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THE SILICA DUST H:\Z;\Rl‘) IN THE GRANITE CUTTING
INDUSTRY?
L. R. Tuoarson, M1,
Surgeon, Uniled States Public ITva'th Screcee

AND

Rouro I Brirres
Assoctate Stalistician, United States Public Health Scrrice

effect of industrial hazards on the
health of workers has been gained
largely from occuputional mortality
statistics and the physical examination
of satiple groups of employees. It was
believed that the dust hazard in this
country offered an opportunity for an
investigution of & more jntensive ehar-
acter, by observing groups of workers
over & period of time as to the charae-
ter and severity of ziekness which
might be aszociated with the hazand,
In order to study the health of
workers it the dusty trades, six specifie
investigations were undertuien, esch
dealing with a different type of dust,

IN the past our knowledge of the

* Reveived for pullication Jus 13, 130,

A list of these dusts follows:

1. Caleium dust (I'ortland cement plant)!

2. Silica dust (granite indostey)?

3. Metal and other dusts (silver polish-
ing)

4. Carbon dast (hiard coal mining)?

5. Vegetable dust (eotton mitting)

6. Munictpal dust {street sweeping)

Two papers in regard to the study of
caleivm dust Lunve heen pubdished in

CThompsen, L. 1. Brandage, D0 K,
Rllr‘.\‘t'“, A, B oaad Bloomfield, 3 g The
Health of Workers in Dusty Trales. B
Health of Workers in 2 Portland Coment
Plant, U, N, Pab. Health Bull. Noo 1505,
1028,

2 Russell, AV, Dritten, I Hnm\]\-
s b Ry, eed Blosmitield, J. The
Health of Workers in Dusty .-lw I
l\;\»wur»' ln Niliceous Py tGrnnite lml 5
tryt U Pub. Heslth Balt No 187,

T Also a mendited ctady dnososndt |..;|I
diatricy.




THE OCCURRENCT OF PULMONARY FIBROSIS AND OTHER
PULMONARY AFFECTIONS IN ASBESTOS WORKERS*

}. . AL MEREWETHER, M.D.

oML S el s peetor of Faelorics

INTuopUCTION

RIOR to the commencement of

this inquiry. in February, 192s,

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

The first of these, in retrospeet the
most suggestive, only cate to light
some years after the occurrence, when
full information was unobtainable
All that is known of this ex-e. now
referred to as “‘the Montwrue Murray
Case,” is contained in the evidenee
given by Dr. Montazue Murray before
the Departmental Cominittee on Corn-
pensation for Industrizl Diseases in
1006 71)." From this soures, we learn
that:

The patient, a male aged 33, came under
the care of Dr. Muntague Murray at the
Charing Cross Hospital in the beginning of
1899. He had worked with asbestos for
“some 14 years,” 10 years az a cardroom
hand, and the remainder in some other room
of the fuctory, ““where there was much less
dust.” He voluntecred that, of the 10
people working in the cardroom when he
went into it, he was the only surviver, and
that all the others had died somewhere abuut
30 vears of age.  There is 1o note us to the
nature of Lis work, previeus tu that in tis
a-tuestos faetory,

He was treated in the Charing Cross Hos-
pital for two months, sad then returned to
work. After a few months, however, he
became ill again, and was re-sdmitted to the
Hospital in April, 1900, where he died. The
post-mortem examination conftirmed the
clinical diagnosis of extensive pulmonary
fibrusis. There was no evidence of pulmo-
nury tuberculosis, and examination of the
sputum fur BB. tuberculosis was negative.

The sceand ease was reported by Dr.
W. k. Cooke in 1924, eighteen years
later ¢2):

The deceaszed, a woman, aged 33, who
died in 1924, had worked in asbestos for 18
vears, but intermittently for the last 5
years, owing to periods of ill-health. The
post-mortem  examination revealed, not
only extensive fibrosis of the lungs, but also
much change due to pulmonary tuberculosis.

Although Cooke (3) and Stuart
McDonald (4) were conclusively of the
opinion that in this case the lungs
showed a proeressive dust fibrosis, to-
gether with a chronie tuberculous in-
fection, the etiologie relationship be-
tween the inhualation of asbestos dust
and fibrosis of the lungs would have
been strengthened by the absence of a
tubereulius infeetion.

Cooi’s cuse 13, however, of out-
statdizg anportence, noi only beeause
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PULMONARY FIBROSIS IN ASBESTO3 WORKUERX

cause its publieation azain directed
attention to the possibality that inor-
ganie dusts containing litile or no free
silice may be productive of extensive
pulmonary fibrosis.  Of these dusts,
the silicates form a verv large cluss,
of which axbestos is hut one example.
Many other niembers of the elass,
such as the feldspars. kaolin, French
chalk, and pumice. are extemsively
used in industry. ‘The importance,
therrfure. of Jdelimiting the potentiudi-
ties of the cluss as producers of pui-
mon:ry fibroxisis clear.

Cooke's cuze wus the first to be
generally  reported  in the medieal
press; the fuets of the Montague
Murray caxe, although contained in
the evidenee  presented  before the
Depurtmentad Comnnittee in 1906, and
publishied in 1907, were liable to be
overiooked in the mass of important
material on industrial diseases elicited
by that Committee.

Since Cuoke’s case, Dr. 1. M. D.
Grieve has made a carciul study of a
group of ashestos workers in his prac-
tice, uand has courteously allowed
aceess to his records,

In February, 1928, Dr. MacGregor,
Medieal Officer of Health for Glasgow,
drew my attention to an asbestos
worker who was receiving treatment
in one of the hospitals in that city.
Thiz eaxe, the details of which have
been reported by H. E. Seiler (5), pre-
sented, both clinieally and  radio-
logically, sizns of a diffuse pulmonary
fibrosix, with 1 evidenes of w tubereu-
ot infectoay oy fupther investige
thon juteo s 0 0 Dndustrind wned
nied, : . S e

19

This case. at that time the third of
which the Faetory Departmient hag
knowledge. was, however. the first iy
which the four essential conditinns,
necessary to establish a relationship
between the inhalation of asbestos dusy
and the development of fibrozis, coni.l
be demonstrated.  These conditions
are:

1. Work involving expusure to asbest
dust. .

2. The existence, demanstrable ¢ L
and radiclogically, of a definite pulnmianacy
fibrosis.

3. The absence of previous or present ig-
fections kncwn tn eadse pulmonary fite s
~—¢.g., tuberculosis, Intlucnusa,
monia.

4. The absence of previous or preses:y
work involving exposure to uther dusts.
which might cause puimobary fibrusis

or plae -

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

The importance of estubli-hing
whethier the supervention of this dis-
ase in an asbestos worker wax an
exceptional oceurrence. or evidener of
a grave health risk in the industry, was
now apparent. and steps were tiken.
forthwith, to obtain prima facic evi-
dence in proof. or disproof, of the exist-
ence of such a risk.

A pumber of workers in asbestos
were selected and examined clinieally
and radiographically. The findinz<’
invited further investigation throuwsh-
out the i dustev withithe resuls that o
cotprelre s LGPV Ve e thae
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200 THE JOURNAL OF INDUSTRIAL HYGIENE

with the carding, spinning. and weav-
ing processes of the indusiry.

In the meantime, in March, 1028,
the death of an asbestos worker (one of
Dr. Grieve's enses) oceurred in another
part of the country. and. on post-
mortem examination, a condition of
widespread fibrosis of the lungs, with-
out tuberculosis, was revealed. The
microscopic examination also disclosed
the presenece of the curious hudivs.

In 1902S. also, Dr. F. W, Sison ()
reported a fatal case of fibrosis of
the lungs occurring in a native work-
ing in an ashestos mill in s=outhern
Rhodesia.

1n order thut this brief survey of the
events leading up to the present in-
quiry may be complete. it is necessury
to review the investigation made in
1910 to 1911 by Dr. Coliis and Miss
Whitlock—the only previous inquiry
into the subjeet.

In May, 1010, the Registrur-Gen-
eral drew attention to u death which
had been certified as “acute pulmonary
phthisis in an asbestos worker,” and
to a statement (for which he was un-
able to vouch) that seven other deaths
from phthisis had occurred in the same
factory.

Following this, extensive inquiries
were made, & medical report on all the
employces in the fuetory 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 uasbestos
quarries and mills in thut Dominion,
evidence of increased sickness und
mortality rates among the workers,

and any methods of ventilation which
had been found of especial value,

“The result of this investigation did
not couelusively prove that asbestos
possessed injurious properties. but it
pointed to the probability that such
was the case. It is interesting to con-
sider why it was that no conclusive
proof one way or the other could be
obtained, then, as to the injuriousness
of asbestos dust. Some, if not all. of
the factors which afiected the position
then are, in varying degree, continu-
ing factors, and have an important
bearing on the present inguiry.  Their
operation, while providing a solution
to this query. also affords an explana-
tion to another pertinent question:
Why is it that this industry, founded
in antiquity, has only recently excited
attention, by reason of its raw material
beeotuing suspected as a cause of indus-
trial discase?

The answer appears to be that in the
past it was not practicably possible to
obtain proof of the injuriousncss of
asbestos dust, considering the limita-
tions imposed by the state of the indus-
try, and the point reached by rescarch
work into the relationship between
dust inhalation and diseases of the
lungs.

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

Precise hnowledge of the morbid
wflections of the fungs produced by the
inhikation . 7 ors was more fragmens-
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PULMONARY FIBROSIS IN ASBESTOS WORKERS 201

tary than it is today. The position
was clearly stated two years later in
evidenee placed before the Royal Coni-
mission on Metalliferous Mines and
Quarries.  This Comunission, when re-
porting in 1914 (7). stated “we do not
know whether other dusts besides those
containing {ree ervstalline siliea induce
a pathological condition in the lungs,
though the experiments of Professor
Beattie in animals suggest that this
may occur.” Itisonlyin the last year
ar two that rezearch hasproduced some
definite evidence as to the precise
effects of some of these dusts on the
ungs (S) (9) 110) (11) /12).

In 1910. radiography of the lungs. in
both its technical and its interpretative
aspects, was still in its infaney and,
0 far from having attained its present
status of being an indispensable aid to
the dizxgnosis of the dust diseases of the
lungs, was an unused ally.

In wldition, the existence of a meas-
ure of exhaust ventilation in the most
dusty proces=cs of the industry, incom-
plete as it wus, had important results
in modifyving the on=et, course, and
duration of any pathologic lung condi-
tions resulting from the inhalution of
the dust. This influence has been
much more pronounced in the period
intervening between 1912 and  the
present inquiry, und will be referred
to again.

Ancther factor which has tended and
still tends to obscure the possible
deleterious effects of the non-siliea
du-ts, is the general use of the phthisis
mortality Faie as u cotparative index
of the degree of mjurivusness of the
dust encounterad e the varous dusty
oceupation=. T s whileof wrent
value in sepr o ey
intn oo

v distries

show an excess mortality from phthisis,
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 meuns 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, amount of food, Liousing, and
other social and environmental condi-
tions are, however, powerful influences
in the same direction. and are not
necessarily comparable as between the
workers in any two industries.

In thus reviewing some of the influ-
ences which have retarded recognition
of the baneiul effects of some dusts
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 onsct.
stealthily advances with but faint
warnings of its progress; inexorably it
eripples the essentinl tissues of the
lungs. yet for a consideruble period
causes almost no inconvenicner to the
worker. As time goes on, however,
the lungs find more and more diffieulty
in re-gerating the blood; and breathing
is quickened on slight exertion.  Ntill
the worker is able to remain at work,
tat ix aware of his undue shortuess of
breath on extra effort.  Usually, how-
eyer, by ;n.wz'ﬂn'\' Yo erilses mhvrth:m
the dast L ds indedis

A the discase s U na i
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a stage is reached when the binwes ean
do little more than maintain ife; and
the shortness of breath is extreme.
Eveninits terminal stages, the dizease,
deceitful to the last. may mazqterade
as chronic bronehitis. pulmonary tu-
berenlosis. bronchopueumouia. or the
like.

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

The difficulty of diagnosing pulmo-
nary fibrosis. espeeially in its early
stages, or if complicated by tubereu-
losis, has been stressed by u nuniber of
authorities, and has, undoubtedly, con-
tributed to impede the attainment of
precise knowledge of the extent two
which the various industrial dusts
affect the lungs.

Difficulties and obseurities 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 that ashestos, in
conunon  with  some  other  dusts,
might produce perisanent puthologic
changes in the lungs, it was not possible
to obtain evidence sufficient to prove
ordisprove this hypothesis,

At the outset of the present inquiry
into what, if any, pulinonary discuses
workers exposed to the inhalation of

ashestos dust are more prone to con-

tract than the weneral populativn, it
was considered essentinl to view the
problem afresh, and with ennnieie
aotachment, beenuse of the fuer thut

asbestos dust has a totally different
physicochiemical constitutionfrom that
of dusts containing much free silicaand
causing stlicosis. It was felt that
although much valuable guidance
could be obtained from the methods
of investigation of silicious dusts, care
had to be taken to keep £n open mind,
$0 as not to be unconsciously biased
in the dircction of assuming that the
effeets of the dust. if any, must be ¢om-
parable in some degree to those of
crystalline silica.

ASBESTOS AND THE ASBESTOs
INpUsTRY

Asbestos

The term asbestos is a collective
name, of no definite mineralogic sig-
nificance. which has been applied to a
variety of silicate minerals, which differ
from one another in chemical compo-
sition and physical properties. but
which resenible one another in their
fincly fibrous feature and flexibility
(14). Their value depends on the
facility with which they are capable of
being split up into long and flexible
fibers, which can 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.

Varieties of ashbestos possess these
qualities in differing degree. Com-
mercinlly, therefore, selection is made
by the manufacturer of that varicty
and grade which is most suitable for
the purpo=e in view, regard being paid
to ordinary eeonomic factors, such as
the cost of the raw muterial, and the
priee which the finished article may be
expeeted to corntuand,

Cuansiznn ent< of asbestos of the
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PULMONARY FIBROSIS

ent countriex of origin. are frequently
mixed in the preliminary processes of
manufaeture,  Thus Canadian chryso-
tile may be mixed with Russian, or
Rhodesian chrysotile. and soon.  Less
frequently. totaily different varieties,
such as amosite and chrysotile, may be
mixed.

Practically speaking. all that goes
under the name of asbestos, in com-
meree, 1= either fibrous serpentine or a
fibrous mineral of the amphibole, or
hornblende, group.  The former is the
important commercially: but
striedy. the mineralogists confine the

mosg

IN ASBERTOS WORKERS 243
bined water, and usually more eal-
cium, aluminium. and iron.  Members
of this group are resistant to :cids.
but are more difficult to spin, some
being quite unsuitable for this purpose.
The most important members of this
group are crocidolite, amosite, and
tremolite, _

Crocidolite and amosite are mainly
silicates of iron. the former having a
beautiful lavender-blue color. thelatter
being brownish-gray. Both are spun
and the varn 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

PERCENTAGE &7

MINERAL VARIETY ] 0.
GROUY 8i0, ALO: }!‘90 MgO  Ca0 N0 Ky0 bcii\?d
! €0 : Water
Serprenting . Chrysotile 39425 0-3.7 0744 3943 ~035 .. 13 3-16 5
Amphinole © Crocidulite 30.3-52.1 0-1 33.5-37.4 0-3 75 629 16435
(hotr- ¢+ Amosite 4%-53 12904 3444 0764 .. 0235 ... 2-3%
bBlendey ! Tremolite 57.2 0.9 32 28 13406 03 24

term asbestos 1o fibrous forms of horn-
blende,  These two types are sharply
distinumishable, chemically and miner-
alogicully.

Rerpentine ushiestos, or chrysotile, is
a Lydrated wagnesium silicate, eon-
tainite practicuily no caleium, « high
pereentage of combined water, and »
liw poresntawe of jron.  This variety
is very suitable for spinning, but is
attuehed by ucids, Nearly 80 per eent.
of the world's praduction of ashestos is
derived from Catiada, and is of this
varietyv: the rensdmler cones maindy
from Soon Arven sed Bussia,

Phi nplalans o berablende, vari-

b e ot Coa e b,
Clies e r vy it Llbe OG-

mattresses, as well as for other pur-
poses.  Both ure produced extensively
in South Africa, from which quurter ull
required comuucreially s obtained.
Awmosite, a comparatively recent dis-
covery, is found there in very Jaree
deposits; its use is steadily inereasing,
the initial difficultics associated with
the manufacture of textiles from this
variety baving been overcome.

Tremolite, found in vurious quarters
of the world, has heen mined in north-
ern [taly since the time of the Rouin=,
Its chief use i+ iu the manulucture of
asbe=tos naill oonl and for Gltering
Purpesie-
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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 annum, is suitable for spin-
ning, and the most desirable grades of
spinning fiber, consequently, command
a high price—now over £100 a ton.
The shortage of this grade has led to
improvements in manufacturing proec-
esses which have enabled less expen-
sive grades of fiber to be utilized for
spinning. some of which give rize 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
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 has been
responsible for the phenomenal expan-
sion of the industry azs 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 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 over 230,000 short tons, and
by 1925 to over 330,000 short tons (13).

The imports of asbestos (all grades)
into the United Kingdom rosze from
18,591 tons in 1922 to 33,520 tons in
1927 (16). The figures for 1927 refer
to Great Britain and northern Irelund
only. Of these quantitics S844 tons
and 3,704 toms, respectively, were

reexported. Thus the eonsumption of
asbestos in this country trebled within
five years.

The Industry

On considering the uses of asbestos
one is astonished, not only at the wide
range of articles manufactured from
this mineral, in greater or less propor-
tion, but also at the diversity of indus-
tries which nowadays find its use
necessary, either in the form of the raw
material, or as manufactured articles.

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

The processes selected may be
divided, roughly, into

1. Processes involving the manipulation
of ashestos, either pure, or admixed with a
small proportion of cotton, or other vege-
table fiber,

2. Processes involving the manipulation
of asbestos together with otber dusty ma-
teriala,

3. Processes involving the making up of
asbestos cloth into other articles.

Group 1 entails exposure to asbestos
dust mainly, and to cotton, or other
vegetable dust, very slightly; group
2 entails exposure to ashestos dust in
very varying anuounts, and ulso expos-
ure to divers other dusts, such as brick
dust, magnesia, kieselguhr, fossil meal,
and cement; in group 3 the exposure to
asbestos dust—provided no other as-
bestos processes are being carried on
in the vicinity—is, in the majority of
cuses, negligible.  Processes belonging
to all three groups may be carried on in
the same factory, and workers may
tratsfer  frome one  departent  to
uanother
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Investigation into the intricate ques-
tion of the effect= 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,
and moreover would introduce an in-
calculable variable into the final
results. 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
to exclude, as far as possible. from the
inquiry all workers exposed to the in-
fluence of mixed dusts, and all those
not employed in processes included in
groups | and 3.

The processes included. therefore,
are the ecrushing, preparing. sieving,
opening. mixing. carding. spinning.
doubling, plaiting, braiding, and weav-
ing of ashestos, tomether with the
operations incidentul thereto.  Also
included is mattress muking, where the
filling is ashestos. and the manufacture
of some insulating materials, where the
dust produced is ashestos.

The carding and spinning processes
have many points of resemblance to
the corresponding processes in the
cotton industry, hut with essential
modifications and restrictions caused
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
cotton is added.  More rarcly, and for
special purposes, long-fibered ashestos
is carded and spun with no admixture
of vogetuble fitwer, but usually asbestos
yarns cottain o core of cither cotton
or metal wire

Asbestos v e

fvnee i for
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the weaving of fabries, which theme
sclves 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 asbes-
tos cloth stuffed with asbestos fiber.
The stuffing material may be, however,
slag wool. magnesia (containing sp-
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 ashestos 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, huve
been the cause of much technical diffi-
culty in manufaciure. The efforts of
manufacturers to cope with these diffi-
culties, together with those due to wide
variations in the plysical propertiez of
the raw material, are reflected in the
methods employed by each. For these
reasons, and hecause 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 uendlethinls of manufae-
vare tvpe of Bri-h lur e} extent
] 7 coventibe on
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all result in variations in the evolution

* of dust in similar processes in different

factories.

Variations in the evolution of dust in
different processes being of outstanding
importance. a series of samples of dust
from the air of workrooms wzs col-
lected, by means of the Owens jet
apparatus.

Population at Risk.—X\ caleulation of
the total number of workers emploved
in the processes alrcady enumerated as

TABLE 2~DISTRIBUTION, ACCORD-
ING TO LENGTH OF EMPLOYMUENT,
OF (A) 775 WORKERS ENGAGHED
IN ASBESTOS PROCESSER AND
(B) SELECTED SAMPLE OF 353

WORKERs
(A) (B)

< 2
YR3., EMPLOYED ' - ﬁ
04, 453 623 S 245
0. ..o, P 200 25,6 141 388
10-14...0veninnn, | 51 6.6 54232
15-19. .o 2431 2% 77
20 and over........... i 17, 2.2 21 5.8
Total......o.oen.... ' 75160.0' 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 approxitutely 1,600; if we could
add to this the number of workers
engaged in handling pure asbestos fiber
only, in the preliminary stages of the
processes included in group 2, we
should obtain the total population at
risk from the effects of asbestos dust it-
self. Unfortunately, this lutter figure
is unobtainable; but a rough estimate,

TS S PR N

and most probably an overestimate,
is 600. Thus, about 2,200 appears to
be the total population at risk in this
country, for the purposes of this in-
quiry. This figure, however, does not
include the large number of workers
engaged in the processes in group 2
which involved exposure to the influ-
ence of mixed dusts, of which asbestos
is but one, and commonly not more
than 20 per cent. of the mixture.

This estimate of the population at
risk, although 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 correetly
the incidence rates oi any pultmonary
affections disclosed by the examination
of the sample (30).

The sample examined (after eleven
cases are excluded of fibrosis and pre-
fibrotic conditions due to causes other
than the inhalation of asbestos dust)
numbered 363, representing 16.5 per
cent. of the population at risk, esti-
mated as above. The manner of
selection of the sainple must be referred
to, since just interpretation of the
results depends upon a due apprecia-
tion of the relationship of the sample to
the whole population at risk.

The principle of sclecting primarily
those longest employed was adopted;
but regard was also paid to the other
end of the scale, 50 as to obtain infor-
mation as to the length of exposure to
dust necessury before effects 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 be
obtained in the chortest time.

Table 2 shows the distribution,
according to length of employment
(not necessarily in one factory), of
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773 workers engaged in the processes
under review, and of the sample of 363
workers, distributed in the sune way.
The enormous preponderance numeri-
cally ‘of workers employed under five
years in these processes is striking, as
is also the very low percentage of
workers employed ten years or longer.

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

“Not only the value. but the neces-
sity, of radiographic examinations of
the chest in investigations into the
effects of dust upon the lungs, has been
emphasized repeatedly by Watkins-
Pitehford, and reaflirmed by the
Depurtinental Conmittee on Cotpen-
sation for Silicosis (17). A high
standard of radiography is essential;
as Watkins-Pitchford phrases it, the
radiogr:uns must be “teehnically satis-
factory.” Indifferent films are useless,
since it is the fine detail of the lung
which is being studied.

In a general inquiry, such as this,
whieh involves the examination of
workers in fuctories, lurge und small,
scattered over the country, it is not
practicable, nor is it necessary, con-
sidering the special purposes of the
inquiry, for radiograms to be taken of
all the workers examined. The dislo-
cation of work in a factory, csused by
the absence of a number of hands for
this purpose, eannot be viewed with
unconcern. e~pecinlly when, as is not
infrequent, tf - fuetory 1= remote fromn

Vel 12
MR

a center which is equipped with the
necessary X-ray plant, and where the
services of a consultant versed in the
seience of radiography of the lungs are
available. Furthermore, it must not
be overlooked that such examinations
are voluntary, and not, as in South
Afriea. compulsory. Moreover, re-
peated and protracted examinations
only result in the exhaustion of all
concerned. and much depends on the
willing eo-operation of employers and
employees, since the only incentive is
adesire to further the common weiiare.

Radiography. therefare. has a differ-
cnt function in these inquiries. than
when it is applied to individua! ceses
for compensation or other legai pur-
poses. This function is not thut of
replacing careful clinical examinations.
as has been recently foreshadowed (1s.
p. 40), but primarily that of Leing
an indispensable aid in dizgnosis,
especially of doubtful cases. in the
determination of complicating lo~iuns,
in measuring the extent and progress
of the disease, in locating the point at
which the earliest radiographic =igns
appear, and finally as s check upon
the human factor presented by the
examiner himself.

The examinations {(cxcept onej were
carried out at each factory, in a reom
set apart for the purpose, suitably
warmed, and with the nceessary
appointments. (On occasions the noise
of traffic or from the adjoining factory
was a hindrance, but in one wav or
another these difficulties were over-
comie or minimized.

All the selected workers were exam-
ined by the writer, At three factories,
however, a number of workers were
examined jointly with Dr. B, L. Middle-
ton. His far-rexeline experience of the
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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 effoert was made to complete
the elinical examination of the workers
before the onset of winter introduced
difficultics due to ephemeral bronchitis,
colds. and influcnza, which would tend
to obscure the muin issues. Thus the
clinical, and two-thirds of the radio-
graphic examinations were completed
by the middle of November, 1928, prior
to the commmencement of the influenza
epidemic early in 1929,

CriNtcal EXaMINATION
Percussion

The inhalation of asbestos dust
originates changes in the lungs, which
may be looked upon as a measure of
the efforts of the living tissues to repel,
or inearcerate, the irritunt particles of
dust. These chunges modify the per-
cussion note. It is true that the note
elicited may be similar on both sides,
but the note is not normal. It is
thinner and higher pitched than nor-
mal, and there is a 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
note, however, is more difficult to
recognize because it is bilateral, and
extends over & wide area; consequently
the aid of contrast percussion is denied.
It is best elicited by rapidly, and
very lightly, pereussing the buek of the
chest from apex to base on euch side.
It will be found that the extreme
apexes remain clear, but below the
apexes the lmpuirent - wen 0 D

trigee

"~

these, it diminishes in intensity, but
still persists. In other words, we fiod
tacked on to the paravertebral dulness
an area, above and below, of impaired
resopance, which is much more exten-
sive than that usually associated with
old inactive hilar tuberculosis.

Impairment of the percussion note
was found to be constantly more
marked in the right side; in fact, 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 conelusion
that the carliest detectable cases are
bilateral, although the signs on the left
side are tenuous,

This change is so constant that it has
been adopted as the most reliable single
clinical sign presented by this type of
pulmonary fibrosis, and no-case has
been classified as fibrotic in its ab-
sence.

Considering the frequency with
which signs indieating what may be
termed “enlarged roots” were found in

- asbestos workers, it may be that para-

vertebral dulness is one of the earliest
signs produced by the inhalation of
asbestos dust, indicating congestive
changes in the root areas and a choking
of the lymphatics with dust. Reflex
impairment of note, due to irritation of
the lung tissue by dust, is, however, an
attractive explanation. It does not
follow, of course, that workers present-
ing these signs will ever develop a defi-
pite asbestos fibrosis.

Clearly, the physical signs presented
by any cuse of diffuse pulmonary fibro-
sis not only may be modified by
changes produced by some intereurrent
hane dirense, but, ab (o will v
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PULMONARY FIBROSIS IN ASBESTOS WORKERS 209

the fibrosis may be implanted upon a
perfectly normal chest. in which case
the problem of diagnosis is straight~
forward. In other cases, however,
preexisting root changes, so common in
an industrial community, may be pres-
ent, or the lungs may be already the
seat of emphysema and chronic bron-
chitis. or of definite old tubereulous
lesions, or there may be a massive
pleural thickening, the result of an old
pleural effusion. All these examples
have been noted in the present investi-
gation, and others will readily come to
mind.

Although in most of these cases 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 are pro-
nounced and diffuse. Three types of
these cases have caused most difficulty
among those examined; fortunately,
numerically they were few.

The first of these is where the dust
fibrosis has been implanted upon lungs
already emphysematous. It seems
that, at any rate in the case of the
asbestos fibrosis, until the fibrotic
changes get the upper hand, clinieal
diagnosis of the fibrosis in these cases
is impossible. Nevertheless, although
the problem of the diagnosis of a
fibrosis implanted upon an emphy-
sematous chest has caused some diffi-
culty in this inquiry, it seems likely
thiut it eun urize only under exceptional
eireinstees,

Goor et vpe of case which has

Cifenlty i etmesd

to healed tuberculosis. That there is

an extensive fibrosis is clear cnough,
and that most of it is not due to asbes-
tos is strongly suggested when examin-
ation of the lower portions of the lungs
shows that they are comparatively
slightly afiected. " Further help in
these cases, of course, may be obtained
from the history and symptoms.

The third type, also rare. is that in
which changes following an old massive
pleural effusion on one side so obscure
the pbysical signs of any dust fibrosis
as to render that side uscless clinically
for diagnostic purposes. If the side
affected by the pleurisy happens to be
the right, the radiographie picture is
also curtailed by the normal partial
obscuration of the left lung base by the
beart shadow.

These three types were, with the
possible exception of the first, uncomn-
mon, and are mentioned merely to call
to mind some of the ways in which an
ashestos fibrosis may be masked, in
greater or less degree, by changes due
to other disease.

Only passing reference need be made
to the other physical signs found in the
asbestos fibrosis, since they do not
differ materially from those presented
by silicosis. Chest expansion is dimin-
ished and may be reduced to one-half
inch or even less in advanced cases,
Retraction of the apexes is common,
and sometimes shows a peculiar feature
differentiating it from that found in
fibroid phthisis, Instead of the jm-
mobile wid sunken apexes seen in the
lutter dizense, the apexes are seen to
dezeend during inspirstion, and to rise
e expiration, This seems

too e the anckerny of nortml
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“mation of this was obtained radio-

logieally.
Aselintion
In the majority of the cases of

fibrosis, the respiratory murmur is
weakened, much or little. generally,

more on the right side. and oiten still

more at the hase; the expiratory sound
is weaker than the inspiratory. and
often becotnes less and less audible as
one approaches the bases,

Transitional phuses between this and
harshened 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 lusws. but progressively
diminish towurd the bases. Other
combinations were also noted. how-
ever.

The dry charaeter of this type of
fibrosis during tnost of its course is
rather striking, Secattered fine riles
and clicks in the root areas, axillne,
and bases were not infrequent; slight
edema of the lower halves of the lungs
was noted in one of the more advaneed
cases; but in a number, no adventitious
sounds at all were heard.

Pleural crepitations, and rarely a
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 auscultation reflects
underlying changes, temporary or
permanent, in the lung, and is depend-
ent, inler alia, on the extent of the
fibrosis with its associated pleural
thickening—changes due to pust dis-
ease, catarrh, or other intercurrent
affection, and to the degree of compen-
satory emphysemna present

-
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Symploms

The svimptoms exhibited by these
cases of fibrosis, as might be expected,
closely resemble those of silicosis.
The distribution of the main symp-
toms, and of one sign, cyanosis. which
is included with the symptoms for con-
venience. is given in Table 3. A few
cases have been excluded on the
grounds that one or other of the symp-
toms complained of might be ussigned
to causes other than the fibrosis. such

TABLE 3.~DISTRIBUTION OF FOUR
COMMON SYMPTOMS. AND OF
CYANOSIS, AMONG CASES
OF FIBROSIS

= CASES IN

H WHICH

3 SYMPTOM
SYMPTOM ; WaAs PRESENT
g

: - i Per
B No. " Cent.
Cough................. t g1 : 54 1593
Cyanosis,............. i 93 [ 52 (559
Dyspoea.............. i 91 . 47 516
Expectoration......... 161 . 31 1341
Pain .....ooooennnn P94l 10 108

1 Excluding those in which the presence
of the symptom is referred to other causes.

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

Between 50 and 60 per cent. of the
cases complained of cough, or of short-
ness of breath on slight exertion, or
showed some degree of eyanosis,
whereas only about onc-third comn-

‘plained of expectoration, and onc-

tenth of pain, or discomfort, in the
chest. Also, while 14.6 per cent, of
the euses had no compliints and
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cent. presented all four complaints and
were evanosed. 60.6 per eent, presented
two, three. or four of the five items.

(learly, none of the four complaints,
or the presence of eyanosis, ean be an
infallible indieation of the existence
of fibrosis: but the presence of two of
them. shortness of breath on slight
excrtion. and evanosis in some degree,
in an asbestos worker. is highly sugges-
tive. in the absence of other evident
eause.

Nevertheless an advanced degree of
fibrosis may be present. and little con-
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 svmptoms, in the absence of
an intereurrent brouchitis, since the
remaiing sound lung tissue is still
amply sufficient for all purposes,

Cough was the most frequent symp-
tom, und was of two types. Yora few
weeks after commencing work in a
dusty process, ashestos workers often
find the dust irrituting, and cough
while in the dusty atmosphere; this
lasts for a few wecks, and then usually
disappears. The writer has noticed
this cffeet on himself, but only while in
a very heavy cloud of asbestos dust,
The dust scems to be only slightly
irritant in this way. One or two mien
who had previously worked in cotton
card rooms, or blow rooms, and were
affected by that dust, stated that they
were  unaffected by asbestos dust.
Certainly asbestos dust does not cause
asthtnatie attacks like those seen in
cotron curd roon: workers.  One man,
whes naierated frum a cotton eurd room
(“lar b waste™) nine years ago 1o un
rout, on aeeount of the

e s dees e

'
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find ashestos dust irritating, but to
this day cannot work with a cotton
scuteher (as he oceasionally does) with-
out precipitating a coughing atack
within an hour or two,  Altheugeh he
suifers from winter cough and o
shortness of breath, he stated that his
health has been much better sinee the
change.

Asbestos dust. therefore, has only
very mikd powers ax u reflex frritant of
the upper respiratory tract. and is, in
this respect. comparable to free silica.
This is an unfertune gtrribute, sine-
it leads to the assumption that the du-:
is more or less innocuous.

The second type of cough is more
intimately associated with the deveiop-

rent of fibrosis. and occurs. or perhaps
i= poticed. alter a varying number of
vears' work. Usuallyitis present only
in the morning on getting up. when
after rather a shurp attack of coughing,
a little viseid sputum “hike an oyster”
is brought up. A similar bout
oceur at night after ceasing work: at
times it is sufliciently sharp to cuuse
retching. It is generally rather worse
in winter, and may be noticed only
then.  Although it closely resenhics
smokers’ cough. it= features ure pre-
cisely the same in nonsmokers,

Persons giving o history of eough
dating from an attack of pnevmonia or
other illness in childhood, nlinost in-
variably state that the cough has not
becumie worse sinee working with
ashestos.  One worker suceinetly de-
seribed the cough as “first in the
throat; later catehes the chest.”

Generally, this cough ecauses very
little iuconvenience and may pass un-
noticed nntil the develapmment of some
othe = winprom direets attention to the
vener nostae of healtt,s Thus, out of
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sixty-six cases of fibrosis, in thirty-
three (30 per cent.) the cough was
stated to have preceded the onset of
shortness of breath, in twelve (18.2 per
cent.) to have developed contempo-
raneously. and in twenty-one (31.8 per
cent.) was either not noticed until after
the onset of shortness of breath. or,
although 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 pulmonary tuberculosis;
in another, it occurred only during a
prolonged attack of pleurisy; and in a
third, the hemorrhage was gastric in
origin. Cyanosis, a valuable sign
when present, rarely amounts to more
than a duskiness, or slight blueness, of
the lips; it contrasts, however, with the
general 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 was noted
in 10.6 per cent. of the cases.

Well-marked clubbing of the fingers
was noted in a few cazes. The general
nutrition is hardly affected. except in
the latest stages. Only ten (10,5 pir
cent.) were noted as hwing thin  In
one, the nutrition wus - - -

T Vet et
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and in the remainder of the cases,
good.

Radiography

Radiograms of the chest were ob-
tained of 133 workers, or 35.5 per cent.
of the number examined clinically.
Of these. over 100 were taken by Dr.
E. W. Twining of Manchester. and
Dr. N. Tattersall of Leeds, and the
remainder (except one) by Dr. F. L.
Henderson of Glasgow. To all three,
I am much indebted. Dr. Twining
and Dr. Tattersall have devoted many
hours to the joint study with the writer
of the radiograms, and have drawn
freely on their wide experience of radi-
ography of the chest in furthering the
purpose of the investigation.

Dr. R. 8. Paterson of Manchester,
too. added his experience to a final
review of the films, and Dr. E. Barclay,
now of Cambridge, lent his assistance
in interpreting some difficult filins;
to both, 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
superficially, comparable to silicosis.
In the carliest negatives studied with
Dr. Tattersall, a characteristie slizht
obscuration of the lung fields, a general
lack of translucency, was noted. This
appearance, for want of a better term,
was denominated as “veiling.”  Dr.
Burton Wood has independently noted
(19) and counfirmed this, roivrning to it
us the Spround cles wrdweranee”
Py e : Co .
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varying size seen in the striation in the
mid-zones in some of the films.

There was general agreement as fo
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, ncither 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 stages are not characteristic radio-
logically, but that the stage of fine dusty
stippling is almost certain to be eveatually
provahle as an early asbestos lesion. We
saw it constantly in a large series of films,
and after a Jittle experience it is quite easy
to deteet it.

Some of the other cases showed a few
grouped lesions, like rosettes or leopard
markings, each component being shout the
gize of a primary lobule. These are similar
to lesions sometimes scen in tuberculosis.
In the ashbestos eases I regard them as being
groups of primary lobules making up &
lobule, the walls of which are infiltrated.
They certainly seem to correspond in size
with the macroscopic lesions seen in the
pathaological speeimen.

The advanced cases show Leavy basal and
mid-field mottlings, cowmon in pneumono-
eoniosis, with a tendency to avoid the
apices,

On the whole the lesions are distinctly
less dense than those of silicosis, and are less
easy to group into well-deiined stages, but
I thiuk we can recognise:

1. A very doubtful stage ol increased
lincar striations.

2. Fairly definite fine dusty stippled
apjosrunge,

3. Coarser mattling with increased lipear
srrialn el

H

so~s lesions with poeira chaniges and
Cracdae s v ol od e e

The radiographic appearances in the
earlier stages are most marked on the
right side at the base or in the central
zope. This corresponds with the clin-
ical findings. This preference jor the
right side has been noted also in
silicosis, by the South African ob-
servers. The cases showing radio-
graphic signs of a dust fibrosis have
been classified in three broad groups.
This grouping. although unscientifie,
is convenient pruactically. considering
the main purpose of this investigation.
Indeed more precise clascification
based on the particulur radivgraphic
changes noted might well be mislead-
ing at the present time.

Much combined clinieal, radiologie.
and pathologic study is required into
the whole subjeet of these fine typies of
dust fibrosis, which have heen noted in
workers exposed not only to silicate
dusts other than asbestos, but also to
other inorganic dusts containing no
silica, before it will be possible to
classify the radiologie changes as has
been done so successfully by the South
Afriean warkers in respeet to silicotic
fibrosis.

The hypothesis that, beeause asbes-
tos dust produces a pulonary fibrosis
with consequent deviations from the
normal in the Jung skingram, the de-
gree and potentialities of this fibrosis
cun be assessed by comparison of its
radiologie picture with those of stand-
ard silicotic films, iz untenable.

At least two general types of pul-
monary fibrosis caused by inorganie
dinsts eun be reeognized. A thind,
sepresenting the pirely peribronchial
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types. These types are (1) that pro-
duced by combined silieca dust, an
example of which Is seen in ashestos
fibrosis, and 2; that produced by free
silica dust, represented by silicotic
fibrosis.

These two types, while resembling
one another in clinical signs and symp-
toms, differ materially both in the
nature of the lesion produeed in the
lung, and in the character of the asso-
ciated radiographic picture. Thus,
attempts to weigh, consciously or
_unconsciously, ushiestos fibrosiz, or any
dust fibrosis other than silicosis, by
meuns of the standard radiographie
changes found in silicosis, is unsound
and is likely to leud to o misconception
of the potentiulitics of the dust in ques-
tion. .

Badham (8) gives an example of this
source of error in reporting the unex-
peetedly early death of a man affected
with a fine fibrosis eaused by an ortho-
cluse busult containing no free silica.
Referring to some of the radiologie
differenees between the fine fibrosis of
dusts other than silica und the nodular
fibrosis of quartz dust (c.e., true sili-
cosis), he states:

Moreover, the coarse fibrosis of silica gave
clear interspaces of normal lung, while the
fine fibrosis preseated a uniform granular
mottling leadiag to the conclusion which is
probably erroncous that the actun! d-velop-
ment of fibrous tizsue was grester in a
nodular fibrosis as giticosis than in & generals
ised fine fibrosia caused Ly silicates. To
me it appears that the mechsnicnl damage
to the lung is greater in o fine fibrosis than
in a coarse fibrusis when both are well
developed.

The evidence obtuined in the present.
inquiry amply confirms thi- oowered

stabepent,

On studying the development of
asbestos fibrosis as displayed in a series
of radiograms, and espeeially in the few
available taken a vear or more before a
fatal termination, one cannot help
asking the question, “What is there
here which could have this effect?”’
The answer is that the damage to the
lung is wuch 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,
enveloping and eventually strangling
the ultimate lobular structure, rather
than depositing itself in pumerous
more or less isolated foci, as in silicosis.
Thus, at any rate in the less advanced
stages, the radiologic picture of the
lesions does not. impress the eye, uncon-
sciously viewing it from the standpoint
of silieosis.

The radiographic picture may show
soft and fairly coarse nodulation, but it
i$ never so impressive as the nodulation
in a silicotic fitm,

Paradoxically, the distinctive fea-
ture, both clinically and radiologicully,
of the asbestos fibrosis is its uniformity.
The modesty of the symptoms; the
unobtrusive, but diffuse, impainnent
of the pereussion note; the hotmo-
geneous stippling of the skiagram; all
are fragments of an entity, unmistuk-
able when assembled, but enigmatic
when divorceed.

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

Paticonst and Penderercs topether
worty Miiler and Landis exampeed 87
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PULMONARY FIBROSIS IN ASBESTOS WORKERS 215

first stage changes and the other
15 definite gecond stage appearances.
Of the men longest at work, one after
seventeen vears' occupation showed
very definite diffuse, ‘soft’ spots

throughout both lungs, and another

showed about the same appearance
after fourteen years' occupation.
Very slight nodular shadows were
found in one man after only two years'
occeupation, Most of these second
stage cases showed also well-marked
first stage appearances still present,
indieating a persistence of free drainage
hilumward. Inallinstancesthe nodu-
lar shudows were characteristically
‘soft’ and varied cousiderably 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
a8 beiug 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 series of fif-
teen skiagrums of ashestos workers
notes: ““The most noticeable feature of
skiagrams of workers exposed lougest
to ashestos dust is the presence of
shadows suegesting a diffuse fibrosis
uffceting chiefly the jower two-thirds
of the lungs. The fine quality of the
ghadows is worthy of note. Some of
the cases exhibit a ‘ground glass’
appearance, though on close 1mspection
fine mottling is evident, . when
more definite mottling is present it
lacks the course quality deseribed in
the skugrutns of chests showing pneu-
ticrnposiss ege Soath African gold

"

b st bon o o bestes
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and by the time the stage is reached
when the features discussed above are.
in varying degree. positive, and the
radiologic picture iz recognizabie, the
fibrosis is not in its inception. nor even
in its earliest stages, but is developed
and fairly widespread.

We must, therefore, recognize an
earlier state when the tibrosis is present
in slight degree. and also when there is
evidence of choking of the Iyvmphaties,
and of a measure of pulmonury catarrh,
This stage may be referred to conven-
iently as the prefibrotic stage.

The indications of this stage are
indefinite. and some, at any rate, no!
specific. If, however. they cun be
determined and applied with only a
moderate degree of accuracy. informa-
tion of practical value will be available.
Efforts bave been mude, therelore, to
distinguish workers in this stage.
The following tabulation shows that
twenty-one workers out of 305 exutu-
ined (5.8 per cent.) were so classified:

Chinical Ezamingtions Per
(363): No. Cent.
Fibrosis................... o5 26.2
Prefibrotic conditions. .. .. 21 5

Radiologic Eraminalions
(133):

Fibrogis................... 52 391
Suggestive chanzes not

definitely

diffuse  fi-
brogis.... ........

.2 185

Many of these cases present a slight
diffuse itupudrment of pereussion note
—perhaps better described as a slightly
increused sense of resistance felt on
pereussion, mostly of the right lung,
at leust ax contrasted with the left,
wied wesocinted with some weakening
uf Ve pespiratory anurear. Prob-
abiv ot el st eonhi] b deteetid

b oy by maeans o7
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comparison with a radiogram taken
prior to commencing work with asbes-
tos. By such means the earliest
stages of silicosis have been worked
out by the South African observers.
There, the radiograms taken at peri-
odic six-monthly medical examinations
can always be compared with initial
radiograms taken before the employees
are permitted to work underground.

group is dismissed from any further
consideration.

A general summary of the findings in
the 374 workers who were examined
clinically, classified under the most im-
portant lesion, is presented in Table 4.

TLLUSTRATIVE CAsES

The salient points of a few cases are
set out below to illustrate clinieal and

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

| ' PRE-~

OTHER '1

rg | 422 |
. CASEY | ;PVLNONAB‘I RS K]

| op FLOROTC 1UmERCT- M8 | 22 privoNary

| 'rimRosts) m\s‘ LosIs 228 | ZE | imsions |
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i T2 le 1 E s % 9 2z ! CB
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ol @ m @S 2 1 2E8R 84 | P
a ‘,_!:35 %’;cgfs.sl.jig ":n°§ i‘z‘ i .
W ia‘?&lu T iwi2%i o3 a8 ko < - i Z. 2
T (& X E(E ZIEEIS|T |E%E% | xz |%lE 2

3 § 22 213 EF 2 a2 224, E
R S A D - R AP LRI R SR e
SRR AR I FLENECIEIE IR
4 ls1 5 515182018183 2538|338 F|2) ¢
S l2{21818|8E 131873 S lRIZ|S] &
04 20i3!5)0lojojo}| 13 7 1ol je
L M23 11 a2 fo 1 |1 |4 3 3 |5 |22 (72
0-14.......... 8027 |5 }3 0303 5 0 |3 ]2 )0 !3s
1519, ........ 15 111111 o lo |1 0 2 11,047
20andover....i 2117 10 {0 {0 11 f0 |O 0 1 0110 1
Total........ 374'95 10 !,21 15118 2 13 ho |6 13 leo
iyl ol et S — i
Percentage...| 100254 .7{ 603130321 56 |35/271608 41

1 One case of thickened pleura due to old gunshot wound.

* One case of emphysema due to gassing.

In other casesincluded in this group,
diffuse weakening of the respiratory
murmur was noted, with fine sticky
riles in the root areas. At present no
stress can be laid upon this group.
The clinical changes are =o slightly
marked that until compurative radio-
grame are available it wonll booun o
to draw unv deduenon-

other features. Five radiograms are
reproduced to illustrate the radiologic
appearances of some of the cases.
There are insuperable difficulties,
bowever, in reproducing the finer
changes depicted in the originul nega-
tives,
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PULMONARY FIBRORIS

and as o doubler nine and one-half vears.
Her family and personal m dieal history
contain nothing of note. She has no con-
plaint= and feels quite well. Her nutrition
isgood.  Sheis pale, but shows no evanosis.

C'hest.—She has a chest expansion of 1
inches. No tmpairment of the percussion
note ix deteeted.  The breath sounds in the
right lung are weaker, generallyv, than those
m the feft, Fapiration iz prolonged at the
rivht roar; no added sounds are heard., A
shingram showed some  very slight and
doubtiul ehanges in the direction of in-
ereds o Strintion.

Casi 2. --This man, azed 24, has heen
e loved in asbestos Tor Bve vogrs, canding
ated mining.  Previously he worked for four
vears i the entton trade, varn weiehing,
His family and personal medieal history
contain nothing of note. He has had o
sheht morning cough and expectoration
for woovear His natrition 13 good. His
colur i Treshs and there 1= 0o eyanosis

o0 There s some impairneent of the
porenssion ot aver the middbe third of the
right bune, behind, and stight!yv ac the righ
buse. The breath <sounds sre harsh, wnd
exniration is prolonged in the upper half of
the right lang, hehind; expiration is also
prolanzed over the left uppwr lobe, beliind.
The respiratory murmur is weakened at the
right haxe, and the breath sounds are of «
“whitiing'” eharacter. There are no adede-d
sounds. A skhiagram showed enlargement
of the right root, and sfight hazivess and
stristion in the central 2ones in hoth Innes,
suresting early fibrosis,

Case 3. This man, aged 32, has been
crsploved in ashestos for siIX years in the
eurd room, and ax a stripper and grinder,
Provionshy he wazemploved in a cotton eard
room for nine vears.,  He had army serviee
for five vears, but was not ga<sed.  He gives
a family history of asthma; otherwise there
1<~ nothing of note i his family or personal
Swdieal Bistorye He has no complaints and

TS :iﬁlih' weldl,  His muscidlature is Ve

A s eolor = pade 1ot Be shows
.,
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ofd tuberculosis of the lung roots and gen-
eral mereased strintton, espeeiadly in the
Lower half of the right Jung, <nco ~ting varly
fibrosx,

Case 4 —This worker, o male, qoed 23,
has been emploved in asbestos Jor nine
vears, mostly mattress making, i< faouly
and personal medieal history contuin notn-
ing of note. e ecomplains of oeeasional
pain in both side< of the ehest, and berhans
a lttie undue shortoess of Heeathi oo ener-

oo, !.'—(':(ﬂ'(' 4: .\ltn,d‘l'tnl' “\‘vr"”i." tn-
due degree of stristion sad fine motiling in
central zone< ol hothib s endepd elands
in roots, with rather conrse <rrptian in
upper lobes: 7 intertobr plegrice on rhgit
side. between the Jower and mnddle lobes;
emphysema at bases.

tion. His color is normai. Hhs muscula-
ture aned nutrition are good,

Chost. There is to retraction of fhe
apeses, bt there is a slight i tening below
the nieht elaviele, The percussion note s
Sheghaty wnpadred generadiv, behaned, partie-
tawt . o the rleht ~ide. The breath soneds
cre e weneral v e enparatpon is pra-
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the upver lobes: 2 intertubar pleurisy on the
right =Lies herween the lower and middle
lobes; and emphysema at the hases. The
case wais dinghosed as modeo e ibrosis,
Case 3 This wonun, aged #) has been
empinvod for eleven vears in asbestos, for
st of the period mattress making,  Pre-
viensiv o sbeowas cipioved inoa laundey,
~he bias recent!y been il for thvee months
with ploarisy oo histors of tuppiog : other-

wise B Doty v d peorsotiod miedieat Listory

Fro. 2. —Cuse 6 Maderate, but fully™}

developeed,  fibrosis Fnlarged  glands in
both roors; diffuse fine motthing in both
Y-, espeeladly the right.

are negative.  She complains of having had
wowinter cough for three or four vears, and
of shortness of breath on exertion sinee her
attack of pleunisv,  Her nutrition is good;
her weirht is stationary,  Xhe has normal
color, amd no evanosis,

Chost.~There is ~omne geperal impad rment
of the pereussion note over hoth Tungs, be-
hind, tore noticesbde at the bases. The
PESPITH OFV I0rInur i~ westhetosd generndiy,
Porsistent ('!’v;;i[;ﬂilnn\ arred bpedpgm ribes

are Lobod Jow o g Tt te s ) \
shinerarn showed diFiee e oo 0 0 Gy
forgse Towdoadgr ten e o

LI .. -

muoderate fibrosis, most marked toward the
hases,

Casg 6, =This worker, a female, aged 31,
has been emploved in asbhestos Sor <even
vears, opening. and has been exposed 1o
much dust, Her previous  crmmplovmene
was nen-dusty, Her family and personal
history dixelose nothing of note. She coms
plains of having had a congh for fve vears,
and of shortness of breath on hureving,

1

She is thin and undernourished. and pale.

Fi. 3.--Case T: General fibrosis, mostiy
tinear, but with Yittle mottling of right hange.
Old puerile tubereaions sears at wpexes

Dust is present on her hair and in her
nastrilx.

Chest.—xhe haz a chest expanston of one-
fourth tneh.
ment of the perenssion note, definite at the
apexes and the bases. Fhe breath sonnds
are weak ) expiration is <hightly prodooged.
No added sounds are heard. Her heart 12
not endarged, aned no mrmnrs are deteeted.

There s shight general illlp:lil‘-

The shiaeran iz 2 <hows o oamber of

ehlarges giands in ot roete e e dutfigse

I ettt (et fprpe eerergt iy pine
rlght  Fhsaas cvne sagr iy
ot A SO

o

o -

.

o e ok

et o ot .

g

(-“gio’n_\‘t
abhout t
mainder
other
history
persot
vears i
Her eom
hll=,
Her nin
[REIEN
halt b
Notad.
i the
Nnnul\
fotteed
Zlromss o
ther e
over t
NI
with
'“h‘!"
LM B
u‘ul'li
Th
(N ¥
dust s
et o
l!‘~‘ 1
i th
muans
¢
hus !
vear
cotts
pers
note
cate
uf bar
for @
eXn
T
‘-
s
note
f!‘w(
iy
Loy



TEM ewrians At e bwt e @Y L Riss AR e b e

[ 7O

E13

PULMONARY FIBROSIN IN ARSBESTOS WoRRT RS 2

emploved in asbestos for thirtv-two vears —
about three yvears on cards, and the re-
mainder as a spinner, She has done no
other fuetory work,  Her fumily medieal
history dizeloses nothing of note. She has
a personal history of nephritis seven or eleht
vears ago, causing three months’ allness,
Her complaints are: shortness of breath on
hills. and winter eough for about six vears,
Her nutrition i= tair.  Sheas rather pale,

Chest.—Xhe has a chest expansion o one-
half ineh. No retraction «f the apexes is
noted.  There is general stieht inipairment
of the perenssion note, bebind, Breath
soumds are harsh and expiration v pro-
iuu',:!'il. N wededend \H‘-l'hi~ Are for N
gros< culargement of the heart s noned fage
the <econd sonnd s tonnd to be gecettanted
over the aortie area. The saingram Foe 3
Shows @ general Hhrasis, fLostiv el Dyl
with o hitthe motding ot e Lune,
'r]u-rn- are ufﬂv Very nl'«f frlie TiLee lilru'ft‘nz'u':-
sears at the apexes The case wuas sjiag-
nosed as menerad Horosis,

This cuse shoubd b cornzared wirh Cys .
6. o Cus=e 6 there wis 4 heavy expaossire to
dust extending over g few Veurs; it the pres-
ent ease thete wis exasTe Yo g Very ek
less coneentration of dust, exeept Dossiiily
in the first three vears, bt extending over
ANy veuars.

Case N This worker, o male, aged 62,
has been employed in asbestos for taenty
yvears as a weaver,  He was previonsiv g
cotton and =itk weaver.  His family and
personal medieal history show nothing of
note, exeept thet he was regarded asowodohi-
cate child. His complaints are: shortness
of breath on exertion, and on going upstairs,
for three vears; morning eough and a little
expectoration for the list three winters,
Hle is thin and pale, with same exanosis,

Chest. Chest expunzion i= 1 ineh; there
is retraction of the apeses, The percussion
note is impaired over both upper fohes in
front, and over the upper twosthirds of the
right lung, behind, Bxpiration 1< pro-
longed at the bases Plearad rab g inean-

Stant rides are moted at the foit boaeo s qind n
Ut = ot the l'i‘.’ix! E-;l"' A - ;.\_‘.‘ i
: oo nennre dTiae s, oL

cploved for twenty venrs e gsbesnos iy
many capeteities, There = nothine o vage
in his tamily historv, e aives o bisroes o
pncumonia g nwmnber of v qe o
complaints ares o Hothe shore < b ol
N eNertion tor the dasr ot e L sy
otherwi<e none. Ths nutrinion = Jade v,
His eolor s freesh, but there 1= <Hshn evanne
sis of the Hps, ar times,

Clorsr o~ The shin b~ poorty g e

Ix somne retrgetien o the gpeeses T e
an impaired, tather Croan T nee G pere e
SO, uwn--r:;l.';, capeeigTe e b e
Badt oo o fane aadoe oo epnraee s ol

thirds o0 the right cqne o aoer g,

et Resnprtor, e e

went Foauniegion go s 0 e s

gt dlingteesbiiteg toraded Tio s~ s 3
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apbealiades s s ;rul‘!j-'f:,;x!'m. ceny e
Ca~r ta Fhis tan, woees 30 oon

CINDIOV ] O TWELT S S vt s Ll s e s e
during nitee vears ol which Lo was Lot e
posed tooduste Por cieven a7 the
remaiheder he was ctuploved oo rie eard
room. atied mattress manite Hie anny
and persatad medical bisrors aiselose 1ot
ing of note FHs vonnpiaaid s e s e ss
of breath on onerftion Tor T neeaths
cotgh aller a iow bours ware st o tine
the bu=t taoorshre ooars R UL PR
vx[n.'l'lul':ttinll: :lllli [n:lill 1 e et T
the ehest Jor the fast three wmonths s
nutrition is good, Hebs pules withe ~hizht
duskiness of the lip.\‘.

i There i~ ~ne rotiaction oF the
apexes,  The  pereussion nate wgeneraliv
ix impaired, and ol a0 by eharaeter,
Breath <ounds are farshoand expiration j<
;:!‘ulun‘_'v-f aver the riehit Hpper Todis ciaiee
where the respirntory mnrnmr is ¢ it
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has been emploved for twventy-two years in
ashestos —during the first eleven vears on
cards and 2% 8 weaver, during which he was
exposed U0 R consi.icrable concentration of
dust.  During the retainder of the time he
was emplod cd on a non-dusty proeess, but
was exposed toa less concentration of dust
depiviad iront other provesses. His family
and ;wm-n:nl nn--li-'-:li.histnr.\' wive m)thiug:
of note.  His eomplaints are: shortaess of
hpeqrh vn climbing staies dor the last dive
vears: <iehit morning cougie and expectoras

Fira. 4.—~Cuse 10: Fully developed fibro-
sis. Diffuse striation and fine speckled
mottling throughout both lungs,

tion for abont the game time; and slight
aching of the chest in frout, below the left
claviele. Hix nutrition is good, There is
slight evanosis of the fuce,

Chest.—Chest expunsion s 1 inch; there
is retraction of the gapexes. There is ini-
pairment of the pereussion note generally,
most evident over the whole of the right
lung, Lehind, and over the right apper bobe
in front. The note iz “how over the
remainder of the choest. The breath sonneis
are slightly wenkened generaife oaege o
the right apex, Lat the re st groec e oo

i
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over the right upper lobe, in front. The
heart is normal.  Sputum is muenid, byt is
negative for Bacillus tubereulosis.  Club-
bing of the fingers has been noted for about
two vears. A skiagram showed aun exten-
sive diffuse fibrosis—-tibrosis in a fairly
advanced stage.

Cazg 12.—This worker, a mule, aged 60,
has been employed in ashestos for twentv-
six vears in the eard room.  Previouslv he
was a sawver's laborer. There is nothing
of note in his family and personal medical
history. He complains of slight ~horgness<
of breath on exertion of recent vears, atud
of winter cough for the last three or four
vedars: expecturation is stated 1o dae pill
Hiz musenlature and outrition are fair,
There is slight evanosis of the L.

Chest,—He has a ehest expansion of three-
fourths inch. The pereussion nore js im-
paired generally, especially over the et
upper lobe in front. The respiratory mur-
mur is Weakened over the whole of the chest
except the ieft upper Jobwe, wWhere there are
whistling breath soun:is. and median Fles.
The heart is pormai. A shiageam showed
very extensive ehanges throughout the clest
of 4 course type without fine stippiing.  The
roots showed a choked appearance.  There
wax heavy mottling at the buase. Onpe old
tuberculosis foeus was noted at the Jeft hase,
and some ealeitied glatds in the left hilum.
The diagnosis was fibrosis in the advaneed
stage.

Casi 13.—This man. aged 66, hus heen
employed in ashestos for twenty-one years
as a weaver. For about sixteen vears pre-
viously he was a cotton and silk weaver.
His father died of “chest trouble’ at the age
of 43; his sister died aged 15 of pulmonary
tubereulosis. He has only been away sick a
week or two fn twentyveone Sears, and has
never had any serions illness. Hix com-
plaints are: undue shortness of breath on
exertion during the last two vears; cough
for the last two or three winters,  Expector-
ation is creamy, and ocears a e amount of
times,  He has lost wenght, and i< thin, He
ix pale, but with some exanosis of thee Taee,
and with a mulur fush.

(heot.

there 18 retrgetion ol © 0 e -

Chest oxpansion 1~ 1 dnches;
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unper lobe, behind, and over both upper
Jobes in front.  Breath sounds are rather
weak, with prolonged expiration,  Seat-
rordd variable rhonebi and rides are heard
cver the right lunge, behind, over the left
Ober fobe tn l‘rﬁllt. and over (hk‘ left root.
The shingram showed a detinite diffuse
Sresis o phus tubereglosis, Sputam was
pegative tone examiation . The diagnosis
was dust fibrosis iu the advanecd stage, with
vaibereuiosis, probabils netive,

Cast 1. —This worker, a male, aged 34,
vommeneced  work  in oan asbestos plant
i 1 byt was emploved on other work
until Januare, 14 Duaringe the neat nve
veerts, it il eariy in iy, about three. Veyurs
wind sine months Were Sspent jn 4rmy serve
tee Lo e tiotiths ol w ):it‘?. e wus ?)Fi"
creer ocowat, bt b had 2w short jeerpecls

Wara it ashestos  cleven months i tae
Leaving, ated <y months in o the muttres«,
ceterrtinertss Prome eariv an 1919 1o N
vemtacr, 14270 he workhed 1u asbestos Do e
esse= ot Toronly <N vears atd ten months

i dusty one tnattress masing . He then

Crasiel WOk,
Josi< sdispepsary g Odet, 190 1927, when he

e was tejerted tog tulnre-

gave @ bistory ol bronehitis o 1916 and 1917
duritig the War. and of never being viery well
sinee: complatiibg of dyspuea, pain in the
right <ide. and a slight cougzh of onlyv it
siv months" duration, with o smwall amount
of gravish sputum. Dr. N, Tattersall
states that at that time:

“Dvspnoea was very marked, even on
talking, and there was definite evanosis.
e Liaed marked Lollowine and respiratory
retraction at both apices. especially the
right; loss of note over most of the right ung
and the upper half of the left; bronchial
breath sounds at both apiees; lairly numer-
vux crepitations, mostlv an the right <ple,
and u pleural rub at the right base,  He had
a = vatolie hruit at the apex and plearos
e teardial frietion,

S evamined him a number of times, the
Set oeeiston being ANprid 200 125, [y that
hpee he B Yost O ponneds, Sl very weak,

et ther dhesplioea Was o Jereasans 't
o ot innoh thee - Wi, the oh ooy
B O AT N A L L

the sputum had remained sudl o ameane
* '?i:” T '

and its appearanee did ot saenest
<My dingnosis from e heginang was

e Taoot

one of pulmonary ashestodds withe vosais
added tuberete,

1 took two Noravs of L, eeithe s o
which showed appearaneos <age v
tuberele, evervthing voinung oo v
extrente degree of fhresgs

He ddted ot Dier, B 1028 N roattnge.

exatnitet o wies abtaded

l"‘G, 3“‘“‘(,‘35(' ]1. .\1::'\\&\'4‘ !::"lu\;\ \\ilj;
pleural thickening, retracted apeves, wed
pneumothorax on Jett side with incanpiete
eollapse of Tung,

It will be noted that the Jength of RS E
sure to ashestos dust is unlikely to bave
been more than about ten vears and tao
llminiha‘, ated of this tinee he owas cmgd i
only about eight and one-badt vears oa
dusty process. War zerviee, of conrse, ey
have redueed his resistunce. The skiagraom
- llL! S <hawsa lll:l“i\'v filirosis with 1-1-".Il't|l
thicheni, retraeted apexes, and preatao-

Uy o the Teft side v ith ineangidete el

"
st oo e Yhe s
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finally to a fatal termination, even in
the absenee of a superadded tubercu-
lous infection.

The primary effeet of the fibrosis

would appear to be that of causing
defective acration of the blood, result-
ing in an added strain on the heart.
For many vears, and even with an
advaneed degree of fibrosis this may
be of little inconvenience, provided
physieal exertion is limited. and acute

illnesses are ‘avoided. Ultimately,
however. the margin of <afety. already
diminished. is lost and the circulation
slowly fails, with the usual =igns of
edema of the lungs. More often,
however. an attack of hronchopneu-
monia. infuenza. or other neute infee-
tion adds too much to the struin, im-
pairs the ecardine musculature, and
results in a fatal tennination,
(To be craelu-ted)

BOOK REVIEWS

Brevercierena. By Prof. Dr. Paul
Nehomidt, Direktor des Hygivnischen In-
stituts der Universitit Halle a. d. S5
Priv_-Doz. Dr. Adoli Sciser, Oberassis-
tent am Hygienischen Institut Halle
a. oS und PrivaDoze D Stilliried
L tzner, Assistent an der Medizinisehen
Klinik Halle a, . 8. Paper. Pp. 79
with index, illustrations, and hibliogra-
phy. Berlin and Vienna: Urban & Sch-
wurzenberg, 1930,

This monograph iz divided into a
short introduetory or general section
and a special section.  The first part
is devoted prineipally to a discussion
of the outstanding diagnostic symp-
toms of lead poisoning and of the work
done by Dr. Schmidt and his eollabora-
tors in the mierochemieal determina-
tion of lead in blood, urine, and feces,
The sceond part diseusses in detail the
usual sources of lead poisoning; the
absorption, distribution, and excretion
of lead; the pathology and elinical find-
ings associated with lead poisoning;
and, finally, the diagnosis, prophylaxis,
and therupeutic treatment of lead pois
soning.

Dr. Schmidt’s monograph i< particu-

larly apposite. It hrings the literature
of the subject down to the present date
and represents the mature thaught of
an investigator who has long inade this
field particulurly hisown.  The diseus-
sion of the diagnostie features of lead
poisoning is especially elear and 1o the
point. In this conncetion it is of in-
terest 1o note thar emphasix is placed
on the importance of the Jetermina-
tion of lead in the blood.

No attempt is made to discuss the
details of technie.  The monograph
presents instead a eritieal review of the
more recent experimental work relat-
ing to lead poisoning and will, in con-
sequence, doubtless have a wide ap-
peal to all investigators in this field,
The bibliography, which contains 208
references to the recent work and
brings the literature of the subject
down to 1930, is particulurly valuable.
“Bleivergiftung” may welt he recom-
mended as a valuable addition to the
library of students of publie health.~-
L. T. Fairhall.
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PERSONAL QUALITIES IN

‘IDENT CAUSATION®

E. G. CHausers, M.A,
Investigalor for the Industrial Health Rescarch Board, Lut{n

HE main purpose of this article

is to give some account of the

practical and theoretical diffi-
culties encountered in a research into
the personal qualities. involved in
accident causation. This problem is
exceedingly important and is, in a
sense, one of the main problems of
psychology since its solution demands
a stringent research into mental inte-
gration. The occurrence of an acci-
dent, as I shall show later, is not neces-
sarily fortuitous but is often the result
of the complicated interaction of vari-
ous psychologic and physiologic func-
tions; and a research which has as its
ohjeet the disentanglement of such
complex mental situations (using men-
tal in its widest sense) is bound to
throw light on the nature of mental
life as o whole. The accident situa-
tion is one in which evervbody finds
hitself sooner or later, and to whiceh he
reaets cither by incurring an aee ot

*eeeived for opatestion M

or by avoiding one.  1f we can find out
why some people react in the one way
and some in the ather, we shall have
learned a good deal about the nature
of the reactions of mind to its environ-
ment.

About the praetical importance of
this problem to indusiry there can Le
little doubt. The cost of aceidents is
enormous not only in actual money
but also in loss of time and cfficiency.
It is difficult to gauge the full extent of
this latter loss, but the finanecial cost of
accidents, as represented by the annual
expenditure in insurance premiums,
runs into hundreds of thousands of
pounds. Thi§ insurance, of course,
only covers cases where compensation
has to be paid, and eompensated acci-
dents are actually only 1 or 2 per cent.
of the total number of industrial
accidents,

An accident is eommonly regarded
us being da 1o ehimnee: that is, as an
event the caases of which wre external
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tioned for conjugal tuberculosis is an
“average” figure, and therefore sub-
ject to the usual fallacies of averages.
There is, for example, little doubt that
the incidence rate among young mar-
ried couples is higher than 5.6 per
cent., and that in middle age it is
lower. There are many other factors
to be considered, as well as the ages of
the infectious and the noninfected
spouse. Child bearing, lactation,

. housing, nutrition, educational and

social condition, all have their influ-

238 THE JOURNAL OF INDUSTRIAL HYGIENE

ence. But when, eventually. all the
factors which determine the incidence
of comjugal tuberculosis come to be
included in one comprehensive equa-
tion, we must not be surprised to find
that the variable for *‘silicosis” has
dropped out.

Meanwhile, facts are needed. It is
in the power of the Tuberculosis Offi-
cers working in silicotic areas to pile
up these facts, little by little, from the
families of silicotie patients who come
under their observation.
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THE OCCURRENCE OF PULMONARY FIBROSIS AND OTHER
PULMONARY AFFECTIONS IN ASBESTOS WORKERS

(Concluded)

E. R. A, MergweTHER, M.D,
H. M. Medical Inspecior of Faclories

Morsm AxaToMT

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

The gross morbid anatomy of this lesion,
28 s2¢n in persons who have been at work for
magy years in the dusty atmosphere of an
asbestos factory, consists in & widespread
pulmonary fibrosis affecting especially the
bassl region of both lungs. There are ex-
tensive, densely fibrous adhesions through.
out the pleural sacs, which may, indeed, be-
come completely obliterated. In particular,
the bases of the lungs are firmiy adherent to
the- diaphragm, and between these two
structures there is oftcn a thick, homo-
gencous layer of fbrous tissue, similar in
sppearance and consisteace to yeilow fbro-
eartilage. As a result of these two proc-
esses—pulmonary fibrosis aad pleural sae

bliteration—bronchi is deveiops in
the midst of the more grossly diseased tissue
and may go on to the formation of multiple
abscesses with smooth walls.

The distributioa of the fbrosis, spart
from the extensive basal lesions, is rather
irregular, the periphernl, subpleural regions
of the lungs being more afected than the
central areas, In onecase in which the pa-
tient had been away from work for four years
(following nineteen years in the mill), the
aveas of dense fibrosiy were extraordinarily
sharply circwnseribed. The nodular chave
acter of the lesion which iy so striking &
feature of silicosis in ity earlicr stages is not
met with in this discase.

The totally fbrosed areas of lung show
grayish-black mottling, owing to immobili-
2ation of carbon. This tissue is excessively
dense and completely airiess; but there is
po evidence of calcifieation. Other pore
tions of lung show varving grades of the
same process, and even the least sfected
parts are definitely tougher than normal.
In none of the cases was there any evidence
of an active tuberculous lesion.

HisToLoGY
The essential lesion is a chronic
interstitial fibrosis of the lung. Im

the earlier stages, there is fibroblastic .

proliferation in the alveclar walls,
which become increasingly thickened
in consequence; and there is catarrhal
desquamation of the alveolar epithe-
lium. At thisstageof the diseasepecu-
liar golden-yellow “asbestosis bodies’
are found in varying, usually cone
siderable numbers, both in the alveolar
spaces and in the thickness of their
walls, Detached portions of bodies

' may often be seen enguifed by alveolar

phagoeytes, or a large unbroken body
may be partially surrounded by these
cells, In the more advanced stages of
the disease, the fibrosis of the lung is
complete. Alveoli can no longer be
made out; but the asbestosis bodies
still remain embedded in- the fibrous
tissue. Varying quantitics of carbon
are also present, chicly in little masses
as though it had been contained with-
in phagocytes. Chronie bronchitic

239
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changes are present and all grades of
bronchicctasis may be seen, in cases
of long standing, from simply bronchial
and bronchiolar dilatation, with walls
still more or less intacs, to large spaces
filled with pus in which the original
bronchial walls have become converted
more or less completely into fibrous
and granulation tissue. Many of the
smaller arteries show obliterative end-
arteritis. '

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

Assesros Dust 1x TaRE Loxes

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

Sections of lung and the results of
digestion of the lung with trypsin
show an enormous amount of fine
black granular dust, much of which is
carbonaceous. In addition, there are
two striking features. The first is the
almost complete absence of the fine
transiucent spicules of fiber which
make up a great proportion of asbestos
dust in factories. The second feature
is the presence of large fragments vary-
ing in length from 10 to 360 microns.
They are found in fibrotic and necrotic
areas, angly and in groups. The
particles are so large—masses of them
are seen in some sections—that they
must have occluded small brornehi and
resulted in Sbrosis of the surrounding
area,

Comparing these large particles in
tho lung with those found in asbestos

!

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

Curious Bodies

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

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

Professor Stewart sugmested to me

LR
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that o better method’ than simple
extraction of the lungs with water or
saline would be to dizest portions with
trypsin. During this process it was
found that if the specific gravity was
kept at about 1,070, the black dust
and larger fragments of asbestos, as
well as the partinlly digested lung
tissue, sank to the bottom of the tube,
By decanting the apparently clear
supernatant liquid, and by centrifugal-
izing, peutralizing, and washing the
deposit, the curious bodies could be
obtained in a pure state. This was
done, and sufficient material for Xe
13y examination was obtained. The
bodies were attached to a hair with
gum and subjected to s seven-hour
exposure by Professor Bragg’s method.
If the bodies were mineral, the X-ray
flm would have shown a definite
translatable atomic pattern. The
films, however, did not do so, and we
were then able to exclude the sugges~
tion that the bodies were altered
asbestos fiber. The result definitely
pointed to the greater proportion of
their composition being of nonmineral
origin.

The bulk of the curious bodies is
soluble in strong acids and alkalies, and
if the solution is observed under dark
ground illumination, their bases are
seen as extremely fine spicules some of
which by trapsmitted light would
probably be invisible. Under a dise
secting microscope it is possible par-
tially to fracture the Iarger bodics and
to show a central fine core.

The greater portion of asbestos dust
consists of slender translucent fibers.
In sections and extracts of the lungs
there is 2 remarkable paucity of these
fine spicules. The cnd-results of diges-
tion show the fine granular dust and

Yol. 12
Ne. &

the large black, blue, and brown par-
ticles and what appear to he pieces of
quartz. Relatively few fiae spicules
are found; but curious bodies of all
descriptions are preseat in epormous
pumbers.

All these facts lead uvs to imagine
the bodies to consist of a central
nucleus of asbestos spicules, upon
which colloidal aggregate of blood
proteins plus, possibly, soluble frac-
tions of asbestos and, in the case of
chrysotile workers, an iron salt have
been adsorbed and molded by currents
in the broachi and the alveoli.

The method of formation would
appear to be as follows: The fine
spicules of asbestos cause, by mechan.
ieal action on the bronchioles aand
alveoli, either minute extravasations
of whole bloed, or serous exudates
which envelop them. Solution of aay

- soluble fraction of asbestos takes

place. The total amount of asbestos
that is soluble must be extremely
small, as is proved by the X-ray
pattern of the curious bodies, but in
the case of chrysotile workers some
solution is suggested by the free iron
reaction. We must remember, how-
ever, that the Prussian blue reaction
may be due to the iron of the hemo-
globin. Any surface in contact with
a colloidal solution may act as an
adsorbent, and in the present case the
fine spicules must be considered to do
so. Interaction between the soluble
fraction of chrysotile and plasma
proteins takes place, syneresis occurs,
and, with the loss of water, the adsorpe
tion is rendered irreversible. The
adsorbent i3 permanently ensheathed
with stable colloidal aggregates which
become molded into the familiar

0.448
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shapes by alveolar and bronchial cur-
rents,

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

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

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

‘Haddow (21)) in the intrathoracie

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

The importance of these findings
lies in the fact that the bodies have
pever been found, as yet, in any other
human affection. That similar bodies
may be found to oceur in the lungs of
workers exposed to other dusts, is
quite possible, although they bave not
been found in silicosis, nor were they

present, according to Simson (8), ia .

the fibrosed lungs of a hematite miner.

They appear within a comparatively
short period of time after exposure to
asbestos dust; at the morent, their
presence in the sputa, in the absence
of clinical or radiologic evidence of pul-
monary fibrosis, canrot be taken asin-
dicating anything more than previous
inhalation of asbestos dust. The pres-
ence of the bodies, however, in the
sputa of persons with signs of a diffuse
fibrosis, or their presence in numbers on

postmortem examination of a fibrosed .

lung, bas evident implications.

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

Half an ounce or 30 of sputum is added to
sn equal quantity of undiluted antiformin.
This is gently agitated until the sputum
is compietely dissolved, sfter which it is
diluted with 2 or 3 cunces of water and
allowed to stand in & lurge tesc tube for
three or four hours, The bulk of the super
oatant Huid having then been decanted, the
remainder is centrifuged st & moderste
speed for ten to fifteen minutes. The whole
of the supernatant Ruid is now poured off,
and the deposit traas{erred to an aibumin-
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ized slide, by menans of either a platinum
Joop or a pipetie. Alterthorough dryingon
s hot plate and final fixation over a bussen
burner, the film is very gently washed in
water, dried, and mounted in Canada bale
sam, After a little experience the asbes~
tosis bodies are readily picked up with the
low power, and their true nature is then con-
firmed with the i-inch or oil immersion lens.
Asa rule they are preseat ia very small nume
bers, perhaps only one or two iz & wholo
flm. la the case of some of the older
workers, however, numerous bodies, up to
ons or two per field in certain portions of
the film, have beea found. It is obviously
necessary to cloanse thoroughly all glass«
ware, etc.,, used in making these examina.
tions; otherwise there isa risk of contami.
nation of subsequeant specimens.

The films can be treated with hydro.
chlorie acid and ferracyanide of potash to
demoostrate the Prussiaa blue reaction
given by the bodies.

ASBESTOSIS AN OCCUPATIONAL
Hazaro

Qut of a total of 374 warkers exam-

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

to be affected with fibrosis of the lungs,
in greater or less degree. But when.
these figures are corrected by the exclu-
sion of cases in which previous work in
dusty occupations (e.g., quarrying, coal
miniog) may have been the prime, or a
contributory, factor in the develop-
ment of the fibrosis, ninety-five, or 26.2
per cent., of 363 workers were found
to be affected with pulmonary fibrosis
due to the inhalation of asbestos dust,
and a further twenty-one, or 5.8 per
cent., showed precursive signs of this
disease,

This percentage may well be com-
pared with the corresponding figures
found by Middleton (22) in his exami-
nation of metal grinders (6.9 per cent.)
and by Sutheriand and Bryson (23)
(24) in their examinations of potters
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(39.9 per cent.) and of sandstone
workers (58.1 per cent.).

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

From ‘comparison of the amounts of
dust evolved—determined visually and
by means of dust counts—in dusty
ashestos processes, uncontrolled by
local exhaust ventilation, with obvi-
ously defective exhaust ventilation,
and with comparatively good exbaust
ventilation, there ¢an be no doubt that
this preventive measure, which has
been applied in some degree for more
than seventeen years, has been a posi-

_tive factor in minimizing the produc.

tion of fibrosis—probably in the direc.
tion of lengthening the period before
the fibrosis becomes fully developed.

Consideration given to the distribu-
tion of the workers examined both
according to length of employment,
and according to age, together with the
incidence rates of fbrosis in each case,
indicates the outstanding importance
of length of employment (and hence
length of exposure to dust), and the
negligible cffects of age, on the produc-
tion of fibrosis. Thus age groups 30 to
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39 and 50 to 59 have incidence rates of
30 per cent. and 37.9 per cent., respee-
tively—not a wide difference, since the
groups include workers in various
processes exposed to different concen-
trations of dust. Moreover, the aver-
age length of employment in these two
groups, excluding the cases of fibrosis,

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

TABLE 5.—DISTRIBUTION OF WORKERS EXAMINED WHO HAD BEEN
EMPLOYED FOR FIVE YEARS OR OVER, TOGETHER WITH CASES
OF FIBROSIS, ACCORDING TO PROCESS IN WEICH WORKER
WAS LONGEST EMPLOYED

. { caszs or rramosts :g:gf s m“’:n“t;‘r:;
rroczss NO. BX-
aanEd No. | PerCent. Ggg}:}" Cases of
* | of Group Fibrosis Fibrosis
1. Crushing, opening, disinte-
grating, and mixing........ 21 9 42.9 8.9 10.9
2 Carding....oovovvnrvencnnaen 39 18 41.0 9.1 13.2
3. Spinning, twisting, doubling,
plaiting, etow ;eceeeueenens a7 12 13.8 10.1 18.7
4. Mattress making............. 13 7 446.7 7.3 13.0
§. Weaving and associsted proge
[T T ceseen 83 40 45.5 10.0 2.7
a. Cloth wesaving............| 28 21 78.0 9.5 4.1
b. Band weaving........ vees| 2 4 19.0 10.9 13.5
¢. Cloth and band and un- .
classified weavers........ 14 4 3.8 7.2 9.5
d. Warpers, beamers, loom
tuners, charge hands,
and others associated
with weaving. .ooeeree.) 28 11 #.0 1.2 . ]10.8
8. Miscellaneous processes aad .
remaining unclassified
workers........... cosesess 24 1n 45.8 8.8 13.83
Total..... J PN 274 95 H.7 9.8 3.5

is also similar, but considerably less
than the average length for all the
cases of fibrosis (13.3 years).

No special susceptibility to the
development of fibrosis is shown by
young persons, unless it is considered
that the figure of 8.7 years, the average
length of employment of the cases of

The effeets of length of employ-
ment are such that after five years’
exposure, the incidence rate of fibrosis
mouats rapidly, and after ten years
increases almost in geometric progres-
sion. Table 5 shows the distribution
of 274 workers examined, and of those
with fibrosis, according to the process
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in which they were longest employed.
This was a compromise necessitated
by the common customs in the indus-
try of having several different processes
going on in the same room, and of
workers transferring from one process
to another. Since the intention was
to obtain some measure of the relative
incidence of fibrosis in workers in the
various processes cnumerated, and
since no case of fibrosis clearly due to
asbestos dust was found among eighty-
nine workers examined, who had beea
employed for less than five years, in-
clusion of this group of workers would
only bave introduced a varying source
of error.

The processes differ, some very
materially, in the amount of dust
which they cause, and consequently in
the amount inhaled by the operators
(30). The outstanding point brought

out by Table 5 is the relatively low -

incidence rate of fibrosis in “spinners”
(group 3), as compared with each of
the other groups. They are corrobo-
rated by counts of the dust particles
in samples of air, 2 number of which
have been taken and are discussed
under Dust Risk.

There is also some indication in these
figures that not only are “‘spinners”
Jess likely to develop fibrosis, but when
they do, it takes longer to develop.
Study of the radiograms suggests that
in such cases (i.e., in the less dusty
processes) the resulting fibrosisis, fora
considerable period, much more linear
in its radiologic {eatures, and shows
lessmottling. The history and clinieal
features in these cascs, and the coms
parative dust counts, il contribute to
the view that with comparatively low
concentrations of dust, the resulting
fibrosis is longer in developing and

Vol 13
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remains longer in the milder, and
radiologically linear stage.

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

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

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

Although all workers examined who
have been included as spinners have
been engaged in spinning, or in simi-
lar processes for convenience termed
“spinning,”” for a longer time than on
any other process, only a few have beea
employed solely on spinning, and in
workrooms where 1o other, and more
dusty processes, were being carried on.,

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

Dust Risk

In an effort to obtain additional data
on the influence of concentration of
dust in workrooms, & number of sam-
ples of air were taken and the dust con-
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TABLE 6.—~SUMMARY OF DETERMINATION OF DUST CONTENT OF

ATMOSPHERE OF WORKROOMS AND OTHER PLACES

t:;?;sr OTHER | 1o. oF (PERCENT-/PERCENT-
B PROC- . S 3
SAMPLE PROCESS AND SOURCE OF | VENTILA pole PAR AGE AGE
NO. SAMPLE TION TO [ OO asg | TICLES 2u AND {7.54 AND
PROCESS| o0 ¥ | PER C.C.| UNDER | ONDER
OR NoOT
1. 1/2 | Carding; passageway batween| Yes Yes 2,139 81.3 95.1
cards
2. 1/5 | Spinging No Yes | 1,45 " 95.9 | 100.0
3. 1/3 | Clothweaving, dry No Yes 1,756 84.1 96.7
4. 1/7 | Opening Yes Yes 2,384 80.9 93.7
8, 1/8 | Sicving; shoveling fiber on to No Yes 2,829 83.0 97.8
sieve
6. 1/8 | Plaiting No No 1,687 9.0 99.0
7. 1/1 | Office ves e 901 98.3 100.0
8. 2/11 | Office “en eee 1,480 9.7 100.0
9. 2/1 | Cloth weaving No Yes 1,788 88.9 98.6
10. 2/14 | Spinning No Yes 1,073 96.2 | 100.0
11. 2/10 | Mattress making; filliag Yes No 985 92.5 98.1
12, 2/8 | Mattress making; beating, Yes No 970 85.9 95.8
damp
13. 2/7 { Mattress making; beatiog, dry] Yes No 1,629 86.9 96.6
14. 2/9 | Mattress makiog; after filling Yes No 1,204 $8.8 9.4
2 mattresses
15. 3/1 | Band weaving, wet No No 808 96.6 100.0
16. 3/4 | Opening Yea No 2,313 T 96.6
17. 3/3 | Carding; between cards Yes Yes 1,528 82.5 97.4
18, 3/8 |} Carding; feeding card Yes Yes 1,321 82.9 96.4
19. 3/2 { Office cee 1,049 98.3 1€0.0
20. 4/1 | Mattress making; flling No Yes 1,858 60.1 90.1
21. 4/1 | Mattress making; filling No Yes 1,39
basket
22 4/3 | Emptyingsettling chamber No Yes | 3,401
23. 4/4 3 No Yes | 4,511
24. 4/5 | Insulating sections; leveling | No Yes 1,838
fiber ’
25, 4/58 | Carding; side of dirty card Yes No 1,402.70 "-....
28. 4/8 | Carding; end of clean card Yes No 1,002 deee | eeens
27. 4/7 | Carding; feeding card Yes No 1,689 1-*.... vesee
28. 4/9 | Cloth weaving, very alightly | No Yes | 3,033 [ ... | .....
damp
29. 4/10 | Cloth weaving, damp No Yes 758
30. 4/11 | Braiding No Yes 506 veee
31. 4/12 | Spinning No Yes 954 cens ceree
32, 4/13 | Office ves . 689 vere revae
33. 5/1 | Band weaving, dry No Yes 2,202 . verne
34. 6/2° | Cloth weaving, dry Yes No 835
35. 8/3 | Band weaving, dry Yea No 701 veene
38. 6/9 | Opening Yes "es 843 vese veen
37. 6/6 | Carding; feeding card Yes "es 562 veee b eeeen
LLR
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TABLE 6.—Continued

o P —
EXHAUST] PROC~ NO. OF |PERCENT-PE. NT
sAMPLE PROCESS AND SOURCE OF  [VENTILA PAR« AGE AGE
No. sampPLET TioxTo | ESSES | merps | 2 axo [7.54 anD
PRocEss | 1 SAME | penc.c.| uxER | ONDER
on Nor
38. 8/4 [ Carding; center of room Yes Yea 620 | ...l aeee
39. 6/5 | Carding; grinding rotlers Ces Yes 80 | ... .
40, 8/7 | Spinniang No Yes 620 e ] eeeen
41, 6/8 | Office 668 I
42. 7/2 | Cloth weaving, dry Yes Yes 4,688 vees
. 43. 7/1 | Opening; shoveling fiber into | Yes Yes 4,380 voe esee
box :
44, 7/3 | Opening Yes Yes 8,324 .o cons
45. 7/4 | Band weaving, wet No Yes §,353 e [ seees
48, 7/3 | Spinniog No Yes §,044 . cecae
47. 7/8 | Carding; between cards Yes Yes 4,607 ces R
48, 7/7 | Office 3,413 veo | eeeen
49. 8/2 | Cloth weaving, dry No Yes 1,287 83.8 94.9
0. 8/3 | Band weaving, dry No Yes | 1,233 | 8.2 | 93.7
81, 8/5 | Carding Yes Yea 1,193 67.2 | 94.9

tent was determined by means of

~ Owens’ jet apparatus. Hers also the

undetermined effect of dust from
neighboring processes must be noted.

. Nevertheless some information of prac-

tical value was obtained.

Reference to Table 6 shows that the
counts ranged from 306 to 6,32%
particles per cubic centimeter in the
air of workrooms, and from 666 to
3,413 per cubic centimeter in the air of
offices associcted with the factories.
In some cases there was a smaller count
in a workroom than in an office of the
same factory; this was duc either to,
there being much fewer smoke particles
in the air of the workroom, or to adher-
ence of the smoke particles to the
inorganic dust in the workroom.

The character of the dust in the two
cuses is, however, eatirely differcat.
In the air of the office almost all the
particies are black, or brownish, and
amorphous, evidently smoke; in the

Yal. 12
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air of the workroom, the majority of
the particles are, just as clearly,
erystalline particles of asbestos, to-
gether with, frequently, some cotton
fibers and numbers of black and brown-

ish particles, some adherent to asbestos -

spicules and some free. Alost of
the latter are iron containing and are
derived from the asbestos, and there
are relatively few smoke particles. Iso-
lated golden-brown scales or plaques,
also derived from the asbestos, are
scattered about the field.

The asbestos fiber first fragments
longitudinally, and apparently this
process can go on indefinitely, since
there is no ultimate fiber comparable
to a vegetable fiber such as cotton.
The dust collected in the Owens appa-
ratus contains nuinbers of these very
fine fibers—=some about 0.3 micron in
transverse diameter, many less—which
have fragmented transversely. Thus
spicules of very diverse length—up to
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about 80 microns—but about 0.5
micron broad, are found in numbers on
the sample, together with the black,
brownish, and yellow particles already
mentioned, The great majority of the
spicules are found broken down into
particles of the order of 2 microns and
less, many being about 0.3 micron and
more or less rounded. The proportion
of elongated to rounded particles seems
to vary in the different processes; for
example, a greater proportion of elon-
gated particles is found in the air near
dry cloth weaving than near a spinning
frame. Weaving damp reduces the
proportion of elongated particles.

This variety of microscopic spicules,
particies, and frequently some cottoa
fibers, found in the samples of dust col-
lected in the Owens apparatus, results
in a tendency to clumping on the cover
slip, making counting, especially of the
higher concentrations, a matter of
extreme difficulty. Qccasionally, also,
pert of the slot of the apparatus choked
upwithdust. Theeffect of the clump-
ing is to reduce the counts of all except
the low concentrations. :

Furthermore, this apparatus ismuch
influenced by local air eddies and cur-
rents. It takes a grab sample, which
is accurate enough as an indicator of
the local conditions at the moment of
sampling, but does not give a picture
of the average state of the atmosphere
during o period of time, as does a
gravimetric  apparatus. Moreover,
with high concentrations of dust,
accurate counting becomes impassible.

The spparatus has, however, many
‘advantages, including those of con-
venience, quickness in operation, and
direet examination of the nature of the
dust. By scrial observations, too,
terporary and local large inereases in

the dust eontent of- the atosphere—
such as that produced by shoveling
ashestos fiber into 2 sack—can be
detected and estimated. This is of
great importance since short. but
repeated, exposure to massive concen-
trations of dust is agreed to be very
harmful. Counts Nos. 3, 22, 23. and
43 in Table 6 are examples. Much
useful work can be done by means of
serial dust counts in various dusiy
processes in the same factory, and by
comparison of the results.

The counts set out in Table 6 are
derived from eight different factories, .
and it is a matter of intercst to con-
sider whether counts from different
factories can be directly compared with
one another. Strictly they canrot.
gince the content of smoke particles
varies in each group. The diffculty
might be obviated by counting only
the particles derived from asbestos.
The method has been 2pplied success-
fully to counts of crystalline silica
dusts; but it i3 not so easily apnlicable
to counts of ashestos dust, which con-
tains numbers of black and browaish
iron containing particles, many of
which are not quickly distinguishable
from smoke and tarry particles.

To classify the processes accurately
on the basis of amount of dust evolved,
it i3 necessary to take serial samples at
intervals corresponding to the details
and complexity of the processes.
With some straightforward processes,
such as spinning, few samples will be
necessary; but in others, such as mat-
tress making, mixing, grading and
opening—especially with old-fashioned
plant—in which the evolution of dust
rises and falls rapidly in a compara-
tively short space of time, many more
obscrvations are necessary throughout

LM
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a shift, to determine the average con-
centration of dust, Repeated controis
are also required.

Comparative data show that the
dustiest processes are opening (with
old-fashioned tcasers), sieving (with
no local exhaust veatilation), and
shoveling, or otherwise handling asbes-
tos fiber. The heaviest counts of all
were found in this group, in fllingsacks,
by hand, with disintegrated fiber in a
settling chamber, The visual cloud of
dust was intense, and irritating enough
to provoke immediate coughing on the
part of the observer. The clumping of
the dust particles of the sample on the
cover slip was very marked, with the
result that the total dust count arrived
at was undoubtedly too low, With
counts of asbestos particles of this
order, bowever, the precise count is of
little practical importance, since the
dust concentration is far beyond the
safe limit.

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

Vel 12
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when asbestos tape weaving dry, and
only once a day when weaving asbestos
wet. .

Nextinorder comes mattressmaking,
without any precautions such as exe
haust ventilation, or damping floors,
cloth, and tables. Application of ex
haust veatilation and damping reduce
the count comsiderably, but it is be-
lieved that the figures are too low, since
counts for some subsidiary processes
such as buttoning, sewing, and cutting
out are not available.

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

_too high, owing to contamination of

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

A number of the samples taken with
the Owens apparatus were examined
to determine the size of the particles,
and the percentages of particles -2
microns and under, and 7.3 microns
and under, were ascertained. The 2-
micron standard was retained for
purposes of comparison, and because
of its accepted importance in silicosis.
The 7.3-micron figure was also adopted
because of the promounced acicular
character of much of the asbestos dust,
and because, representing the diameter
of the human red blood corpusele, it
is a standard easily distinguishable,
and may conceivably represent the
limit size of particles which can be con-
veniently engulfed by phagocytie cells,
which are somewhat larger. Among
twenty counts from various processes
(Table 6), in two, between 60 and 70
per cent. of the particles were of sizes
2 microuns and under; in two, 70 to
80 per cent.; in ten, SO to 90 per cent.;
and in six, 90 per cent. and upward.
When the counts were analyzed ac-
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cording to the 7.5-micron standard, all
twenty showed 90 per cent. or more of
the particles to be of this size or less.

With regard to the effect on the
lungs of diffcrent varicties of asbestos,
no evidence was found to indicate that
any one of its varieties is more potent
in producing fibrosis than the others,
other factors, such as concentration of
dust, being equasl. There is now no
doubt, however, that both chrysotile
and crocidolite will produce fibrosis;
while the third, the comparatively
newly discovered amosite, resembles
crocidolite so closely in its chemieal
constitution, and in the characteristics
of the dust, that there can be no
reasonable doubt, also, with respect
toit.

Length of Dust Exposure

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

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

F. W. Simson (6) examined the lungs
of a guinea-pig which had been experi-
mentally dusted by Mavrogordato for
two bours a day on each of fifty days
between February and April, 1925,
and which died from other causes in
December, 1927. He states that his-
tologic sections showed 2 slight gen-
eralized fibrosis: This observer also
examined portions of the lungs of two
native asbestos mill workers; one had
been employed for twelve months and
had died from a miliary tuberculosis,
and the other, employed for two years,
had apparently pever recovered from
an attack of lobar pneumonia 2 year
before death.

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

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

experimental animal” "and, again,

‘that “the amount of fbrosis in two of

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

Experiments by Professor Beattie,
in 1912, demonstrated that she lungs
of guinea-pigs exposed to asbestos dust
for forty-three and sixty-seven hours
showed “definite cellular proliferation,
though not very exteas.ve, and this is

JLH
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certainly a preliminary stage in the
production of fibrosis.”

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

The amount of disablement pro-
duced by the development of pulmo-
nary fibrosis in these workers is surprise
ingly slight for a number of years, even
more so than is generally the case in
silicosis. The nature of the work,
however, in the majority of the proc-
esses does not involve much physical
exertion—in fact, in this respect it is
“light work.” The affected person
may, and often does, continue at work
~with occasional intermissions, lat-
terly, due to exacerbations of brone
chitis—~unti! the condition is advanced,
slthough he suffers increasing incon-
venience from shortness of breath on
the slightest exertion.

Usually these cases cease work o year
or more before death, but sometimes a
terminal bronchopneumonria, or other
acute infection, commences while.they
are still at work, and there is no long
period of invalidism.

Falalilies

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

Yol. 13
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contributory factor. In six of the -

eight cases the dingnosis was verified
by postmortem e¢xamination; in the
other two cases, confirmatory radio-
graphicevidence was obtained.

Information has recently been ob-
tained in regard to three other cases,
in which death occurred in 1929. The
details of one have been published by
Wood and Page (253). Postmortem
examinations have been made in all
three cases, and in all, the presence of
pulmonary asbestosis, witbout tuber-
culosis, was verified. In one case, the
pulmonary fibrosis was the primary
cause of death; in one, information as
to the extent of the fibrosis has not yet
been obtained; and in the third case, a
lobar pneumnonia was superimposed on
the fibrosis. .

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

Dificullies in Diagnosis

Many factors have contributed to
impede both the recognition of indi-
vidual cases of this disease, and the
establishment of ashestos dust as the
determining cause. These factors are
consequent, partly on the nature of the
disense, partly on the nature of the
dust, and partly on the industry itself,
its rapid growth and internal condi-
tions. Difficultics in diagnosing the
disease, its points of resemiblance, in
its latest stages, to fibroid tubcereulosis,
and the liability of those affected to be

01458




—

TABLE 7.—~PARTICULARS OF FATAL CASES

! : ¥Re. rosy-
No. case | ';,‘3,3:' sex | som . ;:;D MAIN pROCESS CONDITION OF LUNGS ‘;‘,’":";ﬁ:‘ m',:;_‘_ REMARKS
NaTION
1. | Montague 6/13/19000 M 34 14 Card room 10 yre. | Advanced pulmonary] Yes No Jooceevriecnaconencees
Murray fibrosis; no tuber-
case . culosis
2. | Covke'scase 344721 | F N 18% | Spinneriatterly Extensive pulmonary| Yos | No | Exposed to dust
fibrosis and tuber- from other proo-
culosis csics.
3.8 1027 ¥ 43 24 | Mattress maker Pulinonary fibrosis | No No ] Tworadiograms con-
: and tuberenlosis firm diagnosis of
pulinonary fibrosis.
4 | M.8 | P | 3t 20+ | Mattrces maker Chronic pulmonary | Yes | No l.ccooiiiiiiniianins
fibrusiy; no tubor-
culosia
&. | Grieve’s 3/24/28 | M | 3¢ 13§ | Mattress boater Advanced pulmonary] Yes Yes fooeeicnersrocenanans
casc (W, fibrosis; terminal
L) bronchopneumonia ;)
> no tuberculosia
Ll 6. | M. M. 8/25/28 | ¥ | 34 | 15-18 | Matirces maker Advanced pulmonary] Yes | Yes | Worked for leas than
C. fibresis; no tuber- the period statod,
(Wb} - culosia as A matirces
O : . maker.
7130 10/13/28 | M | 38 18 | Weaving 1yr.; mat- § Advanced pubmonary| No No | Two radiograms con-
: tress dept. 7 yra. fibragis; no tuber- firm dingnosis.
\ and 2 mos. culogiy
8. | L. . 2/ -/29 P 41 10 Mattress maker Advanced pulmonary|{ Yee Yes seesvsecsicanstessse
fibrosis; no tuber-
culosia
£ . L RS DU S —
E : ¢ Atrangement of dates follows the American custom—i.c., month, day of ionth, yeur.
gx ¢ Estimated.
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carried off by some intercurrent dise
ease—which alone is notedon the death
certificate~—are zil of importance.

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

. months before his death it was thought

that a change of air would be of
advantage to him. Through the gen-
erosity of the firm with which he had
been employed, he was transferred

~ from the town to a farm in the country,

where he died. The death certifieate,
given locally, stated that pulmonary
tuberculosis was the cause of death.
In another case chronie bronchitis was
given as the cause of death,

. In the less advanced stages of the.

disease, the symptoms are so unob-
trusive that the worker rarely consults
his doctor. In the later stages, bron-
chitis, or the supervention of acute
bronchopneumonia, puimonary tuber-
culosis, or other acute infection, all so
much more common, masks the undere
lying fibrosis; and the terminal condi-
tion is noted as the cause of death.

In thesecond piace, thesilicate dusts
~of which asbestos dust is one—repre-
senting silica in the combined form as
opposed to free silica, have naturally
been overshadowed by the silica dusts,
since they do not produce the picture
of silicosis and have not been shown to
be associated with an increascd mor-
tality from pulmonary tuberculosis.

Moreover, althouth the asbestos ine
dustry has very rapidly expanded, it is
still comparatively smalil, and seattered
over the country. A large proportion
of the workers have been ensployed in

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

Dors Assesros Dust Preors-
rose T0 OTHER PULMONARY
Diseases?

The important question as to
whether asbestos workers show aa in-
creased liability to other diseases of
the lungs, such as pneumonia, pleurisy,
and pulmonary tuberculosis—espec-
ially the latter~-requires further in-
vestigation. ) ’

A history of pleurisy was given by
ten workers, in eight since commencing
work in asbestos; in addition, one
worker had a slight pleural effusion at
the time of examination, and one
showed signs of old pleurisy, but no
history was obtainabie. Of the two
with attacks prior to work in asbestos,
one had normal lungs, and the other
showed signs of & bronchiectasis. Of
the eight giving histories of pleurisy,
three showed signs of fibrosis, four

showed signs of the old pleurisy only -

(one being due to a gunshot wound
during the War), and the eighth
showed signs of an old inactive tuber-
culous lesion of the right upper lobe.

A history of pneumornia was ob-
tained in sixteen workers~—in ten prior
to commencing work in asbestos, and
in six since. Of these six, two showed
signs of a thickened plcura only, one
showed merely enlarged lung roots,
two had diffuse fibrosis, and in one the
lungs were normal.  Of the remaining
ten, one had a thickened pleurs, two
branchicctasis, two dilfuse fibrosis, one
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commencing fibrosis, and in four the
lungs were normal.

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

{rom the dust.

* Of other disenses, eight gave his-

_tories of rheumatic fever, aad of these,

two had definite valvular disease of the

heart. Inaddition, valvular disease of

the heart was noted in one worker, but

. no history of rheumatic fever was ob-
" tained.

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

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

and are of no importance ualess’ it is
shown that the inhalation of asbestos
dust is associated with pulmonary
tuberculosis to an increased degree,
when such cases, as indicating a group
of workers with a latent infection,
would assume a greater significance.
No close association is apparent, how-
ever, since only thirty-seven, or 9.9
per cent. of the 374 examined. showed
evidence of this disease, excluding cases
of old inactive hilar tuberculosis, even
when those showing the minor changes
mentioned above are included. In
only four was there a family history of
pulmonary tuberculosis; and three out
of four active cases belonged to this
group. Thirty-three cases were inac-
tive, of which twenty-one presented no
evidence of dust fibrosis, and twelve
presented evidence.

Out of the 374 persons examined,
fourteen, or 3.7 per cemt., -gave a
family. history of tuberculosis. Evi-
dence of active pulmonary tubercu-
losis was present in three; in two of

.these three the source of infection

appears to have been a near relative.

Thus, no outstanding susceptibility
to pulmonary tuberculosis was dis-
closed, either among asbestos workers
a3 a class, or among those with fibrosis,
considering the frequency of old healed
apical lesions among the general
population.

We have, however, by né means dis-
posed of the question. The superven-
tion of a tuberculous infection on a
lung already the subject of fibrosis pro-
duces an increase in symptoms, pre-
viously unnoticed or disregarded, and
causes the worker to scek his doctor’s
advice. He is then appropriately
advised to give up his dusty employ-
ment, migrates from the industry, and

LLH.
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may or may not accept sanatorium
treatment. Thus there tends to be a
drift of such cuses frum the fibrosis
producing industry, )

During the course of the inquiry,
informatioa was obtained uf 2 number
of persons, previously employed in
asbestos, who were cither at home orin
sanatoriums, suffering frum chest come
plaints. Where an examinntion of
workers is confined to those at work, &
certain number of advanced cases of
fibrosis, and a certain number of cuses
of pulmonary tuberculosis, with or
without an asbestos fibrosis, in persons
who have either given up work, or who
are of. work temporarily, will be
missed.

It is necessary, therefore, to leave
this question of increased susceptibility
$0 pulmonary tuberculosis in aheyance,
pending further iavestigation,

With respect toany increased suscep-
tibility tothe superventionof otheriung
diseases in workers with an asbestos

~ fibrosis, the data obtained were insuffi-

cient to lead to any conclusion, except
as o bronchial catarra. There are in-
dications, however, that when pneu-
monia or bronchopneumonia super-
venes on a fibrotic lung, the prognosis
isgrave.

ASRESTOSIS AND S1Licosis CONTRASTED

In view of the relationship between
the asbestos fibrosis and silicosis, since
they are both varictics of fibrosis of
the lungs caused by the inhalation of

- dusts, it scems desirable to summarize

shortly the main poiats of similarity
and dissimilarity between the two dise
cases, s0 far as has been ascertained.

1. Inhalation of axbestos dust, under
favorable conditions of concentration
of dust and length of exposure, will

Yol. 12
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produce a serious and even fatal degree
of pulmonary fibrosis.

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

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

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

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

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

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

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

-

StaARY
1. There is a definite risk of the
development of & diffuse pulmonary
fibrosis in persons exposed to the ine
halation of asbestos dust.
2. This risk varies directly as the
length of employment (and hence
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length of exposure to dust), and.is
unafected by the age of the worker.

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

4. With continued exposure to high
concentrations of dust, the disease may

be fully developed in seven to nine

years, and may cause death after about
thirteen years’ exposure, exceptionally
in a shorter period.

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

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

7. The less dusty processes are spin-
ning and similar processes, and proc-
esses, other thaa dry weaving, ine
volving the manipulation of the spun
yarn.

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

.

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