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InTRODUCTION

RIOR to the commencement of
Pf.ﬁis inquiry, in February, 1928,
—dehnité kuowledge existed of
onl 0 death3 of asbestos workers
about whom there was expert opinion
that the inhalation of asbestos dust
had at least conmtributed to, if pok
caused, the fatal outcome.
= The first of these, in retrospect the
" most suggestive, only came to light
some years after the occurrence, when
full information was unobtainable,
All that is known of this case, now
referred to as “‘the Montague Murray
"Case,” is contained in the evidence
given by Dr. Montague Murray before
~ the Departmental Committee on Com-
pensation for Industrial Diseases in
1906 (1). From this source, we learn
- that:

The patient, a male aged 33, cate under
the care of Dr. Montague Murray st the
Charing Croas Hospital in the beginning of
1899. He had worked with asbestos for
“wome 14 yoars,” 10 yenrs ny a enrdrootn
. hand, and the remainder in some other room

. of the factory, “where there was much less
dust.” He volunteered that, of the 10
people working in the eardroom when he
went into it, he was the only survivor, aad
that all the othershad died somewhere about
30 years of age. There is no note aa to the
nature of his work, previous to that in the
asbestoa factory.
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pedar of Factories

He was treated in the Charing Cross Hoa~
pital for two mounths, and then returned to .
work. After a few months, however, he
became ill again, and wns re-admitted to the ...
Hoapital io April, 1900, where he died. The ;.
post-mortem examination confirmed the-::
clinical diagnosis of extensive pulmonary '+
fibrosis. There was no evidence of pulmo-
pary tuberculosia, and examination of the .
sputum for B. tuberculosis was negative. = =

The second case was reported by Dr...
W. E. Cooke in 1924, eighteen years
Inter (2):

s

The decensed, a woman, aged 33, who- uu
died in 1924, bad worked in sabestos for1§
years, but intermittently for the last § -3
years, owiog to periods of ill.health. The ™
post-mortem examination revealed, not
only extensive fibrosis of the lungs, but also

McDonald (4) were conclusively of the"..‘
opinion that in this case the lungs".?-,_i_".f,-

2

showed a progressive dust fibrosis, to- 7
gether with a chronic tuberculous in- i
fection, the etiologic relationship be-
tween the inhalation of asbestos dust v,
and fibrosis of the lungs would hnve-,‘:"t"
been strengthened by the absence of a ;.

tuberculous infection. B
Cooke's case is, however, of out-:¥

standing importance, not only because

of the discovery of “curious bodies” -
in the lupgs—discussed later—but also, " .
and of more importance geanerally, be- |

Although Cooke (3) and Stuart .

gt "7

i BB 0007109 |

At by A o
L AL
W i




PULMONARY FIBROSIS IN ASBESTOS WORKERS 199

eause its publication again directed  This case, at that time the third of
-“-a.ttcntion to the possibility that inor- which the Factory Department had
g-xmc dusts containing little or no free knowledge, was, however, the first in

- gilica' may bLe productive of extensive which the four essential couditions,
‘Q _pulmonary fibrosis. Of these dusts, necessary to establish a relationship
the silicates forin g very large class, belweenthe inhalation of ssbestos dust...

~oTy

Ui

¢

L -of ‘which asbest3a is but obe example.” and the development of fibrosis, could g 3
' "j_’Ma.ny otler members of the class, be demonstmwd. These eonchhons )
‘ ,5_;uch as the feldspars, kaolin, French are: =
_ “chalL and pumice, ore extensively - 1. Werk mvolvmg G!Pﬂurl o ubm“ 22

used” in industry. The importance, dust, ]
:.therefore, of delimiting the potentiali- 2. The existenee, demoustrable clinically
, <ties of the class as producers of pul- and radiclogically, of s deﬁmu pulmonry
L * r':'m_qnary fibrosis is clear. ﬁb;“ 'l;]':e ;bsence of prevaoun or present in- -
' :‘..f 7Cooke’s case was _the first t'o_ be - feetions known to cause pulmonary fibrosis * -
" heigeserally reported in the medical g-» tuberculosis, mﬂuenu, or pneu- .
i ypress;eibe facts of the Montague monis. - : '
+ia, hMun'ay case, although contained in 4, The absence of previous or preunt
T the :evidence presented before the work involving exposure to other duntl
D epartmental Committee in 190G, and which might cause pulmomry fibrosis. -
"-pubhshed in 1907, were liable to be ‘These eonditions bemg fulﬁlled a-
S " overlooked in the mass of importnut  relationship between the inhalation of
mt.eml on industria] diseases elicited asbestos dust and the development of
o by that Committee, the pulmonary ﬁbrosm may bc pre-
-c4£: Sinee. Cooke’s case, Dr. I. M. D. sumed. -
. i'Gneve has made a careful study of a The importance of estabhshmg
';-group of asbestos workers in his prac- whether the supervention of this dis- "
;hce, :and . ‘has courteously allowed ease in an asbestos worker was an .
25 ..g:gcessto his records- exceptionsl occurrence, or evidence of
e :F" In February, 1928, Dr. MacGregor, s grave health risk in the industry, was
o2 "-_.-Medml Officer of Health for Glasgow, pow apparent, and steps were ta.ken,
"drew .J0y attention to an asbestos forthwith, to obtain prima facie evi- g
: 3'.' worke;- who was receiving trestment dencein proof, or dlsproof of t.heex:sb-
.:; ?f"’m .one of the hospitals in that city. ence of such a risk.

]

n
i

o)

B -.,.'I'huu_:a.se the details of which have A number of workers in nébatos -
P H:f;;been reported by H. E. Seiler (5), pre- were selected and examined clinically : -
i% Soausented,”. both clinically and radio~ sand radiographically. The findings:
i w":loemlly. signs of & diffuse pulmonary invited further investigation through-
sy !" - Sbrosis, with no evidence of a tubercu- out the industry, with the result that a
% '-Ious ‘infection. Qn further investiga- comprehensive inquiry involving the -
tion inio the patient’s industrial and investigation of the different processes i
‘medical history, no presumptive cause, inrelation to the evolution of dust, and
other than the inhalation of asbestos the examination, both clinical and ra~
ust,- was found to account for the diologic, of workers, was undertaken
during the year 1928, commencing
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200
y with the carding, spinning, and weav-
ing processes of the indus.ry,

In the mesautime, in March, 1928,
the desth of an asbestos worker (one of
Dr. Grieve's cases) ocewrred in another
part of the country, and, on post-
mortem examination, o condition of
widespread fibrosis of the lungs, with-
out tuberculosis, was revealed. The
microscopic examination also disclosed
the presence of the curious bodies.

In 1928, also, Dr. F. W. Simson (6)
reported a fatal case of fibrosis of
the lungs occurring in a pative work-
ing in an asbestos mx]l in southem
Rhodesia. '

In order that this brief survey of the
events leading 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 Mliss
Whitlock—the only previous inquiry
R into the subject. .
Lo In May, 1910, the Regxstmr—(}en—
_w .+ eral drew attention to » death which
" ' .. bad been certified as “acute pulmonary
"..5" . . phthisis in an asbestos worker,” and
St to a statement (for which he was un-
.0’ able to vouch) that seven other deaths
i from phthisis had occurred in the same
factory.

Following this, extensive inquiries
were made, a medical report on all the
employees in the factory concerned
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 due to
sickness, -etc. Also inquiries were
made of the Canadian government as
to the conditions in the asbestos
quarries and mills in that Dominion,
evidence of increased sickness and
mortality rates among the workers,
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and any metbods of ventilation wlnch
had been found of especial value, '.sii;af’

The result of this investigation did ?
not conclusively prove that asbestos«™
possessed injurious properties, but it 5%
poioted to the probability that such- _)5& .

ng the case, 1t is interesting Lo con-". -f-.'é
sider why it was that no conclusivel {5y
proof one way or the other could be: :':5‘\’
obtained, then, as to the injuriousness -....ﬂ;
of asbestos dust. Some, if not all, of”“ £
the factors which affected the posxt;on &
then are, in varying degree, contmu- v .}:
ing factors, and have an unportant' iy
bearing on the present inquiry. Their' i_ :

ﬁn"

s

operation, while providing a solution 0'?' 3
to this query, also affords an e\plana-v i
tion to another pertinent QUestxonf_ ..,;E
W'hy is lt that this industry, founded N“, .

attention, by reason of its raw matem.l 4\.‘0‘-'-2;"
becoming suspected us a cause of mdus-.:r-}:;.
trial disease? A é&

past it was not practxcnbly possible to2y
obtain proof of the injuriousness: of: )
asbestos dust, considering the limita
tions imposed by the state of the mdus- A4
try, and the point reached by research"f;( S
work into the relationship bet.Weenu
dust inhalation and dxseasu of t.h
lungs. % "”
The industry 1tse1f not a large?z!: "‘
one today, was then (1910) conslder- ‘*tr
ably smaller. Certainly it bad begun J.f;:
to grow rapidly, but the number? oﬁ* i
workers who could have been employeﬁ‘ ‘1.‘_\:
for a period of time long enough:io n‘;;w
allow of the development of cleGmM-r:
pbysical signs of pneumonokomosxssa' x:
must have been quite small, and dxs-:‘r\'?f
persed over the country. u"f,; ﬁa‘h
Precise knowledge of the morbxd.-‘ % 3
affections of the lungs produced by the *,‘_
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o * tary than it is teday. The position
% was clearly stated {wo years later in

~evidence placed before the Royal Com-
" mission on Metalliferous Mines and
.iQuarrics. This Commission, when re-
--porting in 1914 (7), stated “we do not
... know whether other dusts besides those
"% "eontaining free erystalline silica induce
.'s pathological condition in the lungs,
..though the experiments of Professor
-:»1< Beattie in animals suggest that this
s. .0 mayoceur.” Itisonlyinthelastyear
“t.% yoriwo that research has produced some
o definite evidence as to the precise

i

,,’
L e -

Ca .
e oy . B
e e et it it o8 e

o .,-_"1" In 1910, radiorraphy of the lungs, in
. both its technical and its interpretative
\W “nspects, was still in jts infaney and,
<= "~'80 [ar from Laviug attained its present
.. ./ status of beiug an indispensable aid to
o *thedisgnosis of the dust diseases of the
‘ f—:‘-.-j:,lgngg, was an unused ally.
.7 In addition, the existence of a meas-
rure of exhaust ventilation in the most
e ;‘dusty processes of the industry, ineomn-
$ £ ‘-'pl_etae‘ as it was, had important results
s JJ“ ;gin‘ m_?difying the onset, course, and
{ 7y, - duration of any pathologic lung condi-

7E the ‘dust.. This influcnce has becn
{i¢;7muck more pronounced in the period
_:E_J} intervening between 1912 and the
L s-present. inquiry, and will be referred
{1200 again,.
wau -/Another factor which has tended and
73 mill ‘tends to obscure the possible
ideleterious effects of the non-silien
+%: dusts, is the general use of the phthisis
___;;j;;morhlity rate as a comparative index
S of the degree of injuriousness of the
' ;. dust encountered in the various dusty

P

"+ occupations. ‘This rate, while of great

R hlu? in reparating dusty industries
Lot iﬂtfi-t(wo great groups—tihose which

35K g oy
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show an excess mortality from phihisis,
and those which do not—as well as
being a comparative index of the in-
dustries belonging to the former group,
not only is of little value as a means of

classification in the latter group, but <

also tends to distract attention from it,
and to result in the associated dusts be-
ing dismissed as more or less innocuous,

Evolution of dust is only one factor,
though an important one, which may
cause variations in the phthisis mor-
tality rate in different industries.
Wages, hours of work, aggregation of

workers, emount of food, housing, and =
other social and environmental condi-: 2"

tions are, however, powerful influences
in the same direction, and are not
neeessarily eomparable us between the
workers in any (wo industrics.

In thus reviewing some of the influ-
ences which have retarded recognition
of the bancful cffects of some dusis
upon the lungs, the singular attributes

of pulmonary fibrosis, the most impor-

tant of the diseases caused by the in-
halation of dust, must not be over-
looked. .

This disease, insidious in its onset,
stezltbily advances with but faint
warnings of its progress; inexorably it.
cripples the essential tissues of the
lungs, vet for a considerable period’
causes almost no inconvenience to the
worker. As time goes on, however,
the lungs find more and more difficulty
in re-serating the blood; and breathing
is quickened on slight exertion.  Still
the worker is able to rerpain at work,
but is aware of his undue shortness of
breath on extra effort. Usually, how-
ever, he ascribes it to causes other than
the dust be is inhaling,.

As the disease progresses, if no acuta
illness has eaused o futal tennination,
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u stage is reached when the lungs can
do little more than maintain life; and
the shortness of breath is extreme.
Even in its terminal stages, the disease,
deceitful to the last, may masquerade
as chronic bronchitis, pulmonary tu-
berculosis, bronchopneumonia, or the
like.

While more or less acute cases 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.

.. 'The difficulty of diagnosing pulmo-
nary fibrosis, especially in its early
stages, or if complicated by tubercu-
losis, has been stressed by a number of
authorities, and bas, 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

" effects of an industrial dust upon the
- lungs of those exposed to it; but prior
* to the War, although there were certain

slight indications thnt asbestos, in
common with some other dusts,

. might produce permanent pathologic
- changesin the lungs, 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 diseases

workers exposed to the inhalation of
asbestos dust are more prone to con-
tract than the general population, it
was considered essential to view the
problem ofresh, and with complete
deto,chment, because of the fact that

NOTE: THIS DOCUMENT
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asbestos dust has a totally different. «.}

physicochemical constitution from that «%>
of dusts containing much freesilicaand .. ;¥
causing silicosia., It was felt that. 7
although much valuasble guidance ,‘v?.
could be obtained from the methods ..

of investigation of silicious dusts, care -
had to be taken to keep an open mind, . .7
50 a8 not to be unconsciously biased -
in the direction of assuming that the.
effects of the dust, if any, must be com- -
parable in some degree t those of i
crystalline silica. s

P el
ASBESTO3 AND THE Asnns'ros )
INDUSTRY

Asbeslos

The term asbestos is a collectne
name, of no definite mineralogic mg--
nificance, which has been applied to a...if.
variety of silicate minerals, which differ ;, ": g
from one another in chemical compo~ 5 -
sition and physieal properties, buti ;-_,.
which resemble oane another in their:. -
finely fibrous feature and ﬂexxbz.hty e
(14). Their value depends on the::i’.
facility with which they are capable of 4 it :
being split up into long and ﬂexnble o .‘_
fibers, wl:nch can be spun hke cotton ;_" o

..‘ao

A

ance to heat and aelda and on theu- N .é_.. .
insulating properties with respect to ]
heat and electricity. A ‘"_:‘.

Varieties of asbestos possess thue-
qualities in differing degree. Com-¢%. "
mercially, therefore, selection is made’; S‘F". '
by the manufacturer of that vanety
and grade which is most suitable fory
the purpose in view, regard being paid
to ordinary economic factors, suchas:

price which the fnished artxcle mmay e’

expected to command. 5
Consignments of nsbestos of the.

same general variety, but with dxﬁer- t
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. * ‘ent countries of origin, are frequently
" mixed in the prelimivary processes of
""" ‘mapufacture. Thus Canadian chryso-
" tile may Le mixed with Russian, or
" Rbodesisn chrysotile, and soon. Less
" '{requently, totally different varieties,
such as nmosxte and chrysotile, may be
- mixed.
"'Practxcally speaking, all that goes
under the name of asbestos in com-
meree, is either fibrous serpentine or a
', fbrous mineral of the amphibole, or
hornblende, group. The former is the
- most important commercially; but
i stnctly, the mineralogists confine the

ﬂ~
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bined water, and usually more cal-
cium, aluminium, and iron, Members
of this group are resistant to acids,
but are more diflicult {0 spin, some
being quite unsuitable forthis purpose.
The most important members of this
group are crocidolite, amosite, and
tremolite.

Crocidolite and amosite are ma.mly
eilicates of iron, the former having a
beautiful Javender-blue color, thelatter
being brownisb-gray. Both are spun
and the yarn is woven into cloth for
various purposes, such as acid filter-
ing, and for making into insulating

_ “"IABLE 1.—~COMPOSITION OF SERPENTINE AND AMPEIBOLE VARIETIES

vierm asbestos to fibrous forms of horn-~
" blende. These two types are sharply
v dxstmgmshnble, chemically and miner-
alogxc.ally.
+Berpentine ashestos, or chryrotile, is
,» ;" v-hydrated magnesium silicate, con-
mmng practically no calcium, a high
Pereentage of combined water, and a
: “ low’ percentage of iron. This variety
s, .very suvitable for spinning, but is
' ir-attacked by acids. Nearly 80 per cent.
of the world’s production of asbestos is
dcm'ed from Canada, and is of this
"-variety; the remainder comes mainly
. ‘from South Africa and Russia.
The amphibole, or hornblende, vari-
ehes contain less magaesium and com-

A
L)
:lﬂ_

OF ASBESTOS
. PERCINTAGE OF
VARIETY , FrO . Qom&-
BiOs | ALOs | 3 e0s | M0 CM.ZJ Na,0f K0 {;:::c .
. Setpenune Chrysotile | 39-42.5 | 0-3.7 | 0.7-4.4 | 3943 0-0.35| ... | ... [13.3~16.8
"Ampluboh Crocidolite’ |50.5-52.1] 0-1 {35.5-37.4) 0-3 | 0.75 |6.2-9 ... | 1.6-4.5
L Amouite 45-53 [1.2-9.4] 3444 0.7-6.4/ .... j0-2.5] ... ] 2-3.8°
A - ] Tremolite 57.2 0.9 3.2 28 113.4]06(03) 2.4
. i s s
#
'?

mattresses, as well as for other pur-
poses. Both are produced extensively
in South Afries, from which quarter all
required commercially is obtaived.

Amosite, a compartively recent dis-
covery, is found there in very large
deposits; its use is steadily increasing,
the initial difficulties 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 since the time of the Romans.
Its chief use is in the manufacture of
asbestos millboard end for fltering
purposes.

Table 1, compiled from various
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sources, shows the main differences in
the composition of these four varieties,
Only a very small proportion of the
world’s production of asbestos, which
is between 300,000 and 400,000 short
tons, per anpum, is suitable for spin-
ning, and the most desirable grades of
spinning fiber, consequently, command
a high price—now over £100 a ton.
The ahortage of this grade has led to
improvements in manufacturing 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-ifths of the world’s pro-
duction of asbestos is fiber unsuitable
-for spinning, and this is used in the
manufacture of asbestos millboard,
tiles, 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 hasbeen
responsible for the phenomenal expan-
sion of the industry as a whole. * The
spinning and textile section has also
shared, because of the extensive use of

~ the yarn and cloth in the manufacture
_of steam packings, insulating mat-

tresses, brake linings for motor cars,
fireproof curtains, and the like.
In 1880, three years after the dis-

_covery of the large Canadian deposits,

the world production of asbestos was
little over 500 short tons; by 1900 it
had risen to about 35,000 short tons,
by 1920 to over 230,000 short tons, and
by 1925 to over 330,000 short tons (15).

The imports of asbestos (all grades)
into the United Kingdom rose from
18,591 tons in 1922 to 33,520 toms in
1927 (16). The figures for 1927 refer
to Great Britain and porthern Ireland
ouly. Of these quantities 8,844 tons
and 3,794 tons, respectively, were

THE J OURNAN&'TI;

00U TNT I
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reexported. Thus the consumption of‘
asbestos in this country trebled mthm
five years,

T ;‘e,

The Industry ".r

On considering the uses of nsbestos As.
one is astonished, not only at the wide 4‘\
rauge of articles manufactured from . .
this mineral, in greater or less propor- ;4 -
tion, but also at the diversity of indus- .- iy
tries which nowadays find its use .--"‘-..
Decessary, either in the form of the raw;; '%:‘4
material, or as manufactured artxcles.. s

vadently, therefore, with the multx-" v ot
plicity of processes and dusts encoun-:. ¥ -‘ :
tered in the ramifications of the indus-* ':_ ,
try, discrimination would have to be: g 0t :
exercised, and some limit set to thc "
processes included in the inquiry. 53 '

The processes selected may. be»it-.u o
divided, roughly, into i i"}'-“{-‘"

1. Processes involving the u-m'upuhucum“"k
of asbestos, either pure, or admixed with a'“'}”’

small proportion of cotion, or other vege—-‘ "{.'-
table fiber. , ‘o

ke e
2. Processes jnvolving the menipulation el
of asbestos together with other duut.y e R
terials, y

3. Processes involving the making up of ;,;_._, -
ssbestos cloth into other articles. Ry “{‘u ‘*

Group 1 entails exposure to a.sbestos=1
dust mainly, and to cotton, or otber::‘
vegetable dust, very slightly; g-roup 4;:-’-
2 entails exposure to asbestos dust’ mi‘:::‘.' 3
very varying amounts, and also expos-is S
ure to divers other dusta such as brickiyls
dust, magnesia, kieselguhr, fossil meal,."- '
and cement; in group 3 the exposure to Xike
asbestos dust—provided no other as-i-}
bestos processes are being carried: on......“?l‘-"
in the vicinity—is, in the majority’ of A ,L-.
cases, negligible. Processes belonging:t.: o
to all three groups may be carried on in 3-7- ¢
the same factory, and workers may: 2
tronsfer from one department to 3 ‘:
another (30). N
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Jovestigation into the intricate ques-

ey
a .

 tion of the effects of mixed dusts, while

possibly productive of some general
corollary, would lose much of its value
-« in the absence of knowledge of the

“  effects of the several component dusts,

- apd moreover would introduce £n in-

.. caleulable variable into' the final
. pesults. For these reasons, and also

. because the Montague Murray case,
Cooke's, Grieve's, and Seiler's cases

.. - all occurred in processes included in

- group 1, it was considered advisable
.. 10 exclude, as far as possible, from the
“-inquiry all workers exposed to the in-
.- fluence .of mixed dusts, and.all those

", .pot employed in processes included in
;E',-_:-g'roups 1and 3.

. -.The processes included, therefore,
“».gre-the crushing, preparing, sieving,

. :opening, mixing, carding, spinning,

. ‘doubling, plaiting, braiding, and weav-

" ing of. asbestos, together with the

‘.= operations incidental thereto. Also

.’ included is mattress making, where the

-7 Blling is asbestos, and the manufacture

.-~ f{someinsulating materials, where the
; 'dust produced is asbestos.

.+ . The carding and spinning processes

.- bave many points of resemblance to

, the corresponding processes in the
"eotton industry, but with essential
modifications and restrictions eaused
. by the different phyzical characters of
- the -asbestus fiber. These processes
., tre aided by an admixture of cotton,
_or-other vegetable fiber, and usually
_.froml‘2 to 10 per cent. by weight of
cotton is added. More rarely, and for
special purposes, long-fibered asbestos
is carded and spun with no admixturc
of vegetable fiber, but usually ashestos
JAIns contain a core of either cotton
" of metal wire,
+ Asbestos yarns are not only used for
_ Velig
" Re§ L
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the weaving of fabries, which them-
selves are used for a multitude of pur-
poses, but, braided together, are made
into ropes for use as steam packings
and other purposes. The interstices
and center of the rope may be filled
with other materials such as tale, oil,
or graphite, depending on the precise
use to which the rope is to be put.
Asbestos mattresses, used for blan-
keting steam engines, and for other
insulating purposes, are made of ashes-
tos cloth stuffed with. asbestos fiber.
The stuffing material may be, however,
slng wool, magnesia (contnining ap-

proximately 15 per cent. of asbestos

fiber), or kieselguhr with a small per-
centage of asbestos fiber. The man-
ufacture of mattresses filled with

mixtures of asbestos fiber and other .-

materials has not been included in this

portion of the inquiry. .

The shortness, slipperiness, and lack

of strength of the individual asbestos
fiber, as compared with cotton, flax, * '
wool, silk, and other textile fibers, have .
been the cause of much technical diffi- .
The eflortsof .. . .
manufacturers {o cope with these diffi- .. -

culties, together with those due to wide - ~ -
variations in the physical propertiesof -

culty in mapufacture,

the raw material, are reflected in the
methods employed by each. For these

reasons, and because of the great num-

ber of patented and special products
manufactured, one finds considerable
differences in detail in the processes in
use. . _

The majority of the processes men-
tioned result in the evolution of dust,

although by no means to the same"

extent.  Differences in plant, quality
of ashestos used, methods of manufac-
ture, type of inished article, and extent
of application of exhaust ventilation,
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all result in variations in the evolution and moat probably an ove:esg;m“e'
of dust in similar processes in different is 600. Thus, about 2,200 appears t9.5 -«_

l‘l

-
LM
)

foctories. be the total population at risk in thu‘:

Variations in the evolution of dustin  country, for the purposes of this oo
different processes being of outstanding  quiry. This figure, however, does not
importance, a series of samples of dust include the large number of workers :
fromr the air of workroowns waa col- engaged in the processes in group 2.
lected, by means of the Owens jet which involved exposure to the infuest
apparatus. ence of mixed dusts, of which ashestos .

Population at Risk.—A calculationof is but one, and commonly not more
the total number of workers employed than 20 per cent. of the mixture, 73’
in the processes already enumerated as This estimate of the population: af

T risk, although it may be excessive,’ )ﬂ'rh 2
TADLE 2.—DISTRIBUTION, ACCORD- useful, since it enables us to judge: of“'""; o
ING TO LENGTH OF FMPLOYMENT,  the adequacy of the sample of workers el
OF (A) 775 WORKERS ENGAGED examined, and to apply more con-ectly h v

IN ASBESTOS PROCESSES AND the incidence rates of any pulmom 5T

ST

B SELEnggﬁg‘xg LE OF 363 affections disclosed by the exammahon
— of the sample (30). 4 2
. ~ e ] (A) (B) The sample examined (after eleven :
: : - — cases are excluded of Sbrosis and pre-kw-'
YRS, EMPLOTED £ , £ fibrotic conditions due to causes other s we
' o] .{ & than the inbalstion of asbestos dust)-',
2| 2|2 & pumbered 363, representing 16.5: peh
- cent. of the population at risk,: a
. g_"; g g:‘ 131 g;: mated as above. The manneriofjs
1014 0o, 51| 6.6 84232 selection of thesample must be referred
15420 cvnnnrenneneend] 24 3.1 7.7 to, since just interpretation .of ‘the
20 and over........... 171 2.2 21 5.8 multg depends upon.a due apprecm,.f* '
7 B “ann tion of the relationship of the sample
Total.......s......| 775(100.0] 363(100.0 the whole sopelotion dora A

P , The principle of selecting pnmmly
- *."included in this inquiry, but excluding those longest employed was adopted;iiy s
- those engaged in processes included in  but regard was also paid to the other, ”J
.+ group 3 in which the exposure to as- end of the scale, 80 as to obtain infor- :
i " bestos dust is negligible, gives a figure mation as to the length of exposure.
.+ of approximately 1,600; if we could dust necessary before effects are mani:
" add to this the number of workers fested, and also as to the pa.rhcuhxf‘
- . engaged in handling pure asbestosfiber process in which the worker” was’
only, in the prelimipary stages of the engaged. It wasfelt that, in this way,
processes included in group 2, we the maximum information would
~ should obtain the total population at obtained in the shortest time. 3,
risk from the effects of asbestos dust it- Table 2 shows the distribution, i
self. Unfortunately, this latter figure according to length of employment d
is unobtainable; but a rough estimate, (not necessarily in one factory)’
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775 workers engaged in the procvsees

under review, and of the sample of 363
workers, distributed in (e sune way.

The coormous preponderance numeri-

‘ " eally of workers employed under five
"years in these processes is striking. as

oo is also the very low percentage of
21" v workers employed ten years or Inzger.

§ ."">; Comparison of the two parts of the
¢.." :table shows that the effect of this
i -7, - method of selection is that the number
»¥1%" . examined in esch succeeding five-year

+employment group is a progressively
. greater proportion of the total number
7 which could have been examined in
;- ‘each particular group. With a soli-
" tary exception, all those examined were
% at work on the day of examinatior.
Not only the value, but the neces-
sity, of radiographic examinations of
, .. the chest in investigations into the
... effects of dust upon the Jungs, has been
-+ emphasized repeatedly by Watkins-
.-+ — Pitchford, and reafirmed by the

] * 1

= 1.~Departmental Committee on Compen-

3 ;::\::,*‘":_-ntion for Silicosis (17). A high
4. 7:istandard of radiography is essenxial;
_:,"'vas Watkins-Pitchford phrases it. the
7% .- radiograms must be “technically setis-
“fiffactory.” Indifferent films are useless,
"linee it is the fine detail of the jung
+{which is being studied.
,-...af.i_-'uln & general inquiry, such as zhis,
o5 % Y which - involves the examination of
i .-_-:;,-:_;.,-_--.mkem in factories, large and small,
- eattered over the country, it is not
3, npacticable, nor is it necessary, eon-
{:. %7 Gdering the epecial purposes of the
" 10quiry, for radiograms to be taken of
all 'ﬂle workers examined. The éiclo-
-7 €ation of work in s factory, caused by
=, the absence of s number of hands for
this purpose, cannot be viewed with
i3, uBconcern, especially when, as i« not
o ‘--:-llff,x"equem, tbe factory is remote rom

oy
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a cenler which is equipped with the
necessary Xeray plant, and where the
services of o consullant versed in tho
gcience of radiography of the lungs are
available. Turthermore, it must not
be overlooked thal such exmninations
are voluntary, and not, as in South
Africa, compulsory. Moreover, re-
peated and protracted examinations
only result in the exhaustion of all
concerned, and much depends on the
willing co-operation of employers and
employees, since the only incentive is
8 desire to further the common welfare.

Radiography, therefore, has a differ-
ent function in these inquiries, than
when it is applied to individual cases
for compensation or other legal pur-
poses. This function is not that of
replacing careful clinical examinations,
as has been recently foreshadowed (18,

p. 40), but primerily that of being -

an indispensable aid in diagnosis,
especially of doubtful cases, in the
determination of complicating lesions,
in measuring the extent and progress
of the disease, in locating the point at
which the earliest radiographic signs
appear, and finally as a check upon
the human factor presented by the
examiner himself.

The examinations (except onc) were
carried out at each factory, in a room
set apart for the purpose, suitably
warmed, and with the necessary
appointments, On occasions the noise
of traffic or from the adjoining factory
was 2 hindrance, but in one way or
another these difficulties were over-
come or minirnized.

All the gelected workers were exam-
ined by the writer. At threefactories,
bowever, a number of workers were
examined jointly with Dr. E. L. Middle-
ton. His far-reaching experience of the

i
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pathologic changes in the lungs, pro-
duced by the inhalation of various
dusts, was of great value, and his
assistance was much appreciated.

Every cffort was mnade to complete
Lhe clinieal examination of the workers
buefore the onset of winter introduced
difliculties due Lo ephemeral bronchitis,
colds, snd influenza, which would tend
to obscure the main issues. Thus the
clinical, and two-thirds of the radio~
graphic examinations were completed
by the middle of November, 1928, prior
to the commencement of the influenza
epidemic early in 1929,

CriNical ExaMINATION
Percussion

The inhalation of asbestos dust
originates changes in the lungs, which
may be looked upon as a3 measure of
the efforts of the living tissues to repel,
or incarcerate, the irritant particles of
dust. These changes modifly the per-
cussion note. It is true that the note
clicited may be similar on both sides,
but the note is not normal. It is
thinner and higher pitched than nor-
mal, and there is o sense of resistance
imparted to the plexor finger. In

_other words there is a diffuse, but
slight, impairment of resonance.

This alteration in the percussion
notc, however, is more difficult to
recognize becnuse it is bilateral, and
extends over a8 wide area; consequently

" theaid of contrast percussion is deaied.
It is best elicited by rapidly, and
very lightly, percussing the back of the
chest from apex to base on each side.

apexes remain clear, but below the
apexes the impairment is general. 1t
increases over the root areas; below

It will be found that the extreme
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these, it diminishes in intensity, but
still persists. In other words, we find -
tacked on to the paravertebml dulnesa
an area, above and below, of impaired
resonance, which is much more exten- -
sive than that usually zssociated with
old inactive hilar tubereulosis.
Impairment of the pereussion note
was found to be cocstantly more .
marked in the right sicdle; in faet, at first -
it was thought that in the earliest -
degrees of fibrosis it was confined to--
that side, but later, and more extended :}
observations lead to the conclusion

3
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that the earliest detectable cases are’ A"‘

bilateral, although the signs on the left i

side are tenuous. B
This change is so constant that it has -

been udopted as the most reliable single- ¢

clinical sign presented by this type of * ;--

pulmonary fibrosis, and no case has 5%
been classified 2s fibrotic in its nb---"
gence.

Considering the frequency thh v
which signs indicating what may be*

termed “enlarged roots’ were found in’ .,, ‘

asbestos workers, it may be that para- ¥

vertebral dulness is one of the earliest i
signs produced by the inhalation of .%x "’

nsbestos dust, indieating congestive Ff‘,—' o
changes in the root areas and a choking ¥¥-

of the lymphatics with dust. Reflex:53

impairment of note, due to irritation of.

‘.':t C

the lung tissue by dust, is, however, an-5;

attractive explanation. It does n t. ,\,.rf

follow, of course, that workers present-

ing these signs will ever develop a defi- % s

nite asbestos fibrosis.”
Clearly, the physical signs presented i g

"t YR
fo

by any case of diffuse pulmonary fibro- .
sis not only may be modified byﬂa‘.'
changes produced by some intercurrent = "
lung disease, but, ab fnitio, will v-u-y_‘_.
according to the state of the lungs be- =2/

fore the onset of the fibrosis. Thus,r'&
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the fibrosis may be implanted upon a

e~

'- perfucﬂy nonnal ehest, in which euse
sp e | tbo problen of disgnosis is straight-
a“ fm In other cases, however,

p:wustmg root, changes, 8o conmon in
.‘. ‘ : an industrial community, may be pres-
. b -'_;cnt., or the luugs may be already the
4svieeat of emphysema and chronic broo-
%: :'-:chms, or 'of definite old tuberculous
; lwons, or there may be a massive
-.‘ b - pleursl thickening, the result of an old
_:, ¢pleural effusion. All these examnples
#2473 have been noted in the present investi-
*g -gotion, and others will readily come to
R ;%nimd
T Although in most of these cases the
. ,:dust fibrosis, if moderate in degree, can
v "'bé oonfidently diagnosed, especially
. '3.1‘!-.. with the aid of radiography, it must be
;’i g.aamitted that the problem becomes
< {s & very difficult when the dust fibrosis is
4 o ..,oompmtavely slight, and the changes
_ ;:‘“ :produoed by other conditions are pro-
% -vounced and diffuse. Three types of
> .‘t.hese cases have cauecd most difficulty

t

a

- ubcstos fibrosis, until the fbrotic
}:' 5 3 ‘changes get the upper hand, clinical
17 'mf.dlagnosu of the fibrosis in these cases
;’ :{ lumposs:ble. Nevertheless, although
‘;' w5 the problem of the diagnosis of a
s,,s,.-v"_;-nﬁhm implanted upon an emphy-
o Lrvacscmatous chest has caused some diffi-
'!,‘ ';,,_eulty in this inquiry, it seems likely
" A »that it can arise only under exceptional

: -..,‘-cucumstaneu.
W ¥ The second type of case which has
: 'bee.n a source of difficulty in clinjeal
.w¥v-diagnosis is that in which there are
, exlennve bxlat.eml fibrotic changes due

PULMONARY TFIBROSIS IN ASBLSTOS WORKERS

‘as {0 render that side uscless clinically
for diagnostic purposes. 1f the side -
afiected by the pleurisy happensto be - -
the right, the radiographic picture is
also curtailed by the normal partial =
obscuration of the left lung ba.se by the o
beart shadow. - S

possible exception of the first, uncom-
mon, and are mentioned merely to call
to mind some of the ways in which an
asbestos fibrosis may be masked, in

by silicosis.
ished and may be reduced to one-half IR
inch or even less in advanced cases. Cesa
Retraction of the apexes is common, RIS

and sometimes shows a peculiar feature C

differentiating it from that found in 3
fibroid phthisis.
mobile and sunkeh apexes seen in the
latter disense, the apexes arc seen to o
descend during inspiration, and to rise
again during expiration. This seems
to indicate the anchoring of normal
apexcs by fibrous tissue in the lower
portions of the lungs. Some confir-

209

to healed tubcrculom That there is !
nn extensive fibroris in olear enough,
and that most of it is not due to axbes-
ns is strongly supgested when examin-
ation of the lower portions of the lungs
shows that they are. comparatively
slightly affceted. ¥urther help in

these cases, of course, may be obtained
‘from the history and symptoms. o ey ot

The third type, also rare, is that in ——= Liy i}
‘which changes following an old massive £ e
pleural efiusion on one side so obscure b~ 1. !
the physical signs of any dust fibrosis i B

These three types were, thh the

greater or less degree, by changes due o« T i
to other disease. - - SRR
Only passing reference need be made L
to the other physical signs found in the LT
asbestos fibrosis, since they do not CEN
difficr materially from those presented . e :

Chest expansion is dimin-

Instead of the im- 71"".3
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' . matlion of this was obtained radio- Symptoms e AL,

e ' logica_.lly. The symptoms exhibited by tbg'e,.ﬂ'.a
g o Auscultati * cases of fibrosis, as might be expected ‘537>
u-:::_‘- . TR on . i ’ 4 d
e . , closely resemble those of silicosis? b
Vi "In the majority of -the cases of

. " Ol ' TThe distribution of the main symp. .,--
Bbrosis, the respiratory murmur is 40 4nd of one sign, cyanosis, whu;ht‘\;
weakened, much or little, generally, g i1y ded with the symptoms for con-ibs:
more on the right side, and often still i 00 i piven in Table 3. A few 2. -
faore a.:the ::se; ﬂ:e expiratory soun:ll cases have been excluded on the -g__‘"‘ 1
is weaker than the inspiratory, an :
often becomes less and less sudible a3 grounds that one or other of the symp- {» oy .;

L LY R

s,

H
f
4
1
‘
-
A

Rt .
e

H
-

(A

o one approaches the b toms complained of might be asgigned Fisy
.!.‘:: : oA 8568, th 1 A..-.‘,
Transitionsl pl between this and to causes other than the fibrosis, S\:c‘g;j o
harshened - breath sounds and pro- v IR

ore TABLE 3.—DISTRIBUTION OF FOUR:
longed expiration are not uncomraon, COMMON SYMPTOMS, AND OF "

even in the same chest. .The latter CYANOSIS, AMONG CASES =
may be noticeable in the upper por- - OF FIBROSIS
tions of. the lungs, but progressively
diminish toward the bases. Other
combmatxons were also noted how-
BYMPTOM
ever. .. - ]
The dry character of thxs type of
- fibrosis during most of its course is ____
.- rather striking. Scattered fine riles Cough.................] 01
__and clicks in the root areas, axillae, Cyanosis...ceeccvv....| 93
“and bases were not infrequent; slight Dysposa..............| 91
edems of the lower balves of the lungs EXpectoration.........; 91
was noted in one of the more advanced T 21Brrrecesre-eereeeo| O
-cases; but in a number, no adventitious

l

NO, EXAMINED!

si

R ]
Mﬂm
kst
DAY

Aol b,
-‘_-. K

t Excluding those in which the pmenu-

. soundsat all were heard, of the symptom is referred to othar causes P

Pleural crepitations, and rarely a "“i‘&’“ﬁn,.}.
elight pleural rub, were noted—these asa complaint of shortness of breath m%}"; e
attacks scem to cause little pain~—and a case with a past history of mﬂd:,;.,w:‘
.- in one ecase a httle ﬂuxd ot the right thyroid intoxication, ar of dyspnestiri’:
% base, . . associated with obesity. - <N
"+ No doubt thm vambility in the Between 50 and 60 per cent. of tha?z"»'-‘l?"-{
"-" sounds heard on auscultation reflects eases complained of eough, or of short- &:&
".underlying changes, temporary or ness of breath on slight exertion; “or g D

_ permanent, in the lung, and is depend- showed some degree of cyanosis,} 2‘.’, 5

ent, tnler alia, on the extent of the  whereas only about. one-third com-'¢ii “:
" fibrosis with its associated pleural plained of expectoration, and one-\ -w

thickening—changes due to past dis- tenth of pain, or discomfort, in the}.:" rr

ease, catarrh, or other intercurrent chest. Also, while 14.6 per cent. of.i: '—

affection, and to the degree of compen- the cases had no complaints and
tatory emphysema preseat.

:l_":‘

¥ e dra i

-1

tuif

showed 1o cyanosis, and only 3.4 per; M _;

GG 15130
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7 eopt. presented all four complainisand
i were eyanosed, 60.6 per cent. presented
E" " two, three, or four of the five items.
35570 Clearly, pone of the four eomplaints,

5%." or the presence of cyanosis, ean be an
¥~ infallible indication of the existence
+ 5+ of fibrosis; but the presence of two of
~-..them, shortness of breath on slight
* exertion, and cyanosis in some degree,
- in an asbestos worker, is highly sugges-
“.tive,'in'the absence of other evident

X
s ftap.
CL

PRk i
H

i

R
[-_g::b;':;." plaint made. Symptoms, unless dis-
Foa " fressing, .are 50 often & function of
'y the -introspectiveness of the patient.
73"~ Blight degrees of fibrosis, too, give rise
.2 :10 .00 symptoms, in the absence of
-4 %:2.an intercurrent bronchitis, since the
“yemeining sound lung tissue is still
-, amply sufficient for all purposes.
1277 Cough was the most frequent symp-
- %< fom, and was of two types. For s few
+":wecks after commencing work in a
. dusty process, asbestos workers often
“find ‘the dust irritating, end cough
while in the dusty atmosphere; this
:lasts for a few weeks, and then usually

L
o

?;-diiibpears. The writer has noticed

A very heavy cloud of asbestos dust.
The dust seems to be only slightly
Iritant in this way. One or two men
who had previously worked in cotton
eard yooms, or blow rooms, and were
, fiected by that dust, stated that they
-~ Were unaffected by asbestos dust.
i ....Certainly asbestos dust does not cause

- asthinatic attacks like those seen in
:.;, eotton card room workers. One man,
A who migrated from a cotton card room
+ . - (“bard waste”) nine years ago to an
x ;-f'-,,lsl.:est?s card room, on account of the
- Initating effect of the dust, does not

et B L
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find asbestos dust irritating, but to
this day cannot work with a cotton
scutcher (as he occasionally does) with-
out precipitating a coughing attack
within an hour or two. Although he
suffers from winter cough and some
ghortness of breath, he stated that his
health has been much better since the
change. ' .
Asbestos 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 ==
The second type of cough is more e 7

intimately associated with the develop- CO %

ment of fibrosis, and occurs, or perhaps &= .

is more or less innocuous.

is noticed, after a varying number of
years’work. Usuallyitis present only
in the morning on getting up, when .
after rather a sharp attack of coughing,
a little viscid sputum “like an oyster”
is brought up. A eimilar bout may
occur 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 only "

then. Although it closely resembles
smokers' cough, its features are pre-
cisely the same in nopsmokers. . . ™
Persons giving a history of cough
dativg from an attack of pneumonis or
other illness in childhood, almost in-
variably state that the cough has not
become worse since working with
asbestos, One worker succinctly de-
scribed the cough as “first in the
throat; later caiches the chest.”
Generally, this cough causes very
Jittle inconvenience and may pass un-
noticed until the development of some
other symptom directs attention to the
general state of health. Thus, out of
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sixby-six enses of fibrosiz, in thirty=  aod in the rermainder of the cue; "‘
three (50 per cenl.) the cough was  good.

stated to have preceded the onset of )

shortness of breath, in twelve (18.2 per Radiography AR
cent.) to have developed contemnpo- Radiorrams st were’ !‘,—;i‘."

rancously, and in twenty-one (31.8 per
cent,) was either not noticed until after
the onset of shortness of breath, or,
althongh the latter was complained
of, cough was 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 excep-
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 pulmoopary tuberculosis;
in another, it occurred only during a
prolonged attack of pleurisy; and in a
third, the hemorrhage was gastric in
origin. Cyanosis, s valuable sign
when present, rarely amounts to more
than a duskiness, or slight blueness, of
the lips; it contrasts, however, with the
genera] pallor of the face with which
it is often associnted in these cases.

"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
sud go.

Pain in the chest is rarely com-
plained of, and then it is usunlly 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 general
nutrition is bardly 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.), fair;

o the number i ically. v %
OT these, over 100 were taken by Dr. KR

tained of I3 workery, or 35.5 per centu,‘:‘" A

E. W. Twining of Manchester, andi'%;
Dr. N, Tuttersall of Leeds, and - the‘::.'l‘
remuinder (except one) by Dr. F. L_h.-f
Henderson of Glasgow. ‘To all three. -’-

I am much indebted. Dr. 'I‘w-unng ‘\i‘
and Dr. Tattersall bave devoted many"; Y

bours to the joint study with the writersz r_'

ography of the chest in f urthenng the—
purpose of the investigation. __ -

too, added his experience to a" ﬁml»p. )
review of the Glms, and Dr. E. Baﬂ:lﬁ}','.}_;&;g,
now of Cnmbndge, lent his asswtance.;,
in interpreting some difficult- films;,
to both, grateful acknowledgmexit-u*‘-
made.
The standard of radlography waa. :ﬁﬂ
very high; indeed, a high standard.is ;p"
indispensable, if it is desired to trace;:
the cause of such a fine and dxﬁuse :
fibrosis as that produced by asba- Rt
tos. -' :&;
The films are superficially, but on]y" "t*‘
superficially, comparable to sthcosu-f X
In the earliest negatives studied: thh”'- i
Dr. Tattereall, a characteristic shght‘\“"r
obscuration of the lung fields, a general® &3
lack of translucency, was noted. 'I‘hxs?"&
appearance, for want of a better tem;_g* Ty
was denominated as “veiling.” Drﬁi_.
Burton Wood has independently noted £ 2iN
(19) and confirmed this, referring to xt-.-
as the “ground glass appearance.’” "“t'
Dr. Tattersall also drew attention. to*;\ v
the more or less rounded “whorls” °£"“£;
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sixly-six cases of fibrosis, in thirty-
three (350 per cent.) the cough was
stated to have preceded the onset of
shortoess of breath, in twelve (18.2 per

‘ “eent.) to have developed contempo.
" ‘runcously, and in twenty-on¢ (31.8 per
" eent.) was either not noticed until after

the onset of shortness of breath, or,

-althongh the lutter was complained

of, cough was 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 excep-
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 a
prolonged attack of pleurisy; and in a
third, the hemorrhage was gastrie in
origin. Cyanosis, 8 valuable sign
when present, rarely amounts to more
than a duskiness, or slight blueness, of
the lips; it contrasts, however, with the
generul pallor of the face with which
it is often associated in these cases.

"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 go.

Pain in the chest is rarely com-
plained 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 ia a few cases. The general
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;

NOTE: THIS DOCUMENES

aml in the remninder of the cn-!ca o
oo, 2
Radiography

"~ Radiozrams

tained of 133 workery, or 35.5
o7 the number cxainipe] g_—\-ﬁr,"f*
~ QI these, over 100 were taken% T
E. W. Twining of Manchester, a.nd-,.:,s
Dr. N. Tattersall of Leeds, and - the'-’.‘.',
remuinder (except one) by Dr. F. L.h-';
Henderson of Glasgow. To all three; A
I am much indebted. Dr. Twmmg ,U
and Dr. Tattersall bave devoted manyrZiE
hours to the joint study with the writérs ;?' e
of the radiograms, and have drawn: :‘
freely on their mde experience of. mdx- -
ography of the chest in furthcrmg the' i
purpose of the investigation. . Al

Dr. R. S. Paterson of Manchestcz'-
too, added his experience to a- ﬁnal...l. -
review of the films, and Dr, E. Bnrclay, '-fxg.
now of Cambridge, lent his assmtance-;s. !
in interpreting some difficult- ﬁlma,' ;'

to both, grateful acknowledgment L‘M
made. EE «w "l-.,&

The standard of radiography was; -»‘J-"
very high; indeed, a high standard:is} ;,
indispensable, if it is desired to t;mcm,mnl

the cause of such a fine and dlﬁuse (A
fibrosis as that produced by a.sbea- S
tos. g '?J;'f_

The films are superficially, but onlr Tely
superficially, comparable to sxhcom—':?—-.

In the earliest negatives studied: ‘with% &%’.&
Dr. Tattersall, a characteristic shght\-"w‘
obscuration of the lung fields, a gene.ral""' 3y
lack of translucency, was noted. ‘I‘m !5..'3.
appearance, for want of a better term J,, 2
was denominated as “veiling.” Dr
Burton Wood has independently noted %>
(19) and confirmed this, referring to xtr.. 4
as the “ground glass appearance.’”™ _'f”‘;-
Dr. Tattersall also drew attention.to#?.v

the more or less rounded “whorls" oE ‘ﬂ"
r\
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PULMONARY FIBROSIS IN ASBESTOS WORKERS

'ﬂ’\
;”n.mng size seen in the siriation in the
,ﬁvmd-zones in some of the films.

2 There Was genera.l agreement as to

.cbsmcteristic mottling. Dr. Twining

“(in- a personal communication dated
v;,Aug 2, 1929)-~while lamenting that '
iy

: ttrere has been, as yet, neither time nor

#.5.opportunity to study the changes from -

every aspect, and therefore his present

' 'vxews may be modified on eonsidera-
"'~ 'j% -convenient practically, considering

oa of all the evidence—states:

In general my opinion in that the earli-
sest stages are not cbarseteristic radio-
:Jogically, but that the stage of fine dusty

mpphng is almpst certain to be eventually

23%:2 ‘provable as an early asbestos Jesion. We

mw it constantly in & Iurce series of films,

{-'g- and after a little experience it is quite easy

X140 deteet it.

+ (. Bome of the other etses showed & few

grouped lesions, like rozettes or leopard

>’ purkinge, each component being about the

size of & primary lobule. ' These are similar

lesions sometimes geen in tuberculosis.

A In the asbeston cases I regard them as being

.,f..., groups of primary lobules making up »

@.lobule, the walls of which are infiltrated.

“'."‘-'.They eertainly seem to correspond in size

with the muroscopic lesions seen in the
pathological gpecimen.

.:" Theadvanced cases show heary basal and

T "md-ﬁeld mottlings, common in pneumono-

., ﬂmom, with a tendency to avoid the

lpl
KA On the whole the lesions are distinctly
5 I.'.ilm dense than those of silicosis, and are less
K onsy to group into well-defined atages, but
X thiok we can recoznise:
1. A very doubtful stage of increased
f !ueur striations.
2, Fairly definito fine dusty stippled
'. Pm-uncc.
* 3. Coarser mottling with increased linear
.'. ltrutmns.
i 4. Gross lesions with pleursl changes and
W dnpllcemcnu due to the pull of the fibros
- ing lesions.
e Thefew tubereulous lesions we bave come
"4 Beross bave boen easily distinguishsble.
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The radiographic appearances in the
earlier stages arc most marked on the
right side at the base or in the eentral

ical ﬁndings This preference for the
right side has been noted also in
‘gilieosis, by the South African ob-
servers. The caeses showing radio-

graphic sigos of ‘a dust fibrosis have

been classified in three broad groups.
This grouping, although unscientific,

the main purpose of this investigation.
Indeed more precise classification
based on the particular radiographic
changes noted might well be mislead-
ing at the present time.

Much combined clinical, radiologie,
and pathologic study is required into
the whole subject of thesc fine types of
dust fibrosis, which have been noted in
workers exposed not only to silicate
dusts other than asbestos, but also to
other inorganic dusts containing po
silica, before it will be possible to
classify the radiologic changes as has
heen done so successfully by the South
African workers in respect to silicotic
fibrosis.

The hypothesis that, because asbes-
tos dust produces 2 pulmonary fibrosis
with consequent devialions from the
normal in the lung skiagram, the de-
gree and potentialities of this fibrosis
can be assessed by comparison of its

radiologic picture with those of stand-

ard silicotic films, is untenable,

At least two general types of pul-
mounary fibrosis eansed by inorganic
dusts can be recognized. A third,
representing the purely peribronchial
variety of fibrosis, might be added;
or it may be that all dust fibrosis will
be found to approximate more or less
clogely one or the other of these two
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e
types. These types are (1) that pro- On studying the development” of 2 ;“’I..
duced by combined siliecn dust, an asbestos fibrosis as displayed § xnnsena-\: ..
example of which is seen in asbestos of radiograms, and especially in the fewv*i"
fibrosis, and (2) that produced by free available taken a year or more before aé #*E!‘
silics 'dust, represented by silicotic fatsl termination, one caunnot: helnZiHs
fibrosis. asking the question, “What is there, 5"*‘

These two types, while resembling here which could have this effect?" w
one another in clinical signs and symp- The answer is that the damage to tha g
tomns, differ materially both in the lungismuch greater than it appears toizt oy,
nature of the lesion produced in the be when judged by the silicotic stand.(r,‘a’ -
lupg, and in the character of the asso- ard. Asbestos fibrosis is much more-.
ciated radiographic picture. Thus, diffuse; it spins its fine web, as- m
attempts to weigh, consciously or were, crisscross throughout the lung
unconsciously, asbestos fibrosis, orany enveloping and eventually strangling % mi
" dust fibrosis other than silicosis, by the ultimate lobular structure, rathe:} ‘-“'“
means of the standard radiographic than depositing itself in numerousu-r;;-
changes found in silicosis, is unsound more or less isolated foci, as msmcosu."f’“,
and is likely to lead to a misconception Thus, at any rate in the less ndvanced' e -,"
of the potentinlities of the dust in ques- stages, the radiologic picture of. thouw &

tion. lesions does not impress the eye, uncon-ﬁ:- §
~ Badham (8) givesan emple of this sciously viewing it from the stsndpomt iy
source of error in reporting the unex- of silicosis. s -’«f’i@ -'.

pectedly early death of a man affected The radiographic picture may ‘show. ““*:.’;,
with o fine fibrosis coused by an ortho-  soft and fairly coarse nodulation, butxt,ﬁ,’,
...,. clase basalt containing no free silica. isaneversoimpressive as the nodulatxoni’-“g
" Referring to some of the radiologic inasilicotic flm. ‘ Y
differences between the fine fibrosis of Paradoxically, the dxstmchvc ‘feasy R
dusts other than silica and the nodular  ture, both clinically and radxologmally. 3«3
fibrosis of quartz dust (i.e., true sxh- of the asbestos fibrosis is its umformxt.y.\,-{g‘“;
com.s), he statea SR ..+ The modesty of the aymptoma,‘thzs.;-q-
. ‘ unobtrusive, but diffuse, impairment oy .23’
Moreover, the coarse ﬁbmis of silica gave of the percussion note; the homo— "’3’-.;
clear interspaces of normal lung, while the geneous stippling of the skmgram ; ;llﬁ“_ o
fine fibrosis presented a uniform granular are fragments of an entity, unmxstak et F ,

, ». mottling leading to the conclusion which is
probably erronocous that the actual davelop- able when nssembled, but emgmnhc

ment of fibrous tissue was greater in a When divoreed. : SAE ”’",‘}:‘,ﬁt,‘.
nodular ibrosis assilicosis than in s general- Only two references to the ra.dw.-,-'(,‘;;;
- ised Goe fibrosis esused by silicates. To graphic appearances of the chest’ 'in%

© me it appears that the mechanical damage ..? y
asbestos workers have been traced: L

* to the lung is greater in » fins Gbrosis than
in & tosrse fibrosis when both are well °O0€ in a report by Pancoast’ “d‘" ‘12
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developed. ' Pendergrass (10), and the other i in: mgz‘;‘.g‘:
article by Burton Wood (19). 7% g"‘fz

The evidence .obtained in the preseht Pancoast and Pendergrass tOgetheny
inquiry amply confirms this general with Miller and Landis examined “17~-~_;‘;
statement. asbestos workers, 2 of whom aholwcd“ %
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st stage changes and the other
15 definite second stage appearances.
L3 Of the men longest at work, oue after
;scventcen years’ occupation showed
> yery. -definite diffuse, ‘soft’ spots

"y

5y -_ghmﬁghout both lungs, and another

' ﬂc-—vu-y shght -podular ghadows were
&-Ioundinone man after only two years'
%o occupation. | Most of these second
,L::‘tdage cases showed also well-marked

"fﬁm stage appearances still present,

‘imdmtmg a persistence of free drainage

——r -

208 .on‘ and varied oonsiderably in size.”
~ 'l'heu' first stage appears to correspond
..:mth stage’l, and their tecond stage
.;.t ‘with stages 2 ‘and 3 mentioned above.
NiEoH It “appears from the context that
i e these observers regard asbestos fibrosis
342 88 being really a silicosis due to admix-
' ?r‘ ‘ture”of free silica derived from the
”?ongm.el rock—-e view difficult to sub-

A s
.

"" ,.teen eha.gra.ms of asbestos workers
* potes: ' *“The most noticeable feature of

1.0_ a.sbestos duet is the presence of

effecting .chiefly the lower two-thirds
- of the lungs. - The fine quality of the

.lhedows ie ‘worthy of note. Some of
= the " cases exhibit a ‘ground glass’
‘sppearance, though on close inspection
fine' mottling is evident. . . . when
.more definite mottling is present it
“lacka the coarse quality described in
the angmms of chests showmg poeu-

“Cleu-ly, the maturation of asbestos
ﬁbroszs is spread over & period of years,

. war v, fs
: «w-'*‘:- .‘ -fr‘ﬁa‘; SR
L NhR A e"'A-‘d--...- H

‘PULMONARY FIBROSIS IN ASBESTOS WORKERS

' dhag'mma of workers exposed longest .

215

and by the time the stage is reached
when the features discussed above are,
in varying degree, positive, and the
radiologic picture is recognizable, the
fibrosis is not, in its ineeption, nor even
in its earliest stages, but is developed
and fairly widespread.

We must, therefore, recognize a.n
earlier state when the fibrosis is present
in slight degree, and also when there is
evidence of choking of the lymphatics,
and of a measure of pulmonary eatarrh.,
This stage may be referred to conven-
iently as the prefibrotic stage. o

The indications of this stage are
indefinite, and some, at any rate, not
specific. If, however, they can be
determined and applied with only a

moderate degree of accuracy, informa- ..

tion of practical value will be available. -

Efforts have been made, therefore, to . ;
distinguish workers in this stage. '’

The following tabulation shows that :
twenty-one workers out of 363 exam-
ined (5.8 per cent.) were 50 classified:

Clinical Ezaminations . ° ~ Per
(363): ‘No. Cent.
Fibrosia............. vevenn 95 202
Prefibrotic conditions..... 21 5.8

Radiologne Ezaminaiions N
(133):

Fibrosis. oeeeivvarniiannn . 52 38.1

Suggestive changes not
definitely  diffuse fi- .

- brogis.....ccceievrnene.. 2 165

Many of these cases present = slight
diffuse impairment of percussion note
—perhaps better deseribed as a slightly
increased sense of resistance felt on
percussion, mostly of the right lung,
at least as contrasted with the left,
and associated with some weakening
of the respiratory murmur. Prob-
ably this early stage could be detected
radiographieally, but only by means of
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exenpatizon with n ruliogrom taken
grior to commencing work with ashes-
¢m». By such means the earliest
grezes of silicosis have been worked
st by the South African observers.
‘[3re, the radiograms taken at peri-

¢#!ie six-monthly medical examinations . .

Ti JOURNAL OF INDUSTRIAL HYGIENE

. N . ::.,...,-:“'-"
group is ¢.hsnusm.-d from any f",“'.!.’..ef‘f.‘" ;
consideration, v -_\ﬂ o

A general summary of the findingy j; 337
the 374 workers who were examineds3i‘s

Al

clinically, classified under the most i 7405
portant lesion, is presented in Table 43455

"ierd
‘;¢$”°§£nﬂ

" InLosTRATIVE CaSES . giaPhT

g

can always be compared with initial
swiivuramns taken before the employees

The salient points of a few cases are. 5
ure permitted to work underground. ;

TABLE 4~GENERAL SUMMARY OF FINDINGS CLASSIFIED UNDER
MOST IMPORTANT LESION

PRE-

EN-

LANGEMENT Ol CONOESTION

OV LUNJ ROOT3

PULMONARY
TUBERCU-
LOBIS

.
PULMONANY AND DRONCIIAL

o SUCOESTING
CATARRIU, AND DRONCHITIA

Dust Fibrosis
|90~ | Other Active Lesions
LOSLE,

sions
CASES OF OLD ILAR TUDERCU-

1IR3, EMPLOYED

NO. EXAVINED
Pleurisy!
Emphyscma?

Opbei- Lesions : .

-t
124
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142
2
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21
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5.6

2 One case of emphysems due to gassing.

In other cases included in this group,
diffuse weakening of the respiratory
munmur was noted, with fine sticky
rAles in the root areas. At present no
stress can be laid upon this group.
‘'he clinical changes are so slightly
murked that until comparative radio-
geowmns are available it would be unsafe
to draw any deductions. For the pur-
posca of this inquiry, therefore, this
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$ Ono case of thickened pleura due to old gunshot wound.
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ITDID
NOT ~OME FROM PPG FILES

appearances of some of the cases:
There are insuperable difficultiés}
however, in reproducing the finer
changes depicted in the original ne o

Case 1.—This worker, s female, aged 24,13\ <
has been employed in asbestos for ten And"’ :

one-half years—as a card tenter one year,
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PULMONARY FIBROSIS

and as a doubler nine nod one-lall years,

b Lo contain nothing of note,  She has oo come

..plaints and fecls quite well, | Her nutrition
<o fagood. Shein pale, but shows no cyunosis,
¢ 2 Chesto—She hig nchest expansion of 1]
5 dnehes) - No impainment of the perenssion

fomy it

! Oght dung are weakergenerally, than those
12+, ‘ig the left.  Expiration is prolonzed at the

"f‘e}_,' Dakisgram showed ‘somne ‘Very- glight snd
" {-. ..doubtful changes in the direction of in-
: . ereassd stristion.
“:Cast 2—~This map, aged 24, has been
;v employed in ashestos for five years, curding
vy o.and mixing. Previously he worked for four
¢ gears in the cotton irade, yarn weighing.
' ' His [amily and personal medical history
.2 +contain nothing of note, He Las had a
.+ Tdlight morning cough and expeetoration
=+ for & year. His nutrition is good. His
w; i0-u " scalor is fresh, wnd there is no eysnosis.
F o .Chest=There is some impairment of the
= percussion note over the middle third of the
370 Zright lung, behind, and slightly at the right
& ," base. The breath sounds are harsh, and
" -7 >expiration is prolonged in the upper half of
.. the right lung, behind; expiration is also
s prolonged over the left upper lobe, behind.
_-_-Thc respirstory murmur is weakened at the
., 1ight base, and the brenth sounds are of a
“'whiffing” character. There are no added
.2 ‘sounds, A skiagramn showed enlargement
RS ..-xof the right root, and alight haziness and
5., - Wristion in the central zones in Loth lungs,
el suggesting early fibrosis.
7%% ' Casz 3.-~This man, aged 32, has been
.'.-Employed in asbestos for six years in the
seard Yoom, and as a stripper and grinder.
? Previously he was employed in a cotton eard
:To0m for nine years. He had armoy service
“Afor five years, but was not gassed. He gives
¥family history of asthma; otherwise there
. B bothing of note in his family or personal
; ix Medieal history. Hc has no complaints and
- tlecls quite well. His musculature is very
“ Eood. His eolor is pale, but he shows no
7 rSyanceis, '
et "c‘ﬁul..'—'l'llcm ia slight impairment of the
RECRL l"ﬂﬂft&lon note generally, particularly at
|, [the right hase. ‘The respiratory murmur is
o &’ little weakened generally, No added
. % a7, JouDds are detected. A skiagram showed
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JHee family. and persanal msdical; bhistory -

" - pote is detected.  The breath sonnds in the ;

'.:e'.’:':right Toot; DO l‘dilml'mil_n’ds are henrd, A
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ol taberetosin of the Jung roots wnd gen-
cral inervared strintion, expecinlly in the
tower binlf of the right lang, supgesting enrly
fibrosis,
“ Gare {~=This worker, & wale, aged 23,
Y han b omployod i nslustos for nine
v yenrs, niostly mmtiress making,- - His family
_.and personal medicul history contuin noth-
., Ang of note. He complains of occasionul

“ fhain in both sides of the chest, aud perhaps

a lit{le undue shortness of breath on exer-

F1g. 1.=Case 4: Moderate fibrosis. Un-
due degree of striation and fine mottling in
ventral zopes of both lungs; ealcified riands
in roots, with rather conrre striation in
upper Io{m; ? interlobar pleurizy on right
side, between the lower and middle lobes;
emphysema at bases,

tion. His color is normal. His museula-
ture and nutrition are good.

Chest.—There is no retraction of the
apexes, but there is a slight flattening helow
the rizht elaviele. The percuszsion note is
slightly impaired generally, behind, partic-
ularly on the right side.  The breath sounds
arc weak, generally, and expiration is pro-
longed. No added sounds are detected.
The skiagram (Fig. 1) shows an undue
degree of striation and fine mottling in the
central zones of both lungy; caleificd glands
in the roots, with rather coaree stristion in
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both roots; diffuse fine mottling in both
lunags, especially the right.

are pegative. She complaics of having had
s winter cough for theee or funr yenrs, and
ol shortness of breath on exertion since her
attack of pleurisy. Her nutrition is good;
ber weight is stationary. She bas normal
volor, and no cyanosis.

Chest.—There ix some general impairment
of the percussion note over both lungs, be-
hind, more noticeable at the bases. The
respiratory murmur is weakened generally.
Perzistent crepitations and tmedium riles
are noted Jow down in the right axilla. A
skiagram showed diffuse fine atriation and
fine nodular mottling, with light opacity at
the bases. The case waas dingnosed as

P
TR
T hy 4 Ra: ¥

HOT GO

linear, but with little mottling of right lufig; 3
Old puerile tuberculous scari at apexes, 2¥2Aiu:L

fourthinch, There is slight general impsiregyiy’
ment of the percuasion note, definite at thq%‘%
apexes and the bases. The breath md&{%
are weak; expiration is slightly prolonge"gi“.;-.'\“;
No added sounds sre heard. Her heartii éﬁ;z
not enlarged, and no murmurs are detected- ,.»__}i?
The skisgram (Fig. 2) shows a numberlofic 25
enlarged glands in both roots, and a diffuse:
fine mottling in both lungy, especially thooe
right. This iv » ease of moderate, but lull
developed, fibrnsis, T
Case 7.—This woman, aged 45, has

-
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. g ! <4 the upper lobes; ? interiobar pleurisy on the employed
4 !..-,“__. right side, betwren the lower and middle about th
2 i3 3_;-’. 3 lobex; and emphysema at the buses. The X anainder
{f in! cave was dingnosed-ns moderate fibrosis, has been employed in asbestos for um‘?@‘? wther fac
2l e Canr. 5.—Thix woman, aged 40, has been  yeary, opening, and hax been exposed to'-'ﬁg-?# history o
Ewu. . employed for cleven years in asbestos, for mueh dust. Her previous employment{) Sy a persona
‘ ¥ most of the period mattress making. Pre- was non-dusty. Her [amily and personal® veurs BEC
viously she wax employed in a laundry., history diselose nothing of note. She eoﬁ.’g’x?_ Her comy
She has recently been ill for three months  plains of haviog had s cough for five years Ji: bills, and
with pleurisy (no bistory of tapping); other- and of shortuess of breath on hurrying:: et 'nul.ri'
wise her family and personal medical history  She is thin and undernourished, and .palé Chest.—
¥ half inch.
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PULMONARY FIBROSIS

" employed in ashestos for thirty-two years—
.7 ! gbout three years on cards, nnd the re-
1" mainder. a8 & spinner. She has done 1o
- otber factary wark. Her fumily nwdical
*- ; history dixcloses nothing of note.  She has
".%" a personsl histary of nephritis seven or eight

" years ago, causing three months’ illness.
= Her complaints arc: shortness of breath on
. " hills, and winter cough for abont six years,
"I -Her putrition is fuir. She is rather pale.

"+ %7, Cheal.~She bas a chest expansion of one-
., Ealf ipch. No retraction of the apexes is
‘moted.* ‘There is general slight impairment
" of"the percussion note, Iwhind. Breath
:sunds are barsh and expiration is pro-
‘longed. No added sounds are heard. No

0:'@‘,-‘ “l,:"...?t\‘h:.‘-g ol SRR,
- ~- . s, .. v,

- =

- . grocs enlargement of the heart ix nated, but

T

"the second sound is found to be nerentuated
.~ gpver the sortic ares. The skisgram (¥ig, 3)
.. #bows & general fibrosis, mostly linear, but
“with-a little mottling of the right lung.
:There are sleo very old puerile tulerculous
scars ‘&t the apexen, The core wus ding-
. sowed as gencral fibrosis, :
[‘...' - *:This ease rhould bo compared with Case

o Aoty o o
s

o

.

“e-0. .In Case 6 there wan a henvy expumure to
- dust extending over a few years; in the pres-
. " -ent ease there was exposure Lo a very much
ltss concentration of dust, exerpt possibly
~in the'first three years, but exiending over
;< msnyyears,
+3" "+ WCase 8,~This worker, a male, uged 62,
v ¥ “bas been erployed in nsbestos for twenty
3.0l Fexrs a8 & weaver. He was previously a
ux eollon and silk weaver. His family and
"-:p!rpqqul medical history show nothing of
~mole, except that he was regarded as a deli-

b

2./ ¢f breath on exertion, and on going upstairs,
ot lor three years; morning cough and s little
.. expectoration for the last three winters.
,;','7,'._&“3' isthin and pale, with some cyanosis.
s "Chest.~Cbest expansion is 1 inch; there
:t:vl‘retr.ution of the apexes. The percussion
1;;1 ;-Boie is impaired over both upper lobes, in
L '-,::f_‘r.'.",‘m‘i sud over the upper two-thirds of the

I
et 0

‘_'nght lung, bebind. Expiration is pro-

zi-w " Jonged at the bases. Pleural ruband incon-

sant riles are noted at the loft bhase, and a

cin bew shles at the right base. A skiagram

o - Showed u definite diffuse fibrosis with nodu-
. lation. “This is a case of fibrosis in the early
: ‘d\élneed stage.

ToASE 9.~This man, aged 41, has been

IN ASBESTOS WORKERS
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employed for twenty vears in ashestos in
many capacities. There is nothing of note
in his family history. He gives a history of LE
preunionia & number of years ago. 1ia

complainis arc; a little shortness of breath t"""
on excrtion for the last two or three years; wo
otherwise none. His nutrition is fair only. Li.d
His color is fresh, but there is slight ¢yano- :és
sis of the lips, at times. ——

Chest.—The skin is poorly elastic; there > J
is somec retraction of the apexes, There is r.w.‘p:)

an impaired, rather “boxy,”” note on percus- iy
sion, gencrally,-especially over the upper -
half of the left lung, and over the upper two- 7

.thirds of the right lung, behind, and in = -

-

front. Respiratory murmnur is generally =i
weak. Expiration is slightly prolonged,

but diminishing toward the hases, Pleural l" .
crepitations are noted low down in the right l::"
axilla. * A skiagram showed s definite fine P
diffuse fibrosis. Neither lung lights up very =

well, and throughout hoth there is a very
fine difune retienlntion and mottling—
moderate, but fully developed, fibrosis,
The fine diffuse eharacter of the radiologic
appwuranees is particularly noticeable here,

Case 10.—This mun, aged 46, has bheen
employed for twenty-five yenrs in asheslos,
during nine years of whick he was not ex-
posed to dust. For eleven years of the
remainder he was employed in the eard
room, and matiress muking, His fumily
and personal nuedicul history disclose noth-
ing of note. His complaints are: shortness
of bhreath on exertion for three months;
cough after a few hours' work in dust during
the last two or three years, with little or no
expectoration; and pain in the left xide of
the chest for the last threc months. His
nutrition is good. He is pale, with slight
duskiness of the Jips.

Chest.—There is some retraction of the
apexcs. The percussion note generally
is impaired, and of a “boxy" character.
Breath sounds arc harsh and expiration is
prolonged over the right upper lobe; else-
where the respiratory murmur is a little
weakened and expiration is not materially
prolonged. No added sounds are heard,
The heart is normal. The skiagram (Fig.
4) shows diffuse striation and fine speekled
mottling throughout both lungs—fibrosis,
fully developed,

Case 11.—This worker, a male, aged 40,
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hint been employel for twenty-lwo years in
ashestos—during the first cleven years on
carnds and ns s weaver, duriog which he was
expoved to a congiderabile ¢onecentration of
dust. During the remainder of the time he
waa emplaoyed on a non~usty procexs, but
was exposel to a less concentration of dust
derived [rom other processes. Ilis family

. and personal sundical history give nothing
v. of note. Hiv:complaints are: shortness of
breath on chmbmg stairs for the last five

" years; slikht morning cough and expectora-

e F10. 1.—Cuse 10: Fully developed fibro-
e s sis, Diffuse striation and fine speckled
mottling throughout both lungs.

AL tion_for about the same time; and slight

T aching of the chest in front, below the left
clavicle. His nutrition is good. There is
slight cyanosia of the face.

Chest.—Chest expansion is 1 inch; thers
is retraction of the apexes. There is im-
pairment of the percussion note generally,
most evident over the whole of the right
luag, behind, and over the right upper lobe
in front. The note is *“boxy’” over the
remainder of the chest. The breath sounds
are slightly weakened generally, except at
o the right apex, but there is no gross change.
Rt R Expiration is prolonged generally. Fine
- erepitations are heard in both axillae, and

d -p 'nc. '}'\“ nh..-.'-.“
Ea NVA x {' " (rua-'
?"""‘ ‘*”Ts "r‘"f'ﬁ' 'q"':.. VTS "”m:‘l.

HENEAAL aud
v Py i Coeiiy #m;!(f
"T-'.-\"rﬂ 'J’va“ COEGEMTRNY :!.t-&n o QMO ek o

L NOTE: THiS 0001 B8RDID
| NOT COME FROM P_ LES
220 TITE JOURNAL OF INDUSTRIAL TIVGIENE o

“'of winter cough for the last thres or-fc

over the right upper lobe, in front, Tho

heart is normal.  Sputum is muceid, byt iy ;::;f::
negative for Bacillus tuberculosis.  Clyb?,#’ weak,
Ling of the fingers has been note] for nbout tetinl
two years, A skingram showed an extenl over 4
sive diffuse fibrosis—fibrosis in s l’nrlr ﬂ upper

advanced stage. ="' 4’:"" The =
Cask 12.—This worker, a male, nged ﬁo 3

() filornst
has been employed in nshestos for twenty-

1w gati
six years in the card room. I'rekusly hg"' was i
was a uw_seu laborer. There ia nothm tnlwere
of nute in his family and personal medica Cax

history. He complains of slight shortne A‘é}w JER—
of breath on exertion of recent yesrs,- .:;C ,'" i 1910
until J

years; expectoration is stated to be.pil; H senrs, 1
His musculature and nutrition .ro-\fmnk amd it
There is slight eyanosis of the face. ! jres, for
Chest.~—He has a chest expansion of tlmge' oner of

fourths inch. The percussion mote iy of work
paired genemlly, especinlly over the® X weaving
upper lobe in front. The respiratory. mur'J-.-. 2, shepartn
mur is weakened over the whole of the chub;,f':"_ i veher
except the left upper lobe, where there ar i ' eran, b
whistliog breath svunda, and medium r.ue'_lfz"*'-' ,'.( i aa s
The heart is normal, A skiagram showe g ceasnd y
very extensive changes throughout the ehut Lomis dlis
of a coarse type without fine stippling. ~"I‘hw;—,.a aavea
roots showed a choked appearance, 'I‘heuy{'_*;, during t
was hesvy mottling at the base. One- old ¥w: sitice; o
tuberculoais focus was noted at the left bpc, 3 ticht xis,
and some coleified glands in the left hilumg MY mon:
The diagnosis was fibrosis in the ;dvlneed of gray

stage. ', mcnz.""x atates th

Case 13.—This man, aged 66, has:be = Dyng
employed in asbestos for twenty-one: yeu! : talkinge
as » weaver. For about sixteen yeara piv B had
viously he was a cotton and silk vuyeh ) t1rartio

His Iather died of ‘‘chest trouble’ at t.hnn
of 45; his sister died aged 15 of pulmom
tuberl:uloau He has only been away llck A
week or two in twenty-one years, udtﬂu‘* X
never had any serious illness. Hx‘s*‘pon :

naht; o
ated ghye
breatly w
AL rro'pf
and a pla

plaints are: undue shortness of bmthcoﬂq v vl
exertion during the last two years;.¢ I=firardy;
for the last two or three winters. Expectoes “F ey
ation is creamy, and occurs a fair mount Vel e
times. He has Jost weight, and ja thin.: ‘aﬂ'ﬂ" e hare ),
is pale, but with some eyavosis of ths.flﬂl. o . sl the
and with a malar flush, LM oy Y120 petu:

Chest.—Chest expansion is 1} mehl".;.:g: venally,
there is retraction of both apexes. Du_lﬂ“‘-.‘, STt
is detected on percussion over the upp ;\‘ Yl N
two-thirds of the right lung and over thc l&" Serative

. s
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,‘ ..h .-p'rt Tolw, behimd, winl over bath opper
..%" inbeg in front. Breath sounds are rather
seak, with prolonged expiration, Seat-
. taved variable shonchi sl miles ape heard
1 sgver the right lung, Ihind, over the Jeft

11,‘

. ,‘;u\-e (one examination). The diagnosis

~wad dust fibrosis in the udvanced stage, with
el wlmmulom, probably active.

‘rd v.Casc - 14,~~This norkor, & male, aged 36,
mmcnned work in an asbestos plant

TIn 1910, but was employed on other work

..'.i \-;

.

J’nul Jaouary, 1914. During the next five
;,‘ “years, until early in 1919, ubout three years
T od nine months were gpent in army serv-
H ice, for nine months of which he was a pris-
£ > leoer of war, but he had two short periods
i‘ “%heofwork in asbestos—eleven months in the
N u-mvmg, and zix months in the maitress,

v.departments,  From early in 1919 to No-
Zevmber, 1927, he worked in usbestos pros-
.ees, but for only six years and ten months
-ina dusty one (1nattress making). He then
Teut s empned work. He was referred 10 & tubercu-
. e ‘lum dispenrary on Oct. 19, 1927, when bhe
+'. gave ahistory of bronchitis in 1916 and 1917
oy dunn: the War, aud of never being very well
i _m eomplmmng of dyspnea, pain in the
vnght side, aod s slight enugh of only sbout
:.;.ux months’ duration, with a small amount
il grayish sputum., Dr. N, Tatiersall
y.orates thal at that time:

"-'.ph“Dylpnou was very marked, even on
57 talking, and there waw definite eynnosis.
~‘-_ g"‘ flo had marked lwllo\ung and respiratory
o "-‘.m.ruuon at both apices, especially the
t,-"‘w% *.ight; loss of note over most of the right lung
L ,,,'lnd the upper Lalf of the Jeft; bronchial
!' 7.2 breath sounds at Loth spices; fairly numer-
..,'-E;-w:m crepitations, mostly on the right side,

V"

Ya?
.

I ;;f and a pleural rub at the right bagse, He had

;, .u.mtohe bruit ut the apex and pleuro-

¥ E.‘ l‘r.:nurdml friction.

by “I examined him & number of times, the
’“ slast occasion being April 20, 1928, In that

silime he Lad lost 9 pounds, felt very weak,
dand’ the gy, 5pnoea was inereasing. The
Ligos remained much the same, though ocea-

: “f‘ﬂ‘ Souslly, if he got & cold, the moist sounds

,a:l'cn JnoOTe numeraus, especmlly at the
X Seven sputum  examinations were
F:t_'". und up to the time I last saw him

LRIper fobe in front, sl over the lelt root.

rapa:skisgram showed a definite diffuse
'd:_j"'gbruu plus tuberculosix. Sputum . was .

the spntuin had remnimn] giomil in srosnt,
and itz appearance did not supggest tuberele.

“My dingnozis from the hegivning was
ane of palmonury nln-stuﬂm with pusably
-added tuberele, - - :

“I ook twa Xerays of him, neither of
which showed appearances suggestive of
tubercle, everything pointing to s very
extreme degree of fibrosis.”

He died on Oct. 13, 1928. No postmortem
examination was obtained.

-

F10. 5.—~Case 14: Massive fibrosis, with
pleural thickening, retracted wpexes, and
phemnvthorax on Jeft side with 1ucomplete
collapse of Jung.

It will be noted that the length of expo-
sure to asbestos dust is unlikely to Lave
heen more thun ahout ten years and two
months, and of this time he was employed
only ahout eight and one-hall vears in a
dusty process. War service, of counsc, may
have reduced his resistance. The skiagram
(Fig. 5) shows a massive fibrosis with pleural
thickening, retracted apexes, and pneumo-
thorax on the left side with incomplete col-
lapse of the lung.

No doubt fibrosis of the type pro-
duced by ashestos dust can of itself
lead to complete disablement, and
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. . : point. In this connection it is of m-
- : This monograph i.s divided into a terest to note that emphasis is placed o ‘f"‘i'f‘* *
. short introductory or gemeral section on the importance of the determin “ﬂ R
+ and o special section. The first part tion of lead in the blood. s :,_1 3k arciddueyy
e ; ‘ is devoted principally to a discussion No attempt is made to dxscuss thes ezevsalin;
‘ of the outstanding disgnostic symp- details of technic. The monogmphxr s A
. : toms of lead poisoning and of the work  presents instead a critical review of thc'-"—"'—‘ peyekat,

) tors in the microchemical determina- ing to lead poisoning and will,.inc ?“’:"‘"-
. tion-of lead in blood, urine, and feces. sequence, doubtless have a wide'dpZit: ':f' a
J The second part discusses in detail the peal to all investigators in this ﬁeld""" s f-' fem
el Ve ey

; ) ings associated with lead poisoning; down to 1930, is particularly vn.lusbln.*‘,=: n‘:’" e
- . and, finally, the diagnosis, prophylaxis, “Bleivergiftung’” may well be rceo " TEeT
2 - . and therapeutic treatment of lead poi- mended as a valuable additionto’t “_.'“ -
= soning. library of students of public hea.lth:;m'f‘. ol
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finally to a fatal termimt.ion, even in
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The primary effect of the fibrosis
would appear to be that of causing
defective aeration of the blood, result-
ing in an added strain on the heart.
For many years, and even with an
advanced degree of fibrosis this may
be of little inconvenience, provided
physical exertion is limited, and acute
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(To be concluded)
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