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much higher number was rejected, only 60 per cent.
being accepted.
Very careful notes are taken at the pre-employ-

ment examination, and these are recorded on a
medical card which is retained in a card index,
the x-ray film is filed in a similar manner. The
reverse of the card provides space for the records of
follow-up examinations; thus as the years go on a
serial record is obtained of new illnesses, the type
ofwork that the man has been performing, his height,
weight, x-ray findings, pulmonary capacity, etc.
It was decided that a yearly examination should be
carried out on each man, and this was done until
the second year of the war, when travelling became
too difficult. But during the last few months the
former routine has been resumed, and arrears of
examinations are being made up.

Disposal of Rejected Men.-Of the total number of
men rejected, 98 per cent. are medically fit, and the
only reason for rejection is that they are not con-
sidered fit for an industry that has a silicosis risk.
A note is made of those who have active tuberculosis,
or who have had tuberculosis which has become
healed, and a full note, with the x-ray film, is sent
to the family doctor. These cases are either notified
and treated, or kept under observation -by the
tuberculosis authority.

After 10 years 56 per cent. of the underground
population in these mines are picked men who have
been chosen carefully and are known to be in good
health and with no radiological evidence of haema-
tite accumulation in their lungs. They are also
known not to be suffering from tuberculosis. Of
the underground population under 40 years of age,
69 per cent. are picked men. The percentage of
'new miners' in each age group of underground
workers is as follows: under 20, 100 per cent.;
20 to 29, 89 per cent.; 30 to 39, 59 per cent.; 40 to
49, 39 per cent.; 50+, 20 per cent. It is estimated
that in another 10 years, with a normal intake of
new men, 100 per cent. of the age group 20-30 will
be chosen men, and almost 70 per cent. of the entire
underground population will be 'new miners.'
Of workmen under 40 years of age employed in
the haematite mining industry, the death rate from
pulmonary tuberculosis is now nil.

Results of Mining and Medical Control
As it is now 10 years since the institution of ' new

miners' and new methods of dust control in the
-Egremont area, it is possible to draw some
conclusions as to the effectiveness of the control
methods. It is proposed to consider only the men
who began work underground during the years

1935, 1936, and 1937, as this ensures that the men
have had an average of over 8 years as under-
ground workers. Some of the 411 men who were
accepted during these years have been on surface
work, so they were not taken into account for this
study. There has also been a large wastage from
men going to other work or joining the Forces.
The number of men is thus only 66, but they have
all had experience of actual machine work.

Table 5 shows in the first column the 49 miners
examined who worked in the old conditionis with
less than 10 years' experience underground. This is
the same as in table 1. In the second column is
shown the result of examination of the total number
of' new miners' with from 8 to 10 years' experience
underground in the new conditions of mining and
medical supervision.

TABLE 5
COMPARISON OF INCIDENCE OF RADIO-
LOGICAL CHANGES BETWEEN UNSELECTED
MINERS IN OLD WORKING CONDITIONS AND
SELECTED MINERS IN NEW WORKING

CONDITIONS.

Men under old New
conditions miners~(less than 10 years under-'(8 to 10
ground) yearsunder-

0/O
_ 0 _

Normal radiograph 44 89-6 66 100%

Reticulation .. 3 6-2 0

Nodulation .. 0 0 0

Consolidation .. 0 0 0

Other lesions .. 2 4-2 0

Total .. .. 49 100 66

Average age .. 28 27

Average years under-l
ground .. 5.4 8.3

Average years on
machines .. 0 3

The new series shows that there has been no radio-
logical change in the lungs of any of these men, the
condition being exactly as it was 8 or 9 years ago.
Thus at the present time it appears that 100 per cent.
success has been achieved. It was hoped to be able
to do a complete medical survey of the mines, but
this has been impossible to achieve for many
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reasons. It has been possible, however, to examine
39 men who had been employed underground for
from 20 to 30 years. These were all men who had
worked underground until the day of examination
and who were either being examined for some other
reason, or who were being transferred from one

mine to another. These men had not been examined
before their original employment, and were, therefore,
not physically picked men, but they had worked for
almost half of their time in the new conditions of
mining. Table 6 shows in the first columns the
miners working under the old regime, and the
second group are those who have worked for almost
half their underground working life in the new

conditions. Although the number in each group is
small, the groups are comparable in numbers,
average age, and average number of years worked
underground, and each is an unselected sample.

Since the inclusion of this industry in the Silicosis
Compensation Acts, the men have become ' silicosis
minded,' and for some years the occupation of iron
ore miners has not been a popular one. The men

began by mistrusting the compulsory pre-employ-
ment medical examination, as they thought that the
sole idea of the owners was to get rid of their
obligations. Now that the men are realizing that
the system is for their own good they are becoming
reassured. It has now been possible to inform these
new miners that 10 years' work underground has
had no deleterious effect on their lungs, and it has

been possible to convince them that they have
actually improved physically.

Discussion on Pneumoconiosis due to Mixed
Haematite Dust

From our present knowledge of the condition, it
is agreed that industrial pulmonary fibrosis is due to
particulate silicon dioxide (SiO2), and it must be
inhaled in particles smaller than 5 microns in order
to reach the lungs and cause an injurious reaction.
The purer the silica the more closely does the reaction
in the lung approach the classical type as exemplified
in the South African Gold Field. In the case of
haematite mining the reaction is in most cases

very mild and very slow, and in ' radiological
reticulation' the dust is practically lying inert, with
none-or a very minimal-reaction in the host lung,
the radio-opacity of the haematite iron ore giving
the dense radiological picture. Experiments by
Kettle (1932) proved that iron alone causes no

reaction; in fact, by coating silica with iron he could
prevent any reaction in the lung from occurring, and
Carleton (1927), using haematite, was quite unable to
demonstrate any fibrous reaction in the lungs of
rabbits. The conclusion to be drawn from these
findings is that the admixture of an inert dust retards
or inhibits the reaction of silica and this has been
proved by the brilliant work of Briscoe and
others (1937). Attempts have been made in this
clinic to confirm this work, and it was found that

TABLE 6

COMPARISON OF INCIDENCE OF RADIOLOGICAL CHANGES IN MINERS WHO HAVE WORKED
ONLY UNDER OLD WORKING CONDITIONS AND SELECTED MINERS IN NEW WORKING

CONDITIONS.

Men under old conditions Men 10 years in new conditions

Radiograph Average Average

INo. per cent. Average years No. per cent. Average years
age under- age under-

ground ground

Normal .. .. .. 24 53-3 43-2 22 33 84-6 41 5 23

Reticulation .. .. .. 19 423 43-8 24 4 103 45 25

Nodulation .. .. .. 0 0 1 2-55 48 29

Massive consolidation .. 22 42 25 1 2 55 39 25

Other conditions, including
tuberculosis .. .. I 2-2 40 21 0 0

Total.. .. .. .. 45 100 39 100 I -

Average ycars underground.. 23-3 | 23 4
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TABLE 7

SILICA AND IRON CONTENT OF LUNGS OF IRON ORE MINERS ACCORDING TO PATHO-
LOGICAL CLASSIFICATION (NUMBER OF CASES IN BRACKETS)

Percentage Percentage
Years silica to Total Fe to Total Percentage Ratio

Pathological classification Age gunder- silica Fe Ash Si/Fe
Lung Ash Lung Ash

Reticulation (14) .. .. 58 37 1-42 8 3 3-58 9-8 49 23 5 19-7 1/7 5

Nodulation (6) .. .. 57 29 096 60 221 72 45 21 3 14 6

Massive fibrosis (12) .. 57 40 1-7 8-1 6-3 10-3 47 47 5 21 4 1/6

Massive fibrosis and open
tuberculosis (30) .. 56 33 1-4 8 9 5 7 6 6 42 27 3 15 7 1/4 5

Tuberculosis alone (6) .. 32 16 0-16 2-8 0-96 0-52 8-6 3-9 5-6 1/3 9

with haematite dust containing 8 per cent. SiO2 the
solubility of the silica was markedly depressed.
In spite of the fact that haematite is known to
retard the action of silica in the human lung, it has
been abundantly proved that pulmonary fibrosis has
occurred in the past; and, in fact, we are still seeing
cases at the present time, although these cases cer-
tainly developed the condition while working under
the conditions of mining that were prevalent before
1935. Is it possible to say what is the causal factor,
and is only one cause responsible?

The Role of Silica
An exceilent opportunity has been presented by a

large-scale review of necropsy material. During
the last 10 years 78 necropsies have been performed
by Dr. Faulds, pathologist to the Cumberland
Infirmary, on haematite miners who were known or
suspected to have died of silicosis. A chemical
analysis has been done on these lungs by Dr. Faulds
and he has kindly allowed me to use his results.
The silica and iron content has been estimated, and
the results are shown in Table 7 under the varying
radiological classifications confirmed at post-mortem
examinations.
The age and the average number of years spent

underground is strictly comparable for each group.
Percentage Silica to Lung.-These figures show no

significant difference when comparing the various
pathological groups, and it is worthy of note that
nodulation, which is a stage advanced from reticula-
tion, shows a lower percentage of silica; the per-
centage silica to ash compares closely in ratio to the
previous column.

Total Silica.-Here we have a significant change in
the amount of silica present in lungs showing massive

fibrosis, and massive fibrosis with tuberculosis,
when compared to those showing reticulation and
nodulation. Is this difference due to the original
presence of more silica in the lungs or is there some
other factor operating?

Tuberculosis.-It has been shown both anatomic-
ally and chemically that these lungs contain large
quantities of haematite, and as much silica as is
usually present in ordinary cases of silicosis. Yet
x-ray reticulation shows no fibrosis, although the
amount of silica is quite adequate to produce actual
silicosis. Tuberculosis is one obvious factor, and in
cases of massive fibrosis without obvious tuber-
culosis, some evidence of very old and long-standing
tuberculosis can often be found, and the large total
silica and haematite content of these lungs is prob-
ably due to their being anchored in the lungs by the
inflammatory fibrotic processes (probably almost
always tuberculosis).
The coalescent or massive fibrosis is usually

described as a merging together of discreet small
nodules to form a new large mass, but in haematite
fibrosis the large mass is certainly not formed in
this way but always by a new inflammatory condition
being superimposed, and the resulting masses are a
direct outcome of the new process which in the
large majority of cases is tuberculous.
A warning should be given about over-enthusiasm

in the use of aluminium either in a preventive or
curative capacity. Aluminium is in itself alleged
to be innocuous; haematite also is innocuous.
Aluminium depresses the solubility of silica, as does
haematite; but in spite of these facts, it must be
remembered that test-tube results cannot be applied
to the human lung, and even the findings in animal
experiments cannot be applied to human beings.
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Too much reliance may be placed on these highly
artificial methods, when it is only after a time-lag of
20 years that the effectiveness or otherwise of such a
method can be truly assessed.

Conclusions
This paper has formulated the methods, both

s1nedical and engineering, for the control of pneumo-
coniosis in the haematite mining industry in West
Cumberland, but this is only part of a general
service to improve the lot of the worker in these
mines; to make him a better and happier workman,
and to permit him to enjoy his work and leisure in
comfort and good health. Such a service has now
been functioning for more than 10 years, and the
results are indeed heartening, but it is only as a
result of constant vigilance from the mining and
medical point of view that the plan can operate
efficiently. The human element and its full under-
standing is by no means the least of the problems.
The mist projector is almost useless if it is not

used efficiently, and it is found that three main
reasons operate constantly in attempting to cancel
out the benefits.

1. The enthusiasm of the hard-working miner
tends to make him re-enter the working place
much too soon, and before the spray has had
enough time to do its work.

2. The laziness of some workmen make them just
' not bother ' and so they jeopardize not only
their own future good health but that of their
fellows.

3. Familiarity breeds contempt and with it care-
lessness.

The answer to these questions is an efficient and
understanding management, and in this matter it has
been the good fortune of the controllers of these
experiments to have had men who have known the
old conditions, and the miseries and discomforts
that have been a relic of these conditions. This
knowledge has been a driving force in improving
conditions and maintaining them, but it is because of
the long time-lag before the good results of dust
suppression are seen that the greatest care must be
taken in maintaining the enthusiasm of the workmen.
A final word must be said about the mutual respect

and trust between the medical officer and the
management on the one hand, and the workmen on
the other. From the medical point of view the

relationship of doctor and patient must be main-
tained inviolate. If the medical officer finds, during
a routine examination, that there is some deviation
from the normal health, whether it be from an occu-
pational or other cause, his duty must primarily be
to the patient, who has an absolute right to an
explanation of the reason for the medical officer's
opinion. It may be that, in the future, cases will be
found who show early evidence of dust inhalation,
and it is the object of this organization to take such a
man away from risk and provide for him some other
means of earning a living, and there must be no
prejudice against the workmen. It is to be hoped
that such a necessity will not arise, but ways and
means should be found for the just disposal of such
a case.

Summary
1. The haematite deposits are in two locations, north

and south. The north mines produce pulmonary
fibrosis, the south do not.

2. The disease has probably been prevalent for at
least 40 years, i.e. before the advent of pneumatic drills.

3. Uncomplicated pneumoconiosis or radiological
reticulation is not, of itself, an incapacitating condition.
The single incapacitating and death-causing factor is
infection, usually tuberculosis.

4. The condition of dustiness in the West Cumberland
mines before 1935 was intense, many millions of particles
per c.cm. A new regime was introduced in 1935.
Dust allaying by the mist projector has diminished the
dust content of the air to an average of 2,500 particles
per c.cm., i.e. approximately 250 particles of silica per
c.cm. A complete medical service selects only fit men
for work. Workmen are radiographed before admission
and periodically thereafter. The results of engineering
and medical control has resulted, after a 10-year period of
trial, in 100 per cent. success.

5. Although it is too soon to predict, it is suggested
that silicosis will probably cease to be a problem if the
incidence of tuberculosis is strictly controlled and
eventually eradicated.
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