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increasing evidence of the rise of cancer in workers
- |grposed to vinylchloride
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“-r | wrmact The results of a cancer moriality study among workers employed in the production of
myichloride and polyvinylchloride beiween 1939 and 1977 suggest a significant increase 1n deaths .
«. . | pommalignancies of the lymphatic and haemopoietic tissues. Mortality for tumours of the digestive St
: spans. respiralory sysiem. bone and connective tissues. brain. and skin are also greater than in the i
gneral population. There were no regisiered cases of liver angiosarcoma in the study cohort during .
ame o | e follow up period. The risk of cancer was highest among the workers exposed 1o concentrations
_ | #VC of 300 mg/m*® and more who had worked at the plant for 15 10 19 years. The relatively high s
umber of leukaemias and lymphomas in the study group and the absence of liver angiosarcomas

e careinogenmieny of vinylchloride (VC) has been
wird only recently although this compound was
nathesised almost 150 years ago' and its indusinal
m;(iumon m many countries starled in the late
Wik,

The first clinical and hygiene study of the oc-
aional seting and health of workers in planis
xoduang VC and polyvinvichloride (PVC) was un-
anaken in the WISSR in the early 1950s. This study
eowed heavy air pollution with VC in the shops of
“x plant. reaching levels of 100~800 mg/m*.2 This ea-
aure resulied 1n a high frequency of occupational

| W anpioneuroses in the workers® and Jed 10 the

tpshlive limitanion in the USSR (1957) of the VC
el m the working zone 10 a maximum permissible

“otniration (MPC) of 30 mgrm?.

VCand PVC induced diseases in the workers pro-
=ang these agents were described Jater by several
o authors *~* Officially esiablished MPCs of
h_(_m the working zone in several countries before
«14 were a5 follows: Uniled States—770mg:m™;
:_-‘.‘- France. Finland. and Yugoslavia—1300: East
;ﬂmn.\'—soo;_ West  Germany—260:  and
“Mang—} 00,
l‘lr- 190 Violz published the results of his ammal
“enments that were aimed at reproducing the acro-
eohsis obsers ed in PVC workers. The amimals de-
""{‘Nﬂ lumours of the lung and skin and led the
#8010 conclude that VC was carcinogeme ¥ Many
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wobzbly refiects specific carcinogenic action of different doses of vinylchlonde.

other workers have confirmed that VC is carcinogenic
10 ammals.’ "' In 1974 the first reporis on cases of
hver angiosarcoma among workers occupationally
exposed 10 VC appeared. The frequency of this dis-
ease in the exposed groups was 300 10 600 umes
higher than in the general population.'* '®

The study presented here was aimed at evaluating
the prevalence of malignan disease among workers
employed beiween 1939 and 1977 1n several Soviet
enterprises producing VC and PVC,

Materials and methods

The base of the study was one of the oldest Soviet
chemical planits where VC and PVC have been pro-
duced for various periocs and under different iech-
nological patierns.

The data on the specified workers were obtained
from the regisiers of the admimstrauve department
and from auiendance journals and hsis of particular
shops. For every member of the siudy cohort the fol-
lowing data were collecied. specified occupation. du-
ration of emplovment mm a VC exposed job. data and
cause of death. and results of any postrnoriem study.
The documents analysed were the death certificaie,
medical hisiorics of disease. and necropsy protocols
of thosc who had died from cancer.

The cohort included all emplovees who had worked
i 2 VC exposed Job for at least one month as well as
those who had changed their place of employment,
were reured. left through il health. or were dead.
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Thus the study cohori 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 perniod of observation.’” The numbers of person-
years of observation for the enuire cohort was 43216
(27059 for men, 16157 for women).

The expecied 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 vears 1959. 1969,
and 1975 in the age group 15-74. The extent of nisk
was evaluaied by means of standardised morialny ra-
nos (SMRs). The significance of the difference be-
tween the raies on the p level £0-05 was determined
by the confidence hmits of the vaniation of cancer fre-
quency.'®

The resulis of the hygiene study of the occupational
environment in VC productuon for the penod
1953-66 were treated by methods of variational sia-
ustics with idenuficauon of average VC concen-
trations for particular workplaces.'®

The extent of VC infiuence on the workers resuiting
from the average VC doses that they had been ex-
posed o while working was estimated within the fol-
lowing gradation:

high  level—mean

> 300 mg/m?;
moderate level—VC concentrations 36-300 mg/m?;
low level—concentrations < 30 mg/m*”.

For the quantitative estimation of the “share™ of
VC and PVC in the 10tal process of cancer devel-
opment in the workers of this industry the technigue
of factonial dispersion analysis®® was used.

concentrations of VC
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Results

Between 1939 and 1977 288 deaths were regisiered o,
the cohort, including 63 from cancer. Hisioiopea)
confirmation of the diagnosis of cancer was avajlabi
for 60% of the cases. :

As shown by the SMRs, the workers in VC.pv¢
plants have an increased cancer moriality by gop
parison with the general population of the oy (uabk
1). This was parucularly noticeable for lung tumours
pancreas. bones and connective tissue. skin. ape
brain. The observed mortaluy from leukaermas anc
lvmphornas s significantly higher than expected Ng
cases of angiosarcoma or other liver tumour wep
noted.

For the male workers exposed 1o VC. the 1012) can-
cer mortality was somewhat lower than in the mak
population of the city. The numbers of cases of par.
creatic cancer, jung cancer, tumours of the bones an¢
genitalia, and leukaemas. however. were higher than
expected but not significantiy so.

The cancer monality for the female workers was
greater than expecied due 10 mahgnanoes of the
stomach. rectum. skin. brain, and lymphatic and hae.
matopoietic ussues. The excess for leukaemias anc
lvmphomas was statistically significant.

As was clear from the anaivsis of workin
congditions at the plant there were three caiegone
of workers based on the intensity of exposure 1o
VC-PVC. The first group (highest exposure) consist:
of the workers of the major occupations (apparaius
operators. fitters) emploved in producing V(
by dehvdrochlonnation of dichlorethane in the

Table | Observed number of deaths from cancer ( Obs) and SM Rs of cancer in the cohort of ¥C and PV C workers
AMen Women Both sexes
Stes 1CD &, 1965 Ohe SMR Obs SMR Obs SMR
All malignuncics 140-209 44 9% 2 19 1538 63 1066
Oral cavny wnd pharvnx 141149 [} - [ -~ 0 -
Dlse:mw organs. 150-149 17 28 1 1212 25 850
vophapus 150 0 - 0 - 0 -
Sromach 151 4 §3-3 7 1429 bl 847
Recium 184 0 —_ 1 125-0 ! 500
Pancreas 157 k] 1722 4] ~ 3 1429
Liver [ - (1] -— 0 -
Resmratory organs 1o0~-163 18 1415 a —_ 1% 13 3
Larvas 161 1 100-0 0 - j 833
Trarhea. bronchus. lung 162 13 1453 (1] — ¥y 129 3
Bones and connecuive tissue 120~171 1 166 7 0 - 1 1429
Shin 172-172 0 - | 1000-0 1 200-0
Breas 174 0 - 0 - ¢ -
Reproductive organs 1RO- 187 1 1250 2 Ti-4 k| B33
Lirinary orpany IRh=~ 1D | RS 0 - ) ke
Brain and nervous svstem Wi~ 192 2 90-¢ 2 5000 4 1538
Levhuemiy, alevhaemiu 2207 1 4256 2 666 7 L 500-0°
Other mahgnaneies af by mphane anuo
haematopocie basue :rn‘b- 203 3n, 1 100 4 2000-0° 5 4™
2

“Significant ot po< 003
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increasing evidence of the rise of cancer in workers exposed 1o vinylchloride

Tabk 2 Observed deaths from cancer (Obs) and SM Rs in subgroups of workers with various exposures io VC

ap——

\ Men Women Both sexes
oyl
panme 10 VC  Sites Obs SMR ons SMR Obs  SMR
Hyt Al sres. 28 1014 12 Abd 2" 40 132:0
Stomach 8 %2 5 846" 13 1140
Lung 13 1711 0 - 13 168-§
Lymphomas, leukaemias 8 3000 L] 4000-0* 7 636-4"
All ones 15 1074} 5 N6 20 108 7
Vederaic Siomach 2 1220 2 1333 7 1288
Lung 4 1290 0 - 4 1250
Lymphomas. leukacmias | 1667 1 1424 2 1538
- Al snes: 1 313 2 282 3 291"
Siomach 1 B33 o - ] 270
Lunp . [V} - 0 - 0 -—
Lvmphomas. leukacmias 0 - 1 3333 | 2000

~jagmibcant at p < 0-0%

=egium of methyl alcohol and in producing PVC in
¢ suspension who worked in these shops from the
sepnming of their employment up o 1959 (when
znan improvemnents m working conditions were
sivsed),

The second group (moderate exposure) is repre-
ezied by the workers in the new shops producing
2V with modern 1echnology and those who were
spioyed before 1971 in drying depaniments and ap-
T1721us operalors in the polymerisation depariments
vazre PYC was produced with imporied technology.

T2 third group (low exposure) is composed of em-
>vees of the new shops. the drving workers em-

‘;ed between 197) and 1977 and laboraton

2=ants and other workers having minor conlact
=V

v el
a4

The first and second occupational groups had a
increased SMR for all cancers (1able 2). More men in
these groups died than in the general male population
from cancer of the stomach and lung and from
leukaemias. 1t is of interest that only in the high and
moderale exposure groups of male workers were
cases of lung cancer noted. This supposes some effect
of smoking. an essential facior in the development of
lung cancer?’ =77 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
mahgnancies of the stomach. and for leukaemias and
lvmphomas.

The workers in the Jowesi exposure group also had
the Jowest SMRs.

Observed deaths from cancer (Obs ) and SM Rs in vorious subgroups of workers by durouion of employmeni and

~amen VO
Men Homen Bonh sexes
Duration of emplovmen: tyeors; Obs SME Ohs SMR Obs SMR
N (%] 1% 1132 ! 68 5 19 i8]
§9 5 104 2 5 T14:2% 10 181-8
10-14 2 90-9 1 3333 3 1200
15-19 2 1B1-§ 4 13333 6 428-6*
#2230 i 66 7 } 5000 2 1176
et 04 n i | 476 12 100-0
59 3 130-4 1 169 4 MR
10-14 0 - 2 1053 b 58-8
15-19 4 Yob7 0 -_ 1 714
#20 0 - ] 142:9 1 90-9
- -4 1 47:6 (4] -— 1 256
~9 0 - 0 — 0 —
10-14 [i] - 1} —_ o —
15-19 i} —_ 2 2857 2 250-0
#20 0 - 1] - 0 —

el ulp < 005
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Thus there is a clear relation between cancer mor-
tality and the level of VC exposure in the study co-
hort: the workers subjecied to doses higher than
30mg/m?® have a higher risk of cancer than those with
minimal contact with this compound.

Table 3 presenis the disiribution of deaths from
cancer n the groups with differemt penods of
emplovment. The highest SMR 1s in the group having
worked ai \he plant for 15-19 vears,

The reatment of the results by faciorial dispersion
1echmgue for esumating the share of influence of VC
(in dependence of level and duration of s action) on
the nsk of cancer have confirmed its significani role
(58%. p < 0001} in the developmeni of tumours
arong the exposed workers,

Discussion

Our study has shown an increased cancer monality in
the workers employed in the production of YC and
PVC. compared with the general population. An in-
creased frequency in mahgnancies of the digestive or-
gans. respiratory tracl. brain. and lvmphatic and
haematopoieuc tissues observed in this study is in ac-
cord with the resuits of similar siudies of workers in
VC-PVC plants in the United Kingdom. W Germany.
France. United States. and other countries. 2~ ¢

In our siudy no angiosarcomas were noted: these
tumours are considered by some authors 10 be a
specific occupational disease of VC workers.?? 22 The
reason for this lack of angiosarcomas may be due 10
the measures for limiting airborne levels a1t work
which werc imroduced earlier than in other countries
and 10 effective prolection (by relevani individual de-
vices) of workers in high exposure jobs. On the other
hand. it may refieet a certain specifiony of action on
the organism of various VC concentrauons: higher
doses lcad to the development of hver angiosarcomas
whereas moderate ones may affect other organs. This
idea is to some extemt confirmed by animal
expenments’* with different doses of VC (3690. 266,
25. and 14mg/m*) where the lowering of adminis-
1ered VC doses was accompanied by 2 change in the
ratio of hver malignancies. lvmphomas and leu-
kaemias towards the production of the latter.

The finding of significant increases in SMRs for
lvmphomas and leukacmias. especially among female
workers who usually have lower occupational ex-
posutes 10 VC than male workers is noteworthy. This
probably refiects a higher susceptibility of the women
10 the carcinogenic action of VC but this hypothesis
needs furither study.

The relation between the carcinogenic action of VC
and the level of eaposure agrees with experimental
cvidence on this subject '* This gives hope that cur-
rent measures for limiting VC eaposure at work (low.-

Smulevich, Fedatava, Filaigy, |

enng of the MAC in the USSR 10 01 mgmy
promotion of the hermiuc seahng of the equipmen;
used. and development of the non-siop lechnologes *
of VC produciion) wi)) effecuvely serve 10 prevent the
carcinogenic efiects of VC on workers
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