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The changes in the prevalence of pneumoconiosis among miners and ex-miners in the Rhondda
Fach in three age groups at three different times (1951, 1953, and 1961) have been investigated.
The radiographs were re-read with the dates concealed, in a randomized order, by one observer.
Later a stratified sample was classified for technique. The results of the randomized readings,
standardized for technique, suggest an increase in prevalence in the older age groups and a slight
decrease in the youngest.

Further analysis suggests that the changes are not due to differential migration and mortality,
and it is concluded that they are probably due to the progression of simple pneumoconiosis. This
is thought to be mainly due to dust exposure, but the possibility of progression occurring in the
absence of dust exposure is not excluded.

The work on which this paper is based was
stimulated by seeing the figures for the change in
prevalence of coalworkers' pneumoconiosis among
the underground population of a South Wales col-
liery (Table 1) in 1951 and 1961. The two surveys
were carried out by different teams, but the standard
and type of radiography were the same, and the
readers were trained in the same way and were using
the same classification. The question arose as to
whether there was a 'true' reduction in prevalence,
and whether this threw any light on changes in
average dust concentration in the colliery.
Such prevalence figures are open to several

criticisms, among which is the fact that they refer to
'working' miners, and a change in prevalence can
easily be caused by the men with or without pneumo-
coniosis leaving mining preferentially. As more
satisfactory evidence about changes in prevalence
could clearly be obtained by studying the community
of which the miners and ex-miners were part, and
as such material was actually available, it was

decided to study the problems associated with
changes in prevalence, both technical and interpreta-
tive.

Materials

The materials used for this study were the chest
radiographs and the industrial histories of miners
and ex-miners living in the Rhondda Fach, one of
the smaller Welsh mining valleys, obtained during
three Medical Research Council surveys in that area
in 1950-51 (Cochrane, Cox, and Jarman, 1952), in
1953 (Cochrane, Cox, and Jarman, 1955), and in
1961 (Hart, Cochrane, and Higgins, 1963). The sur-
vey in 1950-51 was a chest radiographic survey of the
population, male and female aged 5 years or more.
The population of the valley had been defined by
amplifying the electoral rolls. The survey in 1953 was
similar, but the population was defined by an
M.R.C. private nominal census. The survey in 1961
was restricted to a random sample of miners and
ex-miners living in the Rhondda Fach aged 35-44,
45-54, and 55-64. The sampling frame was a 1958
private M.R.C. census, which was slightly out of
date.*Present address: Madanapalle Tuberculosis Research Unit,

Arogyavaram, Chittoor District, Andhra Pradesh, India
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TABLE I
PREVALENCE OF COALWORKERS' PNEUMOCONIOSIS AMONG WORKING MINERS

AT A SOUTH WALES COLLIERY IN 1951 AND 1961

Category of Pneumoconiosis

Year Age No. 0 1 2 3 A, B, and C

No. % No. /. No. % No. % No. %
35- 150 70 46-7 37 24-7 22 14 7 14 9.3 7 4-7

1951* 45- 182 72 39-6 43 23-6 31 17-0 15 8-2 21 11-5
55- 130 56 43-1 30 23 1 19 14-6 4 3-1 21 16-2

35- 118 69 5835 15 [ 12-7 24 20-3 2 1-7 8 6-8
1961t 45- 159 80 50 21 13-2 28 17-6 8 5 0 22 13-8

55- 119 59 49-6 18 15-1 13 10-9 4 3-4 25 21-0

*1951 Readings as part of Rhondda Fach M.R.C. Survey 1950-51
t1961 Readings from N.C.B. Periodic X-ray Examinations, through the kindness of Dr. T. Jenkins

All three surveys were carried out by the same
team, although slight alterations in personnel took
place from time to time. One of us (W.G.C.) was in
charge of radiography on all three occasions. The
only important change in radiographic technique
that took place during the period was the introduc-
tion of a new x-ray unit which included an lontomat
(Clarke, 1953) before the 1953 survey. The same
x-ray vttn was used for the first two surveys. The
1961 survey was carried out in Tyntyla Hospital in
the Rhondda B.C. The industrial histories were
taken by the same group of people throughout,
although the percentage taken by any one person
varied considerably from survey to survey.
Table 2 summarizes the sources of our data. In

1961 we used all the radiographs in the three age
groups we studied. The previous surveys in 1950-51
and 1953 covered all aged 5 years or more, but
details are given of only the three age groups com-
parable to those studied in 1961. The first step was
the re-reading by one reader of the radiographs in
random order with the dates and other identifying
features concealed in order to remove one source of
bias. To do this it was decided to reduce the number
of radiographs in the three age groups of the first

two surveys (1950-51 and 1953) to the same as that
in the 1961 survey. This was done by means of
random sampling (Table 2, column 5). The next step
was the investigation of the effect of radiographic
technique. There is considerable evidence that
readers can be influenced by this (Fletcher and
Oldham, 1949; Liddell, 1961; Wise and Oldham,
1963). To do this the numbers were further reduced.
Random samples were drawn in direct proportion to
the number in each age/x-ray category group in each
survey (one-fifth of those with category 0 and one-
third of those with category 1 or more) (Table 2,
column 6).
Two difficulties must be mentioned. The radio-

graphs taken in 1950-51 were size 17 x 14 in. (43-2
x 35-5 cm.), whereas in all subsequent surveys they
were 14 x 14 in. (35-5 x 35-5 cm.). To avoid this
source of bias all the films were classified, masked by
a wide wooden frame that concealed all identifying
features. It is believed that this was successful in all
but a very few cases. The second difficulty was the
fact that a small proportion of the radiographs in the
1950-51 survey, and still fewer in the 1953 survey,
were taken on 35 mm. film (151 in the 1950-51 sample
and 52 in the 1953 sample) (see Table 2). These were

TABLE 2
SUMMARY OF NUMBERS INVOLVED IN THREE RADIOGRAPHIC SURVEYS OF RHONDDA FACH

MINERS AND EX-MINERS AGED 35-64, AND SIZES OF SAMPLES USED

No. No. who Radiographed Sample Size for Sample Size for
Year of No.GropsRefuaed -.Randomized Technique
Survey AgeGroups (1) Radiography No. Readings Readings

(2) (3) (4) (5) (6)

1950-51 35-44 1,334 61 1,273 95 4 449 (54)* 124 (12)*
45-54 1,319 51 1,268 96 1 215 (31) 58 (5)
55-64 1,165 86 1,079 92-6 383 (66) 104 (18)

1953 35-44 1,261 71 1,190 94-4 449(25) 125 (7)
45-54 1,333 90 1,243 93-2 215 (17) 63 (4)
55-64 1,160 105 1,055 90-9 383 (10) 111 (3)

1961 35-44 478 29 449 93 9 449 124
45-54 239 24 215 900 215 62
55-64 431 48 383 88-9 383 114

*In columns S and 6 ( ) M.M.R. radiographs.
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no longer available so the original readings were
used. When they occurred in the 'technique' sample
they were omitted.
The International Classification of the Pneumo-

conioses was used (I.L.O., 1959) to categorize the
films which were read over a relatively short period
of time by one of us (A.L.C.). The 'technique'
classification introduced by the M.R.C.'s Pneumo-
coniosis Research Unit was used, i.e., 'acceptable',
'black', 'white', and 'grey'. This categorization was
carried out by one ofus (W.G.C.). It must be stressed
that the criteria for acceptability were very stringent.

Results

The results of the randomized readings are shown
in Table 3. It is believed that, with the slight reserva-
tions made about the 1950-51 sample, these readings
are unbiased by any knowledge on the part of the
reader of the dates of the radiographs. The readings
are 'higher' than previously published readings of
these surveys. This may be due to changes in the
reader's interpretation of the classification with time,
the somewhat artificial setting with 'masked' films
in random order, the usual intra-observer error,
and/or the increasing presbyopia of the reader. It
is, fortunately for our present purposes, somewhat

irrelevant, since we were much more concerned
with comparability than absolute truth on this
occasion.
There is a significant increase in prevalence in the

two older age groups, but little change in the
youngest age group. These changes might, however,
be due to secular changes in the technical qualities
of the radiographs.
Table 4 shows the distribution of 'techniques' in

the various surveys. This shows a gratifying im-
provement with time. Table 5 shows the relationship
between x-ray category and technique. There is no
significant difference between the distribution of
categories when the 'acceptable' films are compared
with the unacceptable ones, but closer inspection
reveals marked trends in the category distribution
associated with the 'black' and 'white' techniques in
opposite directions, which are significant.
The reaction of the reader (A.L.C.) to different

'techniques' has been analysed on two previous
occasions, though only one of these results has been
published (Wise and Oldham, 1963). The first
analysis gave a result rather similar to the present
findings, i.e., he appeared to over-read 'white' films
and under-read 'black' films.. He then made a con-
scious effort to avoid this bias. A few years later a
similar analysis showed a new type of bias. He

TABLE 3
PREVALENCE OF PNEUMOCONIOSIS AMONG MINERS AND EX-MINERS LIVING IN THE RHONDDA FACH,

IN THREE AGE-GROUPS, IN 1950-51, 1953, AND 1961
(Randomized readings)

Category of Pneumoconiosis

Year Age No. 0 1 2 3 A B and C

No. % No. % No. % No. % No. % No. %
35- 449 204 454 51 114 52 116 65 14 5 38 8-5 39 8-7

1950-51 45- 215 103 47-9 30 14 0 21 9-8 16 7-4 24 11 2 21 9-8
55- 383 171 44-6 49 12-8 47 12-3 21 55 42 11 0 53 13-8

35- 449 177 394 60 134 59 13-1 58 129 45 10-0 50 11 1
1953 45- 215 81 37-7 40 18-6 28 13 0 18 8-4 23 10-7 25 11*6

55- 383 135 352 54 14-1 51 13-3 22 57 62 16-2 59 154

35- 449 193 43-0 79 17-6 63 14-0 52 11 6 33 7-3 29 6 5
1961 45- 215 65 30-2 32 14-9 33 153 24 11-2 23 10-7 38 17-7

55- 383 107 27-9 63 16-4 52 13-6 43 11-2 46 12-0 72 18-8

Comparison
35-44 (1951 vs. 1961)
45-54 (1951 vs. 1961)
55-64 (1951 vs. 1961)

X' value
10-64
17-84
27-36

D.F. P
S 0-05< P < 0.10
S P <0.01
S P <0.001

Significance
Not significant
Highly significant
Very highly significant

TABLE 4
PERCENTAGE DISTRIBUTION OF VARIOUS RADIOGRAPHIC TECHNIQUES ACCORDING TO YEAR

OF RADIOGRAPH
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TABLE 5
RELATIONSHIP BETWEEN RADIOGRAPHIC TECHNIQUE AND CATEGORIES OF PNEUMOCONIOSIS

(Randomized readings)

Category of Pneumoconiosis
Technique Total 0 1 2 3 A BandC
Reading 2 3_ _A_ __and_____C

No. % No. % No. % No. % No. % No. % No.
Acceptable 583 69 7 153 68 3 110 75-3 93 70 4 68 64 2 80 75 4 79 64 8White 115 13 8 19 8 5 15 10 3 22 16 7 26 24 5 12 11 3 21 17 2
Black 63 75 30 134 8 55 5 38 3 28 6 57 11 90
Grey 72 86 21 94 13 89 11 83 9 85 8 75 10 82
Other 3 0 4 1 04 - - 1 0 8 - - - - 1 08

Total 836 100 0 224 100 0 146 100 0 132 100 0 106 100 0 106 99 9 122 100 0

Comparison X' value D.F. P Significance
Acceptable vs. unacceptable 7 30 5 0 10 < P < 0 20 Not significant
Black vs. white 25-67 5 P < 0 001 Very highly significant
Acceptable vs. white 16 98 5 0 001 < P < 0 005 Highly significant
Acceptable vs. black 16 60 5 0 005 < P < 0 01 Significant

TABLE 6
PREVALENCE OF PNEUMOCONIOSIS AMONG MINERS AND EX-MINERS LIVING IN THE RHONDDA FACH,IN THREE AGE-GROUPS IN 1950-51, 1953, AND 1961

(Randomized readings standardized for technique)

Category of Pneumoconiosis

Year Age No. 0 1 2 3 4 B and C

No. ° No. % No. % No. % No. % No. %
1950-51 35- 449 190 6 42 4 60 9 13 6 56 2 12 5 61 5 13 7 50 3 11 2 29 5 6 6

45- 215 952 442 353 164 224 104 15.0 70 314 146 157 73
55- 383 1590 415 582 152 507 132 19-8 52 554 145 399 104

1953 35- 449 175 6 39 1 69 2 15 4 59 0 13-1 51 6 11 5 47-1 10-5 46 5 10-4
45- 215 794 369 454 211 277 129 158 73 237 110 230 107
55- 383 1328 347 616 16 1 50.5 132 193 50 644 168 544 142

1961 35- 449 2025 452 75-1 167 608 135 486 108 33 1 74 289 64
45- 215 686 319 305 142 320 149 226 105 232 108 3811 177
55- 383 1130 295 602 157 50.5 132 405 106 465 1211 723 189

Comparison
35-44 1951 vs. 1961
45-54 1951 vs. 1961
55-64 1951 vs. 1961

X2 value
7-06
18-46
25-05

D.F.
5
5
5

TABLE 7
PREVALENCE OF PNEUMOCONIOSIS AMONG MINERS
AND EX-MINERS LIVING IN THE RHONDDA FACH, IN

THREE AGE-GROUPS IN 1950-51, 1953, AND 1961
(Randomized readings standardized for technique)

Age Group Category of ______Year of Survey
1950-51 1953 1961

1 and more 57-6 60 9 54-8
35-44 2 and more 44 0 45 5 38 1

P.M.F. 17-8 20 9 13 8

1 and more 55 7 63 0 68 1
45-54 2 and more 39-3 41-9 53 9

P.M.F. 21.9 21-7 28 5

1 and more 58-5 65-3 70 5
55-64 2 and more 43-3 49-2 54-8

P.M.F. 24-9 310 31-0

p
0-20 < P < 0-30
P <001
P <0-001

Significance
Not significant
Highly significant
Very highly significant

placed films that were not of 'acceptable' technique
preferentially in categories 1 and 2, as opposed to
categories 0 and 3, as it were 'playing safe'. He then
made further good resolutions, which on this occa-
sion only served to complete a vicious circle. Others,
it is hoped, will react more sensibly when their
readings are analysed in this way.
Although no significant effect of technique was

found when 'satisfactory' films were compared with
'unsatisfactory' films, it was thought safer to attempt
a standardization. The prevalence of unacceptable
films was found to be unassociated with age within
each survey. The proportion read as acceptable of
each category, of all ages combined, in each survey
was used to estimate the number acceptable within
each age/category group. The total films in each of
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CHANGES IN THE PREVALENCE OF COALWORKERS' PNEUMOCONIOSIS 53

FIG. 1.-Prevalence of coalworkers'
pneumoconiosis in three age
groups ofRhondda Fach miners
and ex-miners (randomized
readings standardized for tech-
nique).
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the three 10-year age groups in each survey were then
redistributed in categories according to the distribu-
tion of acceptable films thus found (Tables 6 and 7,
and Fig. 1). The numerical changes are small as the
over-reading associated with 'white' is cancelled out
by the under-reading associated with 'black'.
The general impression given in Tables 3, 6, and 7

is one of increasing prevalence both of pneumo-
coniosis as a whole and of progressive massive
fibrosis (P.M.F.) alone. The only exception is in the
youngest age group between 1953 and 1961 where
there is a definite decrease. This is probably of
greater significance than it seems because the best
comparison radiographically is between 1953 and
1961. The increase in prevalence of P.M.F., though
unfortunate, is to be expected. Those whose radio-
graphs show category 2 or 3 simple pneumo-
coniosis remain at risk of developing P.M.F. even if
they leave mining (Cochrane, 1962). Both the attack
rate and case fatality rate of P.M.F. are known
quantitatively, and with these distributions of
pneumoconiosis categories some increase in pre-
valence is inevitable, except in the higher age groups,
even if no progression of simple pneumoconiosis has
occurred.
There are, of course, other factors that influence

prevalence, i.e., death and migration, and we have
investigated these in the following way. We have
attempted to calculate what the prevalence of
pneumoconiosis would have been in 1961 among the
cohort who were 35-44 and 45-54 in 1950-51 if there
had been no progression of simple pneumoconiosis
in this period, making use of all the knowledge we

have about the relationship between x-ray category
of pneumoconiosis and death and migration rates in
this area. Full details are given in the Appendix. The
results are summarized in Tables 8 (a) and (b) and in
Fig. 2. One sees clearly that the expected prevalence
of pneumoconiosis is lower than the observed
prevalence when allowance has been made for death
and migration. Here again the effect is much clearer

J Category 0
Simple pneumoconiosis
Progressive massive fibrosis

EXPECTED OBSERVED
100

I.0
cc- 60-
CL.

UJ

r-40-
-J

E

u 20-

AGRUS35-44 in 1950/51AG4ROP5-54 in 1961

EXPECTED OBSERVED

45-54 in 1950/51
55-64 in 1961

FIG. 2.-Expected and observed prevalence of coalworkers' pneumo-
coniosis in two cohorts of Rhondda Fach miners and ex-miners
10 years after original survey (randomized readings standardized
for radiographic technique).
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TABLE 8(a)
EXPECTED CHANGES IN PREVALENCE OF PNEUMOCONIOSIS IN TWO COHORTS OF MINERS AND EX-MINERS IN

THE RHONDDA FACH BETWEEN 1950-51 AND 1961 COMPARED WITH OBSERVED CHANGES
(Randomized readings standardized for technique)

No. Changes due to Expected 1961 ObservedAGeop 1950-51rDeat Migration Attack Migration -1961
Groups5051|_ Death

Out of P.M.F. In No. i

Age 35-44 in 1950-51 0 190-6 -8-7 -335 0.0 +23 1 171-5 42-3 31 9
Age 45-54 in 1961 1 60-9 -3 9 -7 9 -3-9 +5-6 50-8 12 5 14 2

2 56-2 -2-7 -6-0 -9 5 +4-7 42-7 10 5 14-9
3 6105 -30 -6 6 -19 1 +1-0 33 8 8-3 10-5
A 50-3 -2-4 0.0

B and C 29 5 -6-0 -1-2 +32-5 +3 9 106 6 26-3 285

Total 449 0 -26-7 -52-2 0 0 +38-3 405 4 99 9 100-0

Age 45-54 in 1950-51 0 95 2 -15 9 -7-7 0 0 +6-2 77-8 45-3 29-5
Age 55-64 in 1961 1 35-3 -4-4 -4-5 -2-0 +0 4 24-8 14-4 15 7

2 22-4 -2-5 -1-3 -3*7 +0 9 15-8 9-2 13-2
3 1540 -166 -039 -4-6 +0 4 8-3 4-8 10-6
A 31-4 -4-6 -3*3

B and C 15-7 -50 -0-8 +10-3 +15 452 26-3 310

Total 215-0 -34 0 -18-5 0 0 +94 171-9 100-0 100-0

TABLE 8 (b)
EXPECTED CHANGES IN PREVALENCE OF PNEUMOCONIOSIS IN TWO COHORTS OF MINERS AND EX-MINERS IN

THE RHONDDA FACH BETWEEN 1950-51 AND 1961 COMPARED WITH OBSERVED CHANGES
(Randomized readings standardized for technique)

Age Groups Comparison x2 D.F. P Significancein 1950-51

35-44 Expected vs. observed 21-89 4 P < 0 001 Highly significant

45-54 Expected vs. observed 25-39 4 P < 0-001 Highly significant

in the older age groups. There is, of course, a con- There is still another approach to check on the
siderable error in these calculations but a check on suggestion that the prevalence of pneumoconiosis
their overall error can be made. We know from the has really been increasing. We believe in general that
census that the size of the age group 35-54 in 1950-51 the risk of developing simple pneumoconiosis is
was 2,653 and that this cohort was reduced to 2,400 related to the concentration of airborne dust and the
by the time of the 1958 census. We can make cal- length of time the miner is exposed to it, so that the
culations similar to those in Table 9 for the period average time of exposure for a given cohort to reach
1950-51 to 1958 and find that the sample has been a given category is related to the reciprocal of the
reduced from 664 to 604 4. The percentage reduction overall dust concentrations to which it has been
in one case is 9 5% and in the other 9 0%. exposed. In coalmining the chief dust risk is on the

TABLE 9
AVERAGE YEARS ON COAL-FACE BY AGE, X-RAY CATEGORY AND YEAR OF SURVEY

(EXCLUDING THOSE NEVER ON THE COAL-FACE)
(Not standardized for technique)

|____________________________________ _______X-ray Category

Age 0 land IA 2 and 2A 3 and 3A B and C All Categories
Year Group On On On On On On

No. Coal- No. Coal- No. Coal- No. Coal- No. Coal- Coal-face
face face face face face

(av. yr.) (av. yr.) (av. yr.) (av. yr.) (av. yr.) (av. yr.)

1950-51 35-44 169 6-9 51 9-7 63 11-3 87 14-4 39 14-8 10-3
45-54 82 9 3 27 13-5 29 17-4 29 19 8 20 18-1 13-7
55-64 134 12.9 44 15.0 59 20-0 38 24-3 53 25 6 17-8

1953 35-44 144 6-3 59 8-7 70 11-6 91 12-9 50 154 10 1
45-54 59 8-1 38 12 0 31 16-5 29 19-7 24 19 5 13-7
55-64 98 12-2 50 13-0 70 17-9 51 20-2 57 26-4 17-3

1961 35-44 114 4-7 67 6-4 74 9-7 73 13-5 29 12-1 8-4
45-54 52 7-2 30 8-4 37 10-9 41 13-9 38 15 5 11-0
55-64 94 8-0 56 9-6 63 12-7 73 17-4 68 18-8 13-1
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CHANGES IN THE PREVALENCE OF COALWORKERS' PNEUMOCONIOSIS 55

coal-face, so we have worked out the average
number of years on the coal-face for all our age/
category survey groups (Table 9). The table shows
clearly a consistent decrease in the average number of
years on the coal-face associated with each age/
category group with time. This holds whether the
average is calculated for the whole group or is
restricted to those who were ever on the coal-face.

Before considering the implications of this, possible
sources of bias must be considered. Industrial
history-taking is not an exact science, and although
the team involved is widely experienced and their
error has been investigated with reassuring results
(Jonathan, Moore, and Roberts, 1957), it seems likely
that the section ofa history dealing with recent events
will be more accurate than that dealing with earlier
events, so that the estimates for 'years on the coal-
face' in the past is perhaps less accurate than for
recent years, and the possibility exists that a miner
might 'promote' time spent on haulage and other
activities to time spent on the coal-face preferentially
when his memory is less distinct. This would intro-
duce a definite bias which might explain the findings.
This is not easy to investigate, but we have a series
of industrial histories taken originally in 1951 and
re-taken completely seven years later. If this
'promotion' effect really exists, one would expect
the retaken histories for the period up to 1951
to show an increased number of years on the
coal-face. Table 10 gives our findings. It is clear

that we are unable to demonstrate the effect on this
occasion, but this cannot be held to exclude the
possibility of 'promotion', particularly as we are not
certain whether knowledge of the previous histories
was entirely excluded when they were retaken, as the
work was not designed with this in mind.
Another possible source of bias can also be

examined. This particular analysis had to be done
on the 'randomized' readings unstandardized for
technique as one cannot correct individual readings.
As the percentage of 'acceptable' films varies with
time, bias could have been introduced in this way.
We have therefore repeated the analysis for 'accept-
able' films only (Table 11). The numbers are
naturally rather small in some sub-groups but the
same general tendency is apparent.
Yet another possible bias may be concealed in the

concept of 'a year on the coal-face'. If, for instance,.
effective dust concentrations on the coal-face
remained constant, but the hours on the coal-face
worked per year were reduced, the effective dust
dosage per year would be reduced. In point of fact,
in this particular area, absenteeism on the coal-face
and elsewhere in the mining industry is thought to
have been increasing fairly regularly over the 10
years 1951-61. The only figures available are 16-0%
for face-workers in 1956 which rose to 22-8 % in
1961. An extra six days' holiday per year was also
awarded in 1953. (We are indebted to Dr. Tom
Jenkins, National Coal Board, for this information.)

TABLE 10
COMPARISON OF INDUSTRIAL HISTORIES UP TO 1950-51 RECORDED AT THAT TIME AND AGAIN IN 1958

Histories up to 1950-51 taken in 1950-51 Histories up to 1950-51 taken in 1958
No. with

1950-51 and 1958 Years Underground Years on Coal-face Years Underground Years on Coal-face
Histories

Total Average Total Average Total Average Total Average

266 4,055 15-24 2,646 9-95 4,113 15-46 2,678 10-07

TABLE 11
AVERAGE YEARS ON COAL-FACE BY AGE, X-RAY CATEGORY, AND YEAR OF SURVEY

(EXCLUDING THOSE NEVER ON THE COAL-FACE)
(Films of acceptable technique only)

X-ray Category

Age 0 1 and IA 2 and 2A 3 and 3A B and C All Categories
YearWGroups On On On On On On

No. Coal- No. Coal- No. Coal- No. Coal- No. Coal- Coal-face
face face face face face

(av. yr.) (av. yr.) (av. yr.) (av. yr.) (av. yr.) (av. yr.)
1950-51 35-44 22 7-8 9 7-7 11 11 9 12 15-3 3 17-7 10-6

45-54 6 8-0 9 11-5 4 17-5 6 20-7 5 21-2 15-1
55-64 7 21-4 10 13 5 1 1 199 7 18-3 6 20-2 18-4

1961 35-44 24 3-9 19 7 9 23 7-3 20 13-3 9 12-0 8-3
45-54 8 8-9 8 10 6 8 5 9 11 13-5 10 16-2 11-4
55-64 18 7 5 16 9-5 16 111 19 14-6 18 21-3 12-9
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As a result the meaning of 'a year on the coalface'
as an index of exposure has been decreasing over
the period.
Another point can also be made. The average

number of years on the coal-face for particular age
groups for all categories in consecutive cohorts
appears to be decreasing. This is presumably due to
the later age of getting on the coal-face due to the
raised school-leaving age and training schemes and
possibly to a greater labour turnover. This in itself
should decrease the age-specific prevalence of
pneumoconiosis and will to some extent conceal the
effect of rising dust concentrations.
Some general points remain for discussion. Most

workers in this field assume as the simplest hypo-
thesis at present that simple pneumoconiosis of coal-
workers does not progress after dust exposure ceases,
and that the attack rate and progression rate of
P.M.F. are independent of further dust exposure.
Neither point has been really firmly established
although there is better evidence about the latter than
the former. It is therefore worth considering the
implications for this sort of work if simple pneumo-
coniosis does progress as simple pneumoconiosis
radiologically after dust exposure has ceased. It
would explain the difference between the expected
and observed results in our study of the effects of
death and migration. It is also compatible with the
data about 'years on the coal-face' (Table 9). If
progression does occur in the absence of dust ex-
posure, 'category' would tend to increase with age,
so the average number of years on the coal-face
associated with any particular category would tend
to decrease with age. Superficially, Table 9 suggests
that there is an increase with age, as it is seen in the
data for each survey in each age group. However, if
the material is examined from the point of view of a
cohort, as it should be, a decrease is seen. For
example, the figure for category 2 and 2A in the 35-44
age group in 1950-51 is 11-3 but in 1961 the same
cohort is aged 45-54 and the figure is 10-9. It is hoped
to investigate this point more directly in the near
future.
Another general point, which we owe to Dr. H.

Campbell of the M.R.C.'s Epidemiological Research
Unit, is the possibility that alterations in case-fatality
may affect prevalence. It is certain that the introduc-
tion of specific antituberculosis therapy during this
period has prolonged the life of many patients with
progressive massive fibrosis and tubercle bacilli in
their sputum, but the prevalence of these cases in life
is low (about 1 % of those with P.M.F.) and a change
in their life expectancy will not seriously affect the
prevalence of pneumoconiosis. There is also the in-
creased use of antibiotics in the treatment of other
chest infections which may have prolonged the life

of many pneumoconiotics, particularly those with
P.M.F. There is also the more general point that
the rising standard of living might have a general
effect on fatality from P.M.F. It seems improbable
that a rising standard of living would affect cases of
simple pneumoconiosis differentially from those with
category 0, since no one has ever demonstrated any
difference between them from the point of view of
mortality (Cochrane, Carpenter, Moore, and
Thomas, 1964), but it seems possible that an increased
prevalence of P.M.F. might be caused in this way.
There remains the difficulty that the increase in

prevalence has occurred mainly in the higher age
groups. One would have expected the reverse, as the
percentage of face-workers in any cohort decreases
with increasing age. Part of the explanation is
possibly the increasingly later age at which consecu-
tive cohorts have reached the coal-face, but it does
not seem satisfactory as a unique explanation.

Discussion

This paper is concerned with two problems, (1) the
biases associated with figures demonstrating changes
in prevalence of coalworkers' pneumoconiosis and
their removal, and (2) the interpretation ofchanges in
unbiased prevalence figures. We have attempted
(a) to reduce the possible bias due to miners, with
or without pneumoconiosis, leaving the industry
selectively, by studying age-stratified random samples
of a mining community; (b) to reduce the possible
observer bias in categorizing the films by using one
observer and masked radiographs read in a random-
ized way; (c) to reduce the possible bias due to
changes in radiographic technique by classifying the
technique on a subsample of the films and standard-
izing for it. Few would claim that these precautions
were unnecessary, and, on the other hand, few would
claim that all possible bias has been eliminated. For
instance, a different 'technique' classification might
produce different results. All that is claimed is that
it has been reduced as far as is at present possible.
As regards interpretation, we have investigated

three hypotheses. The first is that the changes are
due to the selective effects of death and migration.
The technique used is subject to considerable errors,
but the results, as far as they go, suggest that one
must postulate some other factor or factors to
account for the changes in prevalence and that one
such factor is the 'progression' of simple pneumo-
coniosis. The second hypothesis is that miners of
the same age and x-ray category, in successive
cohorts, are spending a longer time on the coal-
face. Here again no evidence was found of increased
average time spent on the coal-face; there was in fact
a marked decrease. The third hypothesis is that
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simple pneumoconiosis progresses in the absence of
further dust exposure. It has not been possible to
investigate this very critically, but the data are
certainly compatible with this.

It looks as though the simplest explanation is that
progression of simple pneumoconiosis has occurred.
It is difficult from these data to decide whether or not
this progression occurred only among those exposed
to dust. There is considerable evidence from other
sources that progression has occurred among face-
workers in the area studied and in a neighbouring
area (Cochrane, 1962; Wise and Oldham, 1963). It
seems therefore reasonable to conclude that the
change in prevalence is to a large extent due to pro-
gression of simple pneumoconiosis among those ex-
posed to dust. It is impossible to exclude the
possibility that some progression occurred among
those not so exposed. The conclusion is a sad one

as much more cheerful results have recently been
published from the Dutch coalfield (Hendriks and
Claus, 1963), although their technique of analysis
was very different.
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APPENDIX

In Table 8 an attempt is made to calculate what the
expected prevalence of pneumoconiosis would be in 1961
if no 'progression' of simple pneumoconiosis has
occurred in the period.
To do this we made use of published and unpublished

data and made certain assumptions to estimate the effect
of the 'attack rate of P.M.F.', emigration, immigration,
and death.

(1) To calculate the attack rate of P.M.F. we used the
published figures given for the attack rate in relation to
category of simple pneumoconiosis (Cochrane, 1962). In
detail we used the figures given under Table 2, Method 7.
We extrapolated to 10 years.

(2) To calculate the effect of emigration we used some
unpublished data of our own, based on a follow-up of the
1951 Rhondda Fach male population for 5 11/12 years,

in which later migration was related to original x-ray
category and age. Here again we had to extrapolate.

(3) For immigration our information was less com-
plete. We knew the number, age, sex, and occupation of
the migrants into the valley in seven years, and the
number, age, sex, occupation, and x-ray category in
two and a half years. To obtain the number and age
distribution of migrants, who were miners and ex-miners,
we extrapolated from the seven-year data and then
distributed x-ray categories of pneumoconiosis among
them according to that found after two and a half years.

(4) Death rates of miners and ex-miners in relation to
x-ray category based on a six-year follow-up in the
Rhondda Fach have been published (Cochrane et al.,
1964). The 10-year figures were obtained by simple
extrapolation.
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