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to tuberculosis. For this reason special precautions
were taken to exclude from this trial patients who
might have coexisting pulmonary tuberculosis.
During and after treatment only one group B
patient developed open pulmonary tuberculosis,
and the analysis of the deaths, the post-mortem
reports, the bacteriological reports on the sputa,
and the E.S.R. findings provide no evidence to
suggest that inhalations of metallic aluminium at
the dose level employed in this investigation favour
the development of tuberculosis.

Summary and Conclusions
A controlled trial of aluminium inhalations in

the treatment of pottery workers' and coalworkers'
pneumoconiosis has been carried out over four
years.
One hundred and twenty patients were selected

to meet certain criteria and were then separated by
pairing into two equal groups comparable as
regards age, sex, industrial history, and the mani-
festations of the disease. The individuals were then
randomly allocated to the two forms of treatment.
Group A received pure metallic aluminium dust

and group B pure carbon (powder) with the addition
of 1 p.p.m. pure metallic aluminium powder. Both
groups were given 15-minute inhalations three
times each week for as long as three and a half
years (or for such less time as the patient continued
in the trial).

All subjects were assessed before treatment and
during the first, second, third, and fourth years of
treatment, and were found to run a parallel course.
A major proportion of both groups claimed sympto-
matic improvement, but the number was only
slightly more than those claiming improvement
after breathing (unknown to the patient) pure
atmospheric air from the cabinets for six weeks.
There was no regression of the radiological picture,
nor was there objective evidence of improvement in
the functional capacity of patients as judged from
the results of the exercise tolerance test, the vital
capacity, and the maximum voluntary ventilation.
Although there was symptomatic improvement

of a general nature in both groups, it is concluded
that this improvement was mainly psychological in
origin and that the specific inhalation therapy did
not produce either any regression in the established
disease or an improvement of the patients' func-
tional capacity.

There was no evidence that the aluminium in-
halations favoured the development of pulmonary
tuberculosis in patients with coalworkers' or
pottery workers' pneumoconiosis.

The Industrial Pulmonary Diseases Committee
of the Medical Research Council have considered
Dr. Kennedy's report on his controlled trial of
aluminium therapy and agree with his conclusion
that the treatment had no effect either on the symp-
toms or on the radiological progression of silicosis
and pneumoconiosis. They do not recommend the
adoption of this method of treatment.

It would have been impossible to launch and complete
a long investigation of this type without much help
from many sources and people. I should particularly
like to thank members of the Aluminium Sub-Committee
for encouragement and criticism, and also members of
the Pneumoconiosis Research Unit for help in many
ways, but particularly Dr. B. M. Wright for devising the
means of administering aluminium powder and for his
contribution to this report; Dr. J. C. Gilson and
Dr. P. Hugh-Jones for advice on the physiological tests,
and Mr. P. D. Oldham for statistical help; Drs. A. L.
Cochrane, Idris Davies, T. W. Davies, C. M. Fletcher,
R. E. Steiner, and A. C. Penman for reading x-ray
films; the Board of Governors of the North Stafford
Royal Infirmary for providing accommodation for the
Treatment Centre; the staff of the North Stafford
Royal Infirmary for their constant help, but in particular
Dr. A. J. McCall, Dr. D. C. Thursby-Pelham, and Dr.
Bellamy and Mrs. Mosely; also Colonel R. Phease,
Director of the Medical Research Council's Public
Health Laboratories, Stafford; Professor J. Gough, of
the Welsh National School of Medicine, for pathological
investigations; Dr. A. Meiklejohn and Dr. W. W.
Jones, of the Stoke-on-Trent Pneumoconiosis Medical
Panel, for advice concerning silicosis in pottery workers;
Dr. J. Knott for his clinical assessments at yearly
intervals; Mr. T. E. Bromley, S.R.N., charge nurse, and
Mr. L. Drury, Secretary to the Treatment Centre ; the
Potters Insurance Co. Ltd., and the National Union of
Pottery Workers for their practical help in initiating the
Treatment Centre; the McIntyre Research Foundation
for supplies of aluminium powder.

Additional Tables of detailed results may be obtained
from the Director, Pneumoconiosis Research Unit,
Llandough Hospital, near Penarth, Glamorgan.
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APPENDIX I

Administration of Aluminium Aerosol

By B. M. WRIGHT

A review of the previous methods for administering
dust by inhalation suggested that none of them was
entirely satisfactory. Tumble mills are inconvenient and
noisy; also methods in which previously prepared dust
was dispersed into chambers were inconvenient owing to
the size of the chamber necessary to store the volume of
aerosol required, and to allow a number of men to
breathe in and out without building up an undue carbon
dioxide tension. Both methods also suffered from the
disadvantage that it was difficult to control the dose
administered with sufficient accuracy.
Use was therefore made of a technique developed for

exposing animals for long periods to controlled con-
centrations of airborne dust (King and others, 1950), in
which dust is fed by means of a special mechanism
(Wright, 1950) into an air stream which is blown into a
chamber. This gives satisfactory control of concen-
tration and a supply of fresh air for breathing.

Since it would not be convenient to use a chamber
large enough to contain the men, a small cabinet with
breathing tubes and mouthpieces was used. To prevent
large changes of pressure which would result if all men
inhaled simultaneously, the chamber was fitted with a
spirometer bell, which gave it a variable capacity.
The arrangement is shown diagrammatically in Fig. 1.
The apparatus consists of a cylindrical container (1)

of galvanized iron with a detachable conical top (2).
On the top of the cone is fixed a platform (4) on which
rests a dust-feed mechanism (3) with its nozzle pro-
truding through the platform. The mechanism is con-
nected to compressed air by a rubber pipe (5), and to a
200 volt A.C. by the lead (6). Four outlet nozzles (7)
in the sides of the cylinder are connected by means of
lengths of concertina tubing (9) to rubber mouthpieces
(10), which are fitted with valves so that the subjects can
only inhale from the chamber, and exhale to the outside
air. Thus the cabinet is not liable to be contaminated,
and the mouthpieces and valves can be removed and
sterilized. The lower part of the cylinder is filled with
water and an air outlet (11) protrudes above the water
level; this is covered with a galvanized iron bell (12)
suspended by a string (14) from a grooved pulley (13).
The weight of the bell is taken by a helical spring (15)
secured to the fixed axle round which the pulley rotates.
The tension of the spring is adjusted so that the bell
comes to rest at the middle of its range, but can be

moved through the whole of its range without producing
any appreciable resistance to breathing.
The apparatus is mounted on a ring stand (16) fitted

with three castor wheels (17). As the appearance of the
dust feed mechanism differed slightly according to the
composition of the dust administered, a metal cover (18)
was placed over it to conceal it.

In use, air was blown in through the mechanism at
40 1./min., and escaped through the nozzles (7) to the
mouthpieces. This rate of flow was sufficient for the
average respiratory volumes of four subjects. Fluctua-
tions in air consumption were absorbed by the bell.
The apparatus and its method of use are shown in

Fig. 2.
The rate of feed of the mechanism (for the treatmen

5--E3 FIG. 1.
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FIG. 2.

of group A patients) was adjusted by trial and error

until a filter paper sampler, aspirating at 10 1./mmn.
through the inlet valve of a mouthpiece, collected on the

average 50 mg. of dust in 15 minutes. Once the mecha-

nism was set it was found possible to check the concen-

tration sufficiently accurately by means of a filter paper

and hand pump (Watson and Hounam, 1948), using

visual assessment of stain intensity.

The compressed air was supplied by means of a

Northey rotary blower, operating without lubrication

of the compression chamber, at a pressure of 15 lb. /sq.in.

T'his discharged into a reservoir of about 2 cu. ft.

capacity, filled with water cooling coils to condense

moisture. The reservoir was connected through a short

length of rubber hose (to prevent transmission of noise)

to piping in the room where there were three air points,

each with a flowmeter and control valve.

The whole arrangement worked well over a period of

42 months, with on the average about 150 quarter-hour

treatments every week. The dust-feed mechanisms gave

no trouble with aluminium dust, though they worked

rather less well with the mixed carbon dust and alumi-

nium, probably because of the lower feed rate.

APPENDIX

SUMMARY OF POST-MORTEM FINDINGS IN GROUPS A AND B

Case Sx Date of Potmre idnsNo. of
No. Sx Death Potmre idnsTreatments

Group A
9 M 28. 1.53 Haemorrhagic pericarditis (? influenzal), pneumoconiosis .. 1 503
8 M *21.10.53 Lobar pneumonia, silicosis, coronary arteriosclerosis ..356

69 M 241
83 'M 31. 1.51 Silicosis wish tuberculosis ..265
140 M 22. 4.52 Cardiac failure, myocarditis, arteriosclerosis, silicosis .. j 182
28 M 28. 3.51 Acute congestive heart failure, chronic interstitial nephritis, silicosis 152
95 M 23. 1.53 Acute cardiac failure, cachexia, dust reticulosis and silicosis 140
110 M - <100
107 M- <100
120 Nil - <100
74 M 18.10.49 Heart failure, arteriosclerosis, silicosis ..<100
34 F - <100
91 M 16. 6.51 Silicosis ..<100
66 M *6. 2.52 Cor pulmonale, advanced silicosis, and emphysema . .<100
13 M 21. 4.51 <100

149 M *8. 5.51 Silicosis and pulmonary tuberculosis ..<100
150 M 26. 1.51 Silicosis ..<100
168 -M 9. 1.51 Bronchial carcinoma, miners' pneumoconiosis ..<100

Group B
104 M *16.10.51 Angina pectoris aggravated bypneumoconiosis.334
32 F 4.11.52 Congestive heart failure, emphysema,silicosis.261
55 F *12.12.51 Silico-tuberculosis.252
105 M 24. 2.41 Pericarditis, infective T.B.,silicosis.243
45 M *10. 5.51 Silicosis 205
26 M 7.12.52 Myocardial degeneration, chroni:c bronchiitis, s'ilicosis.'246
130 M *21. 4.51 Congestive cardiac failure, silicosis andemphysema.145
70 M * 8. 2.52 Acute oedema of the lungs, acute bronchitis,silicosis.139
23 M - <100
7 M 7. 5.50 Bronchialcarcinoma.<100

62 F - <100
50 M - <100
94 M 25.11.50 Silicosis.<100
108 - -

109 M *11. 3.53 Renal adenocarcinoma, silico-tuberculosis.<100
148 M 19. 1.50 tCardiac failure, pulmonary emphysema, chronicbronchitis.<100
170 M 28.10.50 Cardiac failure and pulmonary oedema due tosilicosis.<100

*Lungs obtained for examination. t Bronchiectasis-chronic right aortic valvular disease.
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APPENDIX III

Symptomatic Change Related to Change in M.V.V., V.C., and Clinical Grade after Three Years' Treatment

The summary (Table) of average changes shows that
after three years of treatment those patients who claimed
that their dyspnoea had improved had deteriorated
most on the basis of clinical grading. Conversely, those
who claimed that their dyspnoea was worse had, on the
basis of clinical grading, deteriorated least.
As regards the changes that occurred in the M.V.V.

and V.C. values, there is little to choose between patients
claiming improvement of dyspnoea and those claiming
no change, though there is a comparatively greater drop
in the M.V.V. and V.C. values of those claiming dyspnoea
to be worse.

The five women irrespective of their subjective sympto-
matic change showed an average increase of 6-9 I./min.
in the M.V.V., but very little change in the V.C.
and clinical grade of dyspnoea. These findings, which
are at variance with the general downward trend of the
M.V.V. and V.C. with advancing age as shown by
Gilson and Hugh Jones (1949) and in this report,
probably reflect the greater reluctance of women to
undergo assessment on a spirometer and hence the
longer time they require to learn to perform the tests
effectively.

AVERAGE CHANGE IN VALUES AFTER THREE YEARS' TREATMENT RELATED TO DYSPNOEA

Remarks No. of G M.V.V. V.C. ClinicalRemarks ~~Patients Group (1./min.) (litres) Crade*

Patients claiming dyspnoea improved .. .. 11 A -5+1 2-3 -038 }0-33 +047 1+0-6
10 B +1l2 --2I4

Patients claiming dyspnoea unchanged 11 A -224 1-2 -028}0-35 +0:4
- 0'4

4 B +2-2 --0-53 +

Patients claiming dyspnoea worse.2 A _4803 68 06_ 67 }066 l }-t3
All women irrespective of symptomatic change . 5 A +6-9 Nil +0-2

* An increase in the clinical gradmng indicates deterioration.
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