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THE OCCURRENCE OF PULMONARY FIBROSIS AND OQTHER
PULMONARY AFFECTIONS IN ASBESTOS WORKERS

(Concluded)

E. R. A. MereweTHER, M.D.
H. M. Medical Inspecior of Factories

MORBID AvaToMY

Professor M. J. Stewart of Leeds has
kindly supplied me with a detailed
description (dated March 28, 1929) of
postmortem appearances of several
cases. From this account the follow-
ing points are extracted:

The gross marbid anatomy of this lesion,
a8 seen in persoas who have been at work for
many years in tho dusty atmosphere of an
asbestos factory, coasists in a widespread
pulmonary fibrosis affecting especiaily the
basal region of both lungs. There are ex-
tensive, deasely fibrous adhesions through-
out the pleursl sacs, which may, indeed, be-
eome completely obliterated. Ia particular,
the bases of the lungs are firmly adherent to
the - diaphragm, and between these two
structures there is often s thick, homo-
gencous layer of Gbrous tissue, similar in
appearance sad consistence to yellow fibro-
cartilage. As & result of these two proc-
esses—pulmonary fibrosis and pleural sac
obliteration—bronchicctasis develops in
the midst of the more grossly disessed tissue
and may go on to the formation of multiple
abscesses with smooth walls,

The distribution o the fbrosis, apart
{rom the exteasive basal lesions, is rather
irregular, the peripheral, subpleural regions
of the lungs being moro adected than the
central areas. In one case in which the pa-
tieat had been away from wark foe four years
(loilowing aineteen years in the mill), the
areas of dense fibrosis were extraordinarily
sharply circwnueribed. The nodular char-
scter of the lewion which is so striking s
feature of silicosis in its earlice stages is rot
met with in this discase.

The totally Gbrosed sareas of lung show
grayish-black mottling, otving to immobili-
zation of carbon. This tissue is excessively
dense and completely airiess; but there is
no evidence of calcification. Other por-
tions of lung show varyiag grades of the
same process, and even the least afected
parts are definitely tougher than normal.
In none of the cases was there any evidencs
of an active tuberculous lesioa.

HistoroGT

The esseotial lesion is a chroaic
interstitial fibrosis of the lung. In
the earlier stages, there is fbroblastic
proliferation in the alveolar walls,
which become increasingly thickened
in consequence; and there is catarrhal
desquamation of the alveolar epithe-
lium. At thisstageof thediseasepecu-
liar golden-yellow “asbestosis bodies”
are found in varying, usually con-
siderable numbers, both in the alveolar
spaces and in the thickness of their
walls. Detached portions of bodies

‘ may often be seen enguifed by alveolar

phagocytes, or a large unbrokea body
may be partially surrouaded by these
cells, In the more advaaced stages of
the disease, the fibrosis of the lung is
complete. Alveoli can no longer be
made out; but the asbestosis bodies
still remain embedded in the fibrous
tissue. VYarying quantitics of carbon
are also present, chiefly in little masses
as though it had been contained with-
in phagocytes. Chronic broachitic
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changes are present and all grades of
bronchicctasis may be seen, in cases
of long standing, from simply bronchial
and bronchiolar dilatation, with walls
still more or less intace, to large spaces
filled with pus in which the original
bronchial walls have become converted
more or less completely into fibrous
and granulation tissue. Maay of the
smaller arteries show obliterative end-
arteritis.

Reversionary metamorphosis of
alveolar epithelium is frequeat, and
such alveoli are often filled with
albuminous fluid, in which clumps of
“bodies’’ may be found.

Assestos Dost v t’e Luves

Dr. W. E. Cooke has supplied
(under date of June 25, 1929) details
of his researches on asbestos dust in
the lungs, and on the constitution of
the curious bodies, which have beea
freely used in the following notes:—

Sections of lung and the resuits of
digestion of the lupng with trypsin
show an enormous amount of fine
black granular dust, much of which is
carbonaceous. In addition, there are
two striking features. The first is the
almost complete absence of the fine
translycent spicules of fber which
make up a grest propartion of asbestos
dust in factories. The second feature
is the presence of large fragments vary-
ing in length from 10Q to 360 microns.
They are found in fbrotic and necrotic
areas, singly and in groups. The
particles are so large—masses of them
are secen in some sections—that they
must have occluded small broochi and
resulted in fibrosis of the surrounding

ares,
Comparing these large particles in
the lung with those found in asbestos

/

dust, close resemblance in sizes, shapes,
and colors is apparent. There are the
same blsck, blue, brown, and trans-
lucent fragments. In face it is easy
to take such a single particle from the
lung and immediately find its brother
in a slide made from the dust.
Curious Bodies

In addition to the fine granular dust
and larger fragments of asbestos, sec-
tions of the lungs show curious hodies.
They are found in alveali, broachioles,
fibrous and necrotic aress, and ie
pbagacytes in sections of both lungs.
If a portion of lung is teased and
extracted with water, or digested with
trypsin, or, as Professor Stewart
pointed out (1928), if a smear is made
from the cut surface of the fresh lung,
these bodies are seen in mytiads. The
larger bodies measure from 20 ro 100
microns or more in length, and are of
s golden-brown color. They may
bave single clubbed ends or may
appear a3 elongated dumb-bells; some
are filamentous, while others suggest a
series of disks,

Single coccal and spore-like forms,
and aggregations of these, and strepto-
coccal forms are not uncommon; the
color varies in the smaller types from a
very pale yellow to a yellowish-brown.
The bodies do pot stain with any of the
aniline dyes, but in chrysotile workers,
they give the Prussian blue reaction for
iron in varying degrees of intensity.
These curious bodies have been found
in every autopsy in pulmonary asbes-
tosis. It would be unprofitable to
retrace all the stops which led down
many by-lanes during the course of
the work, but I will mention a few per-
tinent details of interest.

Professor Stewart sugpested to me

J. LR
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that a better method than simple
extraction of the lunus with water or
saline would be to dizest portions with
trypsin. During this process it was
found that if the specific gravity was
kept at about 1,070, the black dust
and larger fragments of asbestos, as
well as the partially digested lung
tissue, sank to the bottom of the tube.
By dccanting the apparently clear
supernatant liquid, and by centrifugal-
izing, oeutralizing, and washing the
deposit, the curious bodies could be
obtained in a pure state. This was
done, and sufficient material for X-
ray examination was obtained. The
bodies were attached to a hair with
gum and subjected to a seven-hour

. exposure by Professor Bragg’s method.

If the bodies were mineral, the X-ray
film would have shown a definite
transiatable atomic pattern. The
films, however, did not do so, and we
were then able to exclude the sugges-
tion that the bodies were altered
asbestos fiber. The result definitely
pointed to the greater proportion of
their composition being of nonminerzl

origin.

The bulk of the curious bodies is
soluble in strong acids and alkalics, and
if the solution is observed under dark
ground illumination, their bases are
seen a3 extremely fine spicules some of
which by transmitted light would
probably be invisible. Under a dis-
secting microscope it is possible par-
tially to fracture the larger bodics and
to show 2 ceatral fine core.

The greater portioa of asbestos dust
consists of slerdier transiucent fibers.
In sections and cxtracts of the lungs
there is a remarkable paucity of these
fine spicules.  The cnd-results of diges-
tion show the fine granular dust and

Veol. 12
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the large biack, blue, 2od brown par-
ticles and what appear to he pieces of
quartz. Relatively fow fne spicules
are found; but curious bodies of all
descriptions arc preseat in enormous
numbers.

All these facts lead us to imagine
the bodics to comsist of a central
aucleus of asbestos spicules, upon
which colloidal aggreaate of blood
proteins plus, possibly, soluble frac-
tions of asbestos and, in the case of
chrysotile workers, ag iron salt bave
been adsorbed and molded by currents
in the bronchi and the alveoli.

The method of formation would
appear to be as follows: The fine
spicules of asbestos cause, by mechan-
ical action on the bronchioles and
alveoli, either minute extravasations
of whole blood, or serous exudates
which envelop them. Solution of any
soluble fraction of asbestos takes
place. The total amount of asbestos
that is soluble must be extremely
small, as is proved by the X-ray
pattern of the curious bodies, but in
the case of chrysotile workers some
solution is suggested by the free iron
reaction. We must remember, how-
ever, that the Prussian blue reaction
may be due to the iron of the hemo-
globin. Any surface in comtact with
a colloidal solution may act as an
adsorbent, and in the present case the
fine spicules must be coasidered to do
so. Interaction between the soluble
fraction of chrysotile and plasma
proteins takes place, syneresis ocours,
and, with the loss of water, the adsorp-
tion is rendered irreversible. The
adsorbent is permanently ensheathed
with stable colloidal aggregates which
become molded into the familiar
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ghapes by alveolar and broachial cur-
rents,

Support for this idea is found in the
fact that micro-organisms adsorb col-
loidal material in the presence of blood
serum and colloidal asbestos. Staphy-
lococei so treated appear as large
round yellowish-brown disks; in the
process their property of staining with
aniline dyes is lost. The organisms
coalesce and form masses; and I
think it probable that some of the
coccal and spore forms are similar

organisms.

Fioally, are the curicus bodies
disgnostic of pulmonary asbestosis?
Asbestos is unique among minerals in
being fibrous; and its dust, generated
during manufacturing processes, is
also unique. As can beimagined from
the formation of the curious bodies,
there is no reason why, given any
silicosis, & fine spicule of mineral should
not have colloidal matter deposited
around it and become molded into a
curious body. But as no other min-
eral dust is fibrous, this oeccurrence
must be so rare as to be negligible from
& diagnostic point of view. The con-
ditions which, spparently, must obtain
for the formation of curious bodies are
the presence of plasma proteins and
fine spicules soluble only with diff-
culty. These conditions are ideally
found in asbestos workers; for this
reason I believe that curious bodies, if
found in any numbers, are pathog-
nomonic of pulmonary asbestosis.—

W. E. Cooke and also Roodhouse
Gloyne (20) have independently dem-
onstrated the presence of a mineral
core, evidently derived from asbestos
fibers, in the curious bodics. The
bodics have been found (Stewart and

“Haddow (21)) in the intrathorncic

lymphatic glands; in material obtained
by lung puncture during life, first sug-
gested by S. A, Heory; in the sputa;
and in smear preparations from the
cut surface of the lung. In smear
preparations they can be readily
demoanstrated.

The importance of these findings
lies in the fact that the bodies have
never been found, as yet, in any other
buman affection. That similar bodies
may ke found to occur in the lungs of
workers exposed to other dusts, is
quite possible, although they have not
been found in silicosis, nor were they
preseqt, according to Simson (6), in
the fibrosed lungs of & hematite miner.

They appear within 2 comparatively
short period of time after exposure to
asbestos dust; at the moment, their
presence in the sputa, in the absence
of elinical or radiologic evidance of pul-
monary fibrosis, cannot be taken as in-
dieating anything more than previous
inhalation of ashestos dust. The pres-
ence of the bodies, however, in the
sputa of persons with sigas of a diffuse
fibrosis, or their presence {n aumbers on
postmortem examination of a Sbrosed
lung, has evideat implications.

Professor Stewart, who is continuing
his work on this subject, has devised
the following method of examining
sputum for asbestosis bodies:

Half an ounce or 30 of sputum is added to
sa equal quantity of uadiluted aatiformin.
This is geatly egitated until the sputum
ia completely distolved, after which it is
diluted with 2 or 3 ounces of water and
allowed to stand in & larze tesc tube for
three or four hours. The bulk of the super-
natant fluid haviag thea been decaaced, the
remainder is ceatrifuged s¢ s moderats
speed {or tea to fifteen minutes. The whole
of the supernatant fluid is now poured off,
aad the depasit traas{erred to an slbumin-
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ized slide, by means of cither a platinum
loop or a pipette. After thocouch deying oo
s hot plate snd final fixation aver a bugsea
burner, the film is very geacly washed in
water, dried, and mounted in Canada bal-
sam. After s little experience the asbes-
tosis bodics aro readily picked up with the
low power, and their true nature is then cog-
frmoed with the -inch or oil immersion leas.
As s rule they are preseat in very small sum-
bers, perbaps caly one or two in s whole
flm. In the case of some of the older
workers, however, numerous bodies, up %o
ocne or two per feld in certain portions of
the fim, have been fouad. It is obviously
necessary to cleanss thoroughly ail glass-
ware, etc., used in making these examina-
tions; otherwise there is s risk of contami~
pation of subsequent specimens.

The 6lms can be treated with hydroe
chlorie acid and ferrocyanide of potash to
demoastrate the Prussian blue reaction
given by the bodies.

Asprstosis ax OccurPATIONAL
Haizaro

Qut of a total of 374 workers exam-

" ined, 105, or 28.1 per cent., were found

to be affected with fibrosis of the lungs,
in greater or less degree. But when
these figures are corrected by the exclu-
sion of cases in which previous work in
dusty occupations (e.g., quarrying, coal
miping) may have been the prime, or a
contributory, factor in the develop-
ment of the fibrosis, ninety-Gve, or 26.2
per cent., of 363 workers were found
to be affected with pulmonary fibrosis
due to the inhalation of asbestos dust,
and a further twesty-oae, or 3.8 per
ceat., showed precursive signs of this
disease,

This percentage may well be com-
pared with the corrcsponding figures
found by Middleton (22) in his exami-
nation of metal grinders (46.9 per cent.)
and by Suthcriand and Bryson (23)
(24) in their examinations of potters
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(39.9 per ceat.) and of sandstone
workers (58.1 per cent.).

*The precise significance of the lower
figure found in this inquiry is not easy
to determine. At first sight it secms
to indicate that asbestos dust is less
potent as a cause of pulmonary fibrosis
than are the dusts containing free
silica. Qther factors. however—such
as the measure of exhaust ventilation,
or other means of reducing the concen-
tration of dust, in the severa] indus-
tries; differences in the Bverage length
of employment of the comparable
groups in the samples examined in the
respective inquiries; and the relative
aumbers employed in the more dusty
and the less dusty processes—will
affect the crude incidence rates ex-
pressed by these percentages.

From comparison of the amounts of
dust evolved——determined visually and
by means of dust counts—in dusty
asbestos processes, uncontrolled by
local exhaust ventilation, with obvi-
ously defective exhaust ventilation,
sod with comparatively good exhaust
ventilation, there can be no doubt that
this preventive measure, which has
been applied in some degree for more
than seventeen years, has been o posi-
tive factor in minimizing the produc-
tion of fibrosis—probably in the direc-
tion of lengthening the petiod before
the fibrosis becomes fully developed.

Consideration given to the distribu-
tion of the warkers cxamined both
according to length of employment,
and according to age, together with the
incidence rates of fibrosis in each case,
indicates the outstanding importance
of length of employmeat (and hence
length of exposure to dust), and the
negligible effects of age, on the produc-
tion of ibrosis. Thusage groups 30 to
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39 and 50 to 39 have incidence mtes of
30 per cent. and J7.9 per cent., respec-
tively—not a wide difference, since the
groups include workers in various
processes exposed to differcnt concen-
trations of dust. loreover, the aver-
age length of emplosment in these two
groups, excluding the cases of fibrosis,

fibrosis in age group 20 to 29, has been
shortened by increased susceptibility
at ages under 20. As, however, the
average age of this group of cases of
fibrosis is 26.7 years, and also becayse
the establisament of fibrosis does not
neceszitate immediate retirenent from
work, this is largely discounted.

TABLE $.—DISTRIBUTION OF WORKERS EXAMINED WHO EAD BEEN
EMPLOYED FOR FIVE YEARS OR OVER, TOGETHER WITH CASES
OF FIBROSIS, ACCORDING TO PROCESS IN WHICH WORKER
WAS LONGEST EMPLOYED

cases or riamoms | AVERACE LE¥ pilAog
PROCISS 0. EX-
LANED ] No. | PerCeat. Gg;:’t.:‘u Cases of
1. Crushing, opening, disinte-
grating, and mixing........ 21 9 2.9 8.9 10.9
2 Carding........ocvvvvneenn.. 39 18 41.0 9.1 13.2
3. Spinning, twisting, doubling,
plaiting, ete............... 87 12 13.8 10.1 18.7
4. Mattress making............. 15 7 4.7 7.3 13.0
8. Weaving and associsted proc.
= R cosacncee e 88 40 45.5 10.0 12.7
a. Cloth wesaving............ 23 2 75.0 9.5 14.1
b. Band weaving...........J 2 4 19.0 10.9 13.§
¢. Cloth sad band snd un-
classified weavers........ 14 2.8 7.2 9.5
d. Warpers, beamers, loom :
tuners, chargs hsnds,
and others associated
with weaving........... 23 n “.0 1.2 10.8
6. Miscellaneous processes and
remaining unclassified
WorkerS. . ....cuvneneacans U 1 43.8 8.8 13.8
Total...coeu™ennne veesrenaan 74 gs .7 9.6 13.5

is also similar, but considerably less
than the average leagth for all the
cases of fibrosis (13.5 years).

No special suscoptibility to the
development of fibrosis is shown by
young persons, unless it is considered
that the figurc of 8.7 years, the average
length of employment of the cuses of

The effects of length of employ-
ment are such that after five years’
exposure, the incidence rate of fibrosis
mounts rapidly, and after ten years
increases almost in geometric progres-
sion. Table 5 shows the distribution
of 274 workers examined, and of those
with fibrosis, according to the process

JLH
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in which they were longest emploved.
This was a compromisc necessitated
Ly the cominon customs in the indus-
try of having several differcat processes
going on in the same room, and of
workers transferring from onc process
to another. Since the intention was
to obtain some measure of the relative
incidence of fibrosis in workers in the
various processes cnumerated, and
since no case of fibrosis clearly due to
asbestos dust was found amoang eighty-
nine workers examined, who had been
employed for less than five years, in-
clusion of this group of workers would
only have introduced a varying source

,of error.

The processes differ, some very
materially, in the amount of dust
which they cause, and consequently in
the amount inhaled by the operators
(30). The outstanding point brought
out by Table 5 is the relatively low
incidence rate of fibrosis in “spinners”
(group 3), 23 compared with each of
the other groups. They are corrobo-
rated by counts of the dust particles
in samples of air, & number of which
have been taken and are discussed
under Dust Risk,

There is also some indication in these
figures that not only are “spinners”
less likely to develop fibrosis, but whea
they do, it takes longer to develop.
Study of the radiograms suggests that
in such cases (i.e., in the less dusty
processes) the resulting fibrosis is, fora
considerable period, much more lincar
in its radiologic fcaturcs, and shows
lessmottling. The history and clinical
features in these cascs, and the com-
parative dust counts, all contribute to
the view that with cotparatively low
concentrations of dust, the resulting
fibrosis is loager in developing and

Vol. 12
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remains longer in the milder, and
radiologically linear stage.

This view is evidently of cousider-
able practical importance since it sug-
gests that in such cases, the rate of
accurnulation of dust in the lung has
not greatly cxceeded the rate of elim-
ination, the changes still being centered
in the main lymphatic system.

If this bypothesis is accurate, it
should follow that in order to prevent
the full development of the disease,
among asbestos workers, within an
average working lifetime, it is neces-
sary to reduce the concentration of
dust in the air of the workrooms to a
figure somewhat below that pertaining
to spinning at the present time.

Fortunately, also, the spinning
group is the largest individual group
in this section of the indusiry—-e.g.,
out of over 400 workers empioved by
one firm, this group accounts for more
than one-third.

Although all workers examined who
have been included as spinners have
been engnged in spinning, or in simi-

-lar -processes for convenience termed

“spinning,” for a longer time than on
any other process, only a few have beea
employed solely on spinning, and in
workrooms where no other, and more
dusty processes, were being carried on.

These two factors, prior work in
more dusty processes and present
work in proximity to more dusty proc-
esses—especially the latter—have had,
it is believed, some effect in raising the
incidence rate of fibrosis for this group.

Dust Risk

In an effort to obtain additional data

on the influence of concentration of

dust in workrooms, a number of sam-
ples of 2ir were takea and the dust con-
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a shift, to determine the average con-
centration of dust. Repeated controls
are also requircd.

Comparutive data show that the
dustiest processes arc opening (with
old-fashioned teasers), sieving (with
0o loeal exhaust ventilation), and
shoveling, or otherwise handhing asbes-
tos fiber. The heaviest couats of all
were found in this group, in fillingsacks,
by hand, with disintegrated fiber in a
settling chamber. The visual cloud of
dust was intense, and irritating enough
to provoke immediate coughing oa the
part of the observer. The clumping of
the dust particles of the sample on the
cover slip was very marked, with the
result that the total dust count arrived
at was undoubtedly too low. With
counts of asbestos particles of this
order, however, the precise count is of
little practical importance, since the
dust concentration is far beyoad the
safe limit. )

Next in order is cloth weaving, dry
and without the application of local
exhaust. This is undoubtedly a dusty
process, and although local exhaust
reduces the count at the breathing level
of the weaver, much dust still escapes
into the workroom. Further countsare
pecessary to estimate this, Weaving
cloth wet, not merely damp, reduces
the dust count to a remarkable degree.
The figuire for band (i.e, narrow)
weaving, wet, is not accurate since it
was raised by dust from a aeighboring
dry cloth loom; still the improvement
due to wet methods is noticeable. One
asbestos weaver, who was formerly a
cotton weaver, and who has to wear
glasses, stated that whereas he used to
clean his glasses about threo times a
day when cotton weaving, he has to
clean them about five times a day

Vel 12
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when asbestos tape weaving dry, and
anly ogce a day when weaving asbestos
wet.

Nextinorder conies mattressmaking,
without any precautions such as ex-
haust veatilation, or damping floors,
cloth, and wables. Application of ex-
haust veatilation and damping reduce
the count coasiderably, but it is be-
lieved that the figures are too low, since
counts for some subsidiary processes
such as buttouning, sewing, and cutting
out are oot available.

The figures for spinning, plaiting,
and braiding are believed to be rather

too high, owing to contamination of

dust from neighboring and more dusty
processes, and further investigation is
required here.

A aumber of the samples taken with
the Qwens apparatus were examined
to determine the size of the particles,
and the percentages of particles -2
microns and under, aad 7.5 microns
and under, were ascertained. The 2-
micron standard was retained for
purposes of comparison, and because
of its accepted importancs in silicosis.
The 7.5-micron figure was also adopted
because of the promounced acicular
character of much of the ashestos dust,
and because, representing the diameter
of the human red blood corpuscle, it
is a standard easily distinguishable,
and may coaceivably represent the
limit size of particles which can be con-
veniently engulfed by phagoeytic cells,
which are somewhat larger. Among
twenty counts from various processes
(Table 6), in two, between 60 and 70
per cent. of the particles were of sizes
2 microns and uader; in two. 70 to
80 per ceat.; in ten, 30 to 90 per cent.:
and in six, 90 per cent. and upward.
When the counts were analyzed ac-
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cording to the 7.5-micron standard, all
twenty showed 90 per cent. or more of
the particles to be of this sizc or less.

With regard to the cfiect on the
lungs of different varieties of asbestos,
no evidence was found to indicate that
any onc of its varieties is more potent
in producing fibrosis than the others,
other factors, such as concentration of
dust, being equsd. There is sow no
doubt, however, that both chrvsotile
and crocidolite will produce fibrosis;
while the third, the comparatively
newly discovered amosite, resembles
erocidolite so closely in its chemical
constitution, and in the characteristics
of the dust, that there can be no
reasonable doubt, also, with respect
toit.

Length of Dust Exposure

No case of diffuse Sbrosis clearly
due to asbestos was discovered with
under 5 years’ emplovment. Three
cases were found with 3, 3%, and 4%
years’ work, respectively, who showed
clinical signs of fibrosis. Definite
canfirmatory radiologic evidence was
obtained in the first, definite but
slighter radiologic changes in the sec-
ond, and indefinite suggestive changes
in the third. The previous occupation
in the first case was flax weaving for 18
years; in the second, coal hewing for
16 years; and in the third, work in an
iron foundry for 1 year. All these
occupations are dusty; and in the last
two there may be some exposure to
free silica. Also increased siliea con-
tent has been found in the lungs, after
incineration, of flax dressers. For
these reasons, these three cases could
not be certainly ascribed to asbestos
dust, although it was, probably, at
least a contributory factor. Among

the cases of fibrosis found, thirty-six
had beea employed in asbestos for
periods ranging from 3 to 10 years;
two of these cases, one employed for 9
years and the other for 7 years, show
that a cousiderable degree of fbrosis
may occur with less than 10 years’
exposure.

F. W, Simson (6) examined the lungs
of a guinea-pig which had been experi-
meantally dusted by Mavrogordato for
two hours a day on each of fiity days
between February and April, 1925,
and which died from other causes in
December, 1927. He states that his-
tologic sections showed a slight zen-
eralized fibrosis. This observer also
examined portions of she [ungs of two
native asbestos mill workers; one had
been employed for twelve months and
had died from a miliary tubercuiosis,
and the other, employed for two years,
had apparently never recovered irom
an attack of lobar pneumonia a year
before death.

Io commenting on the amount of
fibrosis found, he states that “2 com-
parison between the human cases and
the experimental animal showed that

the fibrosis was more rapid and exten- ..
sive in the human cases than in the

experimental arimal” and, again,

-that *‘the amount of Sbrosis in two of

the human cases . . . . was quite
definite, and, if due to the presence of
asbestos dust, the initial rate of pro-
duction was rapid when compared with
present-day nou-infective silicosis on
the Rand.” :

Experiments by Professor Beattie,
in 1912, demonstrated that the lunas
of guinca-pigs exposed to asbestos dust
for forty-three and sixty-seven hours
showed “definite cellular proliferation,
though not very extens. e, and this is

J. L g
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certainly a preliminary stage in the
production of fibrosis."”

These pathologic aad experimental
findings suggest that the inhalation of
asbestos dust rapidly causes some
changesin thelungs. Butnoevidence
was obtained that ashestos dust can
produce an acute type of fibrosis com-
parable to that formerly noted in
South Africa after repeated exposure
to massive concentration of free silica,
& few cases of which have occurred
recently in Great Britain, causing
death in from two to four years.

The amount of disablement pro-
duced by the development of pulmo-
pary fibrosis in these workers is surpris-

" ingly slight for a number of years, even

more so than is generally the case in
silicosis. The nature of the work,
however, in the majority of the proc-
esses does not involve much physical
exertion—in fact, in this respect it is
“light work.” The affected person
may, and often does, continue at work
—with occasional intermissions, lat-
terly, due to exaccrbations of broa-
chitis—until the condition is advanced,
slthough he suffers increasing incon-
venience from shortness of breath on
the slightest exertion.

Usually these cases cease work a year
or more before death, but sometimes a
termipal bronchopneumonia, or other
acute infection, commences while they
are still st work, aod there is no long
period of invalidism.

Falolilies

Particulars of cight deaths have
been collected, and are summarized in
Table 7. In six of these, advanced
pulmonary fibcosis was the primary
cause of death. In the remaining two
cases, pulmonary tuberculosis was o

Yol 12
Ne, ¢

contributory factor. In six of the
eicht cases the diagnosis was verified
by postmorten examination; in the
other two cases, confirmatory radio-
graphic evidence was obtained.
Information has recently becn ob-
tained in regard to three other cases,
in which death occurred in 1929. The
details of one have been published by
Wood and Page (23). Postmortem
examinations have been made in ‘all
three cases, and in all, ghe presence of
pulmonary asbestosis, without tuber-
culosis, was verified. In one case, the
pulmonary fibrosis wss the primary
cause of death; in one, information as
to the extent of the fibrosis bas not yet
been obtained; and in the third case, a
lobar paeumonia was superimposed on
the fibrosis. -
It is not suggested that these fe
fatalities, in which the cause of death
has been verified by strict inquiry, are
any criterion of the true effect of
the disease on the mortality rates of
asbestos workers. Others are known
to have occurred in which the exist-
ence of the ashestos fibrosis has been
determined in life, but no pesimortem
examination has been possible.

Diffcullies in Diagnosis

Many factors have contributed to
impede both the recognition of indi-
vidual cases of this disease, and the
establishment of asbestos dust as the
determining cause. These factors are
conscquent, partly on the nature of the
disease, partly on the nature of the
dust, and partly on the industry itseif,
its rapid growth and internal condi-
tions. Difficultics in diagnosing the
disease, its points of resembiance, in
its latest stages, to fibroid tuberculosis,
and the liability of those affected to be
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PULMONARY FIBROSIS IN ASBESTOS WORKERS

carricd off by some intercurrent dis-
ease—which alone is notetdi on the death
certificate—are il of importance.

A concrete cxample encountered
during the inquiry will iilustrate one of
these points. J. C, Case No. 7 in
Table 7, was known by his own doctor
and by the Chief Tuberculosis Officer of
the town to be affected with advanced
fibrosis -of the lungs. Four or five

- months before his deuth it was thought

—————

that a change of air would be of
advantage to him. Through the gen-
erosity of the firm with which he had
been employed, he was transferred
from the town to a farm in the country,
where he died. The death certificate,
given locally, stated that pulmonary
tuberculosis was the cause of death.
In another case chronic bronchitis was
given as the cause of death.

. In the less advanced stages of the
disease, the symptoms arc so unob-
trusive that the worker rarely consuits
his doctor. In the later stages, bron-
chitis, or the supcrvention of acute
broachopneumonia, pulmonary tuber-
culosis, or other acute infection, all so
much more commou, masks the under-
lying fibrosis; and the terminal condi-
tion is noted as the cause of death,

In the second place, the silicate dusts
—of which asbesios dust is one—repre-
senting silics in the combined form as
opposed to free silicn, have naturally
becn overshadowed by the silica dusts,
sincs they do not produce the picture
of silicosis and have not been shown to
be associated with an increased mor-
tality from pulmonary tuberculosis.

Morcover, althouch the asbestos in-
dustry has very mpidly expanded, it is
still comparatively small. and seattered
over the country. A laroy proportion
of the workers have been employed in

Vel. 12
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asbestos only for comparatively short
periods, and of the processes considered
so {ar, the less dusty spinning group is
at the same time the largest. Thus
only now the existence of 2 health risk
in the industry is beginning to be
recognized.

DoEes Assestos Dust Prepis-
rosE TO OTHER PriioNaRry
Diseases?

The important question as to
whether asbestos workers show an in-
creased liability to other diseases of
the lungs, such as pacumonia, pleurisy,
end pulmonary tuberculosis—espec-
ially the latter—requires further in-
vestigation.

A history of pleurisy was given by
ten worlkers, in eight since commencing
work in asbestos: in addition, oae
worker had a slight pleural efusion at
the time of examination, and one
showed signs of old pleurisy, but no
history was obtainable. Of the two
with attacks prior to work in asbestos,
one had normal lungs, and the other
showed signs of a bronchiectasis. Of
the eight giving histories of pleurisy,
three showed signs of fibrosis, four
showed signs of the old pleurisy only
(one being due to a gunshot wound
during the War), and the eighth
showed signs of an old inactive tuber-
culous lesion of the right upper lobe.

A history of pneumoniz was ob-
tained in sixteen workers—in ten prior
to commencing work in asbestos, and
in six since. Of these six, two showed
signs of a thickened pleura oaly, one
showed merely enlarged lung roots,
two had diffuse ibrosis, and in one the
lungs were normal.  Of the remaining
ten, one had a thickened pleurs, two
bronchicctasis, two diffuse Gbrosis, one
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commencing fibrosis, and in four the
lungs were normal.

With regard to evidence of hron-
chitis, and bronchial and pulmonary
catarrh, fifty-cight of the 363 workers
(16 per cent.) showed signs of one or
other of these conditions, all being
quite mild. Of these, thirty-one also
showed signs of diffuse fibrosis, repre-
seating 32.6 per cent. of the fibrotic
group, and eight were in the predbrotic
stage (38.1 per cent. of that group).
The fact, that the clinical examinations
were conducted during the warmer
months of the year, no doubt operated
to reduce the incidence of these com-
plaints. Under the circumstances, the
preponderance among the cases of
fibrosis is the more noteworthy, as in-
dicating persistent irritation resulting
from the dust.

Of other diseases, eight ga.v.e his-

tories of rheumatic fever, and of these,
two had definite valvular disease of the
heart. Inaddition, valvular disease of
the heart was noted in one worker, but

_ no history of rheurnatic fever was ob-
" tained

With regard to pulmonary tubercu-
losis, so definitely an added risk in sili-
cosis, this disease group has been
drawn up to include all workers pre-
senting signs indicating a past or pres-
ent pulmonary tuberculous infection,
but excluding cases of old inzctive hilar
tuberculosis. - Under this heading are
included not only workers with definite
clinieal signs of active tuberculous
lung infections, or of old inactive
lesions, equally definite, but also those
warkers showing sizns of old apical col-
lapse, usually attributed to a past
tuberculousinfection.

Signs of the latter are not nncom-
moaly found in quite healthy persons,

and are of no importanee unless it is
shown that the inhalation of asbestos
dust is associated with pulmonary
tuberculosis to an increased degree,
when such cases, as indieating a group
of workers with a latent infection,
would assume a greater signmificance.
No close association is apparent, hotw-
ever, sincz only thirty-seven, or 9.9
per ceat. of the 374 examined. showad
evidence of this disease, excluding cases
of old inactive hilar tuberculosis, even
when those showing the minor changes
mentioned above are included. In
only four was there a family history of
pulmonary tuberculosis; and three out
of four active cases pelonged to this
group. Thirty-three cases were inac-~
tive, of which twentv-one presented no
evidence of dust fibrosis, and tweive
presented evidence.

Qut of the 374 persons examined,
fourteen, or 3.7 per cent., -gave a
family history of tuberculosis. Evi-
dence of active pulmonary tubercu-
losis was present in three; in two of
these three the source of infection
appears to have been a nesr relative.

Thus, no outstanding susceptibility
to pulmonary tuberculosis was dis-
closed, either among asbestos workers
as a class, or among those with fibrosis,
considering the frequency of old healed
apical lesions amoag the general
population.

We have, however, by no means dis-
pascd of the question. The superven-
tion of a tuberculous infection on a
lung already the subject of fibrosis pro-
duces an increase in symptoms, pre-
viously uanoticed or disregarded, and
causes the worker to seek his doctor’s
advice. He is thea appropriately
advised to give up his dusty employ-
ment, migrates from the industry, and

L LH
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may or may not accrpt sanatorium
treatment. Thus there tends to be a
drift of such eases frum the fibrosis
producing industry,

During the course of the inquiry,
information was obtained of 2 munber
of persons, previcusly cuiployed in
asbestos, who were cither at homeorin
sanatoriums, suffering from chest com-
plaints. Where an examination of
waorkers is confined to those at work, a
certain number of advanced cases of
fibrosis, and a ccrtain number of cases
of pulmonary tuberculosis, with or
without an asbestos fibrosis, in persons
who have either given up work, or who
are of work tcmporarily, will be
missed.

It is necessary, thercfore, to leave
this question of increased suseceptibility
to pulmonary tuberculosis in aheyance,
pending further investigation.

With respect toany increased suscep-
tibility tothe supervention of otherlung
diseases in workers with an asbestos
fibrosis, the data obtained were insuffi-
cient to lead to any conclusion, except
as to bronchial catarrh. There are in-
dications, however, that when pneu-
monia or bronchopncumonia super-
venes on a fibrotic lung, the prognosis
isgrave.

ASRESTO81S AND SiLIcOsIS CONTRASTED

In view of the relationship between
the asbestos fibrosis and silicosis, since

they are both varictics of fibrosis of
the lungs caused by the inhalation of

- dusts, it seems desirable to summarize

shortly the main points of similarity
and dissimilarity between the two dis-

- cases, so far as has been ascertained.

1. Inhalstion of asbestos dust, under
favorable conditions of concentration

‘of dust and length of exposure, will

Vol. 12
Neo. s

produce a scrious and even fatal degree
of pulmonary fibrosis.

2. The type of fibrosis produced,
however, exhibits a aumber of diverg-
ences from that caused by the inhaia-
tion of free silica dust, and the outcome
of these variations is not yet apparent.

3. The divergences noted so far are
exhibited in the radiologic picture,
and on postmortem examination of
the affected lungs, both in the gross
morbid anatomy and in microscopic
sections. :

4. In the latter case the appearances
of the asbestos fibrosis seem to be
sufficiently distinctive not to permit
of confusion between it and silicosis.

5. The radiologic appearances of the
asbestos type of fibrosis, even in the
more developed stage, are moce deli-
cate, softer, and more diffuse than the
silicotic fbrosis.

6. It follows, thercfore, that an
opinion as to the degree and intensicy
of an asbestos fibrosis, based on a com-
parison of the radiologic changes with
thosa shown in standard silicosis films,
will be an underestimate.

7. In the absence of a full medical
and industrial history, possibilities of
confusion of the two types of fbrosis
will arise in the interpretation of radio-
grams.

8. There is evidence that other in-
organic dusts, containing no free silics,
may be productive of this fine type of
fibrosis in varying degree.

Stanury

1. There is a definite risk of the
development of o diffuse pulmonary
fibrosis in persons exposed to the in-
halation of asbestos dust.

2, This risk varies directly as the
length of cmployment (and hence
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length of exposure to dust), and. is
unaffected by the age of the worker.

3. There is a considerable differcace
between the least dusty and the most
dusty processes investigated, and there
is & corresponding variation in the rela~
tive risk of the development of fibrosis
in the workers in these processes.

4. With continued exposure to high
concentrations of dust, the disease may
be fully developed in seven to nine
years, and may cause death after about
thirteen years’ exposure, exceptionally
ina shorter period.

S. Fibrosis as it occurs in asbestos
workers differs considerably from the
disease as it occurs in workers exposed
to free crystalline silica dust; it differs
in the radiologic picture, and also
on postmortem examination of the
affected lungs.

6. The more dusty processes are
those involving the preparation aznd
manipulation of the raw asbestos
(other than crushing), dry cloth weav-
ing, and mattress making.

7. The less dusty processes are spin-
ning and similar processes, and proc-
esses, other than dry weaving, in-
volving the manipulation of the spun
yamn.

8. Further investigation is required
to determine whether there is any in-
creased susceptibility to the superven-

tion of pulmonary tuberculosig asso-
ciated with the development of the
asbestos fibrosis.

Much generous assistance has been re-
ceived [rom many sources during the course
of this inquiry, and for this acknowledgment
isgratefully tendered.
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others of his colleagues ia the different dis-
tricts, to a number of directors and officials
of various firms, foremen, and emplovees;
to Dr. W. E. Cooke of Wigea and Professor
M. J. Stewart of Leeds for pathologic mate-
rial and for mueh informacion as to the
progress and results of their own researches
into the gross anstomic and the histologic
featurcs of the ssbestos fibrosis, and the
constitution and location of the curious
bodies; to Dr. MseGregor, Medical Officer
of Health for Glasgow, jor various elinical
aad radiologic facilities, and for his ever.
present readiness to lead the aid of his
Department, and especially to Dr. H. E.
Seiler of his staff; to Dr. J. C. Robertson for
the loan of a rsdiogram, together with
detailed clinical notes of one patient and
other valuable information; to Dr. W. H.
Bateman (or the loan of s radiogram, for
some clinical histories, for obtaining and
examining several specimens of sputum, and
for other aid; snd to Dr. J. Rennie, Chief
Tuberculosis Officer at Shetfield, for a series
of radiograms showing various stages of
silicosis.
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