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THE OCCURRENCE OF PULMONARY FIBROSIS AND OTHER
PULMONARY AFFECTIONS IN ASBESTOS WORKERS® ... ..
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RIOR to the commencement of
this inquiry, in February, 1928,
definite knowledge existed of
only two deaths of asbestos workers

__~_.about whom there was expert opinion

that ths ickalotion of asbestos dust
bad at least contributed to, if not
_caused, the fatal outcome. - - - --
The first of these, in retrospect the
most suggestive, only came to light
some years after the occurrence, when

. full information was unobtainable.

All that is known of this case, now
referred to as “‘the Montague Murray
Case,”’ is contained in the evidence
given by Dr. Montague Murray before
the Departmental Committee on Com-
pensation for Industrial Diseases in
193¢ {1}. Tiuw ilis source, we learn

aUUV \dy.

that:

The potient, a male aged 33, came under
the carc of Dr. Montague Murray at the
Charing Cross Hospital in the beginping of
1899. He had worked with asbestos for
“some 14 years,” 10 vears as a cardroom

“""hand, and the remainder in some other room

of the factory, “where there was much less
dust.”” He volunteered that, of the 10
people working in the cardroom when he
webt into it, he was the only survivar and
tbat all the otherahad died somewhere about
30 vears of age. There is no note a8 to the

nature of his work, previous to that in the
asbestos factory,

L . E.R.AMerewetaER, MD. __ _ .. . -~

. post-mortem examinstion revealed.

[ .7--27 ~-" Received for publication Feb. 17, 1930.

H, M. Medical Inspector of Factories

pital for two months, and then returned to
work. After a few months, however, he
beecame ill again, and was re-admitted to the
Hospital in April, 1800, where he died. Tfe
post-mortem examination confirmed the

. tlinical diagnosis of extensive puimonary

fihrosie  Therp vas 20 Cvaichee Vi puLmMO-
nary tuberculosis, and examination of the
sputum for B. tuberculosip was pegative.

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

The deceased, a woman, aged 33, who
died in 1924, had worked in asbestos for 18
years, but intermittently for the Jast 5
years, owing to periode of ill-heslth. The
not
onlv extensive fibrosis of the lungs, but also
much change due to pulmonary tuberculosie.

Although Cooke (3) and Stuart
McDonsld (4) were conclusively of the
opinion that .in this case the jungs
showed a progressive dust fibrosis, to-
gether with & chronic tuberculous in-
fection, the etiologic relationship be-
tween the inhalation of asbestos dust
and fibrosie of the lungs would have
been strengthened by the absence of a
tuhermeloss infestisi,

Cooke’s case is, however, of out-
standing importance, not only because
of the discovery of “‘curious bodies”
in the Junge—discussed later—but also,

and of more linportance generally, be-
198
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-~ He was treated in the Charing Cross Hose - —
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--—-; ' cause its publication again directed This case, at that time the third of
ST atteation to the possibility that inor- which the Factory Department  had >
: T ganic dusts containing little or no free knowledge, was, however, the first in :
vD OTHER 3 silica may be productive of extensive which the four essentja] conditions, t
KERS* . . . pulmonary fibrosis. Of these dusts, necessary to establish & relationship --=
RPN the gilicates form a very large class, between the inhalation of asbestos dust
Tt of which asbestos is but one example. and the development of fibrosis. could T
* Many other members of the class, be demonstrated. These conditions '
Tt such as the feldspars, kaolin, French are: I -
-.lﬂnme.:ﬁo.-__..—-- """ chalk, and pumice, are extensivel . . S
thep returged to - "" i used ’in indtl;stry. ‘The importance},' du:t'. Work iovelving exposure to asbestos T
i‘: d:::l:;::t:: o therefore, of delimiting the potentiali- 2. The existence, demonstrable cllmcall) '
erebedied. The @ = ties of the class as producers of pul- aad radiologically, of & definite pulmonary !
confirmed the -. . s . monary fibrosis is clear. fibrosis. —
sive. pulmonary — Cooke's case was the firs to be % T 20000 of peviourorpresnt i |
::;:'::uz;': ?Tl:: TTTEs generally reported in the medical —e.0., tuberculoais, influenze, or poeu- !
~aavegative., press; the facts of the Mgutaglfe monia. .
¢ e ——— Murray case, although contained in 4k The llbsence of anlous t‘;r p:;se:t ,
. the evidence presented before the Work involving exposure to other dus ! i
zporg‘b;egr: . ! Departmental Committee in 1906, and which might cnu-se pulmonfuy fibrosis. & :
' e — _.--published in 1907, were liable to be These conditions being fulfilled, 8 --—on- oot
A W ; overlooked in the mass of important relationship between the inhalation of
1 aped 23 who - material on industrial diseases elicited asbestos dust and the dev elopment of T
2 sabestos for18 .. R by that Committee. the pulmonary fibrosis may be pre- .
;{Fr the last § _ _ . . i Since Cooke’s case, Dr. I. M. D. sumed. ;
Nli::l]:: :rnz;: ' Grieve has made & careful study of a The importance of estsblishing ;
- lupgs, bx;z aso T T group of asbestos workers in his prac- whether the supervention of this dis- i
-rv tubereulosis. : tice, and has courteously allowed ease in an asbestos worker was an i
access to his records. exceptional occurrence, or evidence of :
and Stuart ; In February, 1928, Dr. MacGregor, a grave health risk in theindustry, was
‘usively of the e Medical Officer of Health for Glasgow, now apparent, and steps were taken, :
ise the lungs drew my attention to an asbestos forthwith, to obtain prima facie evi- :
it fibrosis, to- worker who was receiving treatment dence in proof, or disproof, of the exist- X
:bereulous in- : in one of the hospitals in that city. ence of such a risk.
ationship bee - - 1 This case, the details of which have = A number of workers in asbestos T
asbestos dust 5 been reported by H. E. Seiler (5), pre~ were selected and exarmined clinieally :
- would have ~— "~ —"~" sented, both clinically and radio~ and radiographically, The findings -

“absence of a log-xmll), signs of a diffuse pulmonary

£ uuxuam V\lbu uy c\mcubu Ul # yubereu-

ver, of out- L lous infection. On further investiga-
only because I tion into the patient’s industrial and
‘ous bodies” T i medical history, no presumnptive cause,
fr—butalso, I %! __ . other than the inhalation of asbestos
eperally, bee -~ - .ok “dust, was found to account for the
T TS " existence of the fibrosis.
=~ TLH i _
. 1830 T Vol. 12
{ - — - o ———
™~ TR

invited further investigation throuch-
OUL LUK LDUUSLEY, Willl Lt fealit b «
comprechensive inquiry involvieg the
investigation of the different processes
in relation to the evolution of dust. ang
the examination, both ¢linical and ra-
diologie, of workers, was undertaken
during the year 1923, commencing

e ————
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with the carding, spinning, and weav-
ing processes of the industry.

In the meantime, in March, 1928,
the death of an ashestos worker (one of
Dr. Grieve’s cases) occurred in another
part of the country, and, on post~
‘mortem examination, a conditicn of
‘widespread fibrosis of the lungs, with-
out tuberculosis, was revealed. The
microscopic examination also disclosed

~the presence of the curious bodies,
"In 1928, also, Dr. F. W. Simson (6)
reported a fatal case of fibrosis of
the lungs occurring in a native work-
ing in an asbestos mill in southern

in order that this brief survey of the
events leading upsto the present in-

~-—-==== ‘quiry may be complete, it is necessary

to review the investigation made in
1910 to 1911 by Dr. Collis and Miss

_.. Whitlock—the only previous inquiry
* into the subject.

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

Following this, extensive inquiries

- were made, a medical report, on all the

employees in the factory concerned
was obtained, and Dr. Collis and Miss

"~ Whitlock” investigated generally the

various processes in the industry with

- respect to the evolution of dust,

methods of ventilation, lost time due to
sisk Also 1nquiries were
made of the Canadian government as
to the conditions in the ssbestos
quarries and mills in that Dominion

€L,

_GS,

L

- evidence of increased Bickness and

=~ mortality rates among the workers,
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and any metheds of ventilation which
had been found of especial value.

The result of this investigation did
not conclusively 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 affected,the position
then are, in varying degree, continu-
ing factors, and have an important
bearing on the present inquiry. Their
- Opifalivi, white providing a solution
to this query, also affords an expliua-
tion 1o another pertinent question:
Wby is it that this industry, founded
in antiquity, has only recently excited

attention, by reason of its raw material

becoming suspected as a cause of indus-
trial disease?

The answer appears to be that in the
past it was not practicably possible to
obtain proof of the injuriousness of
asbestos dust, considering the lLimita-
tions imposed by the state of the indys-
iry, uud 1be point reached by researcii
work into the relationship between
dust inhalation and diseases of the
lungs.

The industry itself, not a large
one today, was then (1910) consider-

- 8bly smalter. 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 dee)s

Ll

Pauinl of dednjte
physical signs of pueumonokoniosis
must have been quite smail, and dis-
persed over the country.

Precise knowledge of the morbid -

affections of the lungs produced by the
inhalation of dusts was more fragmen-
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PULMONARY FIBROSIS IN ASBESTOS WORKELLS

tary than it is today. The position
was clearly stated two years later in
evidence placed before the Roya) Com-
missivu vn hieualliferous Mines and
Quarries, This Commission, when re-

porting in 1914 (7), stated *“we do not-

koow whether other dusts besides those
containing free crystalline silica induce
a pathological condition in the lungs,
though the experiments of Professor

or two that research hasproduced some
definite evidence as to the precise
effects of spme of these dusts on the

lungs (8) (9) (10) (11) (12).

- 3.
T'f 191‘:\, r.p«ovbnnyn) UA uu\': M.UJED,

th its technical and its interpretative
aspects, was still in its infancy and,
80 far from having attained its present
status of being an indispensable aid to
the diagnosis of the dust diseases of the

* lungs, was an unused ally.

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

- -Another factor which has tended and
still tends to obscure the possible
deleterious effects of the non-silica
dusts, is the general use of the pbthisis
mortality rate ne a aamnarativn ind-.
of the degree of injuriousness of the
dust encountered in the various dusty
occupations. This rate, while of great

_value in separating dusty industries
- into two grest groups—those which

Yol. 12

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 means of
classification in the latter group, but
also tends to distract attention fron: it,
and toresult in the associated dusts Le-
ing dismissed as more or less innocuous.

Evolution of dust is only ope factor,.
though an important one, which may
cause variations in the phthisis mor-
tality rate in different industrics,
Wages, hours of work, aggregation of
workers, amount of food, housing, and
other soctal and envirunmental condi-
uoDne are, however, powerful influences
in the same direction, and are not
necessarily comparable as between the
workers in any two industnes.

In thus reviewing some of the influ-
ences which have retarded recognition
of the baneful effects of some dusts
upon the lungs, the singular attributes
of pulmoneary fibrosis, the most impor-
tant of the diseases caused by the in-
halation of dust, must not be over-
looked.

This discase. insidious ir its onset
stealthily advances with but faint
warnings of its progress; inexorably it
cripples the cssential tissues of the
lungs, yet for a consideralle period
causes almost no inconvenience to the
worker. As
the lungs find more and more dificulty
in re-aerating the blood; and breathing
is quickened on slight exertion. Still
the worker is able to remain at work,
Lul s anait Ul WS uLUUL SO ness ot
breath on extra effort. Uguallv, how-
ever, he ascribes it to causee other than
the dust he is inhaling.

As the disease progresses, if no acute

illness has caused a fatal termination,

tire goes on, however, ‘
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‘BF: & stage is reached when the lungs can
SES do littie more iban mainiain iije; and
e the shortness of breath is extreme.
.82 _ _ . _ Eveninitsterminalstages, the disesse,

2 deceitful to the last, may masquerade

&3 — —— a8 chronic bronchitis, pulmonary tu-
el berculosis, bronchopneumonia, or the
-Fi like. '

IEFT T While more orless acute cases of
1%53 . fibrosis closely simulating miliary
"; ;' tuberculosis have occurred, even in this
A) country (13), they have all been asso-
+ LA ciated with the inhalation of dense
TET concentrations of free silica dust, and
.;:.i.;., asv, :v“‘.muj, Lie wa:-:k)u laidaii
FiEE than the rule. '
-5 r~— - The difficulty of diagnosing pulmo-

- pary fibrosis, especially in its early

stages, or if complicated by tubercu-
losis, has been stressed by a number of
authorities, and has, undoubtedly, con-
tributed to impede the attainment of
precise knowledge of the extent to
which the various industrial dusts
affect the lungs,

Difficulties and obscurities stil! im-
pede, though to a less degree than in
tie past, any investigalion into the
efiects of an industrial dust upon the
lungs of those exposed to it; but prior
to the War, although there were certain
elight indications that asbestos, in
common with some other dusts,

"might produce permanent pathologic
changes in thelungs, it was not possible
-t0 obtain evidence sufficient to prove
or disprove this hypothesis.

At tha nntent of +ha nrnannt fnr:tu'v-:v
into what, if any, pulmonary diseases
workers exposed to the inhalation of
asbestos dust are more prone to con-
tract than the general population, it

‘problem afresh, and with eomplete
detachment, because of the fact that

THE JOURNAL OF INDUSTRIAL HYGIENE

asbestos dust has a totally different
physicochemical constitution from that
of dusts containing much {ree silicaand
causing silicosis. It was felt that

altbough much wvaluable guidance - 7
could be obtained from the methods -.

of investigation of silicious dusts, care
had to be taken to keep an open mind,

in the direction of assuming that the

effects of the dust, if any, must be com-

parable in some degree to those of

crystalline silica.

' ASBESTOS AND THE ABBESTOS
INDUsTRY

Asbestos

The term msbestos is a collective
name, of no definite mineralogic sig-
nificance, which has beea applied to a
variety of silicate minerals, which differ
from one another in chemical compo-
sition and physical properties, but:
which resemble one snother in their
finely fibrous feature and fexibility
(14). Their value depends on the
facility with whick they are capable of
peinyg spint up iuw 1wug uod Gexibie
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 asbestos possess theseA—-—ﬁ___..__'

qualitics in differing degree. Com-
mercially, therefore, selection is made
by the menufacturer of that variety
and oende whicrh ie mncet guitehle far
the purpose in view, regard being paid
to ordinary economic factors, aych as
the cost of the raw malerial, and the .

price which the finished article may be _

expected to command. C.

~ 80 a8 not to be unconsciously biased ———
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PULMONARY FIBROSIS

ent countries of origin, are frequently
mixed in the preliminary processes of
manufacture. Thus Canadian chryso-
tile may be mixed with Russian, or
Rhodesian chrysotile, and so on. Less
frequently, totally different varieties,

- such 25 amosite and chrysotile, may be

mixed.

Practically spesking, -all that goes
" under the name of asbestos, in com-
merce, is either fibrous serpentine or a
fibrous mineral of the amphibole, or
hornblende, group. The former is the

~most important commercially; but

strictly, the 1aineralogists confine the

IN ASBESTOS WORKERS 203
bined water, and usually more cal-
tium, slominium, and iron. Members
of this group are resistant to acids,
but are more diffcult 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 yarn is woven into cloth for
VAarTious purposes, such as acid filter-
ing. and for making intn ineulatiz=

TABLE 1 —CO\IPOSITION' OF SERPENTINE AND AMPHIBOLE VARIETIES

- OP ASBESTOS
PERCENTAQE OF
MINERAL i

VARIETY I Com.

GROUP 5i0; | ALO, FI:: :8' MgO | CaO N&O{ K0 gmed
aler
Berpentine | Chrywotile | 3942.5 | 0-3.7 [ 0.7-4.4 | 3543 0-0.35, ... | ... [13.3-18.5
Amphibole (f Crocidolite [50.5-62.1] 0-1 [35.5-37.4 03 [0.7516.2-9 ... | 1.64.5
(born- {{ Amosite 4553 [1.2-0.4 B4 0564 ... 025 .| 23.8
blende) || Tremolite | 7.2 | 0.6 | 3.2 | 228 [13.4)0.6]03| 24

eI usLesLos 10 ibrous forms of horn-
blende. These two types are sharply
distinguishable, chemically and miner-
alogically.

Serpentine asbestos, or chrysotile, is
& hydrated magnesium eilicate, eon-

- taining practically no caleium, a high

percentage of combined water, and a
low percentage of iron. This variety

i8 very suitable for spinning, but is
attackedbenpida Nazrly 80 porcond.
of the world’s production of asbestos is
derived from Canada, and is of this
variety; the remainder comes mainly
from South Africa and Russia.

The amphibole, or hornblende, vari-

- eties contain less magnesium and com-

Vol 12
No. &8

mattresses, as well as for other pur-
poses. Both are produced extensively
in South Afries, from which quarter ali
required commercially is obtsined.
Amosite, a comparatively recent dis-
covery, is found there in very large
deposits; its use is steadily increasing,
the initial difficulties associated with
the manufacture of textiles from this
variety having been overcome.

Tivwuliw, fOUNdG iD Vanous quarters
of the world, has been mined in north-
ern Italy since the time of the Romans.
Its chief use is in the manufacture of
asbestos millboard and for filtering
purposes.

Table 1, compiled from various

e mem i tmm——— . p et
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gources, shows the main differences in
the composiiiou i ibesé four vancties.

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-
ping, and the most desirable grades of
spinning fiber, consequently, command

"a high price—now over £100 a ton. -

The chortage of this grade has led to -

improvements in manufacturing proc-
esses which have enabled less expen-
sive grades of fiber to be utilized for
spinning, some of which give rise to an

e ceqmd ol Jeend
J O L O e e L R

About four-fifths of the world’s pro-
duction of asbestos is fiber unsuitable
for epinning, 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 bas beea

responsible for the phenomenal expon-
sion of the industry as a whole. The
spinning and testile section has sleo
ghared, because of the extensive use of
the yarn aud vl au the monufagture
of steam packings, insulating mat-
tresses, brake linings for motor cars,
fireproof curtains, and the like.

In 1880, three years after the dis-
covery of the large Canadian deposits,
the world production of asbestos was
little over 500 thort tons; by 1900 it
had risen to about 35,000 short tobs,
by 1920 to over 230.000 short tons, and
hv 1925 tn aver 330 000 short tons (15).

The imports of asbestos (all grades)
into the United Kingdom rose from
18.591 tons in 1922 to 32.520 tons in
1927 (16). The figures for 1927 refer
to Great Britzin and porthern Ireland
only. Of these quantities 8,844 tons

snd 3,794 tons, respectively, were

THE JOURNAL OF INDUSTRIAL HYGIENE

reexported. Thus the consumption of
asbesioe in this country trebled within
five years.
The Industry
Op considering the uses of asbestos
one is astonished, not only st 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 mapufactured articles.

Evidently, therefore, with the muiti-

w.(‘
.~

Y

—

plicity of processes and dus.s encoun-
tered in the ramifications ot the 1ndus-
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 asbestos, either pure, or admixed with a
smell proportion of cotton, or other vege-
table fiber.

2. Processes involving the manipulation
of asbestos together with other dusty ma-
terisle.

4 Proceases involving the makinr up of
asbestos cloth into ather articles.

Group 1 entails exposure to asbestos
dust mainly, and to cotton, or other
vegetable dust, very elightly; group
2 entails exposure to asbestos dust in
very varyiog amounts, and also 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 proccsses are being ¢arncd on
in the vicinity—is, in the majority of
cases. negligible.  Procesces belonging
to all three groups may be carried on in
the same factory, and workers may
trapsfer from one depsrtment to
another (30).

31 8.
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PULMOXNARY FIBROSIS

Investigation into the intricate ques-
tion of the effects of mixed dusts, while
possibly preductive of some general

- corollary, would lose much of its value

in the absence of knowledpe of the
effects of the several component dusts,
and moreover would introduce an in-

results. For these reasons, and also
because the Montague Murray ease,
Cooke’s, Grieve's, and Seiler's cases
all occurred in processes included in
group 1, it was considered advisabie
to exclude. as far as possible, from the
inquiry all workers exposed to the in-
fluence of mixed dusts, and all those
not eraployed in processes included in
groups 1 and 3,

The processes included, therefore,
are the crushing, preparing, sieving,
opening, mixing, carding, spinning,
doubling, plaiting, braiding, and weav-
ing of asbestos, together with the
operations incidental thereto. Also
included is mattress making, where the
filling is asbestos, and the manufaciure
of anme insulatine materials, where the
dust produced is asbestos.

The carding and spinning processes
have many points of resemblance to
the corresponding processes in the
cotton industry, but with -essential
modifications end 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 U per cent. by weignt o1
cotton is added. More rarely, and for
epecial purposes, long-fibered ashbestos
is carded and spun with no admixture
of vegetable fiber, but usually asbestos
yarns contain a core of either cotton
or metal wire.

Asbestos yarns are not only used for

IN ASBESTOS WORKERS
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the weaving of fabrics, which them-
selves are used for & multitude of pur-
poses, but, braided together, ere made
iato ropes for use as steam packings
and other purposes. The interstices
and center of the rope may be filled
with other materials such ss tale, oil.

. or graphite, depending on the precise

use to which the rope i to be put.

Asbestos mattresses, used for blan-
keting steam engnes, and for other
insuiating purposes, are made of ashes-
tos cloth stuffed with asbestos fiber.
The stufine material may be. however,
slag wool, magnesia (containing ap-
proximately 15 per cent. of asbestos
fber), or kieselguhr with a emall per-
centage of asbestos fiber. The man-
ufacture of mattresses filled with
mixtures of asbestos fiber and other
materials has not been included in this
portion of the inquiry,

The shortness, slipperiness, and lack -

of strength of the individual asbestos
fiber, as compared with cotton, flax,
wool, eilk, and other textile fibers, have
been the cause of much technical diff-
culty in manufacture. The efforts of
manufacturers to cope with these diff.
culties, together with those due to wide
variations in the physical properties of
the raw material, are refiected in the
methods emploved by each. For these

reasons, and because of the great num.

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

The majority of the processes men-
tioned result in the evolution of dust,
although by no mesns to the same
extent. Differences in plant, quality
of asbestos used, methods of inanufac-
ture, type of finished urticle, and extent
of appheation of eahaust ventilstion.

N i e
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al] result ip variations in the evolution
of dust in similar processes in different
factonies.

Variations in the evolution of dust in
different processes being of outstanding

importance, a series of samplee of dust’

from the air of workrooms was col-
lected, by means of the Owens jet
apparatus.

Population at Risk. —A ealculation of
the total number of workers employed
- in the processes already enumerated as

TABLE 2.—DISTRIBUTION, ACCORD-
ING TO LENGTH OF EMPLOYMENT,

. - -OF (A) 775 WORKERS ENGAGED
TN A QRTRTNC PUNCESCTS ANy

(B) SELECTED SAMPLE OF 363
WORKERS
(A) (B)
TRE, ZMFPLOYED “2- ;.
o - t g
. @ . &
AR BEAR
S S 453 62.3; 80 24.5
B0 enrreaiennnn 200;-25.8; 141 3.8
10-14..ooeennn. e 51 6.6 54 23.2
15-18. oo oeeriarennnes 24 3.1% 28! 7.7
2 endover........... 171 2.21 li 5.R
Total..oneeernnnnn. l 775”;100.0"i 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 & figure
of approximately 1,600; if we could
add to this the oumber of workers
engaged in handling pure asbestos iber

anlir s tha reslicnimacme cdrmnne PR ] PN

processes included in group 2, we
ghould obtain the total population at
riek from the eflects of asbestos dust it-
_v_-self. Unfortunately, this latter figure
< is unobtainable; but a rough estimate,
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and most probably ap overestimate,
is 600. Thus, about 2,200 appears to
be the total population at risk in this
country, for the purposes of this ine .
quiry. This figurc, bowever, 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 bot 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 correctly
Lbe incigence rates of any puimonary
affections disclosed by the examination
of the sample (30).
The sample examined (after eleven
cases are excluded of fibrosis and pre-

Ebrotic conditions due to causes otber _ __

than the inhalation of asbestos duet)
numbered 363, representing 16.5 per
cent. of the population at risk, esti-
mated as above. The manner of
selection of the sample 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 selecting primarily
those longest employed was adopted;
but regard was also paid to the other
end of the scale, 60 a8 to obtsain infor-

-mation as to the length of exposure to —
dust pecessary before effects are mani-
fested, and also as to the particular
process in which the worker was

' L 2. R Rt

A e €32
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i pea s
the maximum information would be
obtained in the shortest time.

Table 2 shows the distribution,
according to length of employment

(pot necessarily io ooe factory), of -
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PULMONARY FIBROSIS

775 workers engaged in the processes
under review, and of the sample of 363
workers, distributed in the same way.
The enormous preponderance numeri-
cally of workers emploved 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 showe that the effect of this
method of selection is that the number
examined in each succeeding five-year
employment group is a progressively
greater proportion of the total pumber
which could have been examined in
each particular group. With a soli-
tary exception, all those examined were
at work on the day of examipation.

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-
Pitchford, and reaffirmed by the
Departmental Committee on Compen-
sation for Silicosis (17). A bigh
standard of radiography is essential;
as Watkins-Pitchford phrases it, the
radiograms must be “‘technically 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,
which involves the examination of
workers in factories, large and cmall,
scattered over the country, it is not
practicable, nor is it pecessary, con-
sidering the special purposes of the
inquuiry, for ruumgrum: LW LE Aty Vi
all the workers examined. The dislo-
cation of work in a factory, caused by
the absence of a number of harpds for
this purpose, cannot be viewed with
unconcern, especially when, as is not
infrequent, the fuctory is remote from

Vo!. 12
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a cepter which iz equipped with the
necessary X-ray plant. and where the
services of & consultant versed in the
science of rudiography of the lungs are
available. Furthermore, it must not
be overlooked that such examinations
are voluntary, and not, as in South
Africa, compulsory. Moreover, re-
peated and protracted examinations
only result in the exbaustion of all
concerned, and much depends on the
willing co-operation of employers and
employees, since the ouly incentive is
a desire to further the common welfare.

Radiography, therefore, bas a differ-
ent function 1 these 1nqQuines, tban
when it is applied to individual cases
for compensation or other legal pur-
poses. This function is not that of
replacing careful clinical exarninations,
as has been recently foreshadowed (18,
p. 40), but primarily thut of being
an indispensable aid in diagnosis,
especielly of doubtful cases, in the
determinstion of complicating lesions,
ip measuring the extent and progress
of the disease, in locating the point at
which the earliest radiographic signs
appear, and finally as a check upon
the human factor presented by the
examiner bimself.

The examinations (except one) were
carried out at each factory, in a room
pet apart for the purpose, suitably

“wermed, and with the necessary

appointments, On occasions the noise
of traffic or from the adjoining factory
was & hindrance, but in one way or
u.uuu.nu oucc\ u:u’:»u...\,o il
come or minimized.

Al the selected workers were exam-
ined by the writer. At three factories,
however, a pumber of workers were
examined jointly with Dr.E. L. Middle-
top. His far-reaching expenence of the

[SPS I VAN
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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 effort was made to complete
the clinical examination of the workers
before the onset of winter introduced
difficulties due to epbemeral bronchitis,
colds, and influenza, which would tend

- <— ——.-10 obscure the main issues. “ Thus the

clinical, and two-thirds of the radio-
graphic examinations were corpleted
by the middle of N ovember, 192§, prior
to the commencement of the influe:iza
epidemie earlyin 1929,

CLINICAL EXAMINATION

Percussion

The inbalation of asbestos dust
originates changes in the Jungs, whick
may be looked upon as a measure of
the efforts of the living tissues to repel,
or incarcerate, the irritant particles of
dust. These changes modify the per-
cussion note. It is true that the note
elicited may be similar on both sides,
but the note is not mormal. It js
thinner and hizher pitched thau nor-
mal, and there is a sense of resistance
imparted {o the plexor finger. In
other words there is a diffuse, but
slieht, impairment of resonance.

This alteration in the percussion
_bote, however, is more difficult to
recognize because it is bilatera), and
extends over a wide area; consequently
the aid of contrast percussion is denied.
It is best elicited bv ranidlv. and
very bghtly, percussing the back of the
chest from apex to base on each side.
It will be found that the extreme
apexes remain clear, but below the
apexes the impairment is general. It
increases over the root areas: below

(S oret ez
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these, it diminishes in intensity, but
still persists. In other worde we find
tacked on to the paravertcbral dulness
aD area, above and below, of impaired
resonance, which is much more exten-
give than that usvally associated with
old inactive hilar tuberculosis.

Impairment of the percussion note
was found to be coostantly more
marked in the right side; in fact, at first
it was thought that io the earliest
degrees of fibrosis it was confined to
that side. but later, and more extended
observations lead to the conclusion
that the earliest detectable cases are
uvisleral, altbough the signs on thg left
side are tenuous.

This change is 50 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 Sbrotic in its ab-
sence.

Considering  the frequency with
which signs indicating what may be
termed “enlarged roots” were found in
asbestos workers, it may be that para-
vertebral dulness is ane of the earlinct
signs produced by the inhalation of
asbestos dust, indicating congestive
changesin the root areasand 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 wil) ever develop a de§-
nite asbestos fibrosis.

Clezzl,, Ui physical sigus presented
by any case of diffuse pulmonary fibro-
Bis noi only mav be modified by
changes produced by some intercurrent
lung disease, but, ab tnitio, will vary
according to the state of the lungs bue
fore the onset of the fibross. Thus.

Iin
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PULMONARY FIBROSIS IN ASBESTOS WORKERS

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, 6o comnon in
_ an industrial community, may be pres-
ent, or the lungs may be already the
seat of emphysema and chronic bron-

. ——— <hitis, or of definite -old tuberculous

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
mingd,
though in most of these cases the
_ dust fibrosis, if moderate in degree, can
be confidentlvy diagnosed, especially
with the aid of radiography, it must be
admitted that the problem becomes
" 7 yery 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 Brst of ihiese 1o whure the dusi
fibrosis hes been implanted upon lungs
already emphysematous. It eeems

- thet, at any rate in the case of the
ashestos fibrosis, until the fibrotic
changes get the upper hand, clinical

.. —.dingnosis of the fibrosis in these cases

js impossible. Nevertheless, although
the problem of the diagnosis of =
fibrosis implanted upon an emphy-
gematous chest has caused some diffi-
culty in this inquiry, it seems likelv
that it con arise only under exceptional
circumstances.
__ The second type of case which has
been & rource of difficulty in clinical
" diapnosis is thst in which there are
extensive bilatersal fibrotic changes due

Yol. 11
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to healed tuberculosis. That there is

an extensive fibrosis is clear enough,

and that most of it is not due to asbes-

tos is strongly suggested when examin- o

ation of the lower portions of the lungs .

shows that they are comparatively

slightly affected. Further help .n

these cases, of course, may be obtained
~from-the history and symptoms. T T

The third type, alco rare, is that in e
which changes following an old massive
pleural efiusion on one side o obscure
the phyeical signs of any dust fibrosis
a5 to render that side useless clinically
for diagacsiie purpuses. i ile siar
afiected by the pleurisy happens to be
the right, the radicgraphic picture is
also curtailed by the normal partial
obscuration of the left jung base by the
heart shadow.

These three types were, with the
possible exception of the first. uncom-
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 chanpes due
to other diseasc.

Ouly passily reference neea be made
to the other pbysical signs found in the
asbestos fibrosis, since they do not
difer materizlly from those presented
bysilicosis. Chest expansion is dimin-
iched and may be reduced to one-half
inch or even less in advanced cases. - --
Retraction of the apexes is common,
and sometimes shows & peculiar feature
diffcrentiating it from that found in
fihroid phthisis, Tnetead of the im.
raobile and sunken apexes seen in the
latter disense, the apexes are seen to
descend during inspiration. and to rise
again during expiration. This scems
to indieate the anchoricg of normal
apexes by fibrous tissue in the lower -
portions of the lungs. Sowme eonkir-
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mation of this was obtained radio-
logically.

Auscultafion

In the majority of the ecases of
tbrosis, the respiratory murmur is
weakened, much or little, generally,
more on the right side, and often still
more at the base; the expiratory sound

—e--- .- -8 weaker than the inspiratory, and

often becomes less and less audible as
one approaches the bases.

Transitional phases between this and
harshened breath sounds and pro-
longed expiration are not uncommon,
even in the comms 0Ll Tuc iswer
may be noticcable in the upper por-
tions of the luugs, but progressively
diminish toward the bases. Other
combinations were also noted, how-
ever.

The dry character of this type of

fibrosis during most of its course is

rather striking. Scattered fine riles
and clicks in the root areas, axillae,

and bases were not infrequent; slight -

edema of the lower balves of the lungs
was noted in one of the more advanced
enses; but in o puniUer, :0 adventitious
sounds at all were heard.

Pleural crepitations, and rarely a
‘slight pleural rub, were noted—these
attacks seem to cause little prin—and
in one case a little fluid at the right

base. __ .. ._. _... Il

No doubt this varisbility in the
sounds heard on auscultation reflecte
underlying changes, temporary or
permaneat. io the lune. anA ic doron?
ent, tnler alia, on the extent of the
fibrosis with its associated pleural
thickening—changes due to past dis-
ease, catarrh, or other intercurrent
affection, and to the degree of compen-

__satory emphysema present,

Symptoms

The sywpioms 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 micht be assigned
to causes other than the fibrosis, such

TABLE 3.~DISTRIBUTION OF FOGR
COMMON RYVMDTasen ovm oo
CYANOSIS, 4MONG CASES
OF FIBROSIS

= CABES IN
. WRICH
3 BYMPTOM
6TMPTOM < |WAB PRESENT
. x -
: - er
g | No Cent.
Cough.....ocvvveenni| 91 5¢ | 53.3
Cyxnoais., .. ......... 93 52 | 55.9
Dyepooa....... ceeene. 91 47 | s51.8
Expectorstion......... 81 31 [34.1
Pain........... e 94 10 1108

! Excluding thoge in which the presence
of the symptom is referred to other causes.

as & complaint of chortness of breath in
8 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-
pess of breath on slight exertion. or
cuvwou  BUIE  degree  of CYanosis,
whkereas only sbout one-third com-
plained of expectoration, and one-
tenth of pain, or discomfort, in the
chest. Also, while 14.6 per cent. of
the cases had no complaints and
thowed po cyanosis, and only 3.4 per

J 1 8.
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cent. presented all four complaints and
were cyanosed, 60.6 per cent. presented
two. three, or four of the five items.
Clearly, none of the four complaints,
or the presence of cyanosis, can be an

infallible indication of the existence

of fibrosis; but the presence of two of
them, shortness of breath on slight
exertion, and eyanosis in some degree,
ip an asbestos worker, is highly sugges-

“~tjve, in the absence of other evident

cause.
Nevertheless an advanced degree of
fibrosis may be present, and little com-

plaint made. Symptoms, unless dis-

tressing, are so often a function of
e jnuuspecuveness of the pauent.
Slight degrees of fibrosis, too, give rise
to no Fymptoms, in the absence of
an intercurrent bronchitis, since the
remaining sound lung tissue is still

- amply sufficient for all purposes.

Cough was the most frequent symp-
tom, and was of two types. Fora few
weeks after commencing work in a
dusty process, asbestos workers often
find the duet irritating, and cough
while in the dusty atmospbere; this
lasts for a few weeks, and then usually
diesppears. ‘The writer has noticed
this effect o himself, but only while in
& very heavy cloud of asbestos dust.
The dust seems to be only elightly
irritant in this way. One or two men
who had previously worked ip cotton

-—--- card rooms, or bléw rooms, and were

affected by that dust, stated that they
were unaffected by asbestos dust.
Certainly asbestos dust does not cause

crthevedin attnal-o Jilen dhann cone e
................ S eam e waWON QWL dad

cotton card room workers. One man,
who migrated from a cotton card room
(“bard waste”} nine years e2go to an
asbestos card room, on account of the

o -- irritating effect of the dust, does not

Val. 12
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find asbestos dust irritating, but to
this day cannot work with a cotton
scutcher (as he occasionally does) with-
out precipitating a coughing attack
within an bour or two. Although he
suffers from winter cough and some
ghortoess of breath, be stated that his
bealth has been much better since the
change.

Asbestos dust, therefore, has only
very mild powers a8 a reflex irritant of
the upper respiratory tract, and is, in
this respect, comparable to free silica.
Thie is an unfortunate attribute, since
it leads to the assumption that the dust
ie more or less innocuous.

I'he second type of couch is more
intimately associated with the develop-
ment of fibrosis, and occurs, or perhaps
ig noticed, alter a varying number of
years' work. Usually it is present only
in the morning on getting up, when
after rather a sharp attack of coughing,
8 little viscid sputum ‘‘like an oyster”
is brought up. A similar bout msay
occur at night after ceasing work; at
times it is sufficiently sharp to cause
retching. It is generally rather worse
jn winter, and may be noticed only
then. Altbough it closely resembles
gmokers’ cough, its features are pre-
cisely the same in nonsmokers.

Persons giving a history of cough
dating from an attack of pncumonia or
other illness in childhood, almost in-

~ variably state that the eough has pot

become worse since working with
ashestos. One worker succinctly de-
scribed the cough as “first in the
1hioal; Jatar catihes Loe ciesi.”
Generally, this cough causes very
Yittle inconvenience and may pass un-
noticed until the development of some
other symptom directs attention to the
geoeral state of heaith.  Thus, out of
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sixty-six cases of fibrosis, in thirty-
three (50 per cent.) the cough was
stated to have preceded the onset of
shortness of breath, in twelve (18.2 per
cent.) to have developed 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.

=~ Complsints such as “colds go to the

chest,” and “frequent colds on the
chest,”” were not uncommon. Com-
plaint of epitting of blood was excep-
tional; and in all cases in which this
complaint was mentioned, the exciting
vausc wad, piuuasnly, some qlsease
other than the fibrosis—e.g., in one, it
was due to pulmonary tuberculosis;
in another, it occurred only during a
prolonged attack of pleurisy; and in a
third, the hemorrhage was gastrie in
origin. Cyanosis, a valuable sign
when present, rarely amounts to more
than a duskiness, or slight blueaess, of
the lips; it contrasts, however, with the
general palior of the face with which
it is often associated in these cases.
Cyanosis in some degree was noted in
3% per ceot. o1 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-
seribed as “tightness of the chest,”
“soreness,” or “aching.” It wasnoted
in 10.6 per cent. of the cases.

Well-marked clubbing of the fingers

e M
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nutrition is hardly affected, except in
the latest stages. Only ten (10.5 per
cent.) were noted as being thin. In
one, the nutrition was very poor; in

twenty-one (22,1 per cent.), fair;

THE JOURNAL OF INDUSTRIAL HYGIENE

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 eclinically.

Of these, over 100 were taken by Dr.
E. W. Twining of Maopchester, and

Dr. N. Tattersall of Leeds, and the.
remainder (except onme) by Dr. F. L.----— —

Henderson of Glasgow.
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
treely on their wide experience of radi-
ography of the chest in furthering the
purpose of the investigation.

Dr. R. S. 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 diffieult flms;

to both, grateful acknowledgment is

“made.

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

The films are superficially, but only
superficially, comparable to rilicosis.
In the earliest negatives studied with

"Dr. Tattersall, & characteristic elight

obscuration of the lung fields, & general
lack of trapsiucency, was noted. This
appearance, for want of a better term,
wus dcuvLLLaLCd us veinug.” L.
Burton Wood has independently noted
(19) and confirmed this. reierring to it
as the “ground gluss appearance.”
Dr. Tattersall also drew attention to
the more or less rounded "“whorls” of

To all three, _.

.-
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varving size seen in the striation in the
mid-zones in some of the films.

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

In general my opinion is that the earli-
est stages are not cbaracteristic radio-
fogically, but that the atage of fice duaty
stippling is almost certain to be eventuslly
provable aa ap early asbestos lesion. We
gaw it constantly in a large series of films,
and after a little experience it is quite eaay
to detect it.

Some of the other cases showed a few
grouped lesions, like rosettes or leopard
markings, each component being about the
size of a prioary lobule. These are aimilar
to lesions sometimes geen in tuberculosis.
In the asbestoa cases I regard them a8 being
groups of primary lobules wmaking up &
lobule, the walls of which are inblirated.
The¥v certainly seem to correspond io aize
with the macrgscopic lesions seen in the
pathological specimen.

The advanced cases show h('n\'\' basal and
l.ulu-ucbu Luuu.nugo, Culavis 3 y.an.unuauv*
coniosis, with a tendency to avoid the
BpiCes.

On the whole the lesions are distinctly
less dense thian those of silicosis, and are less
easy to group into wetl-defined stages, but
1 think we can recognise:

1. A very doubtful stage of increased
linear striations.

2. Fairly deﬁnite fine dusty stippled
sppRearance.

3. Conarser mottlmg with incressed linear
striations

4. Cross Jesions with pleural changes end
displacements due to the pull of the fbros-
ing lesions.

The few tubercuious lesions we have come
scross have been easily distinguishable.

No. b

The radiographic appearances in the
earlier stages are most marked on the
right side at the base or in the central
zone. This corresponds with the clin-
ical findings. This preference for the
richt side has been poted also in
gilicosis, by the South Africar ob-
gervers. The cases showing radio-
graphic signs of a dust fibrosis have
been classified in three broad groups.
This grouping, although unscientific,

~is convenient practically, considering

the main purpose of this investigation.
Indeed 1ore precise classification
based on the particular radiographic
changes noted might well be mislead-
ing at the present time.

- Y | I FIVE T
PO WA \..O.us)muu \...u.u.nw-. ‘udavcvbal..,

and pathologic study is required into
the whole subject of these finc types of
dust fibrosis, which have been noted in
workers exposed not oniy to silicate
dusts other than asbestos. but also to

other inorganie dusts containing To

silica, before it will be possible to
classify the radiologic changes as has
been done so success{ully by the South
African workers in respect 1o silicotic
fibrosis,

The hypothesis that, because asbes-
105 duri pruduu» u puh“umu v fDuums
with consequent deviztions from the
normal in the lung skiaegram, the de-
gree and potentialities of this fibrosis
can be essessed by comparison of its
radiologic picture with those of stand-
ard silicotic films, is untenable.

At least two general types of pul-
monary fibrosis caused by inorganic
dusts can be recognized. A third,
vnnracnnhnn the purelyv perihranehial
vanetv of fibrosis. might be added;
or it meay be that all dust fibrosis will
he found to upproximate more or less

closely one or the other of these two
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types. These types are (1) that pro-
duced by combined silica dust, an
example of which is seen in asbestos
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, difier materially both in the
nature of the lesion produced in the
———-—. lung, and in the character of the asso-
~~— == ciated radiographic picture. Thus,

attempts to weigh, consciously or
unconsciously, asbestos fibrosis, or any
dust Sbrosis other than silicosis, by
means of the standard radiographic
chanees found in filicosia, jn ypeqund
and is likely tolead to s misconception
of the potentialities of the dust in ques-

" tion.
Badham (8) gives an example of this
source of error in reporting the unex-
--- - - pectedly early death of a man affected
with a fine fibrosis caused by an ortho-
* clase basalt containing no free silica.
Referring to some of the radiologic
differences between the fine fibrosis of
dusts other than silica and the nodular

fibrosis of quartz dust (e, true sili-
cosis), he states-

r
*
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Moreover, the coarse fibrosia of silica gave

clesr interspaces of normal lung, while the

Boe fibrosis presented s uniform granular

mottling leading to the conclusion which is

probably erroneous that the actual develop-

e wiem—— ... . Tent of fibrous tissue was grester in a

Bodular fibroais as silicosis than in a general-

ised fine fibrosis caused by silicates. To

" me it appesra that the mechagical damage
to the lung is greater in a fine fibrosis tha

in m eoares fhraciz wher b0y,

developed.

- The evidence obtsined in the present
inquiry amply confirms this general
_ - statement. .
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On studying the development of
asbestos fibrosis as displayed in a series
of radiograms, and especially in the few
available taken a year or more before
fatal termination, one cannot help
asking the question, “What is there
here which could have this effect?”

The answer i3 that the damage to the

lung is much greater than it appears to
be when judged by the silicotic stand-
‘ard.  Asbestos fibrosis is much more
diffuse; it epins its fine web, as it
were, crisscross throughout the lung,
enveloping and eventually strangling
the ultimate lobujar structure, rather
than depositing itself fn numerous
T3 wa iee2 avianed 1uus, &S ID BLLCOSLS.
Thus, at uby rate in the Jess advanced
stages, the radiologic picture of the
lesions does not impress the €ye, uncon-
8ciously viewing it from the standpoint
of silicosis.

The radiogrsphic picture may éhow' '

8oft and fairly coarse nodulation, but it
is never 80 impressive as the vodulation
in s silicotic film,

Paradoxically, the distinctive fea-
ture, both clinicsliy and radiologiealiy,
of the ashestos fibrosis is its uniformmity.
The wudesy of the sympiloms; the
unobtrusive, but diffuse, impairmentg
of the pereussion note; the homo-
geneous stippling of the skingram; all
are fragments of an entity, unmistak-
able when assembled, but enigmatic
when divorced. o

Oualy two refcrences to the radio
graphic appearances of the chest in
asbestos workers have been traced:
onp in A repart he Do <

PRV |

[E PN

Pendergrass (10), and the other ip ag
article by Burton Wood (10).
Psocoast and Pendergrass together
with Miller and Landis examineg “17
asbestos workers, 2 of whoa; showed

Ly
May, 1330
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first stage changes and the other
15 definite second stage appearances.
Of the men longest at work, one after
seventcen years' occupation showed
very definite diffuse, ‘soft’
throughout both lungs, and another
showed about the same appearance
after fourteen years’' occupation.
Yery slight nodular shadows were

~~~found in one man after only two years'

occupation. Most of these second
stage cases showed also well-marked
first stage appearances still present,
indicating a persistence of free drainage
hilumward. Inallinstancesthe nodu-
isi sunduws were cnaracwnsncally
‘soft’ and varied considerably in size.”
Their first stage appears to correspond
with stage 1, and their second stage
with stages 2 and 3 mentioned above.
It appears from the context that

" these observers regard asbestos fibrosis

a2 being reslly 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 skisgrams of asbestos workers
notes: **lhemost noticesble feature of

‘skiagrams of workers exposed longest

to asbestos dust is the presence of
shadows suggesting a diffuse fibrosis
affecting chiefly the lower two-thirds
of the lungs. The fine quality of the
Some of
the cases exhibit a ‘ground glass’
appesrance, though on close ingpection
fine mottling is evident, . . . when

v AEn Arh“‘fr\ [ I
Landn iR Ly oY ke 'Jl Hu\-ﬁ“\d ‘\l

lacks the coarse quality described in
the skiagrams of chests showing pneu-
moconiosis, e.g. South African gold
miners. , , . , "
- Clearly, the maturation of asbestos
fibrosis is epresad over a period of years,
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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 is recognizable, 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 fibrosis is present ...
in slight degree, and also when there is

evidence of choking of the lymphatics,
and of a measure of pulmonary catarrh.
This stage may be referred to conven-
iently as the prefibrotic stage.

The indications of this stage mre
indefinite, and some, at any rate, not
specific. If, bowever, they can be
determived and applied with only a
moderate degree of accuracy, informa-
tion of practical value will be available.
Efiorts have been made, thereiore, to
distinguish workers in this stage.
The following tabulation shows that
twenty-one workers out of 363 exam-
ined (5.8 per cent.) were 80 claszified:

Clinical Eramirnations Per
(s€3): No. Cent.
R -SRI 33 6.1
Prefibrotic conditions. ... 21 5.5

Radiologie Ezaminciions
(188):

Fibrosis. ......cc-ue. P .82 391
Sugeestive changes  not

definitely  diffuse 8-
Cbrogie.....oceeinieeea 2201605

Many of these cases present a slight
diffuse impsirment of percussion note
—perhaps bbtter described asa slightly
ILOTCA3CO Binse UL luaisuwaule ieil o
percussion, mostly of the right lung,
at least as contrasted with the jeft,
and associsted with some weakeuing
of the respiratory murmur. Prob-
ably this early stage could be detected
radiographically, but only by means of
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4 compaiison with a radiogram taken group is dismissed from auy further
e prior to cominencing work with ashes- consideration.
- tos. By such means the earljest A general summary of the findings in
X stages of silicosis have been worked the 374 workers who were examined
ot out by the South African observers. clinically, classified under the most im-
B e = There, the radiograms taken at peri- portant lesion, is presented in Table 4,
££ - ! odicsix-monthly medical examinations
“:r - can alwayr be compared with initial Iurostratve Cases
» 1R radiograms taken before the employees .. The salient points of a few cases are
Y T~ are permitted to-work underground. - set out below to illustrate clinical and
3 3 - T et -
\'_..(.';\ ) -,-:: -_--——-—-*'.'_"'—“‘ e e - :
X te T - TABLE 4—~GENERAL SUMMARY OF FINDINGS CLASSIFIED UNDER THE
‘- MOST IMPORTANT LESION
e
i PRE- L2 Z ‘ ‘
e m o= |0 fcases | B8 | pormoN ARy g.,_.zc: 3. _OTuER
oot P P OF. | cmwpy. | TOUBERCT. | & c = & § FULMONARY
&t Flohuaib TIONE Los18 g g s E E LIEIONS
7 FEE | 8% 2
T T 1 S5 |8|° {ESge{c” 3
L a 1o [8|0 (g5 Sle |EE°5 | 2¢ 2
: K el 2]|28 52 852 < -1 21 3
L g £|£|£1£ |5 55|25 [5855 ] xs R
. s R - A RS b LR AR o T A R R RN R
R ™ »l8'gigils HE B E I R A
. . = SRl 2lcel wegen | ZFE IS |E]| & =
eI g s| 315|582 2¢ eS38 32| 2 E|S | &
ZEn e » zla|lAaleaaE el |8 4 A= C | B
' 64 ..........] 820 {3 {56 |o oo lo| 13 7 {1 o |1 e
5814236 11 12 {o |1.11 |4 3 3 S 12 42 |72
10-14:.,....... 8927 [5 (3 {0 {3 [0 {3 5 0 13 1|2 |0 |38
15-19.......... 3015 {1 11 (1 }0 o |1 0 2 4y by de 1oy
Wandover.. | 217 Yo 5 15 i 0o | o 1 loj1fo |1
Total........ 7495 110 f21 (1 |5 01 |8 | 2 13 110 |6 {3 f150
e | e | s | e ot | —— 'ﬁ—!—lh—-—-—..
Percentage.. | 10025.4/ 2.7/ 5.6/ 0.5 1.3 08,21} 5.6 | 352716 0.8 451

* One case of thickened pleura due to old gunshot wound.
* Oue case of emphysems due to gassing, . . . . I

In other casesincluded in this group, other features, Five radiograms sre
diffuse weakening of the respiratory  reproduced to illustrate the radiologic
murmur was noted, with fine sticky appearances of some of the pacas
rdles in the rant arpac At présvui no There are insuperable dificulties,
ftress ean be laid upon this group. however, in reproducing the finer
The clinical changes are so slightly changes depicted in the original nega-
marked that until comparative radio-  tives.

o _. .. gramsare available it would be unsafe CaeE 1.—Tuis worker, & ferale, aged 24,
T =i - todraw any deductions.  For the PUr- " Fac beeu emploved 1o ssbestos for ten aod
. . ....poses of this lnquiry, therefore, this  one-half years—as & card tenter ope year,
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and as 3 doubler nine and one-belf years.
Her femily and personal medical history
centnin pothine of nate. She hse no com-
plaints and fecls guite well. Her nutrition
je good. She is pale, but shows no cvAnasis.

Chest.—She has s chest expansion of 1}

inches. - No impairment of the percussion
pote is deteeted. The breath souads in the
right lung are weaker, generally, than those
in the left. Lxpiration is prolonged at the
right root; no added sounde are heard. A
skiagram showed some very slight and
doubtful changes in the direction of in-
creastd striation.

Case 2.—This man, aged 24, has been
emploved in asbestos for five years, carding
and mixing. Previously he worked for four
vears in the cotton trade, yarn weighing.
PO ﬂlu—lll"l &ud pclavuui mcdicu; h.lbbul_\
contsin nothing of note. He has had s
slight morning cough and expectoration
for a vear. His putrition is good. His
color is fresh, und there is no cy&anosis.

Chest.—There is some impairment of the
percussion note over the middle third of the
right luog. bekind, and slightly at the right
base. The breath sounds are harsh. and
expiration is prolonged in the upper half of
the right lung, behind; expiration is also
prolonged over the left upper lobe, behind.
The respiratory murmur is weakened at the
right base, and the breath sounds are of a
“whiffing”* character. There are no added

cramdde & cliarram chnwrd onlarpnrannt

of the right root, and slight haziness and
striation in the central zones in both lungs,
suggesting early fibrosis.
Casc 3.—This man. aged 32, has been
mploved in ashestos for six years in the
card room. and as a stripper and grinder.
Previously he was emploved in a cotton card
room for nine vears. He had army service
for five vears, but was not gassed.  He gives
& feraily history of asthma; otherwise there
ig nothing of note in his family or persunal
medical bistorv,  He has no complaints sud
leels quite well,  H1S ustulature s very
good. His color is pale, but he shows no
cyanosis.
(hest.—There is slight imprinnent of the
percussion note generally, particularly At

_the right base. The regpiratory murmur is

a little weshened generally, No added
pounds are detected. A skispram showed

Yol 17
No.b . . oo e e

old tubercvlosis of the lung roots and gen-
era! increased striation, especially in the
lower half of the right lung, suggesting early
fibrosis.

Cast 4. —This worker, a male, aged 23,
has been emploved in asbestos for nine
vears, moetly matiress making. His family
and personal medical history contain ooth-
ing of note. He complsins of occasional
pain in both sides of the chest. and perhaps
a little undue shortness of breath on exer-

Fic. 1.—Case 4: Moderate fibrosis. Un-
due degree of stristion and fine mottling in
central zones of bothlunes; calcijied glunds
in roots, with tather coarse stristion in
upper lobes: 7 ioterlobar pleurisv on right
gide. between 1he Jower and middle Iobes;
emphysemu at bases.

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

Chest.—There is no retraction of the
apexes, but there is a elight 8attening below
the right clavicte. The percussion note is
BLUEHUN MLpufed guuerainy, LeLiuyg, pattie-
ularly on the right side.  The bresth sounds
are weak, generally, and expiretion s pro-
longed. Nu added sounds are detected.
The shingram (Fig. 17 shows an undue
degree of strintion and fine mottiing in the
central zones of both lunges; esicitted giands
in the reots, with rather coarse strintion o

ed e b
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the upper lobes; ? interlobar pleurisy on the

right side, between the lower and middle

lobes; and emphysema at the bases. The

casc was diagnosed a3 moderate fbrosis.

. Cask 5.—This woman, sged 40, hus been
¢ cmployed for eleven vears in asbestos, for
. most of the period mattress making. Pre.
© viously she was emploved in & laundry,

She has recentiy been ill for three mwonths
_ with pleurisy (no history of tapping); other-
"7 'wise ber family and personal medieal history

- Ag—

Fic. 2.—Cuse 6: Moderatr.
developed, fibrosis.  Lnlarged glands in
botl roots; diffuse fine mottiing in both
lungs, expeecinlly the right.

but fully

ere negative.  She complains of having had
8 winter cougl for three or four years2, and
of shortness of breath on exertion eince her
attack of pleurisy. Her nutrition is goud;
ker weight is stationsrv. She has normal
color, and no CVANNSIS,

of the pereussian note over both lungg. be-
hind. mare notivenble at the bases. The
respiratory murmur is weakened generaliy,
Pererstent crepitations gnd mediom rales
are poted low down in the right axtlls. A
- ekiagram ghowed diffyre fipe striation and
fine nodular motthng, with light opacity at
the bases. The case was dinenosed se

C'hes) —There is srme annoval fyy«_;;;i--—-—— N

i 1) "?""‘.": <. _t~
iy {we' oy @
TR i S

£

THE JOURNAL OF INDUSTRIAL HYGIENE

moderate fibrosis, most marked toward the
bases.

Case 6.—This worker, o {emale, aged 31,
bes been emploved in asbestos for reven
vears, opening. and has been expased to
much dust. Her previous employment
was pon-dusty. Her family and perecnal
history disclose nothing of note. She com-
plains of baving bad a cough for five vears,

-and -of shortness of breath on burrying.
She is thin and undernourished, and pale.

Fra. 3.—Case 7: Genera) fibrosis. most]v

linear. but with little mottling of righs

lung.
Ol4 puerile tuberculous sears at apexes

Dust is present on her hair and in her
nostrils,

Chest.~—She has a clicst expangion of one.
fourthinch. There isslight geoeral impair-
ment of the pereussion pote, definite at the
apexes and the beacs. The breath sounds
AP wvan, Capllativ 1 BHELUN prolonged.
No added sounds are hesrd.  Her heart is
not enlarged, and ne murmurs are detected.
The skiagram (Fig. 20 showe & nuinber of
enlarged glands 1o binth roots and s ditfuse
fine mottlinz in both lungs, especially the
right. This is 8 case of moderate, but fully
developed, fibrosis.

Case T.—This wowmao. aged 43, has been
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PULMONARY FIBROSIS

emploved in asbestos for thirtv-two vears—
about three vears on cards, and the re.
mainder as & spinner. She has done no
other factory work., Her family medical
history discioses nothing of note. She has
a personz! history of nephritis seven or cight
vears ago, causing three mobnths illnees.
Her complaints arc: shortness of breath-on
hille, and winter cough for abiout six years.
Her nutrition is fair. She is rather pale.

Chest —She has g chest expansion of one-
half inch. No retraction of the apexes is
noted. There is general slight impairment
of the percussion note, behind. Breath
sounds are harsh and expiration is pro-
longed. No added sounds are heard. No
gross enlargement of the heart is noted. but
the second sound ie found to be areentuated
over the sortic area. The skiagrum {Fig. 3)
shows s general fibrosis, mostly lineur. but
with 8 little mottling of the nebt lung.
There are also VEry 0iG puerin tubrivuivus
sears st the apexes. The ca~ was diag-
nosed as general fibrosis.

This case shouid be compared with Case
6. Io Case 6 there was a beavy exposure to
dust extending over a few vears; in the pres-
ent case there was exposurc to a very much
less concentration of dust, except possibly
in the first three vears, but extending over
many Years.

Caste 6.—This worker, a male, aged 62,
hae been emploved in asbestos for twenty
vears as 8 weaver. He was previous!y a
cotton and silk weaver. His family and
personsal medics! history show nothing of
note ovesnd that he was rorarded aca deli.
eate child. His complaints are. shorioess
of breath on exertion, and on going upstairs,
for three vears; morning cough and a little
expectoration for the lust three winters.
He iz thin and psale, with some evanosis.

Chest.—Chest expansion ir 1 inch; there
ia retraction of the apexes. The percussion
note is impaired over both upper lobes, in
frout, and over the upper two-thirds of the
right lung. behind. Expiration is pro-
longed at the hases.  Pleural rub and incon-
rtant Thles are noted at the left base, and a
few riales 8t the right base. A BAIBZrun
showed a definite diffuse fibrosis with nodu-
lation. This is a case of fibrosie in the early
advanced stace.

Case 8.—This man, aged 41, has heen

Vol. 12
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employed for twenty vears in ashestos in
many capacitivs. There is nothing of note
in his family history. He gives a history of
pneumonia & number of vears ago. His
complainte are: a Jittie shortness of bresth
on oxortinn for the losd two or three voors;
otherwire none. His nutrition is fair only.
His color is fresh, but there is slight cvano-
8is of the lips, at times.

Chest.—The skin is poorly elastic: there
ir rome retraction of the apexes. There 1s
an impaired, rather 'boxy,’”’ pote on percus-
sion, generally, especially over the upper
half of the left Jung. and over the upper two-
thirds of the right lung, behind, and in
front. Respiratory murmur i3 generaliy
weak. Expiration ix shghtly prolongrd.
but diminishing toward the bascs.  Pleurai
crepitations are noted low down in the right
sxilla. A ekiagram showed a definite fne
diffuse fAl.rosis. Neither lungilights up very
Wweil, abu CUIUURLUUL DULLL CLUSE LD & Ll
fine diffuse reticulation apnd mottiicg—
moderate, but fullvy developed, fibrosis.
The fine diffuse character of the radiologic
appearances is particularly noticeable here.

Casg 10.—This man, ared 46. has been
emploved for twenty-five vears in asbestos,
during nine years ol which he was not ex-
posed to dust. For eleven vears of ‘the
remainder he was emploved in the card
roum. aad mattress making. His family
and personal medical bistory disciose noth-
ing of note. His complaints are: shortness
of breath on excrtion for three months;
cough after s few hours’ work in dust during
the lact twivar three vonrs with it le ar ne
expectoration; and pain in the left elde of
the chest for the last three months. His
putrition is good. He is psle. with slight
duskiness of the lips,

Chest.~There 1t some retraction of the
gpexes. The pereussion note  genersliy
is impaired, sud of a “'boxy™" charseter.
Breath soundy are hareh and expiration is
prolonged over the right upper lobe; else.
where the respiratory murmur is a little
wenkened and expiration is not materinily
prolonged. No added sounds are heard.
Tht hentl s BOFlea. LL0 sela@rala (F .
4) showe diffuse striation and toe speckled
mettling throughout both lungs—fihrosis,
fully developed.

Cast 11.—This worker, a male, agrd 40,
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hae been emploved for twenty-two years in
asbestos—during the first eleven vears on
cards and as a weaver, during which he was
exposed to a considerable concentration of
dust. During the reinsinder of the time he
was employed on a8 non-dusty process, but
was exposed 1o a less concentration of dust
- derived from other processes. His family
and personal medical history give nothing
of note. His complaints are: shortness of

.———— .. breath on climbing stairs for the last fve
: "= =+ - years; slight morning cough &nd expectora-

. Frc. 4 —Case 10: Fullv developed fibro-
‘B1s. Diffuse striation and fine speckled
mottling throughout both lungs.

tien for about the same time; and slight
acling of the chest in front. below the left
clavicle. His nutrition is good. There is
slight cvanasie of the face.

Chest.—Chust expansion ie 1 inch; there
is retraction of the apexes. There is im-
pairment of the pereussion notr generallv,
mMost evident over the whole of the right
lung. behind, and over the right upper lobe
ic front. The note is “buxy’ over the
remaiuder of the chest. The breath sounds
are slightly weakened Ecnerally, except at
the right apex. but there 35 no grose chanee.
FExpiretion is prolonged genersliv, Fipe
crepitations are heard in boek asillae, and

THE JOURNAL OF INDUSTRIAL HYGIENE

. The heart is normal.

over the right upper Jobe, in front. The
heart is normal. Sputum is mucoid, Lut is
negative for Bacillus tuberculosis. Clul.
bing of the fingers has been noted for about
two vears. A skisgram showed an exten-
sive diffuse fibrosis—fibrosis in a fairly
advanced atage.

Case 12.—This worker, a male, ared 80,
has been employed in asbestos for twenty.
six years in the card room. Previousiv he
-was 8 sawver'es laborer. There ia nothing
of note in his family and personal medical
history. He complains of slight shortness
of bresth on exertion of recent vears, and
of winter cough for the Jast three or four
Years; expectoration 18 stated to be oil.
His musculature snd outrition are faijr.
There is slight evanasiz of the fara

Chest.—He has a chest expansion of three-
fourths inch. The percussion note ig im-
paired generzliv, especialiv over the left
upper lobe in front. The respiratory mur-
mur is weakened over the whole oi the chest
except the left upper lobe, where there are
whistling bresth sounds. and medium riles.
A skisgram showed
very extensive changes throughout the chest
of a coarse type without fine stippling. . The
roots showed a choked appearsnce. There
was beavy mottling at the base. One old
tuberculosis focus was noted at the left Luse,
and some calcificd glands in the left hilum.
The disgnosis was fibrosis in the advanced
[12¥ 3TN

Case 13.—This man. aged 66, has been
employed in ashestos for twenty-one vears
as a weaver. For about gixteen vears pre-
viously he was a cotton and sjlk weaver,
His futher died of “‘chest trouble ™ at the age
of 43; his sister died aged 15 of Pulmonary
tuberculosic. He has ouly becn away gich g
week OF two in twentv-ope vears, and hge
never had any serious iilness. i com-
plaints are: undue shortness of breath on
exertion during the las( two vears;
for thedast twunr thena vimenen

cough
.t"."‘.v"vf‘..'..‘-
ation is creamy, and occurs a fair amount of
times. He has Jost weight, and is thin,  H¢
ie pale, but with rowe cyanosis of the face.
and with & mujar Auch.

Chest —Chest expansion s 1} inches;
there s retraction of Loth, apeves. Duoloess
18 detected on pereussion uver the unier
two-third: of the nght lung and over thedefs
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upper lobe, behind, and over both upper
lobes in front. Breath sounds are rather
weak, with prolonged expiration. Scat-
tered variable rhoochi gnd riles are heard
over the right lung, behind, over the left
upper lobe in front, and over the left root.
The skiapram showed a definite diffuse
fibrasic plus tuberculosis. Sputum was
negstive (one examination). The diagnosis
was dust fibrosie in the advanced stage, with
tuberculosis, probably active.

Case 14.—This worker, a male, aged 36,
commenced work in an asbestos plant
in 1910, but wes erployed on other work
until January, 1914, During the next five
vears. until early in 1919, about three years
and nine months were spent in army serv-
ice, for nine months of which he was a pris-
oner of war, but he had two short perjods
¢f work in asbestes--eloven meoeths I the
weaving, and six months in the matiress,
deparuments. From early in 1919 to No-
vember, 1927, he worked in ssbestos pro:-
esses, but for only six vears and ten months
in a dusiy one (mattress making). Be then
ceased work. He was referred to a tubercu-
Josis dispensary on Ocet. 18, 1927, when he
gave 4 history of bronchitis in 1916 and 1917
during the War, and of never being very well
since; complaining of dvspnes, pain in the
right side, and a slight cough of enly about
eix months' duration, with a small amount
of gravish sputum. Dr. N. Tattersall
states that at that time:

“Dvzpnora was very marked. even on
talking. aud there was defiuite cvanosis.
He had marked hollowing snd respiratory
retraction at both apices, especiaily the
richt;Joss of note over most of the right lung
and the upper half of the left; bronchial
breath sounds at both apices; fairly numee-
ous crepitations, mostly on the right side,
and & pleure! rub at the right base. He had
a svstolic hruit at the sapex and pleuro-
pericardial friction.

“I examined him & number of times, the
last oceasion being April 20, 1925, In that
LI L Lau Juse 9 "n.:un\:ﬁ, TOi PRI a;;,
and the dyspnocs was inereasing. The
signs remained much the eatne, thouph neea-
eiguslly, if Le pot & cold, the moist sounds
were Imore numeroug, especinlly st the
bascs. Seven sputum  examinations were
negative, and up to the time 1 last saw him

Yol 12
No. 8

[t

the sputum had remeined pmali in amount,
end 1ts appearance did not sugeest tubercle.

“My disgnosie from the beginping was
one of pulmonary asbestosis with possihly
added tubercle.

*] took two X-rave of him, peither of
which shuwed sppearances sugpestive of
tubercle, everrvthing pointing o & very
extreme degree of fibrosie.”™

He died on O¢t. 13, 1928, No postmortem
examination was obtained.

Fi1g. 5 —Casc 14: Massive fibrosis. with
pieursal LHICALILE, fetracted ajeves, sha
pneumethoras on left side with wwcomplete
collapse of Jung.

It will Le noted that the length of expo-
sure to asbestor dust is unlibely to heve
bren more than about ten vears and two
months, and of this time he was employed
only about eight and one-Lalf vesrs in a
dusty process.  War gerviee, of course, mav
heve reduced his resistance.  The akiagram
{Fip. 3) shows a mussive hbrosis with niegrsl
thickening, retracted apeses, and phnenme.
tharax on the ieft side with IBCOM el onsi-
lapse of the lung.

No doubt fibrosis of the type pro-
duced by asbestes dust ean of jtzel
lead to complete disabiement, and
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finally to a fatal termination, even in
the absence of a superadded tubercu-
lous infection.

The primary effect of the fibrosis

would appear to be that of causing
defective aeration of the blood, result-
ing in an added strain on the heart.
For many years, and even with an

--advanced degree of fibrosis this may

be of little inconvenience, provided
phyrical exertion is limited, and acute

THE JOURNAL OF INDUSTRIAL HYGIENE

illnesses are avoided. TUltimately,
however, the margin of safety, alreadv
diminished. is lost and the circulation
slowly fails, with the usual signs of
edema of the lungs. Alore often,
however, an attack of bronchopncu-
monia, influenza, or other acute infee-
tion adds too much to the strain. im-

-pairs the cardiac musculaturc, and
results in a fata) termination.

(T Ve conclurded)

BOOK REVIEWS

Brerveagirrene. By Prof. Dr. Paul
Crbonidt Thienltar das Hepienizchon In.
stituts der Universitat Halle a. d. S_;
Priv.-Doz. Dr. Adolf Sciser, Qberassis-
teot am Hygienischen lnstitut Halle
a. d. S.; und Priv..-Doz. Dr. Stilifriecd
Litzner, Ascistent an der Medizinischen
Kilinik Helle a. d. §S. Paper. Pp. 79
with index. illustrations, and bibliogra-
phy. Berlin and Vieons: Urban & Sch-
warzenberg, 1930. -

This monograph is divided into a
short introductory or general section
and a special section.  The first part
is devoted principally to a discussion
of the outstanding diagnostic symp-
toms of lead poisoning and of the work
done by Dr. Schmidt und his collabora-
tors in the microchemical determina-
tion of lead in blood, urine, and feces.
The second pant discusses in detail the
usual sources of lead poisoning: the
absorption, distribution, and excretion
of lead: the pathology and clinical find-
ings associated with lead poisoning;
and, finally, the dingnosis, prophylaxis,
and therapentie treatment of Jead poi-
soLbg.

Dr. Schmidt’s monograpl is particu-

larly apposite. 1t brinps the literature
of the subject down 10 the present date
and represeats the mature thourht of
an investigator who has long made this
field particularly hisown. The discus-
sion of the diagnostic features of lead
poisoning is especially clear and to the
point. In this conrection it is of in-
terest to note that emphasis is placed
on the importance of the determing-
tion of lead in the blood.

No attemipt is mude to diseuss the
details of technic. The monograph
presents instead a eritical review of the
more recent experimental work relag-
ing to lead poisoning and will, in con-
sequence, doubtless have a wide ap-
peal to all investigators in thiz ficld.
The bibliography, which containe 29
references to the reeemv work and
brings the literature of the subject
down to 1930, is particularly valuable.
“Bleivergiftung™ may well be recon-
mended as a valuable addition to 1the
Hurary of studtents of puble heulth,—

L. T. Fairhall.

J L H.
Mav, 10
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