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S THE result of experimental work on the production of asbestosis in animals,
\ orwald and assoctates ' concluded that typical peribronchiolar nibrosis was
produced when the parucle length of the inhaled asbestos dust lay between 20 and
50 p. The asbestos caused fibrosts by the mechamcal acuon of the fiber on the lung
tissue. When the amimals were withdrawn from the dusty atmosphere, the iesions
did not progress but rather tended to regress. Asbestosis bodies, formed around
inthaled asbestos fibers, were found to be inert as fibrogenic agents when they were
injected nto the trachea The length of exposure to dust necessary to induce typical
fibrosts by nhalaton was between one and two vears.

In the series of cases which we have studied and reported on before ( Knox and
Beatuie 7y, we noted that the time interval between the first exposure to asbestos
dust and the appearance of asbestosts in autopsy specimens was not less than 12
years. It appeared to us that the long interval between first exposure and the
appearance of typical fibrouc changes indicated that the mechanism for the pro-
duction of human asbestosis differed from that responsible for the experimental
type. i the mere presence of asbestos particles within a critical size range was the
essential factor in the production of human asbestosis, it would be difficult to explain
why so many persons escape any asbestotic change even when exposed for more
than 30 years. It is generally agreed that soon after inhalation the majority of the
asbestos fibers become included in the asbestosis bodies The experiments of \or-
wald ard his co-workers suggested that these structures are inert hut the bodies
do not remawn as mtact structures indefinitelv. With the passage of vears thev
becorne “weathered,” croded, segmented. and finally fragmented (Cooke? M-
Donaldt Gloyne? Beger,” Glovne 750 It was thus possihie that 1n man the fibrotic
changes 1n the lung might be related to this process of disintegration of the
asbestosis body.

We have noted already that the degree of ashestosis appeared to be correlated
more closely to the sum of the vears of exposure to dust and the vears of survival
after the last exposure than to the total mineral content of the lung parenchyma
tKnox and Beattie ®1 This fnding suggested that, 1f disintegration of the
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PULMONARY DISTRIBUTION OF ASBESTOS PARTICLES

asbestosis bodies was an essential factor in the production of fibrotic change, then
there ought to be a change in particle-size distribution in the direction of a fall in
the numbers of the larger particles as survival time increased. The formation of
large numbers of smaller sized particles, however, might not be apparent in the
counts, if the rate at which such particles were removed from the lungs kept pace
with their rate of production. On the other hand, if the rate of production were
greater than the rate of removal, then it might be possible to determine if fibrotic
change were correlated with a rise in the small particle-size counts.

MATERIAL AND METHODS

The series of cases studied was the same as that reported in our paper on mineral content
of the lungs (Knox and Beattie?). There were 27 workers, 21 men and 6 women. The durauon of
exposyre to asbestos dust varied between 5 and 33 years. and the length of time from the last
exposure to death ranged from less than 1 year to 21 years. The cases have been arranged in
order of increasing survival time. The exposure and survival times are given to the nearest year.
Asbestosis has been graded into three degrees according to the pathological reports based on the
histological appearances found in the lung parenchyma.

Particle-size distributions were determined on the incombustible and acid-insoluble residues
of lung parenchyma prepared by the method of King and Nagelschmidt.® Pooled samples of these
residues were made from each lung and, after mixing, small aliquots were taken. After being
moistened with a wetting agent, the aliquots were suspended in an appropriate volume of water, *
care being taken to prevent flocculation and the inclusion of air bubbles. A drop of the suspension
was then placed on a microscope slide and a drop of polyvinyl alcohol added to the suspension.
Fluid was then dried off on an electric hot plate. Five slides were prepared from each aliquot
and four aliquots prepared from each pooled sample. The slides were piaced in a microprojection
apparatus and the image of the particles projected on a sheet of paper at a magnification of
X 1,000, Light-field illumination was used. Fifty fields were counted on each slide. Care was
tiaen to obtain a suspension sufhciently dilute to ensure accurate counung., The number of
particles in each of the following size ranges was counted:

Less than 3 « Between 26 and 33 «
Between 3 and 15 & Between 36 and 45 «
Between 16 and 25 & Over 43 u

Laght-field sllumination was chosen to facilitate counting of large numbers of fields. It was
realized that with this method very small particles would not be counted. and cousequently the
values given for counts in the smallest size range would be less than the true values.

To facilitate comparison of the different particle-size dhstributions, the number of particles in
tach size range is expressed as a percentage of the number of particles found in the size range
16 to 25 » in ecach lung specimen

OBSERVATIONS

The particle-size distributions in the residues irom the lungs of the 27 cases
are given in the Table. As the residues from which the distributions were deter-
mined were pooled samples irom ditferent areas of the lung parenchyma, it was
possible that such pooling might introduce considerable errors if the particie-size
distribution varied significantly from area to area. it was found from a study of
particle-size «distributions from samples representing different areas of the lungs
from four cases that particle-size distributions did not vary significantly from area
to area within the same lung. The mean distributions given in the Talile are there-
fore representative of the distrthution within the whole lung.

50010141



(INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE

Particle-Size Distributions Expressed as Percentages of Count in the 16 to 25 » Range
Total Sug- sMean Particle Counts
Exposure vival .Ashestosis. ey
Case Time. Time. - Less _ B Cver
No Sex Yr. Yr. - Thaas5a Fl3a 16-25 4 W35 a5 K 458
1 M 6 0 ++ 364 193 100 36 a 0
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8 M 1 @ —_ 612 389 100 62 18 1
17 ¥ 2 0 + ki) 281 100 9 9 2
5 M Q n - 627 329 100 33 17 3]
12 F n 1 - 501 257 100 48 [} T
2 M 27 2 - 889 387 100 33 0 9
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Chart 1.—Mean parnicle counts in the less than 5 » and the 5 to 13 « ranges in cases with no
asbestosis and in those with mimmal and severe asbestosis. The standard deviation for each mean
value 1s given by the verticle line through this value. These counts were made on the incombust-
ible and acid-insoluble residue of lung parenchyma.
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PULMONARY DISTRIBUTION OF ASBESTOS PARTICLES

Relation of Particle Sizce to Degree of Asbestosis.—In those cases which showed
severe asbestotic changes in the lung parenchyma, the mean number of particies
less than 3 u in length was 791 (S. D. = 134, S. E. = 55). In the size range 5 to
15 4 the mean count was 562 (S.D. = 106, S.E. = 43). Cases with minimal
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EXPCSURE AND SURVIVAL
Chart 2.—Mean particle count in the less than 5 # range for each case in the series plotted

against the sum of the exposure and survival times.
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Chart J.—Mean particle count in the 5 to 15 u range for each case in the series plotted
against the sum of the exposure and survival times.

asbestosis gave a mean count of 312 (S.D. = 85, S. E. = 26) in the less than 5 4
range and 311 (S.D. = 37, S.E. = 17) in the 5 to 15 x range. Cases with no
asbestosis gave corresponding counts, as follows: less than 5 g, 503 (S.D. = 66,

S.E. =23 and from 3 to 13 x4, 332 135.D. =45, S E. = 16). The results are
shown graphically in Chart 1.
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While there is a signincant ditference between the counts in both size ranges
from the cases of severe asbestosis and those with winimal changes, there was no
significant difference between the counts from cases with minimal asbestosts and
those with no asbestosis.

\When the niean counts in the less than 3 x range are plotted against combined
exposure and survival times for those cases which showed either no asbestosis or
minimal asbestosis, there is a remarkable unitormity in the counts within fairly
narrow limits as time increases aiter the 12th vear from the first exposure «Chart
2). On the other hand. the counts in the cases oi severe asbestosis show higher
values. \When the counts for the size range 3 to 15 x are plotted in the same wav.
the results are the same (Chart 31. There is again great uniformity in the counts
over the combined exposure and survival times from the 8th to the 35th vear for
cases with minimal or no asbestosis. Cases of severe asbestosis showed higher
counts.

COMMENT

It is remarkable that in the cases studied the number of particles with a greatest
length in excess of 26 u should have disappeared almost completely from the lung
parenchyma when the survival time was more than eight vears. This finding sup-
ports Glovne's ® opinion that in long-standing cases of ashestosis the number and
size of both the ashestos fibers and the asbestosis bodies seen in histological
preparations were less than in those cases more recently exposed to asbestos dust.
Gioyne, however. was not the first to express this opinion. Prof. M. J. Stewart,*
in a private communication concerning one of Glovue's cases, stated:

There 1s no doubt also aLout absorption of asbestos bodies and asbestos hbres going on in
the lung. Indeed, it is only by the solution of the bodies that the ill effect is produced. I have no
doubt that this process of solution of the asbestos nhres will vary as to its rate of progress in
different cases, and that in some cases asbestos nbres (and consequently bodies) mav. after
many years, disappear completely, lvaving behina the fbrotic ieston which they induced.

If the cases of severe asbestosis be excluded. the particle counts in hoth the less
than 3 x range and in the 3 to 15 u range showed no significant change as the
combined exposure and survival time increased. Moreover. there was no significant
difference berween the particle counts m either of these size ranges of cases with
no asbestosis and those with nnimmal changes. It wauld appear therefore over a
long perind of time either that there was no mnvement of asbestos or ashestoa-
dertved particles from the lungs or that the rate at which small particles were
produced irom larger ones was almost equal to the rate at which they were removed
from the lungs. s we have produced some evidence that the mineral content of
the lung tends to dechne with mcreasing survival nme. the latter aliernative 1s the
more prohahle.

\When the cases or ~evere asbestosis are considered, it is clear that the signin-
cantly high counts in the small parucle ranges must indicate either a much more
rapid breakdown ot larger partcies or a 1all in the rate at which the small particles
are removed. \lthough it 15 more probable that the rise 1in the small particle counts
m the cases of severe ashestosis ts due to reduced rate af remaoval, there 13 no

* Stewart. M. J.. Perconal communication to the authors from Prof. M. [ Stewart, formerly
Professor of Pathology, 1 oeds Uinverary
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conciusive evidence that this 1~ =0, other than the fact that m these cases, as we
have snown aiready, hoth the balar and plearal and ~ubpicural tssues contun much
nunerai matertal « Knox and Beattie -1,

The association of high counts in the small particle ranges with severe ashestosis
and the absence in three o1 these cases of anv nhers with a greatest iength in excess
of 26 u suggest that human asbestosis, at least of the severe tvpe. i not due to the
niere presence within the lung of particles with greatest lengths within a critcal
size range of 20 to 30 x. The high counts of such critical size fhers m manv oi the
cases with no ashestosis or minimal fibrosis and with long exposure and short
survival times would suggest that the mechanism for the production of chnicaily
recognizable ashestosis differs from that which induces peribronchiuiar nhrosis 1n
experimental animals. -

Our findings thus indicate that a rise in the muubers of small nnnerai parucles
derived presumablv from the breakdown of ashestosis hodies is associated with
severe nhrotic changes in the lung parenciwvma. This imphes that either these
particles or some other product of the breakdown of the bodies can exert a fibro-
genic etfect on lung ussue. If these products are removed as rapidiv as they are
formed. then either no ashestosis develops or a nunimal degree of change vccurs.
It is suggested above that a reduced rate of removal of these products mav be due
to partial blockage of the drainage routes from the lung, 1. e, either toward the
lung hilus or toward the pleural surface. It is conceivahle that anv pathological
process which would cause any mflammatory change in the hilum or in the lymph
nodes into which the pleural lvmphatics drain might cause a further reduction in
the drainage rate and might precipitate the onset of severe fibrotic changes. Cardiac
decompensation too might be a iactor in the precipitation of these changes.

SUMMARY

The particle-size distributions in the incomiwustibie and acid-insoluble residues
from the lungs of 27 persons who had been exposed to ashestos dust were
determined,

The number of particles with greatest lengths in excess of 26 u was considerable
up to the eighth vear after the last exposure to ashestos dust and then sharply fell.

The number of particles within the size ranges of 3 u and less and hetween 5
and 13 u remained constant over a very long period in those cases which showed
no sign of asbestosis or minimal Abrotic change. The cases of severe ashestosis
showed a significant rise in the numbers of such particles,

It is considered that the mechanism which is concerned with the production of
human asbestosis is not the same as that which is responsible for the production of
asbestotic changes in experimental animals ¢aposed to high concentrations of
asbestos dust. The appearance of such changes appears to be related to the hreak-
down of ashestosis hodies which mav hberate some fibrogenic agent.
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