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While the asbestos industry may date its
beginrings back into antiquity and while the
¢ondition now known as asbestosis may have
occurred tarough a long period of time, the
industry as we know it is new. and the health
hazard related to it is of recent knowledge.
In fact, the term asbestosis was not entirely
acceptable as recently as about 30 vears ago,
while up to that time any thought of il etfects
of occupational exposure 1o asbestas dust
tended to confuse the resulting disease with

asis. Parenthetically, perhaps 1t 1s per-
nussible to expres: an opinion that bhefore
we have finished with the study of the class
of pulmonary discase attending exposure to
dust in"industry the whole chapter will need
t0 be revi-ed.

It is within the time of experience of some
who are still concerned with the study of cer-
tain unsolved problems in the subject that
there has been established this distinct vari-
ety of pneumoconinsis. During the same
period. and probably largely because of dis-
closure of the hazard, there have been im-
provementis by the industry to protect work-
ers, so that. so far as my observations o,
the atmospheric conditions in asbestos mills
are greatly different from the conditions of
30 or more years ago. Even though improve-
ments have been made and although knowl-
edge of the course of the disease has come
largely from examination of workers whose

Dresident, Medical College of South Carolina.

Read in the Syinposium on Occupational Dis-

¢~ << of the Lungs, sponsored by the Massachusetts

:al Society in cooperation with the Institute

ot Industrial Medicine of the New York University

—Post-Graduate Medical School, Boston, Oct. 28
1953,

employment went back into the very dusty
conditions of earlier times, it should not be
assumed that the hazard has been eliminated.
Harmful asbestosis is still occurring.

Asbestosis is the product of the inhalation
of asbestos dust in sufficient amount and dur-
ing a suflicient period of time; but under
working conditions. either now or formerly.
there 1: no uniformity in deyree of disease
among  workers, even under smilar ex-
posures.  Apparently <omie persons in a
vroup working in the same environment wifl
be severe!lv atfected, while others will be
less afiected. and some will escupe harm.
and this for reasons unknown. Furthermore,
the time required for similar quantitative
axposures to produce like grades of ashestosts
apparently varies with individuals.

While in our etforts to establish protection
of the health of industrial workers we have
set up certain standards concerning atmos-
pheric dust concentrations, these arc of
general nature rather than specitic. and may
have given a false senze of sccurity. ‘The
verv dusty atmospheres surrounding the
workers in this as well as in certain other
industries under former conditions would
certainly be more harmiul than the relatively
clean environment to be found in a present-
dav careful operation, but we may need to
establish something more than nierelyv the
particle counting and measuring practices
now in vogue if we shall have dependable
safety controls.

The particulate matter in asbestos-plant
dust is composed of broken fibers of crvstal-
line silicates. When inhaled, most of it is
expelled, but the quantity of fragments of
lengths up to 1004 or more that may reach
the terminal respiratory units is remarkable.
As compared with the material deposited in
the lung in silicosis and in certain other con-
ditions of occupational conrnection, this ma-
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Fip. L=\shestosis Jeadies i spatiun concentrate o

reduced frony a photomicrograph. X 703,

terial apparently exerts physical rather than
chemical influence. At least it now appears
that while free silica is in a crode sense chem-
ically poisonous to living tissues when de-
posited within them ashestos crvstal irag-
ments may travmatize living tissues by their
physical qualities. lence the present belief
that it is the larger particles that do the dam-
age here, as contrasted with the harmful ei-
fects of the smaller particles in silicosis.

It is fitting to that conception that, possibly
hy a protective mechanisim, the ashestos frag-
ment remaining in the lung becomes envel-
oped hy foreign-hady giant cells and covered
by a smoath coating, apparently of colloidal

Fig. 2—Grade HI fibrosis, with ashestosis bodies,
phagocytes, and hlack granular piginent in reduced
alveali: reduced from a photomicrograph. X 280.
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nature and of tissue fluid ur cell ongin. This
process transforms the naked ashestos crystal
into a golden or brownish ohject of a varicty
of architectural shapes, called the asbestosis
body. This characteristic hody is formed in
the alveolus of the lung. [t may be found
in the sputum of a subject with ashestosis.
as a confirming dizgnostic tinding. and in the
Huid extracted from the lung. Pecause ot
their ~ize. comparatively  few  ashestosis
bodies, and only the smaller ones. may be
transported i the lvmphatic system to e
deposited in Ivinphoid deposits within the
lung, while stll fewer reach the hilar ar medi-

astinal nodes.

The limitation of physicid opportunity for
entry of the ashestos friugment ato and
transportation by the draining  lvmphatics
secms to explain another characteristic dif
ference between silicosis and ashestosis, The
small free particles of silica readily penctrate
the aveolar walls and lung tissues, aided or
unaided by phagocytes, and are mamnly de
postted in the viphicaid depats along the
drainage system, thus setting up focal reac-
tion and characteristic nodular  fibrasis,
whereas ashestos  fragments  stay  mainly.
where they land in the alveoli, particularly
in the vestihular arcas of the lobules, so
arousing a more uniformly distributed reac-
tion and usually nonnodular or diffuse fi-
brosis, although there is evidence that they
may penctrate the tissues also.  As alveoli
hecome obliterated and the lung architecture
hecomes distorted, the ashestosis Ixulies be-
come embedded in  fbrous patches  andd
masses, to remain of much the same appear.
ance indefinitely, although in the older scar«
there appears to be some change in them and
they may then absorb the basic-staining dyes.

Just what comiposes the first part of the
reaction to ashestos fragments deposited in
alveoli is subject only to deduction at the
present. If we assume the primary efect to
be from physical injury (iraumatism) of
alveolar linings and 'septa, we may assume
fluid accumulation. Tt may constitute the first
or acute reaction, and that fits with the physi-
cal evidence of increase of lung fluid that
clinicians find in ashestos workers early in
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Fig. 3.—Grade I\ fibrasis of lung in ashbestosis, with sshestosts Doddios and gravulier materiad

it ahveotus and fihrous arca. X 280

eir exposure. even hefore there is evidence
of ibrosis. It is alsa consistent with the earhy
“ground-glas<” changes in roentgenograplic
lung ficlds,

As the conditien progresses—ordinarily
through vears of continued exposure—and
while alveolar fluid may continne to accom-
pany the giant cell and collaidal envelopment
of the fragments of ashestos ervstals as fong
as fresh deposition continues, permanem
change in the form of fibrosis takes over andd
proceeds, This hlrosis is essentially the same
as will oceur from any relatively innocuous
but irritating presence of solid foreign ma-
terial located within living tissues. There is
omie evidence that it may be halted by re-
moval from exyiosure ta continued ashestos
inhalation, but after its formation it cannot
be expected to he reduced. and when it has
reached a disabling grade the disability may
he expected 1o he permanent. In the advanced

_stage it causes respiratory embarrassment

and finally circulatory difficulties resulting
in increased right heart hurden.

The gross candition of the lung, as scen
M an antopxy service where ashestosis may

he encountered, of course. varies with the
arade of fibrosis. While that condition tends
to he consistent with the degree and duration
of exposure o the dust. the causative ex-
posure and the resulting fibrosis do not al-
witvs agree. Merely the fact that & person
his worked m an ashestos plamt does not
justifv an assumption that he has acquired
ashestosis of a clinieal grade,

In some of our cases the finding of small
numbers of ashestosis bodies in the alveali

Fie, 4 -Advanced Grade IV achestosis© obfit-
erating hyaline fibrosis,
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was merels sncidental. The hang i such an
instance exhibits nothing clse of that con-
nection,  Usually the ocenpational story re-
veals that the person worked in an asbestos
plant perhaps cven for several yvears hut some
time previonsly. Merely for recording pur-
P~ we have designated the condition as
Grade .

Grade 11 is alko an incidental finding. It
means an estimated thickening of alveolar
walls and perivascular fibrosis, neither being
remarkable, together with ashestosis bodies
in adveali e seattered through the fibrous
iramework. The lung of that grade may be
somewhat coarsencd in texture but may not
appear grossly abnormal.

Grade 11T is assaciated with dehnite respir-
atory difficulty, but up to this phase appar-
ently progress of the disease may be halted
Iy ramoval from exposure. and the condition
remains in status qua. Jtis not per se a fatal
state, The anatomical grading is based upon
autopsy examination when death has oc-
curred for another reason. The lung in this
case is of coarscly honeyvecomb fibrous tex-
wire. nonelastic and distended. This quality
is general, although not entirely uniform.
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Particularly in the upper parts there are
patches of distorting indetinite scarrings, and
there is a grayish marbled cast on section.
The pleura may be thickened and adhesions
may be found, but in some instances it may
he quite normal.

Grade 1V is the advanced phase which will
terminate fatally on itx own account if some
other death-dealing condition docs not inter
vene. The subject becomes increasingly. il
finally absolutelv, disabled in respiratory ane!
circulatory functions,

The lungs in this fnal phase are v h,
coarse, inelastic, fixed in expansion, ¢ -h
marhled in appearance, and gencrallc

. drregularly, in an extreme state of fitroas

induration. \arious distorting searrings oc-
cur, particularly in the upper parts. Although
stich scarrings are patchy rather than nodu-
lar, they sometimes resemble, both grossly
and microscopically, the lumps and nodules
of silicasis. The pleura may be thick, even
cartilaginous in toughness, and the cavity
partly or entirely obliterated, hut not inevita-
bly. Inasmuch as pleural fibrosis is not in-
variable, it appears that its occurrence is as
a complication and not as a part of the jri-
mary disease.
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Asbestosis hus been described in detail in
numicrous published articles and texts. While
it is true that cases of far-advanced ashestosis
may have severe pulmonary disability, rela-
tively few of the people exposed to the filer
develop the disease. Therefore, it is the
intent in this paper to mention asbestosis
only briefly and then to outline various other
pulmonary disabilities scen amony ashestos
workers,

The word “ashestos™ is generally used to
deseribe several filirous magnesinm silicates
which are different in their chemical compo-
sition and physical properties. The most
important types of Whers are chrysotile, amo-
site. crocidalite, anthophyllite, actinalite, and
tremolite. Total world  production of  adl
filiers fast vear amounted 1y slightly more
than 1.500.000 tons. Approximately 95%
of the fhers produced were of the chrysotile
variety, 3% crocudnlite, 20 amosite,
Deposits of various types of this nuneral are
bhut the largest
Africa.

and
found in countries,
mines are

Ashestos ibers are highly resistant to heat
They have great tensile strength
Because of these

many
located in Canada and

and acids,
and large suriace areas.
properties ax well as their flamented struc-
ture, industrial use of these fibers through-
out the warld is increasing. The textile in-
dustry has used them for many vears to
produce blankets, clothing, threads, ropes,
tapes, braided tubing, and filters. In recent
vears, however, there has been an increasing
use of ashestos in the insulation, building,

and friction-material trades. In addition, the

Recorded for publication April 7, 1955.
Medical Director, Johns-Manville Corporation.
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wallbaard,
brake

fibers can he found in paper,
shingles, pipe covering, floor tiles,
fimings and Dbrake blocks, cements,
and plastics,

It should be noted that the facts presented
here apply tu those persons who have been
exposed only 10" ashestos fibers and to no
other dusts. As previously indicated, industry
today is Ainding many new uses for the tibers
when they are mixed with other dusts, It
established fact that when asbestos
fibers are mixed with silica, diatomaceous
carth, or other potentially toxic dusts, the
pulmonary changes resulting from the inha-
lation of these mixtures are not typical of
ashestosis. The x-ray pattern may be ditfer-
ent, the clinical course changed, or the sus-
ceptilility to intercurrent infection increased
or decreased. Thus, in making a diagnosis
of occupational pubmonary  disease, it s
highly important to obtain a detailed occupa-
tiouad history, so that ashestosis, silicosis, or
nixed pnewmoconioses can be differentiated.

putties,

I~ an

The statements and observations reported
here several thousand men and®
women employed in the ashestos industry
in Canada and the United States. In this
industry the various mining, milling, and
manufacturing operations create some dust
containing ashestos fibers. If the fibers up to
50 in length are inhaled continually in
sufficient quantities over a period of several
years, a' tvpical pulmonary fibrosis will
develop. It has been demonstrated that this
fibrosis is due not to the chemical but rather
to the mechanical action of the fibers.? The
asbestos fibers are deposited in the terminal
bronchioles, initiating a tissue response which
coats the fiber and eventually produces what
is known as the asbestos body. This appears

cancern

‘to be a defense mechanism of the lung. Nu-

merous asbestos bodies can be found in the
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ULMONARY DISABILITY IN ASBESTOS WORKERS

'

satem of peraons who have had only short
=4 eradiz exposure to the dust. These

=53¢ ue healthy and have no demonstra-
iziv. or symptoms of asbestosis. There-

-~
4z, it ctnis more appropriate to use the
"

sn "wbioros” bodies rather than “asbes-
2" Lidlics, signifying exposure to the

M) l:-l.u».x,

filars (it not necessarily indicating disease.
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If ii:2-casing quantities of the fibers area.
cuntinualy inhialed, the tissue reaction pro-
goesres, and a generalized, diffuse fibrosis
giduc!l appears throughout the lower lobes
of the luags. With additional exposure, this
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Fig. 1.—Early asbestosis.

fitrosis will spread to the other lobes, even-
tuclly causing respiratory embarrassment and
finally cardiac failure.

The pulmonary fibrosis resulting from
prolonged inhalation of asbestos fibers will
produce @ typical x-ray pattern. In early, or
first-stage, asbestosis (Fig. 1), the x-ray
shows a fine, diffuse, homogeneous infiltra-
tion throughout both lower lung fields. It
should be noted that this infiltration is bi-
lateral, that it is generalized at both bases, -
and that the nodular conglomerate patterns
of other pneumoconioses, such as silicosis,

not scen in asbestosis. There is a con-
siucrable amount of pleural reaction associ-

rr-.w 5 v

5
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e — — ———
Fig. 2—Moderately advanced asbestosis.

ated with this disease, which may account
for the “ground glass” pattern which has
been used to describe the typical x-ray
picture,

In moderately advanced, or second-stage,
asbestosis (Fig. 2), the infiltration has in-
creased but still is confined to the lower
lung helds. The “ground glass” pattern is

Fig. 3—Far-advanced asbestosis.
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more apparent, and the heart borders are
becoming indistinct or shaggy. There is some
irregularity of the diaphragmatic outlines
and beginning obliteration of both the cardio-
phrenic and the costophrenic angles.

In far-advanced, or third-stage, ashestosis
(Fig. 3), the infiltration still is homogeneous
and bilateral, has spread to the middle and
possibly the upper portion of the lung felds,
but the apices remain clear. The cardiac out-
line is almost completely obliterated, as are
the domes of the diaphragm and the costo-

" phrenic sulci. With this picture in -mind, it

is advisable to reiterate the observations of
many physicians, naniely, that the x-ray pic-
ture should never be used to estimate the
presence or the extent of impaired pulimonary
function or disability. Many cases with x-ray
evidence of third-stage asbestosis have been
known to carry on their nsual work and hive
fairly comfortable lives for several vears.
On the other hand, no case of dehinite disa-
bilitv: has been seen unless there was the
typical x-tay patiern.

There is no tvpical chiical picture for
ashestosis. The disease is insidious in its
onset and slowly progressive with continued
inhalation of the fiber. There is a gradual
increase n cough and expectoration, some
anorexia and weight loss, then slowly -
creasing dyspnea. Cyanosis and clubbing of
the fngers are rare findings. There is evi-
dence that asbestosis will not progress after
exposure ceases, but this seems to be true
only if the worker does not develop an inter-
current pulmonary infection.

It will be shown that asbestos workers are
not predisposed to develop more intercurrent
pulmonary infections than are found in other
workers. However, when an acute pneu-
monitis develops in the presence of an estab-
lished asbestotic fibrosis, the infection is
slow fo heal, relapses are {requent, and the
patient may be more susceptible to subse-
quent pulmonary infections. While it is
true that the disease is slow and insidious
in its onset and that people with advanced
asbestosis may lead relatively normal lives,
eventually the heart begins to fail, and death
from cor pulmonale rapidly follows.

20

Gregoire * has reported that pulmonary
function studies on asbestos workers have
shown that the chief physiological problem
is that of a “tight” lung. The vital and
maximum breathing capacities are lowered,
cxpansion of the lung is difficult, and arterial
uxygen saturation of the blood is diminished
in some cases, indicating an impairment of
gas transfer through the lung. Diffuse ob-
structive emiphysema, so commonly seen in
silicosis, is not apparent in asbestosis. These
pulmonary function studies are of importance
i the proper diagnosis of pulmonary fibrosis
and the estimation of pulmonary disability.
Of more importance is_the fact that these
tests can often help the clinician in directing
the treatment of the case. Unfortunately,
there are too few persons who are properly
qualified today to carry out these tests and
interpret the results,

An ~-ray survey was made of one group
of 708 employees working in an asbestos
mill where the ore was dried, crushed, sep-
arated and graded, packed, and then shipped.
Operations in this plant required the em-
plovees to rotate through various jobs;
hence it was impossible to relate any x-ray
changes to a particular job or to a specified
dust concentration. At the same time it could
be assumed that all members of the group
had been exposed to varying concentrations
of the dust. The chest x-rays of these em-
plovees were divided into three broad
groups: (a) essentially normal lungs;®
(b) marked linear exaggeration (P-2) but
no typical pattern of asbestosis, and (¢) def-
inite asbestosis.

Table 1 shows that of the 708 employees
studied 649, or 91%, had normal x-rays.
This is of interest because 204 employces, or
299 of the total group, had 10 or more years
of service, and 2 men actually had worked
more than 40 years in the dust.

Table 2 indicates that 52 of the 708 em-
ployees showed a marked increase of all peri-
bronchial markings, although none had defi-

* Gregoire, F.: Pulmonary Function Studics in
Men Exposed for Ten or More Years to Inhalatica
of Asbestos Fibers, read before the Seventh Sara-
nac Syr_nposium, 1952 (unpoblisted
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nite asbestosis. Inasmuch as the majority

of these men had essentially normal x-ray
films early in their employment history, it
is assumed that most of the later increascd
lung markings were associated with their
subsequent dust exposures. Further indica-
tion of the length of exposure necessary to
develop x-ray changes is secen when it is
noted that 69% of this group had 10 or
more vears of exposure.

Table 3 shows that of the 708 cmployees
7 had developed definite x-ray evidence of
ashestosis. These  men Vanous
stagres of pubmonary involvement, but all
“were working steadily at their accustomed
jobs with no signs of disability. Jt iv of
interest to note that none had  developed

exhibited

x-ray evidence of ashestosis with less than
20 vears of exposure.

I“requentdy it has heen stated that it takes
srom 5 to 10 years of exposure to develop
ashestosis. The survey reported here con-
cerned mill emplovees. 1t is possible that
other operations might have different expo-

- sures with ather discase experience. Factors
which might influence this experience are not
only the length of exposure or the concen-
tration of «dust in the air but also the fact
that there i~ prabably an individual suscep-
tilility to the development of pulmonary
ibrosis.

Medical hterature has given considerable
attention to occupational pulmonary disease,
but very hittle has been reported on the oc-
currence of nonoccupational respiratory dis-
ease among those employed in the dusty

trades. The following survey was made in
order to determine the incidence of non-
occupational respiratory discase in another
group, of 1561 men wnd women, working
in the ashestos industry,

A review of absentee records indicated that
no valid conclusions could be obtained from
this source, hecanse the reason for ahsence
was given by the emplovee himseli. Sickness
often was used as an excuse to cover short
ahsences for a varicty of personal Feasons.

It then was decided to study the claims
submitted for sickness and accident insur-
ance. All employees in the survey participated
i a plan operated by an independent insur-
ance company.  Indemmihcation made
onlv after the nature of the illness had heen

was

certificd by the treating physician,

The stdy included claims subimitted over
a three-year periad for such illnesses as the
common cold, ~sinusitis, pharvagitis, grippe,
hronchitis, pneumonia, asthma. and pleurisy,
Occupational respiratory diseases and pul-
monary tuberculosis were excluded in the
report. <

Table 4 shows that of the 1361 employvees
in the survey proup there were approxi-
mately equal numbers in dusty and nondusty
occupations. Of all clums fled for respira-
tory diseases. 43% were for emplayees with
dust exposure. Clinical observations for many
vears had given the impression that a dusty
occupation in itseli would not predispose a
person to more nonoccupational respiratory
discase than would a dust-free job. This
survey shows that the rate of discase over

TarLe 2.—Fwmployees with P-2 X-Ray Readings
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a three-vear period was approximately the
samie in the two groups. In addition, there

was ho apprccmhle difference in-the dur'mon
of illness in either group.

Animal experiments and clinical observa-
tions have shown that ashestosis does not
predispose a person to the developnent of
pulmonary tuberenlosis, nor does it agyra-
vate an apparcntly healed tuberculous lesion.
In two isolated vne-industry towns in the
Province of Quebec where ashestos was
niined and processed, the incidence of tuber-
culosis over a period of many vears was no

_greater than in other isolated towns with

comparable populations hut without a dusty

—_
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i d—Flectron miicragraph, chryaotile ashes-
fon: X KL

trade.t In addiviem, the mcidence of tuber-
culosis among asbestos workers was lower

T Parrot. P Personal communication to the
author.

Taney d—Necoupational [Nscase Leperience

Eamplovees, totel no. oo 00 L iiieeia.. 141
Fmployees with fust exposare. oo, 87
Emplovees with 0o dust eXgentire.....ooovn.,. I
Cleling {or resplratory disense o0, 27
Clatins for respirstory diseaswe with dust ex-
PUSUIE Liiiiiitiiaceiieii it o va teaasnsannns 12
Clalme for renpirstory dises<e with no dust
CXPORUTE o iiiieuseincavanetannseanasonsionse 15

Aversxge Jength of abisence wmlth dust ex.
POSURE, WK..iveeiriieriiene it tinvencaaees 38

Average knpth of abtmence with ho dust
CXPORUTE, WH ... eieenanarae 31

IFig. 3.—Flectron micrograph. amosite asbee-
tos: Y 060,

than that among the general population of
these mining towns,

Conflicting opinions and ditferent reports
make it extremely dificult to confirm or
deny conclusively the causal relationship of
ashestosis and carcinoma of the lung. Too
often a counnon conclusion is drawn from
observations andd experiences with different
racial groups. living in different parts of the
world under variable socioeconomic condi-
tions and working in diverse occupational
exposures. To these variables should be
added the fact that there are various types

of ashestos hhers,

fig. o —Electron micrograph, crocidolite asbes-
tos; X 4K,
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Badollet $ has reported that there are
scveral different types of asbestos fibers used
Ly industry today, and these fibers have
different physical and chemical propertics.
Figures 4, 5, and 6 arc enlarged clectron
micrographs of three types of fibers used
most commonly in industrinl processes. The
long, soft, and silky chrysotile fibers are
found chiefly in Canada, while the amosite
and crocidolite fibers which are  shorter,
stiffer, and brittder come from Africa.

Canadian experience with aslestosis Jwms
been limited ta the chrysotle fiber, The ma-
jority of industrial processes e the United
States nse this Tiber, but in recent yvears there
i~ increased wuse of the amosite and crocidatite
fibers, The British and Furopean indostries
use greater quantities of these harsher libers,
Therelore, in trying o clariiv the cansal
refationslup of ashestosis and bronchogeniv
<ircinonit, many varnible facts should he
warly identitied, espectally the tyvpe of Qber
used and whether or not other dusts were
present an the industrial and environmental
atmosphere,

NUMMARY

Respiratory - disease  experience
several thousand male and female ashestos
workers in the United States and Canada
i~ reparted. QO all workers exposed to the

among

Ohers, very few develop asbestosis,
Asbestosis s insidions inonset and pro-

gresses alowly  with continued  exposure,

causing respiratory embarrassment and car-

diac failure.

A

§ Refercnces 2 and 3

ASRESTOS WOKRKERY

Physiologically, asbestosis is the problem
of the “tight” lung. Expansion of the ung
is difhicult, and there is impaired gas trans-
fer through the lung. Diffuse, abstructive
ciphyxema is not comimon.

There is a typical x-ray pattern which can-
not he confused with other puesmoconioses.

An x-ray survey of 708 emplovees in a
milling operation showed that the majority
had normal x-ray patterns, that 1) or more
vears of eaposure were necessyry o pro-
duce T\»r.'l_\ changes, and that no cases of
ashestosis were fomnl who had worked Jess
than 20 vears i the dust,

The incidence of nonoccupational respiri-
tory discise wis not mereased, nor was the
tllness waore prolonged among workers ex-
posed o ashestos dust than amang tonex-
pused workers.

Ashestosis duex not predispose 1o the
developmient of tuberculosis, nor does it
aggravate an apparently healed lesion,

There are several reasons for different
opimons expressed concerning the relation-
ship of ashbestosis and bronchogenic carci-
noma. Differences in ashestos fibers are
noted.
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Insteaed of giving the usual chimcad descrip-
tion of ashestosis as mentioned in” the pro-
gram, which deseription may seem to many
a matter of personal mmpression and there-
fore contraversial, T prefer to Lring to vour
attention a series of remarks and comments
collected during my nine vears af medical
supervision of some 4000 ashestos mining
workers.

From 1943 ta 1933 the annual medical
and x-ray examination of the ashestos work-
ers, along with the histalogical study of 88
antopsy cases, pernytted the detection of 128
caces of ashestosis: 40 of the patients are
already dead - md autopsies have heen per-
formed  and 88 are still hiving. .

Table 1 gives the age-group distribution
and the classificagon by degree of ashestosis
i the 128 cases, You miav see that there are
72 ca~es of nunimal, 33 cases of maderate,

The

ave distribntion indicates that 16 warkers

and 21 casex of advaneed ashestasis,
are 70 years and over--one worker with far
advanced ashestasis is 84 vears of age and
stll Tiving—-and (6 workers are 60 years
and over,

FFirst. it seems indicated to explain how
the diagnosis of asbestasis has been miade in
these 128 cases. One hundred twenty-one

Thetiord Industrial Clinic.

Read in the Symposium on Occupational Dis-
e:nes of the Lungs, sponsored by the Massachusetts
Medical Socicty in cooperation with the ‘Instituic of
Industrial Mudicine of the New York University—
Post-Graduate Muedical School, Boston, Oct. 28,
1933,
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cases have been diagnosed by roentgenology,
and 33 of these 121 cases have been con-
firmed by the pathological study of the lungs ;
s0 we can say that 33 cases have been diag-
nosed by x-ray and histolagical interpreta-

Jtion. The remdining seven cases have been

diagnosed by pathological study only, having
been missed on the reading of the standard
chiest films; but it is mportant to wdd that
these seven cases are cases of minimal ashes-
tosts. Witheut goiny inte a too long discus-
sion of the effectiveness or the superiarity
oi roentgenology  over  histopathology  or
vice versi for making a diagnosis of asbesto-
sis, | should Jike 1o add the following re-
marks,

We have to admit that the ruentgenologi-
cal terpretation might fail to detect cascs
of minimal ashestosis, but from personal ex-
perience and {rom repeated contacts with
Gardner, Sampson, Robert, Bristol, Vorwald,
and Pratt, T can say that no cases of ashesto-
sis of chinical importance have been diagnosed
I the pathologist without having been de-
tected anteriorly by the roentgenologist. 1
do not know whether a similar statement is
true for emplovees of the asbestos textile
mdustry, where apparently the x-ray pat-
tern of ashestosis is fainter than the one
[dund in the ashestos mining industry.

A second is about the wide
discrepancy in the appreciation of the degree
of ashestosis by different pathologists. In a

comment

few instances, cases which looked like mini-

mal asbestosis to one pathologist have been
classified as advanced asbestosis by another
pathologist. With the increasing number of
autopsies for old employees and with the
recent use of the lung biopsy and the lung
resection in asbestos workers, we may assume

Lo, vcllcs s Aeicloct WalZ~
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Tasre ) —Thetford Mines Survey, 1945-1953

Distribution of 128 Cases of Asbestosls by
Age Groups and by lntensiy

—_—

Age Qroups, Tr.

——— ~
0 and
35490 8050 6084 6570 Over Total
Miotmal 20 u [] R [ [ 3
asbestosls
Moderate 2 11 13 1] 4 35
asbestosis
Advanced [ [ 10 3 3 2
asbestosis _— — - -— Pl —_—
Total 22 40 3t 19 16 128

that there will be more instances in which
pathologists will ditfer in opinion among
themselves and will not agree with the roent-
genologist in the cstimation of the amount
of asbestotic fibrosis present. This lack of
agreement is very confusing in any medical
study, but it is still more confusing before
a compensation board.

For practical purposes, it is of great im-
portance that a solid roentgenclogical classi-
fication of the cascs of asbestosis, correlated
with the histopathological findings, be recog-
-7 »d and accepted by all those concerned

1 this problem of asbestosis, because the
chest Ailin must be considered as an cssential
criterion in making a diagnosis of ashestosis
and, notwithstanding the limitations of the
chest fitms in some exceptional minimal cases,
this tool remains more objective and more
adequate than any other presumptive criteria.

Table 2 shows the seven main causes of
death in the 40 cases of asbestosis that have
been autopsied; 12 patients have died from
evolutive tuberculosis, 5 {from coronary
thrombosis, 10 from cardiovascular diseases,
4 from cor pulmonale, 6 from bronchogenic
carcinoma, 2 from bronchopneumonia and
bronchiectasis, and the last one {rom cancer
of the brain.

In reading this Table, the first question
which comes to mmind is: To what extent is
this enumeration of causes of death different
from a similar enumeration for a comparable
group of employees from another industry?
Unfortunately, I do not know whether there
is a marked difference, and I did not have
the opportunity to discuss this Table with

~ physicians or to compare it with a
s. .ar one which mav exist in the medical

\

literature. Nevertheless, briefly, I want to
review thesc causes of death, trying to investi-
gate the part played by asbestosis in the
death.

It is truc that 12 cases, or 30% «of the
deaths, were caused by an evolutive tuber-
culosis; this incidence may seem too high,
but knowiny that a more complete statistical
analysis of all the employees in the ashestos
industry made in 1950 did not reveal a higher
incidence of tuberculosis than in a control
group ‘or a severer evolution of the tuber- -
culosis, this rate of 30% is not in itself suf-
ficicnt to establish a causal relationship he-
tween ashestos-dust inhalation and tuber-
culosis. _

Considering the second cause of death,

-coranary thrombosis, it is difficult to explain

how a minimal or a moderate ashestosis

could contribute to the formation of a throm-
bus in the coronary circulation, and, conse-
quently, I am inclined to estimate these five
deaths as not related to the factor ashestosis.

The third cause was cardiovascular dis-
cases. It is not so simple to say how many
of those cmnployvees have died irom their”
carcliovascular discase and how many have
dicd from their ashestosis,

The fact” that most of the employees who
have died from cardiovascular diseases were
60 and over and the fact that statistics nien-
tion that 65 to 709 of the population of the
same age are also dying from cardiovascular
discases should he taken into consideration
before arriving at a conclusion.

Tavte 2—Thelford Mines Survey, 1945-1953

Causes of Death in a Serier of Forty
Casex of Asbestosls

Mioimal! Mnderate Advanced

Asbes. Asbes- Asbes.
tosis tosls tosls Total
Fvolutive tuber. 5 T [ 12
cislonls
Unronary throm- 1 4 [4 [
bhosls
Cardliovascular 3 4 3 10
discases
Cor pulmonale [ 3 [}
Broochogenic 3 1 3 [
carciuomna
Bropchopoeumonia 2 [ [ H
and vrodchlec.
tasls
Other causo 1 0 © 1
Total L F) 17 [ ] ;
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In a few borderline cases in which it was
difficult to appreciate clearly the role played
by the ashestosis and the role played hy the
cardiovascular pathology, the ditferent car-
diologists consulted were of the opinion that,
unless the asbestotic filirosis 15 extensive
cnough to produce pathological or chimical
signs of right heart failure, it is impossible
to tell with some certainty that the fibrosis
has contributed appreciably to the death,
especially if there are evident signs of ad-
vanced degenerative diseases.

In practice, this group of ¢mployees with
cardiovascular discases and a mmimal or a
moderate degree of asbestosis 1s becoming a
serious problem as far as the compensation
aspect is concerned. Without too much -
agination and irom the findings of an in-
creasing number of autopsies on old em-
ployees, we can assume that there is a large
unknown pumber of employees who have a
minimal amount of ashestosis and who, most
likely, will later on also present a cardio-
vascular disease. Then, unless definite cri-
teria are developed to estimate objectively
the harm produced by the asbestosis and the
harm produced by the cardiovascular process,
olwiously  those¢ cases will remain embar-
rassing to appreciate correctly hotly by the
clinician and by the compensation boards.

I have purposely separated from the
cardiovascular group the four cases of cor
pulmonale. because these four deaths seem
quite evidently related to the presence of
asbestosis. There are also the cases of two

uther workers who although they died from

bronchogenic  carcinoma  and  asbestosis
showed evident signs of right heart failure,

Therefore, we can sayv that in six cases of

asbestosis cor pulmonale developed and the

patients died from their ashestosis,

The following group of six cases of bron-
chogemce carcinomia present a special interest.
Without going into any discussion of this

g* problem of possible relationship between
- asbestosis and pulmonary carcinoma, T just
wait to sav that there are also seven other
patients with bronchogenic carcinoma among
- the emplovees who did not have asbestosis,
~Moreover, a general statistical survey of all

206

SRR, e -G g i
~— G T T M B e 4 Gy B e S

INDUSTRIAL HEALTH
ciployees in the industry does not seem to
indicate any statistical evidence of a causal
relationship.  Thercfore, the part played hy
the asbestotic fibrosis m Group 5 remains
questionable.

The two patients who died from broncha.-
pneumoni and bronchicctasits most likely
died from this patholugical process rather
than from their minimal ashestosis. The last
patient died from cancer ot the bram.

In summary, in my personal epinion. six
patients quite obviously died from ashestosis,
and the other 34 developed a leston which
cottld very well be considered as the cause of

TasLe 3.—Thetford Mines Survey, 1943-1953

Clinical Status of Elghty-Elght Living Patleuts
with Asbestoals

Minhual Maoderste Advanced

Ashes. Ashes. Asbes.

tosis tosis tusis
Good oo 3 4 3
Mild symiptoms.......o... 11 e
Moderate syinptoms.. ... ® 9 3
Severe symptoms<......... 2 2 E)
Total................. a7 18 13

death. although we do not know the role
played by the ashestotic fibrosis.

Table 3 gives the clinical status of the RN
living patients with ashestosis, o anadyzimg
this Table, I have to adnut that we cannot
be too certain of the classitication of the cases
of asbestosis into minmmal, moderate. and
advanced, because there is a significant dis-
crepancy between the roentgenological
the pathological classification. THere the clus-

and

fication 1s based on a rocitgenotogicnd appre-
ciation, and likelv the histopathological classi
fication would be ditferent.

A second important reason why this Table
may look highlv questionable s that it i
quite impossible to evaluate climcally the
respiratory ftnction of s groap of cmplovees
when a large proportion of those ciplovees
are 60 vears of age and over and when they
present at the same time other diseases that
mav impair the resprratory function to the
same extent that ashestosis nught do,

Obviously at that age there are many
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influence the cardiorespiratory function, and
these factors could eaplain very well why 10
patients with minimal asbestosis are present-
ing moderate and severe symptoms while 3

“with advanced ashestosts have no clinical

svmptoms,

With all its Lmitations, this Table scems
to prove at least oune thing, that the clinteal
status of 36 minimal, 4 moderate, and 3
advanced cases is good and that a rotal of
59 asbhestotic emplovees are able to work
without anyv di~comfort—1 mean those in the
first two groups,

For the remaining 29 cases, no good cor-
relation between the degree of asbestosis and
the clinical status has been found. There is
a better correlation between the age of the
emplovees and the clinical status. showing
the role played by the age.

This Table may also demonstrate indirectly
that too niany similar tables giving chnieal
data, such as cough, expectoration, and
weight, cannot prove too much.

To sunuuarize, 1 believe that asbestosis is
a serions disease in some instances, but more

ASBESTON]S

frequently it remains a discase which can e
tolerated guite well for many vears, even
without appreciable symptoms, as long as
another serious disease dovs not supervene
to cause death.

On the other hand, in practice. this dis- ‘

case may look more serious and cause impor-
tant medicolegal problems 3 a too scientitic
miedical concept or a too liberal social inter-
pretation is accepted by the medicolegal pro-
fessions, labor and compensation hodies. s
a matter of fact, i the least amount or o,
minimal  amount  of ashestotic fbrosis 1~
interpreted as asbestosts, “occupational dis-
case,” and, more so, i the compensation
boards decide to apply the aggravating factor
clause, notwithstanding any etiective dust-
control program, the problem will remain
unnecessarily serious for many vears to come.
etffort of pathologists.
physiopathologists,  roentgenologists,  cardi-

The combined

ologists, and clinicians is needed to orientate
any research program and to bring answers
to the many unkunown aspects of ashestosis.
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EXPERIMENTAL STUDIES OF ASBESTOSIS

ARTHUR J. VORWALD, PL.D.{Poth), M.D.

THOMAS M. DURKAN
AND

PHILIP C. PRATT, M.D.

SARANALC LAKE, N Y,

SBESTQOSIS is a form of pneumonoceniosis resulting from pro-
longed inhalation of asbestos dust. The name “ashestos,” literally
“unburnable,” is not that of a specific rmneral but is a term applied to a
“pumber of difierent mincrals whoese characteristic feature 1s a structure
composed of long, parallel, flexible fibers. This structure is unique
because the fibers are capable of repeated Idngitudinal subdivision to
vnits of molecular proportions. In length the fibers vary from a few
microns 1o 6 or more inches (13 or more cm.). Some varieties are
stifier than others, but many are sufficiently flexible to be spun into
yarn and woven on modified texule machmery.

The asbestos minerzls are silicates of variable composiiion and belong
to the serpentine and the amiphibole groups. Lisied below are the more
conunon varieues.

Amphibele group: actinolite, amosite, amphibole, anthophylhie,
crocidolite and tremolite. ’

Serpentine group: chrysotile.

The bulk of the ashestos of commerce is chry sotﬂe 3Mp0.25:0,.-
2H.0O, whick is mined on this continent principally in the Thetiord region
of the Province of Quebec, Canada, and in Vermont. Crocidolite and
amosite also are used commercizliy but in much smaller amounts.
Chrysotile occurs as veins in serpentine, a nuneral of similar chemical
composition, which exists in massive form and is made vp of microscopic
fibers without the parailel orientation characteristic of chrysoule. The
massive, bluish black serpentine, which is smooth and soapy to the touch,
is traversed Ly veins of fibrous chrysotile varying in width from a
barely pereceptible line 10 6 (13 ¢m.) or more inches. The fibers run
across the vein and not lengthwise with the formation.

From the Saranac Laberatory of the Edward L. Trudeau Foundation.

This sceries of studies of asbestosis, initiated at the Saranac Laboratory more
than twenly years s50 by the late Dr. Leroy U. Gardner. cirecter of the laboratory,
W2s neariy compicied at the time of his death in Ociober 1935, Althcugh partial
reports anl injormya! reviews of some of the experiments had been given from time
to time by Dr. Gardrer, this paper presents for the hrst time a complete survey
of the enlire. experimental investigation.
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Attention it directed to the nincral brucie, MgO.H.O, which is
often found i the same formatigns with serpentine and chrysotile and
may be fibrous in structure. Lxcept for the manuiacture of magnesium,
brucite has no commiercial value at present because its fibers are not
suficiently flexible to be used in textiles. but they are capzble of
repeated longitudinal subdivision. Unlike other asbestiformy minerals,
brucite is not a silicate, and for this reason it has heen a valuable tool in
an experimental evaluation of the action of fibrous minerals on lung
tissue.

EXPERIMENTAL ASNESTOSIS

For miany yecars studies?! have been carried on at the Saranac
Laboratory in an investigation of the cause, nature and development of
asbestosis.  The present paper is devoted to experimental asbestosis,
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Fi{: I—Human ashestosis (P-20-144). The phot o'ﬁ’crogrm‘x reveals a broachi-

(n;:ht center ) with 2 smooth muscle buncic at its inferior marg:in and with an
ulcnsx\c zonc of coilapen depostiien largeiv obinterating the surrounding alveolar
structure.  The black fori are macrophspes coniaiming nogental  pigment.
Asbestosis bodies are present but are not apparent at thus magnification (X 20J).

and 1n it are described the experiments made on anhinals with various
kinds of asbestos dust.  Another report, to be prepared and issued at a
future date, will be concerned with human chCSlOSIS and will cover
the health aspects of workers who have been exposed to asbestos dust in
an industrial environment,

Although in man asbestosis is @ chromic disease with difiuse pulmo-
nary fibrosis which requires years to develop, it is possibie to reproduce

1. (o) Gardner, L. U, and Cummings, D. E.: Studies ¢iv £ crimenta) Pneu-
mokoniosis: V1. Inkalation of Acbesios Dust; Ite Eficar vjon Primary Tuberculous
Infection, J. Indust. Hyg. 13:65 and 97, 1931 (&) Gardner, L. U.: Chrysotile
Asbestos as an Incwcator of Subtile Difierences in Animal Tisues, Am. Rev.
Tuberc. 45:762, 1932 ’
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in enc or more specics of animal characteristic tissue changes which are
similar to the lesions of hunian asbestosis (fig. 1), Since the hie span of
the experimental animal is relatively short, it is not pessible to producce
the characteristic lesions in animals under conditions identical with the
usual industrizl environaient.  Consequently, to obiain a complete evalu-
ation of the tissue response to inhaled particulate and fibrous material,
it is necessary to accelerate the reaction by employving higlier concentra-
tions of dust than would ordinarily be encountered inindustry.  While
conditions of exposure are thus difierent, the information yielded by
animal experiments is invaluable in furnishiag a better understanding of
the reaction of the human organism to inhaled asbestos dust.

ExrrxiniNTAL METHODS

For investieratine the tissue reactions of experimental animals to the
o [=]

various asbestos minerals. two types of technic have hecn employed.’

namely, the iahalation method and the injoction method. In inhalation
experiments, groups of animale—up to "1C0 or more guinea pigs and
sometimes smalier numbers of rabhits, cats. dozs. rats or nice—are
kept for eight hours a day in a cuhical dust room. & ft. (2.5 M) in
dimension, in which a cloud of ashestos dust is maintained by a rotauing
paddle in a cust hopper*® At intervals during the experiment a few
animals are killed and the ussues examined 1o detersnine the nature
and the extent of the dust reacuon.  Some animals are exposed for
periods up 1o three vears. The injection experiments arce used to deter-
mine in as short a time 25 possible whether or not a paruicular Gust has
a potential capacity to produce infizmmatary reaction when in direct
contact with tissnes of the bodv. The method involves injeciing the
dust. either dry or suspended in fiuid, into the animal by the intravenous,
the intraperitonceal, the intratracheal or another route.

Long term inhalation experiments furnish information on which
creat reliznce i¢ placed when estimating the degree 10 which a dust nught
constitute a respirziory hazard to incdustrizl workers.  Even though an
atmospheric gustanzy be potentially dangerous, as indicated by injeciion
experiments, only inhalation procedures will reveal whether the cust can
Le inkaled, pass the natural deiense barriers of the body and reachi the
pulmonary tissue in quantities sufncient to cause damage. Injection
methods are useful, however, because they make certain that contact
occurs between the dust parucles and tissues and because they allow
accurate estimation of the docage and of the potential capacity of that
dose 1o procuce rcaction. The intratrachcal method 1s particuiarh
valuable when one is dealing with fibrous minerals like asbestos, since
1t permits observation of the effect of the ibers on pulinonary tissue,

Tisevr SusceriipiuiTy
Unlike free silica, asbestos does not produce specific effects in all
organs of all species of animals.  The comparanve @ata presented n
lzble 1 are based on completed observations and therefore difier shightly
irom a preliminary report.®  Fine quartz introduced into various crgans
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of various aninials (guinca prg, rabbit, rat, mouse, cat. dog, chicken and
even tadpole) cventuzlly will produce silicotic nodules but at difierent
rates.  Similar trodection of long fiber asbestos has resulied in a
fibrous reaction in the lung and. to a lesser extent. in the peritoncum
but not in other organs of the guinea mig, the rabbit, the cat and the white
rat. In our expericnce the lungs of the dog and the white mouse failed
to respond with fibresis, although Schusier ¥ has reperted such char.gcs
in a dog that )ived in an asbestos-fabricating plant.  This variation in
species and in organ susceptibility is yet to be accounted jor'; it is
presumed that in the susceptible animals the greater reaction of the lung
to asbestos, far excecding the reaction of other organ tissues, is due
principally to the greater mobility of the lung.

PecuLiar CHARACTERISTICS OF ASSESTOS

Fxperience has demonstrated that most of the nonfibrous dust

particles inhaled mnto the lungs of man and ammal are 10 microns or less

Tavir l.—Rcaction fo Lovg Fier Chryvsotile in Lungs of Man and Olther
Species of Animel

Eixcier Mode 0! Ziposure Fibrosis * Asbesioris BOdcs
MAD.iiaeaiens Iebeistion (+ Nuwmerous
Goea pig.aaa..... Jnhaistion an% Injection b ES Moderately sumnierout
Rabbutooooooonn, Johole oo 202 stection - Rarc end stypicei
(051 SRR . Iohaletics snd infeclion -+ Rarcaxd stypnca!
White ruto....o... loheietion and (njectics “+ Very tare
Inhslstioz [4 Rare and strpien’
Jojectioz [ Xoope

®* Jhe symbole 0 to ¢+ refcr to tbe Cdegree o tirsue reactiog.

in maximum dimension.  Larger parliclcs npareatly do not gain access
to the Jungs, because, first, large pariicies settie 1n air so rapiciv that
few remain suspended in xhe atmosphere breathed and. second, large
particles are more efiectively removed by the protective mechanisms of
the upper respiratory tract. In the case of Hbrous materia ! i

have less influence and fibers 100 and even 203 nicrons in length have
been jound in the terminal air spaces of human lungs. 1'1 small labora-
tory aaimals exposed to asbesios dust the maximum lengih of fiber

found in the lung rarely exceeds €0 microns.

A large proportion of nonfibrous parucclate dust inhaled into the
lung is found in the terminal air spaces (aiveolar ducts, atriums, alveoli)
in al! parts of the organ; in contrast, inhaled ashesios hbers are first
discovered in the respiratory bronchioles.  These small passages are
immediately distal to bronchioies lined by ciliated epithelivm.*  Their

2. Schuster, N. H.: Pulmonary Asbestosis in 2 Dog, J. Path. & Bact. 34
(pt. 2):731, 1931, .

3. Vorwald, A. J.: Varistions in Individual Susceptitility 1o Industrial Dusts
Inkaled into the Lungs, Am. Rev. Tuberc. 62: (1B) 13, 1650,

4. Miiler, W. S.: The Lung, Sprirghicld, i, Charies C Thomas, Publisher,
1937.
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own esseatial lining is a low cuboical tvpe of epithelium but, as their
name imphes, they actually function in respiration through lateral
alveoli disiributed along their walls.  Either these alveoli or the abrupt:
change in the character of the lining epitlelium, or the small diameter
of the respiratory bronchiole, or the combination of al! three factors is
responsible for reiention of the Aber at this site.  Only afier asbestosis
is well estabiished are appreciable. numbers of fibers seen -in the more
peripheral 2ir spaces.  Further explanation is required to clarify this
observation.

Ratt or Tissur ReEacTioN 1o .\¢pectos Fierxs

The afiecied tissues react much more rapidly to asbestos than to
quartz dust.  For example, in rats receiving asbestos fibers by intra-
tracheal injection hbrosis of a charactenistic type 1s visible as early as
one month after injection; for quariz dist the latent peniod is two
months or moere. Thus, the developmernt of nodular firosis due to
inhaled silica lags behind the deposition of dust 10 a greater extent than
docs the evolution of the diffuse reaction to asbestos. This resulis 1n a
difierence 1 the degree of progression which foliows terminauon of
exposure to dust.  For example, on discontinuance of exposure the
nodules oi silicosis bacome larger, to a limized extent, for a considerable
period of time, whereas the fibrosis of ashestosis mcreases for only a
short time.  Scbsequenily, the ashestotic abrous tissue contracts; this
process oiten disicris the adjacent pulmonary tissuie and may, as a result,
progressively interfere with cardiorespiratory function.

Asrestosts Banns

The yeculiar structure known as the asbestosis body or “curious
body" is & specific concomitant of asbestcsis® The tyvpical body is a
golden yeliow, beaded er haustrated rod. which may be either straigii
or curved (hg. 2). Oiten one or both ends are bulbous like a dumbbell. -
The bodies vary consicerably in lengih, and dimensions vp to 230
microns have been recorced. -

It is believed that asbestosis bodies are inhaled fibers on which pro-
tein and iron pigment of tissue origin have Leen deposited.® Giovne **
observed reproduction of these bodies in guinea pigs nine months after
subtutaneous injection of fibers rendered free oi iron. The bodies are
abundant in man anc in the guinea pig (table 1) but are much larger
in the former, probably because the larper-sized air passages admit
fbers oi greater dimension. In guinea pigs they form after about 70 days

5. Gloyne, S. R.: (6) The Formation of the Ashestosis Body in the Lung,
Tubercle 12:368, 1631; (b) The Asbestosic Body, Lancet $1:1351, 1632, (¢) Gard-
ner «nd Comminge **

6. Lynch, K. M. and Smith, W, A0 Ashestusis Bodies in Sputem and Lung,
JoAMUAL 95639 (Aug. 30) 1930 Simson. F. W, ind Stachan, A. S
Asbestosis Bidics 1a the S;puium: A Study of Specimens from 50 VWorkers in an
Asbestos Ml J U Path & Bacl 2400, 1931, Gardner and Cummings s Gardner,ib
Gloymets. b
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6 JADUSTRISL JHYCIENE AND OCCUPATIONAL MEDICINE

of contact with the tissve. In cats, rabbits and mice a few of the fibers
show an atvpical costing after much longer residence in the lungs. In
rats the bodies are rarely seen, and in dogs none couid be ifound.
Althongh the evidence is incomplete, it appears that the formation of
the ashestosis bocy prevents the fber fromy camaging the tissue.  Many
of the points mentioned above will be elaberated on in subsequent para-
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Fig 2—.4, human ashestesis badics. This collection ef achestosis badies was

{found in tie dung <hiown in figure 1. The vsual variations of s12¢ 3nd configuration
are rejresented (7 <00).

B, guinca pig asbestosis body. This one is similar to tome of those shown in
A (X 400). .

graghs dealing with the actual experiments. For presentation our
investigation is divided into two secuons, one dezhing with inhalation

experiments and the other with injection cxpenimeints.
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INHALATION EXFPILFIMENTS

Four large scale inhalation experiments have been congducted in this
laboratory with various forms of asbestos dust.  In cach of these invest!
gations, more than 160 amnials were used, and the experiments were
carried on for periods ranging from two to more than five years. The
four kinds of asbestos dust erapioyed are designated as King's floats,
short fiber, 100 per cent ball-nunlled, and long fiber asbestos dust.

Kixc's Froars Assrsios Dust

The first inhalation experiment conducted at the Saranac Laboratory
with asbestos dust was begun in 1928, Animals inhzled the dust for

Taztt 2—Chemicol Arclysis of Axbstos Dusting Moteriols

1cob

R ti0D

Type of Asbcsroe SI0:  Fes0s AL:Os Cr:(n MnO Ca)  MprO Nay0 K:0 COs Lot
g_w__./ . .

Niog's floats......... 9.3 [ ) M M 0T T4 M * M 2.4

sbort Sber.i........ DS I X o) 140 63 0027 0.6) kCRL 0.1¢ 0.20 0.9% 1

Leog Loer........... AL 40 $.32 0.78 * 0.0% 0.31 4008 0.0G 0.0% .57 RO

Tola}

.18
10011
1781

* Not determioed.

Taelt 3.—Fctrcorcphic Arvclisis of Acbestos Dusting Matericls

King's fioete *: Tlw gnnroximates compoction, base ) on parideles (exeent chryectdry smaljer
than ¢ mmicrons anc r1e0rtes e pricrrigpee obisyned (rom DerLiCle counts, wae chrysotue 34,
perpentine 40 megncitle 17 carbonoier iy teic 12, other muncraic ¢ For chrssotiic, SLere VD Lo
SW niicrots lodg were InciuccC.

Stort L%er t: The meter.al, beleors troop Lall midle !, contetned » preponderader of fbrous
ehryscrile enC pisty (poslliroue) serfe=.ine TRE BPDICNMMRELE (OINPNGTIGD, BT J2I0Dlefe, B At
ehryecldc 3%, serpentine 33 mmagnelile 3¢, Quertz 2, breate 3, otnher mancerels, wnaivding cclumite,

actipoilte 228 tremciite, li.

Loag fier 4 The matenia! contirted principalis of the Sbrcue petector minersl chrriniiic
Shiecdhy of noneepasteted fiLere 5 1o i3 .C1gnt 1D Citlneter 04 LD VO L0 mmerons o jenpth mrere
preseni. Tiae Epproximate eomracii.cn by o perrehiepe wac ohryealne L ferDdioUine 15, mege
pelite 5, brurie 2, olther muncrals, srrenp which were cairite &03d chidritic 8ZC ITICACEOUS
minersls, 3. Ooly & lrsce 0f guertz ves cheerved.

* The apelycis ©f the Yiag's foetc eclertoc, made Uy Dr. . & Hurlhnt Jr., of Yarvard
Criverairy, hes becd reporiec eiceslhere (oot Co N tr o osnd Withisme, €. R: The Miu

eralocy of Ashestos Dust, 3 Icoest Hyp & Tonech 120 3w
t For the shomt Ller ashwelos ans the foce fiter asbertos the potrogropine anelyrls wes
suppiemented with x-ray Clrsction exermizslioD.

periods up to 33 months. Some guinea pigs with six and nine months’

exposure lived for an additionz! three vears after cessation of their
exposure. A preluninary report ' presented observations after 29
months of exposure. At that time observitions covered 2 period of only
214 years and the conclusions zs to the uliimate ¢fcects of inhaled
asbestos dust were provisional.  Those conclusions are subsiantizted by
results of the completed study, which is reported as foilows.

_Composition cnd Atmospheric Concentrotion of the Dusi—The dusting material,
a commercial variciy of asbestos known as ming's ficats, wias composed ok chort
fibers, ranging in lengh from ) min to ) micron or lest, and of jarticies which
also varied 1n size. It was obiaired from the Thetiord, Quebec, plant of the
Asbesios Corperation of Amcrica, and analyvsee (rables 2 ang 3) reveal that the
amount of Gbrous chrysatile was oniy 14 per cat, a rather low value.

>
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Jarpinger sampl-s taken scon after the cxperiment was siarted indicaied that
the dust concentration was 3t first quite jow, the averape dust count bLeing only
6.0 mullion parucler per culie foot of aig by the stancasd hight hcld technic and 0.8 .
million for pariucles and fibers greater than 10 microns.  Aidter the 1ahaiation
exper:ment had been under wav fur about two years, the specd of the reating pagdle
in the dusting macihine was mcrcased and for the reniaining 0 months of the experi-
ment considerably more dust was Cispersed into the atmosphere. The averaze dust
count of impinger samplcs collected after this change was £32 miilion by the usual
Yight field method and 1.6 mitiion for particles and hAbers targer than 10 microns. It
1s prebable, however, that the true values of the dust concentration were higher
than the counts given in this paragraph. The impinger samples for the King's
floats cxperimient were collected in water, but later stucies? have shown that
counts of impinger samples of asbestos dust taken 1n water are not rehable. Ethyl
alcohat instcad of water was used as the collecting Auid 1n all subsequent experj-
ments

TarLe 4 —Swmmery of Inlcistion Experiment w=ih }.'{n_c':'s Floats Askestos Dust

Maximim

Moy Bunmvivst
o Altrr
Dust ka- Dot Fx
pocure, poscre,

Natureo! Ex wrimert Asnizals Ao Mo Hrellts
Trust exporcre cODLI3LOUS tRIOUEL- 5 fuines pigs 3 4 Typaal prnibronetloler Eurosis alter 18 mopt:
vut Bte [ R RHE 112 [} Forazn Lodt broschithy
1 rets [4 0 Littic o1 26 reaclivs
Dust eaposure foildowed Ly pro- C>puinee i € g Nosprocressnne fhrocis
lopged residence i normal air 2afFCe.nes gk 9 ks Nouprogrestine Chrosis
Iretbat ¢ »
Abrorpil ! reigs T z
1reblit 0 PO brorpiiod o!f foraigs LOCy resctio
Tuncreeloge {nfecios * 2t start of 4D guites fugpe 35 0 Temporary procrecaor of lafecilon, tollowe:
Cust exporurc by heel.ng wala 0 i
Contro.s 1o 1plection: zZo dust cx- 23 cuizes pigs [] 59 Yiealiig Uy recolution fose excepiion)
pukure
Tubcresiovs infeching * slter 70 mo. Luinea pags s i No enpreciatle fncrener iz suscepiitiinty o
of dusl exposur, tben roessdesce . tuicrceiout 1zirchics; hesiog wati, Sures:
in permaes air
Direis to in 101 po cust - My e v 1o tios
Contraes to Infection: eust ex 32 uioes pigs 0 R Hesliog by recolvtios
_ - pubure

* The guines pige were intected with Jow virchenee Ri etraiz ©f tubercte baciiius,
1 TSls meeps the -urvinz! penod jeollowisgp doiscurvz.

Re-ults of the investigation, briefy summarized in table 4, show that inhaiztion
of Nitg's ficats ashestes Cust produced a typical peribreoncinclar fibrosis in guinea
. o pigs bt mot in rabbits or rats.
L) > v
SR Reaction 1 Nermol Guuice Pigs —Guinea pige inhaling this dust {or periods up
Ce to 33 months had z characteristic nbrosis occurring in comeal patchec about the )
V. respiratory bronchioies. During this exposure the peripheral aiveoili were not
involved.,  The particulate clements of tne dust were transporied through the
Iymphatic syvstem to the bronchial nodes, causing no significant resction in cither
site; the fibrous elements remained fined at the points of oniginal localization and
were scldom detecied in the fymph nodes.
Afrer exposure of approximately a2 year a small amount of cellular reaction
had ten produced about nany respiratory bronchioles (Hg 3.4). As more dust
was inhaled, 1t continued 1o accumulate in iRt rame lotation, and later stapes of
the diccase (g 3 7)) cousisted of extenainng of the originat lesicns.
Apparentiy, the inhaied fibers were caught i the wei-iive alveoll that
are given off from the lateral wills of the revpiratory bronchioles.  There they

7. Fvhien, W. B.; Hou
1. The Celiccticn and Cc
cating Piants, Speaal Be
L Harrisburg, 1935,

2 ROL; Decley, A and Mathews, J. Lot Asbestosis:

uag of Aclesios Dust Hncoentered in Asbestos Fabri-
itein 37, Pennsyivania Department of Labor and Industiry,

AY




L L " VORWALD ET AL—STUDIES OF ASDLSTOSIS 9
. were phagocytosed, and many of them were carried into the wall ty migratory
cellz. Mononuclear leukocyles attracted to the area caused an apprcci?blc thicken-
ing of the bronchiolar wall. After 16 months a delicate fibrosis made 1's appearance. .
he process evolved gragually, and the number of fine intercellular collagenous
| ~—fibers steadily increased.  As this fibrous deposit contracted, it partialy closed and
-
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Fig. 3.—King's fioats inkaiation experiment© A, lung of a guinca pig with 12
months’ expasure. It mcludes a respiratory bronchinoic, at the deit, brancning and
becoming 2n ziveolar duct at the right
wall of the bronchinic and in acjacent
with 28 monthe exposure. The feid

Note the accumulation of celis 1n the
alveolr (X 130). B, lung of a guinca pig -
inciudes 2 bronchioic, at the ceater. witn
peribronchiai fibrosis extenc.ng into the wails of adjazent alvesli. Note the cubmidal ®
Zpllf;co!,n)lm hning these alveolt. This s the so<alled “adenomatoid” appcarance

X 20).

distorted the alvech, and with this change the alveoh became lined with culoidal

cd‘ls. The resolt was an adenroma-like appearance which frequently accomparics
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10 INDUSTRIAL FHVYCIENE AND OCCUPATIONAL MEDICINE

4

. chronic pulmonary inflammation resulting from many causes.  Willis 8 descrited

! a similar struciure in the Jungs of guinea pigy inhaling silicon carbide.  The longer
] asbestos exposures resuli=d only in more thickening of the walls of the air spaces, y
1 -, largely due 1o an increate in the amount of Abrosic. The fibrous tissve always
4 . remained cellular and failed 10 show the hyalinization charazteristic of silicosis.
A .. :
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o Fig. 4 —Hing's ficats nhaiavion experniment: A, lonp of a2 guinca pig with
N six months’ dust expesere foliowed by 33 months’ nhalation of normal air. The
- P reaction 1t rather shphi, but dictinct fibrosis ac present (X 2(0). Note that 28
l. ! months ol continuous exposure {fg. 3 o) preduces much more extensaive reaction.
: ' B, lung of 2 guines pig exjposedato the asbesios dust for nine months and
! : hiving thoreaflter an normal air for 37 monthe The reaction shown is more than
| that in A but much less than the reacuion in figure 3 6 (> 200).
LT
| —
U'. §. Wiliis, H. S, and BErutsaert, P.t Tumor-like Siruvcteres in the lLungs
)! of Guinea Pigs Aruficially Exposed to Silica Dust, Am. Rev. Tulere 17:208,
R 1928
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Asbcs\losis bodies (hg. 2 B). first secn in the lungt of the guine: pigs that had
inhaled Just for abott two months, became more numerous and more distinctly
jegmented with increasing expasure. N

The reaction preduced in guinca pigs exposed for six and mine months did not
progress significantly during a subsequent period of 35 and 37 montny when the
animals lived 1n a normal atmosphere (fig. 4). Petween eight and 11 months
after exposure ceased. the cellular reaction in the Jung had been completely replaced
by thin strands of fibrour usive. At later periods the scar Ustue wis lcs_s in
smount but In the laust animal killed, 37 months after discontinuing dust exposure,
some f£brosis was still visidle.

. Reaction in Guineo Pigs Infected usth Twbercle Bacilli ot the Onset of Dust

'hd\alalion.——Oi the group of 40 guinca pigs infecied with attenuited tuberele

bacilli, R: strain,® 2t the timec that dust cxposure was begun, 31 died or were
killed before the completion of two vears of the exposure and were reported in the
paper by Gardner and Cummings.?t Seventeen of these died from intercurrent
pneumonia. Bricfly, the results were as foliows: Ten revealed some evidence of
spread of the tuberculous process (fiz. 5 A4): in 6 of these it was confined to
the lungs, and in the other 4 the abdominal viscera also were invol\_'cd. Extension
of the inicction was Arst seen after seven months of cdust inhalation; during the
next 20 months more than half{ of the animals showed actively spreading tuber-
culosis, and in J of them small cavitice had developed  During the last eight
months no animals exhibited any evidence of active infection althouzn in half of
them the healed fibrous scars of previous spreads were obvious. The scars were
norg extensive than is characteristic of ather tberculosis or asbestosis alone
The mine animals which were still aiive after two ycars of dust exposure were
killed at intervals during the foliowing vear. In four of them the primary foci
of infectior. were heaicd with fibrosis and even calcification, and there was ne
evidenze of progression (fig S H). In the remaining five the tuberculous foci
showed evidence of having previcudy spread localiv; in four of them. by the time
of aviopsy. the foci were heaied, with excesave hbrosis; in the fiith animal there
wa2s a generahized chronic

~rculoys pneumonia in one lobe, and in the other
fubes there were isolated primary tubercies, which were sull active but had not
spread

Reaction in Guinca Figs Irnfected wnth Tubercle Eaoi!li After Establishment of
Asbestors —Twelve guinea pigs, alter inhaiing King's fioats asbestos dust for 26
months, were infected with tutercle bacilii and then removed to normal air.  Six
of these animals dicd within seven weeks, five from intercurrent nostulciculous
infection.  The remaining six animals were kiiled at intervals up to 14 months
after infection. The subpleural tubercles were no more numecrous in the dusted
anmimals than in the nondusted controls, but 2 considerable number were found in
the depths of the Jung atout foci of asbestosis. The tubsrculous component of the
tombined reaction showed oaly slight local extension about lesions in the lungs

and trachcobronchial lymph nodes.  Caczation was found in tubercles 1Y) months
old, but by 534 months 1t had completeiy disappeared, Jeaving only scar tissuc.
Foci of fibrosis still persisted in the last animal, which was killed 14 months after
infection.

Recetion in Robbits—Rabbits exposed to the astestos dust for periods up to
19 months showed a foreign bady type of reaction of fow grade. but no Abrosis.
Although their lungs contained particuiate eiements of the dust, fil<rs were not
present, Tirucating thatl the upper respiratory mechaniem of the rabhit is adeguate,
to exclude fibreus foreign bdies. Two rabbits, after inhaling dust for six and 19

9. Steenken, \W. Jr., and Gardazr, L. U.: Ry Strain of Tulercle Racillus:
Its Disscciation and Virulenze of Variants in Normal and Silicotic Guinea Pigs,

Am. Rev. Tubore, 54:51, 1645
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12 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE

months, lived in normial air for more than two years. At autopsy ncither animal
showed any evidence of cellular reaction or fibrosis in the terminal bronchioles, nor
were thore any astestosis boancs. '

Reocwon in W hite Rets—All the rats had azquired an infecton, resulting in
the formation of pulmonary abscesses, before they came to autopsy. Arpparcenly, so
much beavy mucus obstructed their bronchi that very few fibers could have entered

Fig. S.—King's ficat inhalation experiment: 4, lung of guinca pip infected
with R, tubcrcie baciiii and then expoeed to dust ior 24 monins. A bronchiole is
shown just zbove center. Surro SE e 15 tame cnliagen deposition, tomciher
with typacal epithchond cell mnfiltiraticn e the wali Ncie the fack of encapsuiation
and the pernipheral epithelicid ceil preumonia, winch illusirate a tpreading tuber-
culous procesy (S0 2190).

B, lung of a2 puinea pip infecied with R, tulerdde bacilii and then expaced to
dust for 33 months. Note the subjicural Givindly encarsuiated cascous sovus, the
caicification zt the rizit Lorder of thue icuicn and the abence of ceils tn aCiacent
alveoll, all of which dilustrate a healing tulercelous process (X 200).
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. -

’ their lungs. In a few of the rats, an occastonal asbestous body was discovered
bul there was no fibrosis. This phase of the experiment was considrred unsuce
N .

cesssul.

Summery end Interpreiction of Inhclation Expernment uath King's
Flocts Dust.—The findings in the experiment with King's fioats dust can -
be summarized under two headings: .

1. Eficct of the inhaled dust on normal animals. The King's
floats dusi causzd a characteristic peribronchiolar fbrosis in guinca
pig: hut not in rabbits or rats. The fibrosie did not increase significantly
in extent after the dust exposure was discontinued.

2. Efiect of the inhaled dust on tuberculosis in guinez pigs. In guinea
pigs infected with atienuated tubercle bacilli and then placed in the
dust room, the results were more variable than ic usual in an experi-
ment of this tvpe. A few anmimals showed no sign of progression of the
infection; 1n most of them there was evidence of temporary progression
with subsequent healing ; in one anmimal the tuberculous process remained
active to death. In contrast, when guines pigs after being infected are
exposed to quartz dust instead of asbestes dust, the infectious process
continues to pregress and eventually causes the «eath of the animals.
Oi the other hang, infected animals exposed to a harmicess dust hike iron
oxide do not show any progression of the infection’®  Guinea pips
miected with attenuaied tubercle baciili after the termination of two
years' atbestos dust exposure did not show progressive discase. The
only modification of the infection was in its localization, a few bacilli
being retained in the peribronchiolar fibrous tissue, with tubercles

_ forming there in addition to the usual tubercles beneath the pleura.
In view of the variability of the results, the unusual nature of the
ssponse 2nd the high projortion of deaths due to intercurrent prcu-
monia, it s felt that only tentative coernciusions as to the infivence of
asbestos dust on the course of tuberculous infection are justified by this
experiment.
Short Firer Aspestos Dust -

Since hazardous dusts like quartz are most effective in producing
fibrosis when the particles are 3 microns and less in size, an inhalation
experiment was performed to determine whether this condition is true
for asbestos dust. It was thought that a short fiber asbestos dust
consisting almost entirely of fibers and particles smaller than 3 microns
would initiate an acccicrated tissue response and produce an advanced
reaction in a shorter time than did the King's floats dust, which con-
tained fibers from 1 mm. 1o 1 micron and less in fength as well as much
particulate matter.

Composition ond Atmospheric Concentrotion of the Dust —The dusting miateria)

for this experiment was the remains of Hikrs collected in dust bins of 2n asbestos-
fabricating piant after a carding operation xnd screened to pass 200 mesh Since

10. Vorwald, A, J.; Prawt, P. C.; Durkan, T. M.; Delakant. A B, and Bailey,
D. A.: Siderosis: A Benign Poncumeconiosis Due to the Inkalation of Iron Dust,

Indust. Med-& Surg. 19:170, 1990,
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the material as reccived conitained many Jong fibers, it was ground in 3 steel ball
mill to reduce practically 3!l the pﬁrticlcs to 3 microns or dess in size. When
used alone in the standard dusting machine, this fincly pround asbestos tended to
pack in the hopper, and it became necessary to mix one volume of the unground
wmaterial with three volumes of the ground 1o gencrate a satisfactory dust cloud
It is_pertinent to mention here thyt the adduion of the small quantity of unground
asbestos was unfortunate, because it confused the interpretation of results.

The composition of the short fiber asbestos as reccived 13 disclosed by the
chemical and petrographic analyses given in tables 2 and 3. Samples taken befere
and aftzr grinding vielded about the same values on analysis, indicating that there
w2s no contamination {rom the mill or loss of water content.

The dust concentration varied during the experimernt, the hight fcld counts {or
atmospheric samples collected inside the animal capes with the impinger apparatus
ranging from 83 million to 182 million. The average of counts was 133 millioa for
the first vear of the experiment, 134 miihion for the second year and 140 million
for the third year. :

Size-frequency measurements of air-foated dust {rom inside the cages at a
magnification of 1,30 X revealed 2 great preponderance of Ane particles, nearly

Tasle S.—Swumenary of Inhglation Experiment with Short Fiber Asbestes Dust
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7 1nabblia {1 4} No Lbrotty mnp prosels. microncopie evidzace
of slveolar wal thiciening slta 0 Dortins’
exporure
Durt cxporure fouewed by prolooged 17 guloes Rige °0 1 Ivocresrion after removs!l from durt Aouht

fui—neither clesrly estadliubed por celoitely

eskdence of

® After 85 mozthe the enimalp were extored to MG por cest binii millted ashestoe

{ T reaction wes protally due to Joug Obere Wn the uzground msteriaf woich w8y roixed with the grouad sstestos durt
to ptoduce & atizlaclory cust cioud.

90 per cent cf the particles seen being smaller than 3 microns. 1t was estimated
that approximately 1 per cent of the dust was in the form of fibers greater than
10 microns in length.

Four species of animals—guinea pigs, white rats, cats and rabbits—were vsed in
this experiment. The resulte of the dust exposvre, summarized in tabie S are
prescnted i greater detail below.

Reaction vn Guincg Pigs—Eighty guirea pigs were originally placed in the dust
room, but 21 of them were later eliminated from the experiment and kiiled becavse
of enlargement of the cervical jymph nedes thought 10 be due to intercurrent
infection of the upper respiratory tract.  Qf the other 39 animals, €6 remainzd in
the Cust room until they were kiiled or dicd at periods up 1o 34 morths, and 13
amimals were transferred to normal 2ir aflter being cexpesed to the dust for 20
months.

The type of tissue reaction provoked by the inhaled shert fiter aslcstos was
essentizlly the same a¢ that already obterved in the experiment with King's foats
asbestos. The rate of reaction also was approximateiv Uiz same, but the extent
of involvarnent was very much less After 16 to 04 months of exposure only 2 very
few small {oci of reaction, which generally required microscopic examination for
detection, had been produced in the guinca pigs.
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(jnb' after exposures kad continued for approximately onc ycar was there an
appreceable tendency for dust<ontaining phagocytes to gather into clumps. By
40 months phagacytes had collected about the walls of a few of she respiratory
bronchioles which revealed a hittle prohferation or infiltration of mononuclear
cells. There were also some multinucieated cells, but they were of the inert,
forcign body type. At 20 to 24 months the cellular clumps were sometimes quite
prominent, and somctimes changes in the cpithelium resultzd in the adenema-like
or “adenomiatoid” appearance (fig. 3 B) previously described in the section review-
ing the cxperiment with the King'y Rcats dust. In most of the subsequent members
of the series the reaciion remained ceilular, but a2 few exhibited pronounced
development of fibrous tissue.  In these few members of the series the col-
Jagen was pale in color and tenuous. with no appearance of being byalinized.
Difiuse chronic pleurisy was present in 3 few animals without ¢vidence of pul-

Tastt 6.—Anclyses of Lunos of Guinec Fios lfter Prolonged Iwhalation of
Short Fiber Asbestos Dust

Pertod Amount cof Totsl
Exporure to Iz Noral Ath. % of E10s. % of Total K10, Tharue
Dust, Mo. Alr, Mo. Dried Lung Drw¢ Luor % Ol Asd Reaction *
Dust Exposure Codtlouous Durlog Life
5.2 on 10.73
1! n €58 ¢ 10 (%
b 051 10.H4 &
|- 0 < -~ P
R A 4] (e 0.43 .0
5% 0.42 10.6) -
{58 0.t5 36
® 0 1 645 0.60 3.0 1+
542 0t 1¢.48
b 0 3 530 03¢ 10.20 '+
3.3 0.¢% 17.82
x ° [ 12 1946 “
€ 0.73 1837
u ° : €35 05 1B -+
Dust Exposure Folloved by Prolonged Rendence 1o Normal Alr
516 045 P
® ¢ 3 51 oM .16 3+
el [/l 10.%1
0
0 i 3. (G} .51 1+
[z 0.25 631
20 K 6.18 [V §.0)
(ot v.22 {.63 1+

*The svmbole everering the thesue reacitor §p each group of gulnes pire reprecent merely
the relative dectec 0f resctinn, rangiop frowm = (Questionablc) 1o ¢~ (ths maxtmom for this
experiment). The reistiousfiDs sappiy ooly withio this txble 33d csnnol bLe compsred with
rymbote Jp other talbies.

monary infection.  This suggests that pleurisy may be a specific concomitant of
asbestosis, but the evidence is not adequate to establish this point.  The reaction
of the tracheobronchial lymph nodes was more pronounced than in the previous
experiment with King's fioals atbestos, probabiv tecause more fine particles had
been transported to the nodes in animals inhaling <hort fiber ashestos The nodal
reaction was essentialiy an increase in reticulum, rather than a fibrosis, with the
original cells being preserved between the thickencd reticular filer

In the group remaved to normal air 2fier 20 months’ inhalation of Gust, progres-
sion of Cisease was not Gehinitely Gemonstrated. but neither could it be absoluteiy
disproved. owirg to the variability of the response in dificrent animals  The
feactrns. from mild to severe, occurred sporadicaily and tore no relationship Jo
the lenzth of time afier cestation of exposure. The dificrences were attriboted
10 variation in incividual susceptibilitv.  This view recaved support from the
chemical anzlyces (tabie 6), which revealed comparabic amounts of a<h and silica
in lungs with widely dificrent amounis of tissue change. For cxample, the ash
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alveolir ducts in which the walls of the associated air spaces were very thick,'owing
45 swollen collagen framework. Connective tissue and Foat-Biclschowsky silver
preparations revealed compicte oss of capillary bod locally. Ouiside the collagen
was 3 thin Jayer of epithelial celis.  This did not resemble the “adenomatoid” change
characteristic of guinca pig asbestosis.  Near the lesions the air spaces were
filled with phagoncyics contasning gray to yellow particulate dust and a3 rare, ong,
naked aibestos Rber. Careiul search faited 10 reveal cven a suggestion of an
asbertosis body., Pleurity was absent. The tracheobronchial nodes showed com-
pact focal colleciions of monocylic ceily at 12 mionths and, at 20 months, some
diffuse thickening of the resiculum. In a few rats there way dehnite fibrosis 2long
the margins of the node, extending into the mediastinal areolar tissuc,

Results of chemical anzlyses made on the white rats are given in table 7, and
the average values have been recorded an table 8 fur comparison with simular
values for rats inhaling other dusts. ]t will be noted that the values for asbestos
are Jower than those for quartz or chert but approximate those for the gypsum-
quartz mixture, in which atmospheric aggivtination tended 1o redute the amount

o! dust inhaled. This condition prevailed even though the aimospheric concentra-

tion of astestor dust was cesentiaily the same as that of the quartz. was one-hzali that
of the gypsum-quartz mrxture and was one-Aith that of the ferruginous chert
Since the valurs for asbewos are Jow, it mignt be inferred that the total guanuty
of that dust actually inhaled was small or that it had teen cluninated from or
dissolved within the fungs  Evaluauon of these possibiittics is not {easible on the
basis of the observations derived from this study.

Reaction in Cots.—Twenty cats were used in this inhalation experiment with
the short fiber asbestos. Eighicen were kept in the dust room conninusucly until
pxt to death, the cxposure period ranping from onc month to ncariy 35 months
The other two were removed to normal air after a dust exposure of 31 months;
one of these was kiiled fve months, and the other 24 months, later. In general
the tistue response was confined to micrescopic foai of Abrods, which were in the
walls of groups of suboieural alvecoir rather than in the peritronchiolar arezs. In
onc animal the chinge was extensive enough to be visusbred ¢ gross inspection
of the ceciion. Only in the animal with the Jongeet exposure—54 monthe—<dic
the reentgenogram revea! definitely abnormal shadowy A reentgenotnram mace
after 30 months revealed no abnsrmality : after 43 monthe, a faint motthing couid
be detected throughout toth lungs. At autopsy, mine months fater, there was anly
microwopic fibrosis in the subpicural 2one plus heavy Ivmphocytic infltraticn about
small bronchioles.  Asbzstosis bodics were rare. On prolonped scarch a2 few
yellow atypicet bodics, smooth and without haustrations, were found in two amimais
exposed for more than a year.

Reoction vn Robhits —TEight rabbits were exposed to dust for periogs extending
from onc to more than five yecars; the last animal was removed from the dust
room and leit in norma! air six months before being killed  There was never
enough pulmonary fibrosis 10 be detected grossly, and there was no chronic adhesive
pleurisy.  Microscopic evidence of alvesiar wall thickening was first dotected in
one ammal after about three years of exposure and was scen in all five animals
examined thercalter, including the one removed to normal air.  Onc amimal that
died of paralvas after nearly four vears of exposure exinbited a recaction visibic
on gross intpection of tissue sections  The pesabiiity of puhmonary infection in
this animal could not be excluded. In another animal dyving two years later the
focal fibrosis was not nearly as obvious or as advanced. Arcas of invaivement,
which were largely visualized becavse of phagocyuic reaction witiun the air gpaces.
tended microscopically te become more filirous with the passage of time, tiut there
was never muth encroachment on the lumen of wir spaces and the siructure of the
lung was preserved.  Ashestesis bodies were not detected in rabbits that disd
u»rly in the experiment but were seen in all animals that had been exposed 1o
the dust for more than three years.

A i 0§ gt et Ty g - - .
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and silica values were quite simifar for three animals living in dust 20 moenths
and then in normal air for 14 months, yet the tissue reaction was scvere in ont
animal, mild in another_and only doubtful in the third.

The formation of astestosis bodies was at first extremely limited in both groups.
After five months’ exposure only a very rare short body could be found, usually
inside a ccll. Some of the finest intracellular particles were surrcunded by yellow
deposits having the same color as-the asbestosis body. One year's exposure had per-
mitied an accumulation of many longer fibers, a number of which were coated and
secn as typical asbestosis podies. Most of these were still short enough to be pantialty
or entirely within phagocytic cells. By the twenticth month and thereaiter they

Tasrr 7.—Analyscs of Lungs of White Rots That Hod Inhaled
Short Fiver Asbestos Dust

Amt. of Total . Aot of Tolal
Duration Ath S 6:0s. = Tots! Duratioc Arh, % [ ‘Totsl
of Exix.- 0! I'med of Dried B1O:. ¢ of Exi«r  0f Lrited 0! Dried B10:. %
sare, Mo. Lusng Luog of Asd sure, Mo. liog lupg ol Ash
. s 0 o 0.0 L 007 2
R [ on ¢ 3¢ 00> 13
bt BN 3] (] i 0.4 1.1
o° 36 0 00
33 om 0o 1e "
sy 0 G 0.0 16 g?z z;
8.4 owm o.c s 93 0.15 I
3.8 [Ked 21 ] 0.17 .0
g - {36 0.13 38 1 (D] 2
9 0.0v 12
32 0.5 15 (e 18 ¥
33 0.8 b ) 10 6 €15 33
{ 3¢ 0.1l 30 llb! 0.15 2k
LN 0.0 1.1 «©7 0.13 s

* Knorpisl eontrole (Do dust exyosure).

Tasre 8—Avercge Velues of Ask end Total Silics for Luncs of 1 hite Rets Inkeling Various
Dusts for Vorious

P

eriods (Lungs Ondy, Without [ncziuded Lympi Nodes)

Amt. ol Ash, % o! Dinied Lung

Totsl BI0:, % of Dried Lung

Total B0y, S 0! Ash

Drars- ~ —— —— .
tion Fhort Gyeum- Ehert Gropsum- Ehort Gyprurs-
of Ex- Fiber Ferro Questr Fileer Ferru- : riber Fesvu- Queru
posure, Arbee- §Finous  Aflx. Attecs- finour Nix. Arber- gLous  Mix-
Xo. tor  Quartz Chernt ture tos Qusrtz  Chert ture tos Quert: Chert  tyre
1 R €3 Ly 2.9 0 041 0.2% [ (S 24 15 3.0 .8
[} 3t (,5‘ £P .8 0.09 0.5 ¢.32 co 2.5 1 e 0
[ 36 i1 ¢ 34 0.0 T 345 .1} 1¢ a1.5 M 3¢
3 35 <8 AY d.e 0.15 1.4¢ pE§l hod .9 %A 2% 91
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were rclatively numerous although still rare in comparison with the findings in the
King's flosts experiment.

Reaction sn 1 hite Rets —Seventy-three white rats were exported to atmospheric
short fiber asbestos dust for periods up to 32 months  During the first 10 menths
animals were killed bimonthiv and {or the remainder of the experniment at less
frequent intervals, Up to eipht months the dust cells were wideiv scattered and
existed in foci only sporadicaliv. Reaction was lim:ited to accacional shight thicken-
ing of the septums about small accumulations of dust cells. At 10 monihs there
was 2 suggestion of carly hbrosis inga few rats, but the change was o slight that
it would probably hkave been overioored without the clumyp of cust ceils which
attracted attention 1o the area QOnly 10 animals were exposed {or frem 12 1o 32
In cach of them the lungs contained minute foci of weil dehned fibroes
distributed like tosdies. The

visible only at 2 magnification of 150 diamciers or more, consisted of paiches 2long

months.

that of astestoss but without ashettoss lesions,
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Suniinary ond Inferpreiction of Insglation Lxperiment usth Short
Fiber Asbestos Dust~-The oniginal purpose of the experiment was 1o
evaluate the role of shart asbestos fiders ‘in the genesis of asbestosis. Nt
was felt also that if the tissues reacted more rapidly and more extensively
to short fiber asbestos than to King's floats there would be a basis for
believing that the action of astestos is in part, at least, a chemical one
as postulated for quartz. This experiment, in which the tissue reaction
was slower and less extensive than that in the previous experiment
with King's floats dust, indicates that the capacity of inhaled asbestos
fivers to produce fibrosis is determined primarily by factors not chemical
in nature.

Ol the four species exposed in this experiment, only the guinea pig
and 1o a lesser extent the white rat responded with characteristic peri-
bronchiolar fibrasis. . The cat teacted with atypical subplecral fibrosis
and the rabbit with only shght parenchymal fbrosis.

Bavrt-Mitier Acprsios Dust

In the inhalation experiment with short fiber asbestos dust a small
quantity of _unground short hber ashestos was mixed with the ball-
millec product in order te gencrate a suitable dust cloud. When that
experiment failed to produce an ascceierated tissue reaction, in com-
parison with the response initiated by King's flosts, it became apparent
that the biolopic activity of asbectos is not increased by 2 reduction of
fiber size. Thus the possibility zrose that the tissue rcacuion observed
was due selely to the relatively few Jong fibers of the unground asbestos
and that the shart fibers of asbiestos had no more than a very insignificant
role in the production of ashestosis, a concept not in accord with
previous  experiments  concerming  pneumnonoceniosis. Conseguently
anothor inhalation experiment was started in which only ball-mitled
asbestos was used. '

Conposition aud Atmospheric Concentrotion of the Dust.—The dusting material
was the bali-milled. short fber ashoctos uted in the previous inhalation experiment,
but unground material was not mixed with it Owing to the tendency of the
material to form small pherules which preveated much of the fibrous portion from
floating out of the dusting machine, the dispersal of the dust was not entirely
satisfactory.  Therefore, after an initial seven months of operation. stcel wire
brushes were attached to the inside suriace of the hopper and to the rotating paddle
1o disintegrate the spherules and releate the fiters. This arrangement gave satis-
factory resvlis and was vsed {or the remaining 21 months of the experiment.

The comjwosition of the raw ashestos used is shown in tables 2 and 3. Petro-
graphic and x-ray difiraction examination of a'mospheric dust, collected in the
dust room with an clectrostatic precipitator after the installation of wire brushes.
indicated that about 15 per cont of the air-sutpended material was chrysotile, and
about 63 per cent. serpentine: of the baiance, magneiite comprited 10 per cent,
brucite 3 per cent, guartz 2 per cent ang,other mincrale 10 per cent. During the
seven moenth period beiore the wire brushes were uted, the chrysctile content of
the atmespheric dust was somewhat lower than 135 per cent, but reiizble values
were not obtained.

The dust concentration during the first seven months of the experiment was
about 100 milhon particies per cubic foot of air. After the wire brushes were
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instalizd, the dust counts were higher, and the over-all average for the romaining

. 21 months was about 150 milhon.

Size-frecuency studies of atmospheric dust collected inside the animal cages
revealed that nearly 99 per cent of the components suspended in the air could be
classifed as dumps or particles; only about 1 to 1.5 per cent was Abers. One third
to ont half of the fibers were longer than 10 microns, indicating a concentration
of long fibers of about 0.8 million. This figure is about onc-half the estimated
value of 1.4 million for the ahort fiber expeniment. :

Guinca pigs, rats and mice were used in the inhalation experiment with the 100
per cent ball-milled asbestos dust. The results are summarized in table 9.

Reaction in Guinco Pics —The experiment was started with 100 guinea pigs.
As the dust exposure procesded, there were 39 accidental deaths, 32 of these being
duc to pncumonia in an e¢pic¢zmic. The 61 pigs ranaining exposed to the dust were
killed at intervals during exposure. except for 16 quinea pigs trandderred to normal
air after 28 months of dusting. For the first year of exposure pracuically the only
reaction to the dust was the presence of scattered phagocytes and an occasional

minute asbestosis body. At 16 and 20 months no gross response was visibie on’

the Ussue section, but microscopically peridronchiolar foci of infliammatory ceiis

TasLr 9.—Summary ¢f Inaslation Experiment with 100 per Cent Ball-Milied
Asbestos Dust

Xuztmum
Xex). Hurvival
mum Alter
Trust Dust
Expo Esxro
Nsture of sore, e,
Experiment As!cels Mo. Mo. Rerults
Duet exporure con- M puines pigs N 0 No eppreciatile pulmocarsy reaction
tipuous through- QI 4] [ KO FUREEFLION O sl cclorg
out lfe 4 mice 12 [ NO sufgertion Of asbertosls
Dust exporure fol- 10 guizea pigs poct 2 Fibrosis typice! of sslevtonyr wan
k=ed by pro- preeept 12 oo, slter €xporure
loogrd reeiCence ceared 1D 80 amOoUSt rUhnieS W
i0 pormoal alr be wislble gross!y: rmeiler foc!

could e seco mictowopicaly at
$ mo. 308 £ o, slter lerTios
tiop of exyprure

could be seen. At 24 months (fg. 6 A4) there was still no change large enough to
be seen with a hand lens. although microscopic examination reveaied cceilular
accumulations about terminz! bronchioles and many mpre asbestosis bodies, chiei
within cells.  The lungs cf animals exposed for the full Custing pericd of 28
months and afterward living in normal air for two months reveaicd the changes
described above and also very slight peribronchiolar Abrosis. For exposed amimals
living cight months in normal air the findings were similar, but a1 12 months three
of four animals showed gressly visible characterictic peribronzhiolar fibrasis with
adenomatoid change (fig. 6 £2).

The tracheobronchial nodes were essentially normal until exjwosure had bteen
continued for more than a ycar and a hall. Aninals killed at 12 months and at
16 months revealed a few minute collections of phagocytes containing particies
but practically no fibers large enough 1o be recognized as such.  Afier 20 months
of exposure many monocyies flicd with yeliow granules were present. At 30
months there had been a siight increase in reticuium but no fibrosis. No further
changes occurred in the nodes.  Asbestosis bodies were not scen in the nodas of
any of the guinaa pigs.

Minute astestosis bodies were clserved in the lungs as carly 2¢ three months
after exposure began, but they did not become numerous uitil 16 months had
elapsed. The bodics were shart and practically ali were intraceilclar, 2lthough at
20 rhonths. some were lorg enough 1o project bxyond the cell borders. It is
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important to note that in the Jater months of exposure there was a distinel increase
in the nomber of lorg hbers, up to 70 micront in Jength, in the lungs with the
formation of characteristic long asbestosis, tedies.

Cheinical analyses (table 10) of the lungs revealed that considerabie Gust had
been retained in the Jungs. After 24 months of continbous exposure the average
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! i Fig 6—Ball-milled asbestos intalation experiment: A, lung of 2 puinea pig I
with 24 months’ dust exposure. A broncmicic 1 chewn at the conter. wiih 3 slighy i
accumuiation of phareryvic cells but wiithout the formation ol coiiapen (» 207). !
1 B, lung of a guinca piz with 28 moathe dudt expveure 27d then 12 months' g
. inhalanien of nonms! air. The reacniyn is mash fiae that shown in A4, but there is .
! a shght cepesition of coilagen, most apjarent at the Jeit (2 240). '
L
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value for total silica, per cent of ash, was 2837, This should b= conirasted with |
the average value of 14534 (table 6) for animaic expoced 24 snonins 1o the short l
) hter aslestos dust.
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3n view of the high values for silica obtained with the animals exposzd to
100 1xr cent ball-milled dust, it 1s imnortant to note that thair pulmnnary response

. ]
was mwuch less than that of ammals exposed for 24 month: to the short filxr

ashectos in the previous experiment. This agam indicates that the biologic activity
of 33bestos inhaled inte the lung is not increased by a reduction in size of the fibers

Keeetion in Ji'hite Rats ond Mice—1In thiv experiment 40 rats were exposed
for perieds vp 10 20 months and 24 mice for periods up to 12 months. * In ncither
specics did even 2 suggestion of asbesiosis develop, and reaction was limitcd to
phagocytosis of inhaied pariicles by widely acattered Qust cells which remained
free in air spaces of were transparted to the tracheobronchial Iymph nodes. No
asbestosis bodies were found in the rats, but in the mice there were a very few
small, ponhaustrated forms within phagocytes.

Tase 10.—Analyses of Luncs of Guinca Pias Exposed 1o Dust in Inholotion
Expecvment uath J0 per Cent Bo!l-Miiled Asbvestos Dust

Perlod Aml of Toisl
Lxporure to tn Norioal Art,, G of R!O1. = 0! Totsl S0, Tireve
Dust, Mo. Alr, Xo. Dried Lusy Imed lung ‘“ ol Ard Reacuon *
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[ X 1] 0.°0 17 &
3 1] 5.00 0.7? 6.38
354 0.¢ ¥ [1]
510 0.8 13510
[ 0 [ 078 7.0
807 0.9 T 0
[ 0 4.35 0.2 1. 0
§ 563 105 206
1 0 1es 1.5 0328 0
y 5.40 1.2 1565
8 0 { 5.6: BT 2 L5 -
54 1.78 =
R 0 i £ ) $16)
[2xh) 148 2.0
u ° ; 5 1.7 130 -
Dust Expogure Foliosed by Prolonged Keafdenee fo Nornal Alr
s 7.2 1.05% 2163
% ! ; I 219 0500 -
33 oS 12.92
1 & { [ [ P W +
(3N 0.4 13 <
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¢ The symbols aversricg the tlesue reactlnp In each groud renrescnl metely the reialive
deCrce ©f venctlon, 18Sc0ing from € 1o = (QuUeci,oBabk ) to 2+ (the IAUMUM Obrerved 1o thle
experfment). The reistionebije apply otly within this table and cetivot be compared with
PyTibOIs D other tabice.

Summory ond Interpretction of Inhalation Experiment with 100 per
Cent Boll-Milicd Asbestos Dust—The tissue reaction observed in this
experiment was not as intense 2s that in the previous mmvestigation with
short fiber ashesios.  The reaction was slower in development and Jess
extensive even though more dust accumulated in the lungs. Since there
veere fewer fibers longer than 3 microns in the material used i this
experiment, the tesults tend to confirm the interpretation mace in the
summary of the previous short Hler experiment that the reaction is not
primarily chemical in nature, and to supjort the impression that reduc-
ton in size of asbestos fibers dees not increase the biologic activity of
asbestos inhaled into the lung.
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The finding of tong asbestosis bodies in animals that had inhaled the
ball-milled materia!l is an example of the diiculty of completcly eliminat-
ing long fibers from a large volume of asbestos as required for an
inhalation experiment,

In regard to the progression of the tissue reaction after the animals
had been removed from the dust, observed in this experiment but not in

.the others, the following: interpretation is offered: When the reaction is

well developed at the termination of exposure, the contraction of the
fibrous tissue obscures any progression that may have occurred; in this
experiment, however, since the reaction observed was less mature, its
subsequent progress was more readily apparent.

Lo~xc - Finer Asmestos Dust

Since inhalation of short fiber and of 100 per cent ball-milled asbestos
dust did not result in acceleration of the tissue reaction in comparison
with that produced by King's fioats, the hypothesis that short fibers oi
ashestos were of minor importance in the cuiology of asbestosis was
given added support, and attention was directed to the view that the
fong fibers were of primary sigrificance in that cticlogy. The King's
floats asbestos vsed in the first inhalation experiment had a rather low
content of fAbrous chrvsoule and contained considerabic serpentine and

other impurities. Therefore, 1t was decided 1o concuct a new inhalation

experiment with a purer form of chrysoule which woulc be richer in long

fibers.

Cosmposition ond Atmospheric Concentrotion of the Dust.—The custing material
emploved in this investigation was obizined frem an astestos fabricating plant
Samples of several varictics of long fiber ashestos dust were first submitted to the
Saranac Laboratory for examination, and one of these, which was low in magnelite
and chromite and had a fibrous content estimated to be alout 75 per cent, was
sclected as most suitable.  Steel wire brushes factened to the inside surface of
the hupper and 1o the rotating p:z2&ic ac an the preceding inhslation exjeriment,
were used to open up the bundics of ashestos and hiberate more fibers into the
atmosphere.

The compasiticn of the long fiber a<bestos veed is indicsted by the chemical
and petrographic araiyses given n tables 2 and 3. Anairac af air-suspended
material from the dust room disclosed that about (0 per cent of the long fiber dust
was chrysotile and about 20 per cent serpentine; as already noted. the composition
of a «<imilar air-ficated sample of ball-milled, short fber dust was 15 per cent
chrycotile and 60 per cent serpentine.

The dust conceatration as reveaicd by impinger samples taken inside the animal
cages was much lower than the conceniration for the experiments with short fitxr
or ball-milled dust.  For the first yvear of the experniment with long fibzr asbestos
the average of the hght ficld covnts was 32 million particles per cubic foot of air;
for the sccond year, 48 milhion; for the third year, 39 miliion, and for the fourth
year, 43 million. ’

The size-frequency of atmospheric sampies of the long fiber asbertos dust
and of the ball-milied dust as shdwn in table 11 Both sampies were collected
with the ciectrostatic precipitator. It wiil be noted that there was {ar more
fibrous material in the long fit=r dust,

Guinca pigs, ¢3ts, rats and mice were emniered in this inhalation cxperiment
The resulis. summanized in tabic 12, are Cescrited iz greater detaii below,
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" Reoetion in (Guineo Pigs —The txperiment was stanted with 100 guinea -pigs.”

After erposure had been carried on for a year, a severe epideniz of pnecumonia
*arose in the dust room and about one third of the animals dicd or were killed. To
replace them, 38 more guinca pigs were added to the surviving group. Histological
examination revesied lestons in the lungs z2fter eight months of dust exposure,
consisting of cellular connective tissue atout the tenninal bronchicies (hg. 7 £). At
12 months there were adenomatoid changes in the adjacent parenchymal areas,
and by the sixteenth month (Rg. 7 B) definite fibrosis was present in these arcas
as well as around the bronchioles.  The. fibrous lesion could be scen macro-
scopically at 20 months. From this time on the reaction increased in extent ang
in the amount of collagen, and by the thirty-fonrth month, it had {anned out

Tant J1L.—Sise-Freguency of Almospherie Leng Fiber ond 100 per Cent Bell-
Milled Asbestos Dust Collected Innde Cages

Grslns, Fibers, %
<3 3o > 10 < 10 > 10 Cluipe,
Typec of Astcstos Micrope Xicrops MXicrops Microns Microps % Total
loor Bbefieeinniennns & 1.3 c.0 b 67 1.0 100
BaUimilied oovonennnns we “E 00 0.5 [ X B 100

Taslt 12—Swmmary of Inkciotion Experiment wath Long Fiber Asibestos Dust

Mazicmux

Maxl Burvival

mum Aler
Durt B OR3
Exio ) 5
Xatyre 0! tuTe,
Exjeriwest Anticsls Mo ¥o. Results
Dust exporire coo- 117 guioes plgs AL 0 D hnite Lbrosis In 16 Mo
tiocous throvgh dcate {32 1] Sinwly dexclopizg ALroris Aret seed
oot lile st 2¢ mo
D rate pX3 0 Mirked pcritinochiolsr fdrorte Arst
rceo 8t Z4 Mo
20 mice pE] [J Limited resctioz: no fitroee
Dust exportre fol- 12 gulzen pige HY H Clearing of Izfiemmetory reaction
losed Ly pro a0d delplte contrectioz 6! LLrous
lotred recideace thrrue
o pormal alr 9 guices pige o 14 Cratior of Iaftsmmatory reaction
’ »nd #light coisectios of Lbrout
tierue
2cats 15 U Stmilar  to ¢o0DiDUOUF  exNODRUTE

Froup: rursertion of progresrion
jo one of the tvo adimeis

considerably into the parenchyma (fig. §.4). The lesions were rather sharply
Jocalized and the exicnsions from different bronchioles showed no tendency to
fusc, even in animals exposed for the maximum period of three years. Although
the intrapulmonary reaction sometimes reached the nleura, there was no involve-

ment of that membrane. Emphyscma was not detected at any point. Some thicken-
ing of the larger bronchi with a chroxnic infiammatory infiltration was revealed.
but it was considered no more than would be produced by a similar period of
inhalation of any dust.

Jn guinea pigs exposed to the dust for 20 months and then removed to normal
zir, there was a marked tendency for ceilular inflarmmatory reaction to clear, This
cficet, accompanicd by contraction of the fibrous tissuc, resclted in 2 diminishing
size €7 the focal lesions. None of therse animals, killed at various pericds up to
14 months afier exposure, revealed lesions as larpe as those in the group killec*at
the end of the 20 monti expasure period or thote in amimals which remained in the
cust reom for more than J0 months. Fourieen manths aiter cus! exposure ceased,
the foci in four of the six remaining guinca pigs were so small that they were
visible only with a hand lens (fig. 8 5).
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24 INDUSTRIAL 1!VGIENE AND OCCUPATIONAL MEDICINE

In the group exposed for 27 months and thed tranzferred 1o 3 normz! atmosphere
the response was guite sinilar to that in the 20 month exposure animals mentioned
Small fost were always visible on gross inspection of secuony of ali

above
. . + . .
guinaa pigs of the 27 wmonth scries, but in no instance was there evidence of the
rcacuon.
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Fig. 7.—Llong fhtcr adestos ink : A, lung of 2 guinca pig
with aizht months’ dust exposure. The broncnivic a3t the cenier already shows an
accumivlation of phiagocytic ceive. and there 1s a shint deposition ef collagen. Com-
pare with figure 6 4, thowing tne reaction to baii-milled asbestos after 24 months
(X 200).

B, lung of & guinca pig with 16 months’ dust exposure Again note a bronchiole
with its surrounding fcaction, consistung of fbrevs and adenesuaioid change Col-
lagen dejosition 15 now secn in the walls of adjacent alveoh, at the right (! 207).

In the trachcobronchial lyiph nedes reaction was first visible st the duird
month of exposure. By the aghiih month jatches of celivlar connective tissue
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*  _began to appear in the meculia, and by the fourteenth month moct of the node

bad teen replaced by cellular connective tissue.  This picture, which resembiled
;‘hal in early silicosis, persisted to the end of the experiment  Some animals showed,
as a variant, hcavy shects of diffuscly distributed monocytes and larpe aztive giant
cells, but there was never any necrosis or hyaline formation. The spincle-shaped

Fig. B—Long fiber ashevtos inkalation experiment: A, lung of 3 guinea pig
with 33 months’ dust expreure. A bronchivie is scen at the lower center; the
large area above it represents the involvement of alveolar wails  Compare with
figure 7 B anc notc the increased extenl of rcaction (> 207).

B, lung of 4 guinca iz with 20 monthe’ duet oxposare and then 14 months' |
Lving inrormal air. Tre reactien s eseeatialiv ke that shown an figure 74
The bronchiole at the risdit cericr 1s surrouaded by fibrous tissue with adenomaiond
change at the night. There 18 residus! warring an the walle of acdjacent alveoh at
the leit. It is apparent that no progression has occurred (X 200).

pew tells were yellowish from fine pigment granuies that stained far iron. No
fibers or asbestosis bocics were seen.
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Although astctiosis badics were found in the Jung as early as one month
after expoture bepan, they were tate and bard o find At five montns more
were visible, chicfiv coiled insice giant ccells, and at cight months many bodies
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Tarrr 13—Anolvscsr of Lungs of Guinee Pics Exposed to Dust in Inhelation
Espenment uath Long Fiber Asbestos Dust

Period At o! Total
Yrposure Lo it Norrals F CL S B!Ch, ‘v o! Toted 80y, Tiseut
. Dust, Mo. Alr, Mo, Drud Luog Dnel Lusag % 0! ard Easactiog *
: Tost Exposurs Oobtibuous Dunag Life
2 3 (x 1.10
' 1 ° B v 1
; 31 0.0 0.9 °
: s ocs 1.5
4 3 ° 45 o 1.0
Y 0.00 3146 -
€35 0w - 12
3 ° 4 43s 0 113
. RSt 0w 1.48 -
o7, 008 138
9 ° . PEA 2 2e
5.0% 0 o 1.5 -
o 0.10 HRS
[} 0 [ (Aot 1.0
- 1Y (WX 1.58 -
(s 0.8 )
1 0 502 020 .
13 on 640 .
~ 2 %€ 0.2s
0 e.82 0.35
18 316 0.31 1+
334 0.43
0 36 o
® 3.5¢ oLl 1+
342 035
0 ; 152 v % i+
340 0 ne
n ° { 334 G 1315 5+
13 €3 105
0 3.0 o N
10 P G4 G0 “t
{36 T ow £.f
“ o { &30 0 &4 1.4 “
WAL 033 e
35 0 1 2.4 s 178 ‘-
Dust Erposure Followed by Prolonged Kerideoex 10 Nermel A
LY o0 170
° 60 o 136G
® { 338 0Ll RS
- 33 13
0 ‘ Ly3) 0.5 §.% 34
0 (18 0.%4 5.0
0 1 M 0.2 b 14
5.0l ¢vn 1w
0 u 508 0.16 358 +
3.40 om 3181
o 0 i T 043 1218 3+
(R 0. 850
L 3 ; Y 0.18 X 1+
319 0% T v
n 1 ; £38 0.3 £ 2 1+
(%l 0. 6.9
T 4 i 136 ¢33 5.1 14

* The syanlioic sverscitp the tlewrue reation o rech group represer? erely the relstive
Gerree 0f reazticn. YAILIDE {IOM 0 10 - (Quest.onkbie) Lo 4~ (e meaximurm for thle exvil
1nent). Troe relat'ooships a;ply ociy within thie tabie an¢ caTnol tv compared witd tyoLols

fo ¢.ther tabiee.

cant 2% expOLUrC COn-

were frec in connective tissue. They became fairly 2t
tinued, althourh in some later animals the zsbestosis bodies were only mederately
nurmerous.

It is important to note from armalyees of the tungs (tabie 13) that cven though
the tissue response at any piven penied of time was much gieater in the guinea
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pigs of‘this experiment than in those exposed to cither short fiter or ball-milied
sbestos, the amount of mineral matter in the Jung ash was much less,

Reaction in Cats.~—Four cats inhiled the long fiber astestos du<t for periods of
14, 25. 33 and 42 months, respectively, and were immediatcly kilied. Two other
cats, after being exposed to dust for 1€ months, hved in a normai atmosphere for
an additioral 24 months. Fourteen months’ exposure was suficient to produce
cellular accumulations of phagocytes around terminal bronchioles and -pcripheral
arierioles together with compact collections of similar cclis in the tracheobronchial
Jymph nodes. At that time there were no typical asbestesis bodies, but smooih,
poinicd, yellow fibers were seen very rarely. With continued exposure, up to 42
months, reaction in the Jocations noted progressed 1o the formation of cellular con-
nective tissue which made well defined sheaths abaut the respiratory bronchioles
and artenioles, marked lymphoid hyperpiasia and lymphoid innlirabon of bronchiolar
walls (hg. 9). Typrcal asbestosis bodics were nat formed. although there was

. Ve b S Yot Tepe? %~ A

Fig. 9—Llong fiber asbestos inhalation experiment: Lung of a cat with 42
mon:hs’ Gust exposure. Two bronchioles are shown with adjacest cellular reaciion
and coliagen deposition (X 200).

an oceasional fder, smooth, yellow and pointed.  Picurisy was not present.  The
reaction was similar in location to that in the guinca pigs, but fibrosis was much
slower in development. Rocntgenograms of cats made alter exposure pericds of
25, 33 and 42 manths, ‘tespectively, failed to demonstrate evidence of pulmonary
Jesions.

Resction in Rets—Although 20 rats were placed in the dust room, many died
from pncumonia and were not suitable for study. Five amimals, of which one was
expored for 19 months and four for 25 months, were {rec from puimonsry infection
and 0fcred 2 basis for tentauve conclucions. In the 19 menth animal, the reaction
was jurd beginning. ANl four animals killed at 25 months showed 2 well marhed
pribronchiolar fibosis  After a Jong search, only two small, smooth atiesines
bodies were found in the 19 month animal and nonc was found in the 25 monatk
animal. Thus these animzls exhibited fibirosis without asbestosis bodics or fibrosis

accompanied by only a very infrequent asbestosis body,

¥
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28 INDUSTRIAL HYGIENE AND OCCUFPATICONAL MEDICINE

Reactian in Mice.-—Out of 20 white mice used in this experiment, 1) lived a vear
or more in cust and died or were kilied without showing an appreciabie degree
of pulinonary inlectiva. The reaction to, the inhaled dust was Limited to phago-
cytosis by mononuclcar cells. Usually these were widely scattered through the air
spaces; a limited number were grouped about the terminal bronchioies. producing

some thickening of their walls. There was no sugrestion of fibrosis.

Numcrous asbestosis bodies were observed in animals killzd late in the experi-
Thus these animals ‘exhibited asbestosis bodies without fihrosis.

Sununery ond Interpreiction of Inhclation Experiment usth Long
Fiber Asbestos Dust.—The purpose of this experiment was to evaluate
the importance of long fbers in the tissue response to inhaled asbestos.
The results, in comparison with those of previous investigations, indicate
strongly that long fibers are chiefiy responsible for asbestosis.  Thus,
the reaction in guinca pigs developed earher and became more extensive
in this experiment than in previous experiments in spite of a smaller
conceutration of atmospheric dust and a lower muneral content of the
lungs. Furthermore, typical peribroncmiciar fibrosis was produced in
cats, although in a previous experiment with short fiber dust peribron-
chiolar fibrosis did not develop in this species.

The cause of the cellular fibrosis in the hiph nodes of the guinea

pigs 1s not clear. [t did not occur in other inhalation experiments with

asbestos.
INJECTION EXPERIMENTS

Since the inhalation experiments reported above strongly suggested
that long fibers of ashbestos are the significant factor in the causation of
asbestosis, a serics of injection experiments was inaugurated wherein
the dosege and the length of the fibers cbuld be controlied more precisely.
Also, by the use of controlled dosages. the relative capacities of various
ashestos minerals to produce reaction could be compared. In these
injection experuncals, guinea pigs, rabbits, rats and dogs were vsed, and
the mineral dust was injected by the intritracheal, the intraperitoncal
and the intravenous technic, but not all the technics were vsed for each
specics.
tests, except for dogs, have been condensed and reporied in tables, to
which reference wiil be macde later. In the case of dogs. only one iest
was made, and since the findings were negative, no detailed report is

For the purpose of simplification the findings in each series of

included.
Exrrxivexts Usine Intrateracnesar TECHNIC

As the asbestos minerals do not cause typical advanced fibrosis in

extrapulmonary tissue, the intratracheal technic is the preferred way of
In this mcthed

introducing fibrous dust into the experimental animal.
the dust suspension 1s injecied by means of & special needle or catheter
deep into the trachea, from which it fiows into the lungs.

Compariser of Fikrows and Nonfibrous Dusts—To demonstrste that
the ability of asbestos 10 procuce fibrosis resides inats fibrous character,
the scries of injection experiments reported in table 14 were periormed.

.ot sam o co o

L p—



wr 3 antll B aalie o~

"Toma J~—Comparizen of Reoctinns o Chrysonile oud Serpeniine Injected
) Intratrocheally . )

.

»

sWhesrc: Yarh snioel var glven an Intretrachest injectiop 01 0.5 cx. of 8 3 f~t cent suspensios
of the dust. Two weekr Jaler apotner similar Injectiop wes given. Tols! smount of gust
Injected w88 30 Mg,

Animslr weed: Bix groupr of # gulprs PlEr each (Oone grouy for each tyge of durt).

Perieels ot which animals were kHied: Opt ©r tw0o apimals id esch group st 1, 1, 6, 6% and 12
gionthe a{tef Jast lojectivo. .
Irvepetation of durt: Chrysolile (Lal wilied) uoheated. Nall pillied for 1,17¢ hr., éred and

wemunid In agite moziag. .
Chrysolile (bl mited) Ignhied: hal miled chrysotile hested Jor 2 hr. at aboul 10 C., thec

ground N dgete mortar 2ot 3 mic

t'hrysotilc (Bbrous) undestled: Ground In acale mOrisr to pass DO mesh,

Chrrsotiio (Abrous) Ignlted: MO mreeh moslerial heated for 2 hro st stoul 0 C. No further
grhinding.

Scrpentine (Lal) UAS) vnhosted:  Hall miled for ) .4F hr. aried and tegroudd In sfate mortar,
Serpentine (Lall mliied) dgoitad: Bl mlked serpentioe beated for 2 hr. st aboul 00 U, thed
fround b sgele moriar 2 ord oun.

- Stre of
Minersl Dust Particles Resulty :
Chrysotile 3 mlcrops add Gricding dertioyed cepacity tn eavar fibrosic. At ) mo
(hsll milled) . lene coprideradle InSsmmalon eirins and celicliar prolticry
upheated tivp &nd Jocsilzstion of dust particiss _ahoul broochi
’ okf; 3t 2 mo., ocly s very rucht prohiferatise recaction;
81 G, &% and 12 mo., salidy seatlcered pinali MONONUirar
phegocyter At 12 mea s few oanlcrercopic patehee of
thin alveolar wall thiraeming with some sdcnomaloid
chapke 10 POIVION Of it Ppwr=s abutiing on thitkened
bropchi. Ro astwrstorn t«xiirs scen
Chryrotiie J nilcrour eD¢ Resrtiaop limited to Iarge forvicn body gplant ecils without
(Lol milied) Jeee procucliop of Obrous tisauc.
jrpitsd
Chyeotlle 250 mlcroos A distipct fUr Reaction lorslizsd to connective tireue
(turour) approx, sboul term:asl broncitoles: Jittle within thos tulsry
i upbested QOoptracting cavsed sdrnomintod apprarance of  air
spaccr given ofl Curctly from terminal brodcnioles
. Reaction ercs becermne sinalier with progres of tinic: no

pew repfonc Invelved. No chreoie plessity even et pounts
sbutling fntrapuinons ™y chenpe. At ) MO considerabie
fafammatory edems 30 oo of celiuisr proliferation;
at ¢ mmo. seli matkad relluicr proliferatioc and Shrosis
occurrlng focelly aborl reepiratory Lronchoice Ths
reaction deveinped beficre asbestocr twsdhieos har {ormed
and wes 37 advenecsd s that producs) iy 2 §roinheis-
tion of sahrstofr Cust. AU L MO | rcattion irts extrensive
thap at 2 mo., sappsrently dur to contrection o!f fibroue

¢ : tierue; asbertodis bodls were shuncant, At &% no_,
resction riil leep extrnrive, confined to the immediale
viclpity of the rinall tetrmuns] hronchioles, where the scar
tlesuc wate QUlte depsc a0 wer tocomlg hysunre {0 char.
scter.  Bometlmes It s ver oblitcrated the bLronchioic.
Astcstorit Lodtes head teratne scstce AL 12 mo., the
well develorad f=ribhrorchial and Intrabronchisl edeno
matold sreas of fitrofit hed arodueed codsiderabie die-
tortion. More penipherally sere patcher 0f pocumornitly
with corinophilic Infilirstion, rome of which war being
transformed ISto ALrous ttrsue. Thene recmed LO tse pre.
cuteorr of the localized difiuse patches 0! thio atveolar
wall Sbrorle srcT elsewbiere

Chryrotlle 20-5) microon Kesction Mmitad to large forelcn Lipdy clsnt eelic xithout
(tbrour) spProx. proltterstion. Hesting the filiery, which mede ther
Irolied brittie, destroyed thelr capscity to produce sigolficatnt
resction.
f<crprotine 3 mictcne apnd Durt relatively insctive. At ) snd 2 mo, slmple phago
(Ul miled) less ¢ytosls withoul probleration: st 6 I1ro., ©o c¢hatye
tobcated e1eept porsinly lymphold eell Infiiirstion; st £ mo., g
slifht chrodle pheamonitis: st 12 1o, ol & litte
porumosiths without suigeriton of Zliovls, .
knﬂ:}?ne 3 whroor apnd Dust seintively Inective. Keacton errrctleliy the ratne ag
(el itied) Jesa for unhestrd rerpeptine. WA foited e rieStlne, bewng
l:nlleq tendency for duet to L« canisd to brouchisl Lodea.
N 29
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3 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE

Fig. 10.—Comparison of reactions provoxed by
milled ashestos dusts: A,
reccived an intratracheal injecucn of long fler asbestos duct
bronchiolar accumulation of cells with collaren gejosition.
involved is in the midst of the reaction (X 2().

B, lung of a guinca pig
injecticn of bail-milled asbesios et A bronchicic
contrast with A4, notz that only 2
and that collagen deposition s absent (X 205).

injected long fiber and ball-
lung of a2 guinca pip which four months before had
Note the pesi-
The bronchioie chicfy

which four months teiore had reccived an intratracheal
1s shown at the right
2 tew cclis have accurmnuiated atout the bronzhicie

In




— s et

VORWALD ET AL—STUDIES O ASEISTOSIS J

.

The tests were made with Jong fiber chrvsotile, unheated, and with
chrysotile that had been ignited to destroy its flexible structure or ball
milled to reduce the length of fiber to 3 mucrons and less. At the sanfe
time control tests were made with serpentine, which has the same
chemical composition as chrysotile but is nonfihrous. A review of the
findings reveals that only the unheated, Jong fiber chrysotile produced
typical peribronchiolar fibrosis and that ball-milied material containing
only fibers less than 3 microns in length failed 1o cause fibrosis (fgs.
10 and 11). Fibers subjected to ignition also had lost their capacity
to cause serious tissue damage Ignition produced important changes
in the chrysotile fibers, among them being loss of water, an alieration

from a flexible to a brittle structure and possibly other changes. Experi-

Fig. 11—~Serpertine injection experiment: lung of a Guinca pig that had
received an intratrachea! injection of this dust four monihs before. A bronchicie
is shown at the ielt center. The phageoyvuc celic exhrbit little preditecticn for
the bronchiole and collagen depasition is absent (X 200).

mental studies concerning this observation will be reported in a separate
publication.

Comparison of Various Long Fiber Dusts.—Some very interesting
findings are ¢’ closed by the results of the experiments recorded in table
15. First, all the long fiber asbestos minerals tested, with the exception
of anthophyllite, produced typical fibrosis.  The characteristic perni-
bronchiolar reaction caused by three representative long fiber asbestos

_mincrals—chrysotile, amosite and crocicolite—is shown in figures 10 4
and 12. Why anthophyllite behaved difierently from the other usbestos
minerals is not entirely clear.

Sccond, with the mineral brucite, which is not a silicate but is a
fibrous form of magnesivm hydroxide, a characteristic fibrosis Lke
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Tamr )5.—Tamparson of Reoctions to Verious Long Fiber Dusty Injected

Intratrecheclly

’ dom was b mg.

Miners)

Cbrysottlic
(Tyetford)

* . Chryrottie
(AsLON  Jow
fron rontent
Qt% FesOu)

T AImMOtte

rocidolite
¥ (Bolivia)
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i Crozidolite
: (6. Alrica)

AnthonhyDite

Aren
0
v
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Trexmollite

v ek oeemm

. Bruclte

Olass woo!

Irorsge: Two lr)ectiops of 0.8 ¢c. ©f & § T e€Dl suUswD2ID0 (Iven two wecks apart, Total

Aticisbs used: From 6 lo ¢ gulnes pipy for esch durt.
Jwriods at whic, stlmala were dlisd Usually a1 1, ¢, 8 and 12 MOCths sfter last lo)ection.
Guwc Of Qust particics; beparsted so Lhsl nost Sless were {7010 X0 w0 B0 mKroDs lob§.

Rerults

Distinct Ahroctr Additiopal Informatiop givet opposite chryaotiie (Abrous)

uphrated, In tslle 3.

Resrtlon virtusliy Wdrctical with that to Thetferd ehrraotiie. Roth fihrosie

sprd arlvrtnegs hories produced wi'h an rrireion tontaInipg very Nilde
Iron. FIbroats cmeurred 8¢ poucs Yithin termanal Sronrhtoicrs a2¢ as fnher
AGefrottts st yetiphery Yihtorns Jrvelogwrd l-clcr; L 5o DOCHwE wrre
pren 8D vas dn evlivdar state well fonned 81 une month. WIth ace,
fhrous threne contrecied end orcupie? pmmaller sren but wae Mmore densc.
Adenoinatoid chanpces sitnhiar 10 thoee with Thetior¢ chryrotiic. Picuriey
thnited to Imsnedate vicpity of rarly reaction sbhoul srras ol fpassive
locrstuntion Ashesiony Loders fotinrd but were frv. At ) e, alter
tnjectinn, sntnuie focl 6! Mmacunucicar prolilcration shoutl hronchinles acd
In srese of atriectasir 3t 14 1m0, Lesavy nerilcronchiolar Petenes of
fibrovs ofteno with pepliiery projectioss parthally cloung fumen of
bronchiole; sadenamatoid sppearance tnasked. connrclive tissue Tesclion
shoxed heavy raliapsn Pul pa hyslinizelion al 2 mo., minute focl of
well maturest fhaosr sboul bronchioics: 81 ¢ MO, Mmature aalxctosis .
Lhrous xIlh evidenre of cortraction; eonsiderably chrorlc pocumonitis
with InAltration af Jymphoetice and ep*INGPIIa Al ¢ mo., rmali Intrs-

“bronchiolsr Alrour plugs with foo ©f more Gocucate Abromes atl feriphery
Tyntes! Atrovs endobitanchiolitls and [rribranchiniitle with formatioc of

atynienl goteetipely LOd = Haustiatinn 0! 1Gtwe Ipan betore «tnh mo.
atter Insectlon, weil drseinp=t bt pth mo  it0dire perglet g fie; 1%th mo
Keartion at 1 o hesvy ernqdcebrnncmolite end penibronehioittn alresdy
showing fhrous changrs alrimtasr and RLrosic sith some Drcross at
glte of imaxcive lorgiization ¢f et Al 4 Mo heaty, wiglly srattered
endobroneniothitis and penihironeblohigis tos frcpus with massed gelor.
MIty 0! hronrtuoes ansd 20 an arlenomalo:S adrveranee AL P anc 108
MO, trarlinn In lung essentigils the sgme 8¢ 8% 4 Mo AL 12 mo. {oel of
fhrous enddabganchinl tie ans proihrcreb e litle st!l harpes, with more drnee
pear Lisenr and tnore delfonmity of hronch.sl tUl-2p LUt Do extedaion lulte,
or steisciene 0!, peripberei parrochyma

Advaneed Lnrous endohrenchiol'tis and perihranchlohtis Readnd wrlws.

toris hbodics potod at f W0 ALY MO, 81l Aoccus encohronchinillis and
perihronchiolitis: gneny Flanl erlis ang s0Me aymMpharytiie resclion. At ¢
mo., #rrell erear of endchronchiGlitis scalte~>d thrcugnoul the Juzg:
ccllitler Ahros.a. At & aud 1T Mmoo, arees of bLronchiciitiy gmsller Iecause
of contraction of densr scas tis at 12 e, mereed Iymphocyile Iohi-
tral:on ana sdrnomatoid sppestance

TYpirai pavereet finrour endoentonctuoiitic and petipronchinbitis produced

by 057 surrvorion (1 o0 totsl dote) morl alimalt would nnt toirtaie
ususl &5 ruci=nsion. Fibroaa wein deveiones relore prbestonus besdice
pech AL & mn, wrll deteiopsd Llrous hronct.oiilic with Jymphoscstes and
giant celr end edenamalotd ¢hapee. AL F omn | trpesl Lronrhiohly not
Qulle A exionFive or sc lirgv’y fibroys pe w! 3T puspenclon, other.
wice the kpir Meny deeply stpined filiere wy s rand proportios of
hrustrated echeetnse ho e At 37 1no., hesvy fitirour broteRiolills,
more peribronchinlitie and ¢ndnbranchiohtic] with Jymphoeytes and glaat
celle; Yory msrhid eoicnornatokd sPPraTRGCE.

Lymphorytier Infiltrations apd giant relle bt ne Fhrode A very few atypicsl

pahesloes bicadime At Y 3100, rADY scptirrrd fewn of antrebironchinlar dust
withcul snesrive In~giization. Jymphorytiz Infitration of waliv ang « frw
Flent eclie. At £ oand 12 gno. i eoadenes o6 dnet: g fes bronchioirs
sndd bronchi with glent coclie ln sdjeccnt alvecl eod with }ymphocytic
Infiftration of wals.

Pihroris ehont bronehiolre At 1 mo. sresr o! Acel Joealizatlios with col:

Japse of slvee!i and foRitratinn s ith acite Infpnmatnry colic. merro
phegpcs and prent erlis. Within the area were 3 {re foc) of fibrous thrcye
snd numnerous arees of hyperirenhy of siveolar epithelipm.  Many bron-
chiolee pacied wtih fitere At { moa., crerel sarmeatrance of legion
unchanpged: plrors shichtlr thiriened over heevy localisptings af dust. An
ocensicnal srrmented astectone hody sres A KA Mo meny {00l of fihepg
in hronchlolre gnd gleenler duris s ith eeiluier rraction s tefOre: aten,
soine {oel phowad dletipet cofissen Aeposition 40 17 a2d 1€ mo., reaction
as bwfare with Ohrasts phnst BranrhsQice MCte suprerent beravse 0! cOD-
trartion snd docpessc of Infirmmation Girgt eils prominent. Fleura
merlediy involred

Typlcel Abrnnc encdohrnnchictitis and erihres~hielitic Jike rYaction to
sfhrsting munerale At 1 e, rxtencsive endalrenchiolitls end jecihron.
chinl i with riant e lle dener Shroaad Janpe wittun hropehiGirs snd ity
Jar Bhrasle atwvut them . adr=rtelani change preernt Al 2 mn | leary
Intrahronchicdar and portgen-hclars fhposs preduneng 1 Aed Aelerminy
with hstnrsn ot tutes A atinerpinh /Y currouncang sl epreres
fhrooe pale v haud hyedalzation tut wafto ey nurics no necross Thrpg

ent & e, Jtie ehenge; FLICye tleepa

cxl srlirstonls biatics e AL
contractine At 0 Tt drner flrnre bronchinhitls with ssleptloris

bodics. No pleuriey. No extezoon to rurfouna.rny Jung.

No flaosle within a year At Y 1no.. no trscticn ine'de hropchioles: in
P sl elr fpeees climrpe Al Laent ~ile paarbt stk fine rnlcyier oOf
glass with 'Fmntgestic Bflratinn Al ptjocenl waiiel no ashreionis Fodies:
AL 1 1no.. teattion lesa Intsesas than al ) ino [ falrelrrd ciumpe of e:00-
Eated glant phagocetes cantaluing epwiler ard petlicle of tlarr. no
endobroachitia. AL ¢ and § mo., rvection stul dhridlening At 11 mo.,
focsl arear of rpeuvmoniile wilh ne CLrus.ae 01 endobLropebitin moederate

pumiy of emooth lzod rtalning Chess.
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thal produced by the asbestos minerals was obtained (fig. 13 /1) Since

“the brucite uscd contained only 0.90 per cent silica 35 an impurity, it is

obvious that a siliceous comnonent is nat an essential factor in the'
development of asbestosis.
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Fig. 12—Amosite and crocidabite injection (xperiments: 4, lung of a guinca
pig four manths after an intratracheal injection of amodite  The imfammatory
reaction cxhibits pronounced accumuiation of cclis and collagzn depostion (0 200).

B, lung of 2 zuinca pip tour months after an intratraciical injection of crocico-
Bt As in A, penibronzlnolar accumulation of cells and dejosition of coilagen are
shown (X 2{0). *

Third, no Hibresis resulted from the njection of plass wool fibers
{fig- 13 B), even though glass wool resembles asbestos in many ways.
However, therc arc fundamental dificrences. A glass woo!l nber 3micrens
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in diamcter is a solid rod which in short lengths is fairly rigid,
while an asbestos fiber of the same Hiameter s a bundic of extremely
fine filaments which impart to the fiber a high degree of fiexibility, It
would secm that this structure and the 2ssociated fiexibility are importiant
factors governing the capacity cf a mincral to produce peribronchiolar

. .\ ‘\h.._ '..' . ‘O‘ N " L ad . ":r

P IS Y o KERE
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k \".) » > g

coixa 8

Fig. 13—DPrucite and glass wool injection experiments: A, Jung of 2 guinea
ig whith four months beiore had recerved an airatracheal miecnion of brucite.
Evcn with this nonuliccous abrous mugeral th 1 peathroncimiciar azcumulation
of ccils and deposition of colagen simiisr to thar thown an 4 and B of figure 12
(> 200).

B, lung of & guines pic which four manths teiore had recened an intratracheal
injection of glass wool Two hroncireies are shiewn, one i cracs sectiun and the
other in longitudinal wxtion  Beirow thz fatier 1< a thick-waiied bicond vessel  The
bronchioies are watheu! reaciicn and wn te convidored nermal for comparison with
other figures. Giass wool fibers are presest in thus fHedd butl cannot be seen st
this magnification (X 200).
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fibrosis. Experimental studies concerning this observation will be
reported in a separate publication. :

-

s
Yo Tanrr 16.—Comparison of Reactions Produced by Long Fiber e0.d Short Fiber
~ *Dusts Injected Intratracheally

Doisge: Two lajectorns of 0.8 ec. of o 8 pcT oot suspcnsion glven two weeks apasi Tolal
dore vai ¥ DJ. . .
Arimsls umd: Bl yrouns of gubes pigs.
Peiods st which animals were xied: 1, 2, £, F%W 20d 12 podths sfter Injection.
Etre of
Miperd Trust Purtickes Results
Chrysouie lour Ster, A distinet Bhrosis Refer o chrysotlie (Bbrous) un-
(Toettord) 20.30 macrons beated (0 talie 1
BlLort Lteer, No Zuraas Refer we chrysotile (bal miled) unbeated
: $ microos In table 1¢
32d Jeas
Amontie Loog Lrer, Tyrdcs! POreue endobroochiolitis sod pesibroncblolitia
25 5, microba Hricr 1o 1alic 15
Ebort Liwr, Reaction Limited 1o Phszocytosts with hrmohacytic 1081
0 e ons traties o sdla~ar wathn  Short Stere pached Iorige
and leas swolirn phazocs trs laocc: oore lter. s0me coated 10
fo:m tyjarai atle® 01t Lodies AL ) D, slter 1Ciec-
tion, siveoli cantrinrd g£nod sizet piant cells. most
phegorytes were withizo eir fpaccc and had not
migrated 1o walis Al ¢ ane, Tree entonecaular NIl
hed worie? theme lted Juta folrrstitia) liasye, whete
there was cufensive proLirration of 1y mphoic ceilr sz
monorylck but no Buroces At E 1m0 foreigt bOCY
reaciien wUh rerer pneuvmenttls, ne broachlohtia,
Tyivcal gsbeclioge norlies prreent
Crocldolite loopr Liur, Advaoend flrous cndohronclioitiis andéd perlbronchio-
(Bouria) Shuamictons litie Rrfer Lo tabdie 35
Bhor filer, No Zbrerie Al )} tmo., elr rpacre compresed apd
b SBCH S]] Iarsoiy Alin? with poant eeily ool with CUSt Taeelie
and »us MoguF hravily ID0trated MIth MmOl oryics and iymph
old celic. AT (M w modetatr Gergrec of celicter
Ishitrenlon ol wabhs. »mal L1233 G pecled wib
dust Fplcuire AL G end £ mo., Dyscsees of prent eclis,
conteizng mloerni DASUICirs Ip kDRl LroSeh! but not
(b 7espiratory Lrouehieice, #13enrT ©5cs Wi Colf #chl-
tered in Wmnonel st Epures Numrrous astweioris
bodrrs.  No rraciton In conprchite tiskue No enco-
bronrhial prolifezenien, At 37 mo., meny scettered
tmell monocytrs pacled with dyrt No crdehren-
chitie  Na porootcrel fibrosis. Jo lymph pocde, eipht
reticvsloste; po firroxiy,
Avtbopbylite Losg 2her, Lynmphacytic infitrstiern and glest cclir tut no definite
2650 mictone firare Relet to talie i
Bbor fiter, Ko Borosls anrd Dracticeily §o echestodts hodiee AL )
& micToDY mo., 107al collvticzE o Cust-Niird meotoryte 85C 8
aDdé ke few £iant ecllrl at & MO, tumMe BArnC AL G epithellal
IesZlION; &L B INC | O1MHT DODEUM ¢ ®wiLh Diliago
- exicar of short SteTr at 12 mo., BCialed and shaar iy
h locslized cotimilon: ! diusl ol Prde mir fpace
about terminal artericles Rosclian in o walic I'mited
to hmphold ocil t.8tration. Mo Snresls. )p lymrh
node, reaction Hmited to ehigbt promisence o! reticu:
um.
Tremolite Long fiter, Fivroe's sbout bron-hioies. Refer 1o table 15
. N> M ricrons
Bbort firer, &!mple forcizn body reactios. No sculs fcfammatios.
20 rotcrons No accumulatien of durt In pr abtoct wrminal bron
aDG Jers chiolee. No coachranrhity AL ) mo. saceitered emell
glant ecdl» and coreidcradie Jofltzetinn 0! ellacent
walls with mopnorsier and Jsmphoid eelit. AL 4 O,
Jttle chrnpe ¢xceprt more evliyier | o! coa-
nective tisfur. At £ mo., lgmpnolas and
thicden!ing of walis about pome bul nnt &l trrmidal
broncholes
Brocite Long ber, Tyrioei : endrrroncriolitie aod peribronchiolitis
. A ricrone V'ac teaclinn 10 atlitos minersls  Reler to tal.e 15,
Bhort firer Joert tr;e ©f temncticc ALY Mo oeller ~tes, rmeld
{(Thede Oy MOHGaylas widriy srdllered tnrougn Foeoarr=. {orue
b crusniLg lonr Of eirieclesls with AT nhoid inltraliin ! comprrreed
Piwrs with #': sionee Wwrlle No erdolre 1 reacticp er wiVh
rutler police- ehrgsrttis. AL 2 110 reerticy eomliar o that st i
. W) oo 1y1cas aetierintln bindes peen. AL L Mol rDel

eurmpe of fosctlise Gkl %ied plaiociice, Lo LUrosls.
No reactlon In iymph noddes

Coparisor of Long Fiber cnd Short Fiber Duste—With quartz
dust it has been demonstrated that the smaller the particles the more
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intensc is the tissue rcaction and that particies larger than 3 micrens

in diameter cause histle reaction.  In the case of asbestos, however, the

reverse is true and apparent]ly only loné fibers have any specins efiect,
as was suggested by the inhalatien experiments. This is confirmed by
the data of table 16, in which a serics of tests with fibrous minerals is
reporied.  When the injected dust consisted of fibers 20 to 50 microns
Jong. &l the hbrous minerals tested except anthophyllitey as noted in
the preceding section, produced fibrosie; when the material was prepared
by first grinding the fibrous dust until the length of fibers was reduced
to 20 micsons and less or, in some cases, to 3 mucrons and less, none
of the injected cusis caused fibrosis.

These results difier from those of King. Clegg and Rae!' who
reported the production of. retictlosis comparable to the experimental
silicotic nodule in rabbits receiving rmonthly intratracheal injections of
100 mg. of Rhodesian asbestos fibers, 15 microns long. and the produc-
tion of diffuse interstitial Abrosic in rabbits receiving similar injections
We believe this dose, especially

of short fibers, 2.5 microns in lenpth.
In our experiments the

in the long term rabbits, 1s highly excessive.
dosage was kept low in order to minimize untoward reactiens which
might obscure the peribronchiolar type of fbrosis which charactenzes

carly human asbestosis.

Exrexivients Uaine Intraveyovs TecHNIC

The experiments summarized in table 17, in which the intravenous
method of injection was emploved, show that the asbesios minerals are
far different frem quariz in their action on tissue. It has been repeatediy
demonstrated that intravenous injection of quartz par
less in diameter will cavuse a typizal tissue reaction with the deveiopiment
the liver

P

ticles 3 nucrons and

of hyalinized fibrotic lesions in extrapuimonary sites, such as
and the spleea.  Asbestos minerals, however, on intravenous injection
generally produce only an inert tipe of rcaction, as is revezled by
the results given in the table.  The rcason for the cariy ceaths in the

experiment with chrysotile particles is not clear.

Exroaments Usine Intrarerivoreal TECENIC
The resulis of injection experiments with the intraperitoneal technic
are piven in table 18 It will be noted that the long nber dusis produced
a fibrous rezction while dusts compoesed of particles 3 microns and Jess
in size caused only an inert type of response.  These experiments indi-
cate also that the hbrosis innizied by the irritation of asbesios fibers is
not restricted to the lungs, as was formerly assemed, but ¢an be pro-

duced in the pertoneuny as weli

OTHER EXPLRINMENTS WITH ASELSTOS MINERALS
A number of addittonz] experiments were conducted to throw more

hight on speaiiic phases of the ashestasis problem.

11, Kong, E. )0 Qlegz, ). W and Rae, V. M. Eficat of Astestos, and of
Asbestos and Alununum, on Lungs of Rallits, Thorax 1:183, 1§30 abstracted,
Indust. Hyg. Digest, 1947, vol. 11 (Feb)), no. 234,
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N “ VORWALD ET AL—~STUDIES OF ASBESYOSIS - ¥
Protecrive Acnion or Arcminux Conrouxos
L When colloidal aluminum hydroxide had been added to a suspension
k of long fiber chrysotile prior to injecting this suspension ntratracheally
~ ° - . . .
<! into rats, the aluminum compound did not prevent the irritation of tissue

due to chrysotile. If anvthing. the acute inf.ammatory response ¢voked
by the injected fibrous mineral was accelerated.  One month after the
last injection of the cust suspension the bhronchiohtis was becoming
fibrous. King and his asscciates also found that alununum failed to
protect pulmonary tissue from the irritation caused by asbestos fibers ¥
in their experiments metallic aluminum was uscd instead of the
hydroxide.
‘Foraamox or Asnestosis Bopirs

The iron in the coating of the asbestosis body appears to be derived
from blood or tissuc elements and not, as has been suggested, from the
mineral fiber.  After two kinds of chrysotile were injected subcutaneously
into the groin of a guinca pig—one kind containing 2 per cent and the
other 0.2 per cent fermic oxide—the zsbestosis bodies were equally
numerous at both sites of injection and showed no difference in their
reaction to prussian blue, the reagent which stains ron. Thus finding is
in agreement with that of Giroux.

TissUr ReacTioNn 70 ASBESTU<IS Bomis

Asbestosis, bodies recovered from human lung tissue and injected
intratracheally into guinea pigs {ailed to produce a fbrous rcaction. The
material for injection was obiained by digesting with sodium hypochlorite
solution the lung tissue removed at autopsy from an asbestos worker.
The asbestosis bodies couid be seen 1n the guinea pigs for at least a vear
after injection.  This expernnent shows that the asbestosis body has a
rather resistant coating which is not destroved by moderate hypochiorite
treatment, which may be maintained in vivo for a vear or longer and

- which renders the fiber inczpzble of producing fibrosis. It thus appears
that the coating is a proiective mechanism. This thought was expressed
by Beintker as early as 19343

THEORY OF IRRITANT ACTION

Two hypotheses have been proposcd to expiain the tissuc irritation
and reaction caused by asbestos Aibers: the chemical and the mechanical.
In the chemical theory, which is based on expericnce with quariz, it is
2ssumed that the asbestos minerals dissolve in the body fiuids and that
in this process their bases are leached awav to leave silica in 2 form
cpadble of irritating tissues.  According to this hypothesis asbestosis
is merely an indirect silicosis.  Several facts make the chemical theon
untenable: Intratracheal injection of brucite fibers, which had a sihca

12. Giroux, M.: Amiantose expérimentale: valeur pathognemonique du “corps
¢amiante,” Laval med §:239, 1932

13 Beintker, E.: Cler die Ashestosiskorperchen: Pemerbungen zu der Arbeit
voo Beger, Virchows Arch. {. path. Anat. 283:527, 1934
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4 INDUSTRIAL HYGIENE AND‘.OCCL"PATIDNAL MEDICINE

content of only 0.90 per cent, caused typical fibrosis like that produced
by the asbestos minerals; free silica particies increase in potency as the
particle size becomes less, but asbestos fibers shorter than about 10 to
20 microns are relatively innocuous; alununum hydroxide neutralizes
the irritating efiect of quartz but not of asixstos; serpentine has the
same chemical composition 2s long fiber chrysotile, but 1t procuced only
an inert type of tissue reaction; there is &8 wide range in the chemical
composition of the mincrals which do cause asbestosis (table 19).
view of this evidence it seems more Likely that asbestosis is caused by an
unusial mechanical srritation due to long asbestos fibers, this irritation
being related to the peculiar filamented structere of the fiber and the
associated flexibility, which are possessed by no other foreign body
studicd. Thus, ignition of chrysotle fibers changed their structure and
made them inert, although the same fibers. before being heated, would
Further support for the theory of

have produced fibrosis (table 14).

In

mechanical irritation is that asbestesis occurs in an organ of high mobiliny
—the lung—and that a fibrous reaction can be produced by injecting
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asbestos fibers into the peritoncum, where there is also a degree of
mobility, but not by injecting tham into other extrapulinonary organs
such as the liver, the spleen and subcutancous tssue.

COMFPLICATIONS

- The experimental investigations with asbestos minerals were con-
cerned primarily with the effect of the cust on normal tissue, but some
attention was given to other phascs, such as susceptibility to infection,
The only experiment in which the effect of asbestos dust on a pulmonary
infection was studied was the first inhalation experiment, carried on
with Kony's floats dust. It i1s uniortunate that, owing to the jack of
adequate facihities at that time, infection studies could not be made in the

other mbalation experiments also.

SusorTisiLITY TO TupoxcLiovs INfFLcrioN
.

The developinent of a tuberculous process in

itiated at the bee

“t

mmng

of exposure to dust, and also of a wlerculous infection superimposed

an an established asbestosis, was described in preceding scctions of this

paper. It may be stated it asbestos when ciassifed according ic the

effect of a dust on tuberculous infection would be placed below an active

Laaame o oo s o]

S e ey -

—-—
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dust Tike quartz but above an inert dust such as iron oxide. In animals
infected with attenusted tubercle bacilli, quartz causes the infectious
process to progress until the animal dies of tuberculesis.  lnert dusts
have no eficct on the iniection. and the lesions usually heal and the
discase disappears. Asbestos dust is in a difierent category. In the
experimental investigation, when the fibrous dust was being inhaled dur-
ing the evolution of the infection, thére was spreading of the tuberculous
process for a time, but usvally the stimulus for continued proliieration of
the tubercle bacilli was not sustained, the progression was arrested ang
healing followed. In guinea pigs infected with aticnuaied tubercle
bacilli after being exposed to asbestos dust for slightly more than two
years, progressive disease did not develop. The only modihcation of
the infection was one of localization, a few hacilli being retained in the
fibrous termins] bronchioles and forming tubercles there, in addition to
the usual foci beneath the pleura. Such tubercles healed in a few months.

SvscErTieiliTy To NONTURERCULCUS INFECTION

There was no specific experiment concerning the efiect of inhaled
asbestos dust on nontuberculous infection. liercurrent pnevmonia was
rather conunon among animals exposed 10 asbestos dust, the frequency
in guinea pigs exposecd in the four inhalation experiments ranging from
16 to 39 per cent. This incidenta! evidence suggests the possibility of
an cfiect of asbestos dust on nontubercuious iniection.  Nevertheless,
since such epidemics are not uncommon in inhalation experiments with
other dustis and even in the colony of normal 2nimals, 1t is felt that the
inhalation of asbestos dust does not exert a significant eficct on the
susceptibility to nontuberculous pulmonary infection.

COMMENT AND SUMMARY

Owing to the vast amount of data included in this investigation, it
seems Most convenient 10 summarnize and 1o state as conciscly as possible

“the various observaticns which emerged from the experiments and to

follow cach with a brief résumé of the evidence.

A. Various species of animals, including the guinea pig, the rat and the
Tabbit, but not the mouse and the dog. deveiop peribronchiolar
fibrosis of the lung similar to human asbestosis aiter being exposed
by inhalation or intratracheal ijection to long chrysotile asbestos
fibers.

Both inhalation and injection experiments provide ample suppon
for this statement.  Figure 8 4 reveals the ccilular fibrosis that occurs
in guinea pigs following inkalation of long fiber asbestos; figure 9 shows
the fbrosis caused in the cat by inhalation of long fiber asbestos dust.
Similar but less extensive fbrosis occurred also in rats and rabbits,
(table 1). Mice and doge failed to respond.  This variation in reswonac
of different species to identical dust exposures is still to be accounted fer.
B. Long ashestos fibers are essentia! in the preduction of the peribron-

chxolar fibrosis; short fibers are incapable of producing this reaction.

©rTy -
v an > v v



e B P o maetan N ot ettt et
o ——— — —— . o ¢ 02 0 & % s S - -

- im -

PR T R T

Q@ INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE

Inhal tion  experiments with a\),-um du' sunqest, and intra-
trachrz) anjectinn experiments crmﬂrm that nesthronchiolar hbrosis s
presture Ly o heste filirs Lctveen 20 and 30 microns in lengtn Lut not
l,y ,.:-rlh Joew hoarter than 200 mirrans (uddes 16 andd ‘5). This indicates
theat the sanemnnag el o Diler pre-resany the ca;-:xcil)' te, ;.r'/h::c the
fypoiead ol Lk Blreede. 3o namiads s seanewchere botween 20 and
SO e veacs, Pointed dadies have net Leen earried out te determine
the sipper et ol etlocyive hiber length, Jt appears, however, that that
Huit will be determimed by the inhalability of the Sber,

C. The modc of action of the long asbestos fiber in the production of
asbestosis is primanly mechanical rather than chemical in nature.
The evidence for this conclusion has been reviewed in a preceding

section, page 39. The fiexible Glzmenied siructure of asbestos fibers

plays an essential part in the irritating action, since the solid, infiexible

fibers of glass wool do not produce fibrosis (fig. 13 5).

D. Typical experimental ashestosis was produced by the inhalation of
an .utmocphcnc suspension contaiming an average of 138 million
asbestos particies per cubic foot of air by light ficid court, of which
less than | per cent consisted of fibers longer than 10 microns.

In the inhalation experiment with 100 per cent ball-milisd asbestos

dust cortzining 0.6 per cent of fibers lonzer than 10 micrens (whic 11)
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less than 1omillion (0.6 per cent X 138 miliion) nlers

microns per vebic foat of air s capable of prad

The s

ashestosts 1 quinen pigs gomaal lower i

~
.

long nlers necessany to produce asbesiosis i anin
lished from these studies.

E. The duration of exposure requited to develop the pulmionary reaction
to inhaled asbestos dust 1s inversely proporuonal to the concentraiion
{ Jong fibers in the atmosphere; as the concentration 1s increased,

the reaction deveiops in shorier time.

I3

The basis {or this statemcnt appears in the date of the inhalation
experiment with long Hber asbcstosA For that experiment the average
concentration of the atmospheric dust was abaut 40 million particles per
cubic foot of air, and size-frequency determinations disclosed that 6.7
per cent of the air-cuspended miaterial consisied oif fibers longer than
10 microns (table 11). Thus. by calculation, it 1s ca:xm-'cd that the con-
centration of the longer fibers was 2.7 million (6.7 per cent X 40 mil-
licn). The lungs of amimals exposed to the long fiter asbestos dust
revealed that the puelmionary reaction developed in approximately one-
half the exposure time required for its development in animals inhaling
the ball-inilled product, for whi.ch the concentraiion of the longer Hbe:
was only 0.8 miilion (0.6 ger cent X 128 million).

F. Esiablished experimental ashestosis ceases to progress on discon-
tinuance of dust exposure,

The experimental investigation shows, in {act, that on disconuinuance
of exposure there was an appreciable ciearing of the mature pulmonary
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taci_as, due to contraction of the fibrous tissue. In contrast, an imma-
L ]

. “'ture tissuc response, evidenced primarily by cells with little or no

fibrosis, continucd to progress. It is assumed that, following attainment
of Abrotic maturity, the same process of contraction would ensue as was
noted for the mature lesion. .

G. The formation of ashestosis bodies represents a coating-of the fibers
by blood and tissue elements, which results in loss of ability of the

-fiber 1o produce nbrosis.

Intratracheal injection of asbestosic bodics failed to produce the
typical asbestotic tissue reaction in experimental animals.  The cessaticn
of progressive reaction observed soon afier exposure terminates may be
due to the formation of asbestosis bodies.

H. Aluminum hydroxide failed to neutralize the fibrosing action of the
long fiber asbestos. ‘
Aluminum hydroxide added to the suspension of chrysotile asbestos

prior to intratracheal injection did not reiard or prevent the development

of asbestosis in rats.

1. Inhalation of asbestos dust ¢id not alter significantly the finz] octcome
of experimental tuberculosis in two series of guinea pigs exposed to
the dust.

The apparently mild influence of asbestos dust Is in distinct contrast
to the stimulating efiect excried by inhaled quariz on a tuberculous
process in the lung. The interpreiation miust remain tentative, however,
since it is based on an investigation limited to two series of guines pigs
exposed to only one kind of asbestos, numiely, Hing's fioats:  Tabie 4
shows that when the infeciion was cointidental with the onset of dust

exposure, there was temporary progression of the iniectious process,
with subsequent healing; when infection was initiated aiter 26 months of
dust exposure, the course of the tuberculosis was not appreciably aliered.
The latter finding is quite different from our usual experience with guariz:
dust cr with mixed dusts containing quartz, wherein the adverse influence
of quartz on a tuberculous infection is manifested most strikingly when
infection 1s initiated after a period of dust exposure, viz., superimposed
on a background of established silicosis.  As indicated above, this more
sensit.ive test, when apphied to asbestos dust, failed 1o demonstrate that
the latter had an 2dverse infiuence on a tuberculous infection.  The
inability of asbestos dust in that experiment to affect unfaverably the
tuberculous process furnishes strong support {or the interpretation that
inhaled asbestos dust has no more than a mildly uniavorable eficct on
pulmonary tuberculosis.

This investigation was made possible by the gencrous financial support of a
group of companies of the asbestos indusiry.




