






Table 8 Observed and expected mortality after completing 10 years' employment

Men Women

Follow-up after 10 0-10 >10 0-10 >10
years' exposure (years)
No/subject-years 2484/21860 1808/19 025 627/5578 457/6377

Cause ofdeath Obs Exp Obs Exp Obs Exp Obs Exp

Allcauses 185 195-7 432 450 8 14 21 3 76 66.5
Lung and pleural cancer 23 213 58 (7) 47-4 0 0 7 2 (1) 2-2
Gastrointestinal cancer 23 163 25 35-8 0 1 8 8 5 7
Other cancers 7 12 6 21 28-2 3 4 5 14 10 7
Other causes 132 145 5 328 339-4 11 14 3 52 47-9

main mortality study were looked at in more detail in
a case-control study using the method of Liddell et al.7
Four matched controls were chosen for each meso-

thelioma, where matching was for: (1) sex, (2) year

started work in factory (± one year), (3) year of birth
(± four years), (4) survival up to time of death of
mesothelioma, and (5) employed at factory during
crocidolite period for same time as case.

Nine of the cases had been employed during one or

both of the periods when crocidolite was used, and
their controls were chosen to have also worked during
these periods. The occupational histories of cases and
controls were examined and an assessment made of
exposure to crocidolite and also of the level of
exposure to chrysotile. There was no indication of
whether any individual was a case or control, but
many of the mesotheliomas were previously known
about in the factory, and the names may have been
remembered. Eight of those dying of mesothelioma,
and therefore also their controls, started work at the
factory before the personnel filing system was set up,
and the job histories could be established completely
only by individual inquiries, including talking to
surviving work-mates. Exposure to crocidolite was
classified as definite for working on the crocidolite
contract and as fringe for work in the same shed but
more than 15 m from the crocidolite work or for
chance intermittent exposure. The results of the
study are summarised in table 9; 80% of those dying
of mesothelioma had worked on the crocidolite con-

tract compared with only 8% of the controls. Those
with mesothelioma, however, had also been exposed
to higher levels of chrysotile than the controls; 90%
had been exposed to more than 5 f/ml compared with
25% of the controls. The confounding effect of

Table 9 Exposure to crocidolite of mesotheliomas and
controls

exposure to chrysotile was eliminated by considering
only cases of mesothelioma and their controls who
had been exposed to chrysotile at a level of at least 5
f/ml. This left six cases with 10 controls (table 10).
Controls were unevenly distributed among the cases;
case A had three eligible controls, B and E two each,
and D, G, and J only one each. The four cases not
shown in table 10 had no eligible controls. Given the
pattern of exposure within each set of a case and its
controls, the observation that five workers with meso-
theliomas had had definite exposure to crocidolite is
the most unlikely outcome (probability 1/36 the one-
sided significance level) in the absence of an associ-
ation between crocidolite and mesothelioma.
Postmortem material was obtained from seven of

the mesotheliomas and an analysis of lung content8
carried out (table 11). Case C had an extremely high
value for chrysotile asbestos. There was nothing in
the exposure history to explain this; for the last 25
years of his life this man was exposed to an estimated
level of 1 to 2 chrysotile fibres/ml. The crocidolite
levels of the five cases with mesotheliomas (B, C, E,
G, H) with exposure on the crocidolite contract were
all high. By contrast, in lungs from consecutive
necropsies from six cities and towns in the United
Kingdom in 1977 only 8% exceeded a level of one

million fibres of crocidolite per gram.9 Thus the lung
contents confirm the occupational histories. Meso-
thelioma J did not work on the crocidolite contract
and his lung content is lower. He did not start work at
the factory until he was over 50 and had previously
worked in an asbestos cement factory for over 20
years. Therefore his mesothelioma cannot be
attributed with any certainty to his exposure in the
factory of this study. Case I's job history is not docu-
mented, but she may have had fringe exposure to

Table 10 Exposure to crocidolite of mesotheliomas and
controls with exposure to chrysotile level ofat least 5flml

Reference A B D E G J

Mesotheliomas + + + + + -

Controls --- + - + -- - -

+ =Definite exposure to crocidolite.

Exposure

Definite Fringe None known Total

Mesotheliomas 8 1 1 10
Controls 3 7 30 40
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Table I1 Lung contents ofmesotheliomas

Reference Lung contents
(millions fibres/gm)

Crocidolite Chrvsotile

B 20 1 17 2
C 39-8 6166
E 26 24
G 83 62
H 144 17 6
1 114 458
_ 1 5 127

crocidolite; her lung contents suggest that this may
have been considerable.

DOSE-RESPONSE BETWEEN EXPOSURE TO
CHRYSOTILE AND LUNG AND
GASTROINTESTINAL CANCER
A case-control study of deaths due to lung cancer

(ICD 162) was carried out. This study was restricted
to men since there were few lung cancers in women
(table 7). It was also restricted to those who had
started work after the personnel files had been set up
(to facilitate the establishment of occupational
histories), to those who started before the end of
1960, and to those who survived for at least 10 years
after starting work in the factory. There were 106
deaths from lung cancer satisfying these criteria, and
three controls were chosen for each case, matched
for: (1) year started in factory, (2) date of birth, and
(3) survival up to time of death from lung cancer.

For each case the controls were chosen from those
satisfying (1) and (3) to give as good a match as

possible for date of birth; 97% of controls were

matched within four years. Within the restricted set
of men there were 86 who had died of gastrointestinal
cancer (ICD 150-159). These men were also included
in the study. Further controls were not selected for
the deaths from gastrointestinal cancer because these
workers had similar distributions of year of birth, year
started in factory, and year of death to the lung cancer
group (table 12). The gastrointestinal cancers were

therefore compared with the controls of the lung
cancers, using methods appropriate for unmatched
data.

For the two sets of deaths from cancer and the
controls, occupational histories were extracted from
the files and interpreted in terms of level of chrysotile
exposure. Those carrying out this process were given
no information on whether or not an individual was a
case or a control.
Each occupational history was integrated with

respect to time to give the cumulative exposure up to
the date of death for the cases, and for controls up to
the date of death of the corresponding case of lung
cancer. The total duration of exposure was also calcu-

Table 12 Characteristics of deaths from lung cancer,
matched controls, and deaths from gastrointestinal cancer

No ofsubjects
Deaths from Controls* Deaths from
lung cancer gastrointestinal

cancer

Year ofbirth
Pre- 1899 25 71 19
19(X)((9 38 117 29
1910-19 28 82 23
192(-29 13 41 11
1930-39 2 6 4

Total 1(06 317 86

Mean vear of birth 1907 9 19082 1908 8
Year started atfactorv
1941-45 32 96 17
1946-S5 41 122 35
1951-55 18 54 15
1956-60 15 45 19

Mean year started 1949-6 1949-6 1950-5
Year o;fdeath
Pre- 1960) 7 - 6
1961-65 13 - 9
1966-70) 24 - 22
1971-75 35 - 22
1976- 27 - 27

Mean year died 1970(9 - 1971.0
* One control was omitted because it proved impossible to obtain an
occupational historv.

lated. These two measures were also evaluated up to
nine years before the above dates, as done by
McDonald et al 0 on the basis that recent exposure is
irrelevant to the risk of lung cancer. A fifth measure
evaluated was the cumulative dose weighted by the
time elapsed since the exposure occurred.t I This
measure was evaluated up to the date of death and
attaches most importance to the earliest exposure.
The distributions of duration of exposure and

cumulative exposure up to death are given in tables 13
and 14. The odds-ratios-that is, the approximate
risks of cancer, relative to the lowest exposure group
-are also given. For lung cancer there is no indi-
cation of an increased risk with either duration of
exposure or cumulative exposure. For gastro-
intestinal cancer there is no sign of an increased risk
with cumulative exposure, and although there
appears to be a trend with duration of exposure up to
20 years, this trend is not supported by the numbers
with more than 20 years' exposure and could have
occurred by chance. There was also no sign of
increased risk with duration of exposure or with
cumulative exposure calculated to nine years before
death or with the measure of exposure weighted by
elapsed time (tables not shown). Restricting the
analysis to cases who survived for at least 15 years
after first employment in the factory also did not show
any dose-response relationships.

For lung cancer a linear relationship between
relative risk and cumulative exposure was fitted using
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Table 13 Distributions ofduration ofexposure up to death

Duration of No ofsubjects Odds-ratios
exposure
(years) Controls Lung Gastrointestinal Lung Gastrointestinal

cancers cancers cancer cancer

()0-)9 74 26 16 1 00 1 00
1-49 86 29 24 096 1-29
5-99 28 8 9 0-81 1-49
10-19-9 77 28 26 1-03 1-56
20-33 5 52 15 1 1 0-82 0-98
Total 317 106 86

methods appropriate to matched data.'2 The co-

efficient was estimated as 0 00058 per fibre-year/ml.
That is, for a cumulative exposure of 100 fibre-years/
ml the relative risk was estimated as 1-06; the upper

90% confidence limit was 1 80.

Discussion

The only evidence of excess mortality associated with
asbestos exposure at this factory that we have estab-
lished is that mesotheliomas have occurred. Of 11
workers dying of mesothelioma in the study, eight
worked on the contract in which crocidolite was used
and another may have had intermittent exposure to
crocidolite. The occupational histories used to obtain
this information were supported by data on the lung
contents at necropsy, although no control material
from deaths due to other causes in this study was

found for comparison. One of the two other cases had
worked for many years in an asbestos cement factory
and, while there was no evidence from inquiries at
this factory or from the lung contents at necropsy of
exposure to crocidolite, the mesothelioma could not
be definitely attributed to his known exposure to
chrysotile. The worker who died of a mesothelial
tumour in late 1980 had been employed in the factory
for only two weeks and, although he is not known to
have been exposed to asbestos elsewhere, this is a

possibility.
This study, together with a recent study of textile

workers exposed only to chrysotile,'3 confirms that

mesotheliomas are rare after exposure only to chryso-
tile and provide further evidence of the association of
this tumour with amphibole asbestos. 14
There was no evidence of an overall increase in

mortality, or of any excess of deaths due to lung
cancer either in relation to the national population or,
within the factory population, to different levels of
exposure. We attempted to obtain information on the
smoking habits ofmen in the lung cancer case-control
study, but this information was recorded on so few
that it was impossible to allow for smoking in the
analysis. Reduced smoking by the workers in the
factory, compared with the national population,
could possibly have hidden an asbestos effect, but it is
unlikely that it would have distorted a dose-exposure
relationship within the factory.
There was also no convincing evidence of excess

mortality from gastrointestinal tumours either in the
main mortality study or in the case-control study.
A noteworthy aspect of our study was the low

exposure experienced by the work-force-partly
because there were several short-term workers but
also a consequence of good environmental control in
the factory during the past 30 years. As a result only
5% of the men employed after 1941 accumulated an
exposure of 100 fibre-years/mI which, in historical
terms, is low.
McDonald et al'5 in their study of the Quebec

chrysotile production industry found a dose-response
relationship, but this was determined by large
excesses of lung cancer at very high exposures. At 100

Table 14 Distributions ofcumulative exposure to death

Cumulative No ofsubjects Odds-ratios
exposure
(f-y/ml) Controls Lung Gastrointestinal Lung Gastrointestinal

cancers cancers cancer cancer

(09 132 50 36 1 00 1 00
10-49 124 37 40 079 1-18
50-99 40 13 9 0 86 0-83
1()(-356 15 5 1 0 88 0-24
Total 311* 105* 86

*For seven men (6 controls, I lung cancer) information available on dust levels was insufficient to calculate cumulative exposure.
f-y/ml= Fibre-years/ml.
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fibre-years/mi their estimated SMR for lung cancer
was 104. In our study the corresponding SMR was
similar (106) but, whereas the slight excess risk in
Quebec was statistically significant, that in our study
could have arisen by chance. Peto'6 gave results from
an asbestos textile factory and estimated a risk equiv-
alent to an SMR for lung cancer of about 160 at 100
fibre-years/ml. This higher value is within the con-
fidence interval of our estimate so the two studies are
not necessarily contradictory. Nevertheless, crocido-
lite as well as chrysotile was processed at the textile
factory. Dement et al'' reported a study of an asbestos
textile factory where only chrysotile was processed. A
large excess of lung cancer was observed correspond-
ing to an SMR of 500 at 100 fibre-years/ml. This
finding is in pronounced contrast to any other study
where there was exposure only to chrysotile, and the
reasons for this have not yet been established.
Thomas et al18 found no excess deaths due to lung
cancer in workers exposed only to chrysotile in an
asbestos cement factory. Most of the workers had
short periods of exposure and so the cumulative
exposures were not high.
The study reported in this paper, together with that

at the asbestos cement factory, 18 show that chrysotile
was used in manufacturing industry with no detect-
able effect on mortality during a period when workers
in factories processing amphiboles were experiencing
high excess mortality due to lung cancer, meso-
thelioma, and other cancers.
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