










Quantitative relation between emphysema and lung mineral content in coalworkers

higher concentration of respirable dust, had a
much higher prevalence of fibrotic lung dis-
ease. Forty eight per cent had mixed nodules
and 54% of these (26% of the total) had ILO
2/2 or greater.'2 In this group there was a sig-
nificantly lower prevalence of emphysema in
those subjects with mixed nodules than in
those with coal only macules, and this differ-
ence was especially pronounced in those with
profuse mixed nodules. This supports the
suggestion that there may be a negative asso-
ciation between silica and development of
emphysema. Unfortunately, the lungs of these
subjects were not available for the mineral
analysis used in this study.
The content of silica in the lungs of sub-

jects in this study was also lower than other
studies, both on an absolute and a percentage
basis. Our study showed a mean lung silica
content of 0-11% of dry lung weight, com-
pared with 0 35% in the study of British coal-
workers.9 The comparable absolute amounts
were 0 18 g and 030 g per subject.
Percentage content of coal in the lungs could
not be directly compared between the two
studies because of differences in the presenta-
tion of data, but the mean absolute amount of
coal per subject found in our study (3 9 g)
was lower than that found in the British study
(4 9 g). Content of coal in the lungs was an
order of magnitude higher than silica content
in our study (mean coal (g/l): mean silica (g/l)
= 22:1), similar to the British study, which
found a corresponding ratio of about 16: 1.
Emphysema score had a highly significant

negative relation with FEV,% in our study.
This result has been found previously in a
larger group of coalworkers that included the
subjects from our study," and in other studies
of coalworkers.89 The emphysema and
FEV1% relation was independent of coal con-
tent in the lungs suggesting that the associa-
tion was not a consequence of dust exposure
independently causing emphysema and a
decrease in FEV1%. The regression coefficient
suggests that the emphysema found in coal-
workers is of some functional relevance, with
an increase of emphysema of 10% leading to a
predicted decrease of FEV,% of about 7%.
This same negative relation between FEV1%
and emphysema was suggested in the analysis
that included only non-smokers, but the few
subjects with available FEV, measurements
make firm conclusions difficult. Recent evi-
dence indicates that occupational exposure to
coal dust alone might produce clinically
important airways dysfunction,2 36 although
this is not accepted by all researchers.45 In this
study, as the severity of pneumoconiosis
increased the severity of emphysema
increased. This relation seemed to be inde-
pendent of dust content of the lungs and sug-
gests a direct pathological connection
between pneumoconiosis and emphysema.
The FEV,% showed a non-significant decline
with increased severity of pneumoconiosis.
The lack of statistical significance of this rela-
tion was possibly due to the limited number of
subjects with available FEV, measurements.
The lung content of coal and silica were

highly correlated with each other, as would be
expected because most coalworkers were
exposed to mixed coal and silica dust. The
lung contents of coal and silica were also both
highly significantly correlated with years
worked at the face, although the correlation
coefficients of 0-26 and 0-27 suggest that
years worked at the face gives a more qualita-
tive estimate of the lung burden from dust
exposure. Years at the face was highly signifi-
cantly correlated with emphysema score, but
not when age was taken into account, presum-
ably because years at the face was acting as a
proxy measure of age in the univariate correla-
tions.
Some sources of bias are possible in a study

of this type, but, for reasons outlined here,
bias is not thought to have been a significant
problem. Most of the emphysema found in
previous studies of coalworkers was reported
to be of the centriacinar type,78 with little
panacinar emphysema, and this was also the
case in the present study. In advanced cases,
centriacinar emphysema extended to involve
whole lobules and to coalesce between lob-
ules, ultimately involving the whole lung. In
accordance with current thinking,32-34 we
regarded the two types of emphysema as part
of a range and hence made no attempt to sep-
arately measure panacinar emphysema.
Tissue preparation methods were the same for
all lung specimens used and emphysema mea-
surements were made by either of two
observers with standard techniques, with a
high degree of interobserver agreement and
blinded to the other variables of interest.
Assessment of emphysema by macroscopic
measurements has been criticised,'2 but the
technique is widely used'5 and, in this study,
emphysema score had a highly significant neg-
ative relation with FEV1%, as would be
expected clinically. The measurements of
overall emphysema are therefore believed to
be appropriate and reasonably accurate.

Dust analysis was performed with minor
modifications of established techniques, there
was good agreement between duplicate sam-
ples, and analysis was done without knowl-
edge of the emphysema measurements made
on each specimen. Lung content of coal and
silica can be regarded as the best quantitative
estimate of exposure as, once clearance mech-
anisms are saturated, accumulation of dust in
the lungs is probably proportional to further
exposure.'6

Coal and silica contents in the lungs were
adjusted by means of predicted vital capacity,
which was used as an estimate of lung vol-
ume, thereby providing a measure of the con-
centration of coal and silica in the lung. This
adjustment introduces some (presumably
non-differential) error. Expressing coal and
silica content of the lungs as a proportion of
dry lung weight would seem to give an even
better measurement of the concentration of
dust in the lung. Unfortunately, this measure-
ment can be criticised on the basis that more
emphysematous lungs probably contain less
total lung tissue. Thus for a given amount of
total lung dust, more emphysematous lungs
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would have a higher concentration of dust per
dry weight of lung, thereby potentially intro-
ducing a spurious positive relation between
dust content and amount of emphysema.
Conversely, more fibrotic lungs might contain
more lung tissue and so introduce an apparent
negative relation. Nevertheless, authors have
expressed lung dust content on a per dry
weight of lung basis,93738 and in our study
analyses with this measurement for coal and
silica produced similar results to the main
analyses performed with measures adjusted by
predicted vital capacity. The absolute mass of
coal or silica (unadjusted) does not give a
measure of the concentration of dust in the
lung as it does not take into account the fact
that bigger lungs will contain more dust than
smaller lungs. Therefore, this measure is likely
to contain significant non-differential error,
although analyses with these unadjusted mea-
sures gave similar results to the primary analy-
SiS.
The 264 subjects are a subset of a continu-

ous series of 1086 postmortem examinations
on coalworkers in New South Wales from
1949 to 1987. Lung tissue obtained before
1966 is no longer available for mineral analysis.
Subjects who had a postmortem examination
during the study period 1966-83 but were not
included in this study had similar values for
the main known variables of interest as sub-
jects who were included. Because the main
reason for exclusion of subjects at this stage
was inadequate lung specimens it is unlikely
that significant bias was introduced because of
this exclusion. It is likely that those miners on
whom postmortem examinations were carried
out had a higher prevalence of lung disease
than the overall mining population of the
same age during the study period. Lung dis-
ease established at postmortem examination
would be more likely to attract compensation
for the families of the miners than lung dis-
ease that was not confirmed pathologically, so
families of miners who suspected that they
had lung disease are more likely to have
agreed to a postmortem examination. There is
no reason to believe, however, that selection
would have been influenced by severity of
emphysema and lung dust content in such a
way as to artificially produce the results
found.

In conclusion, the results provide strong
support for the hypothesis that severity of
emphysema in coalworkers is causally related
to coal content in the lung and thus to expo-
sure to coal in life. In this regard it is of inter-
est that emphysema has recently become a
prescribed disease for underground coal min-
ers in the United Kingdom." The importance
of age and smoking in severity ofemphysema is
also confirmed. The results do not support a
relation between exposure to silica and the
development of emphysema. The lung con-
tent of silica of subjects may not have been
high enough, however, to show the true effect
of silica.
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