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TABLE 6

MEAN VALUES (M) AND STANDARD DEVIATIONS (SD) FOR SYSTOLIC AND DIASTOLIC BLOOD PRESSURE,
PLASMA GLUCOSE 1 HOUR AFTER GLUCOSE LOAD, SERUM CHOLESTEROL LEVEL, BIRTH DISTRICTS,
AND CIGARETTE SMOKING AMONG INFARCTION CASES AND CONTROLS IN THE WHOLE POPULATION

UNDER STUDY AND THE TWO-TAILED SIGNIFICANCE LEVELS (P VALUES)

Risk factor Cases Controls Significance
N =32 N =32 level

Systolic blood M 1486 133-4 P < 0-001
pressure (mmHg) SD 15-8 12-9
Diastolic blood M 899 823 P <002
pressure (mmHg) SD 10-6 85
Plasma glucose M 1349 1316 NS
1 hr after load (mg/100ml) SD 410 28-6
Serum cholesterol M 247-8 230-2 NS
(mg/100 ml) SD 55-8 32-8
Birth district? 1 1 1

2 10 14 NS

3 21 17
Cigarette smoking? 0 1 10

1 1 5

2 12 5

3 15 8

4 3 4 P <001
1 = Northern Finland 20 = Never smoked or no information
2 = Western Finland 1 = Stopped, smoked less than 10 years

3 = Eastern Finland 2 = Stopped, smoked over 10 years
3 = Smoked less than 10 cigarettes per day
4 = Smoked more than 10 cigarettes per day
TABLE 7 TABLE 8

MEAN DURATION (M) AND
STANDARD DEVIATION (SD)
OF INDEX OF EXPOSURE AMONG INFARCTION
CASES AND CONTROLS IN THE EXPOSED COHORT

MEAN DURATION (M) AND
STANDARD DEVIATION (SD) OF
INDEX OF EXPOSURE AMONG TYPICAL ANGINA
CAses AND CONTROLS IN THE ExPoseD COHORT

Exposure Cases Controls Exposure Cases Controls
N=25 N=25 N = 38 N =38
Duration (yr) M .. 149 13-8 Duration (yr) M 132 12-8
SD 57 3-8 SD 5-8 5-0
Index M .. 329 320 Index M .. 301 258
SD .. 191 137 SD .. 195 152
Discussion than expected among viscose rayon workers

In a previous report (Hernberg et al., 1973) an

explanation was given for our belief that a causal

relationship exists between exposure to carbon

disulphide and increased mortality from CHD; this

belief had the following basis :

(1) at least three different research groups have
shown coronary mortality that was higher

(Tiller et al., 1968; Mowé, 1971 ; Hernberg et al.,
1973);

(2) the strength of association is great (a relative
risk of five in our study);

(3) the literature contains data indicating several
biochemical mechanisms that may explain this
phenomenon (cf. Hernberg et al., 1973).

It is evident from the present study that not only
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is coronary mortality increased but also that milder
forms of CHD are more common among viscose
rayon workers, namely, clinical non-fatal infarctions
and a history of angina. Nevertheless a clear trend
becomes discernible: the highest relative risk was
apparent in the severest outcome or fatal attacks,
and the lowest for the mildest forms or history of
angina and coronary ECGs (Table 5). In reality the
latter displayed such slightly increased rates of
prevalence that they may well be attributable to
chance. A trend of this nature suggests that carbon
disulphide may primarily induce a deterioration in
the prognosis of CHD at a given severity of athero-
sclerotic changes in the coronary arteries. However,
since angina was also commoner among the exposed
group, it is possible that the total incidence and
prevalence of CHD may also be elevated to some
extent, with reservation for the inexact nature of the
questionnaire technique. Careful necropsy studies
of subjects exposed to carbon disulphide would be
required for more exact information on this point.
An attempt was made to check the necropsy reports
in this series in retrospect but, as could be expected,
this was unfruitful. Necropsies had been performed
in no more than eight cases, and no conclusions
could be drawn from such a small series. Apparently
elucidation of the mechanism by which carbon
disulphide damages the cardiovascular system needs
well-planned prospective necropsy studies performed
by experienced pathologists, most feasibly in the
form of cross-national collaboration with one or
more reference laboratories, as was proposed by
Schilling (1970).

During the five-year follow-up the exposed group,
initially 343 men in 1967, showed an excess CHD
mortality of 11 cases. Additionally, seven excess
cases of first clinical non-fatal infarction were
recorded, and at the end of the follow-up there was
an excess prevalence of 35 cases of angina (22 if
only typical angina is counted). These figures
clearly indicate the severity of the problem and urge
vigorous preventive action. The first question that
arises is whether or not the threshold limit value
(TLV) of 20 ppm recommended hitherto by the
American Conference of Governmental Industrial
Hygienists (1973) is safe. As is observable from
Figs. 1 to 4, the concentrations measured during
approximately the last ten years have been around
or below 20 ppm, with the exception of spinning
departments, in which they have been between 20
and 30 ppm. In the evaluation of these data it must
be borne in mind that the sampling was done only
once monthly.

As a rule sampling was restricted to so-called
normal working conditions. Everyone familiar with
the work in a viscose rayon plant knows that
spinners in particular, but also other workers, may
have repeatedly to work with the machine coverings

open or even inside them during a working shift if
anything goes wrong, a rather frequent occurrence.
Similar circumstances arise during repair and main-
tenance of the machines. Furthermore, during the
installation of new machines and under some other
conditions the ventilation system may be inadequate.
Since the sampling scheme was directed towards
monitoring average concentrations under normal
working conditions, it is more than probable that
these peak exposures were not included. On the
other hand, during periods with no disturbances
workers may spend several hours of their working
shift in ventilation surveillance rooms with practic-
ally no exposure at all. No account is here taken of
these periods. Even more importance is attached to
the fact that in 1967/68 132 of the 343 men examined
were no longer working in exposed conditions; in
1972 the proportion was 140 of 316 which implies
that about 409, of them had not undergone any
further exposure at all during the follow-up period.
The conclusion is that the deleterious effects of
carbon disulphide appear irreversibly to accelerate
the development of CHD, which further aggravates
the problem. When endeavours are made to clarify
the situation to enable at least something to be said
about the exposure-effect relationship, the following
points seem important: (1) The concentrations
measured were mostly of the order of less than 10
to 30 ppm; (2) the frequency of exposure peaks and
their intensity were unknown; (3) workers had
usually spent less than eight hours per shift under
conditions of exposure to carbon disulphide; and
(4) nearly half of them had had no exposure at all
during the follow-up. When all this is taken into
consideration, it must be admitted that estimation
of the personal exposure of workers was impossible.
Steps are now taken by the factories to measure the
personal exposure to CSaz.

When excess mortality and morbidity from CHD
occur under the true conditions represented by
measured concentrations within the range observed,
the conclusion to be drawn is that they are not safe
at all. Whether or not those measurements reflect
personal exposure is irrelevant from the standpoint
of evaluating the safety of the TLV, since this value
is the limit for the overall work room air, and not
for personal exposure. Therefore levels of 10 to
30 ppm with occasional periods of high concentra-
tions must be regarded as unsafe. It seems reasonable,
considering the seriousness of the outcome (i.e.,
death), to be more than normally cautious and to
require an adequately broad safety margin. As
stated by the ACGIH (1971), the limit of 20 ppm
appears to have a narrow margin of safety. On the
basis of this reasoning this limit seems to be too
high and accordingly the Finnish authorities did not
hesitate to lower the Finnish TLV to 10 ppm in
1972. Another preventive measure, probably at
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least as important, is the avoidance of exposure
peaks. On a short-term basis this is best achieved
by the rigorous use of personal protective equipment,
which by reason of its inconvenience, such as during
work inside the coverings, requires special arrange-
ments. However, technical solutions are clearly to
be preferred in the long run.

In conclusion, it may be stated that the cause-
effect relationship between carbon disulphide and
CHD is well established. More knowledge of the
exposure-response relationship is now urgently
needed so that the non-effect level can be defined.
With regard to this, it is crucial to produce reliable
and representative exposure data, and here the
monitoring of personal exposure should be given
close attention. Indeed, future research workers
should concentrate on the validity of their exposure
data rather than on overloading their investigations
with unnecessary clinical measurements. Primarily
this requires agreement on monitoring methods and
strict adherence to them. A great deal remains to
be done in this area.

We wish to thank Kalervo Mikinen, M.D., plant physician
of the ‘Yhtyneet Paperitehtaat’ paper-mill, for valuable
help with the comparison group, and E. Sorsa, M.sc.,
for providing the exposure data. Mrs. Pirjo Fahlstrom
helped with the statistical calculations, and Miss Ritva
Halonen and Mrs. Outi Marila coded the ECGs. Our
thanks are also due to the managements, industrial
nurses, and workers of both plants for their understanding
attitude and their help with the practical arrangements.
The forceful preventive measures started immediately by
the management of the Siteri viscose rayon plant when
the results became known, and the company’s open
policy deserves special acknowledgment. This study has
been aided in part by research grants from the Sigrid
Jusélius Foundation.
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