


Mortality experience of workers exposed to vinyl chloride monomer

Table 9 Observed and expected deaths according to whether exposure was thought to be high, medium, or low

High Medium Low

Observed Expected SMR Observed Expected SMR Observed Expected SMR

All cancers 9 9-59 93-8 53 59-66 88-8 53 57 52 92-1
Liver cancer 2 0-13 1538-5 1 0 77 129-9 1 0 75 133-3
Lung cancer 2 3-67 54-5 23 24-42 94-2 21 23-15 90 7
Brain cancer 1 0-36 277-8 - 1-60 - 1 1-69 59-2

Diseases of circulatory system 12 16-79 71 5 85 110-59 76-9 83 106-81 77-7
Diseases of respiratory system 3 4-34 69-1 21 32-62 64-4 18 30 13 59 7
All deaths 27 39-85 67-8 180 244-18 73-7 185 237-16 78-0

Excludes one death in a man for whom an invalid measure of exposure was recorded.

Table 10 Observed and expected deaths according to whether exposure was constant or intermittent
Cause of death Constant Intermittent

Observed Expected SMR Observed Expected SMR

All cancers 28 39 70 70 5 87 87-07 99.9
Liver cancer 2 054 3704 2 1 11 180-2
Lung cancer 17 15-72 108-1 29 35 42 81-9
Brain cancer 1 1-42 704 1 2-23 -

Diseases of circulatory system 36 69-82 51-6 144 164-37 87-6
Diseases of respiratory system 11 17-82 61-7 31 49-27 62-9
All deaths 89 16094 55 3 303 360 25 84-1

Excludes one death in a man for whom an invalid measure of exposure was recorded.

Table 11 Observed and expected deaths in relation to the length of exposure and year of entry for men who were
alive 15 years after they entered

Year of entry Length of exposure

0-4 years 5-9 years 10-14 years

Observed SMR Expected Observed SMR Expected Observed SMR Expected

1940-44 33 32-08 10 10 30 2 3-48
(Deaths occurring in 1959-74) - - ' e y'

103 97 57.5
1945-49 28 24-47 7 645 13 1159
(Deaths occurring in 1964-74) ' I

- k' -
114 109 112

1950-54 18 19-83 4 3 85 8 5 87
(Deaths occurring in 1969-74) ' I

91 104 136
1955-59 - 2-13 2 1-37 2 1-12
(Deaths occurring in 1974) I-_

146 179
79 78 51 23 21 97 25 22 06

Total _ t i
I

100-6 104-7 113-3

tently exposed; and only 10% of those who have been
constantly exposed, have been exposed to high con-
centrations. Thus relatively few persons have been ex-
posed for a long time to high levels of vinyl chloride
monomer and even in cases in which men have
completed 20 years of service, because their service
has only recently been completed, the follow-up
period is too short to evaluate the carcinogenic effect
of VCM.

SELECTION AND SURVIVAL IN THE INDUSTRY
This population comprises menwho at one time since
1940 were fit enough to obtain a job in the plastics
industry. Because in general people entering em-
ployment are healthy their expected mortality rate
should be lower than that observed for the popula-
tion as a whole with whom comparison is made.
Table 6, in which the population was subdivided into
cohorts according to year of entry into the industry,
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shows that the cohorts of men who entered more
recently had lower overall mortality ratios than
those men who entered long ago. Figure 2 shows
that similar associations are observed for cancers
and for circulatory disease. Figure 3 confirms
that this association between SMR and year of entry
into the industry is not a function of the cohort but
is related to the length of time that it has been
pursued and therefore to the length of time since the
individual entered the industry. Table 8 shows that it
may take 20 to 30 years for this effect to disappear.
As this population comprises all men who have

been identified as having worked with VCM since
the industry began in Great Britain in the early
1940s, it includes men who have spent short periods
in the industry as well as those who have had longer
exposures. In any evaluation of the role duration of
exposure plays in a model of cause and effect it is
necessary to account for differences in character-
istics between those subjects who stay a long time in
the industry and those who leave. Most of the latter
leave for reasons unrelated to health, but there are
some who will leave because they are not fit enough
to continue working or because they consider the job
to be affecting their health. It is difficult to separate
this effect, the survivor effect, from the healthy
population selection effect described above. Theywere
both clearly described by Ogle (1885) but have not
been measured. The 15-year survival effect for this
population has been estimated by separating those
persons alive 15 years after entering the industry
into those working and those not working in the in-
dustry after the 15 years. The mortality patterns
after these 15 years were then compared. The SMR
for men not in the industry, 108-4, was approximately
50% higher than for those still in the industry, 74-0.
In a separate report we have considered at greater
length the implications of these effects and the effect
of the period of follow-up on the interpretation of
occupational mortality studies (Fox and Collier,
1976): they are ofmajor importance in the interpreta-
tion of these data.

Other studies

Some hypotheses concerning the effects on man of
exposure to VCM have been proposed as a result of
the animal experiments conducted by Maltoni and
Lefemini (1975) and the epidemiological studies con-
ducted by, for example, Tabershaw and Gaffrey
(1974) and Nicholson et al. (1975). Maltoni and
Lefemini (1975) have suggested that vinyl chloride
monomer produced tumours in the three animal
species studied: rats, mice, and hamsters. Liver
angiosarcomas were observed in all three species. In
addition other tumours that occurred included

cerebral neuroblastomas and pulmonary adenomas.
Tabershaw and Gaffrey (1974) confirmed the clinical
suggestions by Creech and Johnson (1974) that there
was strong epidemiological evidence that exposure to
VCM caused angiosarcoma of the liver in humans.
Their study also indicated an excess of cancer of the
respiratory system and brain although this was not
statistically significant. Nicholson et al. (1975) also
confirmed that exposures to vinyl chloride monomer
can cause liver cancer in humans. Although they
observed three angiosarcomas of the liver and one
brain cancer no deaths were due to lung cancer.
Comparisons between the findings in Great Britain

and those in the USA are limited because of the
differing experiences in the two countries. Ifwe apply
the same population definition as employed by
Tabershaw and Gaffrey (1974), we find 331 deaths
observed and 462-29 expected. This gives an SMR of
72 compared with one of 75 found by Tabershaw and
Gaffrey (1974). Men in the high exposure group have
an SMR of 59-4 compared with one of 717 in the
medium exposure group and 73-5 in the low exposure
group. An unexplained trend similar to this was
noted by Tabershaw and Gaffrey (1974). We believe
the trend is due to selection and survival in the in-
dustry and to the length of follow-up. Using the
same population definition as Tabershaw and
Gaffrey we would have found two liver cancer
deaths, one of which would have been due to angio-
sarcoma.
Nicholson and co-workers in their study of all men

in one plant with greater than five years' exposure
followed-up 10 years from first employment, ob-
served 24 deaths compared with 19 0 expected, and
nine cancers compared with 3 9 expected. Included in
these nine cancers were three angiosarcomas. The
last two columns in Table 11 show what might be
termed a high risk group in that these are people who
have experienced between five and 14 years' expo-
sure and have left the industry. They are studied here
15 years after first employment. In this group
48 deaths were observed compared with 44 03 ex-
pected. For cancer 13 were observed compared with
11 -48 expected and for lung cancer six observed
compared with 4-66 expected. It should be em-
phasised that none of the cases of liver cancer occur-
red in this high risk group. From Table 4 it can be
deduced that a study in Great Britain similar to that
conducted by Nicholson et al. (1975) would have
identified one angiosarcoma and one other primary
liver cancer.

General assumptions and limitations

Certain environmental factors are known to affect
man's longevity. Some of these have been associated
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with particular causes of death such as cigarette
smoking with lung cancer, heart disease, and bron-
chitis. Other associations such as those between
social class and area of residence with cancers and
bronchitis have not been fully explained. Epidemi-
ology does not provide the immediate answer be-
cause the cause and effect models are complex and
individual susceptibility confuses the issue. In this
particular study no account has been taken of these
other factors. We have assumed that the social class,
smoking, and geographical distributions are similar
to those for the national population with which
comparison is made.
The mortality study provides a relatively crude

epidemiological technique for evaluating the risk to
health in the group under study. It cannot account
for all the factors that may be relevant to the hypo-
theses that have been tested and its power is limited
with respect to the detection of hazards which pro-
duce small excesses of mortality. Such studies can
confirm relationships between exposures to specific
chemicals and the subsequent development of un-
common tumours such as mesotheliomas, bladder
cancers, and liver tumours. Unless the chemical con-
sidered is a powerful carcinogen these studies are less
sensitive when studying common causes of death.

Conclusions

It is not yet possible to evaluate the overall impact of
exposures to VCM on this population of workers
but bearing in mind reservations discussed above
two conclusions can be drawn at this stage.
The first relates to whether or not there is evidence

that exposure of men to VCM in Great Britain in the
manufacture of PVC caused cancer. We have
observed four liver cancers, two of which were sub-
sequently confirmed as angiosarcomas, significantly
more than would have been expected. All these
cancers occurred between 1970 and 1974 and similar
experiences have been reported in the USA and in
animal experiments. We therefore conclude that
VCM is probably a carcinogen causing liver cancer
in workers exposed to it. Although in this study there
is little relationship with length of exposure, the
angiosarcomas were associated with exposures to
very high concentrations of VCM.
The second conclusion relates to whether VCM

causes cancers other than those of the liver. We find
no evidence to support this suggestion. Only two
brain cancers were observed and there is little indica-
tion of an excess of lung cancers. The SMR for
cancer as a group is consistently higher than for all
deaths but because of population selection factors
this is difficult to evaluate.
The effect of VCM on the mortality experience of

workers exposed will only become clear after con-
tinuing this study for a further 10 years at least.
Although the recently adopted hygiene standards
may in future be shown to have a residual risk asso-
ciated with them, men who entered the industry in
recent years should be at lower risk than those who
were exposed at a time when conditions were less
controlled.

No study such as this could have been conducted
without the assistance and co-operation of the in-
dustry and unions involved. Dr S. Gauvain was in-
volved with the planning of this project and an early
draft of this report was discussed with Dr M.
Greenberg, Dr A. M. Adelstein, and Dr P. J.
Baxter to all of whom we are grateful.

The EMAS Survey Control Section administered
the survey, individual companies identified people
who had worked in this industry, and the Office of
Population Censuses and Surveys obtained and
coded all death certificates.
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Deaths in women

Factory no. Date of birth Date of death Certified* cause Year Year Exposure Job
of death joined left levels description
ICD code

2 8.12.1905 22.3.1965 5900, 2901 1944 1945 Medium/inter- Process worker
mittent

2 21.2.1899 4.7.1965 4129 1942 1945 Medium/inter- Process worker
mittent

2 2.9.1893 28.2.1972 4129, 4271 1944 1945 Medium/inter- Process worker
mittent

2 10.2.1894 12.10.1968 9500 1943 1946 Process worker
2 17.10.1879 22.5.1950 4319 1940 1946 Process worker
2 12.7.1897 8.3.1971 4409, 7824 1943 1945 Process worker
2 13.11.1902 3.7.1974 4109, 2500 1944 1945 Process worker
2 23.3.1921 5.8.1968 3949, 4500, 4530 1944 1945 Process worker
2 12.7.1894 11.10.1962 4409, 4270 1942 1945 Process worker
2 1.7.1894 5.8.1952 1579 1942 1945 Process worker
2 19.5.1909 15.12.1967 1519 1942 1945 Medium/inter- Process worker

mittent
4 8.10.1890 7.2.1971 4540, 0389 1943 1943 Low/intermittent Mess room

attendant
4 22.8.1914 28.6.1949 4280, 4109, 5140 1941 1941 Worker with

solvents
4 3.10.1894 14.11.1972 5810, 5932 1941 1946 Analytical

laboratory
attendant

4 22.1.1895 7.12.1948 5180, 7824, 4280 1940 1940 Analytical
sampler

4 7.1.1894 26.5.1966 5900, 4271, 4110 1943 1944 Worker with
solvents

*Primary cause in italics.

Appendix 2 Deaths in 1940-74 notified since analysis

Factory no. Date of birth Date of death Certified* cause Year Year Exposure Job
of death ICD code joined left kvels description

4 15.11.1904 28.8.1963 2500, 4850, 4339 1953 1954 Low/intermittent Maintenance
labourer

4 21.12.1892 30.8.1955 9510 1954 1955 Medium/inter- Maintenance
mittent assistant

4 13.7.1901 31.3.1962 4000, 7920 1940 1959 Medium/constant Electrician
10 7.7.1906 15.12.1973 4109, 4272 Not known 1971 Low/intermittent Security/fireman
10 18.8.1925 7.7.1972 4309 Not known 1972 Medium/constant Recovery/auto

cleaner
11 5.3.1907 13.4.1972 5151, 4270, 4260, 1955 1956 Medium/inter- Fitter

5170 mittent
11 15.10.1900 30.10.1960 1621, 4500, 4530, 1951 1953 Low/intermittent Grinder

4109
11 25.2.1892 10.9.1968 1500, 4500 1951 1960 Medium/inter- Fitter

mittent
11 9.7.1902 8.8.1969 4360 1957 1967 Low/intermittent Premix operator

*Primary cause in italics.
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