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CLMONARY ASBESTOSIS IN SOUTH
AFRICA.

(Wath Special Plate.)

BY

F. W, SIMSON, M.B,, Cr.B.Ep.,

fOLOGIST AT THE SOUTH AFRICAN INSTIIUTE ¥OR MEDICAL RESEARCH,
JOHAXNNESBURG.

s “ren known for some time ihat workers exposed
he @isty atmosphere arising from some processes in-
ed 11 he preparation of ashestos materials suffer from
wnaiy cisabihty.  The mining of the mineral itself
tobabiv mot a source of danger, as asbestos is mined
Ay open quirries. After sorting, there remains
e rock which still contains fibre in pavable quantity.
hing of this vock causes a considerable degree of dust
siuie, and exposure to the dusty atmosphere is stijl
» exagzerated i the carding and spinning of asbestos
e Tl
1y little concerning the pathological changes in the
s of per<ons working with ashestos has heen found in
bteratare, and it was thought that a vecord of +he
wing cascs might be of interest.
1 September 2nd, 1926, the medical officer of an ashestos
1 Southern Rhodesia forwarded to the South African
tute for Medical Research three small specimens of lung
- a post-mortem case for histological examination.

Case 1 (No. 9026).

e subject was s male adult native, who had worked for
e months 1 the asbestos mill, and, except for a short
d bhefore his death, had had a good record of health.
nine weeks before death he suffered from acute tuber-
s, and the post-mortem findings showed miliary tuber-
18 involving the lungs, liver, spleen, and pericardium. The
t of the histological examination was {o ascertain 1f
was any evidence of fibrosis in the lungs which might be
tly ascrabed to the nature of his employment, since workers
e mill are exposed to a very dusty atmosphere.
art from the tuberculosis and associated fibrosis, seclions
o Jungs showed a certain amount of connective tissue
e which had no obvious connexion with the tuherculous
se. It was also found that curious golden yellow seg-
*d structures, with rounded ot club-shaped ends (Fig. 1),
embedded in this fibrous tissue, together with very minute,
ly refractile particles, the latter presumably silica.
ugle the curious segmented bodies were remarked upon,
irther investigation was carried out at the time, and the
formed fibrous tissue was attributed to the presence of
! Case 11 (No. 11016).
was not until September 29th, 1927, when a portion of
from a second case was sent by the medical officer from
ame mill, that the foreign bodies and fibrosis were more
nvestigated. This piece of lung was from a male adult
e who had been employed in the mill for a period of two

About Beptemher, 1926, le was admitted to hospital
ng fromh pneumonia, and had a long illness. He was dis-
ed, and later (September 19th, 1927) readmitted in a dying
tion. M6 was very emaciated, and Lad the physical signs
dmonary tuberculosis with fibrosis. At autopsy the lungs
firmly bound down by adhesions, the root glands enlarged
tard, and the lungs on section hard and fgﬂu‘ous with an
t leather-liko consistence. The mesenteric glands wero also
lerably enlarged. :
tological sections showed a generalized but moderate degree
srous thickening of the pleura, trabeculae, and alveolar
* In-additibn, there was a much more marked fibrosis
ged in_irregular-shaped nodules, chiefly related to the
vascular systém and bronchi, This fibrous lissue was
af, the elemerits arranged in an irregular manner, and
d somé:small lymphocytic accumulations (Fig. 2). There
W resemblance to the orderly, whorled arrangement and
jdefinition of the silicotic nodule (Fig. 3), The bronchi
The geat of slight cafarrhal changes, end many of the
i_‘%o&ed ** dust cells ** filled with phagocyted particles.
‘Mas no evidence of tuberculosis or acute pneumonic con-
%\."Emhedded in the fibrous tissues, lying free in
¥{Pig. 4), and contalned in :' vracytie cells, there woro
nus galden e o Wiee S and 6) a 1
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(Fig. 7). Phagocytosis was not, confined to the smaller particles,
but even large 10ds were seen compietely enclosed and oiton
bent in_order to_allow them to ocenpy the space within the
cells (Fig. 7). It was thought ihat’ thee forergn  bodie.
together with the crystalline matier nay have heen the «aunse
of the fibrosis, as the connective tissue, hoth i distribution
and formation, was very suggestive of changes resulting tiom
a dust occupation of the lungs. At the same time {he history
of pneumonta and protractdil recovery must he tahen nfo
consideration, since an unresolved prewmoma with subsequent,
fibrosis is not an uncommon e ience amongst native- working
on the mines in Svuth Africa.

C'Asks 111 AND (v (Nos. 6419 and 6731).
Consultation of the records and previous hastological seetia
of material from the same mme has revealed two add-ona
cases, hoth ot which showed Johar pnenmonta. There vas ve v
Little conneclive fissue ancrease. but the amusual abiu o
(Kig. 8) and refractile crvstallme particles wete present. N\
history of length of service in the milt was obtmned with eithr

of these cases.

Further study of the golden vellow hodics thow.d a
variety of shapes, but the most commen forms had 1oumsled
or club-shaped ends and a segmented body taperirg to
a finely pomted tail  They woere non-refractile to polasisld
fight, soluble m strong acids, and, on raising to a 1ed hea,
turned black and tended to lose their outhne. In sectiors
treated with liot dilite hidrochlotic acid and pota-stuin
ferrocvamide they gave a  wellmarked Prussiau hlan
reaction. No pigment except these structuves civing the
iron reaction conld be detected m the sections exanuned
Strong hydrochloric acid, having been tested for the
presence of iron and found negative, was uscd to dissolve
out iron from fresh sections. After treating the soctions
the hydrochloric acid gave a very distinet red-pink coloim
with potassium thiceyanate, and the redepink colont dis-
appeared on the addition of a solution of mercuiie ¢hloride
The sections were re-examined and showed that the majorit,
of the golden yellow bodies had heen dissolved oul. TFrows
these tests 16 was concluded that the structures contained
a large percentage of 1ron.

As controls, scctions of Inngs from a large number of
miners on the Rand who had died from silicosis and tuber-
culosis were examined. Bodies such as have heen deserihiod
above were found in noune of these, nor was {he Prussian
blue reaction or other test for iron positive oxcept in thow
cases where the pigment was obviously ol haematogenous
origin. A single case of a miner was also imvestigated; he
had worked for twenty-cight vears 1 the haematite mines
in the North of England, and subsequently for seven and
a quarter years in the gold mines of the Rand, South
Africa. Tho causo of death was catcinoma of the gall-
bladder. Macroscopically the pulmonary 100l glands wero
enlarged, pigmented, and fibrosed.  The pigment was dank
rust-coloured and pave a marked Prussian blue 1eaction
with dilute hydrochoric acid and potassium ferioe anide,
Occasional rust-colouted subpleural islets were visible.  On
section tho lungs showed a slight diffuse fibrosis and
few large arcas of fibrosis. The whole lung gave a matked
iron reaction. Histological sections of the large area-
showed moderately well defined, but irvegularly shaped.
masses of well-formed acellular fibrous {issue (Fig. 9)
The alveolar walls were slightly thickened, and there was
a moderale degree of connective tissue increase round the
blood vessels and bronchi. A large quantity of pigment
of a reddish-brown colour was contained in phagocytic cells
and lying free in alveoli, alveolar walls, and between the
fibres of the newly formed fibrous tissue. The preater part
of this pigment gavo the iron reaction. Tn addition, theio
was another varicty of pigment, in much smaller quantity,
in the form of crystalline refractile particles, The Iatter
was intimately mixed with the iron-containmg dust.  This
lung was especially examined to determine, if possible,
whether the same peculiar hodies were being formed from
o deposit of ferric iron dust as in the case of an ashestos
dust which contained both ferrous and fevrie jron, A
careful and {horough seaich was made, bul no particles
with a anpeatanes were ! U B L EE 1 I RO
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.l confirmns the findings of Sir Kenneth Goadby? and
D Crominl?

bn addition ta the human lungs showing ashestesis, Dr.
Anrozo dato of the South African Instituto tor Medical
Reweareh has supplied me with the lungs of a guinea-pig
whih died m December, 1827, from causes other than
asbestosis. This animal was exposed to an ashestos dust
atmosphere experimentally. The length of esposure was two
Lowrs a day on cach of fifty days. The first esposmie took
place on Fehruuy 4th, 1925, and the last on April Ist
The ashestifornr compound used for the
chrysotilet obtained from the nune in

Histologieal sections showed a slight
generalized fibrosis and an anerease 1 prgment, but the
imteresting feature was the presence of the gokden yellow
bodies (Kig. 11), sumtlar o those seen in the lungs of
human pulmonaty anbestosis.

A comparison between the human cases and the experi-
nental animal showed that the fibrosis was more 1apid and
,densne in the human cases than in the expermmental
ammal. This is readily explained by the difficulty in
toducing the tough asbestos fibre to a uniformly fine
powder, and to the piesence of a comparatively small
proportion of the rock dust which is usually associated with
ashestiform compounds.  For ¢ dusting 7 animals a limited
amount of dust is available, and of this only a small
proportion contains particles of sufficiently small dimen-
stons to permit of their reaching the lung alveoli. In
sthicosis' the size of the majority of the particles® which
reach the alveoli is hetween 1p and 3u, in the haematito
lung, mentioned above, the parlicles appear larger, but
even here are much smaller than the greater number of
those prepared from asbestos for ¢ dusting 7’ experiments.
In the working mill the conditions are very difterent from
an ashestos dust atmosphere produced experimentally. Fine
dust 1s contimnoushy 1eaching the atmosphere, and only the
very fine particles remawim suspended for any length of
vime. These gradually inetease i numbers until a maximum
cone-ntration 1s reached, then remaimn more or less con-
<tant daring working hours. Thus it will be scen that,
m order 1o produce changes m experimental animals show-
my the same degree of fibross in the <ame length of time,
an atmosphete approxunating that of the working mill will
have to he obtawed,

The amomnt of fibrosis in iwo of the bhuman caces
(Ca~es 1 and 3I) was quite defimite, and, if due to the
presence of ashestos dust, the initial vate of production was
tapid when compared with present-day non-imfective silicosis
on the Rand. It s difficult to state o defimite time for
the production of an appreciable degree of fibrosts m pure
non-idecuve stlicosis, but modern observation tends to show
that 1t s i the neighbourbood of tenm yvears. In Case 1
A moderateh marked fibrosts had taken place after one year
o work m the mudly hut this was complicated by tubei-
cofoss, 1t 1s known that the rvate of fibrous tissue pro-
duction 1= very much greater m dust diseases complicated
by nfections, but even allowing for thic the connective
tissiie ancrease an Case 7 was raprd. In Case 11 there was
4 ~ull more definte fibrosis after two years of work 1n
the midl with no evidence of tuberculosis,

Betore this work was completed Dig, Cooke,® Stuart
McDonald, and Ohwer? publiched their papers dealing with
prlinonary ashestosts, and previons to that a short aiticle
on the samc subject appearedan the Lancet, The comlanity
hotween the case desarhed and owrs was <uspected when
the hist o ticle appeared, aud om work goes far to confirm
the ndime~.  As o those recorded here, the ashestos dust
tesponsible for the changes mn the Tungs i theiv case was
a chivsotile. Whether other ashestiform compounds arve
vapable of producing these changes 1t is tmpossible to sav,
a< thece appeais to he no rtecord of any such cases m the
Horanme

fnothe Linon of South Africa* and Rhodesia there arve
nrany ashestos mines, from some of which chrysottle s
obtamaed bt two other interesting vartelies ace found -
naweh s aoadolite and amosite. Anwosite s a compara-
tivels geeent discovery, the chemistry of which has not
heen completely worked out, hut 1t appenis to be somew hat.
sunilar to crocidohte o composition. Both these

ot the same year.
expermetts was a
Southern Rhodesia.
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PULMONARY ASBESTOS1S IN SOUTH AFRICA.

Tiix Parnove
Hanican Jomsst

e

pounds contain a large percentage of ferrqus iron. .Apalys
of four samples of amosite® showed hetween 32 and 4% p
cont. of FeQ, and‘eight samples of erocidolitet betwe
16.5 and 40.5 per cent. Up to the present there has bec
no examination of post-mortem material from cases ¢
death among those working in mills where these minera
are treated. No such material has been mnade available.

Chrysotile or serpentine asbestos usually -contains 2 to
per cont. of FeQ isomorphously replacing magnesia. Tl
analysis of Dr. Cooke’s case showed 3 per cent, of FeO, ai
the Rhodesian mineral, according to Mr. A. L. Hall
2.44 por cent. Dyr. McCrao of the Government Chemic
Laboratory, Johanneshurg, analysed the FeO content 6f 1}
ashestos used by Dr. Mavrogordato in bis animal éxpd
ments, and found a much lower percentage—namely, 0.4
Apparently even with very small percentages of :¥eO i
golden yellow bodies are formed in the lungs. L

With~ regard to the unusual structure and chémic
nature of the golden yellow bodies found in the lungs.
pulmonary ashestosis, until many more cases have bé
examined and more experimental work has been done ve
little can be stated. There is no doubt that they are-
some way associated with the asbestos, or, probably, me
particularly with the FeO content, either of the asbest
itself or of the dust of the mill, This dust contains & mu
higher percentage of iron, which may he derived pazf
from the lode from which the ashestos is mined.

"Three possibilities regarding tho formation of the gold.
yellow bodies are worthy of mention:

(1) In the form of a gel, as suggested by Dr. Stua
McDonald.

(2) As particles of ferruginous ‘quartz formed in the lun
under conditions similar to weathering, or ferruging
quartz changed in composition as a result of combinatic
with constituents of the bedy fluids. In support of tb
it may bo mentioned that crocidolite, which 1s an alk:
silicate with forrous iron, is especially liable to decompa:
tion when exposed to weathering. Sodium is removed, t
iron oxidized and hydrated to form limonite, and sifi
set free; there then results a ferruginous quartz whi
possesses the finely fibrous structure of the original miner:
It is extremely hard, and coloured a rich golden yellow. *
is possible that a change such as this occurs with the s
quantity of ferrous iron associated with chrysotile, and $
colour of the bodies in the lungs is very suggestive.

(3) Phagocytosis of these structures is a very proming
feature in the lungs, and it was thought that the action .
theso cells may have been responsible, first, for some chaiy
in chemical composition, then a building up and mouldi
into the various shapes seen. ¢

The fibrous tissue change in the lungs of the abow
mentioned cases of workers in asbestos mills is probal
the result of a reaction on the parts of the tissues to by
the golden yellow bodies and a small quantity of silica. ¥

Sufficient” cases of pulmonary asbestosis have not ber
recorded to base an opinion upon the lability to secondam
infection by specific mflammatory processes such as tubg
culosis, hut it is very suggestive that two of thuse 1
recorded, which have been examined histologically, ha
shown tuberculosis complicating the changes produced, ]
an ashestos dust occupation of the lungs.

Besides these cases there is still further evidence §
favour of tuberculosis being a complicating factor. B

Di. H. M. Murray reported a fatal case in the (‘hari
('ross Iospital Gazette m 1900; and in the United S‘ta‘
of America, from one source,® during the period 1907
1914 there weio 13 deaths, 3 of which were from tubd
culosis. 4

In 1910 Dr. Collis'® reported on the relationship ¢
ashestos dust to pulmonary tuberculosis, and found tha
5 deaths from phthisis had occurred in five years amongf
a stafl of less than forty workers cmployed at a factog
whete ashestos 1s woven., p

Tn conclusion, I wish to record my thanks to Dr. Mavrogordat
for data and material from an experimental animal: to M
Irvine, chairman of tho Miners’ Phthisis Medical Bureat
Johanncsburg, for material from silicotic cases and rrom &
lungs of a hacmnatite miner; {o Dr. McCrae for his analysis ¢
the EeO conlent of a sample of asbestos; and to Mr. P. Longmo}

for Ins valuable assistance in preparing the microphotographs.
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