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come are the quantity of particles deposited and the amount retained. The weight of evi- 
mhhmmumumwm. 

mflm“mflwwmh 
mcm&mmmuumdm. 
mmu—-mwumm-wum 

in occupational environments. Specific agents are used to exemplify various 
uamu&wmemmu«mmm 
other gases and fumes throughout all sorts of industrial environments cannot be covered. 
muchu“wmhmq‘-dvnmbm—lhlwcn 
Mmdh“dflwm&mhmmhw. 
Raymond Parkes, Occupational Lung Disorders (16) is recommended. 
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A— -,Mn Radiograph of airway of distended human fung; right main bronchus with lobar and a 
few subsequent mmmm-mnm 

- S — wo— — 

-—— 

mrur«mdmmmqmmmmm.m 
rather thick connective tissue walls containing cartilaginous plates that support the wall 
except in the posterior aspect where the encircling plates are incomplete. There is also a 
thin layer of smooth muscle located just beneath the mucous membrane lining these con- 
duits. The muscle bundles are arranged in a spiral fashion encircling the conducting 
tube. As the air tubes further divide, the cartilaginous elements disappear and the walls 
become thinner, but the spiraling smooth muscle becomes. proportionately larger. As the 
last few generations of conducting airways are reached, the wall becomes still thinner, 
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ultra-thin liquid layer located at the actual air-tissue interface of the alveolus. Alevolar 
macrophages (4), large free cells of the reticuloendothelial system measuring 10 to 50 
um in diameter, are located both in the interstitial tissue and within the alveolar spaces 
lying free on the aiveolar surface. These are large mobile cells whose most spectacular 
function is phagocytosis. They also are involved in immunologic reactions. The number 
of these cells can be greatly augmented by the presence of dust particles within the 

| alveoli. Particles not exceeding 10 um in greatest dimension are readily ingested by the 
l macruphage. The fate of such particles is discussed later. 

The major branches of the pulmonary ariery and veins follow closely the branching of 
the airways. In addition to these there are very thin walled vessels, the lymphatics, 

| - ._-mmwmuu-w.u-umwdw 
| alveolar ducts and ascend in a merging fashion with other 
| - --—*dummumdw 
| the membrane that covers the lungs and lines the chest cage. These 

fluid. 

vessels 
Each lung is covered by a thin membrane except at its root, where the main bronchi, 

blood vessels, and lymph channels pass into or out of the lung. This membrane, the 
off the lung root and passes onto the surface of the inner aspect of the 

thoracic cage, thus forming a closed sac bordered by the lung, the chest wall. and the 

large flat cells of mesothelial origin lying on a thin layer of 
tissue containing. biped and lymph vessels. nerves, and a well- 

Mhflddfl e-gh-l-dm.du» 

| I 

might ultimately come into contact with cells of the pleura. 

3 BEMAVIOR AND FATE OF PARTICLES THAT ENTER THE RESPIRATORY 
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conducting 
L - in its previous direction and to be cast on the surface. This effect is directly — —«——————fl%mmuduwm”‘“ 

"W«hmflhw 
am| to which the general public or those who work in the dusty A 

THE PULMONARY EFFECTS OF INMALED INORGANIC DUST m | 
with respect to the respirability of particles of differing dimensions and shapes, their 
deposition in various compartments of the air<conducting and distal spaces of the lung, 
and the speed and effectiveness with which rapid and slow clearances occur (5-7). 

If, by suitably gentle technique, one digests the lungs of older individuals who have 
worked in the dusty trades, a residue will be obtained that can be assumed to have come 
from exogenous sources by way of the airborne route over the years (8). These tiny 
particles have a most interesting size range. Approximately half will be smaller than 0.5 
um in diameter. Of those that are larger, almost all will be between 0.5 and 5.0 ym in 
diameter. Fewer than 0.2 percent of the total will be larger than 5.0 um in diameter, 
and less than 0.002 percent will be larger than 10 um in diameter. If a fiber is defined 
.as-a Pifficle having parallel sides and an aspect ratio of 3 or more, fibers for the 
part will be observed to be less than 50.0 um long, aithough some may be as 

exposed, one finds particles of these dimensions, but in addition, many of much larger 
diameter and length. Why is the long-term retention of particles limited to the sizes just 
described, even though millions of particles of greater diameter or length become air- 
borne, therefore have the potential for entry into the respiratory system? The explana- 
tion arises from our knowledge of the behavior of particies suspended in air (aerosols) 
and the anatomical structure of the lung as described in the preceding paragraphs. 

Particles can vary markedly in shape and density, and both these factors play a role in 
the behavior of particles in air suspension. For our purposes we consider all particles as 
being spheres of unit density, with the understanding that there cculd be some variation 
between particles with respect to speed of settling, depending on their shape and density. 

Several physical forces are conducive to the removal of particles from an air suspen- 
sion and their deposition on surfaces of the respiratory system (5). Particles suspended 
in 2 moving airstream possess inertial forces tending to maintain the direction of motion 
of the particle. When the air column changes its direction, as at a branching point of the 

system, or in the tortuous passages of the nose, the entrained particle tends 

— icle, and inversely proportional to the of the tube. Gravitational forces also %t—mmui&‘fi 
tory 

the constant, mdum&mhumm 
10 air Mhhwfi“mnfl*“mhmn.fl 
times, the terminal -diq is predominantly related to the other two factors, 
plus through which the particle must fall and the time permitted for the 
event to oubl’-hh- particles by diffusion is limited to those of a diameter 
smaller than 0.5 um and predominantly to those smaller 0.1 um. The smaller the 
particle, the more rapid the that can occur. The electron microscope 

system. The terminal settling velocity of a particle is directly related to its 
and the 

us the distance 

the diffusion movement 
size particles are relstively uninfluenced by any deposition force ocher than that of diffu- 
sion, and the fact that such large numbery of particles of this size are found in the lung 
residue indicates that diffusion can play a major role in their deposition. It has been sug- 
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gested that electrostatic and thermal forces may play a role in deposition of particies in the 
lungs, but this is still uncertain. : 

On the basis of known physical behavior of particles in air suspension and the ana- 
tomical arrangement of the conducting tubes, it can be predicted that particles larger 
than 10 um in diameter would be removed completely in the passage of the airstream 

in the nose, and few, if any, reach the smaller conducting tubes 

i
 
i
 

il
 2 ¥
 | i 

£ i
 

I
 

i} : § i i
 | ;r
 

7 

i
 ! 1 + | 

i i
 ¢ ii
 : : | ;I 

7 i 

importance in_the naArTRw Airways and along 
to the surface. It has ated that fibers penetrate to the portions of the lung much less &-M 

diameter (9). Length becomes important also to the degree that the fibers are 
in a random way in the moving airstream. Thus a fiber 100 um long oriented at right 
angles to the direction of flow will have a much greater chance of impacting on the sur- 
face than will fibers oriented parallel to the direction of flow. Although occasionally a 
fiber 200 um long is observed in the lung dust residues, by far the majority are shorter 

The particles deposited beyond the terminal bronchiole and mucociliary escalator 
experience one of five fates. It has been suggested that the mucus sheet of the terminal 
bronchiole is contiguous with a more distal, slow-moving liquid layer manufactured by 
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the Clara cell and the type 11 pneumocyre. Particles falling on this sheet could slowly be 
wfldthmflhm&uk“ha“h&hh 
abundant evidence that particles deposited in the alveolus-bearing part of the lung can 

The small size of the particles deposited in this 
the macrcphage except for the long fibers thin 
00 

% ! i 
live out their 

repeated indefinitely. The life of the - 
measured in terms of weeks and perhaps even a month or more. Its iife can, stances is 

course, be shortened if the ingested particles are especially toxic, as is the case with free 

wn.wdumwudumm 
— wmammngmhmumum 

marble : 

may dissolve within the lung tissue. 
The sell-cleaning mechanism of the lung appears to be efficient. Although there is 

some variation of this capacity between individuals, it has been reported that less than 1 
Wd&mwmid-hhfl_hmnhm 
in the lung (5, 10). The paucity of studies bearing on this effect in humans warrants 
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e The mass movement of air into ‘dd—flnhuflhwhhm of 
muscle force to the thoracic causing the thorax to diminish its 

and hydrogen ion concentration over a wide range of physical activity. There is, - . _._M.umdmumw-udm 

injury involve only some of the units while sparing the others. 
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5 REACTION OF THE LUNG TO INMALED PARTICLES OF DUST 

knowledge of the cellular components and organization of the lungs plus the 
- manner in which cells respond to stimulation or injury, one might anticipate the various 

of dust. As sated earlier, whether 
the nature and number of specific particles 

| i 1 i ! 

is a part of the familiar formation of ‘scar tissue, whether it be in the skin or in deeper 
portions of the body or in the lung. Pulmonary fibrosis is a common sequela of chronic 
pulmonary inflammation. The of pulmonary fibrosis caused by deposition 
of some kinds of dust is not entirely clear. It has been postulated in recent years that 

The Pulmonary Effects of Inhaled Inorganic Dust
ACL Doc 25385 · Page 11 of 38

Published by AsbestosClaims.Law

asbestosclaims.law/library/25385/11

https://asbestosclaims.law/library/25385/11


since the macrophage contains small vesicles holding potent enzymes, these substances 
may be released by certain ingested particles, but not all kinds, thus altering the cell 
milieu and causing premature death of the macrophage. The products released by the 

are then believed to stimulate the fibroblasts to lay down excessive amounts 
of collagen, thus promoting the development of tissue fibrosis (13). It has also been sug- 
gested that fibers not completely engulfed within the macrophage but protruding 
through the wall permit leakage of the macrophage content, and this material might also 
stimulace the fibroblasts to increased activity (14). These oncepts are interesting 
because some dust particles are known to be relatively inert and not capable of causing 
an excess of fibrous tissue production. Such particles, though readily ingested by the 
macrophage, do not cause the premature death of the macrophage. In contrast, free 

silica, a known fibrogenic dust, has been demonstrated to exert this effect. 
sl transformation can be the fate of any cell that can divide, and.thase of the 

_ anumfiflwhmdflmfldfillma 
fast turnover rate, 

nlhcfiwhmww-hufin 
air-conducting tubes might promote an even higher turnover rate of the surface cells, 
thus making them unusually vulnerable to carcinogenic substances. Toxic agents adher- 
ing to particles could leach off onto the cells with a similar effect. A combination of these 
Md‘uumcufiflnnflem-whm 

of mucus secretion. 

Narrowing of the airways, whether caused by muscle contraction, accumulation of 
mucus, or hypertrophy of the mucous glands, will increase the resistance to airflow 
through the involved tubes. It should be noted that resistance to airflow through a tube 
is a function not only of the length of the tube but of the fourth power of the radius 
(Poiseuille’s law). For this reason, relatively sma!l changes in the radius over a 
substantial length of the tube have a marked influence on the resistance to airflow. If the 
increased resistance o airflow occurs more or less uniformly throughout all the lung, the 
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;meu below normal 
in . To some degree, 
increased carbon dioxide removal; but if the regional is extensive, there 

vfllhhnhnmdlhcqflhll.finfi.wfi.hp“dhq.h 
mm.mmu.mudmwucmm 
Mm.mndhh-dm.dm-nhawfllhmn 
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movement of air will be increased. The work of breathing will be augmented, and the 
maximurm ability to move air into and out of the lungs will be curtailed. Some portions 
of the entrapped normal lung between the ribbons of diseased tissue will be underventi- 
lated, and a mismatch berween ventilation and perfusion will ensue. 

It is of interest 1o observe that an elevated resistance to airflow and a 
decrease in pulmonary compliance affect lung mechanics differently, the end results in 

-'~Mpco.whnlhlhm—uud-fll.‘d : 
by chronic inflammation or fibrosis, carbon dioxide transfer is interfered with relatively 

o "”wauumfl-mm—m 

7 CRITIQUE OF THE METHODS USED TO STUDY THE PULMONARY EFFECTS 
OF INHALED INORGANIC DUST 
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mmmmu-.uwum.-a-hnmy- 
prolene on whole lungs of animals. 

These manifest advantages explain why the animal or cell models are so widely used. 
There are, bowever, some very important and virtually insurmountable disadvantages 
associated with the use of these models if one intends 1o extrapolate to human 
w.wnmnwdmhmmmm 
Mhmmnufih.flm—udh—dfl“m 
Whmmcmmm&mflm&h 
exist in the intact animal or man. Second, long-term experiments cannot be done, since 
cell survival is rather brief in any event. 
mflhwmum“dhmmm 

There is always the influence of species difference with respect to R carcinogenesis. 
"WN.M”‘““‘W 

tions species. Also, experimental animals usually are kept 
mmmmmamr«mmmm-na = 
not smoke tobacco, a common biologically active coexisting agent in human respiratory 
mmmnwmuybqwduuamm 
flhmndh“hwflhflfl”hflmdmnhnfi- 
uw-wymwm.mum-wn 

. mwfihuunhflmhw”dwflvwflumm 
environmental conditions of man throughout his lifetime to those-of the-experimental - - 
animal in this respect? 
mwmuhMWmmflya:Hm 

MWMMM&MWUMy.MhM 
w&fiywmudmhwlhfiunflpd&mmm. 
UMy.M:W“hMMth“M‘;mu 
determine or take into account the response at lower concentrations—the dose-response 

- 

any type is meager. As a matter of fact, the number of individuals at risk and as 
hmdlymhhmm:&uhmm&-u 
wwrnmmm“am»mum.mu 
house the number of animals needed to establish epidemiologic validity in their studies. 
Because of this fundamental defect, the conclusions reached by some animal studies are 
of questionable validity. _ 

Observation of the effects of inhaled dust in humans has been the conventional way 
for establishing whether a biological reaction occurs. Clinical and auitopsy or histological 
examination of the lungs of men working in the presence of the agent under study is the 
mainstay of this approach. A difficulty arises, however, because the cellular components 
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of the lung will react in the same manner to a number of different kinds of stimulating 
agent. For example, hmduwmfiyhlmw 

hand, since the same biological abnormality of the lung zan develop from various causes, 
the single isolated case may in fact be caused by something other than the agent present 
in the specific dust exposure. Therefore, although the clinical and approach 
is of great importance in determining whether an abnormality is present, other 
modalities to prove its relationship to a specific agent must be used. For this purpose the 
techniques of epidemiology are useful, and the reader is referred to Chapter 5 for dis- 
cussion of this discipline. 

| .= To return 1o the advantages and disadvantages inherent in observation of buman 
\ populations, it cannot be stressed 100 strongly that the greatest dvifitige of this 
| . e approach is that no is that of a real- 
| mwmnflo-fltfim role. 

There is an advantage also in the greater possibility for observation of larger of 
persons both at risk and in the control population. These advantages sometimes are 
offset by other problems that pose large difficulties. The first of these is the difficulty of 

‘ making retrospective estimates of the total exposure of the individual to the specific 
agent in question, expressed in quantitative terms over long periods of time. At times the 

| . only available expression is that of duration of employment. Undocumented changes in 
’ the environment of the workplace over the many years of employment and the luck of 

records or measurements of the various agents present during the same period cannot be 
| corrected for. Under such circumstances one can only compare the overall clinical or 

mortality experience of the observed group to that of some other group, usually the 

be sure of just which of several coexisting agents is the cause of the biological reaction. 
Nor can one be sure that colactors are not operating as the ultimate biological stimulus. 
To auribute the biological reactions observed to specific agents under such circum- 
ances, though at times a temptation, is a practice of questionable validity. | 

— A second disadvantage associated with human studies is that whereas in o et Ty RIS o ehtmial melbods st any poin i 
NM.M'W-'“-HW ‘ 

ntudies only at death. Since only a portion of the deaths from any : 
sied, there is a strong possibility of bias posed by autopsy selection, and epidemiologic 
data derived from autopsy studies must be accepted with some caution. In addition, 
autopsies rarely are done with the epidemiologic study in mind, and important observa- 
tions may be lacking, whereas the opposite is true in animal experiments. To the extent 
that epidemiological studies are dependent on death certificates, they are subject 1o faults 
such as erroneous diagnosis, “styles” or “‘“fashionsTM of diagnosis, incomplete diagnosis, 
and very commonly, partial unavailability of death certificates. These faults become 
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M&mm-—m—m«uwyuummm 
to the population of a state or of the entire country. 

Because of the difficulties attending the use of mortality data, an alternate epidemio- 
hghlmuhhudm&cdndfifihn‘hluwm 
mmqu-umhmmwu—mu 
m&e_fluhdflmmaflll&-mflhhmw 
whmmmmkwmuwuw 
Nnmhd-.whhr-paufllh-huwifindn.amupd 
Muflyml&kmhlmdfluymumhm 
dmdwn“hhflymwuwmm 
tion ranked by the severity of exposure or to an external control popuiation of persons 

- : Mnhwhqfl“wflhu%”d% 
It is certain that biological reactions too minor in extent or intensity to be 

tissue before evolving to 
ing for changes during life. How should one view the importance \ 
subclinical alterations of tissue? The goal is to preven! disease, with its associated 
Wdrmmu-mwmmmuum 
instances to shortened life expectancy. Therefore it is important to distinguish berween a 
small and limited area of tissue injury and what we mean by disease. The differentiation 
Mmumwdflu'm-mmcnmwm 
ummnmammmmmmm 
to death. Physical factors and external agents such as viruses and bacteria active in small 
mthMMhMmddMflm 
during the state we call “good health.” When one examines the body of an adult who 
umnwmdmm.mwmmm 
'dnpfihjmhmflvm.flnhdmmmhmflm 
in an organ possessing more reserves than can be used by normal persons, suck minor 
scars do not in any way interfere with pulmonary function or life expectancy. There is, 
therefore, a quantitative as well as a qualitative aspect to body impairment and disease. 
hmmdmumnhwumuumnummd 

can speak in rather broad terms ol the way.in.which gases and particles may or may not wmmwaum.mwum.muwuw. 

the lung, but muw the quantitative 
probably more important under most A 

With the exception of sputum cytology. microscopic examination of the lungs 
humans is not available for the purpose of early recognition of change in the individual. 
Epidemiologic studies during life are limited, therefore. to clinical, radiologic. 
Mwummm.wua&-nu 
inherent weaknesses must be recognized if the validity of conclusions derived from their 
use is to be evaluated. 

The clinical history is subjective and difficult to confirm. Physical examination, chest 
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rather large variation of values among normal persons. Therefore, the recognition of 
“change” in an individual is difficult unless the observation can be made before as well 
as after the onset of exposure. This difficulty can be lessened by comparing the average 
of observations of one group to that of another group serving as a control. The various 
techniques for these examination modalities require skilled personnel and equipment not 
always available. In spite of these difficulties, virtually without exception these 
modalities, when properly used, will permit recognition of deviation from normal before 
there is interference with vital body functions, thus they are of great use for studying the 
tissue reaction to inhaled dust during life. 

The chest radiogram exhibits shadows cast because of the greater absorption or 
deflection of X-ray photons. by tissues of greater density. Highly cellular or fibrotic 
tissue is more dense than normal tissue, and when the difference is great enough or 
when the shadow is located where it should not exist, the normal shadowsase altered. A 

- : difficulty arises because there is considerable variation between normal persons in the 

shadows, but minor tissue alterations make either no or very slight change jn the pattern 
of densities. Therefore there is always a gray area of differing opinions between readers 
of the films from persons experiencing slight tissue alteration: are the shadows present 
in the radiogram those -of normal or abnormal structure’ For-epidemiologic studies: - - 
these differences can be lessened by the use of multiple readers using the UICC system 
of notation and standard reference films (15). 
Mmd‘phnml-hnum-muw 

tification of changes in pulmonary airway resistance, pulmonary compliance, the 
alveolar ventilation-perfusion relationship, and the total effective area of the 
alveolocapillary membrane. Using rather sophisticated methods, these aspects of 
pulmonary mechanics can be measured rather accurately. Recognition that an alteration 
of any of these functions-has occurred is hampered by the-wide range of values-existing - 
between normal persons. One of the Jess difficult, thus more widely used measurements, 
is the fast vital capacity (FVC), or volume of air expelled by prolonged, explosively 
applied maximum expiratory force beginning a1 the position of full inspiration. This not 

indicates the stroke volume of the respiratory pump but also, because maximum »Mwimmmfluwmu 
— o — 

pushed through the distribution resistance. For e imesnghis purpose, the volume expelled in the %’-b. 
mdmmhuulmdhufl“m 
serves as the reflection of airway resistance. Other portions of the expiratory curve can 
be used for the same purpose. 

With a few exceptions. such as the presence of large space occupying masses within 
the thorax or extreme obesity, pulmonary compliance is in part reflected by the total 
lung volume a1 maximum inspiration. Accurate measurement of total volume requires 
the use of a tracer gas or a plethysmograph, and it is therefore seldom used. An indirect 
expression of compliance can be obtained in the following manner. Both an elevated 

Sl shesrmel leags ave rendily segained by sherssion of the sermal puth of 
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Mmfl:““flm-“hfl&hm 
fooked at alone will not differentiate between the two conditions. When airway 
resistance is the cause of the subnormal FVC, however, the FEV/FVC ratio is 
MMMfl.hm.MNMWChMM: 
umumumw-mm-hmmh 
increased. 
mmmd-m-n-mhmmm. 

contrast between normal and moderately severe alteration of pulmonary function i 
| W.Mwmulfluhwfludw&phmuc 
| Mwmmhmmw.wm 
\ plethysmography. 
| 

| 

| 

In t6#t circumstances the ventilation perfusion reiationship is reflected by the anerial 
e —— 

hwmuduhhwmmwh—ium 
point in the overall study. 

‘ ‘ ' § BIOLOGICAL EFFECTS OF SPECIRC INHALED INORGANIC DUSTS 

Thvmdhupnkduunwufih—-mw*hhmur“ 
muw.Amdmhdmmmawm 

inorganic { ! 
Awhmmdmwwmu 

a period of time and the W 
: m.m-fllhuwd&-m&c 

within and around the alveoli. Particles classified a3 being inert (16) 
wuhdflyluflw&uh“h-fihmum&.m 
um&“:fl:Mde&w 
Mn“hhflp“hmm.w 

. of this cyele appears to have no limit. 
‘ Afer 2 long period of exposure to durable nonfibrogenic particles of respirable size, 

particles will be distributed within alveoli; within the interstitial tissue sup- 1
 

found 
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tions df lymphoid tissues scattered throughout the lung. The particles at any point in 
time may be found free or within macrophages at any one of these locations. The parti- 
cles attached to the alveolar surface at times appear to be overgrown by the type | 
alveolar pneumocyte, forming a plaque within the alveolar wall. In locations where the 
particles accumulate in small collections, within either the supporting connective or the 
lymphoid tissue, there is a slight proliferation of monocytic cells accompanied by a slight 
increase of interlacing reticulin fibers. Collagen fibers, thus genuine fibrosis, do not 
develop either in these small dust foci or within the lympnoid tissue more centrally 
located along the course of the lymphatics. The size of the focal collection of dust parti- 
cles is directly related to the intensity and duration of the exposure. 

Insofar as an effect on pulmonary function or lcngevity of life is concerned, it is of 

lung structure. The tiny particles are present. but no destruction or replacement of 
I normal tissue occurs. Since the: is that of meuuhmdmflhaw 

qualities combined with an intact surface lining of the alveoli, one can understand why 
the mere physical presence of small foci of particies scattered sparsely in the interstices 
or on the surface of the alveolus would not affect the physical quality of the lung. It is 
only when the normal structure of the lung is destroyed or immobilized by replacement 
with nondistensible fibrous tissue that measurable impairment of pulmonary function 
ensues. ‘ — When-the nonfibrogenic-dust-has-a fow-atomic-number; the-fociof accomulated parti-— = 
cles do not interrupt or deflect sufficient X-ray photons to cast a shadow, and the radio- 
gram exhibits no unusua! pattern of densities. In contrast, foci of nonfibrogenic particies 
having a higher atomic number do interrupt and deflect X-ray photons sufficiently 1o 
cast shadows. even though they do not evoke an inflammatory or fibrotic reaction within 
the tissues. They cause the radiogram to have a striking appearance when sufficient 
quantities of the particles have been accumulated. Among the inert dusts having a high 
atomic number are iron, tin, barium, and antimony. 

Workers may be exposed to oxides of iron either as a dust or as a fume, as during 
welding, and the biological result is referred to as siderosis even though no fibrosis is 

- i SRR duced (17). When the lungs.are examined. they are rust-brown as a result of the focal 
depositions of iron, and n jon reveals particles of iron oxide dis- 

- “#coaributed in the manner common to particles. Chiracteristically, the parti- 
cles are collected in discrete foci or macules associated with lymphoid tissue and around 

, the smaller blood vessels. There is the usual minor accumulation of reticulin fibers and 
monocytes in the focal deposits of particles, but no true fibrotic reaction occurs. The dust 
foci of this material of higher atomic number cast a distinct, small, rounded nodular 
shadow on the film, tending to be no greater than | to 2 mm in diameter. When 
materials of an even higher atomic number such as tin or barium are inhaled, the 
shadows cast by the focal devosits may have a very sharp margin, and the large collec- 
tions of particles in the lymph nodes at the lung root may cause these structures to be 
unusually radioopaque because of their metal content. but they are not enlarged as is 50 

o ——— 
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often the case in silicosis. There is no evidence of any impairment of cardiopulmonary 
hmhummdl&mhwfiufiwflm 
umdmww-wmum 

wmmmmmuwymmammum 
hhm“flfihmfidnh&mlfiy“(ll).mm 
10 incriminate iron oxide or any of the inert dusts as a carcinogen is not convincing. As 
ihufl*dhhfi“mnh“.wflyhm.h 
dnu-“-flwn&-mflhflmhulflfiq 
u&y.lthhbnthMflhthuflnwhm 
impairment that ensues. 
mmnhmwmdmwammu 

mechanism to an inordinant degree. Such stimulation might lead to i 

82 Fibrogenic Dusts 

—.-- e cpn __,._,.___-__--m..smmu_-_..-__-.. e SRR 
lnmu&ha!dm.mthdhmflhflh(?fi)m-w 
dihmhidofidu‘fiu(l’).%.hdw.fiunahhhm.h 
mmw_flyuflhhmmhdmflhwmflh 
(sm:-MmbMvhhmnmnh-:flecm - 
crystalline or amorphous silicate. ~ L 
mmumw.w.w.um.am.m F 

m«uwyw.mmuwnmw 
than quartz. lnmm.qunwm!-m-.—-dhhkr-mhlk 

b e {ECRIESERT mon frequently encountered during occupational exposures. It is converted to 
" flmmmwmmmo’m-um 

= eserisobalite. e ————— i 
., L} mmwmfldmdwmmflw&w 

m.wumdmmhmmmau 2 
As is the case with inert dust particles. at any point in time the FCS particles will be 
dmmmlqu-hm-wmmhmw 
m.mwwam,nnhcmm-flmm 
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macrophage is thus greatly shoriened, their number diminished, and the defense against 
movement of particles into the interstitium and lymphoid tissue is thereby reduced. 

The subsequent course of events within the foci of FCS particles is strikingly different 
from that characterizing similar foci of inert particies. At first, but with greater speed of 
development, fibroblasts increase in number and reticulin fibers are laid down in an 
interlacing fashion throughout the focal deposit. Instead of siopping at the point of re- 
ticulin development, which is the case with inert particles, the foci of FCS go on w 
develop masses of interlacing collagen fibers, and mature fibrosis characterized by the 
deposition of hyalin ensues. - 

With the passage of time the focus or nodule undergoing fibrosis enlarges, the active 

zone of cells in which can be seen the process and 
collagen 

mmduww—-ummd}nw 
single 

| SR o ERERETCially in the conglomerate stage will extend to involve the pleura. As a result, the - Mwmflyh%’m"h’mdh 
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nodules and the freedom from abnormality in the intervening tissues strongly suggesu 
Mmmwumhhunmdmdhlwymm 
w.hum“m@ndhlfl;mhhflwub 
mumm.mmwumwu-n-—w. 
critical level. 
b-mm.mm—mwmdmfimuy 

muuw-dmm,uum*.ummm 
of silicotic nodulation with sparing of intervening lymhpoid tissue is the 

m.mwulmhwmwwuhcm--_muu 
m.hmmw-hh'rw.n&mhn—- v 
M'mm 

- 'KW‘MMM“MMWW 
U nhuwhthmtkym‘rhmmdlhy-lfiu— 

is that 1 aher v ae o 

question of how the silica surface disrupts cell membranes, it can be stated that theTM - 
wmdflhmqflyWMh-m.hdmfi 
mmmuhmm-&uaumumm 

i days. Heppleston deduces from his studies that “on 
that silica in some way -reacts with-cell 

i 
z ; i &i 

mwmumuwu-mmdmhm 
umup&mm..mnmumu 
needed. On the basis of his own work and that of others, Heppleston further suggests 
mmwmwymmmmmmnm 
m-.mt«mmmmumdmumu 

| MimeMMMihmflh 
mdwflhmummwuwdmumm 

F—w‘.——- S —— .‘“_.‘M-fl-d-ywmmmam-uahhmu 
) mmflymwww 

dbfib-nm&gflw i a3 is true of 
reactions, the fibrogenic activity of appears 10 be ¥ Gose-related other 

. M.Onmmhmmdm.Am-mdm 
mm:flbh‘dh.fl““dma-wym 
mwduflafinnww&cmipfldw&t 
mdmmmmuuflmm.mmdm 
wmfihmwdh“hmmuwhmnm 
immunological The rate at which the entire process goes on, once it has 
reached the critical concentration of FCS and macrophages, is related to the speed with 
mwmmummumum&.n.w 
mem.mmldmmuumua 
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dependent on the balance between deposition and removal from the lung. The entire 
process is in constant change, even after all external exposure ceases. Some particies are 
removed from contact with the macrophages within the focal deposit by being 
sequestered within the central mass of acellular fibrotic tissue and in addition, there is a 
continuous migration of particles away from the pulmonary foci to the lymph nodes and 
even to the mucociliary escalator. 

According to the concept just expressed there is a level of silica accumulation below 
which the fibrogenic train of events is not set in motion. This is the tolerable dose. 
Moreover, once the critical level is reached, acceleration of the whole process will occur 
if the dose of the effective factor, probably the free bonds on the surface of the crystals, is 
rapidly augmented. This is consistent with the facts because if FCS accumulation occurs 
rapidly, the biological response, though fundamentally the same, has a distribution dif- 
ferent from the one just described. In these circumstances, it appears that not-all the 

- particles have time to be transported 1o foci, and they accumulate along the-way with a 
more diffuse macrophage mobilization and consequent librogenesis distributed in a more 

e — widespread, nonnodular manner. This q 

cosis, since it requires several years to develop. The accelerated process appears to be 

than 1 um in diameter, thus providing an unusually large surface area per unit of 
weight. 

| A third variety of reaction to FCS has been reported under circumstances of extremely 

within less than a year, proceeding rapidly to a fatal outcome, and it merits the term 
“acute silicosisTM (20), 

As might be anticipated from knowledge of the effects of FCS on lung tissue, the evi- 
dences observable during life that these reactions have occurred will vary. At slight 
stages of development there are no observable evidences of tissue alteration except by 
direct examination of the tissue itsell. The earliest sign during life is observed in the 
chest roentgenograms as an increase in the size and visibility of the shadows cast by the 

- structures located in the outer reaches of the lungs. Presumably these 
Pt ——— changes are caused by accumulation of ECS and-the-slight cellular reaction produced. 

wm.mmmmmqy_w-nwdm 
T eesSmature cellular and fibrotic reaction, they cast abnormal shadows 

perceptible, multiple, small, rounded densities to larger and conglomerate densities plus 
enlargement of the lung root shadows. The number of densities varies from scant 1o 
myriads, and the nodules are predominantly located in the upper half of each lung. The 

| very large conglomerate shadows are almost invariably in this region. Shadows cast by 
thickened pleura can also be seen. 

Even at the stage of easily recognized discrete nodular silicosis, there usually are no 
accompanying symptoms and no detectable evidence of pulmonary or overall physical 
impairment unless the volume of lung involved is unusually large or other nonrelated 

} . @w.@muumdum.mmm 
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causes of impairment coexist. In part, this reflects the fact that the functions of the lung | 
are not the limiting factor for physical performance. Of greatest importance, however, is | 
the fact that in pure simple nodular silicosis, the intervening tissue is normal. Physically 
the diseased areas have destroyed the lung in a focal or nodular fashion, and they com- ‘ 
prise a relatively minor part of the total lung. The normal remaining portion of the lung ‘ 
tissue can readily accommodate the cyclic changes in thoracic volume during respiration; \ 
in addition, it can accept an increase in blood perfusion without an elevation of arterial ‘ 
pressure. In this fashion, cardiopulmonary function in the range that is needed during 
physical exercise is maintained. It must be said that if measurements of pulmonary func- | 
tion could be made in each individual before occupational exposure begins and after the \ 
nodulations. appear; .the person-could: serve as his own control, and alterations of . . 
mehmnuwficwfl--pfimmh 
mmfiumw‘!fidy . 

for physical effort because : 
Mmuniuamuhnnmfintmdwmh 
however, there is an obstructive type or a combination of the two. The restrictive type of 
impairment can readily be accounted for by loss of lung tissue consequent to the exten- 
sive fibrosis, and it is most readily demonstrated in those who exhibit a combined 
massive conglomerate and linear type of disease. When severe, this kind of impairment 
can lead to pulmonary artery hypertension and cardiac failure. In some persons, though 
by no means-all~impairmeni—ef ~oxygen ~transior- with—associated—arterial - hypoxis~ --—— — 

Restrictive impairment is consistent with the specific pathology of silicosis. An 
obstructive type of impairment, though sometimes observed in individuals with simple 
discrete nodular silicosis, is difficult to reconcile with the specific pathology attributable 
to FCS per se. Either chronic bronchitis or obstructive emphysema or a combination of 
the two are the common causes of airway obstruction in the general population. In view 
of the great frequency with which an obstructive impairment occurs in men over age 50 
among the general population, when an obstructive impairment is observed in persons 
who have silicosis, it would seem to be more consistent with the facts to attribute it to 

p—— Y yewES"Sther than FCS per se. Cigarene smoking and the nonspecific effects of FCS or 
other coexisting dusts and fumes in-the-workplace-play-an esiologic role in the produc- 

wmummn%hmd 
. Cognizance of this probability directs our attention 16 the need 

t«mmmmmmmnw not just that of FCS in the 
workplace. 

It is rather remarkable in view of the multifocal fibrosis characteristic of silicosis that 
MBMMMJWWCW‘I&M 
the same time it must be said that a properly conducted epidemiologic study designed to 
mdemhMmdum&uhnk 

From what has been presented thus far, it could be concluded that silicosis in and of 
itsell is not a severe crippling or life-shortening disease unless the fibrosis is very exten- 

4 sive. This, in fact, is the case. Why then has silicosis been an important cause of mor- 
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bidity and death? The answer lies not in the discrete nodules characteristic of silicosis 
but in the very adverse influence of the tissue reaction to FCS on the tissue defenses 
against the tubercie bacillus and similar mycobacteria (21, 22). | 

In years past there was little chance that a person with coexisting silicosis and tuber- | 
culosis would recover. The infection slowly or rapidly but relentlessly progressed to a | 
fatal outcome. Moreover, in the presence of Quiescent or inactive tuberculosis, the ‘ 

\ 

development of silicosis often converied the dormant tuberculosis 1o an active, spreading 
diseave. Sinée until recently almost all members of the adult population harbored one or 
more inactive tuberculosis foci, the development of silicosis fell on fertile ground and the 
likelihood of reactivating the tuberculosis followed by its relentiess progression was high. 
This is no longer the case in the United States. With the advent of specific drugs to combat 

| the tubercle bacillus and public heaith measures for tuberculosis control, the proportion of 
| B . the adult population harbosing latent tuberculosis is now very small. Moreover, specific 
| antituberculosis drugs are quite effective, even in the presence of silicosis. . 

-7 et Te—— Since the ; ' - 

the disease. Measures for environmental control in the workplace have been 
when instituted properly. Nnmh-ul.h-wmh“dfl:shnhn 
kept for the most part below 5 million particles per cubic foot have been few (23). One 
large mine under-my-surveillance-employs several hundred underground miners, andno. . .. . . 

I, new cases of silicosis have developed up to the present (1976) in men initially employed 
| . after 1940. Over this period 2 program of dust measurement shows the exposures to 
| FCS have been kept below 5 million particies per cubic foot with few and temporary 
I exceptions. In the same mine prior to 1938 and before installation of extensive dust con~ 

trol procedures, approximately 25 percent of the underground miners had radiographic mafluuunmwmawmmm 
limit vaiue for FCS is scrupulously adhered 1o silicosis as a disease shouid be abolished. 

and regretably, exposure to excessive levels of FCS in some places of 
work still exists, and silicosis continues to be induced. This is not because the recom- 
mended TLV is too high but because it is not complied with. 

anfimhmm the most 
‘_"""-u Wit the -mining, processing, and handling of coal. lmfiomnh-hqflmd,flhflhhp“‘“ 

black and carbon electrodes. In all these cases the biological effects are similar but not ' 
identical, um&mdm--ummufiw 
workers' pneumoconioses” (CWP) is the proper term to apply to the abnormalities 
caused by the dust inhaled in this class of occupation. “Black lung," which is a sociceco- 
nomic term, has no meaning in the scientific or medical context. 

Respirabie free crystalline silica in varying concentrations from slight to high com- 
monly coexists with coal particles in the miner's environment. Some is in the coal seam, 
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some is released by roof bolting where sandstone or hard shale is present, and in mines 
of the United States sand used on the haulageways is ground to respirable size. In the 
mdmummdyhnnwmwhm 
handling of the commercial product the contamination by FCS is much less. 

Pure coal -or -graphite inhaled by experimental animals produces dust foci . .. . : i 

The “coal macule” is different in appearance from the 
wm).hub'nlmflmhdhwm-flm i 
mww.mmam-nmmuu-m 
mwmammmu“umhfi—h 

' of shrinkage and filling with macrophages. 
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192 GEORGE W. WRIGKY 

masses 1o develop. These are referred to as progressive massive fibrosis (PMF). Since 
the coal macule in contrast to the silicotic nodule has rather indeterminate borders, the 
macules lose their identity when they are caught up in this large mass and do not exhibit 
the agglomerated separate structures that characterize the appearance of conglomerate 
silicosis. The mechanism of PMF development is not clear. It does not appear to be 
closely related to the coexisting FCS, although some role for this substance in the 
development of PMF cannot be excluded. It seems likely that PMF is reiuied in part 10 
the extraordinarily high content of coal dust in the invoived areas. On the whole, in 
mmumm.«mn.mmaz-s.ammm 
burden of coal in simple CWP or PMF is 10 or more times greater than this. It is 
tempting to believe that uncomplicated or simple CWP_is basically a.moderate to severe . 

= example of an inert dust reaction and that PMF would develop in all types of inert dust 
exposure if it was heavy enough. This probably is 100 simplistic an approach.- it has 

———a suggested that immunological factors ma a role in PMF. 
different kind of massive lesion. 

mmWMMM)Awmdem 
rheumatoid arthritis, a disease having a large immunological component. The 
intrapulmonary mass characteristic of this syndrome does not have the histological 

. appearances of PMF but does have some of the characteristics associated with immu- 
1 5 nological reactions. This entity clearly raises the question of whether an immunological 

response plays some role in the development of PMF, even though PMF is definitely not 
the same lesion as-tharcharacterizing Caplanissyndrome.. - -~ = 

In contrast to the adverse effect on tissue resistance to the tubercle bacillus caused by 
the silicotic reaction, the coal macule does not appear 10 influence the body defens. 

! against this organism. When tuberculosis and simple CWP coexist, the infection may 
: play a role in causing PMF, but rapid acceleration of tuberculosis does not occur. 

) For the most part, the radiographic evidences of CWP including PMF are similar to 
those of silicosis and need not be repeated. The shadows cas: by CWP are a mixture of 
round and irregular shapes measuring 1 to 5 mm in diameter. The attack rate and 
severity of this stage of the disease is related closely to the amount of dust in the lung. 
Many individuals never progress beyond- this stage to that of PMF, which is 

when severe PMF exists. In simple CWP, Wdfud-ahu-hchl 
does not interfere with physical effort or shorten the life-span (28, 29). In some indi- 
viduals having severe PMF, however, there is marked resrictive impairment of 
pulmonary function. reduction in capacity for physical effort, and shortened life-span. 

b Several studies searching for evidence that CWP is related to an excess risk of 
bronchogenic cancer have failed to reveal such an association. 

It should be emphasized that some occupations in coil mines (e.g., a motorman, 3 
roof bolter, or a development man) are characterized by a predominance of FCS 
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w.r«um.ummmmmm.uuw 
mmnww.ulwuymmw-mu 
nodules. and pure nodular silicosis. These combinations of abnormality led, particularly 
in the United States, to the term anthracosilicosis, before it was demonstrated that coal 
in the virtual absence of FCS could produce the coal macule and PMF. Since simple 
WfiwyMuwwwmfidw.dfimMM 
dw“mnanhfltW’.mdhumum 
mine premises will prevent CWP. 

83 Chronic Bronchitis and Emphysema 

Examination of large numbers of persons who have been exposed to inert, fibrogenic, or 

Ww%aawwmiu-imm.w'bd 
whether these two diseases are caused or influenced in their natural course by the 
exposure to the specific dust. 

Emphysemna, defined as pathological enlargement of the air spaces distal to the ter- 
minal bronchioles, has been found to involve more than 5 percent of the lung in 
WMMmumdnfl.fl-an-w.TfiW 
come from all walks of life, and there is no preponderance of men from the dusty trades. 
Possibly 10 to 20 percent of these individuals from the population at large have severe 
ww;»mwm:-mwdmmmn 
n«wmflmum(«w» 

Chronic bronchitis, defined as periodic or persistent bouts of coughing caused by the 
Mummm«mmummmmd 

rather frequent causes of death. The among aduit men 
DAY as 15 1o 20 percent. By far the most 3 not the only 

alence of these two conditions in the adult male population at large, it is not surprising 
to meet the paradox just described. Efforts to disclose the role of occupational exposure 
to dust as a causative factor in the development of chronic bronchitis or emphysema have 
been made. There is surprisingly modest support for the concept that industrial dust or 
the irritating fumes commonly also present play a role in the development of aggrava- 
tion of chronic bronchitis or emphysema. It is difficult 10 accept the belief that no role is 
yamnmwu.wmymmuww.mm 
|Myummm¢fmmawm.mm“dwd-m 
mnflmdnfimufldmu‘nnnflmmflm 
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overshadow any demonstrable strong influence of industrial dust, fumes, or gases (30). 
In studies in which these other factors are corrected for, there is some suggestion thut 
occupational dust per se may contribute at least 10 chronic bronchitis, even though it is 
not the most potent factor. 

9 ASBESTOS 

“‘Asbestos” is a term customarily reserved for commercially mined and milled, naturally 
occurring crystalline fibers of the serpentine and amphibole family of minerals. 
Chrysotile, the fibrous form of serpentine, is by far the most abundantly produced. [he 

‘crocidotite; amovite;-and anthophydlite are prodoced and used-as-such v a - amphiboies 
lower scale, tremolite is found primarily as a contaminant of talc, and actinolite is rarely 
encountered in industry. R 

SU———— In their natural state, the fibers are found massed , forming a layer of cross or 
T Slip.iber within parent rock of the same chy aepars 

tion from their parent rock or of “opening” during milling and manufacturing uses, the 
airborne fibers of asbestos vary enormously in length and diameter, but some ultimately 
become thin and short enough to be of respirable size. Since the aerodynamic behavior 
of [ibers is determined by their diameter rather than length, fibers more than 3 um thick 
do not penetrate into the alveolated regions of the lung. As discussed eariier, length and 
shape as well as diameter play a role in governing deposition. Although fibers as long as 

‘may occasionally.befound in she-lung -ihelengthofthe-majority-is less than 50— - 200 um 
um. 

As observed in humans or experimental animals, all the wultimate fates described 
earlier for particles entering the upper airways occur also for fibrous particles but with 
some important differences. Fiber deposited on the mucociliary apparatus is removed 
and expectorated or swallowed. Those less than 10 um long can be ingested readily by 

fibers” longer-than 20-um 
defense this length of fiber.is impaired or not available. In spite of 

this, fibers free on the surface of the alveoli are relatively scant. Almost always, 
fibers remaining in the lung either are within macrophages or appear to be embedded 
within the thickened wall of the alveolus or within the interstitial tissue, which then 
becomes the site of fibroblast proliferation and collagen fiber deposition. Fibers longer 
than 10 um within the regional lymph nodes are unusual, and even shorter ones are not 
found in large numbers. 

Some of the fibers within both the lungs and lymph tissue become coated with a 
m- iron-containing substance i | 
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mmm.mamp-mmw,wndu-m 
&euhdiauu-pbm.w.mhpumm 
ukunhwmmy“m‘-hmhd&mm 
after long periods of residence within-the lung: There is some evidence to indicate that .. .. 
mmummwuummmn“m 
fibers entering the lung are neutralized. It should aiso be pointed out that ferruginous 

. hfi-mhhflnmyufl‘mflt&umhmhfldfi'fi 
’ things as glass and vegetable fibers of silicious composition. 

hummmmmmmusulo_ 
| whether coated or naked, behave essentially like inert particies (31, 32). This length 

mdlflhmm-cfldm-flhmmthmh - 

mwummnomm.naflamm-m 
pdmiflhccm,udmemdmdm-m“hhun- 

| m«(sz).nhdmumumwmmw-um 
| Mymmfimummmmmmwumn 
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some variation of individual reactivity to these dusts. Measurement of antinuclear anti- 
mmm.umwmmfimmmufl.m 
wuhumummwmmm.ru 
exposed but without fibrosis (34, 35). The importance of these studies, especially with 
regard to recognizing prict to exposure those who would be hyperreactors, remains to 
be determined. 

In contrast to particles of FCS, asbestos fibers tend to remain on the surface of the 
alveoli; the cellular reaction to them develops inside the alveolus, and this alveolitis ulti- 
mately goes on to organization, with obliteration of the alveoli and the diffuse fibrotic 
mm&—hn.wnh&fluuhm-mn 
explains the diffuse rather than the-nodular-tissue reaction-to-asbestos - Alyo, -in-contrast — 
mmm-mahmnummmmumm 
more extensively in the lower half of the lungs, and it is unusual for large conglomerate 

) masses surrounded by normal tissue to 1 
EE addition to the diffuse intrag 

there is also a fibrotic reaction of two kinds involving the pleura. First, there 
may be slight to widespread fibrosis of the visceral pleura associated with the 
MMM&MyMuMd&M 
space may occur in these areas. Second, there may.be small to large plaque formation 

quite sharp, raised margins, and they are composed of fibrous hyalinized tissue that at 
times 3 i
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THE PULMONARY EFFECTS OF INHALED INORGANIC DUST 1% 

characteristic of silicosis are not present. The usual appearance of asbesosis in the 
radiogram is that of poorly defined, small, irregular densities that obscure the normally 
sharp margins of the bronchovascular structures, particularly in the lower parts of both ‘ 
lungs. Thickened pleara may cast-a-diffuse-haze-over-both- lungs-and-often obseures-the — - - - - 
intrapulmonary densities. When the disease is severe the radiographic abnormalities are ‘ 
readily recognized; but in the slight stages, the question of whether the radiogram is in 
fact abnormal is commonly disputed and may be answered differently by the same 
reader on different occasions. 

Physical examination in the early and subsequent stages often reveals persistent dry 
crackling sounds (rales), audible over the Jung bases posteriorly. Clubbed fingers with or 
without cyanosis may or may not be present. 

In any given case all the abnormalities thus far discribed may exist, but commonly 
—T myu-mmmwmuwmum 

function measurements are charscteristic of chromic-insemstitial lung dissase, ... - 
what its etiology may be. Although idiopathic chronic interstitial lung disease 

is rather uncommon, it occurs frequently enough (o pose a diagnostic problem, espe- 
cially in persons exposed very slightly to asbestos fiber—that is, for the intermittent user 
of this material or the general public. The diagnosis of asbestosis therefore requires 
exclusion of other-causes .ol obsesvable abnormalities. plus_establishment of the occur-_ . 

| rence of adequate exposure to respirable asbestos. 
‘ In contrast to the-experience with exposure to inert particles, to free crymalline silica, - - 

and 1o coal dust, exposure to respirable asbestos fiber is associated with an excess risk of 
cancer (36, 37). The excess risk of bronchogenic cancer is virtually confined to those 
having a long history of cigarette smoking plus heavy exposure to asbestos. The greatest 
risk appears to be in those exposed in the insulation working trade, where the “‘total” 
exposure to multiple factors by reason of coexisting agents in their variable working 
conditions may play an important role. On balance, asbestos per se is a low order 
carcinogen for the bronchial cells, and its role is aimost certainly that of a promoter, not 
an initiator. 

There is evidence to suggest that an excess of bronchogenic cancer occurs only among 
diffuse pulmonary fibrosis or asbestosis (38, 39). Thus since fibers shorter 

T
y
 
—

 

B e — 5 10 10 um do not cause diffuse pulmonary. fibrosis, it scems likely they also do not 
——r mhmmdn—w“rfi-”wn 

fiber in the workplace. 
Smmn“m,u’-w&dpww.q 

+ workers exposed 10 respirable asbestos. The excess risk appears to be of a low order and 
confined to those heavily exposed (36). Curiously, there is inconsistency of excess risk 
for different parts of the gastrointestinal tract among the various studies. 

An excess risk of developing either pleura or peritoneal mesothelioma has been 
observed among workers exposed 1o chrysotile, crocidolite, and amosite, but not to 
anthophylite or tremolite (39). The dose at which the excess risk occurs appears to be 
lower than for the other kinds of asbestos-related cancers. Some believe that exnosure o 
crocidolite carries a greater risk than that for chrysotile or amosite, but s attitude is 
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10 FBROUS GLASS 
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THE PULMONARY EFFECTS OF INHALED INORGANIC DUST 1 

apparent that fibers thin enough to be respired have been in the workplace for some 
time and are now being manufactured for specific purposes. 

In contrast to the earlier animal experiments showing only an inert dust reaction, 
contemporary animal experiments using repeated intratracheal instillations of dilute 
suspensions of glass fibers thinner than 2 um and longer than 25 um have revealed the 
development of fibrosis in the interstitial tissues around the respiratory bronchioles (32). 
This reaction, though qualitatively similar, is much less severe in comparison to that 
resulting from asbestos fiber, thus strongly suggesting that something in addition to fiber 
shape and dimension plays a role in the induction of fibrosis. The same experimencs also 
indicate that glass fibers of identical composition and diameter but shorter than 10 um 

Experiments over the past several years have shown that introduction of long glass 
fibers thinner than 3 um directly into the pleura and peritoneum of experimental ani- 

— -H—;_.._,_‘&MWM(G) such experiments are important in 
of mechanisms of carcinogenesis, it poifited bt thar-such- implanta- 

tion of large numbers of fibers of this size directly into-the pleura or peritoneum-com~— 
pletely bypasses the defense mechanisms available to minimize the movement of (ibers to 
the pleura by the usual inhalation route in the intact respiratory system. Furthermore, 
the number of fibers introduced in these experiments is doubtiess several orders of mag- 
nitude higher than might conceivably result by way of the inhalation route: As was the - — 

. case with asbestos, these experiments show that as the length of the fiber is reduced, the 
. yield of tumars is.lessened, and when all the Ghers are shorter than B um, no statistically . . 

significant excess of tumors is induced (47). One would anticipate that by the normal 
inhalation route, the long fibers would be less likely than short omes to reach the 
subpleural regions, and this would tend to further lessen the number of long thin fibers 
ultimately reaching the pleura by the inhalation route. Although these animal experi- 
ments suggest the possibility that glass fibers thinner than 2 um and longer than 10 um 
might cause pulmonary fibrosis or induce mesothelioma in man if sufficient numbers 
reached the alveolar areas of the lung and the pleura, they are 3o artificial in their man- 
ner of placement of the fibers within the animal that they have questionable relevance to 

. - human_exposures. - The-more-relexant inhalation -experiments.in- animals remain-to be— - = - 
L-- ._.__..mMm-mmmmwwndnm thin fibers of glass 

investigationy have been carried out. 
| 
| 

- should be postponed until these 
"'Ww-nq—cuwumhwu 

u—m.nmm&ummwm-uhm-u 
perspective. As indicated earlier, fibers of these long, thin dimensions have been present 
in small numbers in the air of glass wool manufacturing plants for the past 30 to 35 
years. In fact, for several years they were deliberately manufactured for the production of 
flotation materials during World War 11 and for a short time thereafter. Recent epide- 
miologic studies of workers in manufacture of fibrous giass where long, very thin fibers 
were present 30 or more years ago have shown neither an excess of cancer, including 
mesothelioma, nor of pulmonary fibrosis in workers exposed over this period of 
time (48). 
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11 PNEUMOCONIOSIST 

The reader must wonder why the term '‘pneumoconiosis’ has been used only with 
regard to coal workers' pneumoconiosis (CWP). The author used it in that connection 
because in this particular circumstance it has a rather specific, well-entrenched meaning. 
As generally used, *pneumoconiosis” is defined as the circumstance of deposition of dust 

i in lung tissue and the tissue reaction thereto. In this sense it has no specific implications, 
. since all adults, no macter what their work experience, fall within this category. 

Maoreover, some of the pneumoconioses have serious biological implications while others 
do not, and all oo often there is a false inference that all pneumoconioses are harmful. 

- The term is 50 ambiguous-thai-its use should-be discouraged-and-mere specifio designa-- - ---- —- 
tions should be used for each of the circumstances. . 
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