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Can exposure to coalmine dust cause a severe
impairment of lung function?
J F HURLEY AND C A SOUTAR

From the Institute ofOccupational Medicine, Edinburgh EH8 9SU, UK

ABSTRACr It is well recognised that exposure to respirable coalmine dust causes a reduction in lung
function but it has not been clear whether the impairment offunction is sufficient to cause disability,
unless progressive massive fibrosis occurs. From a study of 4059 men without progressive massive
fibrosis who worked in the coal industry for at least ten years from the 1950s, and who were
followed up and re-examined medically more than 20 years later, a subgroup was selected using
criteria intended to favour those who may have suffered greater than average effects of dust ex-
posure. These 199 men had left the coal industry before normal retiral age, had taken other jobs,
and had reported symptoms of chronic bronchitis at follow up. The inverse relation between dust
exposure and FEV1 among these 199 men was much more severe than the average effects previously
shown among more representative groups of coalminers. The effect of exposure to respirable dust
was estimated conservatively as an impairment of about 2 ml FEV1 per unit of dust exposure
(gh/m3). The estimated effect among ex-smokers was more severe. These compare with a previous
estimate, based on a less selected population, of 0-6 ml FEV1 per gh/m3. The new estimate in this
group of 199 men corresponds to an average loss of 600 ml FEV1 in response to a moderately high
dust exposure to 300 gh/m3, with correspondingly higher losses in the ex-smokers. These findings
show that among a group of men intentionally selected to include those who may have suffered
greater than average effects of dust exposure, the relation between exposure and FEV1 is consistent
with the view that in some men even moderately high exposure to dust causes severe impairment of
lung function.

An inverse relation between exposure to respirable
dust and the lung function of coalminers was estab-
lished more than ten years ago' and confirmed sub-
sequently in other studies.2' The average dust effect
was estimated' as a loss of 0-6 ml FEV, per unit of
dust exposure (gh/m3), implying on average a clin-
ically modest reduction in response to a lifetime's
working under current conditions in British coal-
mines.

There are two reasons why some men may never-
theless suffer a clinically important loss of function in
response to dust exposure. Firstly, Rogan and col-
leagues noted that 10% of the coalface workers in
their study had experienced dust exposures in excess
of 440 gh/m3, associated on average with estimated
reductions of 250 ml FEV, or more.' Such high ex-
posures are, however, extremely unlikely under to-
day's conditions. Secondly, they also considered the
unexplained differences in FEV, among men with
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moderate dust exposures. To some extent these
differences may reflect a natural variability in the way
that the lung function of coalminers responds to dust
exposure. Studies to date, however, have not
identified what factors, if any, may be related to a
more severe response. Thus there are at present no
direct estimates of the effect of dust in the men who
respond most severely, and the clinical importance of
dust exposure for the lung function of coalminers has
remained a controversial issue.5`7

While studying a group of 1867 coalminers and
2192 ex-miners in Britain in whom average dust
effects8 similar to those reported previously' were es-
tablished, we aimed to characterise and to study in
detail subgroups of men who are most likely to in-
clude those suffering greater than average effects of
dust exposure. One such group, certainly not repre-
sentative of coalminers generally, included 199 men
who showed an exceptionally severe inverse relation
between exposure to respirable dust and FEV,. We
now report the results that show this relation and dis-
cuss its causes and implications. A more comprehen-
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Can exposure to coalmine dust cause a severe impairment oflung function?
sive report is being prepared that will include other
results from the larger study of which this finding
forms a part.

Subjects and methods

CONTEXT
The data form part of the pneumoconiosis field re-
search,9 in which 53 382 coalminers participated be-
tween 1953 and 1980. The men studied were included
in a sample'0 of 17 738 coalminers examined between
1953 and 1958 at the first of a series of medical
surveys of the current working populations at 24
collieries9 throughout Britain. The 24 collieries were
grouped into six geographical regions for the pur-
poses of the present analysis.
A full sized chest radiograph was taken at all sur-

veys. The earliest generally reliable measurements of
lung function were obtained between 1963 and 1968
at the third of this series of medical surveys, attended
by 8128 men in the sample who were still employed in
the industry at that time. The exclusion of men with
progressive massive fibrosis (PMF) at third survey,
and others with missing or unreliable survey data, re-
duced those available for study to 7624 men. Of these,
4833 attended at a further series of follow up exam-
inations between 1974 and 1980, aimed at re-
examining survivors from the sample whether or not
they were still working in the industry; 1305 (17%) of
the 7624 men had died. The representativeness of the
4833 men relative to the group of 8128 has been de-
scribed recently."

Further exclusions for incomplete or unreliable
data or the presence of PMF at follow up survey re-
duced the study group from 4833 to 4059 men, of
whom 2192 had left the coal industry by that time.
The 4059 men form the basis of continuing study in-
vestigating substantive and methodological aspects
of the relation between dust exposure and lung func-
tion, both cross sectionally and longitudinally. The
primary purpose of this work is to determine whether
or not ex-miners had responded more severely to dust
exposure than had the men who remained employed
in the coal industry.

DATA
Questionnaires on respiratory symptoms and smok-
ing habits were administered by trained personnel at
all surveys other' than the first.'2 Chronic bronchitis
at follow up survey was defined on the basis of the
questionnaire as the presence of persistent cough and
persistent sputum. Lung function was measured by
simple spirometry,' and the mean of three technically
satisfactory measurements of FEV, at follow up sur-
vey used in the analysis. When only one or two tech-
nically satisfactory blows had been recorded, the

mean of these was accepted. Date of birth was
recorded and standard anthropometric measurements
taken.

All follow up survey chest radiographs were read
independently and in random order by a panel of five
readers (four of whom were not medically'qualified)
who had trained themselves13 to interpret chest ra-
diographs according to the ILO U/C classification.'"
The median of these five readings was used as the
follow up survey classification for each man.
Men were classified as current smokers, ex-

smokers, and lifelong non-smokers at follow up on
the basis of their responses to the smoking question-
naires. Two approximate indices of cigarette con-
sumption were derived for men who were current
smokers of cigarettes only, and not pipes or cigars, at
the third medical survey. Firstly, the number of ciga-
rettes smoked at the time of third survey was multi-
plied by the number of years since the man was aged
16, and expressed as a total number of cigarettes
smoked. Then the number smoked at the time of fol-
low up survey was multiplied similarly by the length
of the interval between intermediate and follow up
surveys. The number of cigarettes smoked during this
latter interval had not been recorded for men who had
given up smoking between intermediate and follow
up surveys, and a value of zero cigarette consumption
was assigned to them for this period.

Estimates of the dust concentrations to which men
had been exposed were derived from an intensive long
term programme of environmental sampling at the 24
research collieries concerned.' Continuous moni-
toring of where men worked within the collieries, sup-
plemented by occupational histories obtained by
interviews at the medical surveys, provided informa-
tion on the time worked by each man in these condi-
tions. Data on concentrations and on time worked
were then linked'6 to provide estimates of individu-
als' lifetime exposures to respirable coalmine dust.
The units of dust exposure are grammes of respirable
dust per cubic metre of air times hours (gh/m3).

Occupational histories recorded at follow up were
also used to classify the 4059 men as miners or ex-
miners. Ex-miners were subclassified according to
whether they had retired from work, been made re-
dundant, or left voluntarily and taken up other jobs
after leaving.

STATISTICAL METHODS
After detailed data descriptions, FEV, at follow up
survey was related in cross sectional analyses to other
characteristics of the men, using linear regression
methods.'7 Analyses were carried out using the
BMDP suite ofprograms.'8 Residuals were examined
thoroughly.
We found that FEV1 level varied by geographical
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Table 1 Mean (SD) of, or number (%) with, selected characteristics among the 199 men relative to men ofsimilar agefrom
the original study group of4059 men

Subjects ofthis paper Ex-miners < 65 years Miners

No 199 1023 1867
Age (years) 53 (7) 56 (8) 53 (7)
Height (cm) 170 (6) 170 (6) 170 (6)
Weight (kg) 77 (12) 75 (13) 76 (12)
Dust exposure (gh/m3) 158 (103) 167 (107) 174 (100)
FEV (ml) 2492(842) 2485 (834) 2751 (759)
Smo1ting status:
Non-smokers 11(6%) 125 (12%) 255 (14%)
Ex-smokers 35 (18%) 273 (27%) 435 (23%)
Smokers 153 (77%) 625 (61%) 1177 (63%)

Geographical region:
Scotland 35 (18%) 182 (18%) 276 (15%)
West Midlands 6(3%) 75 (7%) 224(12%)
North East England 40 (20%) 222 (22%) 379 (20%)
Yorks and Notts 9(5%) 68 (7%) 412 (22%)
South Wales 49 (25%) 249 (24%) 330(18%)
Other 60 (30%) 227 (22%) 246 (13%)

Including the 199 subjects of this paper.

region, and that its relation to age varied according to
smoking habit when men were classified as non-, ex-,
or current smokers.8 These factors, together with
height and weight, were found to provide an adequate
context in which to study the effect of dust exposure.

SUBJECTS
Analyses of the 4059 men had confirmed that there
was a clear effect of dust exposure on FEV1 taking
into account other factors including geographical
variations.8 There was some evidence that the 1023
ex-miners who were younger than the retirement age
of 65 had suffered a more severe response to dust ex-
posure than other men. These ex-miners were
classified further according to whether or not they
reported symptoms of chronic bronchitis, since men
may have been influenced in decisions about jobs by
perception of their health and the influence of work
on it.
The results suggested a greater than average effect

of dust exposure among the 453 ex-miners under 65
who had reported symptoms of chronic bronchitis.
These men were therefore examined in more detail
according to their reasons for leaving the industry
and their subsequent employment, since such deci-
sions could also be influenced by perceptions of
health or illness.
The 453 ex-miners with bronchitic symptoms com-

prised 158 who had left the coal industry voluntarily
and did not take other jobs, 199 men who left volun-
tarily and did take other work, and 96 who had been
made redundant or were unclassifiable in terms of
subsequent employment.
The 199 men who left voluntarily and took other

work are the subjects of this paper. Results for the 158
men who left voluntarily, without taking other jobs,
did not show a strong association between dust ex-

posure and FEV1. They will be included in the main
report of the study of 4059 men, which is in prepara-
tion.

Results

The data in table 1 compare the 199 subjects with
miners and ex-miners of similar age from the larger
study group of 4059 men. The three groups are simi-
lar in height and weight. The geographical distribu-
tion of the 199 men is similar to that of other
ex-miners aged under 65 but different from that of the
men who stayed in the industry.

There was no evidence (table 1) that the 199 men
had experienced particularly high dust exposures.
They did, however, include an unusually high propor-
tion of smokers. Nevertheless, their unadjusted FEV1
was not unusually low, on average, being almost iden-
tical with that of other ex-miners aged less than 65
and, like them, worse than the FEV1 ofmen who had
stayed in the industry.

There are, however, large variations in unadjusted
FEV1 levels within the group of 199 men. The most
striking characteristic (table 2) is the association be-
tween high dust exposure and low FEV1. This effect is
pronounced in all four age groups considered, and
does not appear to be explicable in terms of the height
of the men concerned. In addition, the observed val-
ues of FEV1 indicated clinically severe impairment of
lung function in some men, particularly among the
older and higher exposure groups. Five men had an
FEV1 below one litre, and three of these had experi-
enced dust exposures in excess of 300 gh/m3.
The interpretation of an association such as shown

in table 2 is complicated by many factors that may
influence FEV1 level; in particular, the data in table 2
take no account of smoking habit or geographical

Hurley and Soutar152

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.43.3.150 on 1 M
arch 1986. D

ow
nloaded from

 

http://oem.bmj.com/


Can exposure to coalmine dust cause a severe impairment of lung function?

Table 2 Numbers ofmen, mean (SD) ofFEV1 (1), and height (cm), in 199 men grouped by ranges ofage and dust exposure

Age (years) Dust exposure (gh/m3)
0-99 100-199 200-299 >300 All
No No No No No
FEV FEV FEV FEV FEV
Heiglt Heiglt Heiglt Heiglt HeigLt

35 23 4 2 64
< 50 3-2 (0.9) 2.9 (0.8) 2-5 (1-0) 2.4(0.8) 3 0(0 9)

171(6) 171(6) 165 (7) 172 (4) 171(6)
9 13 11 6 39

50-54 29(05) 24(0-5) 2.1 (0.6) 21 (0.9) 24(06)
172(7) 170(5) 170(3) 171 (5) 171 (5)
20 23 17 5 65

55-59 25 (07) 21 (07) 2-4 (0-6) 18 (07) 23 (07)
170 (5) 170 (5) 171 (7) 170 (4) 170 (6)

9 7 10 5 31
> 60 2 2 (0 9) 2-1 (0-7) 1-9 (0-5) 1 4 (0-8) 1-9 (0 7)

172 (8) 169 (13) 170 (7) 168 (8) 170 (9)
73 66 42 18 199

All 2-9 (09) 25 (0-8) 22 (06) 1-8 (08) 2-5 (0-8)
171 (6) 170 (6) 170 (7) 170 (5) 170 (6)

variations. A strong inverse relation between dust ex- exposure 524 gh/m3; FEV1 867 ml) were excluded
posure and FEV1 was, however, confirmed (t = from an analysis that was otherwise identical with
-4-1, p < 0 001) in multiple regression analyses that that in table 3. In this context the estimated regression
adjusted simultaneously for the effects of age, height, coefficient of FEV1 on dust exposure was somewhat
weight, differences between smoking groups (includ- more conservative, at -2-0 ml FEV1 per gh/m3 of
ing different effects of age according to smoking exposure, but remained highly significant statistically
habit), and regional differences. The regression (t = -29, p < 001).
coefficients are given in table 3 and help to explain the Secondly, we considered it plausible that we might
structure of the statistical representation. Note that in adjust more reliably for age, height, weight, smoking
terms of statistical significance, a relation of FEV1 is status, and regional differences by estimating their
established more clearly with dust exposure than with influence using data from all 4059 miners and ex-
any other single characteristic. miners, rather than from the smaller subgroup of 199
We next examined in several different ways whether men. When this was done, and using a representation

or not changes in the data or in the statistical repre- otherwise identical with table 3, the more conser-
sentation led to substantial changes in the estimated vative estimate of the dust FEV1 relation was
relation of FEV1 to dust exposure. confirmed in size and in statistical significance.

Firstly, we checked if the association was due to the Thirdly, we investigated if the estimated effects of
presence of a few men with high dust exposures and dust exposure were sensitive to the way in which
low lung function. Four such men (mean age 59; dust smoking effects were represented. These analyses were
Table 3 Coefficientsfrom the regression ofFEV1 (ml) on other characteristics ofthe 199 men

FEV1 (ml)

Coefficient t value

Estimated FEV level (ml)t 2828
Difference in FEV, level (ml): relative to Scotland, for:
West Midlands -359 -1-2
North East England -42 -0-2
Yorkshire and Nottinghamshire 197 0-7
South Wales 84 0-5
Other -11 -01

Relative to non-smokers, for:
Ex-smokers (at age 55) -132 -0-5
Smokers (at age 55) -87 -0 4

Effect of age (years):
Non-smokers -7-8 -0-3
Ex-smokers -49-8 -15
Smokers -34.9 -1 2

Height (cm) 210 21*
Weight (kg) 0-5 0 1
Dust exposure (gh/m3) -2-4 -4 1**

*0.01 < p < 005; **p< 0001.
tFor non-smoker in Scotland, age 55, height 170 cm, weight 75 kg.
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restricted to the 163 men for whom approximate indi-
ces of cigarette consumption were available, com-

prising 11 lifelong non-smokers and 152 men who at
third survey smoked cigarettes only. Several repre-
sentations were investigated.

(1) The effect of dust was estimated as -2-7 ml
FEVJ/gh/m3 (t =-4-3) when the influence of smok-
ing was represented simply as average differences be-
tween the three smoking groups, with concomitant
adjustments for age, height, weight, and geographical
region.

(2) The added inclusion of the two indices of ciga-
rette consumption did not contribute significantly to
the fit of the model in this small group, and the size
and statistical significance of the estimated dust effect
remained unaltered. (Estimates of the numbers of
cigarettes smoked were found to be related to FEV,
in the larger group of 4059 men.)

(3) The effect of smoking was next represented by
different losses ofFEV1 with age in the three smoking
groups, in addition to differences between the groups.

In this context the effect of dust was estimated as
-2-6 ml FEVJ/gh/m3 (t = -4 0).

(4) When all the representations of smoking effect,
including the indices of cigarette consumption, were
simultaneously taken into account along with the
other characteristics of table 3, the dust effect was
estimated as -2-5 ml FEV,/gh/m3 (t = -3 9).

Clearly, the estimated dust effect was insensitive to
which representation was used.

Finally, we considered whether, within the group of
199 men, the estimated effect of dust exposure varied
according to smoke habit. Table 4 gives the character-
istics of the men, grouped by smoking status at follow
up survey. Few (7%) of the 199 men showed simple
pneumoconiosis of category 2 or higher.
Data descriptions indicated that the 35 ex-smokers

may have experienced a particularly severe effect of
dust exposure. Regression analyses similar to those
carried out for all 199 men were applied separately to
the smokers and ex-smokers, and confirmed this im-

Hurley and Soutar

pression. For example, when the influences of age,

height, weight, smoking status, and regional
differences were estimated using data for all 4059 min-
ers and ex-miners, then the inverse relation between
dust exposure and FEV1 among the 35 ex-smokers
was estimated as a reduction of 3-1 ml FEV1 per unit
of exposure (t = -4 5, p < 0-001). The estimated
response was even more severe when the 199 men, or

the 35 ex-smokers themselves, formed the basis for
age and other adjustments.
Three of the four men with high dust exposures and

low lung function, noted above, were ex-smokers.
When these three men were excluded from the analy-
sis the estimated dust effect among ex-smokers re-

mained substantial, at a reduction of 2-5 ml FEV1 per
gh/m3 of exposure, but the statistical significance was
reduced to the 8% level (t = - 18).
The clinical effects may be illustrated using the con-

servative estimate of an average reduction of 2-0 ml
FEV1 per gh/m3 dust exposure among the 199 men.

This corresponds to an impairment of 316 ml ofFEV1
in an ex-miner who had experienced the average dust
exposure of the group, or an impairment of 600 ml in
response to an exposure of 300 gh/m3, a moderately
high exposure for this group of men. Note, however,
that the greatest exposure experienced was more than
twice as high, at 629 gh/m3. These losses are addi-
tional to those caused by aging and smoking, and
almost certainly underrepresent the experience of the
ex-smokers.

Discussion

Exposure to respirable dust is known to impair the
lung function of coalminers.' -48 On average, the re-

ductions in FEV1 are clinically modest in response to
exposures experienced in Britain over a working life-
time.1 8 Nevertheless, to understand whether ex-

posure to coalmine dust may lead to disability even in

Table 4 Mean (SD) of, or number (%) with, selected characteristics among the 199 men, by smoking category

Non-smokers Ex-smokers Smokers

No 11 35 153
Age (years) 52 (8) 55 (7) 53 (7)
Height (cm) 171 (6) 172 (6) 170 (6)
Weight (kg) 83 (12) 77 (11) 76 (12)
Dust exposure (gh/m3) 99 (61) 186 (129) 156 (97)
FEV, (ml) 2689 (1008) 2329 (973) 2516 (798)
Estimated amount smoked*:
By third survey 0 132 (75) 148 (81)
Between 3rd and follow up surveys 0 0 85 (42)

Simple pneumoconiosis:
Category 0/- or 0/0 11 (100%) 26 (74%) 107 (70%)
Category 0/1 to 1/2 0 4(11%) 38 (25%)
Category 2/1 or more 0 5 (14%) 8 (5%)

*Thousands of cigarettes; based on 18 ex-smokers and 134 smokers.
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Can exposure to coalmine dust cause a severe impairment oflung function?
the absence of progressive massive fibrosis informa-
tion is required about the severity of response in the
more susceptible men. To date, such evidence has not
been available.
The broad aim of the analysis reported here was to

investigate the issue of susceptibility within a study
group of 4059 miners and ex-miners. Our specific ob-
jective was to identify and study a group of men se-
lected by criteria that favoured those who may
respond more severely than average to the effects of
dust exposure. This objective has been attained. An
unusually severe inverse relation between dust ex-
posure and lung function, more than three times that
for less selected groups of coalminers' 8 has been es-
tablished unambiguously among the 199 subjects of
this paper. The estimated relation is sufficiently severe
that if a cause and effect interpretation is legitimate,
we may conclude that dust exposure can lead to
severe impairment of lung function in coalminers,
other than through the medium of progressive mas-
sive fibrosis.

Before discussing the central issue of how to inter-
pret this finding, we wish to emphasise that the 199
subjects of this report are certainly not representative
of coalminers generally. This is implicit in the objec-
tives of the analysis, and follows also from the way in
which the subgroup was selected. The 199 men are
characterised by a combination ofhealth and employ-
ment patterns which suggested that they, particularly,
might have responded more severely than normal to
dust exposure. Specifically, they had left the coal in-
dustry voluntarily before normal retirement age, and
reported symptoms of chronic bronchitis when re-
examined subsequently at medical surveys. Recent
studies have shown that men leaving prematurely
from another dusty industry had suffered a more
rapid decline in FEV1 than their fellow workers, thus
lending some support to the criteria we adopted.19
Note that the selection procedure did not produce a

group ofmen with unusually high dust exposures, nor
with unusually low FEV1 (though some were clearly
clinically ill). What was distinctive was the strength
and severity of the association between FEV1 and
dust exposure in the subgroup studied. This associ-
ation was evident in the data descriptions, and was
confirmed by more formal statistical methods. Thus
we are dealing with a group which was atypical in
respect of its dust exposure/FEVY relation, rather
than in either of these characteristics alone.

In interpreting the finding of an extreme relation
we think it important to recall that the rationale un-
derlying this analysis, and indeed the entire research
programme of which it is a part,9 is that dust ex-
posure may cause lung damage. Generally, a cause
and effect relation between dust exposure and respira-
tory health is well accepted. Against this background,

the most straightforward interpretation of our results
is that the dust related reductions in lung function
were in fact a health effect of exposure to dust. We
think that this view is correct.

Other explanations are less convincing. The result
did not arise from an undue influence of a few men
with low lung function and high dust exposures
(though even such a limited finding might point to an
unusually severe response). Rather, the relation
found reflected an experience of the group as a whole.
Nor was the result an artefact due to some curious
inter-relation between dust exposure and other
influential characteristics-for example, age. Our esti-
mation of adjustments for age and other factors using
data from all 4059 men guarded against such a possi-
bility. Nor is there any evidence that smoking was the
real cause. The many different ways of representing
the effect of smoking all led to the same conclusions
about the relation of dust exposure to FEV1.

There were, however, relatively few non-smokers
among the 199 men. Possibly smoking influenced the
inclusion of men in the group we selected through its
influence on symptoms of chronic bronchitis and on
lung function insofar as this may have been a reason
for job changes. Generally, the average effect of dust
exposure is not altered by smoking1 7 8 and further
analyses of the larger group of 4059 men are therefore
planned to determine whether unusually severe effects
of dust on FEV1 can occur in non-smokers also.
The second smoking related issue concerns why ex-

smokers responded more severely than other men.
The reasons are not obvious. It may be that some
men, recognising a deterioration of respiratory
health, took what precautions they could both by
stopping smoking and leaving the industry. Or it is
possible that stopping smoking in some way acceler-
ated the effect of dust exposure in FEV1 and this is
another aspect which we will investigate further when
we study the 4059 men longitudinally.
We know of no other factors which might reason-

ably be considered a cause of the unusual exposure
response relation. The final possibility is that the re-
sult we found is a freak and essentially a meaningless
one, the chance outcome of circumstances which, if
they could be repeated, would show nothing of inter-
est. Results from a small simulation exercise, reported
in the appendix, suggest that such an event is ex-
tremey unlikely. In our view the evidence is strongly
in favour of the simple interpretation that dust ex-
posure caused the lung function impairment.

It is natural then to consider why some men re-
sponded severely to dust exposure whereas others did
not. One possibility is that the 199 men may have
been exposed to environmental influences, at work or
elsewhere, different from their colleagues. Or there
may be questions of individual susceptibility. We
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have not attempted to investigate these issues because
the main purpose of the present work has been the
more limited objective of seeing whether a severe re-

sponse ofFEV1 to dust exposure can, and indeed did,
occur.

It is natural also to consider whether men experi-
encing an extreme response are rare in the coal indus-
try. Again, a full answer goes beyond what we have
attempted at this stage. It is noteworthy, however,
that the 199 subjects of the present paper comprised
only 5% of the larger study group from which they
were selected. On the other hand, that larger group of
4059 men had worked in the coal industry for about
11 years from the 1950s onwards. Some men who be-
gan to show a severe response may have left the indus-
try in that period and so could not be included in
these analyses. Thus 5%, as a crude estimate of the
proportion of men susceptible to a severe response,
may be too low.

In addition, many of those who respond most
severely may not experience sufficient dust exposure
to cause an important impairment of function. This
was so even among the 199 men we studied. All were

ex-miners; an effect, and perhaps a purpose, of leav-
ing the industry was to limit their exposure to dust.
Also, the men studied experienced the greater part of
their exposure to dust in the 1960s or earlier, when
dust concentations were often higher than is now per-
mitted. The maximum exposure likely during a work-
ing life under current dust regulations in British mines
has been estimated at 245 gh/m3.20 The impairment
of FEV1 related to this exposure, estimated from the
results for all 199 men considered here, would be on

average about 490 ml, or about 760 ml in the ex-
smokers. These also would be clinically iimportant
losses, though it is unlikely that any men would actu-
ally experience this maximum exposure as most of
men's working lifetimes are currently spent in dust
levels well below the maximum permissible.

In conclusion, we see the atypical experience of this
group ofmen somewhat in terms of a case study. The
fact that such an extreme relation can and did occur is
important, especially since the most reasonable expla-
nation is that it signifies a clinically important effect
of dust exposure on FEV1. But this finding should not
overshadow the well established result that on aver-
age the response of FEV1 to dust exposure is clinically
modest, and that severe lung damage from exposure
to respirable dust is likely to be rare.
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Appendix

We carried out a limited exercise to describe the re-
lation between dust exposure and FEV1 among small
randomly selected subgroups of the 4059 men, rela-
tive to that of a larger and more representative sub-
group.
Each of the 4059 men was allocated at random and

with equal probability to one of 116 groups whose
average size of 35 was identical to that of the ex-
smokers in this paper. Thirty five of the groups, again
selected at random, were combined into a single large
set with which results from the other 81 groups could
be compared. Linear regression analyses of FEV1
were then carried out among all 4059 men using a
representation as in table 3 but extended to provide
distinct estimates of FEV1 level and of dust exposure
in each of the 82 groups. This entire process of group
construction and regression analysis was repeated
three times, giving in all 243 comparisions of dust
effect in a small subset with that of a larger combined
group.
The effect of dust was estimated from the large

combined groups as -0-78, -0-61, and -0 65 ml
FEV1 per gh/m3 exposure on the three occasions re-
spectively and was highly significant statistically. In
six (2 5%) of the 243 subgroups the estimated effect
differed from this average by - 2-0 ml FEV1 per
gh/m3 or more; while in only one of the 243 groups
was the estimated effect greater than -3-1 ml
FEV1/gh/m3, the value estimated among ex-smokers
in this paper.
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