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THE MINERAL DUST PANEUMOCONIONES

1. Pnewmoconioses Characterized by the Presence of
Much Dust in the Lung, but Little Filrosis
[1Welders® Lung, Sidevosis, Stannosis (of Tin Miners),
Barytosis, Coalworkers' Prewmoconiosis)

It has been suggested that any mineral thae s
relatively insoluble and not immediately tosic can
produce a pncumoconiosis if inhaled in suflicient
guantity (31). When the dust is inhaled, only 4 cortain
amount is retained (see Chapter 8, this Handbook ). Re-
tained particles iay pass divectly into alveolar walls,
or may be ingested by alveolar phagoeyvtes which
cither colleet in alveolar walls, or are dischaiged by
the alveolar clearance mechanisn to the level of the
respiratory  bronchiole, where they penctrate the
mucosa and colleet (46).

The subscquent response of the lung o dust varies
greatly both in animals and in man. At one end of the
scale certain dusts, of which carbon, tin (86), iron
(22, (G 68), and coal dust (43) wre examples, can ¢
sccumuliate in considerable amounts in ly niphoid lil--..,,\
sue without exciting a fibrotic tissue reaction, de<pite
the fact that these swemnmlations can be dense tnough
to cause a diffise nodular pattern on the chest roent-
senogram, particularly if the dust is markedly radio-
pague; eg, bharium (80) and tin (86). In the case of
caal miners, these accnnmbations may lead to dilina-
tiom of the respivatory hronehiole with foeal cmiply-
sema (pg)y and this prcimaoconioss, which niay pro-
sress to massive ibiosis, is the only one in this gionp
that does not always run a benign course,

Recognition of wlin have been called the “Lenian
poeumoconioses™ Gl in this gronp except simple coal-
workers' preuiioconiosis) stems from the ol eyved
diserepancy hetsooen ditfuse generalized radinlogical
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chiest diccae and apparenth norol function indi

cated by the absence of symptoms, sigos, and eompli-
cations of chest disease (gry=8ne study on 15 welders
with radiolosical disease, though incomplete, does
support the clinical conviction that this is not a dis

abline condition, sinee vital eapacity (VC), exercise
ventilation, and maximal ventilation (ebserved dur

ing one minte) were not diflerent from those of con:
trol subjects (22). Similarly, in a study on 116 men
enganed in processing tin there was no difference in
airway pesistanee and indivect maximal  breathing
capacity (MRBC) of the 26 men in the group with grade
3 4 radiological disease, compared with the men with
no radiographic change (30). Indeed, impairment of
physiological measuremients would not be anticipated
from the patholigy, except pechaps in mechanical
propertics, such as tissue resistance, and in the distri-
bution of ventilation with regard to perfusion, par-
ticularly during effort, neither of these has heen
studlied :

Simple coalworkers' puewmoconiosis s likewise
ravely accompanied by disability except in subjects
over 35 years of age. Thus, in the carefully matched
studies of Gilson & Hugh-Jones (32) on Welsh coal
miners, it is not surprising to find that the lung vol-
umes, resting and exercise ventilation, and MBC in
miners with this condition are very little different from
values in nonminers of comparable age or in miners
with none of the radiological changes of pneumoroni-
osis. Pulmonary complianee and flow resistance re-
main within normal limits in most cases (56), and the
mass of dust [which may reach go g or more (74)] did
not affect tissue resistance in one case so studied (61).

Of particnlar interest, however, is the finding of
Gilson & Hugh-Jones (32) that the only measurable
effect of simple puenmoconiosis on lung function was
a disturhanee of gas distribution. Review of their data
also reveals that their distribution index of residual
inequality (a postdead space index that allowed for
an anatomical dead space equivalent to that in normal
subjects) clearly indicated delay in simple pneumo-
coniosis if compared with the normal state. In con
trast, their indes of hiphasic disteibation [which in-
dicates the extent wowhich the postdead space wash
out of the lungs deviates Trom a single exponential
(25)] wrouped the men with simple prewmoconiosis
much inore closely w the notmal controls. Thus there
was no appoaent increase in the percentage of lung
making up the poorly ventilated space; there was only
a reduction in s tidal volume, whereas the sialler
and better centilated space may even have increased
in size. Ovevinterpretation of these findings shonld be

-

avoided ! but it is tempting w interpret them as in-

dicating a seriesmining  defeet, wesqnbling an in
creased dead space, and o equate this witl®¥he: dilac. o
respiratory bronehioles in the areas of focal empliy
sema which are the conimon pathological finding in
this condition (43). One might further speeulate thae
it is not the extent of such an ciiphysematous chang
(in terms of percentage of respiring tissue involved)
that should be related to the distribution defect, but
its strategic situation, If one respiratory bronchiole of
the third order supplies 12 alveolar ducts (58), dilv
tation and distortion of all such bronchioles in 4
miner’s lung involving only about 8 pee cent of the
respiving tissue might yet be suflicient to impair dis
tribution throughout the lung. Thus even emphysen
praded as “slight™ [ic, if less than 25 per cent of
respiring tissuc is involved (97)] in the autopsy exami
nation of the lunes of these Welsh coal miners (14)
may he responsible for such a distribution defect.
The anticipated consequences en distriba

tion of the sort documented by Gilson & Hugh-Jone
(32) have been demonstrated in Belgian coal miners
by Brasscur (10); namely, decreased alveolar ventila
tion with increased alveolo-arterial Oy differences.
demonstrable at rest and exaggerated under the stree
of exercise. Furthermore these changes are detectabl
at a relatively early stage of nodular discase, becons
progre sively more marked as the radiological pictur
advance, and considerably antedate the appearanc:
of syrnptoms and disability. Indecd these elinical man
ifestations do not appear to develop until there is an
associated fall in ventilatory volumes [as reflected v
maximal ventilatory solume (MV'V)], which usuall,
coincides with the prouression of the discase to the
conglomerate form discussed in the next section,

il

2. Preumocomoses Characterized by the Presence of
Much Dust in the Lung and Massive LocaltOFibrosis
(Progressive Massive Fibrosis of Coal Miners,
Conglomerate Silicosis)

Mineral-dust pneumoconiosis may progress to cot
glomerate lesions of dense massive fibrosis. The
usually st tin the midlung Gelds bilaterally, and ne
progress 1o large conglomerate aiasses of fibrous tissw
that replace the air-fillec lung. This progression i
ocenur years after exposure o dust ceases. In coal
workers' pnewmoconiosis the  development of th

Vhhe technigue used, an open-cireait wash-in followr'
through two logarithie cycles, overlooks  certain types ol
regional inequalities (B, Howeser, the point of interest is cont
pacison with data on norial subjects using the same techoique
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complication i« more freguent, the more advanced ghe
sienple pocaiocationis (1), Wiy this complication
dexelops s not know i, hut wiost evidence sugestesthiat
it results from an added wiberculons infection (13). In
clinsical silicosis nontuberculous infections also have
been incriminated (g6). Lobor or diffuse emphysema
also may develop alter progressive massive filirosis,
Disability wsanlly accompanies the onset of progres-
sive tassive fibosis i conl miners (1o, 32), The con-
comitant changes in physiological measurements in-
clude a reductionin lung volume duc to a reduction in
vital capacity. The ratio of residual volume to total
lung capacity (RN T1C) thns inereases. There s
further inequality of ventilation (suguesting hoth in-
ercased dead space and regional incgualities), but the
disturhance i nat asaally of die sanmie severe degree
scen in nonindusteinl empliysema (32). Increase in
alveolo arterial Oy differences with minoy degrees of
avterial desaturation, particulatly on effort, may be
seen (10, 72); reduction of this difference by inter-
mittent positive “pressure bu‘:\thnu, on air suggC\t\
that the desaturation is the result of inadequate ven-
tilatian to aveas of well-perfused lung (73). Percentage
rewmoval of carbon monoxide during the breathing of
low concentiations of this gas is not much rednced
even in severe coplicated coalworkers” pneumo-
coniosis (32); but the examination of this value in
relation to voluine of gas breathed (ie., direct meas-
urenient of pulmonary diffusing eapacity) is necessary
to establish the absence of significant diffusion defects
i this condition. The available evidence, howcever,
suggests that this paramecter is not much reduced
(10, 92), and that the wmost important mechanisim
accounting for the increased alveolo-arterial differcoce
s ventilation perfusion imbalance. Such imbalance
might follow pathological encroactiment of the pul-
monary vascular bed (89) or might be the conse-
quence of disturbance of adaptive mechanisins that
maintain the balance in vormal lungs,
Mechanical properties of the lung are less affected
than might be anticipated by the presence of progres-
sive massive fibrosis. Thus, despite the fairly consistent
reduction of MBC in this condition (32, 36), flow
resistanee duciog quiet spitation and espivation (s
rellected in the
quently reniins within nornal lioits (36). In such
wstances the mechaniso by which MBC s reduced
might be limitation of maximal low rates due to re-
duction of functioning lung voluwie (26), a possibility
that could not be examined dircetly, as there are no
reports of How resistance and lung voluines on the
same subjects, However, reduction of the availahl:

nonclastic work of breathing) fre
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lung tissue might be inferred foom reduction in |ung'

cotpliance,® which has been re por te Al i progie ».m,.
missive fibrosis, more frequently in the older winers
than younger men (56). Though the observations were
restricted to dynamic complianee, it is reasonable o
decuce that static compliance values are probably
similarly affected, since distiibution factors are un-
likely to be important in the presence of nonual or
near-normal values for flow resistance (79). Thus there
is nothing in the available evidenee to conflict with the
hypothesis that reduction of ventilated lung volume
due to its ieplaceent by filrous masses may be a fie-
queat mechanisi for disability in progressive massive
fibrosis, perhaps as common as associated generalized
emphysema, and indecd such an explanation is most
easily equated with the patholoay.

3. Pueumoconiowes Charactorized by the Presence of
Luttle Dust iu the Lung; Genevalized Nodular Fibrosis
(Classical Silicases of Hard-Rack Miners)

Dust containing free silica, one of the most fre-
quently occurring constituents of the biosphere, is
almost unique in ity capacity to evoke a fibrous-tissue
response in animal tissue, whether amphibian or
mammalian (53). The reaction appears to start with
alteration of the macrophages by the dust (53). A
fibroblastic reaction follows, peribronchiolar (g6) or
perivascular, or both (104), ultimately leading to the
development of the fibrous silicotic nodule charac-
terized by layers of whorled connective tissue arvanged
concentrically, like an onion bulh. High concentra-
tions of finer silica dust are probably responsible for
producing a more diffuse type of fibrosis (31, 53,
to1). Small amounts of silica in the presence of inert
dusts produce a mised-dust fibrosis (66) in which the
arrangement of the reticulin and collagen is lincar
and radial, resulting in a nodule whose outline is ir-
regular and stellate.

Under experimental conditions, animals can be
exposed to controlled amounts of dust of known chen-
ical composition and size distibution. However, the
hazards o which muan is exposed in mining or indus
trial enterprises ave seldom pure dusts, but usially
comprise anised materials varying considerabily i
chemical compaosition and in size distribution. Tt is
generally true, however, that the greater the amount
of free silica in the dust hazard, the more severe the
fibrosis. Thus between the extremes of, for instance,
stcaple prcamoconiosis of coal miners, in which the

* When equisalent ventilatory s is acc Lated in

fewer lang units, the disiewding pressare aast be gocatee thg ).
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fuses contain el dist (pecdigs Sev ) bar linle
filiesis (540, and clasical sificosis, in whic I the g
contain little dust (pochaps 1o g) @mSestensive fi
brosis (59), there s a0 wide range of pathological
el in which dust content and degrer of fibrosis in
the Targ vary i amnonnt and degree Fonphysema de
velops i a sl proportion of cases

[t is thought that silica produces its effects by acting
on the lung phagocytes (48, 75), but the mechanisi
wherehy it affects these phagocy tes s unknown.
Neither o mechanical nor a simple solubility theory
is adequate o explain the discase (750 nactivation of
specific coll enzyme systems cannot he conclusively
incriminated (75); the effect of polysilicie acid on
e 0 precursors oy he fmportant (132 and the
demonstration of increased gamma alobulin in cascs
ol silicosis has led to the view that sifica may act as a
nonspecific antigen (73), and dhiat immunological
mechanisms are significant. A point of contrast be-
tween this type of nodular disease and the diffuse fibro-
ses has heen emphasized by Nagelschmidt (74). He
noted that in classical silicosis, fibrasis and dust con-
tent (of the ashed lung at autopsy) increase concomi-
tantly, whereas in the prewmoconioses  character-
ized by diffuse fibrosis, the more advanced the fibrosis,
the lower the dust content of the lung at autopsy. Thi
sugzested to him that in some way the continued pres-
ence in the lung of insoluble silica dust causes the
nodular disease of classical silicosis, and any acceptable
theory of the discase should be compatible with these
findings.

The only consistently abnormal finding in the
nodular stages of coalworkers™  pneumoconiosis (a
discase characterized by much dust in the lung with
little fibrosis  discussed under section above) is an
increased alveolo-arterial Oy difference, most other
measurements remaining within nopmal limits. In
contrast, in classical silicosis in the nodular stage other
measurable compromise of function wsually can be
shown (8), and increases inalveolo arterial differences
st by analogy 10 coalworkers’ preumoconiosis (10)
also exist, although as yet they have not been system-
icafly studied.

However, inoa simall but siguificant propor tion of
cases [reported as 15 (8) w18 per cent (go) in different
series) these other function measureiments (which in-
clude VG, MVV, lung volumes, compliance, and
airway resistance but not alveolo-arterial Oy differ-
ences, which as indicated above have not heen studied)
may appear normal,

One can reconcile such normal values with the pres-
ence of dust foci consisting of o more than reticutin

TR CLAC o T A T TR T AU N s A TION i

fibails Dioldineg in plave the dast-dacton ]ﬂm

i simple conlwoi ke’ poeninus anfosis), but it s
farder to speealisee o the lang con be stuﬂm
filwons tiesue nodules of silicosis withont having such
Ieasureane nis fl"ﬂl"”ll‘ii"l'.

There are several posible reasons for this anomaly,
Phe Failure may Tie ininsensitivity of weelnigues or of
interpretation Sensitivity of techinigues is discussed
elsewhere in this volume (see Chapter 53). In connee-
Gon with the imteepeetation, the common practice of
velating ohserved values to the predicted nonmal
values deserves comment. The standard ercor of esti
mate for suel predictions usuaily exeeeds 1o por cent,?
so that although such parameters may be 20 per cent
beliny predicted values (i.e., within the normal range
of twice the standard deviation) after exposure to a
dust hazard, theee could in fact have been a deciease
of 4o per cent from pre-exposure levels of 20 per cent
above the predicted value. Annual studics of exriccd
subjects commencing before the period of exposure
and continuing during exposure may at sonie T
date reveal funetion defeets of this order.

Alternatively, the lungs in silicosis may be the site
of two pathological processes with opposite effect on,
for instance, the volume of the arcas they affect
namely, fibrosis with its characteristic restriction of
functional residual capacity and residual volume but
preservation of the tests of airflow (3, 110, 114), and
emphysema with the opposite effects of hyperinflation
and decreased airway conductan e (1, 106). Measure
ments of these particaliae paraneiers might thus ap-
pear near normal, although other paratnetirs, such as
gas distribution, excreise ventitation, ventilation-per-
fusion Fatios, and arterial gas tensious, might be meas
urably affeeted. Sueh cases have been documented

Allowing that insensitivity of technique and inter-
pretation might acconnt for some of the ormal
easHECaeRts inoa proportion of cases of silicosis,
there are still others in which the lungs indec W
to accommodate the nodules of fibrous tissue with
very minimal compromise of function, even in parants
eters such as complianee® (8) and tissue resistinee
(1), The situation of the nodules and preservation of
intervening  tisaie may  provide the explanation

3 For subdivisions of lung volume, ventilitny  tests, €%
distribition, diffusing  capacity, and resting and  esercie
ventilation at a standrdized externaf work toad (34, 54 76).

A Case TV, deserilaed by Wright & Filley (8 o), had noraral
lung volumes and exercise capacity. Laog  rinsing, masimal
Breathing capacity, and arterial Pos on effoct were redueed.

& Dynamnic complianee only has been ceported (8), not the
more sensitive patameter of static complianee from FRG w0
YV thol
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Daymon (pevsonal eomuunnication) has sugeeated an
analony o fishoor in which knots (o Ghrous
nodules) at the points of crossing of the pesT™miclc
aflfeet fonetion wininally, in contrast to knots in the
intervenine steamds, which mishe be expected w im-
p.lil t'\imu\inn aned distribution,

When Tunetion nmeasoren s eventually Lrcome
distuched by the prescoce of sihicosis, the function
pattern may sweest obstructive airway  disease or
resteiction of langs (see Chaptee 63) or a misture of
these patterns (87), vaviations that probably conelate
with the predominant underlying patholosy, Thus,
though cases of silicosis ave commonly used to exen-
plify the physiological effeers of pulmonary fibrosis
(3, 48, 110, vig), they are also cited as examples of
CIIII)'I) s (l) when [Ill'_\ Appea to he i|u|i\|i||~_n'||i\||-
able on the hasis of function frons cases inwhich theee
i is no asociated dust discase in the lung. From the
rocntgenogrant it may not be possible to predict
whethep the function pattern will suggest restrictive
or obstructive disease, a mistmve of these patholovies,
or whether it will he within norimal lmits (see table 1),
The majority of cases exhibit a mixed-function pat-
teen, and pechaps this is why resules for a randomly
selected group of cases (including the three individual
results of table 1) show only minimal changes (8).
Disability to the patient (in terms of dyspnea on
excition) has been shown to conelate with an in-
crease in the ratio of exercise ventilation to maximal
voluntany ventilation,® and is due to both an increase
in the forer value (8, 50, 88) and a reduction in the
latter value (8, 88).

i Arwevial desaturation is not usuwally present in the
diffuse nodul i stage of siticosis cither at vest (8, 8g) or
on mild exertion [about 50w or goo kg per min (8)],
although itis BRely that diere is an inceease in alveolo-
S artesial O differences at this stase of the discase. At
heavier exercise loads (50 w), howeser, a consider-
able proportion of cases show desaturation (Bg), and
would presumably also show greater alveolo arterial
Oy differences. Collateral evidence has fed o the con-
clusion that this fall in saturation is vsually the resalt
of incqualities of ventilation with regard to perfusion,
cither due prinurily truneven distribution of inspived
air or to resweiction of te pualawomiey capillary hed by
the pathological process (52, go). Disturbances of the
ventilation-perfusion: balanee in the lung may also
account for the reduction in diffusing  capaeity;
this has been demonstrated by means of the single-
breath CO technicue in the eight sulijects with silicosis

.

- * Variously pefovd to s the “dyapuicic inedeos™ (420 o the
1 “F'ﬂhhmly teserve’” f',ul.
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Case 3 ] ‘.\

vauik v Pulmonary Function Studies on
Three South African Gold Miners*

Case 1 Casr

Normal Restrictive Hypoes-
milated
Age, yens 5% 54 5%
Heighe, com 173 1hey 173
Suefoce area, m® 1,78 1.8 188
Subditisions of lung volune
VC, % predicted tio 83 b5
RV, Gy predicted 100 79 162
TLC, € predicted 168 B2 95
FRC, % predicied 1oft 79 130
FRC/T1.C, 7, 56 52 58
RV/TLC, 7, 34 33 73
Miximg indes, fiters/fitees
FRC
(norimal linit, §.86) 3.79 5.27 523

To Arterial O satvration, by oximeter

At rest 95 99 o8 -
At work, 300 ky-m/min 94 94 94
Ventalation liter/min '\
At rest 12.7 158 T
At work, goo ky-m/min 30.0 35.3 33.9
MVV liters /inin,
%o predicted 146 100 52
Mechanies
Cdyn (10 25)t .298 000 091
Ceyn (30 40) 227 L1103 L0571
Flow resistance lexp)
em FHLO/litevs per sec 410 4-47 744
* With apparently identical  radiological  pictares of
generalized nodular silicosis. For details of techniques,

prediction values, ete., see Becklake et af. (8).
t Cdyn = dynaic compliance in liters/ci HLO at 1o- 25
or 30 40 breaths per i,

reported to date in the lireeatuee (16, 51). More severe
restriction in diffusing capacity has been form) in-a . s
small proportion of cases (18 out of go) in which the
pathological process was  predominantly a diffise ™y,
chronic interstitial fibrosis in association with the
nodular disease (27); and these cases, probably re-
sulting from heavier exposure to very finely divided
dust, are more conrectly classified into the next group
to be considered, namely, pneumoconioses charac-
terized by diffuse pulimonary fibrosis.

Classical silicosis, like sitmple coalworkers’ pncumo-
coniosis, may progress to conglomerate disease, but
there has been little systematic documentation of the
consequent effects on pubmonary function. Because
symptoms are usually present in the diserete nodular
stage of the disease, the progression of the disease can-
not be pinpointed w their onset as in the case of simple
coalworkers” poewmoconiosis, and it is probabile that

Published by AsbestosClaims.Law
asbestosclaims.law/library/25372/5



https://asbestosclaims.law/library/25372/5

1hahs FEANGtO0. OF L EYSIOLO6Y = RESPIRALION 1

there is not nueh difterence between the effects of

diffuse nodular and conslomerate disease an fanction
. —

(87) until the latter reaches an advanced stage,

4. Preumaconioses Characterized by
Diffuse Pulmarary Fibrosis

asnistosis, Tn contrast to the relatively insoluble dusts
that produce the nodulia preumneonioses, those caus-
ing diffuse fibrosis appear to aet via certain slowly
dissolving constituents released into s rounding body
fluids (74).

In the case of ashestas, the size of the dust particles?
has been held vesponsible for their tendency to remain
in the alveoli. 1t has been suggested that the initial
reaction to the particles is fluid exudation, recurring
with each fresh dust exposure (59). As the result of
the inflammatory reaction they excite, the particles
become covered with a smooth protein film that later

“becomes impregnated with iron; aned the-particles are

then transformed into the characteristic golden brown
ashestos body (6). In this form they may apparently
be inert for considerable periods of time (5) and indeed
are considercd by some to remain permanently so.
Few scein to reach the lymphatic system and lymphoid
deposits, fewer still reach the hilar lymph nodes (59),
and their presence in the pleura is unknown (42, 103).
This is somew hat surprising in view of the fact that the
pleural reaction in ashestosis is usually severe, varying
from pleural adhesions (sometimes the only patho-
logical change) to dense adhesive fibrous pleurisy and
even malignant changes in the form of mesothelioma
(103) in some kinds of exposure. In the course of time
(otten years later) reaction in the lung tissue starts,
ascribed by some to distuption of the ashestos body, a
process that may be aceelerated by pulionary infec
tions and cardiae failure (7). The fibrosis, which may
start in a pz-ril-mnchiul;u- situation (102) and sub-
sequently spread to obliterate many of the air spaces
by collagen, may even result in the replacement of the
bulk of funetioning luny tissue by eystie spaces lined
by flattened epithelium, a change referred to as
Shoneyeomh™ lung (12). Bronehied tasis may be asso
cintedd with the more advanced stages of the disease
(42, 57) and has hecn stsested as the determinant of
the two provsinent clinical features, ninnely, clubhbing
of the fingers and basal erepitations (57). Emphysema,
if present, is not usually of a warked degrec, and ap-
pears o he more of an incidental occurrence (42).
In ashestosis function changes are of the pattern

T Partictes wp o foo p have bern seen i the terminal
respitatory wmts (65).
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¥iG. 1. Relationship between diffusing capacity and totd
lung capacity in the poeumoconioses associated with diffase
pulimonary fibrosis, All reported eav s have been incinded,
provided both diffusing capacity and TLL bave beep recorded
in the subject. The data have been dedived as follosws, A: lor
the single bieath method at vest, results on noral subjects,
chvouic berylium disease, and sarcoidosis fromn Marks et al (623,
on ahuninosis from Jordan (49) and Minhell o al. (71), on
ashestosis from Thonson o al. (98). The data of Willinns &
Hugh Jones (107) have been omitted, sinee their subjects were
the sane as those of Thauson et al. (ghy. B: For the steady-stes
methed on excroise, results on notmal subjeets, chronic beryl

lium disease, and sarcoidosis from Cugell et al. (W

prcumonectomy from Mellioy & Bates H3).

aswociated with fibrosis (105). Thu there is general-
izedd reduction of lung volume, hut in particular of
vital capacity, a change aseribed to the severe pleucal
veaction of ashestosis which limits the vange of fung
expamsion (57, o8, 107, 112), Tests of ventilatory ¢t
pacity on the whole show moderate preseryation, with
rare exceptions when the ditliculty with cxpirntion
seeins to be the result of associated cmphysema (ta7),
a situation that may be encountered more often in
advapced cases (37). )
An invariable finding associated with ashestosis,
howeser, is a decrease in the diffusing capacity (2, 57,

Pneumoconioses (1965)
ACL Doc 25372 - Page 6 of 14

Published by AsbestosClaims.Law
asbestosclaims.law/library/25372/6


https://asbestosclaims.law/library/25372/6

aft, 105 ), and i is af futesesg et s doesvas may e
dewanstealde befogre thene is difinge vachiolosieal eyi
dence of the disease (98). This wouldZeain keeping
with the see o that the canliest renction o indialed
ashe o particles s an alveol s esndae (5 50 whicly
one it anticipoate would pediee diflusion s =

tivels Ateraatinely, e eandy fan tion Chanes i
this divcase, as in conlswanbogs PRI Oniosis,
muehit be the vesalt ol ventilation perfosion imblanee
As the disease advances, violosical chanees heeome

evident, and in one serics hoe been shown o cone

| fare with the reduction in dittusine capacity (tag).

| Caution nmst he esercisal in axcribing the vedue-
tion in Adiflusing capre iy asacinted with ashestosis
exchsively o the incecased distanee for By 10 pinss
framn alveolus to red eell throvst thickened Hisaties.
Achmisteddly this explination is readih compatible with
the patholosical findings of thickening and separation
of the alveolar and capillary walls, and is in keeping
with denonstrable changes in the “permeabilitg”
of the lunas, the “k™ of Mavie Kroch (Jj‘,fl‘t'l'rnﬂ)
measued i some subjects with ashestosis by “Thouson
etal. (98). However, a reduction in the surfice area fen
diffusion vy be the more important mechanisim in
some if not most cases (8), a point of view stpported
by the apparent corrclation hetween reduction in
diffusing capacity and in lung volume in cases as.
scmbled from various reports in the Literature (sce
fig. 1)

OF all distwbances of function in ashestosis, an

increase in the alveolar-arterial oxyaen differenee ap-
pears to be the most consisteut (¢ t2), acourring even
more frequeady dan the seduction in diffusing ea
pacity towhich it was o inally ascribed. Bt now secins
probable that other frcrons contriburte to this aradicat,
One of these is the presence of relativels anderyend
lated but well-perfused areas in tie luse, o possibility
that was overlooked when intrapulmonary gos dis-
tribution was assessed solely on the basis of the eud
tidal or alveolar Na concenteation after seven mintes’
pure Oy breathing (). Techniggues of greater sensitiv-
ity, sucle s contingous messuement of the POSPIT oy
Cguetient (RO i expirad ai (B9, Vo dnedicated
J;;tmlsillw.lhlr mequaditios i ventlatiooo awd ventils
tion-perfusion ratios in ashestosis (B4), and these
hanges undoubtedly contribuie in some measure to
arterial desatration so commonly repocied on
Hlort (112), and may indeed L o o tant gy
dously thought in cases of alveole capillary block
ta other ciawses (24, 130 In contras, arterin sat
fon at restis usually withio moral liits, pechiaps

Pneumoconioses (1965)
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CUNE R T E . AL Muw e e thiy,

so nrintained by by percentitacon, whicl is o pmmh

nent chianicteristic of e disease Artaial €O ren- 1
sions also e wsaally within gthe fow n ol v (o,

vy dower vadves, Bioweve, vy b fomned e inedi

vidial cises of mnbed wvering whiene by prenveneila

tion s oty siiking

I addition, ashestinds s associated witl & ket
reduction in prlionary complianes (57), the resnh
presuniabily of altecaion by fibrosis of tye lany's e
clanical propertios, b probably duovayated wo by
deeresse in the nunbey of fim tioning Tung units (6ry).
Nonelastic work of bicathing has been shown w be
about twice that of norma) breathing at rest (57); the
increase might be expected (o result from inerensed
tissue flow resistance, althoush in one cise so stuclied,
both aiewony aned tissue flew resistanes: were at the o=
upper limit of gornsal (G ).

Capacity fisr work may remain unimpaired despi
arterial v satiwation (112); when incapacity super-
venes, effort wlerance may be diffusion-liuuited  or
ventilation Himited (57). Tn the latter case, the limits
tion is atteilwitabile in very large wmeasure o a rise in
the veatilitory tequitements of exercise rather than to
A fall i the ventibitony capacity, and thus contpasts
with the sitwation in the nodular pueumoconioses, in
which the effort wlerance, always ventilation limited,
is restricted primarily by the reduced veatilatory
capacity.

ALUMINOSES (INCEUDING STEAVES 'S DISEASE). Another in-
organic dust associsted with generalized fibrosis is
that of aliininnm. In many eircumstances this dust is
inert as far as the long is concerned (18, 32); however,
it has been held responsibile, at least in part, for the e
diffuse palicnany fibrosis it may develog in workers
engaged in the procesing of bausite for the R T —
ture of corundnn (y3). The fibyosis develops after a [
relatively shart peviod, wsually measurable in months
rather than years of exposure to the fumes from the
fusion furnaces (B0 Stady of the fumes shows then
to consist ninly of particles beyond the resalving
power of the microscope (few ane as lavge as @ g), and
chemical analysis o e ta be vich i alumingm
sl avorplons <licr, of which a Propor tion iy probs
ably free (81). Retention of fine portiches of this size is
high (45); and it has been suggested that, because of
their decp peocteation md high retention rate, they
concemtrate inabveolar spaces, where they are re-
spomsibile fur the developoeat of a diffuse vather than
a nodalar libiosis.

The earlioat paiological change s thought to be
septal edess, followed by nfiliation with infam-
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matony ool in alveolar walls (eeg). Thisis followed by
a rapidly  sclorosing  process invuls_ie&_‘ prulinonary
wing with dost elimination.

septa and probably inte
Obliterative endarteritis is common. The end result
is a diffuse interstitial fibrosis without nodules; but
with pleural thickening. Emphysematous bullae both
in the Gbrosed aveas and subpleurally are conmon; the
latter presumably account for the frequent compli-
cation of spontancous pneumothorax, though it is not
clear from the pathology why bullae in this condition
shoull he more prone to ruptuce than emphysematous
bullae found in association with all the other varicties
of industrial and nonindustrial fibrosis (113).

The similarity of this disease to that reported in
workers exposed to fine aluminum powder (33, 49, 71)
makes it reasonable to assume that when exposure to
aluminum dust of fine particle size (chiefly under 5 p)
occurs, diffuse pulmonary fibrosis may develop,

Aluminosis is an uncommon disease, and reports of
{function studies done on only five eases were en-
counteved (49, 71). In one with minimal  radio-
logical change, function was normal (lung volumes,
maximal ventilatory capacity, timed vital capacity
masimal flow rates, and diffusing capacity). In two
there was moderate reduction in the tests mentioned,
and in two severe volume resteiction and airway ob-
struction. Reduction in measured diffusing capacity,
which wassubstantial in two cases, could reasonably be
ascribed to a reduction of ventilated lung volume (see
tig. 1), although of course, as in ashestosis, a “mem-
brane block™ cannot be excluded from consideration.

CHRONEC BERYTUICM DistAst oF i 1onG. Beryllium
discise of the lung in its chironic form is also associ-
ated with a difluse pulinonary brasis. The condition,
is more corvectly classed as o manifestation

however
of a systemic poisoning by beryllium compounds than
as a poneumoconiosis (38). Ts inclusion here is perhaps

justifinble, sinee the toxin most frequently enters the

body via the Tungs as an inhaled dust o the chronie
form sy mptoms may follow exposure or may be de-
layed for as long as 1o years (39). The carliest piatho-
logical Tesion is o loose collection of cells surronnded
by hymphocy tes (too) As the Teston b ecases in size
and age, giant cells appear, olten containing inclusion
bodies, and giving the appeatance of a noneaseating
granuloma, frequently indistinguishable  from  the
granuloma of sarcoidosis (19, 108). The granulomata,
which are founed in septal, subpleural, perilvonchial,

and perivascalar tissue, may progress o hyalinization.
Besides these “eyecatehing
generalized cellular infilteation of alveolar walls (19)

.

granuloniata, theee is a

—

which miay goon to diffuse intesstitial Gbrosis (1of).
Differentiation of cluwonie bery i disease
sarcoidosis way be very diflicult both on elinical (349)
and pathological grounds (1o8) and can probably be
made with cortainty only by the deronstration of the
element heeylinm in tissues or the body fluids (39).

Funetion changes of chronic beryHinm discase are
very sitnilir to those of sarcoidosis, the condition that
it so closely resembles pathologically. A study of both
discases done in one laboratory (28) recorded almost
identical mean values and ranges for a wide selection
of function measurements. Thus it presents the fea
tures of pulimonary  restriction (Chapter 63, this
volune), with some decrease in vital capacity, huat
with preseovation of, or only slisht increase in, residual
volume, and minor delay in N, clearance (28}
Maximal voluntary veatilation is likewise well main
tained (28). e

As in other pnenmoconioses characterized by the
presence of diftuse fibrosis, a most consislrntm
chronic beryllinm discase is an increase in the alveo-
lar-arterial Oy difference (28), associated frequently
though not invariably with a reduction of measured
diffusing caparcity. Though hyperventilation at rest
and on excrcise usually maintains the alveolar Poo,
within normal limits, minor degrees of arterial de-
saturation are usual, and on excrcise this value ap-
pears to decrease part passu with decreases in diffusing
capacity. As in ashestosis caution must be exercised in
ascribing the change in diffusing capacity solely o an
increasced distanee for diffusion through structures
pathologically thickened, particularly in view of the
demonstration of nocmal membrane permeability in o
single case so studied (1), Reduction of this measure
ment could result from a deerease in diffusing arca due
to replacement of functioning lime by the gramulom:
atous process, a possibility supported by the ap-
parently concomitant fall in total lung capacity
diffusing capacity in paticnts with this disease, as well
as in sancoidosis, which it so closely resembles patho-
logically (19, 108) (see fig. 1, in which are graphed
data assembled  from reports in the  literatuel,
Furthermore, the vise in diffusing capacity on effort,
proportional to the vise inometabolic activity [in one
group varying from o8 to 1.7 liters Oy per mnin (28]
argues in Lvor of the unaffected Tung tissue's main-
taining the capacity to enlarge the capillary bed, an
attribute that nught not be preserved if the membrane
were diffusely thickened when the diffusing capacits
at rest or on very light exercise may be the maximal

A sl proportion of patients only ¥ show the com-

U Fwo ot of twenty e, or 7 pee cent, in one series (2R).
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plicatie features of conphiysenir as veflecred By v

tion of veatilitony tests and incecase i residual vl
wine, This contiasts with the higher incidenge ol air-
way  obstroctive changes in subjects with ehironic
berylhum lung discase reported beoween gy and
1955 (11, 23, 101), and has been anterpreted as an
indication of & changing pattern in an intoxication
whese severer forms were seen after a shorter time
delay, and whote wilder farmns, develaping after a
longer latent period, are only now being recognized,
Thus carlice eases were frequently complicated by cor
pulinonale, and gencrally deteriorated rapidly, with
a mortality rate of 20 to 1oo per cent (28). Nowadays,
however, the occurrence of long remissions is recoy-
nized, and cases in which the only evidence of the
intoxication s radiological lung change have beea
followed for several years (39).

ORGANIC-DUST PNEUMOCONIOSES
i —
In contrast to the specific nature of the pathological
changes found in the lung parcachyra with the inoe-
ganic-dust pneumoconioses, those occurring in the
organic-dust  pneumoconioses are  nonspecific  and
more frequently affect the aieways. They range from
conditions resembling allergic asthima [such as the
disease among weavers following the inhalation of
size made from tamarind sced (99)] to diseases like
byssinosis (a disease of warkers exposed to cotton-
mill dust, fas, and hemp) inowhich the mechanisin by
which symptons are produced, though poorly under-
stood, is probably bronchial edema and spasm, but
which differs considerably from allergic conditions.

Byssinoss

The pathological features of byssinosis (as yet
reported in few cases onlv) are entirely nonspecific.
Some bronchitis and emphysema (35) are gencrally
present amd are indistinguishiable from the nonindus-
trial varietics of these discases. *Byssinosis bodies,™
or dust particles survonnded by an envelope similar to
that seen in ashestos hodies, luwe been reported in
histolowical section: of some cases only (35) and haye
not to date been systematically looked for in the sputa
of subjects with the typical clinical syndrome. Despite
the ahsence of radiological signs of dust deposition,
microscopic examination does reveal an excess of dust
in the lungs of byssinosis subjects. The dust, usually not
preseat in any quantits, is apparently carbonaccous,
as itis black and collects in foci in which reticulin and

Pneumoconioses (1965)
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an oceasional collien ibeil can be seen (o). T hick:
ening of intecalveolun walls frome edema and cell ine
filtvation, though reported in animals exposed o
cottoremill dust (82), has not been reported in man.

The symptoms of  byssinosis are, however, so
characteristic as to constitute the basis of disgninis in
a subject with suitable exposure. For exanuple, grade o
byssinosis can be diagnosed in a millwarker who,
sometimes soon alter, but frequeatly after some to
years or more in the industry, complains of chest
tightness and dyspnea coming on after the weck-end
break and passing off some hours Later, without trou-
bling him again during the working week, Tn time
symptoms are noticed on the second day as well as the
first after the break (grade 2), and they may eventu-
ally become persistent (g2). Prevaleace of byssinosis
frequently exceeds 50 per cent (20, 85) of the popula-
tion at risk, and following its original documentation
in the Lancashire millworkers (92) has now been

o +

o

described among millworkers elsewhere in Furopg,
as well as in India, FEgypt (20), and North Amc‘:%:\

(109).

Changes in function parallel the symptoms re-
markably closcly (64, 92). Thus, in grade 1 of the
discase, indircct MBC shows a progressive fa\ﬂrlhruugh-
out the cight working hours of Monday with only
partial recovery overnight, whercas values are lower
for the rest of the week but fall less during the hours of
exposure (64). In grade 2 initial valu s for indirect
MBC are lower (g2) and they [all as muoch or miore on
other days as during the working howrs of Monday
(64); in addition airway resistance shiows significant
increases during exposure (64). Though the fall of in-
direct MBC during the working day is not great
around 1o per cent (64)  the subject may be more
awarc of it because indivect MBC is lower in mill-
workers than in persons never so exposed). e

There is some evidence that the changes in function

already mentioned oceur when exposure is to dusts of
umiestricted particle size (including particles of 5 p
and over). When the exposure is to fine mill dust? or
acrosols of mill dust, incquality of alveolar ventilation
(10) becomes demonstrable (thoush not at a level of
statistical significance) in addition to the effects on in-
divect MBC, althoush aivway resistance changes are
less marked (65). These observations have led o the
tentative suggestion that coarse dust acts on larger
airways, producing spasoy, and is responsible for the
sytiptom of tightness in the chest; whereas fine dust,
despite ity low retention rate (41), penctrates more
deeply, affecting the smaller airways and hence gas

Y Particle sive 7 on less (65).
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distribmtion (80 Frose tion elanses of asimila mature
but vy of & lew manked degiee may be seen in ex-
posed workers without by ssinagg (65) and in contiol
subjects exposed to il dust (10); however, there is
no daily Muetuation in ventilatory tests i affected
subsjects after theic remon al from this dusty atmosphere
(©5).

Although there is little doubt that by ssinosisis the re-
sultofesposure to oo stton-mill dust (64), the mechanisin
by which it acts is not yet understood. The sometimes
long exposire before symptoms develop, the high
incidence among exposed workers, and the lack of
appropriate skin reactions distinguish by ssinosis from
allergic asthma due o an antigen-antibody reaction
(g2). Direct release of histamine by the dust could
account for the symptoms, but has heen shown to
ocenr to only a slight degeee under experimental
conditions (g, 17, 77). Two other pharmacological
effects of the dust, smooth-muscle contraction and
increase in cell permeability (17, 77), could explain
the symptoms  bronchoconstéfetion from local ab-
sorption; and associated bronehial edema, due to a
change in coll penneability, which might explain’ the
slow recovery at the end of the day. Epinephrine
aerosol (which could relieve both bronchospasin and
edema) has been shown to reverse almost completely
the results of exposure on inditect MBC in subjects
with established byssinosis, an effect as readily demon-
strated on a Monday as on a Friday (64).

Bagassosis

Exposure to the dust of bagasse (the residue of sugar
cane from which the sugar has been extracted) may
W certain circumstances resalt in an acute febrile
chiest illness, associated with, dysprea and cough, from
which the paticnt waunally recovers completely (47, 94)-
The pathology of acute hagassosis'® is an acute bron-
chiolitis; in addition cevtain dust spicules that rotate
polarized light are scen to be embedeed in interstitial
tissue which may show a fibrous reaction; foamy cells
filling alveolar spaces have been noted (gy). It has
been sugaested that fungi in the sugar-cane fiber are
responsible for the hronehiolitis andd that the fiber
itsell evokes the inteestitial tssae reaction, a view for
which there is some suggestive experimental evidence
(29).

The question as to whether there are chronic forms
of hagassosis is unanswered . Autopsy on one case that
ran o proteacted conrse over four years (47) revealed

extensive  pulinonars  fibrosis, bronchiectasis, and

1 Rasedd on twer lung biopeics and one oy (94)

cimphysciy whereas in another: ease logicals.
changes suggesting fibvosis persisted, although the
patient was asy mptomatic. e

During the febrile phase of bagassosis (and pre-
sumably when the bronehiolitis is acute and promi-
neot) vital capacity has been recarded as considerably
reduced i four cases (14, 1) and arterial oxygen
saturation low (g1 per cent) in the two so studicd (13).
This finding was probably secondary to inadequate
ventilation to perfused areas, since it was associated
with evidenee of airway obstruction (reduced timed
vital capacitics), was corrected by Og breathing, and
reverted o normal on recovery (13).

Chronic Lung Disease in Stal Workers

An unusual type of apical fibrosis with bronchice-
tasis has been found in a percentage ;:'ﬂ\;.w in a
Uganda factory processing sisal (95). may be an
example of another form of brmj_gje&%y re-
sulting from the inhalation of organic dustend is
perhaps comparable to the apical fibrosis cavitation
and bronchicetasis of workers in the Hungarian pepper
industry (46) and to the one reported case of fibuosis
and brounchicctasis in a worker exposed to bagasse
(47)-

Although no acute effects of exposure to sisal dust
comparable to the effect of cotton-mill dust in subjects
with byssinosis have been demonstrated (33), opera-
tives in sisal factorics do have an increase in chest
complaints and a reduction in MBC (measurcd over
one minute) compared with control subjects with no
such exposure (93). This may be an example of
bronchitis due to an organic dust. In addition reduc-
tions in VC and MBC were found in the four subjects
who had apical fibrosis and bronchicctasis.

SUMMARY AND CONCLUSION -

The pnenmoconioses are a group of lung discases
due to the inhalation of dust, mincral or organic, in
which the pathological manifestations vary consider-
ably according to the kind of dust inhaled.

Anwong  the  preumoconioses  dur to inorganic dusts,
four general varieties can be distinguished with their
corresponding physiological patterns,

1) Thase haracterized by much dust in the lung but with

W Valies in this control group were Jower than those res
ported in healthy African male subjects by Gray (37), using a0
analysis of the forced vital-capacity record, a difference
ably due to technigue.

Published by AsbestosClaims.Law

ACL Doc 2 . i
oc 25372 - Page 10 of 14 asbestosclaims.law/library/25372/10


https://asbestosclaims.law/library/25372/10

1T

htle filyos. I this
ool e addition, st objective measurcinents of
puluonacy function {e.g., luog volumes, vemsatory
tosts, andd inechimies) ane also probably within normal

aroap funceion is subjectively

limits Hosevar, in coalworkers’ pncumoconiosis (the
miost extensively studied discase i this group) a dis

tribution defect of a series type (resebling an en-
Lavged dead space) is found, which may be consequent
to focal emphysema, a characteristic featire of the
pathalagy. Associated with this is an inceease in al-
veolo arterial Oy difference, becoming progressively
mote nunked as the degree of nodulation increases in
size and extent, and probably due to the imbalanee of
ventibation with respoet to perfision. Changes of this
sort thus represent the first detectable compromise of
function in this disease and, as indicated above, ante-
date the pereeption of symptoms and dt'f('rnoﬂ of
effort Timitation,

2) Those chavacterized by much dust in the tung and with
large localized areas of filrosts. The striking example (and
best-dogumented one) in this group is the progressive
massive fibrosis of coal workers. Disability is almost
always present, and though in some instances the
mechanisie by whick it is produced is consistent with
associated  generalized  emphysena, in other cases
replacement of functioning lung tissue (presuniably by
the fibrous tissue masses) is undoubtedly the pre-
dominant mechaniso,

3) Thosr chavacterized by little dust in the lung but with
diffise nodular fibrosis. In this group, about 20 per cent
of the subjects hive no symptoms and no objective
abnotmalitics of pulinonary function, unless, by
analogy to coalworkers’ pneumoconiosis, there is an
increase in alveolo arterial Oy difference, a paraieter

REFERENCGES .

o Avsies, Ry L HL MaCresaoso, A DL Renzvi, Ik,
K. W. Dososeo, R Riey, asn A Covksasn, Clinical
and physiclogic features of some types of pulinonary
diseases with impainment of alveolo capillary diffusion,
Am. S Med 11667 685, 19510,

2. Buorie, MOFE, ROA Bunw, aso L ). Seviworr, Pul-
monary function in ashestosis of the lung: an alveolo-
capillary block syndvonie. dm. 1 Mod. go: 245 242, 1961,

g Barvosas, Fooe Fo A Covusase, ane DLW, Riciais,
D Pabmooony inaaflicicney e A sty of  thinty nine
cases of putvwen iy Wlwesis Vefomne oty 2y 1O

4 Barowas, Foor B A Cotsoasn, asn 10, W, Rk,

\ stuely of t22 cases of

Medieine 2B 201-237,

Ju. Pulnpsiory isafliciency. m
chionic pulmonary  emphysea
1949,

5 Beavwie, J. The asbestosis body, ta: nhated Particles and
Vapours, editedd by C. N, Dasvies. New Yook Pergamon,
1961, p. 434

6. Beavew, Jo, ane |0 Fo Kson, Studies of mitieral content

Pneumoconioses (1965)
ACL Doc 25372 - Page 11 of 14

CHAPTER 710 SN MOCONIOSES 1611
that has not yet been systematically stadicd in this

discase. OF the remaining 8o per cent wha -are dis=,

abled some have the function changes of fibrosis .

without significant effect on diffusion, some have the
function changes of emphysenia, and in sowe the
pattern is mised.

4) Those churacterized by the presence of little dust in the
lung but with diffuse interstitial fibrosis. In this group dis-
ability is invariable. Besides severe restriction of lung
volunie, there is a marked inerease of alveolo-arterial
Os difference. Incqualities in the ventilation-pefusion
ratios of the Jung may contribute to this difference, as
well as to the reduction in the measured diffusing
capacity to which the difference is usually aseribed.
Other factors contribinting to the lowered diffusing
capacity include a reduction in diffusion area due o
replacement of tung tissue by the pathological process

(as in chronic lx-r)llmm discase of the lung), whercas oz

changes in membrane perincability consequent to its

direct involvement by the pathological prucufhtv-‘

been shown in some cases of ashestosis.

In contiast, the pneumoconioses due to organic dusts do
not have specific radiological or pathological features.
Diagnosis in byssinosis, the best-documented example
in this group, is on the basis of symptoms that are
closcly parallcled by physiological changes, consistent
with airway narrowing.

Thus in general it may be said that the physiological
changes in the different pneunioconioses correspond
to what might be anticipated on the basis of the known
pathology. However, speculation about _the pul-
monary funection in the individual casc is so liable to be
inaccurate that it cannot justifiably replace dircct
measurcment in every case.

and particle size distoibution in the lungs of axhestos tetile
workers, In: Inhaled Particles and Vapours, edited by C. N.
Davies. New York: Pergamon, 1961, p. 419.

7- Byuwe, J., B. Sovrriiors, asp ], Wssky, Cardio-
pulmonary function studies in workers dealing with
asbestos and glasswool. Thorav 19 22- 24, 1964,

8. Brexvaxe, M. R, L. pu Preez, ann W, Lutz. Lung fune-
tion in the silicosis of the Witwaterseand goldiminer, Am.
Rer. Tubse. Pulmonary Diseases 57 gon g12, 1957,

0. Bonmns, AL S F Lisoraa, avo G Loy, Experimental
stodies in byssinosis, Bre, Mal, 1, i oy2g 325, 1gho.

10. e L. P Explovation Fi e Puls dans la
Bnnm-hqmr des llmﬂnm Brussels: Fatitions Arscia 8. A,
1963,

1 Brucr, R A, F. W, Lovejoy, Jr, P. N. G, Yy, R,
Prarson, avp M. MeDowenr. Fucther olnervations on
the pathological physiology of chronic pulmonary granulo-
matosis associated  with berylliven workers,  Am. Rer.
Tuberc. Dulmonary Disraves 620 29 44, 1950.

Published by AsbestosClaims.Law

asbestosclaims.law/library/25372/11


https://asbestosclaims.law/library/25372/11

‘ .
1h 2 HANDEOOR OF PHYSOPOGY = RESPIEATION 1
v, B, 1 Dee Sibiboce als Bevafcbankbicit iy Solmsrden enogenicity of bogoer, i Flloct on liﬁfm'.m
Acta Mok, Scand. Suppd. 129, 1942 exprraie o g Poac, S, Expil. Biol. Mrd . g0 Gy
g Biocisik, TL AL A Lo Prevate, J2LUosweson, asn O, 700, 1910
g Burrz, Bagossosic. A review with further historical data, 30. Guson, |0 CThe distirbance of pulmonary funetion in
studies of pulivonary  function, and resilts of adeenal inelistrial prlonoany disease, T A Syopasium an Toduteial
steroid thevapy, Ao, S Med. 25 254 247, 1950 Dhseayes, edited by VoL King and CONE Flew e, Fondog
E 3 1g Carran, A Correlation of vadiologgie b et oy with hang Choc Wil g, poorro
patholopy in coabworhens” picans oniosis. Bt S, Ind. gi. Guosos, o G odosial puluemay disease. fuo Madon
Med. vy 131 139, 1962, Trends in Oconpational Health, edited by RS, F. Schilling,
15. Cocmani, A T The attack rate of progressive massive Fondon: Butteowonth, 1gfio, p. 50.
fibeosis. Brt. J. Ind. Med 19: 52 64, 19h2, 2. Gusos, |, G, axo P, Hecn-Josis Lung function in
6. Coarer, 10 W, A Mawws, M. F. Forewear, T, L eaubworkers' pocinoconiosis. Med, Res. Courcil, Spev.
Baverw, asn Fo AL Gasaore, Canbon wonovide diffus: Rept. See. 290, 10,4,
ing copucity dueing steady excrcise | compurison af physia- 33 Guson, |G W Sy, B K G Horwnan, S, AL Rear,
logic and histologic findings in paticuts with pulmonary C. B McKysrow, asp RS0 Fo Somtise, Byssion i
libroses and groomlomatoses. Am. Ree. Tuberc. Pulmonary the aonte effect of ventilatory eapocity of dists in cormon
Diseases 74 317-342, 1056, ginneries, cotton, sisal and jute wills, Mt A Ind. Med (B ]
17. Davesport, A, asn W DL ML Paros, The pharmaco- 9, agha |
Towical activity of extracts of cotton dusts, Bt S, Ind. a4 Gorovas, T L ane Bresiasr, Mo R Respivatay '
Med. 1919 32, 196, function tests: nocomal values at median altitudes and the -
' 18, Dessy, [L ], WL DL Rokson, aso DL AL Tewin. Prevention prediction of norval results. Am. Rz, Tubere, Pulmonny
of silicosis by metallic aluminum; preli y teport. Can. Duseases 790 457 4h7, 1050 B maud .
! Med. Assoc. J. 37:1-11, 1937, . 35. Gowrarewsky, G, Die Aluminiemlunze. f.'un klinische Studie. !
19. Duotey, Bl R. The pathologic changes of chronic Leipzig: Barth, 1550, 68 pp. PR Ty ;
bery Wi disease. 4. M. A, Arch, Ind. Health 19: 184-187, 36. Goucn, |. Occupational pulmonary diseases, ln:mn f
1959, Trends in Pathology, edited by D, L Collins. London:
20. Ev-Bavavi, M. A, asn M. S, Anont-Saras. Byssinosis Butterworth, 1959, p. 273,
in the cotton industry of the Egyptian region. UAR, 1 37. Gray, A, Maximum ventilatory copacity of Africans.
A clinical study in the pressing plants. Mlexandiia Med. S, Central African J. Med. 2: 107 109, 1956,
i 7: 955 3b4, 1961, 38. Guross, P. Silicosis: A eritique of the present concept and
21, Enzve, Nooasn O AL Sasni e Cheonie fung changes in Cproposal of modifications. 4304, drch. Ind. Fealth 19:
electvic arc weldees, J. Ind. Hyg. Toxicol 20° 334 350, 426 430, 1959,
1a48. 309. Haeros, 11 L. Bergllivm disease. A eontinuing diagnostic
22. Enzer, N. E., E. Simoxson, ano A, M. Evass. Clinical problein. Am. J. Med. Sci. 292 150 155, 19t
phy.&iul:-gir.u' observations on welders with pulamm.'ry 40 Harcu, T H, Shaver's disease, Sumunry‘ 1a: Pueumocos.in-
siderosis and foundry men with nodular uncomplicated sex s Siath Savavac Sy, edited by AL | Vorwald, New
silicosis. L. bod. Hyy. Tovicol. 27: 147 158, 1945. York: Hoeber, 1950, part vi, ehapt. 32, pp. 498 503.
23, Fenmis, B G, J. F. Avrrror, L AL Kriere, ano J. L. 4. Havcn, T HL Respiratony dust eefeation and elimination.
Wit iesmrrcr k. Pulmonary function in patients with In: Procecdings of the Proumoconioas Conference, Johurneshur g,
pulmonary disease treated with ACTHL A, M. A, Arch. 1959, edited by A J. Orvenstein, London: Churehill, gfio,
Ind. Hyg. 3: 603 616, 1951, P13
24. Fineey, TN, EOW Swenson, aso Lo L Covwon, Jr. 42 Heawrn, B F, asn Wiaenss, RO The patholosy of
The canse of artevial hypn\rmh rest in paticnts with ashestosis with reforence to Tung fune n«m ‘Humn 16, 26,
- “alveoloc. ||n“ wy block syndvome™ . Clin. Invest. g1 281, 19fu.
618 e, 100 43 Heveresion, A G The essential lesion of pneanoconiosis
25. Fowtew, W. E, E. R, Corsisit, ann 8. S, Koy, Lung in Welsh coal workers. J. Pathol. Bucteriol. 50: §5% %,
1 function studies. vin Analysis of alveolar sentilation by 1947,
pulmonary No cleacance curves. . Clin fneest, 410: 400 49, 44 Horeasn, ROACB | aso RoOB. Boscki v Pulimonary fune -
1952 tion in the Tamman Rich syndronwe. The abnormalities
26, Fry, 0. L., aso R E. Hyvare, Pulmowary mechonics. A of ventilution, Blood gases and diffusion at rest and on
unilicd analysis of the relationship hetween presane, exercise, Am. . Med. 29: 955 966, 1960,
voluwe o aastlow in the Bones of pormal el diseased 45 Hown PF, asn €W Wi, Soudics on the nutie of
hunei subijects e S0 Med. 200 675 GBa, 19t ;‘::"':;:f"’;“i‘:.”;d';;""""i"" uf tibrogenesis. B 1.
. 5 = L Mol 17: 25 4o, "
. i .‘;""‘,““"' Vo A, L. thossam, i M. 0. B 5 el e i ol Dimapatints: Dot Beg b
1 vonhles de L diffusion en Bbrose interstiticlle dans T e
S é Univeesities Press, 1957, p. gfio,
. silicose, Poumon ot Cornr 10 1197 1138, 1060, " It K. M. A Py Beonchioliti Ltir
28, Garssion, B, A N, M. Vewsiares. W, B W W 47- Hunvew, D an ~MUA Il}’. onechiohitis pesulting
Ll ’ g s : oo e YWy of Yangasse. Brit. 1. Ind. Med. 4: 6y 4.
Cuocrne, A Mawwd, LB Canaas, ROLE Josis, asn M, 1o,
A F. l".l-.m Ht'l‘. Respiratony  patho physiology i ehronie 4B Hukiano, A, No L. Kavicrioes, W, W, Fray, W, DLW,
bﬂ’)‘“lull! discase, AN, Awch, Ind. Health 19 132145, hm_ axt W, S, MoCasy, Studies of total whmmy
1950. capicity el its subidivisions, vor Olservatinns on cases
29, Grwsu, B MU Tacie, asn LW Szca easin, The pathe of pulienavy osis, S, Cln. Ineest. 1y Be g3, 1935,

Published by AsbestosClaims.Law
asbestosclaims.law/library/25372/12

Pneumoconioses (1965)
ACL Doc 25372 - Page 12 of 14


https://asbestosclaims.law/library/25372/12

54

T

62

63

C Brmaos, Jo Wl Paliemsany baosis i a o worker using an

alwushiivs guowsibons Bt Ind Med, R 20 3gemgh

Kt NoL avie W S0 MoCass. Respinatony

responce during exercise in pulmonacy  fibrosis - ane
ewpliysoma. S Chn, Iiest. 160 23 40, 1947,

CRoasaGam, TLT Karsces, Ko Staeonsin, K Baey, al

T b, Stadics on the pulimonary diftusing Caprairy
by the el mcnmsicde Breathilulding e hsiegua. w0,
Paticnts with various pulivonary diseases deta Med, Scand.

169 505 g, 1961,

- Kessieoy, M. COS. Alwininium posvdder inhialations in the

treatment of slicosis of potters workers aned PO EOcon-

sis of coal winers, Bot. S [nf. Med 13 By 101, 1956

3. K, E. ., aso Go Nacresomsnn, The physical and

chewical propeatios of silica, silicates and moditied forms
of the < in velation to pathoge nie effects. fn- Pracesidings of
the Pucrmaconiasis Canference, Yohannburg, 19359, edited by
A | Ovenstein. London . Clichill, 1960,

Kony, R G R Carvamns, 1L G Borrn, aso . €.
Searis The Vet Administoation: Avmy cunperative
study of piilionary function 1. Chuieal spitometty in
novaal wens Am. S Med. 300 244 258, 1061,

. Kuoun, M. The diflusion of gases through the Jungs of

niin. S Physiol., London 46: 271 300, 1915, ~

- Leaniaet, G The mechanical properties of the lang in

the poewmoconiosis of coal miners, Bt J. Ind. Med. 16
153 165, 1959,

- L, G Chinical, bronehographic, radiolosical and

physinlogical observations in ten cises of ashestosis. it
Lo Med. 17203 2 3,10

ny.

L Lrovone, |G oasn J. Gotan. The centrilobular forn of

hypertrophic emphysena and its relation to clronic

bronelitis Tharav 12 219 245, 1947

L hason, KoM, Patholwey of ashestosis, A AL A Ak, Ind.

Health v 185 188, 1955,

- Mackeew, PUE, ann MR, Brosoake. The refationship

between the mechanical and diffusing properties of the
lng in health aoe disease. Am. Rec. Respieat. Dhseaves 87:

47 a0 19y

o Magsitsnr, R avo A B D Bors. The viscous resistanee

of the lung tisues in paticnts with palmonary disease.
Chin. 8. 15 455 4R35, 1956,

Muns, AL DLW Crgrrr, |0 B Canteas, asn E. AL
Garssirw Choical  deterndination of  the  diffusion
capoacity of the bangs, Am, S Med. 222 51 73, va57.
Melowon, MR, asn D V. Banrs, Respivatony funetion

aften o rnsnece ooy . fhoray 1 Jug g, |qv,l'p.

- MR, OB MM D esonn, |G Grsos, asp

RS F. S s, Respiratony funetion daring the day in
cotton winkers A study in hyssinosis. Bt S, Ind Vod.
1575 By g8,

c MeKreeias €0 B SN Ruven, | CLoCisaon, ann IS,

Fo Satinme The sioe of cotton dast prantic les cansing
Byssiniis A enviromimental and physiolosical stly.
By S Ind. Med 1900 8, 1ghe.

Mobavaiowny, A L Go Poewnws oniosis in fonndey

wonkers St 2 Twhere . Dhveares Chest 510 27 400, 1047
Molbavaman, AL G Bron aied othey padio oo sl
Tee o Svnpenom an dndistnial Prdmanas Dieae, edited by
Eo ] King aned €N Fleteher Lowdon Churehill, yatio,
Mcbavemomn, AL G, | L A Geoee, HL L Banwr,
At LB Hakrase, Tron oside dust and the Tings of
sibver finshwrs, Lamert b0 g47 440, 1945

69.
Jo.
[

2.

73

74

75-

70

8.

79

85.

83.

. Neentiaw, G D, M. € Recan, axn L Mo Dosarn,

CHNEIE R T10 N MOCON L 10y

Muan, Lo Mechasical prog tics of Tung < Plysid. R, 4
2Ry gy, 1efin.

My gons, A “The onigin of the tevim * pocamonokonio-
sis ™ Bt J. Ind. Med, 170 155 tho, tgfio.

Mo, [, GO B Massine, M. Marssios, asn R, F.
Lase. Pubmonary fibsosis in workers exponsedd w fucly
powdered abwmivion Brie. S Ind. Nicd, 1R 10 20, 1y
Marees, 1o L "The picusnowioses, b Clueat Gasidio
pulmonary Physiology, edited by B. 1. Gordon. New York:
Grune & Stratton, 1g6o, p. By1.

Morey, HL L, aso J. F. Toswasin sswi. Effect of high
and low oxygen levels awd imtermittent positive prossine
breathing on oxygen transport in the Tungs in polimonary
fibrosis and emphyscua, S, Appl Physiod. 3. 18y 116, 150
Nacerscinog, N 'The relation between T dust and
lung pathology. Beit. J. Ind. Med. 13 247 250, 1gho.
Nacriscusimg, N A review of the thearies of siicosis, Tn
A Sympasin on Industrial Palminary Diceaves, edited by E, J.
King and €. M. Flewcher. Loodon Churehill, 1ghio, p. 50.

Norwal standards for fang volumes, intrapolinonary gas

325, 1954

Nicrots, P. . Some pharmacological actions of cotton
dust and other vegewable dusts, Brit. J. Ind. Mef, 190 33
41, 1962,

Nye, R.E., Jr. Theoretical Jimits to the measuremient of
uneven ventilation. J. Appl. Physiol. 16 1115 1123, 1961,
Ons, A B, C. B McKerrow, R. A, Baruens, |
Meap, M. B Meliwoy, N J. Skrverstone, asp E, P,
Ravvorn, Jr. Mechanical factors in distribution of pul-
monary ventilation S Appl. Physiol. 8: 427 443 1956,

- Peaorrcnss, FLPLoann S80S Troronn, Bengn puen

mocomiosis. S, Am. Med. Avoe. 127 3010 03, 1945.

Pradr, PG Clinical aspects ef Shaver’s disease, Dicusion.
In: Puewmoconiosis: Sisth Suranc Symposium, edite by A.
J. Vorwald, New York Tocher, 1950, part v, Peo4Rs.

- Pravssing, G Tovestigations on respivatory dust disease

in operatives in the cotton industry. Mo Rey, Council,

Spec. Rept. Ser. 212, 1946,

Rean, J., aso RS, Winoass, Pulwonary ventilation :
blood Row celationships in interstitial disease of the lungs.
Am. S Med. 27: 545 550, 1959

- Ruwoerr, A R Cligical aspects of Shaver's disease, .

P
n

ovis s Siath Sa Sy , edited by AL .
Vorwald. New Yok Hocber, 1950, pact vi, p. 159
Roacn, S. A, asn RS, F. Scinmse. A clinieal and
cavivonmentad stuely of by ssivesis in the Lane ashice cotton
industey. Brat. J. dnd. Med, 13 1-9, 1960,

. Romwnson, A L, D Rivers, G Nacetscisir, asn P

Proscorm, Stanmeis bevign presimoconiosis duae to tin
dioxide, Lancet ¢ 1ol 1ogh, tgtin,

Roresen, o ane No Bave Tnvestigations of the humg
Tunction i silicotics. . Phe capacity of the lungs and dhe
conditioneof the alveolar ventibation. deta Med. Seand. 10y
55 82, rage.

R eses, Fooamn 1 Eskiome s, Tnsestigations of the luoyg
e tions t silicatics. w Hhe long sentilation during and
Mter wodevate muscular excrvise, deta Med. Seand. 1og:
377364, raqr.

Remsan e, P1E, A BUmisass, anp P Lo psiser 0. Die
Pachaphgsiclogic der At bei dec Sifikose el dlie

o r—
mixing and maximum breathing capacity. Thorax 9:3 9 -

o

Ty

2 g

—*ﬁ

Pneumoconioses (1965)
ACL Doc 25372 - Page 13 of 14

Published by AsbestosClaims.Law

asbestosclaims.law/library/25372/13


https://asbestosclaims.law/library/25372/13

Pneumoconioses (1965) Published by AsbestosClaims.Law
ACL Doc 25372 - Page 14 of 14 asbestosclaims.law/library/25372/14



https://asbestosclaims.law/library/25372/14



