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FiGc. 9—Case 6: x-ray film of chest showing * honeycombing
with some nodulation and reticulation in upper two-thirds of
lungs.

Fi6. 10.—Case 6: Bronchiectatic cavities surrounded by fibrosis
together with silicotic nodulation and focal emphysema.
Haematoxylin and eosin. x 13.

tools. Fettling is also done by large abrasive wheels to
which exhaust ventilation is applied.

After a post-mortem examination, Dr. D. Guest
reported that death was due to “ toxaemia and heart
failure from bronchopneumonia, associated with silicosis
of the lung and chronic purulent bronchitis .

To the naked eye the fixed lungs showed many pleural
adhesions, widespread bronchiectasis with broncho-
pneumonia, and several abscesses : some small fibrous
nodules were palpable in each lung apparently distinct
from the fibrosis due to bronchiectasis.

Microscopically (Fig. 10) the lungs showed bronchi-
ectasis, bronchopneumonia with abscess formation,
some whorled fibrous nodules, and slight simple pneumo-
coniosis with focal emphysema.

Chemical Analysis of Lungs

The results of chemical analysis are given in the
Table and are expressed as percentages of dried
weight of lung. They are not necessarily comparable
with those of other authors. All the lungs had
been in fixative (formol-saline), often for long
periods, and had been cut into in many places
before samples were taken for analysis. An attempt
was made in each case to get a representative
sample of the whole of both lungs : no chemical
analyses were made of fibrous areas alone. It
may be noted that there was a rough correlation
between the percentages of free silica and the amount
of fibrosis (both whorled and linear) found in the
lungs. The free silica estimations were made by
the method of Trostel and Wynne (1940); the
other estimations by standard chemical methods.
No appreciable quantity of zinc or copper was
present in the ash of the lungs.

TABLE
RESULTS OF CHEMICAL ANALYSIS OF LUNGS
Case i Ash ' Total Silica ‘ Free Silica |Iron (as FeyOy)

1 445 | 139 | 0ss 0-59
2 | 33 ¢ 03 0-11 049
3 4.51 016 | 002 1-3
4 1-45 010 | 006 0-33
5 5.11 12 0-60 121
6 | 415 0-82 ’ 0-58 f 1-51

X-ray analysis of the ash of Case 5 showed 79%
of quartz (i.e., 0-36% of dried lung), while analysis
of a nodule from the lung showed 1-59%, of the dry
weight to be quartz.

Discussion

The conclusions which can be drawn from the
study of this small series of cases can only be
tentative, but it seems reasonable to assume that
many of the pathological changes found can be
related to the occupation. Brass and bronze
moulders and casters who work with sand moulds
are exposed to the inhalation of dusts and fumes
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which may vary quantitatively and qualitatively
with the conditions of ventilation and the technique
of moulding and casting in ‘the individual shop.
The sand used has usually a lower free silica content
(about 809%) than that used for steel castings
(about 95%), because the melting temperatures of
these non-ferrous metals are lower than that of
steel and iron. The melting temperatures are also
relevant in the cases of fettlers, because they largely
determine whether or not burnt-on sand will be
left on the castings. It is the dust created by vigorous
methods for removing the sand from the castings
which causes silicosis and mixed-dust fibrosis.

Moulders and casters are also exposed to the
inhalation of dusts caused by the application of
parting powders and mould dressings. The
Foundries (Parting Materials) Regulations came
into force in 1950 and they prohibit the use of
parting powders containing more than 3% of
compounds of silicon. Before that date siliceous
parting powders were freely used, though many
parting powders used before 1950 were silica-free.
Many proprietary parting powders are on the
market, and contain such substances as zirconium
silicate, calcium carbonate, calcined china clay,
sillimanite, fused alumina, and olivine.

These workers are also invariably exposed to the
inhalation of freshly formed zinc oxide and to a
lesser extent to the oxides of other metals such as
copper, tin, and lead. Some, but not all, brasses
contain lead, but none of the cases described in
this paper had suffered from lead poisoning.

Of the four moulders and casters, the immediate
cause of death in two was bronchopneumonia
(one tuberculous) and in the other two cor pul-
monale or right-heart failure. All four had marked
emphysema, both general and focal, associated
with bronchitis. It may well be that emphysema
and bronchitis arise partly or mainly from the
inhaled dusts and fumes, though it is difficult to
produce convincing evidence. But an agent which
irritates the pulmonary tissue is also likely to
irritate the bronchial mucous membranes.

The amount of occupational fibrosis found in
the lungs of the moulders varied. In one case
there was well-marked silicosis (associated with
tuberculosis) ; in two others there were definite
though not severe areas of mixed-dust fibrosis
(which we regard as modified silicosis), and in the
fourth there was only slight mixed-dust fibrosis.
The man who had the shortest exposure to brass
moulding and casting (29 years) had the most
marked fibrosis, but he was known to have used
a siliceous parting powder for some years. The
other three patients had been employed for 32, 31,

and 40 years respectively. It is not known for
certain if they had used siliceous parting powders,
but inquiries suggest that if they had, large quantities
were not used. These three men, however, would
be exposed to dry siliceous dust arising from the
process of knocking away the sand moulds and
cores after casting. Such dust might well account
for the mixed-dust fibrosis or modified silicosis
found in their lungs.

The two brass fettlers or dressers both had
silicotic nodules in the lungs. One (Case 5), who
had been doing the work for 43 years, developed
moderately marked silicosis with some mixed-
dust fibrosis and focal emphysema. There was also
some gross emphysema at the bases of the lungs.
The immediate cause of death was coronary
thrombosis. The other (Case 6) had worked for
24 years as a bronze fettler and five years as an
iron fettler. Death was mainly caused by broncho-
pneumonia associated with bronchiectasis and
abscess formation : however, some fibrous nodules,
both of the silicotic and mixed-dust fibrosis types,
were present in the lungs.

Though there is not a great deal of visible burnt-on
sand on brass castings there is enough to cause some
pulmonary fibrosis amongst the fettlers. Our
general impression from these cases and our previous
studies of iron fettlers (Harding, Gloyne, and
McLaughlin, 1950) is that the lungs of iron fettlers
become damaged more quickly than those of brass
fettlers. This is consistent with the fact that the
melting temperature of iron is higher than that of
brass and therefore more burnt-on sand is found
on iron castings.

The pathological features of these lungs are
similar to those found in workers in iron and steel
foundries (Harding and others, 1950). Simple
pneumoconiosis or mixed-dust fibrosis accom-
panied by focal emphysema as in colliers’ lungs is
the commonest finding. True whorled silicotic
nodules are also occasionally found, as well as
transitions between the stellate nodules with linear
or radial fibrosis and the classical nodules with
whorled dense fibrosis. Both types of lesion are
seen in the lungs of Case 5, and possibly represent
differences in the silica content of the dust at
different periods. As with pneumoconiosis in
other trades, tuberculosis and other infections
seriously complicate the picture.

Summary
Clinical, radiographic, environmental, and patho-
logical (gross, histological, and chemical) details of
six non-ferrous foundry workers (four moulders and
casters, and two fettlers) are described.
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All six cases showed varying degrees of occupa-
tional pulmonary fibrosis, either whorled silicotic
nodulation, linear or stellate fibrosis (mixed-dust
fibrosis), or transitional stages between these two
types of fibrosis.

Though all cases showed fibrosis, it was a clear
factor in the deaths of only two of them (Cases 1
and 5) ; it was doubtfully so in two others (Cases 2
and 6) and was insignificant in the remaining two
(Cases 3 and 4).

The pathological features of the lungs of non-
ferrous foundry workers are similar to those found
in iron and steel foundry workers. Both moulders
and fettlers are liable to contract silicosis and mixed-
dust fibrosis which may be complicated by pneu-
monia, tuberculosis, and chronic bronchitis and
emphysema with right-heart failure.

We are indebted for much help in collecting informa-
tion about these six cases to the following : Dr. P. K.
Walker, Dr. S. Bryson, and Dr. H. Blyth, of the Pneumo-
coniosis Panels, Ministry of Pensions and National
Insurance ; Dr. W. D. Buchanan, H.M. Medical
Inspector of Factories, Ministry of Labour and National
Service ; the Records Officer, Leeds General Infirmary,
for clinical details of Case 3 ; Dr. H. Midgley Turner,
Chief Chest Physician, Sheffield, for clinical and radio-

graphic details of Cases 1 and 2 ; Dr. R. Hardy, Chief
Chest Physician, Hull, for the x-ray film of Case 4 ; and
to Dr. Denton Guest, Huddersfield, and Dr. A. P.
Massie, Hull, for additional pathological details about
Cases 4 and 6 respectively. Part of the expenses of this
investigation was met by a grant to one of us from the
Research Fund of the University of Sheffield. The
photomicrographs were made by Mr. A. W. Collins,
F.ILM.L.T.
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