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SBESTOSIS is a form of pncumonoconiosis resulting from pro-
Jlonged inhalation of ashestos dust. The name “ashestos,” literally
“unburnable,” is not that of a specific mineral but is a term applied to a
number of different minerals whose characteristic feature is a structurc
composed of long, parallel, flexible fibers. This structure is unique
because the fibers are capable of repeated longitudinal subdivision to
units of molecular proportions. In length the fibers vary from a few
microns to 6 or more inches (15 or more cm.). Some varieties are
stiffer than others, but many are sufficiently flexible to be spun into
yarn and woven on modified textile machinery.

The asbestos minerals are silicates of variable composition and belong
to the serpentine and the amphibole groups. Listed below are the more
common varieties.

Amphibole group: actinolite, amosite, amphibole, anthophyllite,
crocidolite and tremolite. )

Serpentine group: chrysotile.

- - The bulk of the ashestos of commerce is chrysotile, 3Mg0.258i0),.-

: 4 2H,0, which is mined on this continent principally in the Thetford region

: .~ of the Province of (Juchec, Canada. and in Vermont. Crocidolite and

. " -amosite also are used commercially but in much smaller amouuts.

* Chrysotile occurs as veins in serpentine, a mineral of similar chemical

composition, which exists in massive form and is made up of microscopic

fibers without the parallel orientation characteristic of chrysotile. The

p massive, bluish black serpentine, which is smooth and svapy to the touch,
<7 . s traversed hy veins of fibrous chrysotile varying in width from a _

barely perceptible line to 6 (15 cm.) or more inches. The fibers run

across the vein and not lengthwise with the formation.

‘v

From the Saranac Laboratury of the Edward L. Trudean Foundation,
" “This series of studies of ashestosis, initiated at the Saranac Laboratory muore
than twenty years ago by the late Dr. Leroy U. Gardner, dircctor of the laboratory,
.+ was nearly completed at the time of his death in October 1946. Although partial
- reports and informal reviews of some of the experiments had been given from time
.- to time by Dr. Gardner, this paper presents for the first time a complete survey
of the entire experimental investigation.

'.f‘ ". l
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Attentsion s directed to the nuneral bryeite, Matnti e winch s
often found in the samic formations with serpentine and chrysatile aud
may be fibrous in structurc. Except for the manufacture of magnesium,
brucite has no commercial value at present because its fibers are not
sufficiently flexible to be used in textiles, hut they are capable of 'K
repeated longitudinal subdivision. Unlike other ashestiform minerals,
brucite is not a silicate, and for this reason it has been a valuable tool in
an experimental evaluation of the action of fibrous minerals on lung
tissue. .

EXPERIMENTAL ASHESTOSIS i

- e~

--

For many years studies?® have been carricd 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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| S Fig. 1.—Human asbestosis (P-36-144). The photomicrograph reveals a2 bronchi-

f . ole (right center) with a smooth muscle bundle at its inferior niargin and with an

=t extensive zone of collagen deposition largely obliterating the surrounding alveolar

f.-_w, structure.  The black foci are macrophages containing intidental pigment.

f{ t4 Asbestosis bodies are present but are not apparent at this magnification (X 200).

- It

and in it are described the experiments made on animals with various

' kinds of ashestos dust.  Another report, to be prepared and isswed at a

future date, will be cuncerned with human ashestosis and will cover

the health aspects of workers who have been exposed to asbestos dust in
an industrial environment.

Although in man ashestosis is a chronic disease with diffuse pulmo-

nary fibrosis which requires years to develop, it is possible to reproduce

4
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1. (a) Garduer, L. U, and Cummings, D. E.: Studies on Experimental Pneu- b
mokoniosis: V1. Inhalation of Asbestos Dust; Its Effect upon Primary Tuberculous
Infection, J. Indust. Hyg. 13:65 and 97, 1931. (b) Gardner, L. U.: Chrysotile
Asbestos as an Indicator of Subtile Differences in Animal Tissues, Am. Rev.
- Tuberc. 45:762, 1942.
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w one or were speeies o8 anmad charactenisuie tissue changes which are

the experimental animal is relatively short, it is not possible to produce
the characteristic lesions in animals under conditions identical with the
usual industrial environment. Consequently, to obtain a complete evalu-
ation of the tissue response to inhaled particulate and fibrous material,
it is necessary to accelerate the reaction by employing higher concentra-
tions of dust than would ordinarily he encountered in industry. \While
conditions of exposure are thus different. the information vielded by
animal experiments is invaluable in furnishing a better understanding of
the reaction of the human organism to inhaled asbestos dust.

EXPErIMENTAL METHODS

For investigating the tissue reactions of experimental animals to the
various asbestos minerals, two types of technic have been employed.
namely. the inhalation method and the injection method.” In inhalation
experiments, groups of animals—up to 100 or more guinea pigs and
sometimes smaller numbers of rabbits. cats. dogs. rats or mice—are
kept for eight hours a day in a cubical dust room. R ft. (2.5 M.) in
dimension, in which a cloud of ashestos dust is maintained by a rotating
paddie in a dust hopper.’* At intervals during the experiment a few
animals are killed and the tissues examined to determine the nature
and the extent of the dust reaction. Some animals are exposed for
periods up to three years. The injection experiments are used to deter-
mine in as short a time as possible whether or not a particular dust has
a potential capacity to produce inflammatory reaction when in direct
contact with tissues of the body. The method involves injecting the
dust, either dry or suspended in fluid, into the animal by the intravenous.
the intraperitoneal, the intratracheal or another route. °

Long term inhalation experiments furnish information on which
great reliance is placed when estimating the degree to which a dust might
constitute a respiratory hazard to industrial workers. Even though an
atmospheric dust may be potentially dangerous, as indicated by injection
experiments. only inhalation procedures will reveal whether the dust can

pulmonary tissue in quantities sufficient to cause damage. Injection
methods are useful, however, because they make certain that contact
occurs between the dust particles and tissues and because they allow
. accurate estimation of the dosage and of the potential capacity of that
dose to produce reaction. The intratracheal method is particularly
valuable when one is dealing with fibrous minerals like asbestos, since
it jrermits observation of the effect of the fibers on pulmonary tissue.

Tissve SuSCEPTIBILITY

Unlike free silica, asbestos does not produce specific effects in all
organs of all species of animals. The comparative data presented in
table 1 are based on completed observations and therefore differ slightly
from a preliminary report.’* Fine quartz introduced into various organs

similar 10 the lesions o human ashestosis (fig. 1). Since the life spanof *
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e inhaled. pass the natusal defense barriers of the hody and reach the .
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\ of contact with the tissuce, In cats, rabbits and mice a few of the fibers i )
, ; show an atypical coating after much longer residence in the lungs. In :
i rats the bodies are rarely seen, and in dogs none could be found. '
: 4 Although the evidence is incomplete, it appears that the formation of .
i the asbestosis body prevents the fiber from damaging the tissue. Many f
of the points mentioned above will be elaborated on in subsequent para- ;
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Fig. 2—1. Iman asbestosis bodies.  This collection of ashestosis borlies was
found in the lung shown in figure 1. The usual variations of siz¢ and configuration
are represented (X 400). )

B, guinca pig asbestusis body. This one is similur (o sume of thuse shown in

graphs dealing with the actual experiments. For presentation our
investigation is divided into two sections, one dealing with inhalation
experiments and the other with injection experiments.

CRMC-Motley1000-Subj-001016

Arthur Vorwald, Thomas Durkan and Philip Pratt, "Experimental Studies of Asbestosis" (1951) Published by AsbestosClaims.Law
ACL Doc 24114 - Page 4 of 41 asbestosclaims.law/library/24114/4


https://asbestosclaims.law/library/24114/4

.

INHALATION EXPERIMENTS

Four large scale inhalation experiments have been conducted in this
laboratory with various fors of asbestos dust. In each of these investi-
gations, more than 160 animals were used, and the experiments were
carried on for perinds ranging from two to more than five years. The
four kinds of ashestos dust employed are designated as King's floats,
short fiber, 100 per cent ball-milled, and long fiber asbestos dust.

Kinc's Fioars Assestos Dust

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

Tanre 2—~Chemical Analysis of Asbestos Dusting Materials

-

Type of Asbestos B8i0s  FesOs A)sO» CreOs MnO MeO

King's flosts......... .32
Sbort fiber........... INI7
long Bber........... 3840

[S————
LX)

. . b S

900 140 O 000 25.96

2 on

d 0.08 40,18

Ns20 K20 CO2
L] - *

014 0% 09
006 008 057

* Not determined.

TasLe 3.—Petrogrophic Analysis of Asbestos Dusting Materials

King's flosts *: The approximate composition, Lased on particles (except chrysotile) smaller
than 10 wmicrons and reported as percentages obtained from particle counts, wes chrysotiie 14,
serpentine 40, megnetite 12, corhonstes 16, tale 12, other minersis 4. For chrysotile, fibers up to
200 microns Jong were included.

Bhort Sher ¢: The material, hefore being hall milled, contained s preponderance of fibrous
chrysotile and plsty (nonflbrous) serpentine. The spproXimate compositivn, hy pereentage, was
chrysotile 17, serpentine 53, magnetite 10, quarts 2, brucite 5, other minernls, inciuding doiomite,
sctipolite snd tremwolite, 11.

Long fiber i: The material consicted principaily of the Bbrous asbestos mineral chrysotile.
Shreds of nooseparsted fBbers 5 to 15 microns in dismeter and up to 50 miicrons in jeogih were
present. The approximate comporition, by percentage, was chrysotile 75, serpentine 15, mag-
petite 5, bLrucite 2, other miverals, among which were calcite and chloritic snd micacecus
minerals, 3. Only s trace of quarts was obeerved.

* The analysis of the King's floats ssbhestos, made by Dr. ¢'. 8. Hurlhut Jr., of Harvard
University, has Leep reported elsewhere (Huribut, C, 8., Jr., and Williaws, €. R.: The Mio-
erslogy of Asbestos Dust, J. Indust. Hyg. & Toxicol. §2: 22, 1845).

t For the short fiber axhesios and the long Sber asbestoes the petrographic anslysit was
suppleinented with x-ray diffirection examination.

periods up to 33 months. Some guinea pigs with six and nine months’
exposure lived for an additional three years after cessation of their
exposure. A preliminary report!* presented observations after 29
months of exposure. At that time observations covered a period of only
214 vears and the conclusions as to the ultimate effects of inhaled
ashestos dust were provisional. Those conclusions are substantiated by
results of the completed study, which is reported as follows.

Composition and Atmospheric Concentration of the Dust ~The dusting material,
a cominercial variety of asbestos known as King's floats, was composed of short
fibers, ranging in length from 1 mm. to 1 micron or less, and of particies which
also varied in size. It was obtained from the Thetford, Quebec, plant of the
Asbestos Corporation of America, and analyses (tables 2 and 3) reveal that the
amount of fibrous chrysotile was only 14 per cent, a rather Jow value.
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Impinger samples taken soon after the experiment was started indicated that
the dust concentration was at first quite low, the average dust count being only
6.0 million particles per cubic foot of air by the standard light ficld technic and 0.8
million for particles and fibers greater than 10 microns. After the inhalation
experiment had been under way for about two ycars, the speed of the rotating paddle
in the dusting machine was increased and for the remaining 10 months of the experi-
ment considerably more dust was dispersed into the atmosphere. The average dust
count of impinger samples collected after this change was 53.7 million by the usual
light field method and 1.6 million for particles and fibers larger than 10 microns. It
is probable, 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
fluats experiment were collected in water, but later studies? "have shown that
counts of impinger ples of asbestos dust taken in water are not reliable. FEthyl
alcohol instead of water was used as the collecting fluid in all subsequent experi-
ments.

TasLe 4d—Summary of Inhalation Experiment with King's Floats Asbestos Dust

Maximum

Maxi- Survival
mum _ After
Dust Ex- Dust Ex-

¢

. posure, posure,
Nature of Experiment Animals Mo, Mo. Results
Dust exposure contiouous through- 56 guines pigs 8 [ Typics! peribronchioler Sbrosis after 16 months
out lite 9 rabbita bl 0 F¥orcign body bronchitie
38 rats [ ] Little or po resction
Dust cxposure followed Dby pro- 25 guines pigs ] s Nonprugressive fibrosis
looged g in ] air l-;o gull’%e,: pigs : g Nogprogressive fibrosis
- lra
1 rabbit 9 b1 i Absorption of foreign body resction
Tuberculous Infection * at start 0f 40 guides pigs » ] Temporars progression of infection, followed
st expusure . hy hesling with Shrosis
Coutrols 1o infeetion: po dust ex- 23 guines pigs [ 8314  Healing by resolution (one exception)
pusure
Tubercalous infectiop * after 2 mo. 12 guines pigs % M No appreciable increuse jp susceptibility to '
cl: dust Txpo-un. tben residencs tubereujous infection; heslipg with Bbrosis '
porinul sir . .
Cuptrole fo infection: no dust ex- 12 guines pigs o 19¢ Healing by resolution

poFure

* The guinea pies were infected with low virulence Ra strain of tubercie daclilus.
1 Thi» meuns the survival period following infection.

Results of the investigation, briefly summarized in table 4, show that inhalation
of King's floats asbestos dust produced a typical peribronchiolar fibrosis in guinea
pigs but not in rabbits or rats.

Reaction in Normal Guinca Pigs—Guinea pigs inhaling this dust for periods up
to 33 months had a characteristic fibrosis occurring in conical patches about the
respiratory bronchioles. During this exposure the peripheral alveoli were not
involved. The particulate elements of the dust were transported through the
lymphatic system to the bronchial nodes, causing no significant reaction in either
site; the fibrous elements remained fixed at the points of original localization and
were seldum detected in the lymph nodes.

After: exposure of approximately a year a small amount of cellular reaction
had been produced about many respiratory bronchioles (fig. 34). As more dust
was inhaled, it continued to accumulate in the same location, and later stages of
the disease (fig. 3 B) consisted of extensions of the original lesions.

Apparently, the inhaled fibers were caught in the pocket-like alveoli that
are given off from the lateral walls of the respiratory bronchioles. There they

7. Fulton, W. B.; Houtz, R. L.; Dooley, A, and Mathews, J. L.: Asbestosis:
1. The Collection and Counting of Asbestos Dust Encountered in Asbestos Fabri-
cating Plants, Special Bulletin 37, Peansylvania Department of Labor and Industry,
Harrisburg, 1934, -
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were phagocytosed, and many of them were carried into the wall by migratory
coells.  Mononuclear Jeukocytes attracted to the arca caused an appreciable thicken-
ing of the bronchiolar wall.  After 16 months & delicate filirosis made its appearance.
The process evolved gradually, and the number of fine intercellular cullagenous
fibers stcadily increased.  As this fibrous deposit contracted, it partially closed and

Fig. 3.—~King's floats inhalation experiment: .f, lung of a guinca pig with 12
months’ exposure. It includes a respiratory bronchiole, at the leit, branching and
becoming an alveolar duct, at the right. Note the accumulation of cells in the
wall of the bronchivie and in adjacent alveoli (X 3130). B, lung of a guines pig
with 28 months’ expusure. The field includes a bronchivle, at the center. with
peribronchial fibrosis extending into the walls of adjacent alveoli. Note the cuboidal
cpiﬂ%-’l(i‘um lining these alveoli, This is the so-called “adenomatoid” appearance
(X 200).

distorted the alveoli, and with this change the alveali became lined with cuboidal
cells. The resuit was an adenoma-like appearance ‘which frequently accompanics
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chronic pulmonary inflammation resulting from many causes.  Willis * deseeibwed
a similar structure in the lungs of guinea pigs inhaling silicon carhide. The longer
asbestos exposures resulted only in more thickening of the walls of the air spaces,
fargely due to an increase in the amount of fibrosis. The fibrous tissue always
remained cellular and failed to show the hyalinization characteristic of silicosis.
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Fig. 4~King's floats inhalation experiment: A, lung of a guinca pig with
D six months’ dust exposure followed by 35 months’ inhalation of normal air. The
5 reaction is rather slight, but distinet fibrosis is present (X 200). Note that 28
2 months of continuous exposure (fig. 3 B) produces much more extensive reaction.

B, lung of a guinca pig exposed to the ashestos dust for nine months and
living thercafter in normal air for 37 months. The reaction shown is more than
that in 4 but much less than the reaction in figure 3 B (X 200). .

8. Willis, H. S., and Brutsaert, P.: Tumor-like Structures in the Lungs
+ of Guinea Pigs Artificially Exposed to Silica Dust, Am. Rev. Tuberc. 17:208,
] : 1928. - .
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Ashostosic bodies (fig.'2 B), first seen in the Jungs of the guinea pigs that had
inhaled dust for about two months, hecame more numerous and more distinctly
scgmented with increasing exposure.

The reaction produced in guinea pigs exposed for six and nine months did not
progress significantly during a subsequent period of 35 and 37 mouths when the
animals lived in a normal atmosphere (fig. 4). Between eight and 11 months
aiter exposure ceased. the cellular reaction in the lung had been completely replaced
by thin strands of fibrous tissue. At later periods the scar tissue was less in
amount, but in the last animal killed, 37 months after discontinuing dust exposure,
some fibrosis was still visible.

Reaction in Guinea Pigs Infected with Twubercle Bacilli at the Onset of Dust
Inhalation—Of the group of 40 guinea pigs infected with attenuated tubercle
bacilli. Ry strain® at the time that dust exposure was begun, 31 died or were
killed before the completion of two years of the exposure and were reported in the
paper by Gardner and Cummings.’® Seventeen of these died from intercurrent
pneumonia. Briefly, the results were as follows: Ten revealed some evidence of
spread of the tuberculous process (fig. S 4); in 6 of these it was confined to
the lungs, and in the other 4 the abdominal viscera also were involved Extension
of the infection was first seen after seven months of dust inhalation; during the
next 20 months more than half of the animals showed actively sprcading tuber-
culosis, and in 3 of them small cavities had developed. During the last eight
months no animals exhibited any evidence of active infection although in half of
them the healed fibrous scars of previous spreads were obvious. . The scars were
more extensive than is characteristic of either tuberculosis or asbestosis alone.

The nine animals which were still alive after two years of dust exposure werc
killed at intervals during the following year. In four of them the primary foci
of infection were healed with fibrosis and even calcification, and there was no
evidence of progression (fig. 5B8). In the remaining five the tuberculous foci
showed evidence of having previously spread locally ; in four of them, by the time
of autopsy, the foci were healed, with excessive fibrosis; in the fifth animal there
was a generalized chronic tuberculous pneumonia in one lobe, and in the other
lobes there were isolated primary tubercles, which were still .active but had not
spread.

Reaction in Guinea Pigs Infected with Tubercle Bacilli After Establishment of
Asbestosis—Twelve guinea pigs, after inhaling King's floats asbestos dust for 26
months, were infected with tubercle bacilli and then removed to normal air. Six
of these animals died within seven weeks, five from intercurrent nontuberculous
infection. The remaining six animals were killed at intervals up to 14 months
after infection. The subpleural tubercles were no more numerous in the dusted
animals than in the nondusted controls, but a considerable number werc jound in
the depths of the lung about foci of asbestosis. The tubercuious component of the
combined reaction showed only slight local extension ahout lesions in the lungs
and tracheobronchial lymph nodes. Caseation was found in tubercles 114 months
old, but by 5% months it had completely disappeared, leaving only scar tissue.
Foci of fibrosis still persisted in the last animal, which was killed 14 months after
infection.

Reaction in Rabbits—~Rabbits exposed to the asbestos dust for periods up to
19 months showed a foreign body type of reaction of low grade, but no fibrosis.
Although their Jungs contained particulate elements of the dust, fibers were not
present, indicating that the upper respiratory mechanism of the rabbit is adequate
to exclude fibrous foreign bodies. Two rabbits, after inhaling dust for six and 19

9. Steenken, W., Jr., and Gardner, L. U.: R, Strain of Tubercle Bacillus:
Its Dissuciation and Virulence of Variants in Normal and Silicotic Guinea Pigs,
Am. Rev. Tubere. $4:51, 1946, '
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months, lived in normal air for more than two years. At autopsy neither animal
showed any evidence of cellular reaction or fibrosis in the terminal bronchioles, nor
were there any ashestosis bodies.

Reaction in W hite Rats—All the rats had acquired an infection, resulting in
the formation of pulmonary abscesses, before they came to autopsy.  Apparently, so
much heavy mucus obstructed their bronchi that very few fibers could have entered

Fig. 5—King's float inhalation experiment: .4, lung of guinca pig infected
with R, tubercle bacilli and then exposed 1o dust for 24 months. A bronchiole is
shown just ahove center.  Surréunding it is some collagen deposition, together
with typical epithelioid cell infiltration of the wall. Nute the lack of encapsulation
and the peripheral cpithelioid cell pneumonia, which illustrate a spreading tuber-
culous process (X 200).

B, lung of a guinea pig infected with R, tubercle bacilli and then exposed to
dust for 35 months. Note the subpicural distinctly encapsulated cascous focus, the
calcibeation’ at the right border of the lesion and the absence of cells in adjacent

. alveoli, all of which illustrate a healing tuberculuus process (X 200).
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their jungs. In a few of the rats, an occasional asbestosis body was discovered,
but there was no Abrosis. This phase of the experiment was considered unsuc-
cessful.

Summary and Interpretation of Inhalation Experiment with King's
Floats Dust—The findings in the experiment with King's floats dust can
be summarized under two headings:

1. Effect of the inhaled dust on normal animals. The King's
floats dust caused a characteristic peribronchiolar fibrosis in guinea
pigs but not in rahbits or rats. The fibrosis did not increase significantly
in extent after the dust exposure was discuntinued.

2. Effect of the inhaled dust on tuberculosis in guinea pigs. In guinea
pigs infected with attenuated tubercle bacilli and then placed in the
dust room, the results were more variable than is usual in an experi-
ment of this type. A few animals showed no sign of progression of the
infection; in most of them there was evidence of temporary progression
with subsequent healing ; in one animal the tulerculous process remained
active to death. In contrast. when guinea pigs after being infected are
exposed to quartz dust instead of asbestos dust. the infectious process
continues to progress and eventually causes the death of the animals.
On the other hand, infected animals exposed to a harmless dust like iron
oxide do not show any progression of the infection?® Guinea pigs
infected with attenuated tubercie bacilli after the termination of two
years’ ashestos dust exposure did not show progressive disease. The
only madification of the infection was in its localization, a few bacilli
heing 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
response and the high proportion of deaths due to intercurrent pneu-
monia, it 1s felt that only tentative conclusions as to the influence of
ashestos dust on the course of tuberculous infection are justified by this
experiment.

Snorr Fiser Asaestos 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 ashestos dust
consisting almost entirely of fibers and particles smaller than 3 microns
would initiate an accelerated tissue response and produce an advanced
rcaction in a shorter time than did the King's floats dust, which con-
tained fibers from 1 mm. to 1 micron and less in length as well as much
particulate matter. :

Composition and Atmospheric Concentration of the Dust—The dusting materia)

for this experiment was the remains of fibers collccted in dust bins of an asbestos-

fabricating plant after a carding operation and screened to pass 200 mesh. Since

10. Vorwaid, A, J._?'Pnn. P. C.; Durkan, T. M.; Delahant, A. B and Bailey,
D. A.: Siderosis: A enign Pneumoconiosis Due to the Inhalation of Iron Dust,
Tndust. Med. & Surg. 19:170, 1950.
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the material as received contained many long fibers, it was ground in a stecl hall
mill to reducc practically all the particles to 3 microns or less in size. When
used alone in the standard dusting machine, this finely ground ashestos tended to
pack in the hopper, and it became necessary to mix vne volume of the unground
material with three volumes of the ground to generate a satisfactory dust cloud.
1t is pertinent to mention here that the addition of the small quantity of unground
asbestos was unfortunate, because it confused the interpretation of results.

The composition of the short fiber asbestos as received is disclosed by the
chemical and petrographic analyses given in tables 2 and 3. Samples taken before
and after grinding yielded about the same values on analysis, indicating that there
was no contamination from the mill or loss of water content.

The dust concentration varied during the experiment, the light field counts for
atmospheric samples collected inside the animal cages with the impinger apparatus
ranging from 83 million to 182 million. The average of counts was 130 million for
the first year of the experiment, 134 million for the second year and 140 million
for the third year,

Size-frequency measurements of air-floated dust from inside the cages at a
magnification of 1,300 X revealed a great preponderance of fine particles, nearly

TasLg 5.~Summary of Inhalotion Experiment with Short Fiber Asbestos Dust

Maximum
MNaxi- Survival
mum After
Duet Ex- Dust Ex- .
posure, posure, "
Nsture of Experiment Animals Mo, Mo. Results
Dust exporure eodtinuous through- 46 guines pige 3 ° Rate of resction shout the ssine as In exjnri-
out life mwept with King's flosts asbestos but extent
of iovolvement very much lese ¢
3 rats 2 ] Ch istic patehes of per h
sis; Do ashertosie bodies
18 eats Mue [ 4 Subplcurasl reaction oply *
7 3abbits 49 i No Bbrosis seen grossiy: microscopic evidenee
- . of siveciar wall thickenioy after 40 months’
: exposure
Dust exposure foliowed by prolonged 13 guines pige b Progression siter removal from dust doudbt-
retidenee (0 pormal air N fu:)—ﬂ;&m cieazly estadlshed nor definitely
ex
2eats ‘ % Same as for continuous exposure
1zabbdit (34 s

bt regression

lhl%i;n 10 contipuous exposure; evidence of

* After 32 months the animals were exposed 1o 100 per cent ball-milled a

shestos.
4 The reaction was probsbly due to Joog fibers ip the unground msterial which was mixed with the ground ssbestos durt ,

10 produce s aatisfactory dust elond.

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

Four species of animals—guinea pigs, white rats, cats and rabbits—were used in
this experiment. The results of the dust exposure, summarized in table 5, are
presented in greater detail below.

Reaction in Guineo Pigs.—Eighty guinea pigs were originally placed in the dust
room, but 21 of them were later eliminated from the experiment and killed because
of enlargement of the cervical lymph nodes thought to be due to intercurrent
infection of the upper respiratory tract. Of the other 59 animals, 46 remained in
the dust roum until they were killed or died at periods up to 34 months, and 13
animals were transferred to normal air after being exposed to the dust for 20
months. .

The type of tissue reaction provoked by the inhaled short fiber asbestos was
essentially the same as that already observed in.the experiment with King's floats
asbestos. The rate of reaction also was approximately the same, but the extent
of involvement was very much less. After 16 to 24 months of exposure only a very
few small foci of reaction, which generally required microscopic examination for

»ixir-detection, had been produced in the guinea pigs. .
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Only after exposurcs had continued for approximately one year was there an
appreciable tendency for dust-containing phagocytes to gather into clumps. By
16 months phagucytes had collected about the walls of a few of the respiratory
brunchioles which revealed a little proliferation or infiltration of mononuclear
cells. There were also some multinucleated cells, but they were of the inert,
forcign body type. At 20 to 24 months the cellular clumps were sometimes quite
prominent, and sometimes changes in the cpithelium resulted in the adenoma-like
or “adenomatuid™ appearance (fig. 3 B) previously described in the section review-
ing the experiment with the King’s floats dust. In most of the subsequent members
of the series the reaction remained cellular; but a few exhibited pronounced
development of fibrous tissuc. In these few members of the series the col-
lagen was pale in color and tenuous, with nu appearance of heing hyalinized.
Diffuse chronic pleurisy was present in a few animals without evidence of pul-

TARLE G—Analyses of Lunas of Guince Piys After Prolonged Inholation of
Short Fiber Asbestos Dust

Period Amount of Total
Exporure to  in Normsl Ash, G of KiOg, < of Total Nity;, Tiseue
Dust, Mo, Alr, Mo. Dried Lung Dried Lung % of Ash Reaction *
Dust Exposure Continvous Dering Life
0.5 10.23
0.46 s
054 10.54
0.49 .96
0.63 9.00
053 10.60
0.65 .48
oW Y
0.78 1448
0.78 14.20
056 1759
197 1846
0.75 12.37
0.56 L

posure Followed by Prolonged Residence in Normal Air

; b.ae 0.45 9.3¢
11 0.3 a6 24
8.1 0.52 10.21
298 0.3 8.51 34+
&N 0.5 531
5.18 9.3 5.00
4.7 022 480 24

® The symbole sversg'ng the ticsue reaction in each group of guinea pige represent wnercly
the relative degree of reaction, ing from = (Q i bie) to 4= (the maximum for thie
expetilnent). The relstionthips spply only within this table and cunnot be romnpared with
syiutwls in otber tables.

monary infection. This suggests that pleurisy may be a specific concomitant of
ashestosis, 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 floats asbestos, probably because more fine particles had
been trancported to the nodes in animals inhaling short fiber ashestos. The nodal
reaction was cssentially an increase in reticulum, rather than a fibrosis, with the
original cells being preserved between the thickened reticular fibers.

In the group removed to normal air after 20 month,’ inhalation of dust. progres-
siom of disease was nat definitely demonstrated, but neither could it be ahsclutely
disproved, owing to the variability of the response in different animals. The
reactions. from mild to severe, occurred sporadically and bore np iclationship to
the length of time after cessation of exposure. The differences were attributed
to variation in individual susceptibility. This view received support from the
chemical analyses (table 6), which revealed comparable amounts of ash and silica
in lungs with widely different amounts of tissue change. For example, the ash
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and silica values were quite similar for three animals living in dust 20 months
and then in normal air for 14 months, yet the tissuc reaction was severe in one
animal, mild in another and only doubtful in the third.

The formation of asbestosis 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 surrounded by yellow
deposits having the same color as the asbestosis body. One year's exposure had per-
mitted an accumulation of many longer fibers, a number of which were coated and
seen as typical ashestosis bodies. Most of these were still short enough to be partially
or entirely within phagocytic cells. By the twentieth month and thereafter they

TasLe 7.~ Anolyses of Lungs of White Rats That Hod Inhaled 3
Short Fiber Asbestos Dust

Amt. of Total Amt. of Total
Durstiop  Ash, % Bie, % Total Duration  Axn, % RiOs, o Total
of Expur-  of Dried  of Dried B0z, %  of Expo- ©fDrisd  of Dried 8i0e, %
rure, Mo,  Lung J.ung ol Ash sure, Mo. Luog Lung of Ash

38 0.0 00 33 001 21
.3 0.00 00 ] 84 0.03 i3
29 000 00 87 0.4 11
R oo 02
39 0.0 o0 rd a8 32
34 .00 oo s 35 05 34
38 o0 H 8 017 a0
Y 5t y X 018 .2
: 29 0. 13
32 0.05 13 . 018 38 v
33 0.08 23 » a8 013 33 :
. 38 031 10 53 018 23
34 007 12 . .7 0.3 2

¢ Normal! controls (80 dust exposure).

TanLz 8—Averoge Values of A3h and Total Silica for Lungs of White Rats Inhaling Various
Dusts for 1'arious Periods (Lungs Only, Without Included Lymph Nodes)

. Amt. of Ash, i of Dried Lung Total BiOs, % of Dried Lung Total Ri()z, % of Ash
wurs. o~ ” A S .
tios  Short Gyprum- Bhort Gyprums- Short | Gypruin.
of Ex- Fiber Ferru. Quaris  Fiber Ferru- Quarsz Fiber Ferru- Quart
posure, Asbes. ginous Mix-  Arbes- ginous Mix. Ashes ginous  Mix-
Xo. tos  Quariz Chert  ture tos Quarts Chert ture tos  Quartz Chert ture
2 a3 3 (14 29 000 oS5t 0.25 0.08 26 1.7 39 2.4
[] 34 ™) 89 3.8 0.09 0.31 (3] 0.07 35 1n4 36 29
1) 3.5 W1 29 34 0.05 2.9 3.5 o 18 1.5 344 34
& 38 46 2.0 3.6 0.15 14 2.0 032 39 4 85 8.1
10 19 w8 3141 41 0.3 4.40 6.00 0.28 32 %6 .2 [ %]

were relatively numerous although still rare in comparison with the findings in the
King's fluats experiment.

Reaction in White Rats.—~Seventy-three white rats were expused to atmospheric
short fiber asbestos dust for periods up to 32 months. During the first 10 months
animals were killed bimonthly and for the remainder of the experiment at Jess
frequent intervals, Up to eight months the dust cells were widely scattered and
existed in fuci only sporadically. Reaction was limited to occasional slight thicken-
ing of the septums about small accumulations of dust cclls. At 10 months there
was @ suggestion of early fibrosis in a few rats, but the change was so.slight that
it would probubly have been overlooked without the clump of dust cells which
atiracted attention to the area. Only 10 animals were exposed for frum 12 to 32
months, In each of them the Jungs containcd minute foci of well defined fibrosis

. distributed like that of asbestosis but without asbestosis bodies. The lesivus,
. wisible only at a magnification of 150 diameters or morc, consisted of patches aloug

. by .
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alvealar ducts in which the walls of the aswiciated air spaces were very thick, owing
o swollen collagen framework.  Connective tissue and Fout-Bielschowsky silver
preparations revealed complete Joss of capillary bed locally. Outside the collagen
was a thin layer of cpithelial cells.  This did not resemble the “adenomatuid” change
characteristic of guinca pig asbestosis, Near the lesions the air spaces were
filled with phagocytes containing gray to yellow particulate dust and a rare, long,
naked asbestos fiher. Carcful search failed to reveal even a suggestion of an
ashestosis hody. Pleurisy was absent. The tracheobronchial nodes showed com-
pact focal collections of monocytic cells at 12 months and, at 20 months, some
diffuse thickening of the reticulum. In a few rats there was definite fibrosis along
the margins of the node, extending imo the mediastinal arcolar tissue,

Results of chemical analyses made on the white rats are given in table 7, and
the average values have been recorded in table 8 for comparison with similar
values for rate inhaling other dusts. It will be noted that the values for ashestos
are lower than those for quartz or chert but approximate those for the gypsum-
quartz mixture, in which atmospheric agplutination tended 1o reduce the amount
of dust inhaled. This condition prevailed even though the atmospheric concentra-
tion of asbestos dust was essentially the same as that of the quartz, was one-hali that
of the gypsum-quartz mixture and was one-fifth that of the ferruginous chert.
Since the values for ashestos are low, it might be inferred that the total quantity
of that dust actually inhaled was small or that it had been eliminated from or
dissolved within the lungs. Evaluation oi these possibilities is nut feasible on the
basis of the observations derived from this study.

Reaction in Cats—~Twenty cats were used in this inhalation experiment with
the short fiber ashestos. Eighteen were kept in the dust room continunusly until
put to death, the exposure period ranging from one month to necarly X4 months,
The other two were removed to normal air aiter a dust exposure of 31 months:
one of these was killed five months, and the other 24 months, later. In general,
the tissue response was confined to microscopic foci of fibrosis, which were in the
walls of groups of subpleural alveoli rather than in the peribronchiolar arcas. In
one animal the change was extensive enough to be visualized on gross inspection
of the section. Only in the animal with the longest exposure~34 months—diil
the roentgenogram revcal definitely abnormal shadows. A roentgenogram made
after 30 months revealed no abnormality : after 45 months. a faint motiling could
be detected throughout both lungs. At autopsy, nine months later, there was onhy
microscopic fibrosis in the subpleural zone plus heavy Ivmphocytic infiltration about
small bronchioles. Asbhestosis bodies were rare. On prolonged search a fow
yellow atypical bodies, smooth and without haustrations, were found in two animals
exposed for more than a year.

Keaction sn Rabbits~Eight rabbits werc exposed to dust for perisxds extending
frum onc to more than five ycars; the last animal was removed from the dust
room amd Jeft in normal air six months before being killed. There was never
enough pulmonary fibrosis 1o be detected grossly, and there was no chronic adbusive
pleurisy.  Microscupic evidence of alveolar wall thickening was first detected in
onc animal after about three years of exposure and was seen in all five animals
examined thercafter, including the one removed to normal air. One animal that
died of paralysis after nearly four years of exposure exhibited a reaction visibie
on gross inspection of tissue sections. The possibility of pulmonary infection in
this animal could not be excluded. In another animal dying two years later the
focal fibrosis was not nearly as obvious or as advanced. Arcas of involvement,
which were largely visualized because of phagocytic reaction within the air spaces,
tended microscopically to become more fibrous with the passage of time, but there
was never much encroachment on the lumen of air spaces and the structure of the
fung was preserved.  Asbestosis bodies were not detected in rabbits that died
carly in the experiment but were seen in all animals that had been exposed to
the dust jor mare than threc years,
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- Summary and Intcrpretation of Inhalation LExperiment with Short

- Fiber Asbestos Dust.—The original purpose of the experiment was to

evaluate the role of short asbestos fibers in the genesis of asbestosis. It

was felt also that if the tissues reacted more rapidly and more extensively

to short fiher asbestos than to King's floats there would be a basis for

helieving that the action of asbestos 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

filwrs to produce fibrosis is determined primarily by factors not chemical
in nature.

Of the jour species exposed in this experiment, only the guinea pig

and to a lesser extent the white rat responded with characteristic peri-

-ﬁ.’
sl

1,

_‘; : bronchiolar fibrosis. * The cat reacted “with atypical subpleural fibrosis

;;,‘;‘ and the rabbit with only slight parenchymal fibrosis. :
T

_“_";g; BaiL-Minep Assestos Dust

‘-1:’ :}2- In the inhalation experiment with short fiber asbestos dust a small

i, quantity of unground short fiber asbestos was mixed with the ball-

¥ milled product in order to generate a suitable dust cloud. When that

,;_" experiment failed to produce an accelerated tissue reaction, in com-

parison with the response initiated by King’s floats, it became apparent
that the biologic activity of asbestos is not increased by a reduction of
fiber size. Thus the possibility arose that the tissue reaction observed
was due solely to the relatively few long fibers of the unground asbestos
and that the short fibers of asbestos had no more than a very insignificant
role in the production of asbestosis, a concept not in accord with
previous experiments concerning pneumonoconiosis. Consequently
another inhalation experiment was started in which only ball-milled
ashestos was used.

Composition and Atmospheric Concentration of the Dust.—The dusting material
was the ball-milled. short fiber asbestos used in the previous inhalation experiment,
but unground material was not mixed with it. Owing to the tendency of the
material to form small spherules which prevented much of the fibrous portion from
fluating out of the dusting machine, the dispersal of the dust was not entirely
satisfactory. Therefore, after an initial seven months of operation, steel wire
brushes were attached to the inside surface of the hopper and to the rotating paddle

T to disintegrate the spherules and release the fibers. This arrangement gave satis-
factury results and was used for the remaining 21 months of the experiment.

The composition of the raw asbestos used is shown in tables 2 and 3. Petro-
graphic and x-ray diffraction examination of atmospheric dust, collected in the
dust room with an electrostatic precipitator after the installation of wire brushes,
indicated that about 15 per cent of the air-suspended material was chrysotile, and
abaut 60 per cent, serpentine; of the balance, magnetite comprised 10 per cent.

. brucite 3 per cent, quartz 2 per cent and other mincrals 10 per cent. Duriug the
«even month period before the wire brushes were used, the chrysotile content of
the atmospheric dust was somewhat lower than 1§ per cent, but reliable values
were not obtained. *

. . ‘The dust concentration during the first seven months of the experiment was

... about 100 willion particles- per cubic foot of air. After the wire brushes were

-
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instalicd, the dust counts were higher, and the over-all average for the remaining
21 months was about 150 million.

Size-frequency studies of atmospheric dust collected inside the animal cages
revealed that nearly 99 per cent of the components suspended in the air could be
classified as clumps or particles; only ahout 1 to 1.5 per cent was fibers. One third
to one hali of the fibers were longer than 10 microns, indicating a concentration
of long fibers of about 0.8 million. This figure is about one-hali the estimated
value of 1.4 million for the short fiber experiment.

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

Reaction in Guinea Pigs—~The experiment was started with 100 guinea pigs.
As the dust exposure proceeded, there were 39 accidental deaths, 32 of these being
due to pneumonia in an epidemic. The 61 pigs remaining exposcd to the dust were
killed at intervals during exposure, except for 16 guinea pigs transferred to normal
air after 28 months of dusting. For the first year of exposure practically 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 visible on
the tissue section, but microscopically peribronchiolar foci of inflammatory cells

Tasre 9.5 'y of Inhalation Experiment with 100 per Cent Ball-Milled
Asbestos Dust.

Msximum
Maxzl- Survival
mum Alter
Dust Dust
| Expo- Expo-
Nature of sure, sure,
Experiment Apimals Mo, Mo. Results
Dust sxporure con- 86 guines pigs b7 ° No apprecighie pulmonary resction
tinuous through- 0 7sts [} No sugerrtion of sshectosis
out lfe 24 mice 12 o No suggustion of asbestosis
Dust exporure {ol- 16 guinea pigs -3 12 Fitrosis typical of schestosis was
lowed by pro- present 12 mo. sfter cxposurc
Jonged residence ceased in ap smount sufficient to
in pormal air be virille grossiy: smalier foel

eould he seen microscopically at
2 mo. and 5 mo. after lermida-
tion of exporure

could be seen. At 24 months (fig. 6 4) there was still no change large envugh to
be secen with a hand lens, although microscopic examination revealed ccllular
accumulations about tcrmi}nal bronchioles and many more asbestosis hodies, chiefly
within cclls. The lungs of animals exposed for the full dusting period of 28
months and afterward living in normal air for two months revealed the changes
described above and also very slight peribronchiolar fibrosis. For expoced animals
living eight months in normal air the findings were similar, but at 12 months three
of four animals showed grossly visible characteristic peribronchiolar fibrosis with
adenumatoid change (fig. 6 B).

The tracheobronchial nodes were essentially normal until exposure had been
continued for more than a year and a half. Animals killed at 12 months and at
16 months revealed a few minute collections of phagocytes containing particles
but practically no fibers large enough to be recognized as such. After 20 months
of exposurc many monocytes filled with yellow granules were present. At 30
months there had been a slight increase in reticulum but no fibrosis, No further
changes occurred in the nodes. Asbestosis bodies were not seen in the nodes of
any of the guinea pigs. .

Minute ashestosis bodies were observed in the lungs as curly as three months
after exposure hegan, but they did not become numerous until 16 months had
clapsed.  The bodies were short and practically all were intracellular, although at
20 months same were hay enough to project beyond the cell borders. It is
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imiportant to note that in the later months of exposure there was a distinct increase
’ in the number of long fibers, up to 70 microns in length, in the lungs with the
.:; xR formation of characteristic long asbestosis bodies.

e 8 Chemical analyses (table 10) of the lungs revealed that considerable dust had
b, : been retained in the lungs. After 24 months of continuous exposurc the average
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P . Fig. 6.~Ball-milled ashestos inhalation experiment: A, lung of 2 guinea pig
3 with 23 months' dust exposure. A bronchiole 1s shown at the center, with a slight
accumulation of phagocytic cells but without the formation of collagen (X 200).

B, lung of a guinca pig with 28 months’ dust exposure and then 12 months’
C e inhalation of nurmal air, %he reaction ix much like that shown in .4, but therc is
. a slight deposition of collugen, most apparent at the left (X 200).

value for total silica, per cent of ash, was 25.37. This should be contrasted with
: the average value of lqﬂ (table 6) for animals exposed 24 months to the short
R - fiber asbestos dust. .
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In view of the high values for silica obtained with the animals exposed to
100 per cent hall-milled dust, it is important to note that their pulmonary response
war much less than that of animals exposed for 24 months to the short fiber
ashestoy in the previous experiment.  This again indicates that the biologic activity
of asbestos inhaled into the lung is not increased by a reduction in size of the fibers.

Keaction in White Rats and Afice—In this experiment 40 rats were expused
for periecds up to 20 months and 24 mice for periods up to 12 months. In neither
species did even a suggestion of asbestosis develop, and reaction was limited to
phagocytosis of inhaled particles by widely scattered dust cells which remained
free in air spaces or were transported tu the tracheobronchial lymph nodes. No
ashestosis hodies were found in the rats, but in the mice there were a very few
small, nonhaustrated forms within phagocytes.

Tase 10.—.dnalyses of Lungs of Guinca Pigs Expused to Dust in Inhalation
Experiment with 100 per Cent Bail-Milled Asbestos Dust

Period Amt. of Total

Exposurc to  fu Normal Ash, % of $i0:, % of Total MUz, Tisxue
Dust, Mo. Alr, Mo. Dried Lung Dried Lung S 01 Ash Rescuion ¢
Dust Exp Countl During Life
| ¢85 0.21 4.2
1 [ 4.9 .40 T
435 0.24 3.60 [}
1 4.6 0.2 450
4 0 4,40 0.5 740
{505 0.6 pi 20 0
8.0 0.70 247
3 [ ] 3.0% 0.32 6.33
3.5¢ 0.56 9.5 [ ]
5.10 -0.88 .51
[ 3 ] 5.8 Q8¢ 47
302 0.39 3.0 [
s ° 435 0.2 1% o
565 1.25 216
2 ° } 6.2 1% 233 0
5.40 102 18.9
® ¢ E 5.01 111 2195 *
565 1.5 . 2330
© ¢ 3 5.2 13 26 -
{630 185 2905
u ¢ i 856 1 2150 -
Durt Exposure Followed by Prolonged Residence in Normal Air
§ 1.8 1.3 2168
* : 1667 239 53 +
5.3 008 12.00
= * 3 5% 0.5 TR I
< 8.38 0.84 1.
= ” 3 547 0.6 1241 24

® The symbols sveragiug the tissue resction in enchi group represent werely the relutive
dogroe of rewction, TAnFINE from b 10 == (questiopalde) tu 2+ (the maximum oheerved in thie
experiment). The relationsbips apply only within this table and eannot be compared with
symboir ip other tables.

Swmmary and Interpretation of Inhalation Experiment with 100 per
Cent Ball-Milled Asbestos Dust—The tissue reaction observed in this
experiment was not as intense as that in the previous investigation with
short fiber ashestos. The reaction was slower in development and less
extensive even though more dust accumulated in the lungs.  Since there
were fewer fibers longer than 3 microns in the material used in this
experiment. the results tend to confirm the interpretation made in the
summary of the previous short fiber experiment that the reaction is not
primarily chemical in nature, and to support the impression that reduc-
tion in size of ashestos fibers does not increase the biologic activity of
asbestos inhaled into the hung. :
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The finding of long asbestosis bodies in animals that had inhaled the
hall-milled material is an example of the difficulty of completely 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, howevet, since the reaction observed was less mature, its
subsequent progress was more readily apparent.

Loxc Fiser Aspesros 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 floats, the hypothesis that short fibers of
asbestos were of minor importance in the etiology of asbestosis was
given added support, and attention was directed to the view that the
long fibers were of primary significance in that etiology. The King's
floats asbestos used in the first inhalation experiment had a rather low
content of fibrous chrysotile and contained considerable serpentine and
other impurities. Therefore, it was decided to conduct a new inhalation
experiment with a purer form of chrysotile which would be richer in long
fibers.

Composition and Atmospheric Concentration of the Dust.—The dusting material
employed in this investigation was obtained from an asbestos fabricating plant.
Samples of several varieties of long fiber asbestos dust were first submitted to the
Saranac Laboratory for examination, and one of these, which was low in magnetite
and chromiite and had a fibrous content estimated to be about 75 per cent, was
«elected as most suitable. Steel wire brushes, fastened to the inside surface of
the hopper and to the rotating paddle as in the preceding inhalation experiment,
were used to open up the bundles of asbestos and liberate more fibers into the
atmosphere.

The composition of the long fiber asbestos used is indicated by the chemical
and petrographic analyses given in tables 2 and 3. Analysis of air-suspended
material from the dust room disclosed that ahout 60 per cent of the long fiber dust
was chrysotile and about 20 per cent serpentine; as already nuted. the compusition
of a similar air-floated sample of ball-milled, short fiber dust was 15 per cent
chrysotile and 60 per cent serpentine. .

The dust concentration as revealed by impinger samples taken inside the animal
cages was much lower than the concentration for the experiments with short fiber
or ball-milled dust. For the first year of the experiment with Jong fiber ashustos
the average of the light field counts was 32 million particles per cubic foot of air:
for the second year, 48 million; for the third year, 39 million, and for the fourth
year, 43 million.

The size-frequency of atmospheric samples of the long fiber asbestos dust
and of the ball-milled dust is shown in table 11. Both samples were collected
with the electrostatic precipitator. It will be noted that tiwre was far more
fibrous material in the long fiber dust.

Guinea pigs, cats, rats and mice were employed in this inhalation experiment.

.The results, summarized in table 12, are described in greater detail below,
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VORI ALD ET AL —=NTUDIES OF ASBESTOSIS 2

Reaction in Guinea Pias.—The experiment was started with 100 guinea pigs.
After exposure had been carried on for a year, a severe epidemic of pucumonia
arose in the dust room and about one third of the animals died or were killed. To
replace them, 38 more guinea pigs were added to the surviving group. Histulugical
cxamination revealed lesions in the lungs after eight months of dust exposure.
consisting of cellular connective tissue about the terminal bronchinles (fig. 7.1). At
12 months there were adenomatoid changes in the adjacent parenchymal areas,
and by the sixteenth month (fig. 7 B) definite fibrosis was present in these areas
as well as around the bronchioles. The fibrous lesion could be seen macro-
scopically at 20 months. From this time on the reaction increased in extent and
in the amount of collagen, and by the thirty-fourth month, it had fanned out

Tansie 11.—Size-Frequency of Atmospheric Long Fiber and 100 per Cent Ball-
Milled Asbestos Dust Collected Inside Canes

Grsins, % Fivers, So
<3 310 >0 <16 >0 Clumps,
Type of Asbestos - Microns Mierons Microns Microns  Microps %m Toutal
Long AbR..convienes. 684 11 090 8.8 [ A1 10 W0
Ball-milled ...covoeeee. W06 Y 0.0 0.8 0.6 32 o0

TasLe 12.—Swimmary of Inhalation Experiment with Long Fiber Asbestos Dust

pe——
—

Maximum

Nsture of sure, sure,
Experiment Apimals Mo. Mo. Results
Dust exposure cop- 117 guines pigs 36 o Definite fibrosis in 16 mo.
tiouous through- scats [ 4 '] Slowly developing Sbrotis first seen
out life s st 3¢ mo.
0 rats % ° Msrked peribronebiolsr fibrosis first
#ren At 24 mo.
20 mice 5 [} Limited resction: po fibrosis
Dust exposure fol 12 guines pigs 20 " Clearing of inflummatory reaction
Jowed by pro- and defigite contraction of fihrous
lopped residence tissue
o Dormal ais S guivea pigs & 9 Creanpg of infsmmatory rraction
apd slight contraction of fAhrous
tissue
2eats 13 24 Similar to continuous exposure

group: suggestion of progression
io one of the two snimals

considerably into the parenchyma (fig. 8 4). The lesions were rather sharply
localized and the extensions from different bronchicles showed no tendency to
fuse, even in animals exposed for the maximum period of three years. Although
the intrapulmonary reaction sometimes reached the pleura, there was no involve-
ment oi that membrane. Emphysema was not detected at any point. Some thicken-
ing of the larger bronchi with a chronic inflammatory infiltration was revealed.
but it was considered no more than would be produced by a similar period of
inhalation of any dust.

In guinea pigs exposed to the dust for 20 months and then removed to normal
dir, there was a marked tendency for cellular inflammatory reaction to clear. This
effect, accompanied by contraction of the fibrous tissue, resulted in a diminishing
size of the focal lesions. None of these animals, killed at various periuds up to
14 months after exposure, revealed lesions as large as those in the group killed at
the end of the 20 month exposure period or those in animals which remained in the
dust room for more than 20 months. Fourteen months after dust exposure ceased,
the foci in four of the six remaining guinea pigs were so small that they were
visible only with a hund lens (fig. 8 B).
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In the group exposed for 27 months and then transferred to a normal atmosphere
the respunise was quite similar to that in the 20 month exposure animals mentiancd
above. Small foci were always visible on gross inspection of sections of all
guinca pigs of the 27 month series, but in no instance was there evidence of the
reaction.
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Fig. 7.—Long fber ashestos inhalation experiment: .4, lung of a guinea pig
with cight monthy’ dust exposure. The brunchiole at the center alrealy shows an
accumulation of phagocytic cells, and there is a slight deposition of cu.,llam-n. Com-
pare with figure 6.4, shuwing the reaction to ball-milled asbestos aiter 24 months
(X 200). : ) )

B, lung of a guinea pig with 16 months' dust exposure. Again nute a hronchl_ole
with its surrounding reaction, consisting of fibrusis and adennmatoid change. Col-
lugen deposition is now seen in the walls of adjacent alveoli, at the right (X 200).

In the tracheobronchial lymph nodes reaction wius first visible at the third
" month of exposuse. By tix eighth month patches of cellular comertine tissue
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began te appear in the medulla, and by the fourteenth month most of the nade
had been replaced by collular conneetive tissue.  This picture, which resembled
that in carly silicosis, persisted to the end of the experiment.  Sume animals showed,
as a variant, heavy shects of diffuscly distributed monocytes and large active giam
cells, but there was never any necrosis or hyaline formation.  The spindle-shaped

Fig, 8~Long fiber ashestos inhalation experiment: .1, Jung of a guinca pis
with 34 months dust exposure. A bronchivle is seen at the lower center; the
large area sbove it represents the involvement of alveolar walls. Compare with
figure 7 1 amd note the increased extent of reaction (X 200).

B, lung of a guinea pig with 20 months’ dust exposure and then 14 months’
living in normal air. The reaction is essentially Jike that shown in fieure 7 ¢
The bronchiole at the right center is surrounded by Bhrous tissue with adenomatuid
change at the rizht. There is residual scarring in the walls of adjacent alveoli at
the left. It is apparent that no progression has occurred (X 200).

new cells were yellowish from finc pignient granules that stained for iron. No
fibers or ashestoste Ivalies were seen,
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MEDICING

Although asbustnsis bodics were found in fhe lung as carly as one month
: after exposure began, they were rare and hard to find. At five months more
' were visible, ‘chiefly coiled inside giant cells, and at eight months many bodies

TasLe 13.—Analyses of Lungs of Guinea Piys Exposed 1o Dust in Inhalation
Experiment with Long Fiber Asbestos Dust

Pariod Amt. of Total
Exposureto in Norma! Ash, % of 8i02. % of Totsl 8103,
Dust, Mo.  Alr, Mo,  Dried Lung Dricdiung % of Ash
Dust Exposure Continvous During Life

.33 0.04 110
1 0 B 0.08 211
5 0.04 053
.45 0.05 1.2
s [ 448 0.05 138
438 0.06 146
38 0.05 120
3 ® 38 0.05 11
Y 0.06 148
err 0.08 135
' 0 -} . o1 2,67
808 0.09 10
[X: ] 0.10 [ X!
] [ I 0.00 190
- 0.07 138
. 487 T 5.20
. » ° 502 o «00
e 836 0.3 5.9%
&3 29 038 12.70
4 1 0 25 0.35 25
3 ’\1 318 0.3¢ 100
%’: 254 0.4% 1290
F 0 ° 360 0.0 13.63
i 35 052 U
o 842 035 10.18
X u 8.2 0% 8.9
B 13 0w 15
=% 2 o 135 0.49 1335
oo . 153 0.37 1058
! » v 3.03 0.3 12
e 388 024 6.10
A 385 050 8.60
S‘ " o 80 054 .45
p § 410 0.37 9.1}
K ‘;l % ° [ RX) 0.35 12.80

=35 Dust Exposure Foliowed by Prolonged Renidence o Normal Atr
= 35 . 043 1222
bory - 0 0 260 0.49 13.62
k{2 358 0.52 1.5
Tai 200 .21 723
& 2 ¢ 3 28 0.27 9.50
T 0.24 578
] 10 ; % .22 5.0
§ 5.01 on 419
% u 1 504 0.8 356
§ 3.40 0.39 11.51
n ¢ X 0.49 3815
356 0.31 550
L 3 z 258 018 o
20 0.35 7.0
kg LT e 0 Py
130 0 £94
” 1 4 123 0.3 &
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i It is important to note from analyses of the lungs (table 13) that even though
- the tissue response at any given period of time was much greater in the guinca

*The symnbols averaging the tissue reaction in esech group represent merely the reistive .
d-gree of resetion, renging from 0 to == (questionsble) to 4+ (the maximum for this expwri-
ment). The yelationships apply only within this table and cannot he compared with symbols

were free in connective tissue. They became fairly abundant as exposure con-
tinued, although in some later animals the asbestosis bodies were only moderately
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VORWALD ET AL==STUDIES OF ASBESTOSIS )

pigs of this eaperiment than in those exposed to cither short fiber or ball-milled
asbestos, the amount of mineral matter in the lung ash was much less.

Reaction in Cats—Four cats inhaled the long fiber asbestos dust for periods of
14, 25, 33 and 42 months, respectively, and were immediately killed. Two other
cats, after being exposed to dust for\ 18 months, lived in a normal atmosphere for
an additional 24 months. Fourteen months' exposure was sufficient to produce
cellular accumulations of phagocytes around terminal bronchioles and peripheral
arterioles together with compact collections of similar cells in the tracheobronchial
lymph nodes. At that time there were no typical asbestosis bodics, but smooth,
pointed, yellow fibers were seen very rarely, With continued exposure, up to 42
months, reaction in the locations noted progressed to the formation of cellular con-
nective tissue which made well defined sheaths about the respiratory bronchioles
and arterioles, marked lymphoid hyperplasia and lymphoid infiltration of bronchiolar
walls (fig. 9). Typical asbestosis bodies were not formed, although there was

Fig. 9.—Long fiber asbestos inhalation experiment: Lung of a cat with 42
months’ dust exposure. Two bronchioles are shown with adjacent celiular reaction
and collagen deposition (X 200).

. an occasional fiber, smooth, yellow and pointed. Pleurisy was not present. The
. reaction was similar in location to that in the guinea pigs, but fibrosis was much
slower in development. Roentgenograms of cats made aiter exposure periods of
25, 33 and 42 months, respectively, failed to demonstrate evidence of pulmonary

lesions.
Reaction in Rats~-Although 20 rats were placed in the dust room, many died
, from pncumonia and were not suitable for study, Five animals, of which one was

exposed for 19 months and four for 25 months, were free from pulmunary infection
and offered a basis for tentative conclusions. In the 19 month animal, the reaction
was just beginning. All four animals killed at 25 months showed a well marked
peribronchiolar fibrosis. After a long search, only two small, smooth asbestosis
bodies were found in the 19 month animal and none was found in the 25 month
animal, Thus these animals exhibited fibrosis without asbestosis bodies or fibrosis
accompanied by ouly a very infrequent asbestosis body.
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or more in dust and died or were killed without showing an appreciable degree
of pulmonary infection. The reaction to the inhaled dust was limited to phago-
cytosis by mononuclear cells. Usually these were widely scattered through the air
spaces: a limited number were grouped about the terminal hronchioles. producing
some thickening of their walls. There was no suggestion of fibrusis.

Numerous asbestosis bodies were observed in animals killed late in the experi-
ment. Thus these animals exhibited asbestosis bodies without fibrosis.

Summary and Intcrpretation of Inhalation Experiment with Long
Fiber Asbestos Dust.—The purpose of this experiment was to evaluate
the importance of long fibers in the tissue response to inhaled asbestos.
The results, in comparison with those of previous investigations, indicate
strongly that long fibers are chiefly responsible for ashestosis. Thus,
the reaction in guinea pigs developed earlier and became more extensive
in this experiment than in previous experiments in spite of a smaller
concentration of atmospheric dust and a lower mineral content of the
lungs. Furthermore, typical peribronchiolar 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 lymph nodes of the guinea
pigs is'not clear. It did not occur in other inhalation experiments with
asbestos. ) ‘

: INJECTION EXPERIMENTS

Since the inhalation experiments reported above strongly suggested
that long fibers of asbestos are the significant factor in the causation of
asbestosis, a series of injection experiments was imaugurated wherein
the dosage and the length of the fibers could be controlled more precisely.
Also. by the use of controlled dosages, the relative capacities of various
asbestos minerals to produce reaction could be compared. In these

injection experiments, guinea pigs, rabbits, rats and dogs were used. and’

the mineral dust was injected by the intratracheal, the intraperitoneal
and the intravenous technic, but not all the technics were used for each
species. For the purpose of simplification the findings in each series of
tests, except for dogs, have been condensed and reported in tables, to
which reference will be made later. In the case of dogs. only one test
was made, and since the findings were negative. no detailed report is
included.
ExremiMexTs Using Inmmamracrear Tecnzic
As the ashestos minerals do not cause typical advanced fibrosis in
extrapulmonary tissue, the intratracheal technic is the preferred way of
introducing fibrous dust into the experimental animal. In this method
the dust suspension is injected by means of a special needle or catheter
deep into the trachea, from which it flows into the lungs.
Comparison of Fibrous and Nonfibrous Dusts—To demonstrate that
the ability of asbestos to produce fibrosis resides in its fibrous character,

* the series of injection experiments reported in tuble 14 were perfurmed.
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Tank 14— omparison of Reactions to Chrysotile and Scrpentine Injected
: Intratracheally

Dosage: Earh animal was given an intratraches! injeetiop of 0.5 er. of 8 5 per cent suspension
of the dukl. Two weeks Iater another similar injection was given. Touta! amnunt of dust
injectrd was 30 mg.

Animnls ueal: Six groups of 9 xuines pixs esch (one group for each type of dust).

Periode at which animals were killed: Ooe or two animals in eseh group at 1, 2, 8, 6% and 23
mopths after laust injection.

Preparation of dust: Chrysotile (ball milled) upheated: Ball milled for 1,136 br., dried and
reground in agatc mortar.

Chryrotile (ball milied) ignited: Ball milled chryvotile heated for & hr. at shout W0 €., then
ground in agate mortar £ or $ min.

Chrysotile (Abrous) unbested: Ground in agate MoOTtar to pars 20 mesh.

(:r{;;mib (Bbrous) ignited: 200-mesh material hested for 2 br. st shout 700 C. No further
grinding.

Serpentine (ball milied) unhested: Ball milied for 1,458 hr., dried and reground in agate mortar,
Serpentine (ball milied) ignited: DBall willed serpentioe hested for 2 hr. st about 00 (., thep
ground in agate morisr 2 or 3 min.

Sire of . -
Nineral Dust Particles Results

Chrysotlle S wicrone and  Grinding destroyed eapacity to eanse fibrosie. At 1 mo.
(hall milled) idersble infl tory edems and cellular prolifera-
usheated tion and locslization of dust particles ahout hronchi.
oler; st 2 mo,, oniy 8 very slight proliferative resction;
st 6, 833 and 12 mo., widely seattered small mononucicar
phagoryten. At 12 mo.. & few nucroscopic patches of
thin alveoiar wall thickening with «ome sdenomatoid
change in portion of alr spsees abutting on thickenrd

hronchi. No sshestoris hogies scrn.

Chrysotile S microns and  Reaction limited to lsrge foreign body giant cells witbout

(ball milled) Jess production of fibrous tiesuc. -
igpited .

Chysotile $0-30 wicrons A distinet fibrosie. Reaction localized to conbective tissue
ifibrous) SpproX. about terminsl bropchioles: littie within those tubes.
ucbeated Ountraction esused adenomatoid appearance of sir

spaces given off directly from tcrminsl bronchioles,
Reaction ares beesme minalicr with progress of time: po
pew regions involved. No chronic plrurisy sved at Points
sbutting intrapulmonary change. .\t 1 mo, enomiderabie

i infammatory edems and foci of eellular proliferstion;
at 2 mo. well markal celluisr proliferation and Shrosis
oceurring focally abaut pespiratory bronchioies, This
reaction developed hefore srbextoxis hodies had formed
and was as sdvanced as that produeed by 2 yr. inhsia-
tion of asbestos duxt. At G mn., reaction less extensive
thau at 2 mo., spparently due to roniraction of fihrous
tiscue; asbestoris bodier were abundunt. At Sy me.,
reaction stil less extensive, eonfined to the immedinte
wicinity of the small terminal bronchioles, where the sear
tissue was quite dense and was becoming hyaline is char-
acter. Bowmetines it even obliterated the hropehinle.
Arbestosis bodies bad hecome searce. At 12 mo., the
well developed peribronchiul and intrahronchial sdeno-
matoid areag 0f fAliroris had produced eonsiderahle dis.
tortion. More peripherally were patelies of pnctimanitis
with eosinophilic inSitrativn, some of whieh was leing
transforined into fihrous tissue. These seemiei to be pre.
eursors of the lucalized, Jiffuse patehes of thin siveolar
wall Sbrosis seen elsewbere.

Chrysotile 20-30 microns Resction limited to lnrxe foreign lunly giant celle without

(firous) SPPrOx. proliferation. Heating the fibers, which made them

ignited Lrittle, destroyed their capacity to produee significant
resction.

Serventine 3 microns and Dusct relatively insctive. At 1 and 2 mo,, simple phago-

(ball niilled) Jess eytosis without proliferation; at 6 meo., no change

upheated except possibly Jymphold eell fnfiltration; at ¥y wo., a8

slight chropie poeumonitie; &t 12 mo., only » little
poeumonitiv without suggestion of Hbrowis.
Serpentine Swicronsand  Dust relatively fnsctive. Reaction essentially the sume as
(bail milied) Jeas for unbeated serpentine. Wilth ignited scrpentive, jess
ignitel tendency for dust to be carried to Lroachinl podes.
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Fig. 10.—Comparison of reactions provoked by injected long fiber and ball-
milled ashestos dusts: A, lung of a guinea pig which four months before had
received an intratracheal injection of long fiber ashestos dust. Note the peri-
bronchiolar accumulation of cells with collagen deposition. The bronchiole chiefly
involved is in the midst of the reaction (X 200).

B, lung of a guinea pig which four months before had received an intratracheal
injection of ball-milled asbestos dust. A bronchiole is shown at the right. In
contrast with A4, note that only a few cells have accumulated about the bronchiole
and that collagen deposition is absent (3 200).

2
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The tests were made with long fiber chrysotile, unheated, and with
chrysotile that had been ignited to destray its flexible structure or ball
milled to reduce the length of fiber to 3 miicrons and less. At the same
time control tests were made with serpentine, whichi has the same
chemical composition as chrysotile but is nonfibrous. A review of the
findings reveals that only the unheated, long fiber chrysotile produced
typical peribronchiolar fibrosis and that ball-milled material containing )
only fibers less than 3 microns in length failed to cause filirosis (figs. o
10 and 11). Fibers subjected to ignition also had lost their capacity

LT

to cause serious tissue damage. Ignition produced important changes g__ )
in the chrysotile fibers, among them being loss of water. an alteration g,

. . . . Bt TN
from a flexible to a brittle structure and possibly other changes. Experi- ~ L

i
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Fig. 11.—Serpentine injection experiment: Lung of a Guinea pig that had
received an intratracheal injection of this dust four months before. A bronchiole ) P d
is shown at the leit center. The phagocytic cells exhibit little predilection for 4
the bronchiole and collagen deposition 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 disclosed 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 peri- _z
bronchiolar reaction caused by three representative long fiber asbestos
minerals—chrysotile, amosite and crocidolite—is shown in figures 10 4
and 12. \Why anthophyllite behaved differently from the other asbestos
minerals is not entirely clear.

Second, with the mineral brucite, which is not a silicate but is a
fibrous forin of magnesium hydroxide, a characteristic fibrosis like

el
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‘bama 1S—Comparison of Keaotos do 1 woous bang Lavee iiusts Ingecied
lutratracheaily

Posage: Two injectiope of 05 e, 0f & & feut suspension gl ¥ . i
psy ARy per pensfon given twe wocks spurt. Totsl . e

Anfmnls usnd:  From 6 to 9 guinea pigs for each dunt.
Periods at which unltnels were killed: Uscnnlly at 1, 4, ® asel 12 manths ufter inat fnjoction.
Sise of dust particles: BSeparstvd so that moat Bbuers were from 0 to 3 wicrons long.

s R a1 t

Mincral Results
Chrysotile Distinet fibrosin. Ahlitions) Infonnation given vpposite chrysotils (8brous) .
(Thetlord) unheated, fo table 34. s
Chirsrotile Heaction virtunly kieutieal with that to Thetlord chryentile, Both fibrosia
(Arizona; low and aslwslosls hodlen produecd with an asbestos containing very littie .
frun eoutent; fron. Wibrosis vecurred an phigs within terinal bronchioles and as finer..
0.2% ¥Fes0s) deposits at periphery.  Fibrovin developed Defure ashestosis hodies wers |

seen atidl wun lo eellulur mtate well formsd wt one wonih. With axs, .

fibrous tissue contracted and oeeupied snlicr area but was more detas, =

Adenumatold chankes sitllsr 10 thoee with Thotford cieysotlic. Pleutisy
. Jmited to hinmerdinte vicinity of early reaction shout arcss of msssive

localization, Asbextonis bodics formet but were few. At 1 mo. sfter A}

Injection, minute forl of monontickar proliferation sbout hronchivies and . s

In areas of Ateleetusis; at 1% me., beavy peribronchiolur patebes of '

fAbrosle  often with paplilary  projections  purtiully  elosing  Jumen of

bronehiok; mdenomatold spienraies muarked; conneetive tinsne reaction

shonmd heuvy collngen but no hysbmiztion: st 2 mo., minute foei of

well matured fibrosis mhowt beonelioles: 4t 6 mo,, mature ssbeviovis

fAbrosis with evidence of continction: considesable chronie paeumonitis

with infiltrstion of Iymphoeytes pnd vosipophiis, At ® mo., smsll intrs-

bronehiolar fihrous plugs with foci of more delieute fibronie st periphery.

Amnosite Typieal Abrous endobronchiolitis snd periironehiolitin with formation of 4
atypicn] nubextoxin lunbion,  ffuntration of baslive began before 4th mo.
aiter injection, well pput by Ml me,  Beordies pepeint after 120 mo. .
Reuction at 1 wo, heavy etndobronctuclitie nnd periironcluolitie siresds
ahowing fibrous ehanges: stelectais and fibrosin with some nrcrosia st
site of wnesive loealization of dust. At 4 wmo., hewvy, widely seattersd
endobronehiolitin uml poribronchiohitis, now fibrous, with marked Jdefor-
ity of bronchioles and with an sdenotstoid appearance At & and 10%
mo,. reaction In ung essentiully the same as 8t § mo. At 12 ma,, forl of
Abrons endobronehiolitis awd peribronchiolitis sUll Inrges, with wore denne
sear tisgue und more defonnity of hroneisl tubes but no extension into,
or stelectasis of, periphersl parenchyme.
Crocidolite Advanced fibrouz endohronchiolitiv and perihronehlolitic.  Readed asbes-
(Bolivia) . toais Dodlics noted &t R mo. At 1 1o, enrly fibrons endobronchinlitis spd
peribronehiolitis; many giant colix amd some Iymiphorytic resction. At 4
mo., small sreas of endobronchiolitis seatiered throughout the Jung:
ecllulnr fibrosin, At R aud 12 e, spras of bronchiolitic xinnlier beeause
of eontraction of denee sear tivsue: at 17 mo., marked lymphoeytie infil-
tration and sdenomatoid appesranee,
Crorhjolite . Pypical advsnesd fibrous endobronchiolitie wnd peribronchiolitis produced
(8. Africa) by 0.5%: suspension (1 er. total dose); most animale would not telerate
” usuai 89 suspention. Fibroeie well developm] hefore ashestosis hodies
sreD. At 4 mo,, well developed fihrous hronchiolitic with Iymphoeytee and
giant erils and adenomatoll chanee. At S mn., iypical hrouchislitic not
quite as sxtensive or as heavily fhrous pe with 8 3% suspension, other-
wise the same  Muny deeply atuined fibere with & womd proportion of
haustrated ashestosis bodies. At 12-m0., heavy filroue bronchinlitie,
more peribroncliolitie and sndobeunchiolitis, with Iymphoertes sod glant
eolls: very marked adenomatokl sppesranee. X

Anthophyllite Lymphocytic miitration srd giant eolis it no Shrosic, A very {r% wtypieal
asbestosic hodies. At 1100, many seattered for of intrabronetdolar dust
without massive loealization: lymuhoeytie inflitration of walle and & {rw
giant eclie. At R and 12 me., little svisdenes of dust: a few hronchioles
and hronch! with giant cells in midjarent alveoli amd with Iymphoeytic
inflitration of walle,

Tremolite Pibrosia about hronehioles. At 1 mo., areac af duet localization with eol-
Japee of alveoll and inflitration with arute Inflamnmtory ecdic, maero. -
phages and miant eelle.  Within the ares were & few fuei af Sbrans tiewr
and numernus areas of hypertrophy of alvenlnr epithelimm Mauy bron-
chioles packed with fibers, At & mo., EeueTal appearaiies of Weon
unehanged; pleura Blightly thickened over heavy Ineulizntions of dust. An
occasional segmented ashestosis hody geen. At & mo.. many ford of filere
in hronchiolee and aiveolar duets With eelinjnr reaction ac before: also.
some forl showad distinet rollagen depasition. At 12 and 1S mo., reaction
as hefore with fibrode shont hronehioke more sppurent beensse of con.
traction and decreane of infannumation. Giant evile prominent. Pieura
markedly involved.

‘nical Bhrous endobronchiolitix and peribronchinlitie like resction to
Broelte T’n':hmm minerals, At ) wo., extensive sudobronchiotitic amd peribron.
ehinlitic with giant cvlle: dense fibroue loaps within bronebiokes nnd erliu.
Inr fibrosie about then: mdenomatoid change present, AL 2 mo., henvy
intrahronchiolar and peribronchiolar fibrocis produeing marked deformity
with slistortion of tules snd obhitcration of surrounding air spaeee;
fibrosis paie without hyalinization but with few nudeis to peerosis —Typl
el ashestosls hodice ssen, At 4 and R mo,, little cluuge: fibrous tissue
econtracting, At 0¥ mo, dense fibrons bronchiohitis with  ssbexiorie
bavlics. No plentiay. No extension to surrounding nny.
brosie within & year. At 1 mo, no reaction inside hronehioles: in
Glams woel m:w:‘imwrnl nir spaces elumpe of ginnt eelis packel with fine spicales of
glans with lymphoeylie Infiitration of sdjacent walis: no ashestosic howdies,
At 2 mo., reaction less intense than at 1 wo.l {uir-sized elumps of slon-
gated plunt phagoeries containing spienlen and partiels of elase no
emdubronehitis, At 3 awt & mo,, fenvtion i) ddiminishing, At 12 mo,,
foeal nrean of poeumonitic with so tiheodis or rolohiranchitic; wmodernte
awnber of smooth Iron-staining fibess.
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PFORWALD  ET  AlL~STUDIES OF ASBESTQSIS 3

that produced by the ashestos minerals was obtained (fig. 13 4). Since .
the brucite used contained only 0.90 per cent silica as an impurity, it is
obvious that a siliceous component is not an essential factor in the
development of asbestosis.
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: w“"..‘.?& Fig. 12=Amosite and crocidolite injection experiments: 4, lung of a guinca 28
A pig four munths after an intratracheal injection of amosite. The inflammatory ” 7

,‘\4 e reaction exhibits pronounced accumulation of cells and collagen depasition (x 200). .

‘:; St B, lung of a guinca pig four months after an intratracheal injection of cracido- ) £
S 04 lite As in 4, peribronchiolar accumulation of cells and deposition of collagen are e
e - 4 shown (X 200).
I B N - ‘n
O LR Y-
SO Third, no fibrosis resulied from the injection of glass wool fibers e

(fig. 13 B), even though gluss wool resembles asbestos in many ways.
However, there are fundamental diffcrences. A glass wool fiber 3 microns
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.’ fine filaments which impart to the fiber a high dcgree of flexibility. Tt
: would seem that this structure and the associated flexibility are important

factors governing the capacity of a mineral to produce peribronchiolar
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Fig. 13.—Brucite and glass wool injection experiments: A4, lung of a guinea
pig which four months before had received an intratracheal injection of brucite.
Even with this nonsiliceous fibrous mineral there is peribronchiolar accumulation
?f c%lé and deposition of collagen similar to that shown in .4 and B of figure 12

X 200).

B, lung of a guinea piﬁ. which four months before had received an intratracheal
injection of glass wool. Two bronchioles are shown, one in cross section and the
other in longitudinal section. Below the [atter is a thick-walled blood vessel. The
bronchioles are without reaction and can be considered normal for comparison with
other figures, Glass wool fibers are present in this field but cannot be seen at
this magnification (X 200).
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FORWALD ET AL—STUDIES OF ASBESTOSIS' - 3§ °

fibrosis. Experimental studies concerning "this
reported in a separate publication.

-

-t

Tase 16.~Comparison of Reactions Produced by Long Fiber and Short Fiber
Dusts Injected Intratrachealiy

Dossge: Two injections of 05 ec. 0of & & per cent surpension given two weeks apart. Total
dose was 50 mg.

Animals used: Siz groups of guines pigs.
Peciods st which animals were killed: 1, 2, 6, $% and 13 months after fnjection.

Miperal
Chrysotile
(Thetiord)

Amosite

Crocldolite
(Bolivia)

Anthophylite

Tremolite

Brucite

Btwe of
Dust Particles

Bhort fiver,
20 microns
and Jess

Long fiber,
20-5) microns
Short fiber,
3 microns
- and less

Sbort fiber,
20 microns
and less

Long fber,
20-50 microns

Bbort fiber
(made by
erushing long
fibers with
rubber
man)

i Results
A distinet fbrosis. Refer to ehrysotile ) 3
bes in table 14. (8 ) uo
No fibrosis. Refer to cbrysotils (ball milled) unbested
in table M. )

'.lz;fnl Pbrous endobronehiolitis and peridbropchiolitis.
fer to table 5.
Resction limited to phagocytosis with Jrmphoeytic infll.
tration of adjscent walls. Short fibers pscked inside
swollen phagocytes; louger ones free; some coated to
form typical asbestosis bodies. At 1 mo. after injee.
tion, aivecll contamed good-sized giant cells; most
phagoeyies were within sir spaces and hsd pot
migrated to wslls. At { 0., free extraceliulsr fibers
had worked themselves Into interstitial tiscue, where
there was extensive proliferation of Iymphoid cells and
monoertes but no fibrosis. At § mo. foreign body
yeaction with somes pneumopitis, no bronchioli

Typical ;;benosls hodies present.

a d fibrous endob hiolitis and peribronehio-

_litie. Refer to table 15.

No fibroeis. At 1 mo., air spaces compresssd and
lareely filled with giant cclls packed with dust needles.
Walls heavily ipfilirated with monocytes and iymph-
old cells. At ¢ mo., s moderate dexree of eellular
infiitration of walls: small giant eclis packed with
dust spicules. At ¢ and 915 mo., masses of giant eells,
eontaining mineral particles, iv small bronehi but pot
fn respiratory broncbioles: smaller ones widely scat-
tered In termina) air spaces. Numerous sshestosis
bodies. No resction In eonnective tissue. No epdo-
. bronchial proliferation. At 12 mo., many seattered
small monocytee packed with dust. No endobron-
chitis. No periphers! fibrosis. In lympb node, slight
reticulosis; no fibroeis.

Lympboestic inflitration and giant eelis but no definite
fibrosis. Refer to table 13. A

No fibrosit and practically no sshestosis bodies. At 1
mo., foeal eollectione of dust-filled monocytes and 8
few giant ceils: at ¢ mo., come adennmatoid epithelisl
Tesction: at R mo., rimple pnevwonitie with phago-
evtosis of short fibers: at 12 mo., isolated and sharply
Jocalized collections of @ust vells inside air spaces
sbout terminal arterioles. Reaction in walls limited
to lymphoid cell ipMitration. No fibrosis. In Iymph
mﬂ. zeaction limnited to slight promicenee of reticu-

Fibrosis about bronchioles. Refer to table 15.

Simple foreign hody resction. No scute inflammation.
Xo secumulstion of dust in or about terminal bron-
chioles. No endobronehitie. At 1 mo., seattered small
gisnt celln and eonsiderable inflitration of adjscent
walls with monoeytes and lymphoid eelis. At & mo.,
Httie ehange.except more celiular inflitration of eon-

‘ mective tisrue. At 8 mo., lymnphokl infiitration and
thickrning of walls about some but not sll terminal
bx'on?m:m. " R

Typical fihroue end: litix and peribr
Jike reaction to asbestos mineralc. Refer to table 13.

Toert type of resction. At 1 mio. after injection, smsll
monoeytes widely scattered through sir spaces: focus
of ateloctasis with lymphoid inflitration of compressed
air-space walls. No endobroochial resction as with
chrysotiie. At % mo., reaction similar to that at 1
mo.; typieal asbestosls bodies seen. At 12 mo.. smell
clumps of inactive dust-flied phagocytes; no Bb
No resctiop fn lympb nodes.

A

Comparison of Long Fiber and Short Fiber Dusts—With 'quartz
dust it has been demonstrated that the smaller the particles the more
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3 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICIXNE

intense is the tissuc reaction and that particles larger than 3 microns
in diameter cause little reaction. In the case of asbestos, however, the
reverse is true and apparently only long fibers have any specific effect,
as was suggested hy the inhalation experiments. This is confirmed by
the data of table 16, in which a series of tests with fibrous minerals is
reported. When the injected dust consisted of fibers 20 to 50 microns
long. all the fibrous minerals tested except anthophyllite, as noted in
the preceding section, produced fibrosis; when the material was prepared
by first grinding the fibrous dust until the length of fibers was reduced
. to 20 microns and less or, in some cases, to 3 microns and less, none
of the injected dusts caused fibrosis. .
These results differ from those of King, Clegg and Rael* who .
reported the production of reticulosis comparable to the experimental
silicotic nodule in rabbits receiving monthly intratracheal injections of
100 mg. of Rhodesian asbestos fibers, 15 microns long, and the produc-
tion of diffuse interstitial fibrosis in rabbits receiving similar injections
of short fibers, 2.5 microns in length. We believe this dose, especially
in the long term rabbits, is highly excessive. In our experiments the
dosage was kept low in order to minimize untoward reactions which
might obscure the peribronchiolar type of fibrosis which characterizes
early human asbestosis.

Exrmunexts Using Inmravexous TecuNic .

The experiments summarized in table 17, in which the intravenous .
method of injection was employed, show that the asbestos minerals are
far different from quartz in their action on tissue. It has been repeatedly
demonstrated that intravenous injection of quartz particles 3 microns and
less in diameter will cause a typical tissue reaction with the development
of hyalinized fibrotic lesions in extrapulmonary sites, such as the liver
and the spleen. Asbestos minerals, however, on intravenous injection
generally produce only an inert type of reaction, as is. revealed by i
the results given in the table, The reason for the early deaths in the
experiment with chrysotile particles is not clear.

JrY

sv

PIRSA )

i ahy mis -

X

ExperiMExTs Using Intraremitonear TEeCHNIC

The results of injection experiments with the intraperitoneal technic
are given in table 18. It will be noted that the long fiber dusts produced
A a fibrous reaction while dusts composed of particles 3 microns and less
in size caused only an inert type of response. These experiments indi-
cate also that the fibrosis initiated by the irritation of ashestos fibers is
not restricted to the lungs, as was formerly assumed, but can be pro-
duced in the peritoneum as well.

OTHER EXPERIMENTS WITH ASBESTOS MINERALS

A number of additional experiments were conducted to throw more
light on specific phases of the asbestosis problem.

11. King, E. J.; Clegg. J. W., and Rae, V. M.: Eflect of Ashestos, and of
_ Asbestos and Aluminum, on Lungs of Rabbits, Thurax 1:188, 194:; abstracted,
,Indun. Hys. Dixt;st.}%?._ vol. 11 (Feb.), no. 234.
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Prorective Action of ALuMiNuM CoMPoUNDS

When colloidal aluminum hydroxide had been added to a suspension
of long fiber chrysotile prior to injecting this suspension intratracheally
into rats, the aluminum compound did not prevent the irritation of tissue
due to chrysotile. If anything, the acute inflainmatory response evoked
by the injected fibrous mineral was accclerated. One month after the
last injection of the dust suspension the bronchiolitis was becoming
fibrous. King and his associates also found that aluminum failed to
protect pulmonary tissue from the irritation caused by asbestos fibers *;
in their experiments metallic aluminum was uséd instead of the
hydroxide.

. Fomuarion or Asmesrosis Bopies

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

Tisstr Reacrion 1o Assesrosis Bopies
Asbestosis bodies recovered from human lung tissue and injected
intratracheally into guinea pigs failed to produce a fibrous reaction. The
material for injection was obtained by digesting with sodium hypochlorite

solution the lung tissue removed at autopsy from an asbestos worker.
The asbestosis bodies could be seen in the guinea pigs for at least a year
after injection. This experiment shows that the asbestosis body has a
rather resistant coating which is not destroved by moderate hypochlorite
treatment, which may be maintained in vivo for a vear or longer and

which renders the fiber incapable of producing fibrosis. It thus appears -

that the coating is a protective mechanism. This thought was expressed
by Beintker as early as 1934.1

THEORY OF IRRITANT ACTION

Two hypotheses have been proposed to explain the tissue irritation
and reaction caused by asbestos fibers: the chiemical and the mechanical.
In the chemical theory, which is based on experience with quartz, it is
assumed that the asbestos minerals dissolve in the body fluids and that
in this process their bases are leached away to leave silica in a form
capable of irritating tissues. According to this hypothesis asbestosis
is merely an indirect silicosis. Several facts make the chemical theory
untenable: Intratracheal injection of brucite fibers, which had a silica

12. Giroux, M.: Amiantose expérimentale: valeur pathognomonique du “corps
d'amiante,” Laval méd. 8:239, 1943,
13. Beintker, E.: Uber die Asbestosiskdrperchen: Bemerkungen zu der ‘Arbeit

von Beger, Virchows Arch. f. path. Anat. 3988:527, 19M. .
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40 INDUSTRIAL HYGIENE AND OCCUPATIONIL MEDICINE

content of only 0.90 per cent, caused typical fibrosis like that produced
by the asbestos minerals; free silica particles increase in potency as the
particle size becomes less, but asbestos fibers shorter than about 10 to
20 microns are relatively innocuous; aluminum hydroxide neutralizes
the irritating effect of quartz but not of ashestos; serpentine has the
same chemnical composition as long fiber chrysotile, but it produced only
an inert type of tissue reaction; there is a wide range in the chemical
composition of the minerals which do cause asbestosis (table 19). In
view of this evidence it seems more likely that ashestosis is caused by an

e Bt w

unusual mechanical irritation due to long asbestos fibers, this irritation
being related to the peculiar filamented structure of the fiber and the

associated flexibility, which are possessed bv no other foreign body
studied. Thus. ignition of chrysotile fibers changed their structure and
made them inert, although the same fibers, before being heated. would
have produced fibrosis (table 14). Further support for the theory of
mechanical irritation is that asbestosis occurs in an organ of high mobility
—the lung—and that a fibrous reaction can be produced by injecting

TasLE 19.~Analyscs of Fibrous Minerals

Seewml b+ M wd TN @ S SR o

. Ignition Loss

$i0: Fex0s FeO AlsOs Ca0 MzO N33O X0
Fibrous Minersls % % % [} % % % %

A 4.08 8.8 1.00 .0 (L) 0.33 020

X 3.00 esene 1.0 12,22 23.2¢ o.42 0.12

Apthophylite......... 3.0 0.57 seene 0.32 [ X 037 0.52 .15
Brucite....... 0.5 8.8 9.36 046 0.04 51.99 [ 2] 016
Chrrsotile. .. 38,54 L% overe [ 2 -0.08 3895 2.2 0.08
Crocidolite... 5.9 pLX o 4.2 01 0.50 1225 89 0.5
Tremolite.... 56.20 2 .or (X 4 4« 2052 8.8 0.0

<W5C. >105C. Taotal
% % E

.66 538 097
0.2 3.0 | )
.77 4.08 .38
0.3 .08 ”.9
430 u" "9
0.02 2.3 ”ne
0.3 278 .62

asbestos fibers into the peritoneum, where there is also a degree of
mobility, but not by injecting them into other extrapulmonary organs
such as the liver, the spleen and subcutaneous tissue.

COMPLICATIONS

The experimental investigations with ashestos minerals were con-
cerned primarily with the effect of the dust on normal tissue, but some
attention was given to other phases. 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 King's floats dust. It is unfortunate that, owing to the lack of
adeyuate facilities at that time, infection studies could not be made in the
other inhalation experiments also.

Suscernimity 10 Tusercriovs Inrecrion

The development of a tuberculous process initiated at the beginning
of exposure 1o dust, and also of a tuberculous infection superimposed
on an established asbestosis, was described in preceding sections of this
paper. It may be stated that asbestos when classified according to the
- effect of a dust on tuberculous infection would be placed helow an active

CRMC-Motley1000-Subj-001050

@it epme @ & Certs Dl 4 GeAs g W T S

- -

Published by AsbestosClaims.Law
asbestosclaims.law/library/24114/38


https://asbestosclaims.law/library/24114/38

FORIWALD ET AL—STUDIES OF ASBESTUSIS ~ . 417. ¢«

dust like quartz hut above an inert dust such as iron oxide. In animals
infected with attenuated tubercle bacilli, quartz causes the infectious
process to progress until the animal dies of tuberculosis. Inert dusts
have no effect on the infection, and the lesions usually heal and the
discase disappears. Asbestos dust is in a different category. In the
experimental investigation, when the fibrous dust was being inhaled dur-
ing the evolution of the infection, there was spreading of the tuberculous
process for a time, but usually the stimulus for continued proliferation of
the tubercle bacilli was not sustained, the progression was arrested and
healing foliowed. In guinea pigs infected with attenuated tubercle
bacilli after being exposed to asbestos dust for slightly more than two
years, progressive disease did not develop. The only modification of
the infection was one of localization, a few hacilli being retained in the

fibrous terminal bronchioles and forming tubercles there. in addition to

the usual foci beneath the pleura. Such tubercles healed in a few months.

SuscerrisiLiry 10 NoNTUBERCULOUS INFECTION

There was no specific experiment concerning the effect of inhaled
ashestos dust on nontuberculous infection. Intercurrent pneumonia was
rather common among animals exposed to asbestos dust, the frequency
in guinea pigs exposed in the four inhalation experiments ranging from
16 to 39 per cent. This incidental evidence suggests the possibility of
an effect of asbestos dust on nontuberculous infection. Nevertheless,
since such epidemics are not uncommon in inhalation experiinents with
other dusts and even in the colony of normal animals, it is felt that the
inhalation of asbestos dust does not exert a significant effect 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 to summarize and to state as concisely as possible
the various observations which emerged from the experiments and to
follow each with a brief résumé of the evidence.

A. Various species of animals, including the guinea pig. the rat and the
rabbit, but not the mouse and the dog. develop peribronchiolar

fibrosis of the lung similar to human asbestosis after being exposed
by inhalation or intratracheal injection to long chrysotile asbestos

fibers.

Both inhalation and injection experiments provide ample support
for this statement. Figure 8 A reveals the cellular fibrosis that occurs
in guinea pigs following inhalation of long fiber asbestos; figure 9 shows
the fibrosis caused in the cat by inhalation of long fiber asbestos dust.
Similar but less extensive fibrosis occurred also in rats and rabbits

(table 1). Mice and dogs failed to respond. This variation in response.

of different species to identical dust exposures is still to be accounted for.

B. Long ashestos fibers are essential in the production of the peribron-
chiolar fibrosis; short fibers are incapable of producing this reaction.
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42 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE

Inhalation experiments with ashestos dust suggest, and intra-
tracheal injection experiments confinn, that peribronchiolar fibrosis is
produced by asbestos fibers between 20 and 50 microns in length but not
by particles shorter than 20 microns (tables 16 and 18). This indicates
that the minimum length of fiber possessing the capacity to produce the
tvpical peribronchiolar fibrosis in animals is somewhere between 20 and
50 microns. Pointed studies have not been carried out to determine
the upper limit of effective fiber length. It appears, however, that that ’
limit will be determnined by the inhalability of the fiber. ‘
C. The mode of action of the long asbestos fiber in the production of

asbestosis is primarily mechanical rather than chemical in nature.

The evidence for this conclusion has been reviewed in a preceding
scction, page 39. The flexible. filamented structure of asbestos fibers
plays an essential part in the irritating action, since the solid, inflexible
fibers of glass wool do not produce fibrosis (fig. 13 B).

D. Typical experimental asbestosis was produced by the inhalation of
an atmospheric suspension containing an average of 138 million
asbestos particles per cubic foot of air by light field count, of which
Tess than 1 per cent consisted of fibers longer than 10 microns.

In the inhalation experiment with 100 per cent ball-milled asbestos
dust containing 0.6 per cent of fibers longer than 10 microns (table 11)
typical fibrosis was obtained (table 9). The evidence presented shows -
at least that an atmospheric concentration of asbestos dust containing
less than 1 million (0.6 per cent X 138 million) fibers longer than 10
microns per cubic foot of air is capable of producing experimental
asbestosis in guinea pigs. The actual lower limit of concentration of
long fibers necessary to produce asbestosis in animals cannot be estab-
lished from these studies.

E. The duration of exposure required to develop the pulmonary reaction
to inhaled asbestos dust is inversely proportional to the concentration
of long fibers in the atmosphere; as the concentration is increased,
the reaction develops in shorter time.

The basis for this statement appears in the data of the inhalation
experiment with long fiber asbestos. For that experiment the average
concentration of the atmospheric dust was about 40 million particles per
cubic foot of air, and size-frequency determinations disclosed that 6.7

. per cent of the air-suspended material consisted of fibers longer than

10 microns (table 11). Thus, by calculation, it is estimated that the con-

" centration of the longer fibers was 2.7 million (6.7 per cent X 40 mil-
lion). The lungs of animals exposed to the long fiber asbestos dust
revealed that the pulmonary reaction developed in approximately one-
half the exposure time required for its development in animals inhaling
the ball-milled product, for which the concentration of the longer fibers
was-only 0.8 million (0.6 per cent X 138 million).

.. F. Established experimental asbestosis ceases to progress on discon-
o tinuance of dust exposure.

. -,;: *.* The experimental investigation shows, in fact, that on discontinuance .
qr4r s of exposure there was an appreciable clearing of the mature pulmonary .
MR L Hde I
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lesions, due to contraction of the fibrous tissue. In contrast, an imma-

ture tissue response, evidenced primarily by cells with little or no

fibrosis, continued to progress. It is assumed that, following attainment
of fibrotic maturity, the same process of contraction would ensue as was

noted for the mature lesion. .

G. The formation of asbestosis bodies represents a coating of the fibers
by blood and tissue elements, which resuits in loss of ability of the
fiber to produce fibrosis.

Intratracheal injection of asbestosis bodies failed to produce the
typical asbestotic tissue reaction in experimental animals. The cessation
of progressive reaction observed soon after exposure terminates may be
due to the formation of ashestosis 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 retard or prevent the development

of asbestosis in rats.

1. Inhalation of asbestos dust did not alter significantly the final outcome
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 effect exerted by inhaled quartz on a tuberculous
process in the lung. The interpretation must remain tentative, however,
since it is based on an investigation limited to two series of guinea pigs
exposed to only one kind of asbestos, namely, King’s floats: Table 4
shows that when the infection was coincidental with the onset of dust
exposure, there was temporary progression of the infectious process,
with subsequent healing ; when infection was initiated after 26 months of
dust exposure, the course of the tuberculosis was not appreciably altered.
The latter finding is quite different from our usual experience with quartz
dust or with mixed dusts containing quartz, wherein the adverse influence
of quartz on a tuberculous infection is manifested most strikingly when
infection is initiated after a period of dust exposure, viz., superimposed
on a background of established silicosis. As indicated above, this more
sensitive test, when applied to asbestos dust. {ailed to demonstrate that
the latter had an adverse influence on a tuberculous infection. The
inability of asbestos dust in that experiment to affect unfavorably. the
tuberculous process furnishes strong support for the interpretation that
inhaled asbestos dust has no more than a mildly unfavorable effect on
pulmonary tuberculosis.

This investigation was made possible by the generous financial support of a
group of companies of the asbestos industry.
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