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

{Conciudad)

E. R A Mrzxwrrees, M.D.
H. M. Medical Invpecior of Fectories

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

The groms morbid anatamy of this lesios,

as seen in persons who have been at work for .
- magy years in the dusty atmosphere of aa

asbestas factory, consists in & widespread

" pulmonary fibrosis sfecting especially the

bassl region of both lungs. There are ex-
tengive, densely fibrous adhesions through-

" out the pleural aaes, which may, indeed, bee

soma completely cbliterated. In particular,
the bases of the Iungs are firmly adharent to
the diaphragm, and between these two
structures there is oftea a thick, homo-
genecus layer of Sbrous tissue, similar in
sppearanse and consisteace to yellow fbro-
eartilage. As s result of these two proce

" esses—pulmonary fbrosis asd pleural sse

ebliteration—bronchiectasis davelops in
the midst of the more grossly disessed tiseus
and may go on to the formation of multiple

. abecssses with smooth walls,

The distribution of the fibrosis, spart
from the extensive basal lesions, is rather
frregular, the poripheral, subpleural regions
of the lungs being more affected than the
entral aress. Ia ooe case in which the pa-
tient had been away {rom work foe four years
(following nineteca years is the mill), the
sreas of dense fbrosis were extraordinarily
sharply eircumeeribed. The nmodular char.
sctar of the lesion which is so striking a
feature of silicosis in its earlier stages is not

The totally fibrosed aress of lung show
grayisb-black mottling, owing to immobili-
sation of carbon. This tissus is excessively
dense sad completely siriess; but there is
o evidencs of eslcification. Other por-
tions of lung show varying grades of the
same process, and even the least affected
parts are dafinitaly tougher than normal.
In none of the cases was there aay evidencs
of an active tuberculous lesica.

HwmroLoer

The essential lesion is & chronic
interstitial fibrosis of the lung. In
the earlier stages, there is Shroblastic
proliferation in the slveolar walls,
which becoms increasingly thickened
in consequencs; 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 alveciar
spaces and in the thickmess of their
walls. Detached portions of bodies

* may often be seen enguifed by alveolar

phagocytes, or a large unbroken body
may be partially surrounded by these
cella. In the more advanced stages of
the disease, the fibrosis of the lung is
complete. Alveoli can no longer be
mado out; but the asbestosis bodies
still remain embedded in the fibrous
tissue. Varying yuantities of earbon
aro also presant, chiefly inlittle masses
a8 tbough it had been codtained with-

mat with ia this disease. . in phsgocytes. Chroni¢ bronchitic
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240 THE JCURNAL OF INDUSTRIAL HEYGIENE

changes are present and all grades of
bronchiectasis may be seen, in cases
of long standing, from simply bronchial
and bronchiolar dilatation, with walls
still more or less intact, to large spaces
Slled with pus in which the original
bronchial walls have become converted
more or less completely into fibrous
and granulation tissue. Many of the
smaller arteries show obliterative end-

srteritis.
Reversionary metamorphosis o
alveolar epithelium is frequent, and
sich alveoli are often filled with
albuminous fluid, in which clumps of
“bodies” may be found.

Aszxsros Dust 1x ax Lowes

Dr. W. E. Cooke bas supplied
(under date of June 25, 1929) details
of bis researches on ashestos dust in
the lungs, and on the constitution of
the curious bodies, which have been

- freely used in the following notess—

" Beetions of ling and the results of

Hﬁ;udmelf.hehmgwﬂ.htrypsin

show an enormous amount of fine
black granular dust, much of which is

- earbonaceous. In addition, there are

two striking festures. The first is the
almost complete abeence of the fine
translucent spicules of fiber which

- maks up a great proportion of asbestos
. dust in factories. The second feature

is the presence of large fragments vary-
ing in Jength from 10 to 360 microna,
They are found in fibrotic and necrotic
aress, singly and in groups. The
particles are 30 large-~maases of them
aTe seen in same sections—that they
must have occluded small bronchi and
resulted in fibrosis of the surrounding
ares.
Comparing thess large particles in

the Jung with those found in asbestos

1

Mdmbhnamma,ahnpa,
tndeolor:;: apparent. There are the
same black, blue, brown, and trans-
lucent fragments. In fsct it is easy
to take such s zingle particle from the
lung and immediately find its brother
in s alide 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 bodies.
They are found in alveoli, bronchioles,
fibrous and neczotic areas, and in
phagocytes in sections of both lungs.
If s portion of lung is teased and
extracted with water, or digested with

trypein, or, as Professor Stewart -

pointed out (1928), if & smesr is mads
from the eut surface of the fresh lung,
thess bodies are seen in myriads. The
larger bodies measure from 20 to 100
mimwmmmlengﬂa,mdmof

color. They may
hva single cinbbed ends or may
appear a8 elongated dumb-bells; some
are filamentous, while others suggest &
series of disks.

Single coccal and spore-like forms,
and aggregations of these, and strepto-
coccal forms are not uncomrmon; the
color varies in the smaller types from a
very pale yellow to a yellowish-brown.
The bodies do not stain with any of the
aniline dyes, but in chrysotile workers,
they give the Prussian blue reaction for
fron In varying degrees of intensity.
These curious bodies have been found
in every sutopsy in pulmonary asbes.
tosis. It would be unprofitable to
retrace sll the steps which led down
many by-lanes during the course of
the work, but Iwillzx. .o s few per-
tinent details of intersst,

Professar 3 ut susgested to me
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PULMONARY FIBROSIS IN ASBESTOS WORKERS 241

that s better method than simple

- extraction of the lungs with water or

saline would be to digest 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 decanting the apparently clear
supernatant liquid, and by centrifugal-
izsing, seutmlizing, and washing the
deposit, the curious bodies could be
obtsined in & pure state. This was
done, and sufficient material for X-
ny examinstion was obtained. The
bodies were attached to s hair with
gaum and subjected to a seven-hour
exposure by Professor Bragg's method.
If the bodies were minersl, the X-ray

films, however, didmtdon,ndn
were then shls to exclude the sugges-
tion thst the bodies were altered
asbestos fiber. The result definitely
pointed to the greater proportion of
their composition being of nonmineral

origin,

The bulk of the curious bodies is
saluble in strong acids and alkalies, and
{{ the solution is observed under dark
gound {lumination, their bases are
soent as extremely fine spicules some of
which by transmitted light would
probahbly be invisible. Under a dis-
secting microscope it is possible par-
tially to fracture the larger bodies and
to show a central fine core.

The greater portion of asbestos dust
consists of slender translucent fibers,
In sections and extracts of the lungs
there is a remarkable paucity of these
fine spicules. The cnd-results of diges-
tion show the fine granular dust and

YL’
Y

’
he Iarge black, biue, and brown par-
ticles and what appear t§ be picees of
quartz. Relatively few JHne spicules

- are found; but curious bodies of all

descriptions are present in enormous
aumbers,

All these facts lead us to imagine
the bodies to consist of a central
nucleus of ashestos spicules, upon
which colloidal sggregste of blood
proteins plus, poesibly, soluble frac-
tions of asbestos and, in the case of
chrysctile workers, an iron st bave
been sdsorbed and molded by eurrents
in the bronchi and the alveoli.

The method of formation would
appear to be as follows: The fins
spicules of asbestos cause, by mechan-
fcal action on the bronchicles and
of whole blood, or serous exudstes
which eavelop them. Solution of any
soluble fraction of asbestos takes
plsce. The total amount of asbestos
that- s soluble mnst be extremely

small, as is proved by the X-nay -

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
msay be due to the iron of the hemo-
globin. Any surface in contact with
s colloidal solotion may act as an
sdsorbent, and in the present case the
fine spicules must be considered to do
s0. Interaction between the soluble
fraction of chrysotile and plaams
prommhkaphee,qmmn,
and, with the loas of water, the adsorp-
tion is rendered irreversible. The
adsorbent is permanently ensheathed
with stable colloidal aggregites which
become molded into farmilisr

k.
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shapes by alveolar and bronchial cur-
rents.

Bapport for this ides is found in the

H
E
E
8
R
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the farmation of the curious bodies,
therd is no resson why, given any
silicosis, a fine spicule of minersl should

. pot have eolloidal matter deposited

mditndbeeancmoldedintot

must be 50 rare as to be negligible from
» diagnostic point of view. The con-
ditions which, apparently, must obtain
for the formation of eurious bodies are
the presencs of plasma proteins and
fine spicules soluble onjy with diff-
calty. Thess conditions are ideally
found in asbestos workers; for this
season [ believe that curious bodies, if
found in any pumbers, are pathog-
somonis of pulmonary asbestosis.—
W. E. Cooke and aiso Roodhouse
Gloyne (20) have independently dem-
costrated the presencs of s mineral
oare, evidently derived from asbestos
fibers, in the curious bodies. The
bodies have been found (Stewart and
‘Haddow (21)) in the intrstharacic

£,

Iymphadic glands; in material obtained
by lungbuncture during life, first sug-
gested By S. A, Heary; in the sputa;
and in mnesr preparations from the
cut surface of the lung. In smear
preparations they can be readily
demonstrated.

The importance of thess findings
lies in the fact that the bodies have
never been found, as yet, in any other
buman affection. That similar bodies
may be found to occur in the lungs of
workers exposed to other dusts, is
quita poasible, although they have not
been found in silicosis, nor were they
present, acoording to Simson (6), in
the fibrosed lungs of a hematite miner,

. They appear within a comparatively
lhortpa:odolt:menfwupomnto
asbestos dust; at tlie momesnt, their
presence in the sputs, in the sbsence
of clinical or radiclogic evidence of pul-
monary fibrosis, ecannot 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 signs of a diffuse

fibrosis, or their presence in numberson

postmortem examinstion of a fibrosed
Jung, bas evident implications.

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

Hall an oanes or 30 of sputam is sdded to

-

sa equal quantity of undiluted aatiformin. |

This is gently agitated until the sputum
is completely dissolved, aftar ‘which is is
diluted with 2 or 3 ounces of watar aad
allowed to stand in a large test tube [or
three or four hours. Thae balk of the super-
pataat fluid having then been decanted, the
remsinder is centrifuged at a moderate
speed for ten tg £fteen minutes, The whole
of tbe superngtant fuid is now poured off,
aod the deposy transferred ¢o an albumian-

e -
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PULMQNARY FIBROSH IN A8BESTOS WORKERS 43

tosin bodies are readily picked up with-the

fm. In the case of some of the older
workers, howsver, samerous bodu-, up:to

dus 40 ths jnhalation of ssbestos dust,
sad » further twenty-one, or 5.8 per
omat., showed precursive signs of this
disease. .

This percentage may well be com-
pared with the corresponding figures

- found by Middleton (22) in his exami-

Ration of metal grinders (46.9 per cent.)
and by Sutherland and Bryson (23)
(24) in their examinations of potters

Yin
Na o

)
(39.9 per cent) and of saodstone

workers (58.1 per ceat.). f
The precise significaneeof the lower
figure found in this inquiry is not easy
40 determine. At first sight it seems
to indicato that asbestos dust is less
-potent as a cause of pulmonary fibroeis
than are the dusts eontaining free
silica. Other factors, however—such
as the measure of exhaust ventilation,
.or other mesns of reducing the eoncen-
ration of dust, in the several indus-
ries; differences in the sverage length

of employment of the comparable -

groups in the samples examined in the
‘respective inquiries; and the relative
numbers employed in the more dusty
and the less dusty processes—will
affect the aude incidence rates ex-
geeased by these percentages.

From ccmparison of the amounts of
dust evolved—determined visually and

.- by means of dust eounts—in dusty

asbestos processes, uncontrolled by
Joeal exhaust ventilation, with obvi-
onaly defective exhaust ventilation,
and with ecmparatively good exhsust
ventilation, thers can be no doubt that
this preventive measure, which bhas
been spplied in some degree for more
than seventeen years, has been s posi-
tive factor in minimizing the produe-
tion of fibrosia—probably in the direc-
tion of Jengthening the period before
the fibrocis becomes fully developed.

Consideration given to the distribu-
tion of the workers examined both
scoording to length of employment,
snd sceording to age, together with the
incidence rates of fibrosis in each case,
indicates the outstanding importance
of length of employment (and hence
length of exposure to dust), and the
pegligible effects of age, on the produc-
tion of fibrosis. Thus age groups 30 to

01850
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89 and 50 to 59 have incidence rates of
30 per ceat. and 37.9 per eent., respee-
tively—-not s wide difference, since the
goups include workers in various
processes exposed to different concen-
trations of dust. Moreover, the aver-
age length of employment in these two

' groups, excluding the cases of fhrosis,

fibrosis in sge group 20 to 29, has been
shortened by incressed susceptibility
at ages under 20. ' As, however, the
average gge of this group of cases of
fibrosis is 26.7 years, and also because
tha establishment of fibrosis does not
necessitate immediate retirement from
work, this is largely discounted.

TABLE 5-~DISTRIBUTION OF WORKERS EXAMINED WEO HAD BEEN
EMPLOYED FOR FIVE YEARS OR OVER, TOGETHER WITH CASES
OF FIBROSIS, ACCORDING TO PROCESS IN WHICH WORKER
WAS LONGEST EMPLOYED

— — ]
. | caszsor rrazoara | FTEOTE LEE Pk
raocass WO. XX~
B2 No. | BerCent. |CEIRIN Camaof
1. Crushing, opening, disinte- ;
m M ﬂiﬁl‘--.‘..w. n . c.’ .o’ m.’
& Cording.....cenecevenancse . ®»| -18 4.0 9.1 13.2
& Bpianing, twisting, doubling,
plating, ¢t€e.ccececccceces - 2 12.8 .1 18.7
4 Mattross making. ..ccocveesss 15 g “.7 2.3 "13.0
&5 Weaving and aseocisted proo- -
- -, ....... ccsssees cevens ] 0 - 4.5 10.0 n7
o Cloth weaving..cocevenass p- 4 n 75.0 9.5 4.1
b. Band weaving......cc.. P -+ § 4 -|19.0 10.9 3.5
¢ Cloth and band and un~
claseified weavers........{ 4 4 2.6 7.2 9.5
d Warpers, beamers, loom
tuners, eharye hands,
and otbers associated
with weaving..ccceeeeee 28 n “.0 1n.2 10.3
€. MGscellanecus processes and .
WOrkers...cceevecovocences u i 4“3 8.8 138
Total..ceeees S ocorerorsscocas () ] t % 4 9.6 . 13.8
. . = — 3

is also similar, but considerably less
than the aversge length for all the
cases of fbrosis (13.5 years),

No pecial susceptibility to the
development of Sbrosis is shown by
young persons, unless it fs considered
that the figure of 8.7 years, the average

The effects of length of employ-
ment sre such that after five years’
exposure, the incidence rate of Shrosis
mounts rapidly, and after ten years
increases almost in geometric progres-

sion. Table § d:owg’ the distribution

of 274 workers examined, and of those

3 length of employmeat of the cases of withﬁhrosis,ueurdi:gtotheproem :
1 | F33 2 :
- Jusa. 0 ¢

1 i
| | |
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in which they were longest employed.
This was s compromise necessitated
by the common customs in the indus-
try of having several different processes
going on in the same room, and of
workers transferring from one process
to snother. Since the intention was
to obtain some measure of the relative
incidence of fibrosis in workers in the
various processes enumerated, and
since no case of fibrosis clearly due to
asbestos dust was found among eighty-
nine workers examined, who had been
eanployed for less than five years, in-
clusion of this group of workers would
only bave introduced & varying source
of error. 7

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 § iz the relatively low
tncidence rate of fibrosis in “spinners”

(group 3), as compared with each of

the other groups. They are corrobo-
rated by counts of the dust particles
fn samples of air, a number of which
have been taken and are discussed
wader Dust Risk.

There is also some indication in these
figares that not only are “spinners”
leas likely to develop fibrosis, but when
they do, it takes longer to develop.
Study of the radiograms suggests that
{n such cases (ie, in the less dusty
processes) the resuiting fibrosis is, fora
considerable period, much more linear
in its radiologic festurcs, and shows
lessmottling. The history and clinieal
features in these cascs, and the com-
parative dust counts, all contribute to
the view that with comparatively low
concentrations of dust, the resulting
fibrosis is longer in developing and

Yoo O
Ne. # -

-

£,
remains longer in the mikder, and
radiologically linear stage. §

This view is evidently of; consider-
sble practical importance since it sug-
gests that in such cases, the rate of
sccumulation of dust in the lung has
not greatly exceeded the mte of elim-
ination, the changes stil] being centered

- in the main lymphatic system.

If this hypothesis f{s accursie, it
should follow that in order to prevent
the full development of the disesse,
among asbestos workers, within an
averags working lifetime, it is neces-
sary to reduce the concentration of
dust in the air of the workrocms to &
figure somewhat below that pertaining
to spinning at the present time.
Fortunately, also, the spinning
group is the largest individual group
n this section of the industry—e.g.,
out of over 400 workers empioyed by .o
one firm, this group-accounts for maore .
than one-third -
Although all workers examined who
have been included as spinners have -
been engaged in spinning, or in simi-
Iar processes for convenienca termed
“gpinning,” for & longer time thaz on
any other process, only a few have been
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 preseat
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, & pumper of sam-

ples of air were taken and the dust con-
3

H
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TABLE 6.—~SUMMARY OF DETERMINATION OF D&ST CONTENT OF
AND OTHPR PLACES

ATMQSPHERE OF WORKROOMS

o

| g % .
EXNAUST| pooo | NO.OF (PERCENT-rEacETYT-
SAMFLE |  FROCESS AND SOURCR OF  |VENTILA poovc PAR- Y. ] AGR
»o. sAMPFLE TIONTO | L e | TICLES 2u AND |T.54 axD
raoczss| “Lo0CF | rEs cc. | owoza | manza
on ¥or
1. /2 | Carding; passagewny between| Yes Yes 2,139 1.3 $3.1
eards
2. 1/8 | Bpinning No Yoa | 1,458 5.9 | 1000
3. /3 | Cloth weaving, dry No Yes 1,756 8.1 8.7
4. 1/7 } Opening 1 Yes Yoo 2,384 80.9 3.7
8. /6 Sh'viu;wgﬁbcuto No Yes 2,529 8.0 7.8
sieve
6. 1/8 | Phiting Ne No 1,687 9.0 .0
7. /1 | Office eoe vee o0t 98.8 | 100.0
§. /11 | Offee pors .o 1,45 4.7 | 100.0
8. 2/1 | Cloth wesving No Yes 1,788 8.9 9.0
0. 2/14 | Spicning No Yes 1,073 96.2 | 100.0
11, 2/10 | Mattress making; Slling Yes No 983 ”.5 8.1
n s Mmm making; beasing, Yo Neo o0 8.9 5.3
1% 2/7 | Mattress making; besting, dryl! Yes No 1,620 6.9 | 966 -
4 2/9 | Mastress making;alterflling| Yes | . No 124 9.6 9.4
2 mattremms
15 3/1 | Band weaving, wet No Xo 08 96.6 | 100.0
18 ¥4¢ Yoo No 2,213 7T | %86
17. /3 | Canrding; between cards Y Yes 1,58 | &5 7.4
18, /8 | Carding; feeding card Yos Yoo 1,31 82.9 968.4
19. /2 | Offics 1,049 9.3 { 100.0
2. 41 | Mattress making; flling No. Yoo 1,858 .1 $0.1
2. 4/1 | Mattress making; £lling No Yo 1,30 eeoe conse
3. 43 | Emptying settling chamber No Y | 3,401 csne conan
- RV No Y €71 csse sosee
24 4/8 | Insulating sections; leweling{ No Yo 1,838 cose conee
28, 4/%a | Carding; side of dirty card Yes No 1,402 sese | cesee
28 4/6 | Carding; end of clean card Yoo No 1,002 vase ceces -
2. /7 | Carding; feeding card Yes No 1,68 core cesea
20 49 | Cloth wesving, very alightly | No Yo 3,033 cace ceces
2. 410 | Cloth weaving, damp Neo Yo ke cese cosse *
0. 411 | Braiding No Yes 508 even ceses
3L 412 | Spinning ) Xo Yes 854 coce cosee
8. /13 | Office - () cece vecee
3. &/1 | Band wesving, dry No Yes | 2,202 coes | cenes *
3. &3 | Cloth wesving, dry Yes No ass cose conee
- 85, &/3 | Band weaving, dry Yes No 701 coce casee
N N i Yoo Yoo 843 vess cacen
®. &/6 | Carding; feeding card Yoo Yea &k | ... | ..o
* LLE
Jane, 1938
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TABLE 8. —~Continued

1
10CAL :
zxmaosr| TXER | yo. or |rEaczyT-rERCENT
SAMPFLE |  PROCEZES AND SOUBCE OF  [VENTILaS m PARe ao® AGE
»o. SAMPLE TION TO TICLES | 26 AND |{T.5w aND
raocess | TUAVE | pezcc. | uxoza | mwpEa
OR wOT
38 6/4 | Carding; eenter of room Yes Yes - 1] eoee ceeve
8. &/5 | Carding; grinding rollers Yo Yes 840 ceee | eeeee
40. 8/7 | Bpinning No Yes 0 ceee seene
4L &/8 | Office cae .o [ ] eese | ceece
€. 7/2 | Cloth weaving, dry Yoo Yes 4,688 eces | ccece
Qam Ombrbu ; shoveling fberinto |  Yes You | 4,390 eees | eveee
6. 7/3 | Opening Yes Yes 6,3 vece csoce
48. 7/4 | Band weaving, wet Ne §,353 cece Covee
4. 7/8 | Spinning No Yea 8,044 eses cosce
€. 7/8 | Carding; betwesn cards Yes Yes 4,007 voce cenan
48. 7/7 | Offics wee - 3,413 eene | seves
®. 872 | Cloth vumc, dry No Yes 1.7 3.6 9.9
0. 8/3 | Band weaving, dry Ne Yea 1,233 3.2 .7
R &5 [Carding Yoo | Yoo | L85 | &3 | %9
£ — ]

tent was determined by means of
Owens’ jet apparatus. Here also the
undetermined effect of dust from
neighboring processes must be noted.
Nevertheless some information of prac-
tical value was obtained.
Reference to Table 6 shows that the
counts ranged from 506 to 6,324
particles per cubic centimeter in the
air of workrooms, and from 666 .t0
3,413 per cubic centimeter in the air of
offices associated with the factories.
In some cases there was 3 smaller count
in & workroom than in an office of the
same factory; this was due either ta

- there being much fewer smoke particles

in the air of the workroom, or to adher-
ence of the smoke particles to the

_inorganic dust in the workroom.

The character of the dust in the two
esses i3, however, eatirely different,
2. the air of the office almost all the
particles are black, or brownish, and

smorphous, evideatly smmoke; in the
Vol 13 -
Ma o

air of the workroom, the majority of
the particles are, just as clearly,
erystalline particles of asbestos, to-
gether with, frequently, some cotton
fibers and numbers of black and brown-
ish particles, some adherent to asbestos
spicules and some free. Most of
the latter are iron containing and are
derived from the ssbestos, and there
are relatively few amoke particles, Iso-
Iated goldea-brown scales or plaques,
also derived from the asbestos, ars
scattered about the field,

The asbestos fiber first tngnents
longitudinally, sad apparently this
process can go on indefinitely, sines
there is no ultimate fber comparable
to a vegetable fiber such as cotton.
The dust collected in the Owens appa-
ratus contains numbers of these very
fine fibers—some about 0.5 micron in
transverse diameter, many less—which
have fragmented transversely. Thus
spicules of very diverse leﬂ;gth—up to

¥
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about 80 microns—but about 0.5
micron broad, are found in aumbers oa
the sample, together with the black,
brownizh, and yellow particles already
mentioned. The grest msjority of the
spicules are found broken down into
particles of the order of 2 microns and
less, many being about 0.5 micron and
mare or less rounded.  The proportion
of elongated to rounded particles seems
%o vary in the different processes; for
example, s greater proportion of elon-
gated particles is found in the air nesr
dry cloth weaving than near a spinning
frame. Weaving damp reduces the
- proportion of elongated particles.

This variety of microseopic spicules,
particles, and frequently some cotton
fbers, found in the samples of dust col-
Jected in the Owens apparatus, results
in & tendency to clumping on the cover
slip, making counting, especially of the
higher concentrations, s matter of
«treme difficulty. Oceasionally, alse,
part of the slot of the apparatus choked
upwithdust. The effect of the clump-
ing is to reduce the counts of all except
the low concentrations.

Furthermare, this apparstusismuch
reats It takes a grab sample, which
is seccurate enough as an indicator of
the local conditions at the moment of
ssmpling, but does not give s picture
of the average state of the atmosphers
during & period of time, as does s
gravimetric  apparatus. Moregver,
with high concentrations of dust,
sceurats counting becomes impossible,

The apparatus has, however, many
sdvantages, including those of eon-

- ~jence, quickness in operation, sad
direct examination of the nature of the
dust. By serial obscrvations, too,
temporary ad local lurge increases in

-
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the 'leontent of the atmosphere—
such ag that produced by shoveling
asbestos fiber into a sack—can be
detected and estimated. This is of
great importance gince short, but
repested, exposure to massive concen-
trations of dust is agreed to be very
harmful Counts Noa. §, 22, 23, and
43 in Table 6 are examples. AMuch
useful work can be done by means of
seria]l dust counts in various dusty
processes in the same factory, and by
comparison of the results.

The counts set out in Table 6 are
derived from eight different factories,
and it is & matter of interest to con-
sider whether counts from different
factories can be directly compared with
one another, Strictly they cannot,
since the content of smoks particles
varies in esch group. The diffculty
might be obviated by counting oaly
the particles derived from asbestos.
The method has been applied success-
fully to counts of erystalline silica
dusts; but it is not so easily applicable
to counts of asbestos dust, which con-/
tains numbers of black and brownish’
iron containing particles, many of
which are not quickly distinguishable
from smoke and tarry particles.

To classify the processes actGrately
on the basis of amount of dust evoived,
it is necessary to take serial samples at.
intervals corresponding to the details
and complexity of the processes.
With soms straightforward processes,
such as spinning, few samples will be
Decessary; but in others, such as mat-
tress making, mixing, grading aad
opening—especially with old-fashioned
plant—in which the evolution of dust
rises and falls rapidly in & compaza~
tively short}space of time, many more
observation are necexsary throughout

LI
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o shift, to detcrmine the average con-
ceuatration of dust. Repeated controls
are also required.

Comparative data show that the
dustiest processes are opcning (with
old-fashioned teasers), sieving (with
00 Jlocal exhaust ventilation), and
shoveling, or otherwise handling asbes-
tos fiber. The heaviest counts of all
werefound in this group, in filling sacks,
by hand, with disintegrated fiber in a
sottling chamber. The visual cloud of
dust was intense, and irritating enough
to provoke immediate coughing on the
partof theobserver. The dumpingof
the dust particles of the sample on the
cover slip was very marked, with the
result that the total dust eount arrived
st was updoubtedly too low. With
counts of asbestos particles of this
arder, however, tha precise count is of
Eitle practical importance, since the
dust concentration is far beyond the
mfe Bmit, .

Next in arder is cloth weaving, dry
and without the application of loeal
exbaust. This is undoubtedly a dusty
process, and although local exhsust
reduces the count at the breathinglevel
of the weaver, much dust still escapes
into the workroom. Further countsare
necessary to estimate this, Weaving
cloth wet, not merely damp, reduces
the dust count to a remarkable degree.
Tha figure for band (s, narrow)
weaving, wet, is not accurats sincs it
‘was raised by dust {from a neighboring
dry cloth loom; still the improvement
dus 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
elean his glasses about threc times a

" day when cotton weaving, he has to

clean them about fivy times a day

Yol 23
¥a o
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when asbestos tape weaying dry, and
only once a day when wesking asbestos
wet.

Nextinorder comes mattressmaking,
without any precautions’ such as ex-

haust ventilation, or damping floors,

cloth, and tables. Application of ex-
hsust ventilation and damping reduce
the count considerably, but it is be-
lieved that the figures are too low, since
counts for some subsidiary processes
sach as buttoning, sewing, and cutting
out are not available

The Sgures 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 mumnber of the samples taken with
the Owens apparatus wers examined
to determine the size of the particles,
and the percentages of particles 2
microns and under, and 7.5 microns
and under, were ascertained. The 2-
micron standard was retained for
purposes of comparison, and because
of itz accepted importance in silicosis.
The 7.5-micron figure was also adopted
because of the pronounced acicular
character of much of the asbestos dust,
and becsuse, representing the diameter
of the human red blood corpuscle, it
is » standard easily distinguishable,
and may econceivably represent. the
limit size of particles which can be con-
veniently engulfed by phagocytis cells,

-which are somewhat larger. Among

twenty counts from various processes
(Table 8), in two, between 60 and 70
per cent. of the particles were of sizes
2 microns and under; in two, 70 to
80 per cent.; in ten, 80 to 90 per cent.;
and in six, 90 per ceat. and upward.
When the counts were yu.lynd so-

L
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cording to the 7.5-micron standard, all

twenty showed 90 per cent. ar more of
the particles to bo of this siza or less.

With regard to the effect on the
lungs of different varieties of asbestos,
1o evidenee was found to indicate that
any one of its varieties is more potent
fn producing fibrosis than tha others,
other factors, such as concentration of
dust, being equal. There is now no
doubt, however, that both chrysotile
snd erocidolite will produce fibrosis;
whils the third, the comparatively

" pewly discovered amosite, resembles

crocidolits so closely in its chemical
eonstitution, and in the characteristies
of the dust, that there can be no
reasonable doubt, also, with respect
toit. -

Length of Dust Ezposurs

No case of diffuse Sbrosis clearly
dus to asbestos was discovered with
under § yeary employment. Three
eases were found with 3, 3¢, and 4%
years’ work, respectively, who showed
clinical signs of fibrosis Definite
eonfimatory radiologic evidence was
obtained in the first, definita but
alighter radiologic changes in the sec~
ond, and indefinite suggestive changes
fn the third. ‘The previous occupation
in the first case was flax weaving for 18
years; in the second, coal hewing for
18 years; and in the third, work in an
fron foundry for 1 year. All these
oocupations are dusty; and in the last
two there may be some exposure to
free silica. Also increased silica con-
tent hag been found in the lungs, after
fncineration, of flax dressers. For
thess reasons, these three easc. uld
not be certainly ascribsd to asbestos
dust, although it was, probably, at
least a contributury factor. Among

¢

A
the cases of; fibrosis found, thirty-six
had been e:nplayed in asbestos for
periods ranging from § to 10 years;
two of these cases, one employed for 9
years and the other for 7 years, show
that & considersble degres of fibrosis
may occur with less than 10 years'

gxposure.

F. W. Simson (6) examined the lungs
of & guinea-pig which had been experi-
mentally dusted by Mavrogordato for
two hours a day on each of fifty days
between February and April, 1925,
and which died from other causes in
December, 1927. Ha states that his-
tologic sections showed a slight gen-
erslized Sbrosis. This observer also
examined portions of the lungs of two
native asbestos mill workers; one had
been employed for twelve months and
bad died from a miliary tuberculosis,
and the other, employed for two years,
had spparently never recovered from
an attack of lobar pneumonia a year
before death.

In commenting on the amount of
fibrosis found, he states that “a com-
parison between the human cases and
the experimental animal showed that
the fibrosis was more rapid and exten-
give in the human cases. than in the
experirnental animal'” snd, again,
that “the amount of fibrosis 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 pon-infective silicosis on
the Rand.”

Experiments by Professor Bcttie,
fn 1912, demonstrated thsat the lungs
of guinea-~pigs exposed to asbestos dust
for forty-threa and sixty-seven hours
showed “define cellular proliferation,
though not.ve;ycunnve, and this is

LLX
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certainly & preliminary stage in the
jon of fibrosis."

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

The amount of disablemeat pro-
duced by the development of pulmo~
vary fibrosis in these workers is surpris-
ingly slight for s aumber of years, sven
more 30 than is generally the case in
silicosis. The nature of the work,
however, in the majority of the proc~
essen does not involve much pbysical

. exerton—in fact, in this respect it is

“light work” The affected person

" may, and often does, continne at work

~with occasional intermissions, lat-
terly, due to exacerbations of brea-
ehitis—until the condition is advanced,
although he suffers increasing incone
venience from shortness of bresth oa
the slightest exertion.

Usually these cases cease work & year
or more before death, but sometimes a
terminal bronchopacumonis, or other
acute infection, commences while they
are still at work, and there iz no long

" period of invalidism.

Patalilies
‘Particulars of eight deaths have

_ been collected, and are summarized in

Table 7. In six of these, advanced
pulmorary fibrosis was the primary
eause of death. In the remaining two

P
eontnbutory factor. In';nx of the
eight cases the disgnosis=was verified
by postmortem examinsation; in the
other two eases, confirmstory radio-
graphicevidence was obtained.

Information has recently been ob-
tained in regard to three other eases,
in which death occurred in 1929. The
details of one have been published by
Wood snd Page (25). Postmortem
examinations have been made in all
three cases, and in all, the presence of -
puimaonary asbestosis, without tuber-
culosis, was verified. In one case, the
pulmonary fibrosis was the primary
cause of death; in one, information as
to the extent of the fibrosis has not yet
been obtained; and in the third case, s
lobar pocumonia was superimposed on
the fibrosis.

It is not suggested that these few
fatalities, in which the canse of death
bas been verified by strict inquiry, are
any criterion of ths trues effect of
the disesse on the mortality rates of
asbestos workers. Others are known
to have occurred in which the exist-
ence of the gsbestos fibrosis has been
determined in life, but no postmortem
examination has been possible.

Diffcullies tn Diagnosts

Many factors have contributed to
impede both the recognition of indi-
vidual cases of this disease, snd the =
establishment of asbestos dust as the
determining cause. These factors are
consequent, partly on the nature of the
disesse, partly on the nature of the
dust, aad partly oa the industry itself,
its rapid growth and internal condi-
tions. Difficultiez *: Jiagnosing the
disease, its »~ints of reserablance, in
ita latest stagey, to fibroid thberculosis,

G
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eases, pulmonsry tuberculosis was &  and the liahility of those affected to be
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c-oarried off by some intercurrent dis-
+ ease—which slope isnoted onthe death -
certificate—are all of importance.
~A concretes example encountered ¢
cduring the inquiry will illustrate one of
.these points. J. C., Case No. 7 fn
TTable 7, was known by his own doctor
.sad by the Chief Tubereulasis Officer of
- the town to be affected with advanced
fibrosis of the lungs. Four or five
< poaths before his death it was thonght

%
TH
E—.
Z

[ Ad

sdyantage to him. - Through the gen-
serogity of the firm with which be had
.beez employed, he was- -trapsferred
from the town to a farm in the country,
‘where he died. The death certificats,

. asbestos ondy for mmtﬁ‘dy short

pmods,mdofthepmionsdemd

- 80 far, the less dustrspmm.qg groupis

2t the same time the largest. .Thus
-only now the-existence of a heaith risk
.:in- the.industry -is beginning to - be
* recogaized.

. Doxs Assrsros Dust Pxrpis-
-PosE T0 OTHER Pravonany
Dszaszs?

“The . .important question . as - to
vwhether. asbestos workers show an-in-
;ereased liability to other disesses of
- thelungs, such as pneumonis, pleurisy,
and - pulmonpary- tuberculosis—espec-
fally the Iatter—requires further in.

sgiven locally, stated that pulmonary - vestigation.

sfnberculosis. was the cause of death.
:Jn snother case chronie broachitis was
sEiven as the cxuse of death.

:In the less advanced stages of the
-disease,: the symptoms are. so-unob-
+4xusive that the worker rarely consults

- <his doctor. _ In the later stages, bron-

~chitis, or the. superveation of.acuta
bronchopneumonia, puimonary tuber-
~gulonis; or other acute-infection, all so
~much more common, masks the under-
;dyiog Sbrosis; and tho terminal-condi-
1#andsnotad a9 the cause of death.
1Inthesecand place, thesilicatedusts
~acpfwhich asbestos dustis one——repre-
soeniting silica in the-combined formy.as
copposed to {ree silica, have naturally
been overshadowed by the silica dusts,
since they do not produce the picturs
;of silicosis and bave not been shown to
be associsted with an increased mor-
-tality from pulmonary tuberculosis.
Moreover, although the asbestos in-
.Justry has very rapidly expanded, it is
sotill comparatively small, and scattered
sover the country. A large proportion

" of the-workers have been employed in

Vel 12
Ma o

A history of plenrisy wax given-by
1 ten workers,in eight since eommrencing
wwork .in. asbestos;.:in sddition, one
~worker had a slight pleural effusion at
+ thestime of examination, and.one
« showed. signs of old pleurixy, but no
<history-was obtsinable,  Of the two
=with sttacks prior to work-in asbestos,
.one had narmal Jungs, sod the other
ssbowed signa of & bronchiectasis. - Of
:4he eight:giving histaries: of. plearisy,
< three: showed : zigns : of <fbrosis,: four
sshewed gigna of the.qald- plsurisy: only
.{onenbeing:due: to. a-gunshot woudd
¢during :she T1¥ar), and <the eighth
sshowed signy of an .old inactive tuber-
sculous Jesion-oF the right-upper Jobe.
:A : bistory - of -pneumonic ~was. .ob-
< tained in sixteen workers—in texr prior
< to commencing- work in.asbestios, and
.in six since. Of these six; two showed
aigos of & thickened: pleura only, one
-showed merely enlarged lung- roots,
- two bad diffuse fbrosis, and in one the
.Jungs were normal. « Of the remxining
-ten, one had a thickened pleura, tws
- bronchicctasis; twod:ﬂ’u! fibroais, ane
. i
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-commencing fibrosis, and in four the

lungs were normal.

With regard to evidenee of bron-
chitis, and bronchial and pulmonary
estarrh, fifty-eight 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-
senting 32.6 per cent. of the fibrotic
group, and eight were in the prefibrotic
stage (38.1 per cent. of that group).
The fact that the elinical examinations
were conducted during the warmer
months of the year, no doubt operated
to reducs 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 gave his-
tories of rheumatic fever, and of these,
two had definite valvular disease of the
beart. Inaddition, valvular disease of
the heart was noted in one worker, but
po history of rheumastic fever was ob-
tained.

With regard to pulmonary tubercu-
loais, 80 definitely an added risk in sili-
oogis, this disease group has been
drawn up to include all workers pre-

. - semting signs indicating s past or pres-

ent pulmonary tuberculous infection,

. but excluding cases of old inactive hilar

tuberculosis. Under this heading are
ineluded not only workers with definite
elinical signs of active tuberculous
lung infections, or of old inactive
lesions, equally definite, but also those
workers showing signs of old apical col-
Iapse, usually attributed to a past
tuberculous infection.

Bigns of the latter are not uncom-
monly found in quite bealthy persons,

and are of no impostance unless it is
shown that the inhaintion of asbestos
dust is associated Wwith pulmonary
tuberculosis to an increased degree,
when such cases, as indicating & group
of workers with a latent infection,
would assume & greater significance.
No close association is apparent, how-
ever, since only thirty-seven, or 9.9
per cent. of the 374 examined, showed

evidence of this disesse, 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 belonged to this
group. Thirty-three cases were insc-
tive, of which twenty-one presented no
evidencs of dust fibrosis, and tweive
presented evidence.

Out of the 374 persons examined,
fourteen, or 3.7 per cent., gave a
family bistory 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 near relative.

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

We have, however, by no means dis-
posed 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-
viougly unnoticed or disregarded, and
causes the worker to scck his doctor’s
advice. He is thoh appropriately
advised to give up l;s dusty employ-

" ment, migrates from x.he induscry, and

LR
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may or may bot accept sanatorium
treatment. Thus thero tends to be s
drift of such eases from the ﬁbxosu
producing industry. :

During the course of the inqmry,
information was obtaincd of a number
of persons, previously employed in
asbestos, who were cither at home orin
sanatoriums, suffering from chest com-
plaints. Where an examination of
workers is confined to those at work, a
eertain number of advanced cases of
fibrosis, and a certain number of cases
of pulmonary tuberculosis, with ar
without an asbestos fibrosis, in persons
who have either given up work, or who
are of work temporarily, will be
missed, .

It is necessary, therefore, to leave
this question of increased suseeptibility
t0 pulmonary tuberculosis iz abeyance,
pending further investigation.

‘With respect toany increased suseep-
tibility to the superventionof otherlung

diseases in workers with an asbestos

fibrosis, the data obtained were insuffi-
cient to lead to any conclusion, except
as to bronchial catarrth. There arein-
dieations, however, that when poeu-
monis or broachopanecumonia super-
Yenes on & fibrotic lung, the prognosis
fsgrave,

AgzrsTosiy AND Sruicosts CoXTRASTID

In view of the relationship between
the asbestos fibrosia and silicosis, sincs
they are both varicties of Sbrosis of
the lungs caused by the inhalation of

~Mitmdainblctomm

shortly the main points of similarity
and dissimilarity between the two dis-
eases, 50 far as has been ascertained.

1. Inhalation of ashestos dust, under
favorable conditions of concentration
of dust and length of exposure, will
Vol 33
e o

pxodueesmousmdmftuldegu A

of pulmonary fibrosis.

2. The type of ﬁbmJ produced,
however, exhibits snumbqof diverg-
eneafmmthstamedbytheinhalap
tion of free silics 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.

8. The radiologic appearances of the

asbestos type of fibrosis, even in the
more developed stage, are more deli-
eats, softer, and more diffuss than the
silicotio fibrosis.
- 6. It follows, therefore, that an
opinion as to the degree and intensity
of an asbestos fibrosis, based on a com-
parison of the radiologic changes with
those shown in standard silicosis films,
will be an underestimate,

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

grams.

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

Soanuxy

h;deﬁmumknfﬂu«
d:vemtdsdxﬂuspulmonry

fibrosis in persons exposed to the in-

halntion of asbestos dust.
Z.Thismkvnnudineﬁynthc

length of employment y(and hence

&
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length of exposure to dust), and is
unaffected by the age of the warker.

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

4. With continued exposurs to high
concentrations of dust, the diseasemay
be fully developed in seven to nine
years, and may cause death after about
thirteen years’ exposure, exceptionally
in s shorterperiod.

§. Fibrosis as it occurs in asbestos
. workers differs considerably from the

- i disease as it occurs in workers exposed

) . to free crystalline siliea dust; it differs
. in the radiologis picture, and also
.. on postmortem examination of the

*  affected lungs.
. 6. The more dusty proceses are
- those involving the preparation and

*  manipulation of the raw asbestos
(other than erushing), dry cloth weav-
ing, and mattress making.

. 7. The less dusty processes are spin-
ning and similar processes, sad proe-
emes, other than dry weaving, in-
volving the manipulstion of the spun

. :

8. Further investigation is required
{0 determins whether there is any in-
. eveased susceptibility to the superven-
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tion of pnlmonnrx{ tuberculosis azso-
cisted with the dqvelopment of the .
ubmﬁhms. i

Much generocus mahubnnn—
csived from many sources during the courve
of this inquiry, and for this acknowledgment
is gratafully tendared.
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others of his eollesgues in the different dis-
trists, to a number of directors and officials
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to Dr. W, E. Cooks of Wigan and Professor
M. J. Stewart of Leeds for pathologic mate-
tial and for much informaticn ss to the
progrese agd results of their own rwsearches
into the gross snatomie and the histologie
features of the asbestos fbrosis, and the
eoustitation and loestion of the curious
bodies; to Dr. MacGregor, Medical Officer
of Health for Glasgow, for various clinieal
sad radiologie facilities, and for his ever-
present readiness to lend the aid of his
Departmsent, and especially to Dr. H. E.
Seiler of his staff; to Dr. J. C. Robertson for
the loan of a radiogram, together with
detailed clinical notes of one patient and
otber valuable information; to Dr. W. H.
Bateman for the loan of s radiogram, for
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examining several specimens of sputum, and
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