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.« lassitude. The physival signs in ber chest were thosc ol
3% s of the right tusg. In July, 1922, signs of cavitatiou were
the spuiwn became wmore profuse, with sweals and

aus £, ’ . 4
< irrcgular temperature, and she died on March lith, 1923,
T AR z-ray plate showed coxteusivc fibrosis, more marked in {he
izt luse, two calcarcous glands 2t the root of the left lunF, and
iwo smail calearsous panic?a in the base of the left lower lobe.

= Mucroscopical Appcaranecs,
Z. Riyht Lung.—~The picura is thickened over the eniire surface of
='thc lung, and sbows the remains of dease adhesions to the chest
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»wall aud icardivm. The lung is firm aod «mall, The glands
“%36.1be ‘mm the lung are large, and on wectiou are black, show
s liickened capswle, and some caleareous particies. On sectios,

...tae lung is scen to be Gbrosed and to a large cxtemt airicss, the
“lung tissue being replaced by fibrous tissue. Denss strands of
tbrous tissue from thie pieura intersect the lung. In the zpex
.there is a large cavity, the size of a peeled tangerine orange. e
middle and Jower lobes sbow aumercus small areas—varying in
= ¢ize from a hazel-nut to a pin's head—-of caseation, some of waich
-: bave proceeded to cavitation. The bromchi are dilated.

o Left Luny.—The pleura is thickened and shows the remains of
> “adhesions to the chest wall, thickening 2nd adbesi sre

“not so marked as in the right lung. The lucg is Srmer than
- normal. At the rool of the lung are two large calcarcous magas,
- - one the size of a large hazel-nut, the other about half that size—
~".calcified tuberenious glands, The otber glands are black and show
.- periadenitis, In the leit apex there is 3n ares of old sear tissus
-~ about the size of a sixpcany piece, and a carvity the size of a
o7 walnut. Scattered throughout the lumg are small aress of
- deuser comsistence than the rest of the lung, some of which
~a show definite caicareous particles, otbers smail areas of caseation.
:-_;,'rhera is a3 considerable increase in the fibrous tissue.
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% . Three ontstanding fontures are presented by sectious
% from this case. The first is the coormous amount of fine
wrgranular pigment in the peribronchial fibrous tissue, walls
" of alveoli, and in phagocytes scattered through. the sections,
.« The particles of this dust are similar in size aud shape to
“*the black granules scen in the asbestos fibre.

-+ % The second unusual feature is the presence of lurge solid
7. angular particles (Fig. 2). These are sitvated in areas of
2 fibrosis and in caseating areas. They vary in size from
3 to 360 microns in length. The particles are so large—
s-masses of them are seen iu certain aress—that they must
& bave occluded small brouchi. Fibrosis of the alreoli
~r-3-s}1.tpplied has taken place and later nccrosis, as secs in

Fig, 3. —

- Wae have never ssen anything parailel to this in pneumono-
*: coniosis duo to other dusts, nor have we been able to find
--suck occurrence in literature. Ou comparing these large
=+ particles with asbestos dust there is a striking resemblance
F-in sizes, shapes; and colour. In fact, it is very eusy to
< take each siugle particle found in the lung sections aud

We cannot think there is any reasonable doubt that the
particles in the {ungs arc the heavy, brittle, ironcontaining
iragments of ashestos fibre. The more extensive iavolve-
ment of the right lung is thus esplained. The heavy par-
3 ticles would poss more easily down the more vertical right
Z.bronchus than the horizontal left bronchus,
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immediately find its brother in a slide made from the dust.

! HISTOLOGY OF PULMONARY ASBESTOSIS,
= - ) 31

' STUART McDONALD, M.D,, F.R.C.P.,
Prafessor of Pathology, University of Durbam.

(IFith Special Plate.)

=My remarks are confined to the histologicnl appearances
" certain foreign bodies of most unusnal appearance which
" are present both in the alveoli and iuterstitial substance
Ziof.the lungs. The observations are based almost emtirely
“I: ‘on mataerial sapplied from the case described by Dr. Cooke.
The investigation las been conducted i the pathological
department of the University of Durhum College of
Medicine. .
" T may state, however, that the appearances are practically
%7 identicul with those observed in a second case of this con-
Ii.dition, sections of which I have had an opportunity of
“i examining through the courtesy of Dr. [. M. D. Grieve of
Armiley, Lecds.
g Histology.
Numervus sections have been made from both lungs.
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i“in the lungs in this condition, with special reference to.

.‘.‘E;\;"The changes are more marked on the right side, hut the-

appearaiecs i tUe LW lungs Qilty uilier 3 wwgrec,
may be summarized as follows:

1. Thero is well marked diffuse interstitial pneunicuia
with clironic bronchitis and some empliysema.

2. There is well marked anthracosis,

3. There is an extensive tubereulous coundition
chronic phithisis.

4, In the alveoli, bronchi, and brouchioles, and also in
the interstitial fibrotic arcas, are certain foreign bodies
which will be deseribed in detail later (Fig. 7).

As this commurication deals specially with the nature
of the foreigu bodics, tho gemeral histological features will
o dealt with very briefly. )

The interstitial fibrosis is such as might be expected as
3 result of- 2 combination of a poeumoncconiotic condition
and a chronic tuberculous infection. The typical whorled
formations seen in a mwre purely silicotic cumdition are
noi present. There is a marked cndarteritis in the smaller
branches of the pulmonary arterics; some are throm-
hosed and orgamized. Many of the smaller bronchi cre
ohliterated; some have still cascous-looking contres. Somo
of the alveoli show the usual metaplasia of their lining
vells into cuhoidal form. The fibrosed and thickened wails”
of the brénchi in many places gradually merge into the
arcas of diffuse fibrous overgrowth, There are numerous -
faci of lymphocytic cells among the fihroblasts. Some of
these scem obriously derived from lymphoid tissue in the
hronchinl walls, The iuterstitial Sbrosis is progressive.
The tuberculous condition is obvious histologically.
Tubercle hucilli weve not detected, but the histslogy is
charactoristic. The lesions are chronic in character, and
there is mo special indication of an aente exacerbation.
There is well marked cascous bronchitis wich lymphatie
spread and numercus fbro-cuseous deposits with giant
cell svstems (see Fig. 8). The bronchi, which are not
specially the seat of tuberculous chunge, show catarrh with
peribronchial thickening., Thers are numerouns emplhiysema-
tous areas. The alveoli show, in the majority of cases, some
thickeuing of their walls, and cuntain many catarrhal cells,
apparently derived from the lining cells; a similar catarrbal
change is seen in the tcrminal bronchioles, some of which
are dilated. ) .
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. The Foreign Bodies. ’ )

The larger black and irregularly fragmented bodies which
have been described by Dr. Couke were not very obvious in
the material I examined, but were Glearly seen in sowes”
microscopical preparations of his which I had the oppor-
tunity of examining. I shall net rofer to them specially,
but confine my attention to certain highly characteristic and
wmuch smaller hodies which are abundant in ail the sections
examined. Some of these are free, but many are phago~
cytosed by the lurge mononuclear cells in the alveoli (F'ig. 9).
Some are easily included in comparatively small phagocytic
cells, but the majority are larger, varring in size from
20 4 to 70 x4, or even more in the case of certain elongnted
forms. The smaller hodies are rounded and homogencous,
and all have a distinet yellowish-brown colour suggesting
blood pigment. The longer forms have a highly character-
istic appearance, strougly suggestive of some organic. struc-
Most hove an annular appearance, which on closer
examination can be resolved into a closely set sories of
rounded discoid bodies (Figs. 4, 5, 10, and 11). In
some cases tho globulur forms arc arranged along the
more filamentons forms and occasionally are clustered
at tho ends of the rods, simulating sporangia of a
hyphomycetes (Figs. 5, 6, 10, and 11). Some huve
ciub-like extremities at one or both ends of the:filaments.
Others, aguin, suggest the appearance of minnte crustaconn
forms (Fig. 10), but closer examination doex not support
the idea of ecither vegetable or animal origin. The
bodies do not stain with the ordinary aniline staius,
but preserve their origiaal yellow-browm colomt. They are
seen well in unstained sections. They give a charucteristic
prussizn-blue reaction with potassium ferrocranide and
diluze hydrochloric acid. The reaction is not == obvious
unless tite solutions are slightly warmed. Where the bodies
are too Jarge to ho phagocytosed by individaal colls thev
tend to become surrounded by plassiodial masses. Muny of
the phagocytes contain much carbon pigment in addition.
Though these bodies are mainly found in the ulveoli and
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‘3i¢as, in the neighbourhood of the phthisical cavities, and
some con bo demonstrated in the fibrotic areas surrounded
by definite fibroblasts. One in particular (see Fig. 12)
micasured about 75 u. It is clear and segmented in its
middle part, but the estremities are nodular and clubbed.
It is difScult to.imagine that a foreign body of such length
could bo transported by phagocytes, but they may represent
larger bodies left in a bronchus whick bas become
obliterated. The bodies have been axamined with the
micro-spectroscope, but so far no cuc as o their nature
has been obtained by this means. They are not refractile
by polarized light.

Nature of the Bodies. :

We have shown these preparations to several patho-
logists, but the appearances are new to them. To confim
our own opinion we have submitted them to experts in
Zoology, who are unanimous thai they are not of animal
nature. We have also submitted them to botanmical snd
chemical authorities, and though there has been a consider-
able difference of opinion, some regarding themr as hypho.
mycetes,. the general opinion has been that they are 2ot
vegetable forms, . : T

- ';i;gfxmdibnlar passages, they are also present in the cascous

the lungs of another asbestos warker, and, so far as I can
ascertain, bhave not -besn found elsswhere, wouid seem to
indicate that they-are-essentially derived from or associated
in some way with the asbestos itself. It is aiso certain that
they do not in any way resemble concretions, largely com-
posed of caleium and other saits, contsining iron
derived from blood, such as aave been described as strepto-
thrix forms in the spleen, and which may closely simulate
mycelial filaments. The hypothesis advanced is that these
bodies are portions of ashestos fibres in tha process of altera-
tion and sbsorpticn by hydrolysis, either by direct chemieal
action or by enzymes. The particular variety of ashestos
with whiech this patient worked was a Canadian serpentine
(chrysotile). It would probably contsin silica and 3
magnesium salt in sbout cqual proportions (40 per cemt.)
with up to 3 psr cent. ferrous oxide, 1 per cent. of alumina,
and water. From its high resistance to best we are apt to
regard asbestos as indestructible, but, given time, it is
possible for hydrolysis of such silicates to occur, even in
pure water. Such hydrolysis would be hastened and intensi-
fied by the presence of CO, in the pulmonary alveoli, and
the warm moist atmosphere there would, no doubt, accelerate
_the process. Even under thess conditions tho process would
necessatily be 3 slow ome. The esium could be
separated out as relatively insoluble carbonate, or mmore
soluble bicarbonate, which in turn would be converted into
any other salt for which there happened to be the appro.
priate acid available. i o

The iron existing in-s ferrous condition in the presence
of an oxidizing agent might be converted into the ferric
state, and subsequently precipitated as hydroxide. The
silica might pass into 3 colloidal state, at first in sol form
(orthesilicic acid), later pasting intd a gel (metasilicie acid),
If this were so in sol form, it would tend to remain
associated with the surfaco of the asbestos fibrs by
adsorption, and might be held thers til it became a gei,
In time the gecl might adsorb the solution, and e gradual
conversion of the fibro into a masy of gel would occur,
TLere might be in the tissues sufcient albuminoid material
to effect rapid gelatinization of the sol, particularly if, as
would be the case here, the sol was being slowly produced.
The fact that the gel is of high surface temsion, and
formed at an irregular rate, would give it a spheroidal
structure and account for some of the appearances seen
here. Whether this be the exact explanation or no, it is
at least an. hypothesis which should be capable of experi-
raental verification. As has been held by Gye ard others,
in cases of silicosis there may be a direct chemical action
of silica on the tissues apart from the merely mechanical
irritation of the particles, with the prodnetion of fibresis.
Crthosilicie acid 13, as has been shown, an active poison,
but rapid conversion into metasilicic acid would minimize
its action. ) -

As to the relative part played by the asbestos and the

" The fact that exactly similar bodies have been found in |
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tubgreulous infection in this case, in relation to the fbrag.
chango, it is difficalt to say, but it is a reasonable assun,
tion that the tuberculosis was a superadded imfection, an;
in Dr. Grieves’s case referred to above there was in y,
sections examined a considerable degres of fibrosis withos;;
apparent tuberculosis. The immediato cause of death ;.
that case was a termimal broncho-pneumonia. Till som,
experimental work is completed the exact nature of th,
foreign bodies must remain in doubt, but their highi,
charactaristic appesrance may well prove to be an impos.
tant disgnostic peint in the recoguition of the lung of
worker in asbestos, .

I am much indebted to Dr. Cooke for materisl from his casm,
to Dr. Griave for an opporem-g- of examining his microseopica]
sections, to P. L. Robinson, D.Se., of the Chemical Departnier:,
Armstrong College, for his advics and suggestions on the chemisiry
of the silicates, snd to Professor W. HL Lu.ga P.RS,, of Man.
chester, for a ressoned opinion as to the ncm-Gotanical natury ¢
the foreign )

' CLINICAL ASPECTS OF PULMONARY ASBESTOSIS,

L. 3% . .
B Sz TEOMAS OI.IVER,. AM.D., F.R.C.D,,

.G Iting Physician, Ro Victoris Infrmary, Newcastle-one
: ‘“'I'!;u ,gﬁmntm -Pﬁfeay‘:!&o{ -the Priocipies and Practice

© . . of Medicine, Gniversity of Durham,

Dz. W. E. Cooxz hss given 3 short account of the history
of asbestos, also of the processes of its. manufacture iniv
cloth-like structures much in the same manner as raw
cotton fibro is wover. He.has told us that in the cardiug
department a considerable quantity of dust is evolved, Tho
crushing of the rock is mot carried on to any extent in
this country; this is usuailly done in the countries whero
the mineral is quarried. Canadian rock is crushed
in Canada so as to rednce the expense of transport w
Great Britain. Our workers are therafors less expused 10
the harmful influence of the dust—a fortunate circuu.-
stance, since the rock frequently contains as much as f{rum
50 to 60 cent. or more of silica. .

With the exception of Dr. Cooke’s paper on pulmouary
asbestosis published in 1924, and the details of a fatal case
published by Dr. Montague Murray in the Charing Cress
Hospitel Gazette in 1900, there has not-been, to my knuw.
ledge, anything written in this country upon the subjw:.
I have had, however, the opportunity of visiting asbasivs
factories in America, and of seeing cases of pulmunary
asbestosis through the kindness of Drs. Haddow und
Grieve of Armley, Leeds. It may, I think, be safely said
that there must havo beem several deaths of workers in
British factories from the malady, but as no zatopsy amd
microscopical examinations of the lungs were made tko
deaths were probably certified as pulmonary tuberculosis.

Asbestos ' manufacture is largely a familial occupatios.
It has been carried on in this country only for a littie
over thirty years. Carding snd spinning of the fikre are
important procesas in the manufacture of asbestos goous.
In these departments many women are employed, motirs
being succeeded by their daughters. Where ventilation f
the carding and spinning rooms is properly attended o
the atm re is fairly clear of dust snd floating fibre,
otherwise 'in these operations considarable quantitics of
dust become suspended in the atmosphere. In a Britih
foctory the dustiest process is *‘ hand beating® of t-o
finished mattresses used for covering and protecting (Lo
internal machinery of automobiles. This work should oy
bo undertaken iz & room teparated from the maoin pasis
of the factory, with open windows at one end and strotg
down-draughts at the oflier, bot even with this precautied
men working therein sbouid wear masks. .

Recantly, with Df. Grieve of Armley, I esamiged two
women who ars the subjects of pulmonary asbestosts, o=
aged 43 and the other 38, The older patient was one &
the first to commence work thirty years ago i 327
particular factory I visited. At that dats ao danger In®
dust was anticipated, so that no effective ventilation -
the workfooms was attompted, such as prevails to-lur.
Although only 48 the first patient mentioned looks oiui
by soveral yeaurs, and is extremely emaciated. She .'.’3*";
up work a year ago om account of increasing physi
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