PVC workers. The animals de-  of those who had died from cancer.
veloped tumours of the lung and skin and led the The cohort included all employees who had worked
author to conclude that VC was carcinogenic.” Many  in a VC exposed job for at least one month as well as
those who had changed their place of cmployment,
Acuented 20 October 1986 were rotired. left through ill 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 abscrved subjects und
the period of observation.'” The numbers of persan-
ycars of observation for the entire cohort was 43216
(27059 for men. 16 157 for women).

The expecied numbers of cases of cancer for the
cohort were bascd 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 cxtent of risk
was evaluated by means of standardised mortality ra-
tios (SMRs). The significance of the difference be-
tween the rates on the p level £0-05 was determined
by the conﬁdencc fimits of the variation of cancer (re-
quency.!

The results ol‘ the hygicne study of the occupalicnal
cnvironment in VC production for the period
1953~66 were treated by methods of variational <ta-
tistics with identification of average VC concecn-
trations for particular workplaces.'?

The extent of VC influence on the workers resuliing
from the average VC doscs that they had been cx-
posed 10 while wotking was estimated within the fol-
lowing gradation:

high  level—mean

>300mg/m?3;
moderate level—VC concentrations 30—300 mg/m’
low level—concentrations <30 mg/m?.

For the quanmauve estimation 6f thc “sharc™ or
VC and PVC in the total process of cancer devel-
opment in the workers of this industry the technigue

of factorial dispersion analysis®® was used.

concentrations  of VC

Smulevich, Fedotova, Filatova

Results

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

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

For the male workers cxposed to VC, the total can-
cer mortality was somewhat lower than in the male
population of the city. The numbers of cases of pan-
creatic cancer, lung cancer, tumours of the bones and
genitalia, and leukacmias, however, were higher than
cxpected but not significantly so.

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

As was ciear from the analysis ol working
conditions at the plant therc 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 dehydrochlorination of dichlorethane in the

Table ) Ohserved number of deaths from cancer { Ohs s und SM Rs of cancer in the cohort of VC and PVC workers

Men Women Bouh sexes
Sues DY 1965  Obs SMR Ohs SMR Obs SMR
All mahignancies 140~209 44 982 19 153-8 63 106-6
Orul cavity and pharynx 141149 0 - 0 - 0 -
Digestive organs: 150~ 159 17 74-8 & 1212 25 850
Qesophagus 150 0 .- 0 - 0 - -
Stomuch 151 14 83 7 142:9 21 547
Rectum 184 0 - 1 125-0 i 500
Pancreas 157 3 1722 0 - 3 1429
Liver 0 - 0 - 0
Resmiratory organs: 160-163 1] 1417 0 - I8 1363
Larvax Y] | 100-0 0 -_ ! 83-3
Tracheu. bronchus. lung 162 17 1453 0 - 17 1393
Bones und conncctve tissuc 170-17 | 1667 0 - ! 142-9
Skin 172-1M ] - 1 1000-0 ! 2000
Breast 174 - 0 - g -
Reproductive organs 180-1X7 1 125:0 2 T4 3 83-3
Uninary orguns XK= K9 t -5 0 - | 345
Brain and nervous sysiem 191=192 2 %09 2 $00-0 4 153-8
Leuhacmia, aleukaemi 204-207 3 a6 2 6667 ] 5000°
Other mal of lvmphatic and
huematopoicuc tissue 000 4 2000-0° 5 416-7°

200-20), 208, ) I
209 '

*Sigmficant at p < 0-08,
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Tabic 2 Obhserved deaths from cancer ( Ohs) and SM Rs in subgroups of workers with various exposures to VC / BE
in Men " Wamen Both sexes
cal Level d
ble of exposurc 10 VC  Sites Ohs SMR Ohs SMR Obs SMR
High Al sites: b 1014 12 “-e « 1320
ve Stomach 8 792 $ 384-6° 13 114:0 :
Lung 13 17141 0 - 13 163-8 \
m- Lymphomas. leukaemias 8 3000 4 4000-0° 7 636-4* i
ole Moderatc All sites: 15 10741 5 113-6 20 1087 {
rs, Stomach $ 1220 2 1333 7 1288 :
nd Lung 4 129-0 0 - 4 125-0 !
nd Lymphomas, leukaemias 1 1667 i 1429 2 1538 f
No Low Ali sites: ! 13 2 82 3 2910 ‘ ;
sre Stomach 1 833 0 - 1 0 %
Lung 0 - 0 - 0 - .
Lymphomas. leukaemias [} - | 3333 1 200-0 )
;l: *Sigmificant at p < 0-05. ‘] 5
n-
ad . . . . .
;n medium of methyl alcohol and in producing PVC in The first and sccond occupational groups had a
the suspension who worked in these shops from the increascd SMR for all cancers (table 2). More men in
as bcginmng of their empioyment up to 1959 (when these groups died than in the general male population \
he certain improvements in working conditions were from cancer of the stomach and lung and from |
e realised). lcukacmias. 1t is of interest that only in the high and
nd The second group (moderate exposure) is repre-  moderzte exposure groups of male workers were
sented by the workers in the new shops producing cases of lung cancer noted. This supposes some effect
PVC with modern technology and those who were  of smoking, an essential factor in the development of
ng loyed before 1971 i ] 21-23 : . : 1
es employe ore in drying departments and ap-  lungcancer that might enhance the carcinogenic |
‘(o paratus operaltors in the poiymerisation departments  influence of VC.
is where PYC was produced with imported technology. Among the femalc workers exposed to the highest i
us The third group (low exposure) is composed of em-  doses «f VC, the SMRs are high and significant for :
c ployees of the new shops, the drying workers em- malignancics of the stomach, and for leukaemias and f
he ployed between 1971 and 1977 and laboratory Ilymphomas.

assistants and other workers having minor contact
with VC.

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

Table 3 Observed deaths from cancer (Obs) und SMRs in various subgraups of workers hy duration of employment and

exposure to C

Aen Women Both sexes
VC level Duration of empinymens (vears) Ohs SMR Obs SMR Obs SMR
High 00— i8 132 1 685 19 108-1
5-9 5 042 5 71420 10 181-8
1014 2 909 | 3333 3 120-0
15-19 2 818 4 13333 6 428-6°
220 i 667 } 500-0 2 116
Moderate 04 ] 1t ! 476 12 100-0
5-9 3 304 i 769 4 i
10-14 0 - 2 105- 2 58-8
15-19 I 166-7 0 —_ ] 71-4
220 0 - | 1429 ! 90-9
Low [ 1 476 0 — 1 256
$-9 0 - 0 - 0 -
10~14 ] -_— 0 — 0 -
15-19 0 - 2 2857 2 250-0
220 0 - 0 - 0 -

*Sigmificant at p < 008,
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* Thus there is a clear relation between carcer mor-
tality and the level of VC cxposurc in the wludy co-
hort: the workers subjected to doses higher than
30mg/m? have a higher risk of cancer than those with
minimal contact with this compound.

Table 3 presents the distribution of deaths (rom
cancer in the groups with different peoriods of
employment. The highest SMR is in the group having
worked at the plant for 15-19 years.

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 nsk of cancer have confirmed its signiticant role
(5-8%, p < 0:001) in the development of tumours
among the exposcd workcrs.

Discussion

Our study has shown an increcased cancer mociality in
the workers employed in the production of VC and
PVC. compared with the gencral population. An in-
creased frequency in malignancies of the digestive or-
gans. respiratory tract, brain. and lymphatic and
hacmalopoictic tissucs obscrved in this study is in ac-
cord with the results of similar studics of workers in
VC-PVC plants in the United Kingdom, W Germany,
France, United States. and other countrics.®*~2°

In our study no ungiosarcomis were notcd: these
tumours are considered by somc authors 10 be a
specific occupational diseasc of VC workers.*? >° The
rcason for this lack of angiosarcomas may be duc 1o
the measures for limiling airborne levels at work
which werc introduced carlicr than in other countrics
and 10 cffective protection (by relevant individual de-
viees) of workers in high exposure jobs. On the other
hand. it may reflect a certain specificity of action on
the orgamism of various VC concentrations: higher
doses lcad to the development of liver angiosarcomas
whereas modcrate oncs may aflcct other orguns. This
idea is to somc extent confirmed by animal
cxperiments'* with different doscs of VC (3690. 266.
25, and 14mg/m") where the lowering of adminis-
tered VC doscs was accompanicd by & changein the
rutio of liver malignancics. lymphomas and lcu-
kacmuas 1owards the production of the laier.

The finding of sigmficant increases in SMRs for
lymphomas and lcukacmias, cspecially among female
workers who usually have lower occupational cx-
posures to VC than male workers is noteworthy. This
probably reflects a higher susceptibility of the women
to the carcinogenic action of VC but this hypothesis
needs further study.

The relation between the carcinogenic action of VC
and the level of exposure agrees with cxperimental
evidence on this subject.'? This gives hope that cur-
rent measures for limiting VC exposurc at work (Jow-

Smulevich, Fedotova, Filatova

cring of the MAC in thec USSR to 0-I mg/m*,
promotion of the hermilic scaling of the equipment
used. and development of the non-stop technologics
of VC production) will cflcctively serve 1o prevent the
carcinogenic cffects of VC on workers.
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