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BY

F . W. SIMSOX, M.B., C'h .B .F d .,
lOLOG'OT AT T H E  SO U T H  AFRICAN IN S T IT U T E  FO R  M ED IC A L R ESE A RC H , 

JO H A N N E S B U R G .

ias ' ¡on known for some tim e th a t  workers exposed 
he un-tv atm osphere arising from some processes m ­
cd in i he preparation  of asbestos m aterials suffer from 
1011m \ disability. The m ining of the m ineral itself 
rohalev not a source of danger, ns asbestos is mined 
Jy in open quifm es. A fter sorting, there remains 
e rock which still contains fibre in payable quantity . 
Jung of this rock causes a considerable degree of dust 
suie, and exposure to the dusty atm osphere is still 
1 exaggerated in the carding and spinning of asbestos ic mil!-.
■ iy little  concerning the pathological changes in  the 
s of persons working with asbestos lias been found ill 
him in lire, and it  was thought th a t  a record of the wing c a-es m ight bo of interest.
1 September 2nd, 1926, the  medical officer of ail asbestos 
1 in Southern Rhodesia forwarded to the South African 
tute lo r Medical Research three small specimens of lung 
. a post-mortem  case for histological examination.

C ase i  (No. 9026).e subject was a male adult native, who had worked for e months m the asbestos mill, and, except for a short i  before his death, had had a good record of health, nine weeks before death be suffered from acute tuber­'s. and (he post-mortem findings showed miliary tuber- 
18 involving the lungs, liver, spleen, and pericardium. The t of (he histological examination was to ascertain if was any evidence of fibrosis in the lungs which might be tly ascribed to the nature of his employment, since workers e mill are exposed to a very dusty atmosphere, art from the tuberculosis_and associated fibrosis, sections w lungs showed a certain amount of connective tissue fe which had no obvious connexion with the tuberculous ss. I t  was also found that curious golden yellow seg- ‘d structures, with rounded of club-shaped ends (Fig. 1), embedded in this fibrous tissue, together with very minute, v refractile particles, the latter presumably silica, ■ ugh 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
’ C ase ii  (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 investigated. This pieco of lung was from a male adult e who had been employed in the- mill for a period of two ■, About September, 1926, he was admitted to hospital ftoiit pneumonia, and had a long illness. He was dis­ed, and later (September 19th, 1927) readmitted in a dying tion. HS was very emaciated, and had (he physical signs ihnonary tuberculosis with fibrosis. At autopsy the lungs firmly bound down by adhesions, the root glands enlarged <hrd, and the lungs on section hard and fibrous with an t leather-like consistence. The mesenteric glands wero also ierably enlarged. ' .
tological sections showed a generalized hut moderate degree irous thickening of the pleura, trabeculae, and alveolar • I n ' addition, there was a much more marked fibrosis ?ed in irregular-shaped noddles, chiefly related to the vascular system and bronchi. This fibrous tissue was at, the elements arranged in an irregular manner, and (ed som«'-*mall'lymphocytic accumulations (Fig. 2). There 
70 resemblance to the orderly, whorled arrangement and i definition of the silicotic nodule (Fig. 3), The bronchi 
*?-e I f ?4 of catarrh.il changes, and many of thei ’«oin*g*cd “ dust cells ”  filled with phagocyted particles. Wfas no evidence of tuberculosis or acute pneumonic con- ypM. ' Embedded in the fibrous tissues, lying free in W(Fig. 4), and contained in P  ".irlic cells, Aero were onsgoblru ........  V 6 ami 61 > 1

(Fig. 7). Phagocytosis was not, confined to (he. small.-r p.iHiclc,, but even large lods wero seen completely enclosed and oili u bent 111 order to allow them to occupy the space within the cells (fig. 7). I t  was thought that tbr-e foreign liodio-. together with the crystalline mallei may have been the uii,,i of the fibrosis, as tile connective tissue, both in distribution and formation, was very suggestive of changes resulting trem a dust occupation of the lungs. At fho same time liio Instore of pneumonia and protracted recovery must be taken mlo considciation, since an unresolved pneumonia villi subsequent fibrosis is not ail uncommon ocein 1 cnee amongst, native- working on tho mines in South Africa. ‘ ”
Cases i i i  and iv (Nos. 6419 and 6731).Consultation of the records and precious histological s i ' '  m-> of material from the same mine has revealed two adthi mn.ii cases, both oi which showed lobar pneumonia. There va- \e, r little connective tissue increase, but the unusual .sti m , m'1 s (l'ig. 8) and reiractile crystalline particles were pr-.ent. \n  history of length of serene in the null was oblamed with either of these cases.

F u rth e r  .study of the golden yellow hod ios slinv.rl a 
variety  of shapes, hut the most common forms had loondod 
or club-shaped cuds and a segmented bodv tapering to 
a finely pointed ta il They w e e  non-refractile to pola 'I/: .1 
light, soluble m  strong at ids, and, on raising to a 1 od ho,.:, 
turned  black and tended to lose the ir outline, in  settlo r- 
treated  with hot dilute Indrochloiic acid and pota-snn 1 
ferroevamde they gave a well-marked Prussian blue 
reaction. No pigm ent ox'copt tlmso structures giving the 
iron reaction could be detected in the sections examined 
S trong hydrochloric acid, having been tested for the 
presence of iron and found negative, was used to di — olve 
ou t iron from fresh sections. A fter trea tin g  the section- 
tho hydrochloric acid gave a very distinct red-pink eolom 
with potassium thiocyanate, and the red-pink colour di»- 
appeared on the addition of a solution of mcreinie chloride 
The sections wore re-examined and showed th a t the m ajorit. 
of the  golden yellow bodies had been dissolved out. Prom 
these tests i t  was concluded th a t the  structures contained a  largo percentage of iron.

As controls, sections of lungs from a large number of 
miners on the R and who had died from silicosis and tubei- 
culosis wero examined. Bodies such as have been dcsciibcd 
above were found in nono of these, nor was tho Prussian 
blue reaction or other test for iron positive except in tlio-u 
cases where tho pigm ent was obviously ol hacmatogcnous 
origin. A single ease of a miner was also im estim ated; lie 
had worked for twenty-eight years in tho haem atite mines 
in the  North of F/iiglaml, and subsequently for seven and 
a  quarte r years in the  gold mines of the Band, South 
Africa. Tho cause ol death was caieinoma of tho gall­
bladder. Macroscopically llio pulmonary loot glands worn 
enlarged, pigm ented, and fibrosed. The pigment was dink 
rust-coloured and gave a marked Prussian blue reaction 
with dilute hydrochloric arid and potassium fen  oca auiile. 
Occasional rust-coloui ed suhplcuial islets wero visible. (In 
section tho lungs showod a slight diiftiso fibrosis and 1 
few largo areas of fibiosis. The wholo lung gave a mnikeil 
iron reaction. Histological sections of tho largo area- 
showed moderately well defined, bu t irregulaily  shaped, 
masses of well-formed acellular fibrous tissue (Fig. 9i 
Tho alveolar walls were slightly thickened, and there was 
a m oderate degree of connective tissue increase round the 
blood vessels and bronchi. A large quantity  of pigment 
of a reddish-brown colour was contained 111 phagocytic cells 
and lying free in alveoli, alveolar walls, and between the 
fibres of th e  newly formed fibrous tissue. The greater part 
of th is pigm ent gave the non reaction. Tn addition, there 
was another variety  of pigment, in much smaller qnau titi , 
in th e  form of crystalline refractilo particle-'. Tho latte r 
was intim ately mixed with the iron-containing dust. Tin- 
lung was especially examined to determine, if possible, 
whether the  same peculiar bodies were being formed from 
a  deposit of ferric iron dust as in the ease of an asbestos 
dust which contained both ferrous and fem e  iron. A 
careful and thorough scareli v a - made, hut no partiile - witli a In ■ 1 :>pc aranee w re 1 ’ I 1 Km IQ) \t .
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and, xl fuuíinnh tlio findings of Sir K enneth Goadby1
Hi C ionm ,2 ,In addition to the hum an lungs showing asbestosis, Dr. 
A!.t\ iujmo dalo ot the South African Institu to  for Medical 
iiestMM-ii lias supplied me with the lungs oi a guinea-pig 
wliuh died in December, 1927, from causes other than  
asbestosis. This animal was exposed to an asbestos dust 
atmosphere experimental!v. The length of exposure was two 
hours a day on each of liftv da>s. Tim lirsi exposuie took 
plat e on Fobruaiy 4th, 1925, and the  last on April 1st 
ot the same year. The asbesliform compound used for the 
experim ents'w as n chrysotile* obtained from the mine in 
Soul hern Rhodesia. Histological sections showed a, slight 
genei aimed fibrosis and an mercase m pigment, hut tho 
niterestiug tea tn io  was the píesem e of the golden yellow 
hulios {Kig. 1 1 ), siimlai to those seen in the lungs of 
human puimon.uy asbestosis. ^

A tom panson between the huumn cases and the experi- 
tuuiial animal showed th a t the fibrosis was more uipid and 
,\te u s ] \e  in the hum an cases than in the experim ental 
anima!. This is readily explained by the difficulty in 
icdm ing the tough asbestos fibre to a uniformly fino 
powder, and to the piescnce of a comparatively small 
pioportion of tho rock dust which is usually associated with 
adjestiform compounds. For “ dusting ”  animals a lim ited 
amount of dust is available, and of th is only a small 
proportion contains particles of sufficiently small dimen­
sions to pci mil of their reaching the lung alveoli. In  
silicosis' tho size of the m ajority of the particles5 which 
leach the alveoli is between 1 ,u and 3(u, in the haem atite 
lung, mentioned above, the particles appear larger, but 
.•von hoio are much smaller than  the greater number of 
those prepaiod from asbestos for “ d u s tin g ” experiments, 
in  the woiking mill the conditions arc voi\ different from 
an asbestos dust atmosphere produced experimentally. Fine 
dust is continuously i caching the atmosphere, and only tho 
veiy fine particles remain suspended for any length of 
time. The-e giadually ineicase m numbers until a maximum 
< onc- n tra tiou  is reached, then rem ain move or less con­
s tan t during working hours. Tims it  will he seen tha t, 
in order to produce changes m experim ental animals show­
ing the same degree of fibrosis in tho same length of time, 
.in atmo'-phoie approxim ating th a t of the working mill will 
have to he obtained.

Tim am ount of fibrosis in two of the hum an cases 
(Cam', i and j i ) was quite definite, and, if duo to the 
presrino of asbestos d u d , the initial ra te  of production was 
mpid when (om paicd with ptexent-day non-mfo( tive silicosis 
on the Rand. I t  is difficult to state a definite tim e for 
i he production of an appreciable degree of fibrosis m  pure 
non-mi o< uve si In osm, but modern obsei\ ation tends to show/ 
that it is in the neighbourhood of ten  years. In Case i 
a model atch  marked fibrosis had taken place after one year 
i-l vo ik  in the null, hut this was complicated by tubei- 
( mIom’-. It is known th a t the rafe of fibrous tissue jiro- 
diuDon ¡' u ‘i\  m udi g iea ter in dust diseases complicated 
by intern ions, but even allowing for ibis the connective 
tissue un icaso m Casi' i was rapid, in  Case n  there was 
a -ill! moil definite fibrosis after two years oi work in 
ilu1 null with no o\ idence oi tuberculosis.

lb lure tlii- wmk was completed Dis. Cooke,6 S tua rt 
M( Ronald, and Oliver7 published their papers dealing with 
pulihonaiv ashesfosis, and p u s  ions to tha t a shot l  aitiele 
on tlies.uiH Mibjei ! appealed in the /A iiurt. The -m nlaiity  
h d u ir i i  11 io u n ’ dcsMibed and oiiin was suspected when 
tin Iiim a i tu le  appealed, and om woi k g'ics far to confina 
the Imdmg-. As m tlio-r locorded here, the asbestos dust 
i expansible foi flu' (lumgCN m the lungs m their case was 
a ( In w )tilr . W hether other ashestitorm eompoumls are
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man\ asbe-tos mines, from sumo of winch clngsottle is 
obtained hut two other interesting \aru»lies are found - 
nam eh, ciondolile and amositc. Aniosite is a compara- 
tivel;, icccnt discovciv, tin* chemistiy of which has not 
iieen e(,m|det(di') woiked out, hut it appeals lo be somewhat' 
similar to croeidolite in ((imposition. Roth these eom-

pounds contain a  large percentage of ferrqns iron. . Apal^s 
of four samples of amosito8 showed tbfttweeii 3% avd 44ip* 
cent, of FeO, a n d 1 eight sam ples'o f croeidolite* birtwee 
16.5 and 40.5 per cent. Up to  the present there  has W  no exam ination of post-mortem  m aterial froiq cases * 
death among those working in thills where these minera 
arc treated . No such m aterial has been made available.

Chry.sotile or serpentine asbestos usually contains 2  to 
per cent, of FeO isomorphously replacing m a g n ew ^  T1 
analysis of Dr. Cooke’s case showed 3 per cent, of FeO, ai 
the Rhodesian m ineral, according to  M r. A. L. Hall 
2.44 per cent. Dr. McOrao of tho Goverrmient Cliemic 
Dnhoratory, Johannesburg, analysed the  FeO content of .t! 
asbestos used by Dr. Mavrogord&to in his anim al 
ments, and found a much lower percentage—namely, 0-4 
Apparently even with very small percentages of ’EeO 
golden yellow bodies are formed in the  lungs. .. ,W ith regard to the unusual s truc tu re  and chcinic 
n a tu re  of the golden yellow bodies found in  the  lunga- 
pulm onary asbestosis, un til many more cases have b# 
examined and more experim ental work has been done ve 
little  can be stated . There is no doubt th a t  they a re ' 
some way associated w ith the  asbestos, or, probably, m® 
particularly  with th e  FeO content, either of the asbe$ 
itself or of the dust of the mill. This dust contains ft mu 
higher percentage of iron, which may be derived psuj 
from the  lode from which the  asbestos is mined.

Three possibilities regarding tho form ation o f 'th e  gold- 
yellow bodies are worthy of m en tion :
* (1) In  the form of a gel, as suggested by Dr. Stua 
McDonald. ,(2) As particles of ferruginous q u a rtz  formed in the jun 
under conditions sim ilar to weathering, or ferrugin^ 
quartz  changed in composition as a resu lt of combinatu 
w ith constituents of th e  body fluids. In  support of t l  
i t  may be mentioned th a t  croeidolite, which is an alki 
silicate with ferrous iron, is especially liable to decompo; 
tion  when exposed to weathering. Sodium is removed, t  
iron oxidized and hydrated to  form limonite, and sill 
set free; there then results a ferruginous quartz wlm 
possesses the finely fibrous stru ctu re  of the  original miner; 
I t  is extremely hard , and coloured a  rich golden yellow. ’ 
is possible th a t a  change such as th is  occurs with the snu 
quantity  of ferrous iron associated with cln-ysotile, and tl 
colour of the bodies in the lungs is very suggestive. ;

(3) Phagocytosis of these structures is a very promine)
featu re in the lungs, and i t  was thought th a t the action ■ 
these cells may have been responsible, first, for some chart; 
in chemical composition, then a building up and mouldfr 
into the various shapes seen. jThe fibrous tissue change in the lungs of the aboV- 
mentioned cases of workers in asbestos mills is proba} 
the result of a  reaction on the  p a rts  of the tissues to bgt 
tho golden yellow bodies and a  small quan tity  of silica. *

Sufficient cases of pulmonary asbestosis have not b# 
recorded to base an opinion upon the liability to second* 
infection by specific inflammatory processes such as tutk 
culosis, but it is very suggestive th a t two of tlm-e 
recorded, which have been examined histologically, ha' 
shown tuberculosis complicating tho  changes produced,] 
an asbestos dust occupation of the lungs. I

Besides these cases thero is still fu rther evidence*# 
favour of tuberculosis being a complicating factor. *

D i. H. M. M urray reported a fatal case in the ( harfa 
Cross H o sp ita l  Gazette  m 1900; and in the United Stafc 
of America, from one source,9 during the period 1907 \ 
1914 there weio 13 deaths, 3 of which were from tub# 
culosis. . . ’i

111 1910 Dr. Collis10 reported on the  relationship - f 
asbestos dust to pulm onary tuberculosis, and found 
5 deaths from phthisis had occurred in five yeais among 
a staff of less than  forty workers employed at a facto# 
v h e te  asbestos is woven.

In  conclusion, I wish to record my thanks to  Dr. Mavrog foi d a ta  and m ateria l from an experim ental am inak to W Irvine chairm an of tho M iners’ Phthisis Medical  ̂ Bure* Johannesburg, for m aterial from  silicotic cases and tronp lungs of a haem atite  m iner; to  D r. McCrae for his analysis tho RoO content of a sample of asbestos; and to  Mr. P. Longmor for las valuable assistance in preparing the  microphotograpns.-,
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