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Table 6 Observed and expected mortality during 1958-84 in 1190 men exposed to inorganic mercury at eight Swedish

chloralkali plants
No latency > 10 years of latency time
ICD 8 Cause of death Obs Exp Obs Exp Obslexp  (95% CI)t
All 180 195 147 138 };* E(i)g:}gg
390-458: Circulatory diseases: 104 94 88 7 : -0-1
410412 Ischaemic heart disease 79 70 66 52 1:3* (1-0-1-6)
430438 Cerebrovascular disease 15 14 14 11 13 (0:7-2-2)
140-209 Malignant tumours 41 40 35 29 1-2 (0-8-1-7)
460-519 Respiratory diseases 6 76 5 60 08 (0:3-1-9)
290-357 Mental disorders and nervous system 3 31 3 2:0 15 (0-34-4)
580-584 Nephritis and nephrosis 1 08 0 04 — —
*p < 0-05.

1959, Confidence limits of the rate ratio.

daily during 1932-49. The exposure level was
estimated to be 1-5 fibres/ml for half the workforce.
At four plants, where asbestos had been used as
sealing cord for the cells until 1970, the estimated
levels were only about 0-1 f/ml. At the other three
plants there had been no exposure to asbestos.

With this degree of exposure one would hardly
expect the incidence of lung cancer to be twice
normal.?® On the other hand, at the plant where
asbestos diaphragms were used, three cases of lung
cancer were seen among the workers with a possible
exposure to asbestos compared with less than one
case expected. Moreover, there was one case of
mesothelioma. Therefore we consider exposure to
asbestos to be a possible cause of the increased
incidence of lung cancer in this cohort.

Smoking is an obvious potential confounder when
studying lung cancer and cardiovascular mortality.
When talking to old foremen and workers, we got the
impression that those employed in the chloralkali
industry did not smoke more heavily than other
Swedish men. Smoking was generally prohibited in
the cell rooms where the hydrogen gas was liable to
explode. Furthermore, after a “sniff”” of chlorine,
smoking was often impossible for many hours. We
interviewed a random sample of the 81 members of
the cohort born 1900-39 and alive in 1984 (table 8).
Assuming that the proportion of smokers and ex-
smokers exceeds that of the general population by
5% each, an estimation of the amount of confounding
was made.” The assumed smoking habits could only

Table 7 Cardiovascular mortality (ICD 8: 390—458) by
age at death ( = 10 years of latency time)

account for a rate ratio of about 1-1 for lung cancer
and much less for cardiovascular mortality. So,
smoking habits can probably not explain our find-
ings.

In recent years shiftwork has been mentioned as a
possible risk factor for cardiovascular diseases.” The
mechanism is unknown. In the present cohort about
half the subjects were shiftworkers. If shiftwork does
increase the risk of cardiovascular disease this might
at least partly explain our results.

These workers had also been exposed to chlorine
and strong static magnetic fields. The temperature in
the cell rooms was sometimes high. None of these
factors has, however, been proved to cause lung
cancer or cardiovascular deaths.

Of the three classic individual risk factors
associated with cardiovascular disease, smoking was
mentioned above. We know nothing about choles-
terol levels or blood pressure in the cohort members.
We can see no reason, however, why subjects with
high cholesterol levels or high blood pressure should
work more often at chloralkali plants.

CHEMICAL EXPOSURE AND CARDIOVASCULAR DISEASE
Little information is available about environmental
agents (other than lifestyle factors) associated with
cardiovascular disease.”*

Carbon disulphide and nitrates are the best
documented cardiotoxic occupational risk factors.
Among the metals, there is some evidence that lead
may cause hypertension and there are also reports of

Table 8 Smoking habits 1985 in a random sample of cohort
members born 1900-39 and alive in 1984

Age at death Obs Exp Obs[exp (95% CI)t
All 88 70 1:3*% (1-0-1-5)
<59 17 87 2:0% (1-1-3-1)
60-69 24 23 1-0 (0:7-1-6)
70-74 22 18 13 (0-8-1-9)
75-84 25 21 1-2 (0-8-1-8)
*p < 0-05.

1959, Confidence limits of the rate ratio.

Smoking habits Sample (n = 81)% Swedish menl|

Smokers* 33°%§ 30°,
Ex-smokerst 520,
Never smoked 15%,

*Daily smoking of cigarettes or pipe.

+More than six months.

1Eighty two men approached, 81 responded.

§959, Confidence limits 23-43°,.

||Adjusted for age of the sample (data taken from the National Bureau
of Statistics, Sweden).
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a cardiotoxic effect after heavy exposure to arsenic.
Cobalt exposure could result in cardiomyopathy but
the number of reported cases with industrial
exposure is small. Selenium deficiency was
associated with cardiomyopathy in the Keshan
region of China, and some authors have claimed a
negative correlation between selenium levels and
cardiovascular deaths.”

Methyl mercury and inorganic mercury salts have
been shown to cause hypertension in animals.?® In
these studies, however, the route of exposure was oral
or intra-arterial and the doses used were high.

In a cross sectional study of miners heavily
exposed to inorganic mercury an increased
prevalence of hypertension was seen (D O Marsh,
personal communication). In an extensive cross
sectional study by Smith ez al of United States and
Canadian chloralkali workers the tendency was
rather the opposite.'® In the United States mortality
study of workers exposed to mercury vapour" there
was no increased mortality from cardiovascular dis-
eases (D L Cragle, personal communication) but no
allowance was made for latency. If exposure to
mercury does indeed increase cardiovascular mor-
tality hypertension could be a possible mechanism.
Another reason could be the effect of mercury on
selenium metabolism.'

From experimental and previous epidemiological
studies on exposure to mercury there is, therefore,
limited evidence of cardiovascular toxicity. In the
present study there was no dose response relation
between accumulated mercury exposure and car-
diovascular deaths. Also, the confounding effect of
life style factors or shift work cannot be totally ruled
out. Further studies of hypertensive and other car-
diovascular diseases after exposure to mercury seem
appropriate.

KIDNEY AND BRAIN

A slight effect on renal tubules is common among
Swedish chloralkali workers even at the present
exposure levels.” This, however, would probably not
lead to any evident kidney disease.

Glomerulonephritis could be more serious. In the
British proportional mortality study of 91 chloralkali
workers there were two deaths from nephritis or
nephrosis between 1945 and 1960. There were three
deaths (one in connection with systemic lupus ery-
thematosus) among 375 non-exposed dead workers
in a reference group. Data on age distributions and
exposure to mercury are lacking. In a study at the
same plant the proportional mortality from kidney
disease 1972-9 was not increased among workers
exposed to mercury."?

In the United States mortality study” there was
only one case of nephritis compared with two expec-
ted during the observation period 1953-78. In our
study there was also only one case versus 0-8 expected
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(without latency). That subject had been exposed to
mercury for at least four years. No other specific
cause of the disease was found.

In total, these studies indicate that the mortality
from non-malignant kidney disease in chloralkali
workers exposed to mercury has not been substan-
tially increased during the past few decades. It
should, however, be noticed that a mortality study
today is not a sensitive method for detecting nephritis
in an exposed population when dialysis and trans-
plantations are in general use.

There were three kidney tumours versus 1-9
expected (table 3). The numbers were about the same
(without latency) in the United States mortality
study.”” The cohorts are too small to detect a
moderately increased risk. The power of the present
study allows a chance of 809, to show a fourfold
increase of kidney tumours (« = 0-05, one-tailed).

Non-malignant central nervous system mortality
could be discussed in a fashion similar to that on
nephritis. Mercury certainly affects the brain but
probably not in a way that increases mortality in non-
malignant diseases.

Our finding of three brain tumours versus 1-1
expected (table 3) seems to support the report among
dental personnel but it is also consistent with no
increased risk. The present study has a low power
(B = 0-8 to show a sixfold increase of brain tumours).
The mean exposure to mercury vapour in chloralkali
workers is and has been five to ten times higher than
that of dental personnel.”® The point estimate of the
rate ratio (and 959, CI) was 1-8 (1:2-2-7) among
dental personnel (all brain tumours) and 2-7 (0-5-7-7)
in the chloralkali workers. One could claim,
therefore, that if exposure to mercury vapour was the
cause of brain tumours in dental personnel there is
hardly any linear dose response relation.

Conclusion

In summary the incidence of lung cancer was
increased in the chloralkali workers, possibly due to
the previous use of asbestos. Cardiovascular mor-
tality was slightly raised, the reason for this being
unknown. The mortality from non-malignant dis-
eases of the brain and the kidneys, the main target
organs after exposure to mercury, was not signifi-
cantly increased, nor was the incidence of brain or
kidney tumours.

The medical staff at the chloralkali plants, Dr Bertil
Dahlberg, Dr Berit Holmgren, Dr Bo Nystrom,
Dr Urban Blomgqvist, Dr Bengt Tufvesson, Dr
Andrejs Viskers, and others gave valuable help in
forming the cohort, as did the engineers, the trade
unions, and former employees. Professor Staffan
Skerfving and Gunnar Thiringer commented on the
planning and the manuscript. The Swedish Work
Environment Fund provided economic support.
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