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tents (present or absent), were dichotomised because
of their low incidence in the control subjects.
The occurrence of amphiboles (all types) was

associated with a significantly increased probability
of presence of fibrosis (x2 = 5.0, p = 0-03). This
association was most pronounced among non-smok-
ers and subjects who smoked less than 20 pack-years
(X' = 7 9, p = 0 005). No corresponding significant
association for presence of tremolite (p = 0 1) or for
the concentration of chrysotile (p = 0 2) existed in
the total group. Among non-smokers and smokers
with a tobacco consumption of less than 20 pack-
years, however, there was an effect of tremolite
(x' = 5.3, p = 0 02). Further, there was a significant
association between amount of smoking and increas-
ing probability of fibrosis (x2 = 4-2, p = 0 04). This
was due mainly to an association in the subjects
without amphibole fibres (X2 = 6-7, p = 0 01).

Fibre counts and backgroundfactors
Nb group of fibre counts was significantly associated
with tobacco consumption among the asbestos
cement workers when age, intensity, and duration of
employment were adjusted for in a logistic regres-
sion. Age displayed a tendency towards a positive
association with concentrations of chrysotile
(p = 0 06), but not with other fibres.
Among the controls, tobacco consumption was

significantly related to the presence of tremolite
(X' = 7 7, p = 0 005), but not to the presence of
chrysotile (p = 0-4), or presence of amphiboles
(p = 0 08). Age had no significant effect.

Discussion
FIBRE COUNTS
The specimens were collected retrospectively from
routine necropsies, often without information about
from which part of lung the tissue had been taken. As
long as this is done randomly in relation to exposure
state, it will increase the variation and, therefore,
increase the difficulties in establishing correlations
with exposure. The possibility of a non-random
sampling must also be considered. Asbestotic lesions
are often located peripherally and in the lower lobes,
and these sites tend to have higher counts of fibres
(about 20% higher than the rest of the lung) and
asbestos bodies.'7 It is possible that, due to macro-
scopic changes, the tissue was sampled from these
parts among some of the exposed workers. This
would increase the differences between the exposed
persons and the controls. It is, however, highly
unlikely that this explains differences of the mag-
nitude we have found.
The filter preparation for TEM is complicated.

Loss ofmaterial can occur at several stages, and fibre
bundles can split up. The magnitude of this effect
might differ for the different types of fibre and cause

false fibre counts. The material from the exposed and
the control groups was handled and analysed in
parallel and in the same way, but our results cannot
be directly compared with materials from other
laboratories, because of considerable interlaboratory
variation."8

In the statistical analysis, fibre counts and mass
estimates for total fibres and all amphiboles were
used in parallel. The results using fibre counts and
mass estimates were similar, although the mass
estimates generally tended to strengthen the dif-
ferences between the groups.

Fibre counts among the asbestos cement workers
were, as expected, higher than among the controls.
The major fibre was chrysotile, which is in accor-
dance with the use of asbestos in the factory.
Chrysotile has a relatively short persistence in lung
tissue.4 It may, therefore, be assumed that a large part
ofthe chrysotile, primarily deposited in the lung, had
been cleared in the period from cessation ofexposure
to death. The chrysotile counts among the "un-
exposed" controls were surprisingly high compared
with other controls (from the United States) studied
by the same laboratory,'9 indicating that the average
Swede might have an exposure to chrysotile that is
not negligible.
A marked difference in amphibole content was

found between the exposed and the control groups.
The ratio between amphibole and chrysotile fibres in
lung tissue in the exposed group was higher than the
estimated proportion used in production, but
chrysotile was still the predominant fibre (in terms of
number of fibres) in the exposed group. Considering
that amphiboles accumulate in lung tissue to a much
larger extent than chrysotile,4 this indicates that
exposure to amphiboles constituted a very small part
of the total exposure to asbestos at the plant.

In the controls, there was a significant association
between smoking and content of tremolite. These
findings are difficult to interpret and do not give any
clear evidence for an increased deposition or
decreased clearance among the smokers, especially as
no such relation was found in the exposed group or
for any other type of fibre.

Strong dose response relations were found be-
tween duration of exposure and concentration of
commercial amphibole fibres in the lung, but not for
the less persistent chrysotile fibres. The non-com-
mercial amphiboles (tremolite and anthophyllite),
frequently present in chrysotile ore, did, however,
display a correlation with duration of exposure. This
association was independent ofage. It is thus possible
that these minerals, in a known industrial setting,
could be used as a rough indirect measurement of the
accumulated exposure to chrysotile, although some
data suggest that processing of chrysotile would
remove part of the tremolite contamination.20 This
issue does, however, need further investigation.
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ASBESTOS BODIES
A good correlation was also found between the
number of asbestos bodies detected with light
microscopy and fibre counts and mass (TEM) for
commercial, as well as non-commercial, amphiboles.
This is in accordance with the fact that asbestos
bodies form mainly around amphibole fibres,2 22 but
in these studies correlations were found only between
the commercial amphiboles and asbestos bodies. The
present study indicates that counting of asbestos
bodies by light microscopy with unstained sections
25 y thick, may be useful not only as a crude estimate
of exposure to amosite and crocidolite, but also to
chrysotile with tremolite contamination.

FIBROSIS
The relative fibrogenicity of the different types of
asbestos in humans is not fully known. In the textile
industry, using only chrysotile, an association was
found between fibrosis and the content of chrysotile
in lung tissue.'9 Among dockyard workers, probably
with a substantial exposure to amphiboles, no
association was found between the chrysotile count
in lung tissue and fibrosis, whereas such associations
were found for both amosite and crocidolite.2" In this
study, no correlations were found between the
chrysotile content and the degree of fibrosis among
the exposed workers. For crocidolite and amosite a
weak association was found only when more pro-
nounced fibrosis was compared with no or slight
fibrosis. Our assessment of the fibrogenic effect of
these fibres was, however, limited as few workers had
a high exposure to them.
A significant correlation was established with the

amount of tremolite. This association could arise
from the lower clearance rate, but the persistence of
these fibres may also make them particularly
fibrogenic. In Canadian chrysotile mines around
1 5% of the airborne fibres are tremolite and studies
oflung tissue from the miners actually showed higher
amounts of tremolite than chrysotile fibres,4 20 24
whereas workers exposed to chrysotile in other
industrial settings usually have more chrysotile than
tremolite fibres in their lungs.20 Associations between
the content of tremolite and fibrosis have been found
among chrysotile textile workers,'9 and the associa-
tion was stronger than with chrysotile. Tremolite
with a high aspect ratio, as the only known mineral
fibre to which workers were exposed, has also been
associated with fibrosis. Thus workers engaged in
mining of vermiculite contaminated with tremolite,
and populations in Greece with environmental
exposure to whitewash containing tremolite, had
parenchymal changes on x ray film suggesting fibro-
SiS.25 2 Together, these results confirm that tremolite
accumulates in lung tissue and indicate that
tremolite, as well as the commercial amphiboles
(amosite and crocidolite), may have a stronger

fibrogenic effect than chrysotile.
The association, found among the controls, be-

tween concentrations of all amphiboles and
tremolite, and fibrosis was not expected. Further-
more, a more thorough analysis showed that smoking
was correlated with fibrosis and the fibrogenic effect
of the commercial amphiboles and tremolite was
evident only among the non- and light smokers. This
finding is surprising in a group, which, to our
knowledge, had no extensive occupational exposure.
The amphibole (especially tremolite) concentrations,
were generally low, although the amount oftremolite
in one of the control subjects (a farmer) was so
outstanding, as to suggest a significant exposure
(powdered dolomite used in the fields?). It is note-
worthy that the association between tremolite and
fibrosis was even strdnger when he was excluded.
From the present data, it cannot be judged whether
the fibres accumulated first, causing fibrosis, or ifthe
fibrosis occurred first, causing a deterioration of the
alveolar clearance of fibre particles. Moreover,
analysis on total dust was not performed and
therefore the relation between the total material
retained in the lung and the content of tremolite
could not be assessed.

MESOTHELIOMA
There were interesting differences in the contents of
crocidolite and tremolite between asbestos cement
workers with and without mesothelioma. These
observations are in agreement with the findings
reported from Canada,27 and the United Kingdom,2
where the cases ofmesothelioma had higher concen-
trations of amphiboles in lung tissue than matched
controls, whereas no difference in the content of
chrysotile was established.
The differences in content of amphiboles between

mesothelioma cases and non-mesothelioma cases in
our study could only partly be explained by back-
ground factors (duration of exposure, calendar year
of onset of employment, time between cessation of
exposure and death). After accounting for these
factors in a roughly matched case-referent analysis,
the cases still had a higher amphibole count than the
non-cases in six out of seven pairs.
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