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THE OCCURRENCE OF I'ULMONARY FIBROSIS AND OTHER -
PULMONARY AFFECTIONS IN ASBESTOS WORKERS®

E. LA Mrunwerner, M.D.

H. M. Mcdical Inspector of Factories

INTRODUCTION

RIOR to the commenecement of
Pthis inquiry, in Februnry, 1025,

definite knowledge existed of
only two deaths of asbestos workers
about whom there was expert opinion
that the inhalation of asbestos dust
had at least contributed to, if not
caused, the fatzl outcome.

The first of these, in retrospert the
most suggestive, only came to lLicht
some years after the occurrence, when
full information was unnhtninable.
All that is known of this cree, now
referred to as “the Montague Murray
Case,” is contained in the cvidence
given by Dr. Montague Murray helore
the Departmental Committee on Com-
pensation for Industrial Diseases in
1906 (1). From this source, we learn
that:

The patient, a male aged 33, came under
the care of Dr. Moatague Murray at the
Charing Cross Hospital in the beginning of
1899. He bad worked with asbestos for
“sorue 14 years,” 10 years as s cardroomn
hand, and the remainder in some other room
of the factory, “‘where there was much Jess
dust.” He volupteered that, of the 10
people workiag in the cardroom when he
went into it, he was the only survivor, and
that all the othershad dicd somnevhere abont
X years of age. There is no note ne to the
pature of his work, previous tu that in the
asbestos factory.

* Received fur publication Feb. 17, 1230,
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He wns treated in the Charing Croas Hos-
pital for two months, and then returged to
wark, After s few months, however, he
brenneill agrin, and wasg re-admitted to the
Hospitel in April, 1900, where he died. The
poat-morten  examination coalirmed the
clinical diagnosis of extensive pulmonary
fibrosis. There was no evidence of pulmo-
rary tuberculosis, and examination of the
spmtem for B. tuberculosis was negative.

The second case was reported by Dr.
W. E. Cooke in 192, cighteen years
later (2):

The dcceassd, a woman, aged 33, who
disd in 1924, had worked in asbestos for 18
yraes, but intermittently for the last §
yoars, owing to periods of ill-health, The
post-mortem  examination revealed, not
only cxtensive fibrosis of the luogs, but also

much cliange due to pulmonary tuberculosis.

Although Cooke (3) and Stuart
MeDonald (4) were conclusively of the
opinion that in this case the lungs
showed a progressive dust fibrosis, to-
gether with o chronic tuberculous in-
feetion, the etiologic relationship bes
tween the inhalation of asbestos dust
and fibrosis of the lungs would have
bieen strengthened by the absence of a
tuberculous infection.

Cooke's case is, however, of out-
s{anding importance, not only because
of the discovery of “curious be!'” -
in the lungs—discussed later ~butalso,
and of inore importance genceally, be-
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cause its publication aguin dirccted
attention to the possibility that inor-
ganie dusts containing little or no free
gilica miay be productive of extensive
pulmonary fibrosis. Of these dusts,
the silicates form a very large class,
of which nsbestos is but one example.
Many other members of the class,
such as the feldspars, kaolin, French
chalk, and pumice, arc extensively
used in industry. The importance,
therefore, of delimiting the potentiali-
ties of the class as producers of pul-
monary fibrosis is clear.

Cooke'’s case was the first to be
generally reported in the medical
press; the facts of the Montague
Murray case, although contained in
the cvidence presented before the
Departmental Committee in 1906, and
published in 1907, were liable to be
overlooked in the mass of important
material on industrial diseases elicited
by that Committee.

Since Cooke's case, Dr. I. M. D,
Grieve has made a careful study of a
group of asbestos workers in his prac-
tice, and has courteously allowed
access to his records. .

In February, 1928, Dr. MacGregor,
Medical Officer of Hexlth for Glasgow,
drev my attention to an asbestos
worker who was receiving trcatmoent
in one of the hospitals in that city.
This case, the details of which have
been reported by H. E. Seiler (5), pre-
sented, both clinically and radio-
logically, signs of a diffuse pulmonary

" fibrosis, with no evidence of a tubercu-

lous infection. On further investiga-
tion into the patient's industrial and
medical history, no presumptive cause,
other than the inhalation of asbestos
dust, was found to account for the
cxistence of the fibrosis.

VYol. 12
Neo.d

Thic cnoe, of that time the third of
which the Factory Trwpartinent had
knowledre, was, haaever, the first in
which the four e-catial conditions,
necessary Lo eztablich a relationship
between the inhinlatien of asbestos dust
and the decelopinent of fibrosis, could
be demonstrated. These conditions
arc.

1. Work involving exposure to asbestos
dust, . ‘

2. The existenee, demanatrable clinieally
and radiologically, of a debnite pulmonary
fibrosis,

3. The ahwence of precious or present ine
fections knawn to eanen pulmonary fibrosis
—¢.0., tuberculosis, influenzs, or pneu-

. roonia.

4. The shsrnce of previous or present
work involvinz expnrsuce to ather dusts,
which might eause pulmonary Bbrosis.

These ennditions being fulfilled, a
relationship between the inhalation of
asbestos dust and the development of
the pulmonary fibrosis may be pre-
sumed.

The importance of establishing
_whether the snpervention of this dis-
.ease in an nsbestos worker was an

exceptional onccuirrence, ot evidence of
a grave healtlorisk in the industry, was
now apparent, and steps were taken,
forthwith, to ohtain prima facie evi-
dence in proof, or disproof, of the cxist-
ence of such a risk.

A number of workers in asbestos
were sclected pnd examined clinically
and radingraphicaily, The findings
invited further investigation through-
out the industry, with the result that a
coruprehensive inquiry involving the
investipation of the diffcrent processes
in relation to the evolution of dust, and
the exnmination, hoth clinical and ra-
diologie, of workers, was undertaken
during the venr 1928, commencing
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with the carding, spinning. and weav-
ing processes of the industry:.

In the mecantime, in March, 1028,
the death of an asbestos worker (one of
Dr. Grieve's cases) occurred in another
part of the country, and, on post-
mortem examination, a condition of
widespread Gbrosis of the lungs, with-
out tuberculosis, was revealed. The
microscopic examination nlso disclosed
the presence of the curious bodics.

In 1928, also, Dr. F. W. Simson (G)
reported a fatal case of fibrosis of
the lungs occurring in a native work-
ing in an asbestos mill in southern
Rhodesia.

In order that this brief survey of the
events leadiog up to the present in-
quiry may be complete, it is necessary
to review the investigation made in
1910 to 1911 by Dr. Collis and Miss
Whitlock—the only previous inquiry
into the subject.

In May, 1910, the Registrar-Gen-
eral drew attention to a death which
had been certified as “acute pulinonary
phthisis in an asbestos worker,” and
10 s statement (for which he was un-
able to vouch) that seven other deaths
from phthisis had occurred in the same
factory.

Following this, extemsive inquiries
were made, a medical report on all the
employees in the factory concerncd
was obtained, and Dr. Collis and Miss
Whitlock investigated  generally the
various processes in the industry with
respect to the evolution of dust,
methods of ventilation, lost time duc to
sickness, ete. Also inquiries were
made of the Canadian government us
to the conditions in the asbhestos
quarrics and mills in that Domiinion,
evidence of increased sickness and
mortality rates among the workers,

roel puy methods of ventilation which
had Leen found of especial value.

I he yesult of this investigation did
not ennclusively prove that asbestos
pos-e=ced injurious properties, but it
pointerd to the probability that such
wae the case. It is interesting to con-
sider why it was that no conclusive
prool one way or the other could be
olininad, then, as to the injuriousness
of nchestos dust. Some, if not all, of
the faetors which affected the position
then are, in varying degree, continu-
ing factors, and have an important
bearing on the present inquiry. Their
operafion, while providing a soluticn
to this query, also affords an explana:
fion {o another pertinent question:
Why is it that this industry, founded
in antiquity, has only recently excited
attention, by reason of its raw material
beentning suspected as a ¢ause of indus-
trinl dicense?

The answer appears to be that in the
post it was not practicably possible to
obinin proof of the injuriousness of
ashestos dust, considering the limita-
tionsimposed by the state of the indus-
try, and the point reached by research
work into the relationship between
dust inhalation and dlseaqcs of the
lungs.

The industry itself, not a large
one today, was then (1910) consider-
ably smaller. Certainly it had begun
to grow rapidly, but the number of
workers who could have been employed
for a period of time long enough to
allow of the development of definite
physical rigns of pncumonokoniosis
must have beea quite small, and dis-
persed over the country.

Precise knowledge of the morbid
affections of the lungs produced by the
inhatation of dusts was more fraginen-
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tary than it is today. The posilien
was clearly stated two ycars later in
evidence placed before the Royal Com-
nission on Metallifcrous Mines and
Quarries. This Commission, when re-
porting in 1914 (7), stated “we do not
know whether other dusts besides those
containing frce crystalline siliea induce
a pathological condition in the lungs,
though the cxperiments of Professor
Beattie in animals suggest that this
may occut.” Itisonlyinthelast year
or two that research has produced some
definite evidence as to the precise
cffccts of some of these dusts on the
lungs (8) (9) (10) (11) (12).

In 1910, radiography of the lungs, in
both its technical and its interpretative
aspects, was still in its infancy and,
so far from having attained its present
status of beiog an indispensable aid to
the diagnosis of the dust diseases of the
lungs, was an unused ally-.

In addition, the existence of a meas-
ure of exhaust ventilation in the most
dusty processes of the industry, incom-
plete as it was, had important results
in modifying the onset, course, and
duration of any pathologic lung condi-
tions resulting from the inhalation of
the dust. This influcnce has been
much more pronounced in the period
intervening between 1912 and the
present inquiry, and will be referred
to again.

Another factor which has tended and
still tends to obscurc the possible
deleterious  cficets of the non-silica
dusts, is the general use of the phthisis
mortality rate as a comparative index
of the degree of injuriousncss of the
dust encountered in the variovs dusty
occupations. This rate, while of great
value in separating dusty- industrics
into two great groups—those which

Vol. 12
No. §

ghow nnecee=zmortality from phthisis,
and those which do nol—as well as
being a eamparalive index of the in-
dustrics helonaing to the former group,
nat only is of little value as a means of
classifieation in the latter group, but
also tends to distract attention from it,
and toresult in the associated dusts be-
ing dismirend Asmore or less innocuous.

Evolution of dust is only one factor,
thongh an important one, which may
canee varintions in the phthisis mor-
tality rate in different industrics.
Wagrs, hours of work, aggregation of
workers, amount of {ood, housing, and
other soeial and enviroomental condi-
tions are, hawever, powerful influcnces
in the same direction, and are not
necessarily ecomparable as between the
wnrkers in any two industrics.

In thus reviewing some of the influ-
ences which have retarded recognition
of the baneful effects of some dusts
upon the lung=, the singular attributes
of pulmonary filirasis, the most impor-
tant of the diseazes caused by the in-
halstion of dast, must not be over-
Toolied.

This diseasr, ingidious in its onsct,
stealthily advances with but faint
warnings of its progress; incxorably it
cripples the essential tissues of the
lungs, vet for a considerable period
causes almest no inconvenicace to the
worker. As time goes on, however,
the lungs find more and more difficulty
in re-aerating the blood; and breathing
ir quickened on slight exertion.  Still

" the worker is able to remain at work,

but is aware of his undue shortness of
breath nn extra effort.  Usually, how-
cver, he ascribes it to causes other than
the dust he is inhaling. :
As the disnnse progresses, if no acute
illncss ha« canced a fatal termnination,
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& stage is reached when the lunez c1n
do little more than maiatain life; and
the shortness of breath iz cxtrome,
Lveninits terminal stages, the diseasn,
deceitful to the last, may masquerade
as chronic bronchitis, pulmonary tn-
berculosis, bronchopneuronia, or the
like.

While more or less acute casez of
fibrosis closely simulating miliary
tuberculosis have occurred, even in this
country (13), they have all been asso-
ciated with the inhalation of dense
concentrations of free silica dust, and
are, fortunately, the exception rather
than the rule.

Tke difficulty of diagnosing pulmo-
nary fibrosis, especially in its early
stages, or if complicated by tubercu-
losis, has been stressed by a aumber of
authorities, and has, undoubtedly, con-
tributed to impede the attainment of
precise knowledge of the extent to
which the various industrial dusts
affect the lungs.

Difficulties and obscurities still im-
pede, though to a less degree than in

‘the past, any investigation into the

cffects of an industrial dust upon the
lungs of those exposed to it; but prior
to the War, although there were certain
slight indications that asbestos, in
common with some other dusts,
might produce permanent pathologice
changes in thelungs, it was not possible
to obtain evidence sufficient to prove
or disprove this hypothesis.

At the outset of the present inquiry
into what, if any, pulmonary discases
workers exposcd to the inhalation of
asbestos dust are more prone to con-
troct than the general population, it
was considercd essential to view the
problem afresh, aod with complete
detarhinent, because of the fact that

pchestoa dust has a totally different
phyvieochernical constitutionfrom that

of dusts containing muchi free silicaand -

cansing silicosis. It was felt that
plthongh  much valuable guidance

could Le obtained from the methods |

of investigation of silicious dusts, care
had to b taken to kecp an open niind,
s n< not to be unconsciously biased
in the direction of assuming that the
effects of the dust, if any, must be coni-
parable in some degree to those of
crystalline silica.

ASNESTOS AND THE ASDBESTOS -
InpusTRY

Asbestos -

The term asbestos is a collective
name, of no.definite mineralogic sig-
nificance, which has been applied to a
varioty of silicate minerals, which differ
from ona another in chemieal compo-
sition and physical properties, but
which resemble ofie another in their
finely fibrous feature and flexibility
(14). Their value depends on the
facility with which they are eapable of
being eplit up into long and flexible
fibers, which ean be spun like cotton
and woven into cloth; on their resist-
ance to heat and acids; and on their
insulating properties with respect to
heat and electricity. o

Varictics of asbestos possess these
qualitirs in difering degree. Com-
mercially, therefore, selection is made
by the manufacturer of that variety
and grade which is most suitable for
the purpose in view, regard being paid
to ordinary economic factors, suchas
the cost. of the raw material, and the
price which the finished article may be
expocted to command.

Consienments of asbestos of the
same peneral variety, but with differ-
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ent countries of origin, are frequently
snixed io the preliminary procrsses of
manufacture. Thus Canadian chrysn-
tile may bc mixed with Russian, or
1thodesinn chrysotile, and soon. Iess
frequently, totally different varietios,
such ns amosite and chrysotile, may be
mixed.

Practically speaking, all that pors
under the name of asbestos, in comn-
merce, is cither fibrous scrpentinc or n
fibrous mineral of the amphibole, or
horoblende, group. The former is the

. most important commercially; but

strictly, the minerslogists confine the

D AR SPos WORKERS 203

hinedd water, and usunlly more eal-
citn, sluminium, and iron.  Membere
of thiz proup are resistant to acids,
but are nre difficult to spin, some
bring quits nnsuitable for this parpose.
The meat important members of this
group are crocidolite, amosite, and
{remolite,

Cracidalite and nmosite are mainly
rilieates of iron, the former having a
beautiful Iavender-blue color, thelatter
being brownich-gray. Doth are spun
and the yarn is woven into cloth for
various purposes, such as acid filter-
ing, and for making into insulating

TABLE 1.—COMPOSITION OF SERPENTINE AND AMPHIBOLE VARIETIES
OF ASBESTOS

FESCENTAQE OF

MINERAL YARIETT Com-
onoor |- §i0: | ALO, | £ [ M0 | Ca0 [N0O{ KO | biced
L Water

Serpentine | Chrynotile | 39-42.5 | 0-3.7 0.74.4 { 3147 l0-0.35 ... | ... |t3.3-18.5
Amphibole [| Crocidolite [50.5-52.1f 0-1 {35.5-37.4] 0-3 | 0.5 {6.2-9} ... | 1.64.5
(horn- Amosite 43-53 11.2-0.4f 3144 0.7-6.4 ... 10-2.5 ... | 2-3.8
blende} Tremolite 57.2 0.9 3.2 22.8 |13.4)0.6{0.3 2.4

term asbestos to fibrous forms of horn-
blende. These two types are sharply
distinguishable, chemically and miner-
alogically. .
Serpentine asbestos, or chrysotile, is
a hydrated magnesium_ silicate, con-
taining practically no calcium, a bigh
percentage of combined water, and a
low percentage of iron. This variety
is very suitable for spinning, but is

attacked by acids. Nearly 80 per cent. -

of the world's production of asbestos is
derived from-Canada, and is of this
variety; the remainder comes mainly
from South Africa and Russia.

The amphibole, or hornblende, vari-
etics contain less magnesium and com-

Vol 13
Ne. d

mafttreszes, as well as for other pur-
‘poses.  Both are produced extensively
in South Africa, from which quarter all
required eommereinlly is obtained.
Amosite, a comparatively recent dis-
covery, is found there in very large
deposite; its use is steadily increasing,
the initial difficultics associated with
the manufacture of textiles from this
variety having been overcome.

Tremolite, found in various quarters
of the world, has been mined in north-
ern Italy eince the time of the Romans.
Its chicf use iz in the manufacture of
ashestos miliboard and for filtering
purposes,

Table 1, compiled from various

e i e
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sources, shows the main differcners in
the composition of these four varicties.

Only a very small proportion of the
world’s production of asbestos, which
is Letween 300,000 and 400,000 short
tons per annum, is suitable for spin-

. ning, and the wost desirable grades of

spinning fiber, consequently, cormmmand
a high price—now over £100 a ton.
The shortage of this grade has led to
improvements in rnanufacturing proe-
esses which have enabled less expen-
sive grades of fiber to be utilized for
spinning, some of which give rise to an
increased amount of dust.

About four-fifths of the world’s pro-
duction of asbestos is fiber unsuitable
for spinning, and this is used in the
maunufacture of asbestos millboard,
tilcs, sheeting, paper, and many other
articles. It is the discovery of indus-
trial uses for these very short fibers,
and the dust.like waste, which has been
responsible for the phenomenal expan-
sion of the industry as a whole. The

-spinning and textile section has alse

shared, because of the extensive use of
the yarn and cloth in the manufacture
of steamn packings, insulating mat-
tresses, brake linings for motor ears,
fireproof curtains, and the like.

In 1880, three years after the dis-
covery of the large Canadian deposits,
the world production of ashestos was
little over 500 short tons; by 1900 it
had risen to about 35,000 short tons,
by 1920 to aver 230,000 short tons, and
by 1925 to over 330,000 short tons (15).

The imports of nsbestos (all grades)
‘uto the -United Kingdom rose from
18,591 tons in 1922 to 33,520 tons in
1927 (16). The figures for 1927 refer
to Creat Britain and northern Ireland

only, Of these quantitics §,844 tons’

and 3,794 tons, respectively, were

SDUSTRIAL HYGIENE

reaxported. Thaos the consumption of

oehestos in this country trebled within

¢

five yearz.
The Industry

On enncidering the uses of asbestos
one is actoniched, not only nt the wide

range of articles manufactured from:

this mineral, in greater or less propor-

tion, but ales at the diversity of indus-

tries which powadays find its use
necessary, either in the forn: of the raw
material, or ns manufactured articles.

Evidently, therefore, with the multi-
plicity of proacesses and dusts encoun-
trred in the ramifieations of the indus-
try, diserimination would have to be
exercised, and some limit set to the
processes included in the inquiry.

The processes scleeted may be
divided, roughly, into

1. Proceseca involving the manipuiation
of rebeetnw nither pure, or admixed with a
arnall proportion of cotton, or other vege-
teble fiber,

2. I'rocessre involving the manipulation
of achrstos togotlier with other dusty ma-
trrinds.

3. Preere=ea involving the mnking up of
sehiratae clath into other articles.

stonp 1 entoils exposure to asbestos
dust mainly, ~nd to cotton, or other
vezetable dust, very slightly; group
2 entails exposure 1o ashestos dust in
very varying amounts, and also expos-
ure to divers other dusts, such ns brick
dust, mngnesia, kieselguhir, fossil meal,
and coment; in group 3 the exposure to
asbestos dust—provided no other ps-

“bestos proceesses are being carried on .

in the vicinity—is, in the majority of
coses, negligible.  Processes pelonging
toall three groups may be carried onin
the same factory, and workers niay
transfer from one department to
another (310).
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"or metal wire. . v
-+ Ask *-q yarns are not only used for
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fuvestigzntion inla the fntrieste g
tion of the eficcts of mixed duste, wite
possibly productive of sene penecd
corallary, would Jose much of its valne
in the absence of knowledun of the
cfTects of the several componcent cduste,
and morcover would introduce an in-
calculable variable into the final
results. For these reasons, and alsn
beeause the Montague Murray ease,
Cooke's, Grieve's, and Sciler's caces
all occurred in processcs included in
group 1, it was considered advisable
to cxclude, as far as possible, from the
inquiry all workers exposed to the in-
fluecnee of mixed dusts, and all thase
not employed in processes included in
groups 1and 3.

The procrsses included, thercefore,
are the crushing, preparing, sicving,
opening, mixing, carding, spinning,
doubling, plaiting, braiding, and weav-
ing of asbestos, together with the
opcrntions incidental thercto. Also
included is mattress making, where the
filling is asbestos, and the manufactare
of some insulating materials, where the
dust produced is asbestos.

The carding and spinning processes
have many points of resemblance to
the corresponding processes in the
cotton industry, but with esseniin]
modifications and restriclions cansed
by the different physical characters of
the asbestos fiber. These processes
are aided by an admixture of cotton,
or other vegetable fiber, and usually
from 2 to 10 per cent. by weight of
colton is acdded. NMore rarcly, and for
special purposes, long-fibered ashiestos
is carded and spun with no admixture
of vegetable fiber, but usually asbestos
yarns contain a core of cither cotton
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the - wine of fabries, vwhich themn-
e mmed far aomdbionde of pur-
proo et benided together, are made
inte peres for gse as steam packings
and ather purposes.  The interstices
sl coater of the rope may be filled
with othier matcerials such as tale, oil,
or graphits, depending on the precise
ure towhich the ropeis to be put.

Ashestos mattresses, used for blan-
keting steam engines, and for other
insnlxting purposes, aremade of ashns-
tnz clnth stuffed with asbestos fiber.
Th~ tuffing material imny be, however,
el wonl, magnesia (containing ap-
provimately 15 per crnt. of asbestos
fitwr), or Liecsclguhr with a small per-
centane of asbestos fiber. The man-
ulacture of mattresses flled with
mivtnres of asbestos fiber and other
materinlz has not heen included in this
portion of the inguiry.

The shortness, slipperiness, and lack
of strength of the individual asbestos
fiber, as compared with cotton, flax,
wonl, silk, and other textile fibers, have
been the eause of much technical diffi-
culty in manufacture. The cfTorts of
manufncturers to cope with these diffi-
culties, toaether with those due to wide
varintions in the physical propertics of
the raw material, are reflected in the
methorls emnployed by each.  For these
reasons, and because of the great num-
her of patented and special products
mannfactured, one finds . considerable
differrnces in detail in the processes in
use.

The majority of the processes men-
tianed result in the evolution of dust,
althonsh by no means to the same
extent. Differences in plant, quality
of ashestos used, methods of manufac-
ture, type of finished article, and exteat
of application of exhaust ventilation,
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all result in variations in the evolution
of dust in similar processes in different
{actories.

Variations in the evolution of dust in
differcnt processes being of outstanding
importance, a series of samples of dust
from the air of workrooms was col-
lected, by means of the Owens jet
apparatus.
Populatiop gt Risk.j~A caleulation of
otal number of¥workers employed
in the processes already enumerated as

TABLE 2—DISTRIBUTION, ACCORD-
ING TO LENGTH OF EMPLOYMENT,
OF (A) 775 WORKERS ENGAGED
IN ASBESTOS PROCESSES AND

(B) SELECTED SAMPLE OF 363
WORKERS

(A) (B)
YRS, EMPLOYED 'z: 'z:

N [2]

o (%]

. - . ']

g 8128
| S 483) 62.3] 89f 24.5
5-9.neennnnn eeeaan 200| 25.8] 141] 33.8
10-14. e, eeee] 51} 6.6 84 23.2
15-19....... veveeeenedd 280 3] oA 27
20 and over...... ceeee 1 228 21) 5.8
Total..ueeoesensen. 775|100.0' 363/100.0

included in this inquiry, but excluding
those engaged in processes included in
group 3 in which the exposure to as-
bestos dust is negligible, gives a figure
of approximately 1,600; if we could
add to this the number of workers
engaged in handling pure asb.;.us fiber
ouly, in the preliminery stages of the
processes included in group 2, we
should obtuin the tctal population at
risk from the effects of asbestos dust it-
sclf. Unfortunately, this latter figure
is unobtainable; but a rough cstimate,

and most probably an overestimate,
is 600. Thus, about 2,200 appears to
Le the totnl population at risk in this
country, for the purposes of this in-
quiry. This ficure however, does not
,Mﬁms

engnged in the

ence of ixed dustd, of which ashestps

- than 2 per cent. of the mixture,

is but onn snd eommonly not m:z/
This estimata of the population ' ‘

rick, althongh it may be excessive, is -

useful, since it enables us to judge of
the adequacy of the sample of workers
examined, and to apply more correctly
the incidence -ates of any pulmonary
effections di=closed by the examination
of the somple (30).

The sample examined (after eleven
cases are excluded of fibrosis and pre-
fibrotic conditions due (o causes other
than the inhalation of asbestos dust)
nurubered 303, representing 16.5 per
cent. of the population at risk, esti-
mated as above. The manner of
gelection of the snmple must be referred
to, since just interpretation of the
results depends upon 8 due apprecia-
tion of the relationship of the sample to
the whole population at risk.

The principle of selecting primarily
those longost employed was adopted;
but regard wos also paid to the other
end of the seale, so as to obtain infor-
mation ns to the length of exposure to
dust neceseary hefore effcets are mani-
fested, and also as to the particular
process in which the worker was
engaged. It wasfelt that, in this way,
the maximum information would Le
obtained in the shortest time.

Tahle 2 shows the distribution,
acenrding ta length of employment
(not necesmurily in oue fnctory), of
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¢ ermter v hich is equipped with the

775 workers engaged in the proceT
under review, and of the sample of 265
workers, distributed in the same w2y
The cnormous preponderance numeri-
cally of workers employed urfd'cr five
years in these processes is striking, o3
is also the very low percentage of
workers employed ten years or longer.

Comparison of the two parts of the
table shows that the effcct of this
method of selection is that the number
examined in each succeeding five-year
cmployment group is & progressively
greater proportion of the total nunber
which could have been examined in
cach particular group. With a soli-
tary exception, all those examined were
at work on the day of examination.

Not only the value, but the neees-
sity, of radiographic cxaminations of
the chest in investigations ioto the
effects of dust upon the lungs, has heen
emphasized repeatedly by Watkins-
Pitchford, and reaffirmed by the
Departmental Committee on Compnn-
sation for Silicosis (17). A high
standard of radiography is essential;
as Watkins-Pitchford phrases it, the
radiograms must be “technically satis-
factory.” Indifferent filmsare useless,
since it is the fine detail of the lung
which is being studied.

In a general inquiry, such as this,
which involves the examination of
workers in factories, large and small,

-seattered over the country, it is not

practicable, nor is it neccssary, con-
sidering the specinl purposes of the
inquiry, for radiograms to be taken of
oll the workers examined. The dislo-
cation of work in a factory, caused by
the absence of a number of hands for
this purpose, cannot be viewed witl
unconcern, especially when, es is not

4 infrcqucr.xt, the factory is *emote from

Vol. 13 .-
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pees oy Neray plaut, aud where the
rerviers of n consultant versed in the
eriznen of pudiography of the lungs ace
available,  LFurtherinore, it inust not
b overlooked that such exmminations
are voluntary, and not, as in South
Africa, compulsory. Marcover, re-
peated and protracted exnminations
only result in the exhaustion of nll
concerned, and much depends on tho
willing co-operntion of cimployern i
cinplozees, sinee the only incentive in
n desire (o further tho conunon welfnro,

Ineliogrngy, therefore, o diifer-
ent funclion in theso ingirier, {hin
when it iv applied Lo individunl caxen
for compensation or other legal pue-
peses,  This Tunetion iw nol. thinl of
replacing earcful clinienl exmninationy,
&5 b heen recently foreshindowed (18,
p. 40), hut prireneily thinl of Leing
un indizpensnble wid e dingnodn,
cepeeinlly of doublful eneer, in the
determination of complienting terionn,
in mensuring the extent and progreees
of the diccase, in locating the point at
which the carliest radiographic signs
appear, and finally as a check upon
the human factor presented by the
ex>minetr himself.

The evaminations (cxcept one) were
earried out at each factory, in a room
set apart for the purpose, suitably
warmed, ond with the nceessary
apprintments,  On oceasions the noise
of trafiic or from the adjoining factory
was a hindrance, but in one way or
another these difficultics were over-
come or minimized.

All the selected workers were exam-
ined by the writer. At three factories,
aowever, o number of workers were
examirced jointly with Dr. E. L. Middle-
ton. His far-reaching experience of the




208 THE JOURNAL OF INDUSTRIAL HTYGIENTE

pathologic chauges in the lungs, pro-
duced by the inhalation of various
dusts, was of great value, aad his
assistance was much appreciated.
LEvery effort was made to complete
the ciinical examination of the workers
before the onsel of winler introduced
difficultics due to ephemeral broncliitis,
colds, and influenza, which would tend
to obscure the mnain issues. Thus the
clinical, and two-thirds of the radio-
graphic examinations were completed
by the middie of November, 1928, prior
to the commencement of the influenza
epidemic carly in 1929.

CuiNtcat EXAMINATION

Percussion

The inhalation of asbestos dust
originates changes in the lungs, which
mny be looked upon as a measure of
the efforts of the living tissues to repel,
or incarcerate, the irritant particles of
dust. These changes modily the per-
cussion note. It is true that the note
clicited may be sithilar on both sides,
but the note is not normal. 1t is
thinner and higher pitched than nor-
mal, and there is a sense of resistance
inparted to the plexor finger. In
other words there is & diffuse, but
slight, tnpairment of resonaace.

This alteration in the percussion
note, however, is more difficult to
recoznize because it is bilateral, and
extends over a wide arca; consequently
the aid of contrust percussion is denicd.
It ia best elicited by rapidly, and
very lightly, percussing the back of the
chest from apex to base on cach side.
It will be found that the extreme
apexes remain clear, but below the
apexes the impairment is general. It
inercases over the rvot areas; below

these, it dimninichez jn intensity, but

still persists, In other words, we find -

taclicd on to the paravertebral dulness
an arca, ahove and below, of impaired
resonance, which is rmuch more exten-
sive than that vanally associnted with
old innctive hilar tabeéreulosis,

Iimprirment of the percussion note
wes found 1o be constantly more
markedin the right side; in fact, at first
it was thonght that in the carliest
degrers of fibrosis it was confined to
that side, but Iater, and more extended
observations leadd tn the conclusion
that the carliect detectable cases are
bilateral, althonch the signs on the left
side are tenuoue,

This changris s constant that it has
been adopted o< the most reliable single
clinien] sign presented by this type of
pulmonary filrosis, and no casc has
been classified as fibrotie in its ab-
scnce.

Considering  the frequency with
which rigns indieating what may be
teried “enlarged roots” were found in
ashestosworlers, it inay be that para-
vertehral dulness is one of the carliest
stans produced by the inlalation of
osbestos dust, indieating congestive
changes in the root arcasand a choking
of the Ivinphatics with dust. Reflex
impairment of note, due to irritation of
the lung tissue by dust, is, however, an
attractive cxplanation, 1t does not

follow, of coursn, that workers present-

ing-these signe will ever develop a defi-
nite nchestos fibrosis,

Clearly, the physical signs presented
by any case of diffuse pulmon:ary fibro-
gis not only may be modified by
changes produced by some intercurrent
lung discase, but, ab initio, will vary
according ta the state of the lungs be-
fore the onset of the fibrosis. Thus,
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the fibrosis may be implanted npon a
perfectly pormal chest, o whirls ese
the problem of dinguosis is straight-
forward. In other enses, however,
preexisting root changes, <o crnnmon in
an industrinal conununity, may be pres-
ent, or the himgs may be alecady the
seat of emphysema and chronic bron-
chitis, or of definite okl tubcereulous
lesions, or there may be aassive
pleural thickening, the resalt of an old
plenral cffusion. All these examples
have been noted in the present investi-
gation, and others will readily eome {o
mind.

Although in most of these enses the
dust fibrosis, if moderate in degree, can
be confidently diagnosed, especially
with the aid of radiography, it must be
admitted that the problem becomes
very difficult when the dust fibrosis is
comparatively slight, and the changes
produced by other conditions arc pro-
nounced and diffuse. Three types of
these cases have caused most difliculty
wmong those examined; fortunately,
anerically they were fow.

The first of these is where the dust
fibrosis has been implanted upon lungs
already cmphysematous. It scems
that, at any rate in the case of the
asbestos fibrosis, until the fibrotic
changes get the upper hand, clinical
diagnosis of the fibrosis in these cases
is impossible. Nevertheless, although
the problem of the diagnosis of a
fibrosis implanted upon an emphy-
scmatous chest has caused some diffi-
culty in this inquiry, it scems likely
that it can arise only under exceptional
circumstanees.

The sccond type of case which has
been a soures of difficulty in clinieal
dingnosis is that in which there are

cxtensive bilaters] fibrotic changes due
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That theee in
an e feutive fitoosicis clear enough,
Adad thef rraect od i35 unl due ter achry-
tosiz strongly eneeested when examin-
afion of the jower portions of the lungs
shaws that they are comparatively
slightly  affeeted. Jurther help in
these enses, of course, may be oblained
from the history and syinptoms,

The thivd {ype, also rare, is thatl in
which changes fallowing nn old massive
pleural effusion on one side so ohscure
the physieal signs of any dust fibrosis
as to render that side useless clinieally
for dimmostie purposes.  1f the sirlo
affeeted by the plewrisy hiappens to be
the right, the radiographic picture is
alsa curtniled by the normal partial
obscuration of the left lung base by the
heart shadng,

Fheen theee trpes were, with the
possible execptinn of the first, uncorn-
mon, and are inentioned merely to call
to mind seme of the ways in which an
ashestos filirosis may be masked, in
greater or less degree, by ehanges due
to other disense,

Only passing reference need be made
to the other physical signsfound in the
ashestos fibrosis, since they do not
dilfer materi:dly fromn those presented
by silicosis.  Chest expansion is dimin-
ished and may be reduced to one-half
inch or cven less in advanced cases.
Retraction of the npexes is common,
and romoetimes shows a peculiar feature
differentiating it from that found in
fibroid phthisis. Instead of the im-
mobile and sunken apexes seen in the
Iatter disease, the apexes are seen to
desennd during inspiration, and to rise
aeain during expiration. This scems

fo L ded fuleerendoi-,

. to indicate the anchoring of normal

apexes by fibrous tissue in the lower
portions of the lungd. Some confir-
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mation of this was obtsined radie-
logically.

Ausculiation

In the majority of the cnses of
fibrosis, the respiratory murmur is
weakened, much or little, generally,
more on the right side, and often still
more at the base; the expiratory sound
is wenker than the inspiratory, and
often becornes less and less audible as
one approaches the bases,

Trapsitional phases betweea thisand
bharshened breath sounds and pro-
longed expiration are not uncommon,
even in the same chest. The latter
may be noticeable in the upper por-
tions of the lungs, but progressively
diminish toward the bases. Other
combinations were also noted, how-
ever.

The dry character of this type of
fibrosis during most of its course is
rather striking. Scattered fine riles
and clicks in the root areas, axillae,
and bases were not infrequent; slight
edems of the Jower halves of the lungs
was noted in one of the more advanced
cases; but in a number, no adventitious
sounds atall werc heard,

Pleural crepitations, and rarely o
slight pleural rub, were noted—these
attacks scem to cause little pain—and
in one case a little fluid at the right
base. :

No doubt this variability in the
sounds heard on suscultation reflects
underlying chanpes, temporary or
permanent, in the lung, and is depend-
ent, inler alia, on the extent of -the
fibrosis with its associnted pleural’
thickening—chnnges uc to past dis-
ease, catarrh, or other intercurrent
affection, and to the degree of compen-
satory emphyscma present.

Symploms

The rymptons exhibited by these
cases of fibrosis, as might be expected,
closely resemble those of silicosis.
The distribution of the main symp-
tome, and of one sign, cyanosis, which
isinchidnd with the symptoms for con- -
veniencs, is given in Table 3. A few
casca have been excluded om the
grounds that one or other of the symp-
toms cwnplained of might be assigned
to causes other than the fibrosis, such

TABLFE 3.—DISTRIBUTION OF FOUR
COMMON SYMPTOMS, AND OF
CYANQSIS, AMONG CASES
OF FIBROSIS

a CASES IN
=) wHaICH
= STMPTOM
eTMTTOM s WAS PRESENT
]
: . Per
2 No. Cent.
Cough..iienvennnane, 91 54 |59.3
Cyanosis, ...ieennnnn. 93 §2 }55.9
033751 LY VR 91 47 | 51.6
Expectoration......... 91 31 341
) 11 S 94 10 1106

 Pxcluding those in which the presence
of the eymptom ia reflerred to other causes.

as a complaint of shortness of breath in
a case with a past history of mild
thyroid intoxication, or of dyspnea
as=ocialed with obesity.

Between 50 and GO per cent. of the
casez complained of cough, or of short-
ness of breath on slight exertion, or
chowed ¢ome  degree of eyunnosis,
wherens only about one-third cow-
pleined of expectoration, and one-
tenth of poin, or discomfort, in the
chest.  Also, while 14.6 per cent. of
the cases hud no compluints and
showed no cyanesis, and only 3.4 per
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cert. presented all four complaint = and
were eyanosed, 60.6 per eent. prezented
two, three, or four of the five items.

Clearly, none of the four complaints,
or the presence of cyanosis, can be an
infallible indication of the existonce
of fibrosis; but the presence of two of
them, shortness of breath on slight
excrtion, and cyanosis in some degree,
in an asbestos worker, is highly sugges-
tive, in the absence of other evident
cause.

Nevertheless an advanced degree of
fibrosis may be preseat, and little com-
plaint made. Symptoms, unless dis-
tressing, are so often a function of
the introspectiveness of the patient.
Slight degrees of fibrosis, too, give rise-
to no symptoms, in the absence of
a0 intercurrent bronchitis, since the
remaining sound lung tissue is still
amply sufficient for all purposes.

Cough was the most frequent syrop-
tom, and was of two types. Forafew
weeks after commencing work in a
dusty process, asbestos workers often
find the dust irritating, and cough
while in the dusty atmosphere; this
Jasts for a few weceks, nnd then usually
disappears. The writer has hoticed
this cifect on himself, but only whilcin
a very heavy cloud of ashestos dust.
The dust seems to be only slightly
irritant in this way. One or two men
who had previously worked in cotton
card rooms, or blow rooms, and were
affected by that dust, stated that they
were unaficeted by asbestos dust.
Certainly asbestas dust docs not cause
anthmatie attacks like those scen in
ceotton ennd rooin warkers, Onemnn,
who migenledd fronn a eoblon enrd room
(“bard wasle”) nino yenm ngo (o an
asbestos card room, on nccount of the
irritating effect of the dust, does not

Vol, 12
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fired bt dast drritating, Lut to
thiv dav eopnt work with a entfon
seatehes (o he eccasionally does) with-
ent precivifating & coughing attack
within an haur or two.  Although he
suffers from winter cough and some
shortness of breath, he stated that his
health has been much better since the
chaoge.

Asbestes dust, therefore, has only
very mild powers as a reflex irritant of
the upper respiratory tract, and is, in
this respect, comparable to free silica,
This is an unfortunate attribute, since
it leads to the assumption that the dust
ismoreor less innocuous.

The second type of cough is more
intimately associated with the develop-
ment of fibrasis, and occurs, or perhaps
i2 noticed, after a varying number of
yeare' work, Usuallyitis present only
in the morning on getting up, when
afterrather n sharp attack of coughing,
a little viseid sputum “like an oyster”
is brought up. A similar bout may
occtrr at night after ceasing work; at
times it is sufficiently sharp to cause
retching. It is generally rather worse
in winter, and may be noticed ouly

then. Although it closcly rcsembles
smolers’ cough, its features are pre-
cisely the snme in nonsmokers.

Tersons giving a history of cough
dating from an attack of pneumonia or
other iliness in childhood, aimost in-
variably state that the cough has not
become worse since working with
ashestes, One worker suceinctly de-
seribed {he cough as “first in the
thiraat; later eatehes the chest.”

wnerally, thin congh enusea very
it the ineonvenienen wd may pmsun-
nobiced until the dovelopieal of komn
other symnptom dircets attention to the
general state of health, Thus, out of
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gixty-six coses of fibrosis, in thirty.-
three (50 per cent.) the cough was
stated to have preceded the onset of
shortness of breath, in twelve (18.2 per
cent.) to have developed contempa-
rancously, and in twenty-one (41.8 per
cent.) wascither not noticed until after
the onset of shorlnes of hrenth, aor,
although the latter was complained
of, cough wos not admitted.

Complaints such as “colds go to the
chest,” and “frequent colds on the
chest,”” were not uncommon. Com-
plaint of spitting of blood was exeep-
tional; and in all cases in which this
complaint was mentioned, the exciting
cause was, primarily, some disease
other than the fibrosis—e¢.g., in one, it
was due to pulmonary tuberculosis;
in another, it occurred only during n
prolonged attack of pleurisy; and ina
third, the hemorrhage was gastric in
origin. Cynnosis, a valuable sien
when present, rarely amounts to more
than a’duskiness, or slight blucness, of
the lips; it contrasts, however, with the
general pallor of the face with which
it is often associated in these enses
Cyanosis in some degree was noted in
56 per cent. of the cases. It may be
absent even when there is a consider-
able degree of fibrosis, or it may come
and po.

Pain in the chest i rarcly com-
plaited of, and then it is usually de-
scribed as “tightness of the chest,”
"“'soreness,” or “aching.” It wasnoted
in 10.6 per cent. of the cases,

Well-marked clubbing of the fingers
was noted in a few cases. The genernl
nutrition is hardly affected, except in
the latest stages. Only ten (10.5 per
cent.) were noted as being thin. In
one, the nutrition was very poor; in
twenty-one (22.1 per cent.), fuir;

e TP IAL HYGHRNE

anel in the remainder of the cases,
[_'mv'l.

Radiography

Radingrams of the chest were ob-
tuined of 133 workers, or 35.5 per cent.
of the number examined clinically.
O these, over 100 were taken by Dr,
LW, Twining of Munchester, and
Dr. N. Tattersall of Leeds, and the
retninder (except one) by Dr. F. L.
Heonderson of Glasgow. To all three,
I am much indebted. Dr. Twining
and Dr. Tattersall have devoted many
houra to the joint study with the writer
of the radiograms, and have drawn
freely on their wide experience of radi-
egraphy of the chest in furthering the
prrpose of the investigation.

Dr. IV S. Paterson of Manchester,
too, added his expericnce to o final
rrvicw of the filins, and Dr. E. Barclay,
nov of Cambridge, lent his assistance
in interpreting some difficult “films:
to Loth, grateful acknowledgment is
made.

The standard of radiography was
very high; indeed, a high standard is
indispensable, if it is desired to trace
the cause of such a fine and diffuse
fibrosis as that produced by asbes-
tos. .

The films are superficially, but only
superficinlly, comparable to silicosis.
In the carliest negatives studied with
Dr. T'attersall, a characteristic slight
ohscuration of the lung fields, a general
Iack of translucency, was noted. This
appenranee, for want of a better term,
was denominated as “‘veiling.” Dr.
Burton Wood has independently noted
(19) und confirmed this, referring to it
as the “ground glass appearance.”

Dr. Tatfersall also drew attention to-

the more or less rounded ““whorls” of
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varying size seen in the strintion in the
mid-zones in some of the films.

There was general agreement as to
the fine and delicate nature of the
characteristic mottling. Dr. Twining
(in a personal communication dated
Aug. 2, 1929)—while lamenting that
there has been, as yet, neither time nor
opportunity to study the changes from
every aspect, and therefore his present
views may be modified on considera-
tion of all the evidence—states:

In general my opinion is that the earli-
est strges sre not charscteristic radio-
logically, but that the stage of fine dusty
stippling is almost certain to be eventually
provabie as aa early asbestos lesion. We
saw it constantly in a large scries of films,
and after a little experience it i quite easy
to detect it.

Some of the other cases showed a fesr
grouped Icsions, like roscttes or leopard
markings, each component being ahout the
size of a primary lobule, These nre sirvilnr
to lesions sometimes scea in tuberculosiy.
In the ashestos cases [ regard them as beiog
groups of primary lobufes making up a
lobule, the walls of which are infiltrated.
They ccrtainly seem to correspond in sizo
with the mnarroscopic lesions aeen in the
pathologicat specimen.

The advanced cases show heavy basal and

mid-field mottlings, common ia prenmono- -

coniosis, with a tendency to avoid the
apices.

Oun the whola the lesions are distinctly
less dense thaa those of silicosis, and arcless
casy to group into well-defined stages, but
I think we can recognise:

1. A very doubtful stage of increased
lincar striations.

2. Fairly definite fine dusty stippled
appearance. - .

3. Coarser mottling with incrensad linenr
striations.

4. Grosslesions with pleural changes and
displacemcats due to the pull of the fibros-
ing lesions. -

The few tubereulous leaions we have come
across have been easily distinguishable.

Vol. 12
No. §

The radiveaphie appeasances in the
carlier ftagrs are most marked on the
right. side st the base ar ia the central
rone.  This carrespands with the clin-
ical findings.  This preference for the
rizht side has been noted also in
silicnsis, by the South African ob-
servers. The cases showing radio-
graphic signs of a dust fibrosis have
veen elaezified in three broad groups.
This grouping, although unscientific,
is eonvenient practically, considering
tl.e main purpose of this investigation.
Indeed more precise classification
based on the particular mdiographic
changes noted might well be mislead-
ing at the present time. '

Much enmbined dlinical, radiologic,
and pathologic study is required into
the whals enbject of these fine types of
dust fibros=is, which have been noted in
workers expnscd not only to silicate
dusts other than asbestos, but also to
other innrganic dusts containing no

" gilies, before it will be possible to

classifly the radiologic changes as has
baen done so success{ully by the South
African workers in respect to silicotic
fibrosis, )

The hypothesis that, beeause ashes-

tos dust produces a pulmonary fibrosis
with ennsequent deviations from the
normal in the lung skiagram, the de-
gree and potentialities of this fbrosis
can be assessed by comparison of its
radivlogic picture with those of stand-
ard silicatic films, isuntenable.

At lenst two general types of pul-
monnry fibrosis caused by inorganic
dusts can be recognized. A third,
represonting the purely peribronchial
varicty of fibrosis, might be added;
or it may be that all dust Sbrosis will
be [onned to approximate more or less
clorrly one or the other of these two
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types. These types erc (1) that pro-
duced by combined silica dust, an
example of which is scen in psbestos
fibrosis, and (2) that produced by free
silica dust, represeated by silicotic
fibrosis.

These two types, while resembling
one another ia clinical signs and symnp-
toms, differ muterially both in the
nature of the lesion produced in the
lung, and in the character of the acso-
ciated radiographic picture. Thus,
atteropts to weigh, consciously or
unconsciously, asbestos fibrosis, or any
dust fibrosis other than silicosis, by

.means of the standard radiographic
changes found in silicosis, ‘is unsonnd
and is likely to lead to a8 misconception
of the potentialities of the dust in ques-
tion. '

Badham (8) gives an example of this
source of error in reporting the unex-
pectedly early death of 2 man affected
with a fine fibrosis caused by an ortho-
clase basalt containing no free siliea.
Referring to some of the radiologic
differences between the fine fibrosis of
dusts other than silica and the nodular
fibrosis of quartz dust (i.e., true sili-
cosis), he states:

Moreover, the coarse fibrosis of ailica gave
clear interspaces of normal {ung, while the
fine fibrosiy prescated a uniform granular
mottling leading to the coaclusion which is
prolisbly erroncous that the actual devetop-
meut of fibrous tissue was greater in a8
nodular fibrosis as silicosis than in a geovral.
ised fine fibrosis cauged by silicntes. To
me it appears that the mechanical damage
to the lung is greater in a fine fibrosis than
iz & coarse fibrosis whea both are well
developed.”

The evidence obtained in the present
inquiry amply confirms this general
statement.

{

TOUSTRIAT, HYGIENT

(e rhwdving the developmeut of
pehesias fibrosis psdisplayed in n series
of indinerame, and especially in the few
nveilable taken a year or more beforea
fatnl termination, one canmnot help
nskiva the question, “TWhat is there
here swhich could have this cffect?”
The answer iy that the damage to the
lung is much greater than it appears to
be when judged by the silicotic stand-
ard. Asbestos fibrosis is much more
diffuse; it spins its fine web, as it
were, crisscross throughout the lung,
eaveloping and eventually strangling
the ultimate lobular structure, rather
than depositing itself in numerous
more or less isolated foci, as in silicosis.
Thus, at any rate in the less advanced
stages, the radiologic picture of the
lesions dv2s not impress the eye, uncon-
sciously viewing it from the standpoint
of silicosis,

The radiographic picture may show
soft and fairly coarse nodulation, but it
is never so impressive as the nodulation
in a silicotic film.

Parardoxically, the distinctive fea-
ture, hoth clinically and radiologically,
of the ashestos fibrosis isits uniformity.
The modesty of the symptonis; the
unobtrusive, but diffuse, impairment
of the percussion oote; the homo-
gencous stippling of the skingeawm; all
are fragmients of an entity, unmistak-
able when assembled, but enizmatie
when divoreed.

Only two refercnces to the radio-
graphic appearances of the chest in
asbestos workers have been traced:
one in a report by Pancoast and
Pendergrass (10), and the other in an
article by Burton Wood (19).

Pancoast and Pendergrass together
with Miller and Landis examined “17

‘asbestos workers, 2 of whom showed
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first slage changes and the other
15 dehaite second stage appearances.
Of the men longest at work, one after
scvenfeen years' occupation showed
very definite diffuse, ‘soft’ spots
throughout both lungs, and another
showed about the same appearance
after fourtcen years' occupation.
Very slight podular shadows were
found in one man after only two years’
occupation. Most of these sceond
stage cascs showed also well-marked
first stage appearances still present,
indicating a persistence of free drainage
hilumward. Inallinstancesthe nodu-
lar shadows were characteristically
‘soft’ and varied considerably in size.”
Their first stage appears to correspond
with stage 1, and their second stage
with stages 2 and 3 mentioned above.

It appears from the context that
these observers regard asbestos fibrosis
ss being really a silicosis due to admix-
ture of free silica derived from the
original rock—a view difficult to sub-
stantiate.

Burton Wood (19) in a scries of &I-
teen skiagrams of asbestos worliers
notes: “Thenost noticeablefeaturc of
skingrams of workers exposcd longest
to asbestos dust is the presence of
shadows suggesting a diffuse fibrosis
affecting chiefly the lower two-thirds
of the lungs. The fine quality of the
shadows is worthy of note. Some of
the cases exhibit a ‘ground glasy’
appearance, though on close inspection
fine mottling is evident. . . . when
more definite mottling is present it
lacks the coarse quality described in
the skiagrams of chests showing pncu-~

moconiosia, e.g. South African gold
” :

miners. . . . .
Clearly, the maturation of asbestos
fibrosis is apread over a period of years,

Yol 12
No.}

anel "_'.‘ the tine the stage 3 peached

when the frtgee= discussed above are,

in varying deeeoe, pasitive, and the

radiologin pieturs je recognizable, the

fibro=is iz not in its inception, nor eves.
in its earlirst. stanes, hut is developed

and faicdy widespread.

We must, therefore, recognize an
earlirr stete when the fibrosis is present
in slight degree, and also when there ia
evidence of choking of the lymphatics,
and of a measurnof pnimonary eatarrh.
‘This stagr may he referred to conven-
icntly as the prefibrotic stage.

The indications of this stage are
indefinite, and some, at any rate, not
specific.  If, however, they can be
determined anrd applied with only a
moderate degree of aceuracy, informa-
tion of practical value will beavailable.
Efforts have been made, thercfore, to
distinguish workers in this stage,
The following tabulation shows that
twenty-one workers out of 363 exam-
ined (5.8 per cont.) were so classified:

Clinical FEraminations Per
(363): No, Cent.
) 218 LT L T 95 26.2

Tenfibrotin conditions..... 20 8.8
Radintagie Lraminalions

(133):
Fibrosis . ...oioiviiaeane 52 39.1

Suszaestive changes oot

definitely  diffuse  f-
Drosis. i ienenoeas 22 16.5

Many of these cases present a slight
diffuse impairmeat of percussion note
—perhaps better deseribed as aslightly
increased sense of resistance felt on
percussion, mostly of the right lung,
at lcast as contrasted with the left,
and associated with some weakening

" of the respiratory murmur. Prob-

ably this early stage could be detected
radiograpliically, but only by means of
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comparison with a radiogram taken
prior to commeacing work with asbes-
tos. DBy such incans the earliest
tlages of kiliensis have been worked
aut by the Enuth Afriexn olservers,
Y haogo, Vs sl ;
#elin elicpen i 7 astio sl ciaininatios
calt almuys be compmred with initiol
rudiograms taken before the cinployecs
are permitted to work underground.

X 0
SN

group is dismissed from: oy further
conzideration, v
A peneral summary of the findings in

the 474 workers who were examined .

clinienlly, elessified cader the moss ime

. flasiesrir Cases

The salient pointsof a{ - scesare
et out below to illustrate (- nical and

TABLE 4.—CENERAL SUMMARY OF FINDINGS CLASSIFIED UNDER THE
MOST IMPORTANT LESION

FRE- S22
CASES rorvosanr [ B2 0 a OTEER
or ’222?,{{“ Toareco- | § “ e 2 £ |rorvoxany
FIBROSIS| 0 LostS 254 g £ | uEsioNs
Oz L
- he (2% e
3 21¢ ald Cfwl = =
AEIMNIERREE 2| 3
3 ERY - doe 3
el Sl 2 2. {Fooef|fa
a B A BB AEEIRSR w528 K]
B 8|3l |3|5(88 e |22 % ||2l3
g b G ) 27= - [}
2 Z(2|E(2|Z1E2| 5|2 (SoLg|kEdy_|B(E|¢8
5 A1<jo=<|o E;f-h 2= 585 sl 818 =
4 vlaielelesTdl ol nz282 108|212l 2
. e 23l g ({E8| 2% % skl s 13215 =
n N ] ] ] g |1zZal 2 i=: -2 3% 3 Q -1 e
e o o] = 1 3 |= = =0 % -0 b 1% 2 8 -y -
3] ziRIAIA{AQ = (<18 b= v B RO | &
04...........] 9210 {315 |ojo o0 }O 13 7 1 {0 {1 {62
59....... oo 142136 |1 J12 |O |1 1 4 3 3 51212 (|72
10-14..........] 8927 |5 |3 |0 |3 {0 {3 5 0 3 |2 1}0 |38
15-19.........] 315 {1 f1 f1fo o |1 0 2 [1{t]o]7
20 and over..,.] 2017 (G [0 (O {1 [O [0 0 1 o |11}0 1
‘Totul........] 374j95 j10 |2t 116 1 8 21 11 10 16 |3 (180
Pereentago.. .| 100/26.4) 2.7 5.(‘1 0.3 1.3 0.3, 2.1 5.0 35291 Gl 0.8 48.1

1 One case of thickened pleura duc to old gunshat wound.

* One easq of ecmphiysema due to gassing.

Inother cases included in this group,
diffuse weakening of tlie respiratory
murmur was noted, with fing sticky
riles in the root arens, At prescnt no
stress can be laid upon this group.
The clinical changes are so slightly
marked that until compurative radio-
grams are available it would be unsufe
to draw any deductions. For the pur-
poses of this inquiry, therefore, this

other features. Five radiogrums are
reproduced to illustrate the radiologie
appearances of some of the cascs.
There are insuperable dilficultics,
however, in reproducing the finer
changes depicted in the original nega-
tives.

Casrt 1.—This worker, a female, aged 24,

hay been employed in ashestos for ten and
one-hall yenrs—ns a card teuter one year,
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and e a gt % mine and oue-hall yoar-
flee family a4 1 personal madical histerr
contain nothing of nate.  She has no enrn-
plaints and fecls quite weli.  Ier nutritinn
jsgnad. She is pale, but shows an ryanesis,

Chest.—She has a chest expansion of 1)
inches, No impairment of the parcnesion
wote isdetected.  The breath sounds in the
right lung are weaker, generally, than thees
in the lelt  ““ypiration is prolonged at the
right root;, . alded sounds are heard. A
skingram sl ‘od some very slight and
doubtful changes in the dircction of in-
errasod striation,

Cast 2~This man, azed 24, has been
employed in ashestas for five years, carnding
snd mixing. DPreviously he worked for four
years in the cotton trade, yarn weighing.
Ilis family and personal medical history
eontain nothing of note. He has had s
slizht morning cough and expectnration
for & year. His nutrition is good. Ilis
color is fresh, and there is no cyanosis.

Chest.—There is some impairment of the
pereussinn note aver the middle third of the

“right lung, behind, and stightly at the right

base. The breath sounds are harsh, and
expiration is prolonged in the upper half of
the right lung, behind; expiration ‘is alsn
proloaged over the loft upper lobe, hehind.
The respiratory murmur is weakened at the
right base, and the breath sounds are of a
“whifing" character. There are no added
sounds. A skiagram showed enlargement
of the right root, and slight haziness and
striation in the central zones in both lungs,
suggesting early fibrosis. '

Casr. 3.—This man, aged 32, has heen’
emplayed in asbestos for six years in the
card room, and as & atripper and grinder,
P'reviousdy he was employed ina entton eard
room for ning yeam. 1l had army seevien
for five vear, hut was not gaced, e gives
a {amily history of nsthmn; otherwise there
is nothing of note in his family or personal
medieal history. He has no complaints and
fecls quite well. His musculature is verr
good. His color is pale, but he shows ne
cyanosis,

Chest.—There is slight impairment of the
percussion note gencrally, particulariy at
the right base. The respiratory murmur is
a little weakened generally. No addnd
sounds are detccted. A skiogram showed

Vel. 13
Neo.d

217

ofd fubagentasia of the lung roaats and geo-
real jnreen e striation, espeeinfly fn the
lesviee keall af the richt ing, sugresting early
fibirn-is.

Creve 1 Thin warker, a male, aged 23,
hoe Loan emplaym] in ashestns for nine
yeerz mostly matteess making,  His family
rnd  ~reonal medieal history contain noth-
ing of nate. He complains of ocensional
prain in both sides of the cheat, and perhaps
a littls unsine shortacss of breath on exer-
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F1a. 1.—Case 4: Moderate fibrosis, 1In-
due drgree of striation and fine mottling in
eentral zoncsof bath lungs; calcified glands
in roate, with rather coarse striation in
upper lobes; ? interlobar pleurisy on right
side, hetween the lower and nmiiddle lobes;

emphysema nt bases.
tion. i« color is naemal. 1y muscula-
ture and nuteition are god,

(iiest, ~There in no retraction of the
apeves, hut there is a slight flattening below
the rizht eiaviele. The percussion note is
glizhtly impaired generally, behind, partic-
ularly on the right side. The hreath sounds
are weak, generally, and expication is pro-
lonzed. No ndded sounds are detected.
The skincram (Fig. 1) shows an undue
dreren of strintion and fine motling in the
erntral zone s of both lungs; calcified glands
in the roots, with rather coarse siriation in
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the upper Jobes; ? inteclobar pleuriny an the
right side, between the lower and middla
lohes; and emphyseina at the baeee, The
case was dizgnosed as moderate fibrnsie,

- Case 5.~This woman, aged 40, hins heen
cmployed for eleven years in ashestos, for
most of the period mattress making. I're-
viously she was employed in a laundry.,
She has reeently been il for three manths
with pleurisy (no history of tappiug); other-
wise her family snd personal medical history

v .
Ad
: .
L
. LA S

< ..

Fro. 2—~Case 8: Moderate, but [ully
developed, fibrosis. Enlnrgvd' giands in
hoth roots; diffuse fine mottling in bath

luags, especially the right.

ore negative.  She curaplaing of having had
a winter cough for three or four Fenrs, wind
of shartness of hirenth on exertion winee hee
attack of pleurisy. Iler nutrition is gomd;
her weight is stationury,  She has norinl
color, and ne eyanosix,

Chext.~There is some geacral imjuirment
of the pereussivn note over both Tungs, bee
hind, more noticeable st the hases. The
respicatory murmur iy vreakened genernliy,

. Persistent erepitations and medium riles

ure noted Tow down in the right axilia, A
skingram showed diffuse fine striation and
finc nodulae wottling, with light opacity at
the bascs, The ecnse wax dingnoved as

rindernte fibrosie, most marked toward the
tiamre,
Cv<r 6.—This worker, a female, aged 31,

“he< binen employed in ashestos for eeven

vears, opening, and has been exposed to
much  dust. ler previous employment
wrs non-dusty,  ITer family and prrsonal
histary dizeluse nothing of note. She come.
plains of having had 8 cough for five years,
and of shortness of breath on hurrying.
She is thin and undernourished, and pale.

————. — .

4

F1c. 3.—~Case 7: General fibrosis, mostly
linear, but with little mottling of right lung.
Old puerile tubcreulous scars at apexes.

Dust is prescnt on her hair and in her
nostrila,

Chest.=~ She hax a chest expunsion of one-
fourth inech, There isslight general fnpmir-
tent of the perenssion tote, detinite nt the
apexes and the bases,  The breath sounds
are wenk; expiration is slightly prolonged.
No added sonnds nre heant.  Her henrt is
not ealarged, ard no murmnrs are deteeted.
“Che skingram (Iig. 2) shows a number of
enlarged glands in both roots, and a diffuse
fine muttling in both lungs, cepecially the
right. This is a ease of moderate, but {ully
developed, fitirosis, .

Cane 7.~Thisa woman, aged 45, has been
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PULMONARY FIBROSIS 1IN ASUESTOS WORKERS

employed in ashestos for thirty-two vears—
abaut three yemars on earcds, sud the re-
mainder ax & spinner. She lins done no
ather factory work. Tier family mundieal
history diseloses nothing of note. She las
a pereonal history of nephritis seven or cight
vears ago, causing three months’ illness.
Her complaints are: shortnesy of hreath on
hilin, andd wintee cough for about six yeara.
Ier nutrition i fnir.  She is eather pale.

Chest—~5he has & ehest expansion of one.
half inch. No retraction of the apeses is
roted.  There in general stight impricment
aof the percussion note, hclind. DBreath
sounds arc larsh aud expiration is pro-
longed. No added sounds arc heard. No
gross cnlargement of the heart is noted, but
the second sound is found to be accentuated
over the sorticarea. The skiagram (Fig. 3)
sliows 8 general fibrosis, mostly lincar, but
with a little mottling of the right lung.
There arc also very old pucrile tuberculous
scars 3t the apexes. The case was diag-
nosed as general fibrosis.

This case should be compared with Cass
8. In Casc 6 there was a heavy exposure to
dust extending over a few years; in the pres-
ent case there was exposure to A very much
less concentration of dust, except possibly
in the first three years, but extending aver
many years.

Cast 8.—This worker, a male, nzed 62,
has been employed in asbestos [or twenty
years as a weaver. e was proviously a
cotton and silk weaver. Iis family ard

_ personal medical history show nothing of

note, exccpt that he waa regarded as s deli-
cate child. His complaints are: shortness
of breath on exertion, and on going upstairs,
for three years; morning cough and a little
expectoration for the last three winters.
I1e is thin and pale, with xomn cyanasis,
Chest,.—Chent expansion in 1 inch; thern
o retraetion of Lhe apesen,  Che percussion
note in imprined aver both upyer tobex, in
front, and aver the upper two-thirds of the
right lang, behind, Ixpirntion is pro-
longed at the bases.  Pleural rub and incon-
stant riles are noted at the left base, and a
fow riles at the right base. A akiagram

1 A < napiphmiee shaiiad 8 definite diffuse fibrosis with nodu-
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Istion. Thisis a case of fbrosis in the early

advanced stage.
Cast 9.—This man, aged 41, has been
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craployed fae twenty years in ashesios in
many eapacitics,  There is nothing of note
in hix family history. Ile gives a history of
paenmenia a numbee o years ago.  Ilis
complnints arc: a little shortnese of Lreath
on excrtion for the last two or three years;
otherwies none,  His nutrition is fair only.
Ilis colar is fresh, but there is slight cyano-
sis af the lipe, at times,

Chest.—~Fhe skin is paorly elastic; there
ix gome reteaction of the apexes. There is
an itnpaired, eather “hoxy,” note an percos-
aion, generally, especially over the upper
kalf of the left tung, and over the upper two-
thirds of the right lung, behind, and in
frant. Reepiratory murmur is generally
wenk. Fxpiration is alightly prolonged,
but diminishing toward the bases. Pleural
crepitations are noted low down in the right
axilla. A skiagram showed a definite fine
diffuse fibrosis. Neitherlunglights up very
well, and theoughout both there is a very
Ane diffuse reticulation and mottling—
moderate, hat fully developed, fibrosis.
The fine diTuse character of the radiologic
appearanees je particularly noticeable here.

Caser. 10.—This man, azed 46, has been
rimployed for twenty-five years in asbestoy,
during nins years of which he was not ex-
poend tn duct, For eleven years of the
reminider be eas emploved in the eard
rnotn, and mattress making. [lis family
and peesenal medical history disclose noth-
ing of nnote. Ilis complaints are: shortness
of breath nn exertion for theee months;
congh after n frw hours’ work in dust during
the last two or three years, with little or no
cxpectoration; and pain in the left side of
the chest for the last three months. His
nutritirn i« good. He is paley with slight
duskiness of the lips.

Chext —~There in some retrnetion of the
apexes. The peresssion note  geaerally
i dmpeired, and of 1 Chaoxy® chinrneter,
Treath sl nre bnesh nod expiention is
profonged over the eight uppee lobe; elee-
where the respiratory munmue is a little
wenkened and expiration is not materinlly
prolonged. No added sounds are heard.
The heart is normal. Tho skiagram (Fig.
4) shows diffuse striation and fine speckled
mottling throughout both lungs—fibrosis,
fully developed.

Case 11.—This worker, a male, aged 40,




