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other gases and fumes throughout all sorts of industrial environments cannat be covered.
The reader is urged to consult more comprehensive texts for greater medical detail or 1o
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Raymond Parkes, Occupational Lung Disorders (16) is recommended.
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movement of molecular oxygen from the air into the blood ahd of carbon dioxide out of

the blood into the air phase. Thus the biood becomes arterialized in its transit over the
surface.

As can readily be appreciated, the partial pressure of these gases in the blood and gas

phase would quickly become equal unless the air phase is continuously maintained at

high !

Equal in importance to an understanding of the morphometric aspects of the respira-

tory apparatus is knowledge of the histologic or cellular structure of the lung. These

components determine the manner in which dust particles entering the lung are disposed

of and also what kind of biological reaction does or does not ensue. For details of the

normal lung histology, the reader is referred 10 standard texts of histology and to the
special texts on the lung (2, 3).
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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 canilaginous 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 to0 50
um in diameter, are located both in the interstitial tissue and within the alveolar spaces
lying free on the alveolar surface. These are large mobile cells whose most spectacular -
function is phagocytosis. They also are invoived 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 particies is discussed later.

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

| . _-mwmmwmumwdw
‘ o alveolar ducts and ascend in a merging fashion with other \

\ - i dmmm*ndw
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for the purpose of removing excess interstitial Muid. Along their course are collections of

lymphoid tissue, the smallest being arranged in culls around the respiratory bronchiole
The lymph fluid flows toward the [ung root, and larger
along the course of these lymphatics as the

channels coalesce and become . The nodular clusters of lymphoid tissue in the root ‘
i of each lung are quite large. The various regional aggregates of lymphoid cells serve as
I collecting points where particles penetrating to the interstitial fluid can be sieved or fil-

their

!
i
]
i

tered out of the liquid phase and accumulated in the lymphoid tissue, thus minimizing
’ introduction of such particles into the circulating blood by way of the main lymph

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

mediastinum. [t contains a small amount of constantly exchanged fluid. Covering the ‘

. of the pleura are large flat cells of mesothelial origin lying on a thin layer of ‘
areolar connective tissue containing. bieod and_|ymph vessels, nerves, and a well.

— developed layer of elastic complement of macrophages and fibro- |

i Of particular imporance for s
onto the inner aspect of the elastic layer and supporting structures of the pleura.

there is the possibility that particles reaching these alveoli might pass directly on into ‘
the pleura. In this way particies in addition to those that move by way of the lymphatics

might ultimately come into contact with cells of the pleura,

‘
|
{
|

3 BEMAVIOR AND FATE OF PARTICLES THAT ENTER THE RESPIRATORY
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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 gente 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 um in
diameter. Fewer than 0.2 percent of the toral 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 ’
pnvﬂlhohuwdmhhhn”.bplq.m-rh-ﬂm

"’"W«hﬂmdhw
am| to which the general public or those who work in the dusty .

exposed, one finds particies of these dimensions, but in addition, many of much larger
diameter and length. Why is the long-term retention of particies limited 1o 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 particles 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 2 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
conducting system, or in the tortuous passages of the nose, the entrained particle tends

L Wﬁmmmuuumummm“hm
——— - i ional to the size of the particie and.the speed of the airstream, thus of the
| - icle, and inversely proportional to the of the tube. Gravitational forces aiso

‘ from the airstream and nw
tory system. The terminal settling velocity of a particle is directly related to its v,

the gravitational constant, and the square of the particle diameter. It is inversely related

to air viscosity. Since the gravitational constant and air viscosity are the same at all

times, the terminal settling velocity is predominantly related 1o the other two factors,

plus the distance through which the particle must fall and the time permitted for the

| event 10 occur. Deposition of particles by diffusion is limited to those of a diameter

‘ smaller than 0.5 gum and predominantly 10 those smaller than 0.1 um. The smaller the
particle, the more rapid the diffusion movement that can occur. The electron microscope
size particles are relatively uninfluenced by any deposition force ocher than that of diffu-
sion, and the fact that such large numbers of particles of this size are found in the lung
residue indicates that diffusion can play a major role in their deposition. [t has been sug-
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gested that electrostatic and thermal forces may play 2 role in deposition of particles 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
the nose and upper airways and that the particles between 5 and 10 um would
primarily in the upper airways on the mucociliary escalator. Only the
particles in the range of 1 to 2 um would be likely to penetrate into the deeper portions
the lung, where deposition in the alveoli could occur by gravity and diffusion. On the
basis of these calculations, particle deposition by sedimentation would be least for parti-
cles having a diameter of 0.5 um; but deposition of particies smaller than this might be

. _h_wnmmyhuummd
B Nmmwmm-.-r&tﬁm

*wsmm.w--—w
in the nose, and few, if any, reach the smaller conducting tubes

il

3
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T flow close to the surface. It has ated that curly fibers penetrate to the
TSSemugeepar. portions of the lung much less than

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
than 50 ym.
mmwmmmmﬂmm
experience one of five (ates. 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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‘ penetrate 1o this area but too long to be completely engulfed. The limiting length has
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‘ _ with-their particles move up onto the muceciliary escalator and appear in the
T I m:;‘l!m“ macrophages filled with particies simply o
\ *wm.mm-‘rh '

stances is measured in terms of weeks and perhaps even a month or more. Its life can,

of the macrophage. .
A third fate of particies involves their movement, cither paked or inside the
. across the alveolar surface and into the interstitial substance. Once having

and others enter the lymphatics and are sieved out in the regional lym-
MMMMny_hWy.Apr-ﬁd-p-uww
nydmwmmwmmmmd—nmmdu
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involve more than one method, and there is little agreement on this question. A Tourth

fate of particles is simply to remain free on the surface of the alveolus.
The fifth fate of particles is t> be dissolved partially or completely or to disintegrate into
w«.wamm&mauwm
e h:;emhdnfmnuw%mhmamucm

- can oceur. Some inorganic of CaSO, (gypsum) or

,.‘m—mu&mw
less y removed. Fibers of asbestos or glass, thin enough to be respirable,

are thought of as being impervious to the influence of body fluids and enzymes such s
those contained within macrophages. Evidence is accumulating, however. to show that
fibers of this nature fracture transversely into shorter fragments. Moreover, there now is
reason to believe that both glass and asbestos fibers of diameters below 0.5 um actually
may dissolve within the lung tissue.

The self-cleaning mechanism of the lung appears to be efficient. Although there is
some variation of this capacity berween individuals, it has been reported that less than 1
mdhmﬂdﬂmﬂmddahﬂﬂﬂmuhm
in the lung (5, 10). The paucity of studies bearing on this effect in humans warrants
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muscie force to the thoracic boundaries, causing the thorax to enlarge and diminish its
volume in the familiar act of breathing. The lungs are attached to the thoracic
boundaries by a thin layer of liquid that permits them to follow the excursions of the
| thoracic walls, thus change their volume in a spatially even manner. The lungs not only
' are strerchable but in addition are elastic and can recoil by virture of the abundant

the tension in the ultra-thin layer of liquid overlying the surface of the alveoli. This
overlying liquid layer is elastic by reason of its simulation of a “bubble,” with con-
surface

sequent tension properties. In fact, this force would collapse the lung if not
counteracted by phospholipid particles, the “surfactant” manufactured by the type II
pnewnocyte and discharged into the thin liquid layer (11).

The rate of air exchange within the lungs reflects the depth and frequency of respira-
tion, which in rurn is controlled by the respiratory center. Under normal circumstances
the ratio between alveolar ventilation and capillary blood flow is essentially the same
throughout the lungs, and the arterialized blood is maintained at a remarkably constamt

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

- — __—M.umdwmwmdm

lung, the lower or more dependent units receiving a larger portion of the total air and
‘.‘1_‘—‘-.

T Ssssevd.flow than do the units higher on the vertical axis.
mmmmummnmummum
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’ 5 REACTION OF THE LUNG TO INMALED PARTICLES OF DUST

| Utilizing knowledge of the cellular components and organization of the lungs plus

- manner in which cells respond to stimulation or injury, one might anticipate the various
reactions this organ would display to the deposition of dust. As mated earlier, whether
such reactions will develop depends on the nature and number of specific parvicles

* deposited and retained, as well as the influence of coexisting inhaled agents and
reactivity of the host or individual.

That dust particles can stimulate the smooth muscle distributed in a circular
within the thin-walled portions of the airways. thus narrowing the lumen and raising

¢ véslitance to airflow, has been demonstrated 10 occus as a reversible
ing the inhalation of high concentrations of dust (12). This response in most persons
. wmdhdlw
In persons who for one or another reason are hyperreactive, however, 1 ‘
concentrations of dust may evoke a recognizable response.
The deposition of dust on the mucociliary apparatus normally stimulates a flow of
mucus. If the production of mucus is excessive, or if it is not removed adequately, it can
accumulate in the airways, thus reducing the lumen of the conducting tubes and elevai-
ing the resistance to airflow. Furthermore, prolonged stimulation of the mucus-secreting

. and cells can lead 1o hypertrophy or enlargement of these sructures. The
enlarged subepithelial glands can encroach upon the lumen and cause persisient narrow-
ing of the airways and elevation of resistance to airflow. ‘

Particles of dust lodging on and beneath the surface of the alveoli stimulate the
recruitment and accumulation of macrophages in this area. There can be enough of
these cells to partially or completely fill some alveoli, but because of the cells’ ability w0
move out onto the mucociliary escalator or into the lymphatics, this is unusual. Some
particles are always found lying free on the surface of the alveolus, but whether these
have never been phagocytized or whether they are waitirg for reingestion cannot be
determined. Presumably particles could stimulate any of the lung cells they come

_ indirectly into contact with, or they may act through the intermediary of cells

Sl such as the macrophage. Some particles lodged. o or. just_beneath the alveolar surface

| w:w by the surface cells—at
found embedded in a mass of cells involving the

4

4

i1

— e

Since fibroblasts are present in the interstitium of the lung, these cells may be stimu-

lated to form excessive amounts of reticulin or collagen. Excessive collagen formation is

1 likely to accompany prolonged or chronic inflammation in most organs of the body. This
| 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

| Muﬂ.—mmmimmmnm
of some kinds of dust is not entirely clear. It has been postulated in recent years that
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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 reieased by the
macrophage 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
stimulate 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.
el WHhhmimdﬂuuWu
qumum.‘l'hcdhl“thuha all the airways and alveoli have a

nlhc*nhaﬂh& particles lodged on the surface
tubes might promote an even higher turnover rate of the surface cells,

air-conducting

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

’ dnudilulnmplﬂwuddphyunkdiﬂychﬁdyhm

. transformation of the cells lining the conducting airways.

1. Lictle or no rea*ion of any kind.

2. Hyperproduction of mucus secretion.

3. Hypertrophy of mucus-secreting glands.

4. Macrophage recruitment and ingestion of particles.
5. Chronic proliferative or inflammatory reaction.

6. Reticulinosis.

7. Fibrosis.

- ,_,_______M w--pm-r-umm-—;m

ST vewea D LUNG STRUCTURE ON
OF ALTERED LUNG STRUCTURE ON PULMONARY FUNCTION

Narrowing of the airwavs, whether caused by muscle contraction, accumulation of
| mucus, or hypertrophy of the mucous glands, will increase the resistance 1o 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
a (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 to airflow occurs more or less uniformly throughout all the lung, the
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uces an elevated resistance to blood flow in the entire pulmonary circuit,
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impairment, ultimately leading to death.
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will behave in an overall less compliant fashion than would a larger volume of lung. In
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173 GEORGE W. WRIGHT

movement of air will be increased. The work of breathing will be augmented, and the
maximum 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 between ventilation and perfusion will ensue.

It is of interest 1o observe that although an elevated resistance to airflow and a |
decrease in pulmonary compliance affect lung mechanics differently, the end results in |
terms of overall physiological impairment of the respiratory apparatus are quite similar. w
Both cause an increase in work of breathing, & loss of maximum ability to move air into |
and out of the Jungs, a mismatch of the ventilation perfusion relationship, with con- |
sequent arterial hypoxia, and an elevation in the pulmonary artery pressure. One dif-
ference is that in airway obstruction there is carbon dioxide vetention and an elevation of |

-~ ‘ifterial pCO,, whereas in the abnormalities associated with loss of \

7 CRITIQUE OF THE METHODS USED TO STUDY THE PULMONARY EFFECTS

3 . OF INHALED INORGANIC DUST ‘
Knowledge about the way in which humans will respond to inhaled dust should be |

. derived from the demonsirable effects of inhaled particles as observed in humans.
Extrapolation from other modes of study such as animal experimentation or cell culture !
is speculation, even though this may be warranted or even necessary under some circum- ‘
stances. Unfortunately the technical conditions imposed on observations of humans,
especially when retrospective observations are made or new substances are being
considered, at times limit the availability of the human study modality. Therefore
experimental animais or isolated organ or cell systems are ofien utilized to explore the
possibilities of inducing tissue reaction in the lung, the factors that control the reaction,
and the biological mechanisms invoived. The animal and cell modalities are used most
appropriately for examining aspects of the overall question that cannot be approached

iAW uman study alone. This does not, however, assure the validity of extrapolating from
:_.. SO & :

— o The advantages several. The exposure can
MWM

agents or combinations are presented. The opportunity to follow the course of events by
serial sampling of the tissue is available only with animal or cell experiments. Also it is
possible 10 repeat experiments under controlled conditions in animals. The shorter life
span of small animals i an advantage in that the process of carcinogenesis is telescoped
into a shorter period of time, thus shortening the duration of the experiment. Although
the methods used for examining tissues znatomically or biochemizally are essentially the
same whether animals or humans are being examined, there are some advantages to the
use of animal tissue. Since dust particles are distributed in a nonhomogeneous way, the
effects have a patchy distribution also. There is an advantage then to being able w
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prolene on whole lungs of animals.
l Mmmmmunuudwmn-ﬁyﬂ
There are, bowever, some very important and virtually insurmountable disadvantages
associsted with the use of these models if one intends 10 extrapolate to human
wwumuhd—ldlq—.&nmmmm
thmmuuﬂtﬁuﬂﬂmdwdmm
Whmdﬁw-ﬂdﬂ.ﬁn*md&mdﬁﬁ
exist in the intact animal or man. Second, long-term experiments cannot be done, since
cell survival is rather brief in any event.
mmhmmﬁ-ummummm
There is always the influence of species difference with respect 1o

- "“"Wﬁmaw ”‘“W
tions ( species. Also, experimental animals usually are kept

conditions quite different from those of humans. For example, animals other than man do -
not smoke tobacco, a common biologically active coexisting agent in human respiratory
mmMn?ﬂmnthaaMm
whmudh“hwﬂmmﬂhnmimbhm-
Mw-mﬂyhﬁqu‘h&)‘m,pﬁyﬂﬂlﬂm“ww
. caging conditions can influence the biological response of animals. How similar are the
environmental conditions of man throughout his lifetime to those-of the-experimental - -

DAPERTIeP——Y
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mmmuuwwmmy-.mm
ummmmumwumnuhu
deliberately to guarantee an effect in wnimals if it is at all possible 1o produce one.
Unforrunately, when a biological effect is produced, there is all too often little effort w0
determine or take into acrount the response at lower concentrations—the dose-response
curve.
Mbm-m#numdmm&hmhmﬁ-
. Contrary to popular belief, an unlimited number of animals—or, in
5 = the number actually needed for the kinds of extrapolation commonly

vost animal experiments. This

_Wyn“@m % is especially
seeking a no-effect level, &5 WeIl & When
uywhw.m-md&.&euﬁdh‘ﬁdﬂuﬁa‘-

: imﬂymﬁhmmmu&mnrMh-—
mmrnmwumuumum.u.m
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
mmm.wmmc&wmm@w
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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# mmmomwdcm role.
‘ There is an advantage also in the greater possibility for observation of larger of

|
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of the lung will react in the same manner to a number of different kinds of stimulating
agent. For example, hdﬂdmdtwwkynnnmw

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 histological approach
is of great importance in determining whether an abnormality is present, other
modalities to prove ils relationship 1o a specific agent must be used. For this purpose the
techniques of epidemiology are useful, and the reader is referred o Chapter 5 for dis-
cussion of this discipline.

populations, it cannot be stressed 100 strongly thar the greatest wivifitage of this

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
m-adﬁr 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
population at large. From such observations it is impossible to derive information usable
for establishing the dose-effect relationship. Under such circumstances one also cannot
be sure of just which of several coexisting agents is the cause of the biological reaction.
Nor can one be sure that cofactors are not operating as the ultimate biological stimulus.
To auribute the biological reactions observed to specific agents under such circum-

_ though at times a temptation. is a practice of questionable validity. |
st AMWWW&MM& ‘

animals the lungs may be or chemical methods at any point in

”"Nm»ummn—nm | |

mtudies 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 “fashions™ of diagnosis, incomplete diagnosis,
and very commonly, partial unavailability of death certificates. These faults become

Published by AsbestosClaims.Law
asbestosclaims.law/library/25385/16


https://asbestosclaims.law/library/25385/16

tion ranked by the severity of exposure or to an external control popuiation of persons

- .memum.nmdwm:lﬂ“uwmuw:
can speak

The Pulmonary Effects of Inhaled Inorganic Dust
ACL Doc 25385 - Page 17 of 38

THE PULMONARY EFFECTS OF INNALED INORGANIC DUST Rl

mm,mmmm«;mywmmm
to the population of a state or of the entire country. ‘
Because of the difficulties attending the use of mortality data, an alternate epidemio-
wwhnmummanww— ‘
during life to exposure up to that point in time. This approach does not take into
mh”“dﬂwmuﬂllh&mﬂiimw
whhmwthm&hwmtnmdm
Nmunmwuwmmhuwdﬁnm.amw
Mmml&mhlmmuymumﬁem
dmdm«mhtﬂvmwnwmw

to the agent in question. This approach has a high degree of 1 ’
Ithmuwmmnborhmm
mwm:-—w - e
ing for changes during life. How should one view the importance 9
subclinical alterations of tissve? The goal is to prevent disease, with its associated
impairment of function leading to a reduced capacity for normal activity and in some
instances to shortened life expectancy. Therefore it is imporiant to distinguish berween a
small and limited area of tissue injury and what we mean by disease. The differentiation
hinges on whether impairment of vital ‘unction will occur or has occurred. Cell death
Mmmnmdwmummmm
mm.wmuww-ﬂuwﬂmmuﬂ
areas of the lung commonly influence the orderly process of cell death and replacement
dﬁqhmwuﬂ“p‘”&"%mm&hﬁduﬂm
hu;innmwhtwﬂnndlq“.ummmm&e
‘end stage of injury is invariably found. Since these effects are minor in extent and occur
humpu-iqmm&nmhudbyunlmnﬂm
mhuhmmymmmmul&m.Mi.
therefore, a quantitative as well as a qualitative aspect to body impairment and disease.
hhl&hdthumhhw»mlhtmmtnmmd

in rather broad terms of the way in.which gases and particles may or may not

the lung, but W‘W the quantitative
probably more important under most

wmmmamm.mmduwi
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.
Mﬁuﬁuﬂmmm.WuMum
inherent weaknesses must be recognized if the validity of conclusions derived from their
use is to be evaluated.

mdmmumuﬂwmm.wmm.m
mmmmwmmmw.
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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

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
wehen the shadow is located where it should not exist, the normal shadows.ase altered. A
dﬁuﬂwull- because there is considerable variation beétween normal persons in the
.. W"’"""-
Nmmnmymwmdh“md
shadows, but minor tissue alterations make cither no or very alight change jn the pattern

in the radiogram those -of normal or abnormal structure? For-epidemiologic studes: - -
‘ these differences can be lessened by the use of multiple readers using the UICC system
| . of notation and standard reference films (15).
| Measurements of pulmonary function are aimed primarily at recognition and quan-
‘ tification of changes in pulmonary airway resistance, pulmonary compliance, the
| alveolar vemtilation-perfusion relationship, and the total effective arex of the
’ alveolocapillary membrane. Using rather sophisticated methods, these aspects of

pulmonary mechanics can be measured rather accurately. Recognirion 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 less difficuit, thus more widely used measurements,
is the fast vital capacity (FVC), or volume of air expelled by prolonged, explosively
applied maximum expiratory force beginning at the position of full inspiration. This not

indi the stroke volume of the respiratory pump but also, because maximum
N effort is applied rapidly, it reflecis the speed with which the air can be
turn

percentage of the predicied volume or as a percentage of the 1otal volume expelled,
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 at 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 elevared
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mmm.mmm:.mamarvc.a—m
fooked at alone will not differentiste between the two conditions. When airway
resistance is the cause of the subnormal FVC, however, the FEV/FVC ratio is
Mmmw.um.mumwchmu.
wmumumw:mﬂmwkmmh
increased.
mm-ﬂddwmﬂdhmmﬁ-aa
contrast between normal and moderately severe alteration of pulmonary function is
| w.mm-:aﬂubfwhhud-hnuﬂhwnﬂmw
| Mwmmamhmmw,mm
| plethysmography.
‘ -
|
|

-.bﬂmmmmmhmwmm
mehhhlﬂm,dhm

-~y s oo
s require carefully controiled technical

mmnwmnmmmwumm-«
wwmuduhmwmmwuuum
point in the overall study.

. : § BIOLOGICAL EFFECTS OF SPECIRIC INHALED INORGANIC DUSTS

mmdmdmnnuh-nmw*hmuﬂ
lwnhlsp.Amd&cdmdmﬂwﬂlmbwm

N.Ammhﬂmwﬂlhﬁunﬁdmhumm
W.c“la&nm&edﬂmiuﬂ.
mmmm{mmam.mmb
— ymhﬂwﬂhi&W‘pﬁ-mm
a period of time and the W
macrophage, there will be an sccumulation of these particles either
mmumum.mm.mm(m
muhwlllﬂwd:uﬁcuwhvm&wmum&.m
mma—m-w«mamuuw

‘ Aher 2 long period of exposure to durable nonfibrogenic particles of respirable size,
mmu-umuwwmm;muwww
| puﬁ;&edudl.dmn.ﬂwv-ﬁ;ndvﬁhhh—dlniwdb-
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tions bf 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 antached to the alveolar surface at times appear to be overgrown by the type I
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 longevity of life is concerned, it is of
~“paramount importance that these particles evoke neither fibrosis or alteration of the basic
lung structure. The tiny particles are present. but no destruction or replacement of

qualities combined with an intact surface lining of the alveoli, one can understand why
the mere physical presence of small foci of particles 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. ’

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 particles
having a higher atomic number do interrupt and deflect X-ray photons sufficiently to
cast shadows. even though they do not evoke an infllammatory or fibrotic reaction within
the tissues. They cause the radiogram to have a siriking appearance when sufficient
quantities of the particles have been accumulated. Among the inert dusts having a high

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

s S MR i 4uced (17). When the lungs ars examined, they are rust-brown as a result of the focal

o

depositions of iron, and n ion reveals of iron oxide dis-
coaributed in the manner common to ’mﬁ'mnm-
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 dus
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 so
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often the case in silicosis. There is no evidence of any impairment of cardiopulmonary
function or any reduction of life expectancy in individuals with siderosis.
Muﬂdnﬂhﬂquﬁduth—m
mmmmMMuMymwdmmuum
hhm-ﬁ.ﬂ:ﬁhmﬂ-ﬁbh&muﬂym(lumm
to incriminate iron oxide or any of the inert dusts as a carcinogen is not convincing. As
htkuuﬂh“dmwdmwnhﬂe.wﬂyhm.h
oﬁmm-uwwnmﬂhﬂh.ﬂmhlhrﬂm
entity. It should be borne in mind that silica is the etiologic or active agent in any
impairment that ensues.
mmuuwmmdmwmmmd

mmqmdwmwmhumdhﬂm
1o dusts of various kinds over a long period of time is discussed later in this chapter.

8.2 Fibrogenic Dusts

—.-- — e ——w-—--.—-——————-ii-ﬂ--- Free Crystalline Silica— . i e e e

In contrast w the inert dusts, particles of free crystalline silica (FCS) have a strikingly
me-iam(msnm.mmaauauhum. It
mmMsﬂhh&ththanﬂh
(SiOy) or a3 SiO, combined with one or another cation as a simple or complex s
crystalline or amorphous silicate. ~ L

|
|
\
|
|
!

mmumm.m.m.ﬂm.ovm.m
mehuzwymm.mmuﬂmmmnm

than quartz. [n nature, m-muthnﬂmﬂmmmwhm

[ s, SRS YRT mos: frequently encountered during occupational exposures. It is converted w0

[ - between 860-and-1470°C. and above
: 1 wmmdu 1470°C to it becomes

R ———— —

. ,mmwmumdwmmmwhm
m;.mwmummnmmmaulm.
mummmmmmquummmm-ﬂu
dmmmmm;mummmmmmw
m.mwmdm&uhcmmmmu-
MWW*lwﬂmm.hhhuwm
ﬂWammdy.mhwmwmmnﬂ
mummhiu.uu|mmmnhmmmmmmm
hhampmﬂa‘?&mmwhmml&dmm
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T —— reticulin and collagen fibers. surrounding this layer is a
zone of cells in which can be seen the process and

macrophage is thus greatly shortened, 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

fashion throughout the focal deposit. Instead of sopping at the point of re-
ticulin development, which is the case with inert particles, the foci of FCS go on w0
hdqa-dwmwmm“dmhmwm
deposition of hyalin ensues.

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

S Mwﬂu“ddﬁuhm.'hh-hmrmd

collagen by fibroblasts, mixed in with macrophages and other mononucleated cells, in
the process of forming fibrous tissue. At first the nodules are spaced rather far apart, the
intervening lung or lymphoid tissue being free of abnormality. As the number of nodules
increases, there is a tendency for them to coalesce and form a larger multicentric nodule,
which may reach several millimeters in diameter. At all times large amounts of normal
lung tissue persist between the individual or clustered nodules. In many individuals the

e ~reaction doernov progress-beyomd his-point; and-the | ungcan-be-described a-being the ———

&muhh&bhﬂm&hmmmwﬂm

"—-Mm&w will extend to involve the pleura. As a result, the
%m“w”dh
Nuﬁq mmmmw_ymmu.m
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nodules and the freedom from abnormality in the intervening tissues strongly suggess
MhMMmmuMuuMh.ﬂaﬂymm
per. One must assume that some regions of the lung receive far fewer particles than do
mumsqmmwmmmh-ﬁum.
critical level.
h-mm.mmmwmm.nmuy
d-nwdh&nﬂhmkmd:h-dde,hhlywbuﬁnnrhhth
Wdﬂmmﬂwﬂqﬂh‘dwhﬂpﬂhnhh
Me.hhﬂdlyqid.”whhpﬂhu“unmﬁdch
process. In some cases the nodules—whether-located in Jung or lymph node, may become. .. ..
calcified, producing a striking radiograph.
— >n-mdmhummmm
S nhwhﬁwhmﬁum’dhﬂ
support, is that y ghe v ae e

There is evidence that interaction between the membranes of the macrophage and the
wﬁuﬁﬁcﬂhmﬂuhmhuﬁchhdthhumm
of the surface of the FCS particies by-polyvinylpyridine-N-oxide -and -other agents.
F* e e e u-ﬂMaﬁaﬁywmmmmwhﬂhhw

~ exposures considerably lessens or

of both human is true of
epidemiologic study and animal experiments, a3 is true
. mmmwmdmwﬁm
. W.Oﬂmmﬂnhwmdm.Acﬁdmdm
mmuuww.mmﬁwuwym
mmduﬁ-ﬂ-ﬁnhmwumhnﬁdwm
mdmmmmddmm.mmdm
wredhmmwdhm.hmmndwhpmum
m‘l‘hmnv&hhmmpumhh
mmﬂumdmumhmtouwm
Mﬂhmﬂnm&aﬂﬁemnmum&.ﬂuaﬂl
mhnmm.mmld!ﬂmﬂuhinhmbdh
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w-lhrhlmmmudmhnthhqﬂuh

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
mw&mﬁ.nnyﬁummnhdmhlmwm
even to the mucociliary escalator
Mwhmj-wm&nwddhmm
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 crvstals, is
rapidly augmented. This is consistent with the facts because if FCS accumulation occurs
rapidly, lhcbhlqinlmpou though fundamentally the same, has a distribution dif-

T — MM*T‘W frwy o
mmmunauumﬂuuhmmmmm
cosis, since it requires several years to develop. The accelerated process appears tc be
‘ further aggravated if the particies are not only abundant but also especially small, less
than | wm 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
‘ severe exposure, for example, in the process of sand blasting. This reaction shows ]
. - - ~—~combined interstitial fibrosis—plus Hpoproteinosis-like lesions in which the alveoli are |

filled with a pink-staining, relatively acellular material. This reaction may develop
within less than a year, proceeding rapidly to a fatal outcome, and it merits the term
“acute silicosis™ (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

Mwhﬂhhmmﬁui&“hﬂmﬂyh
| SC—— changes are caused by accumulation of ECS and-the-slight cellular reaction produced.

wmmmmquujmn_-mam

cellular and fibrotic reaction, they cast abnormal shadows ranging from-barely
perceptible, multiple. small, rounded densities to larger and conglomerate densities plus
enlargement of the lung root shadows. The number of densities varies from scant 10
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 uniess the volume of lung involved is unusually large or other nonrelated
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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 arerial
pressure. In this fashion, cardiopulmonary function in the range that is needed during
physical exercise is maintained. It must be said that il measurements of pulmonary func-
mwu-wu-mwwummnmmumm
appear;..the person-could - serve as his own control, .and alterations of .
pﬂmmmhw-tndbwm--pﬂemmw
- uﬂluhmmdmthuddumwy .
——man mmmmxmammmmm.
for physical effort because « ‘
found in most instances to have a restrictive type of functional impairment. In
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 1o pulmonary artery hypertension and cardiac failure. In some persons, though
by no means-all—impairmeni—ef -oxygen ~transier- with—associated—arterial - hypoxis- --—-—
develops. .

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 1o reconcile with the specific pathology antributable
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 seemn 10 be more consistent with the facts to artribute it 10
e . 0C% semmes Sther than FCS per se. Cigarette smoking and the nonspeific effects of FCS or
other coexisting dusts and (umes in the-workplace-play.an aiologic role in the produc-
WMﬂMMnW&md

obstructive émphysema. Cognizance of this probability directs our artention 1o the need
for controlling the total dust, fume, and irritant gas exposure, mjuMdFCSnme :

l
’
|
|
|
|
|
causes of impairment coexist. In part, this reflects the fact that the functions of the lung |
|
|
|
|
\
|
|

workplace.
1t is rather remarkable in view of the multifocal fibrosis characteristic of silicosis that
there is no convincing evidence of malignant transformation or carcinogenic effect. At
the same time it must be said that a properly conducted epidemiologic study designed to
nﬂmﬂwﬂMhMMthwbuﬁ
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-
L 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 pam there was little chance that 4 person with coexisting silicosis and tuber- |
culosis would recover. The infection slowly or rapidly but relentlessly progressed o a |

fatal outcome. Moreover, in the presence of quiescent or inactive tuberculosis, the
development of silicosis often converted the dormant tuberculosis 10 an active, spreading ‘

disease. Sinée until recently almost all members of the adult population harbored one or
more inactive wuberculosis 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 ruberculosis control, the proportion of
_the adult population harbosing latent tuberculosis is now very small. Moreover, specific
antituberculosis drugs are quite effective, even in the presence of silicosis. .

2 7 --‘Aﬁ‘-‘-:"'*—ﬂiw*m ) i -
reducing the severity of occupational exposure
the disease. Measures for environmental control in the workplace have been

when instituted properly. xnunmmmukdsdmmm
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. - .. . . -
k. mﬂudﬂhﬁhﬂdﬂmwuhw(lﬂﬂh—iﬂhﬂyw
| . after 1940. Over this period 2 program of dust -measurement shows the exposures to
FCS have been kept below 5 million particles per cubic foot with few and temporary
| I exceptions. In the same mine prior 1o 1938 and before installation of extensive dust con-
trol procedures, approximately 25 percent of the underground miners had radiographic
evidence of silicosis. If the even more stringent current ACGIH-recommended threshold
limit vaiue for FCS is scrupulously adhered to silicosis as a disease should be abolished.
Unfortunately and regrettably, 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. ‘
|
|

| ‘wpa Carbonaceous Dust

Exposure to respirable particles of carbon may S¢eUr in several occupations, the most
e acommon being those associated with the-mining, processing, and handling of coal.
lmm“nh-m;nﬁmdmdhhwdiﬂﬂim
black and carbon electrodes. In all these cases the biological effects are similar but not ‘
identical, and only the consequences of exposure as a coal worker are discussed. “Coal
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 1o high com- |
monly coexista with coal particles in the miner's environment. Some is in the coal seam, ‘

|
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Pure coal -or -graphite inhaled by experimental animals produces dust foci . -
characterized by reticulin fibers but litle or no collagen, and in all respects it can
classed as an inert dust reaction (24). In general, coal particles come 10 in

The “coal macule” is different in appearance from the FCS
described (25). It takes ona more stellate form and is localized more intimatety around — ~—- -~
 the respiratory bronchiole, the alveoli of which are filled with dust-laden macrophages.
mwmdmm”nuhmh-m-h

—— m‘m.hm“‘“‘w I"’ S1e
m of drlnkqe and filling with macrophages.

%
:
|
i
E
E

2 mﬂﬂ W,umnmmummﬁmm
| o — tissue. Quite often, however, there is more than the usual scant amount of
collagen laid down in an irregular that ordinarily would be

T

Mimh&mhmmuhmhwd-
Mdahﬁ“.%&ﬁﬂrhhhhﬂnwd“
Mmhchawddywndw-hnhm.sm
FCS exists 50 commonly in the coal mine workplace, the former is a likely probability.
In some individuals, superimposed on the background of simple discrete coal macules,
a marked coalescence of macules and proliferation of mature fibrous tissue causes large
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masses to 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
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
of PMF cannot be excluded. It seems likely that PMF is reiuted in part 10
the extraordinarily high content of coal dust in the invoived areas. On the wholie, in
pure silicosis the tissue effects are induced by a lung burden of 2 10 5 g of FCS. The lung
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 1o simplistic an approach.- it has

SRR — suggested that immunological factors ma a role in PMF.

different kind of massive lesion, Caplai in
some persons having simple CWP (27). A large proportion of these individuals have
rheumatoid arthritis, a disease having a large immunological component. The
‘ intrapulmonary mass characteristic of this syndrome does not have the histological

the silicotic reaction, the coal macule does not appear 1o 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

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
= io . EweRNETACterized by large, irregular shadows, usually developing in the upper lung areas.
Measurement of pulmonary funerion tnpersony having CWP shows essentially the
-—._}mdmm“m- mple and con-
glomerate silicosis. There is less evidence of a restrictive impairment in except
when severe PMF exists. In simple CWP, impairment of function is so minor thar it
does not interfere with physical effort or shorten the life-span (28, 29). In some indi-
viduals having severe PMF, however, there is marked remrictive impairment of
pulmonary function. reduction in capacity for physical effort, and shorened life-span.
L 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 coal mines (e.g., a motorman, a
roof boiter, or a development man) are characierized by a predominance of FCS
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expasure. For this reason a coal miner can develop pure nodular silicosis. If he changes
pudmmmw.uiwmymmm-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
WPiwymdewumhdud.lﬁuwmﬂy
always deveiops on a background of simple CWP, control of the dust exposure on the
mine premises will prevent CWP.

8.3 Chronic Bronchitis and Emphysema

{ Examination of large numbers of persons who have been exposed to inert, fibrogenic, or
mixed duss invariably discloses a paradox. One is faced with the observation that

mw“-’-ﬂwwm%
alteration—for ex simple CWP or nodular silicosis—most have no e e

mmm«»wdm.m-mwmmd
moderate o severe symptoms of cough and sputum production or breathlessness on
exertion and will have moderate 1o severe measurable alteration of pulmonary function.
Almost without exception such individuals have either chronic bronchitis or destructive

whuh.nanpm-khiu-dmm.Wuhnd
whether these two diseases are caused or influenced in their natural course by the
exposure to the specific dust. ‘

Emphvsetha, 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
approximately 50 percent or more of all males over age 50 at autopsy. The individuals
come from all walks of life, and there is no preponderance of men from the dusty trades.
Possibly 10 10 20 percent of these individuals from the population at large have severe
enough involvement to exhibit moderate (o severe increase of airway resistance and to
have experienced abnormal breathlessness on exertion (dvspnea).

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

of jve bronchial mucus. is a common condition in males after the age of

- 3i ruhn!rqmaund%mduﬁm
_— as 15 to 20 percent. By far the most . not the only

mm-nh. this disease, is cigarette smiokimg: n view of the high peev-

alence of these two conditions in the adult male population at large, it is not surprising
mmmmjmw.mbmmmdwwm

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 ‘
|
|

mmfu-.wwylbmphyuvhhmmdmw
tion of chronic bronchitis or emphysema. It is difficult 10 accept the belief that no role is
wamnmwu,mymmmm&m.mm
IMththMdem.Miﬂmdwdﬂwﬂh
mmwﬁmdmﬂmudumunmmmmpﬂm
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19 GEORGE W. WRIGHT |

overshadow any demonstrable strong influence of indusrial dust, fumes, or gases (30). |
In smudies 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 s ‘

“Asbestos” is a term customarily reserved for commercially mined and milled, naturally
occurring crystalline fibers of the serpentine and amphibole family of minerals. \
Chmhﬂruhdupﬂ&hwhmnmmm .
amphiboies crocidotite; amovite,-and anthophyilite are prodoced and wsed-as-such vrra- —= "= |

, - lower scale, wremolite is found primarily as a contaminant of talc, and actinolite is rarely

encountered in industry. g
S In their natural state, the fibers are found massed lcﬂlh(llnu'nfuuc
T T Slip.fiber within parent rock of the same ch aparm

Mﬁhndubumwdyhlnahndm but some ultimately
become thin and short enough to be of respirable size. Since the aerodynamic behavior
of fibers 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 earlier, length and
shape as well as diameter play a role in governing deposition. Although fibers as long as ‘
4 — - 200 um may occasionally-befound in shedung -the length-ol-the.majority-is lass than -50~m — - |
um.
As observed in humans or experimental animals. all the ultimate fates described
carlier for particies entering the upper airways oceur also for fibrous particles but with |
some imporiant differences. Fiber deposited on the mucociliary apparatus is removed
and expectorated or swallowed. Those less than 10 um long can be ingested readily by |
the macrophage. Longer fibers, though thin enough to be respirable, are not readily |
ingested by single macrophages; yet occasional fibers 20 to 50 um or longer may be seen
with several macrophages actached and spread out over the fiber surface. At times two |
or more macrophages clump together, forming a giant cell totally surrounding one or
o o LTI RaoTe fibery. In contrast to respirabie-sized nonfibrous particies, any one of which can be |
ingested by a macrophage, fibers longer-than20-um are not readily ingested, and
e . defense against this length-of fiber s impaired or not available. In spite of |
8 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 thickensd wall of the alveolus or within the imerstitial 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

proteinaceous iron-containing substance and are referred to as “‘ferruginows” or
“asbestos” bodies. It is believed that the coating is laid down in some way by contact
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whmm.mmmmmndy.mndmu
Mmmww,w.mhwmm
muhww-mﬂwhmmﬂhmmhiﬁimm
after long periods of residence within- the lung: There is some evidence o indicate that ... . .
mmmﬂnm&ummmpunmm

\ ruhwvwnmmwhmuuudmum~ voa mmne
- - macrophage is not materially damaged by the ingesmed fiber. It life cycle is not
B . Experimental animals exposed solely to asbestos fibers shorter than 5 to 10
. - » ot -.
WMMWdMMMImed
of the mature variety. The fibrotic reaction spreads out along the supporting structures
dmnmwmmuwmmmmm
mmdlhbvdm“hﬁhqmwhmmmu
is characteristic of silicosis. Although some areas of normal-appearing lung tissue persist
; between the areas of fibrosis, the volume of residual normal lung tissue is less, and the
‘ mdmmmmMJMﬂithhmh -
silicosis (33).
mmawmwmnuu.hmmm
mmnmﬁ;“&hﬂyuﬂmﬂwﬂhmdh‘m
!m@hh“mﬂﬁthMuM“hM
related vascular structures. Commonly the extensive mature fibrotic tissue contains long
Mﬁbm.ﬁdyuhdmmmumqnmdh
mmwmmuummmmmm.m

rwmmmmmmw.mgg-um
fibers are biologically indestructible cannot be supported. -
hmmwummwmuwmm
Mnm'pniduﬂm“dwﬁdmnhmmmﬁhsnu
mwummmmm.numuumun-m
pimdﬂhcm.ﬁ&e“rdmdthnmhamhﬂmm
| mk(sz).l:hﬁmmmnhmvnywwwhm
| N m,&-mmummmmnmwm:mp
i phoﬂﬁnuummthhqﬂmuimmﬁl.
[ mmeﬂyamhmmnm
of asbestos or FCS has been suspected not only because of the potential role of this
) mmmmemmmummmmuh
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some variation of individual reactivity to these dusts. Measurement of antinuclear anti-
mmm.mmwwdmmmmm
values in those having asbestos-induced pulmonary fibrosis than among controls or those
MMWM(S‘.”).T&W:!MMMM
:Mwwwuwmmwwﬂhhml—h-

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

S addition to the diffuse intrapuimomry issoe Teaction-io :
there is also a fibrotic reaction of two kinds involving the pleura. First, there
may be slight 1o widespread fibrosis of the visceral pleura associated with the
MMMhMyW&.Md&M
space may occur in these areas. Second, there may.be small to large plaque formation
L involving virrually -only- the -parietalpleura~ The plaques-are thickened tissue having
quite sharp, raised margins, and they are composed of fibrous hvalinized tissue that at
. times becomes calcified. The parietal pleura over these plaques usually-is nov-adherent~ . . -~ -
| to the visceral pleura. and the space is not obliterated. When visible in the radiogram,
are mriking, especially when they are calcified. Plaque formation
pulmonary fibrosis, and the mechanism, especially the reason for its
f predilection for the parietal pleura, is unknown.
mpuhdogyaunhwm-ﬁhM'umunhm
mmmydI&demmwwh
reaction. The diffuse fibrous bands radiating throughout the lung, especially in the
lower regions, reduces the distensibility of the normal lung tissue entrapped between the
surands of fibrous tissue. This plus actual loss of lung substance by replacement” with
- tissue causes a restrictive type of pulmonary impairment. As a result. the tocal
e — lung volume, vital capacity, and residuat voltumie are reduced without an increase of
— m»mummmnmwh
it causes an increase of the work of breathing and a lessened maximum capacity
for ventilation. Regional hypoventilation of entrapped lung plus loss of total vascular

i

vascular bed is sufficiently reduced, the pulmonary artery pressure rises, especially dur-
ing exercise, and right ventricle hypertrophy and heart failure may ensue.

With mild asbestosis, the radiogram is not as distinctly abnormial as is the case with
silicosis because the tissue changes are dilfuse and the well-demarcated densities 30
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characteristic of silicosis are not present. The usual appearance of asbesiosis 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. Thickemed plears oy 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
uwummunyunmmmwm-
reader on different occasions.
wmummyamummmmm
crackling sounds (rales), audible over the lung 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
only one or two are present. Moreover, all the physical, radiographic, and altered
function measurements are charseteristic of chronic-imsemtitial lung dissase, ... -
what its etiology may be. Although idiopathic chronic interstitial lung disease
is rather uncommon, it occurs frequently enough to pose a diagnostic probiem, 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.

—————— g

In contrast to the-experience with exposure to inert particles, to free crymalline silica, - -
and 1o coal dust, exposure to respirable asbestos [iber 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 cigarerte 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 ailmost certainly that of a promoter, not
an initiator.

There is evidence to suggest that an excess of bronchogenic cancer occurs only among

! _WWMM&M{”.”)MMMM
B - 5 to 10 um do not cause diffuse pulmonary. fibrosis, it seems likely they also do not
| %ﬂkhhmdu-—mmrﬂnmwu

fiber in the workplace
Some studies, but not all, suggest an increased risk of gasrointestinal cancer among

+ workers exposed 1o 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.

|
l
|
' An excess risk of developing either pleura or peritoneal mesothelioma has been
' ‘ observed among workers exposed 1w chrysotile, crocidolite, and amosite, but not to
anthophylite or tremolite (39). The dose at which the excess risk occurs appears w0 be
lower than for the other kinds of ashestos-related cancers. Some believe that exnosure
crocidolite carries a greater risk than that for chrysotile or amosite, but this attitude is
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Il the : impai ion reiated to respirable -
it deﬂhmﬂ!ﬂw _ _
e kwhﬂuww—ﬁ i
adequate controis. R ——

concern for possibie effects of fibrous has often been voiced. )
ﬁmhhmwhmhm:.ﬂﬂﬂ“"”—lm.m&
characterisucally

or less. hwmmmmdum‘r-@:
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contemporary
suspensions of glass fibers thinner than 2 um and longer than 25 ym 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 experimenc also
indicate that glass fibers of identical composition and diameter but shorter than 10 um
produced only-an inert-dust reaction {32).— - -~
Experiments over the past several years have shown that introduction of long glass
Mmms.ndﬁdywmﬁmdpmd-—_dn&
————— has produced mesothelial tumors (47). ° such experiments are important in
of mechanisms of carcinogenesis, it pointed Bt thae-such implanta-
mdhmmg&mﬂuummmumw
pletely bypasses the defense mechanisms available to minimize the movement of fibers 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: Ax was the - — -
case with asbestos, these experiments show that as the length of the fiber is reduced, the
. e . yield of wumars is. lessened. and when all the Ghers are shorter than B um, no stajistically . _ .
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 pousibility that glass fibers thinner than 2 um and longer than 10 um
might cause pulmonary fibrosis or induce mesothelioma in man if sufficient numbery
reached the alveolar areas of the lung and the pleura, they are so artificial in their man-
- mdﬁmdmmmmmummww;:
- human_exposures. - The-more-celexant inhalation -experiments. inanimals.remain-10. e e - v
L-~ a_-_Mme“mmmwmnm thin fibers of glass
_ should be postponed until these investigationy have beemrcarried out.
f mewumnh&thm

wmemnommw-ﬂ-hthh
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 glass 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
_ 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.
Moreover, some of the pneumoconioses have serious biological implications while others
do not, and all oo often there is a false inference thar all pneumoconioses are harmiful.

- The term is so ambiguous-that-its use should-be discouraged-and-mese specifio designa-- - -- - —
tions should be used for each of the circumstances. .

200 GEORGE W. WRIGHT
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