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Pncumoconioscs 

MARGARET R. BLCKLAKE 

CHAPTER CONITENTS 
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Tttt eis (Mddos” Lung. Sidero- s Stannesis Gof Tin Miners), Booyrosis, r‘hl‘ 
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LIMRARY 

THE MINERAL DHUST PNEUMOCON|OSES 

1. Preumoconioses Charar terized by the Presence of 
Much Dust in the Lung, but Luttle Lilroys 
[Welders' Lung, Siderosis, Stannosis (of Tin Miners), : 
Buarytosis, Coaliworkers® Puetmoc omiosis) 

It has been suggested that any mineral that is 
relatively insoluble and not immediately tosic can 
produce a pnewmmoconiosis i inhaled in sufl cient 
quantity (31). When the dust is inhaled, only a cortain 
amount is retained (see Chapier 8, this Handbok ). Re- 
tained particles may pass direetly into alveolar walls, 
or may be ingested by alveolar phacocytes which 
cither calleet in alveolar walls, or are dischaued by 
the alveolar cleavance mechanisin 1o the level of the 
wespivatory bionchiole, where they penctrate the 
mucosa and collect (46) 

The subsequent yesponse of the lung 1o dust varies 
greatly both in animals and in man. At one cnd of the 
scale certain dusts, of which carbon, tin (8#6), iron 
(22, b b8, 
sccnmibate i camsiderable muoounts in bymplond s 
sue without exciting a filwonie tissae e o, depite 
the fact that these acomnmbations can be dense « nough 
tocanse a diffise nodubar partern on the st rocnt- 
renogram, pantenlady A the dust is markedly adio- 
pagues e, hooum (80) and tin (86). In the cao of 
col miiners, these accmmabations miay lead 1o dila- 
ton of athie vospdcatony broneliole swith focal cinply- 
soma Cpg)y omnd s pcvimocorois, whiely Hiay pno- 
s o assive iheoss, o the only one o this coonp 
that does not always un o benign eourse. 

Revomnivion of whar have heen ealled the 1 inn 
poveimonomiosesTM Call i this cronp exeept shple coal- 
warkers' procuodosic) sters Gom the obeoyed 
arepaney Torsooen difuse o atized vadiodogeal 
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e unrl) on o1y 
though incomplete, does 

supprat the clinical conviction thit this is not a dis 
allive condition, sinee vital capacity (VO), excreise 
ventilation, and wosimal ventilation (observed dur 
i one minate) were not difterent from those of con 
wol subjects (22). Similarly, in a study on 116 men 
enaned in processing tin there was no difference in 
arway maximal breathing 

i caparity (MBC) of the o6 men in the group with grade 
3 ¢ vadiological disease, comipared with the men with 

carions of eHest 
with radiolesical disease, 

reststanee and indi 

no cadicgraphic change (40). Tndeed, impairment of 
physiolosical measmrenents wonld not be anticipated 
from the pathalosy, exeept pechaps in mechanical 

4 propertics, such as tissue resistance, and in the distri- 
bution of ventilation with remard to perfusion, par- 

“fenlaty during rfl'ml neither of these has been 
t studdied 77 X :’ ! Simple coalworker h-mmnflmimifl is likewise 

- varely accompanied by disability except in subjects 
s over 55 years of age. Thus, in the carefully matched 
3 stuelies of Gilson & Hugh-Jonrs (32) on Welsh coal 
4 s, it is oot surprising o find that the lung vol- 
;‘_ s, resting and exercise ventilation, and MBC in 
¥y miners with this condition are very little different from 

. values in noniners of comparable age or in miners 
with none of the cadiological changes of paeamoroni- 
osis Pulionary complianee and flow resistanes re- 

v fraiee within noral limits inomost cases (56), and the 
- s of duat [which may reacls gog or more (74)] did 
“ not et tiesne resistanee inone case so studied (61). 

F 2 Of pavticatar interest, however, s the finding of 
k) Gilson & Thugh Jones (32) tat the only measurable 

ellcct of sinple prmeeoniosic on fung funetion was 

E e Ab-_alitslml mee of gas disteibation. Review of 
| alsa reveals ot their distribation index of residal 
P I incquality (o postdead space index that allowed for 

an anatonical dead space equivalent to that in norial 
subjects) cleanly indicated delay in simple preano 
coniosis i compared with the nonmal state, In con 

fa trast, their indes of biphosic disibation [which in 
o Adicates the oxtent o whiche e pue el space wash 
‘ :g out of the s deviates oo o single exponential 

it (2] wronped the men with siraple poeamoconiosis 
g el more closely o the normal contrals, “Hhos theee 
] ) wits o apporent increase i the percentage ol e 

1 making up e poorly ventilared guace, theee was only 
. L % the sl a veduction wits tdal volune, where 

:9
.; 

» aned betteevenubated space na even have increased 
it size. Oneciterpeetation of these indings should D 

P
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n!- e iy I‘ filM‘an s 
dv(m( rescmbling an in 

he chilare ot 
nmpumlm) Inonchioles in the areas o L empln 
sema which ave the common pathological finding i 
this condlition (44). One might further speenlate tha 
it is not the extent of suchan crophyseimatous chaneg 
(in tecms of percentase of respiring tissue involyed) 
that should be related o the disteibuation defect, b 
its strategic situation 1f one respiratory bronehiole of 
the thivd order supplies 12 alveolar ducts (58), dily 
tation and distortion of all such bronchioles in 
wtinet TM Jung involving only about B per cent of -ty 
respiving tissue might yet be suflicient to impair di 
tribution throughout the lung. Thus even emphysen 
graded as “slightTM (e, if less than 25 pee cent of 
respiving tissue is involved (97)] in the autopsy exann 
nation of the lunss of these Welsh eoal miners (14 
may be pesponsible for such a distributieadefect. 

The anucipaled uences of uneven distribuy 
tion of the sort documente Tugh- Jom 
(42) have been demonsteated in BelgianTMcoal mince 
hy Brasseur (10); namely, decreased alveolar ventils 
tion with increased alveolo-arterial Oy differences. 
demonstrable at rest and exaguerated under the st 
of exercise. Furthermore these changes are detectabl 
at a relatively early stage of nodular disease, breovs 
progressively more marked as the radiological picuu: 
advances, and considerably antedate the appearanc: 
of symptoms and disability. Indecd these elinical miio 
ifestations do not appear o develop until there is an 
associated fall in ventilatory volumes [as reflected 1 
masimal ventilatory volonme (MVV) ], which uan Wl 
coincides with the prosresion of the disease ot 
conglonwrate form discussed i the nest seetion 

evence of 

“Much Dust in the Lung and Massiee Localized Fibrosis 
(Progressive Massive Fibrasis of Coal Miners, 
Conglomerate Stlicosiy) 

Mineral-dust pneamoconiosis iy progress to col 
glomerate lesions of dense massive fibrosis The 

ved e 

st 
wsinally st in the it Getds bitateeally, 
promress (o darge conglonerate masses of fibra 
that replace the air-filled lung This progression n 
occa )(.lu after exposure (o dust coases. In conl 
workees' premmoconioss the development of 

Ve wechmigue weed, an apeneciromt washidn [ZLEN 
throueh two doganthine eycles, overdooks eertain typers W 
reional inequadities (78 Howeser, the point of intecest s eon 
vy withi daty o norinl slyects usimg the same techg 
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i, the wore s aneed (e 
teteple 

develope s por bucson, Bt iost ecilenes s it 
it results frone an added tubereutons infection (13). In 

‘l'll e 

classival silicosis nomtnb ioalos infiodtions also have 
v been incinsinatad (gh) . Tobar o diffase crnphy e 

also muy desclop after progresive massive fibrosis 
I)l\.lhlhl} wanally e sniranties the onset of progres 

sive muarssive filieesis i cosl miners (oo, 42). The con- 
comitant changes i pliysiolosical measurements in- 
clude avedue tion il volume die o a vedsaction in 
vital caprrcity The ratio: of resial volume o total 
I capicity (RN 11 e i reases 
Rrther inequatin of ventibation (s sting both in- 

Thete is 

ereased dead space e vegional incgualities), but the 
distachance bonat asaadly of e same severe deutee 
seen i nonindusteial cmplivsoma (32) Increase in 
alveolo arterial Oy dill v with minor degrees of 

uly on effort, may be 
seen (1o, 720, reduction of this differe - 
miteut positive pressure breathing on air suggests 
that the desrturation is the result of ill.!llrllll‘l(l' ven- 
tihationi to e of well pedfused ang (73). Percentayge 
removal of carhion monoxide during the breathing of 
loww concentitions of (his gas is not mach redaeed 
even in sevore complicated coalworkers pncunio- 
coniosis (32), but the examination of this value i 
relation o volue of gas breathed (e, direct meas 
urement of pubmonary diffusing capacity ) is necessary 
to estaldih the abscnce of significant diffusion defiects 
i this condition The ayvailabile evidence, hoseser, 
suggests that this paramcter s not much reduced 
(1o, 72), and that the post naportant nechonising 
accounting for the increased sl eoloarteriod dillere ace 

Suche mnbalanee 
satholoeical sicluoent onthe |m|‘ 
Ched (By) or waghe be the conse 

Cquence of disturhance of adaptive iechanisins that 

s ventibivtion perfusion il 
il 

maintin the babmee e norned fanes 
Mectamical pragertios of the lung are less atfecud 

than it be anbicipaed by the peescnce ol pragies 
sive massive o T has, despine the Grinly consisent 
eeduction of MBC i this condition (e, W, Moy 
tesetione e ey qniv oamspreatin ad o Nt Loy 
rellecredd ot 
Quently comins within normod i () T sl 
stanees the echanisne by which MBC s reduced 
might be Biitaton of masivad Bow tates die to e 
dhaction ol fune o By volue (o), a0 possibling 
that combel not e exammned die, thy, s there e 
repents of How reastance and Tune voluines on the 
s subpects Howeser, reduction of the available 

ek Lstie wank ol bweathine ) e 

1 CHARTLE 71 PALE SoeON s 

) 

than younger men (56). Theagh the obseevations weee 
restricted o dynamic complianee, it is reasonable 
deduce that static complinnee values are probahly 
similarly affected, since distribution factors are un- 
likely 10 be important in the presence of nonal o 
near-normal vatues for flow resistance (79). Thus theee 
is nothing in the available evidence o conflict with the 
hypothesis that recduction of ventilated Tunsg volure 
due 1o i replicement by filious niasses niay be a fre- 
queat techanisin for disability in progeessive oussive 
fibrosis, perhaps as common as associated generalized 
emphysema, and indecd such an explanation is most 
casily equated with the patholony. 

3. Puemoconiows Claracterized by the Presence of 
Lttle Dust in the Lung; Genevali<ed Nodutar Fibroy:s 
(Classical Stltosis of Hard- Rock Minms) TM == 

Dust containing free silica, one of the most fre- 
quently oceutting constituents of the biosphere, is 
almost unique in its capacity to evoke a fibrous-tissue 
response inaninal tissae, whether amphibian or 
maalian (53). The reaction appears to start with 
alteration of the mactophages by the dust (34). A 
fibroblastic veaction follows, peribronchiolar (g6) or 
perivisculin, or both (vog), ultimately feading o the 
development of the fibwons silicotic nodule charae 
tevized by layers of whorled conmective tissue aranged 
concentrically, ke an onion bulh High concentia 
tions of finee silica dust are probably responsible for 
producing a wore diffuse type of fibrosis (31, 53, 
ror)s Small amounts of silica in the presence of ineet 
dunts produce a mised dust ibrosis (66) in which the 
ACTANGC L T b i 
and racial, reselting na nodule whose outline i i 
rewular and stell e 

Under expecimontal conditions, animals can be 
exposed o controlled amounts of dust of knosn e 
ial composition and size disteibution. However, the 
hazards o which wan s expuosed inomining or indus 
il enterpises e seldom e dosis, bt wanilly 
comprise ised amaterials s i considorabily i 
chenmwal composttion e in size distibn It i 
generally teue, bowever, that the greatee the anwnnt 
of free silica iy the dust hazand, the o swevere the 
fibwosis. Thus hetween e extiemes of, for instoee, 
stnple pocwmoconiosis of coal naners, i which the 

T When equivalent sentibamy ol s acommmdated in 
fewer Tung wies, the dere i PSS i e gt iy, 
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Bl (7), Al e by the 
contain lintle dust (pediaps 1008 
brosis (540, e in a0 wide g of patheliic o) 
chanage i swhich dust content and deoree of Blawosis in 
the Jens vars i amonnt and degioe Fonphis e de 
velops i a s A proportion ol cases 

It s thousht that sifica produces is « Hects by acting 
on the g phagocytes (38, 75), bt the wechanism 
wherehs it aflects these phagoeytes is unknown 
Neither a wechanical nor a singphe solubihty theoey 
is adeguinte to e splain the disease (75) e tiv ation of 
specific coll enzyme systenis cannot be conclusively 
incriminated (75)5 the eflect of polysilicie acidd on 
collanen pueenvsors tay e impontant (13)s andd the 
demanstration of incrcased gamna alobulin in cases 
ol silicosis has led t the view that silica may act as a 

(75), and what immunological 
ilicant A point of contrast be- 

tween this type of nodnlar dise ‘:g!m, iTuse fibror 
ses has heen emphasized by Nagelchmidt (74). He 
noted that in classical siticosis, fibosis and dust con- 
tent (of the ashed lung at autopsy) increase coneomi- 
tantly, whereas in the poenmoconioses character 
izedd by diffuse fibrosis, the more advanced the fbrosis, 
the Tower the dust content of the lung atautopsy, This 
suanested to him that m some way the continued pres- 
ence in the lung of insoluble silica dust causes the 
nodutar disease of classeal siticosis, aned any .1('('0"'(.""!' 
theory of the discase shonld be compatible with these 
finelinms 

The ouly consistently abnormal Huding in the 
nodular staires of coalworkorsTM pie pmoconiosis (a 
dicease eharacterized by moch dust in the lung with 
litde fibosis discssed unde section 1 above) s an 

i Oy dillorcnce, wost otlur 
—— S iy . =% 

TerETIente remaining within nocoal liits In 
contrat, in Classical siticosis in the nodular stage other 
measur able compromise of fundtion waally can be 
shown (8), wnd increases inalvealo anter il dillerences 
st by analony W eonlworks s et oniosis (1) 
also exist, although as vt they have not heen systeime 
wally studdicd 

Flonsever, i o simall Pt st e |uu|mll§nl| ol 
cases [reported as 1 (3) w0 o8 peccent (o) chfferent 
series) these other funetion mwasnrcments (which in 
clude VO, MVY, Tunyg volwes, complianee, aned 
airsas gesistatee bt not alyeolo acerial Oy difler - 
ences, which as tndieated alwone Teave pot heenstadiod) 
may appear ool 

One coan reone e such noroed solues with the pres 
enee of dist foct consistioe of no more haw veticulin 

(R LR K (0L 1) 

extinsive fi T e tos 

it (pettiaps Bom) bt hitthe S ils Tient dust lala pha 
g but it s 

filwones tisase nocdides of silicosis without having such 
s e s Coupieiied 

I ||‘ T e v 

Uhe Lailuire oy 
interpretation Se 
elsewhere in this volume (see Chapter 5300 In connee: 
ton with the inteepeetation, the conmon practice of 
velationg obecrved values o the predicted nonmal 
valies descrves commient, The standared eevor of esti 
wate for sueh prodictions usually exceeds g0 per o ol 
so that althongh such parameters may be 20 por com 
brdowe predicted values (e, within the normal cange 
of twice the standand deviation] after exposure o oa 
dust hazaed, there conld in fact have been a deciease 
af o per cont friom pre-exposure levels of 20 poi cent 
above the predicted valwe. Anoual studies of exprittd 
subjocts cumnmec 
and continning during exposure may at some v 
date revenl function defeets of this order. 

Alternatively, the lungs in silicosis may be the site 
of tan p«l(h(l'll';i('.l' pracesses with opposite effeet on, 
for instance, the volume of the arcas they affect 
namely, fbrosis with its chatac teristic restriction of 
functional residual capacity and residual voluue but 
preseryation of the tests of ainflon (3, 110, 114), and 
ernphysenn with the opposite effects of hy perinflation 

Wl possihlic veasens fon this anonraly, 
i insensitivies of wehnigues or of 

vativity of techiigines 15 discussed 

and decreased airsway conductan (1, 1oh). Measune 
ments of these gt ticalae paramet:ss might thus ap 
prar nea noral, althoush other paranwters, sud Toas 
as distribution, exercise ventilatinn, ventibtion per 
fusion ratios, and artevial gas tensions, might he meas 

have boen documented * 
L inter 

norinal 

llll-l\!lll‘lll;ll Sina prapen tion of cases of silicosis, 
there are still others in which the langs indecd appws 
to accommodate the nodules of fibrous tissute with 
very minimal comnpronise of funciion, even in param 
cters such as complionee’ (8) amd tissue pesistanee 
(1) The sitnation of the nodules and pl"«'u.llilill of 
intervening tisie oy provide the c-y.pl.m.uim\ 

urably affected, Such cas 
Allowine that insensitivity of technigue 

S subudivisions of luog ol ventilatony fests, 808 
distpihition, dillusiog © Wy, ael restiog Al ey 
ventilation b a st adized extecnol work foad (54 54 . 
A 1V, deserted by Wright & Filley (1ol bl nfl(l"t“ 

Tng solunes il exercise caponity. b rinsieg, masimal 
Bt hining e oapranaty, o anterial Py an et weve pedured 

A Dymnnie complianee onfy has b egunted (B, "‘"“’" 
swamitive pacameter of st complianee from PROE W 

nune 

v 
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dedd an o conmnmnie itiond has su 

all,llnrf) 1o o Tish f “hnows " o s 

nodules) at the puints of crosineg of the mesh it 
allect fine tione aininadly i conteast o knots in the 
intenvening stram s shicl minhe he expooed w im 
pair exprandon and disobaition 

When funetion weasiure i nts eventaally beconge 
distirhed by the prescnce of silicosis, the function 
pattern py st obstroctive airway disease o 

restiivtion of tunos (see Chapter 63) or o mistuee of 
the - patterns (85)0 varintions that probably correlate 
with the lllll’fllllill.llll llu-l-ll)in'; |l~"||n|n';_\ '“ul\', 
thoush cases of silicosis ave communly used to exem- 
plify the plasiotosical effocts of pulinonary fibrosis 
(40 4B, iy gy they e alo cited s exmnples of 
cmph\ sy () when they appuwn In illl’hlm-;niJa' 
able on the Buosis of fuoction oo cases inowhich there 
is 0o axsocinted dust discase i the dung. From the 

Lopussible o predice 
whethiey the function pattern will su q‘m 
or obstructive discase, a mistire of these pathologies, 

or whether it will be within noraal Bnats Caoe table 1), 
The magority of cases exhibit a mived fune tion pat 
tern, and perhaps this is why results for a randomly 
selected wronp of cases (including the theee individual 
results of table 1) show only winimal changes (8). 
Disabilite o the paticnt (in terms of dyspnea on 
excrtion) has heen shown to conelate with an in- 
crease in the patin of excrcise ventilation to maxinal 
volintany vennlvtion,® and is due to both an increase 
i the formee valoe (8, 50, 85) and a reduction in the 
latter value (1, 80y 

Arterial decuration is net usially present in the 
diffuse nodat wostage ol silicosis enbior at e (8, 8g) o 

on il exertion Labout 50w or goo ke e per min (8) ], 
e ase nalveolo 

ol Ednhilbensnicen ab this sdacc of the discae At 
heavier exerciae Joads g w), hovwever, a consilor 
able propoction of cases showe desaturation (g1, and 
would presanably also shon wieater alveolo artecial 
Oy ditlervcnces Collteral exvidenee bas led o the con 
clusion that this Gl i satae atiog is o lly the vesult 
ol illc'qu.lhln s ol venrdation with resand o perfusion, 
l‘il’)"l e | R llg e s en oo hotion o Hispree o 
e or o vt ton ol the pabiaoany capallay hed by 
the pathalasioal proces (2, go) Disturhanees of the 
ventilation pertusion: balwee e the lomg may also 
aceount o 

this fas becn demansteated by peans of the sinele 
breath COY e Bovaegue on the cighit subijects witly silicosis 

the reduction e ditlusing capacity 

L e e | T PO 1] R P T | 
wy v g 

e 71 partvocoss 

TANLH Pulw ’ e hlun .!m on 
Cave s ase 2 R 
Notwal Reatrn tive 'l‘l!l 

witared 

Age, years 5 5 5% 
Height, e 1574 1o 174 
Sa a,om 1.78 I 1.8 

Suubdeitsrums of bung colurae 
V., % predicted o 83 65 
RV, T prodicted 100 79 162 
TLE, O prodicted [ B2 as 

o predicted 1oft 79 190 
FRC/TLC, 5 5H 52 58 
RV/TLC, T 34 33 73 
Mixing indes, liters/litees 

Fro 
(narmas) B, g 860 3.79 5.27 5.3 

Co Artevial O satvrnteon, by oximeter 
At rest 95 - G4 - o8 
At work, 3o0 ke-m/min 

Ventrlation liter'min 
At rest 127 58 .y 
At work, oo by an/imin j0.0 35-3 339 
MVV hiters ioin, 

T predicied yh 100 52 

Mechanies 
Cdyn (10 2511 <208 0G0 091 
Cdyn (30 40) L Loy o7 
Flow resistance fesp) 

em HLO/litens per sec 410 447 7.32 

*Widh apporently identical radiological pictues of 
generalized nodular silicosis For details of techniques, 
prediction values, ete see Beckluke o al. (). 

F Cdyn = dywonic eompliance o litess/ens 1O 100 25 
or 40 40 breathy per min 

reported to date in the literaoe (16, 51). More severe 
FOSICHON 10 chbsting- copaciy bhan boesolound moa- 
siall proportion of enses (18 out of o) in which the 
pathological process was predominantly a diffuse 
chronie intecsutid Blwosic i assoctation with the 
nodulve discase (27), and these cases, prohably re. 
sulting from heavier exposure to very finely divided 
dust, are more conreetly elassified into the nest graop 
to be considlered, manmely, poncamoconioses charae- 
tevized by diffose pabionary fibrosis 

Classical silicosis, like simple coalworkers' pucuno 
coniosis, may progiess o conglomerate discase, but 
there has been litte systeaatic docamentation of the 
consequent effects on pulionary function Because 
syrptonts e osially present an the diserete podalar 
stage of the discase, the progression of the disease can- 
not be pinpointed o ther onset asin e cose of sinple 
combworkers” pocamoconionis, and it s prababile 
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ven the eflecs 

dillive nodnlar and e on function 
() until the Latter veachios an advancod stage 

4 Pocvmacommes Chavebery s A by 

Diffrese Pulevany Filyain 

Asttr s tenis Tnccontrast o the relatively insoluble dusts 
that prodtuce the nodular pie mnoconiosss, those caus- 
ing diffuse filivosis appear o act via cortain slowly 
discolving constituents released into sutounding body 
fluids (74). 

T the case af ashesto, the size of the dust particles? 
has heen held vesponsible for their tendeney to remain 
in the alveali Tt has been suggested that the initial 
peaction to the particles is Hnid exudation, recurring 
with each fresh dust exposure (59). As the result of 

tory reaction they excite, the particles 
flmfl&_‘%fihn that later 

hecotmes impregnated with rong 2 particles are 
then transformed into the chanctenistic golden brown 
ashiestos hody (6) Inthis form they inay apparently 
be iaert for comsiderable preriods of e (5) and indeed 
are comsidercd by some to remain permanently so 
Few scem to reach the lvmphatic system and lymphaoid 
deponits, fewer still ceacle the hilar tymph nodes (59), 
andd their presence in the pleara is unknown (42, 103). 
T hiis iy sones hat surprising in view of the fact that the 
plental reaction in ashestosis is usually severe, varying 
o plenral adlsions (sometimes the only - patho- 
logical cliange) to dense adhesive filmous pleavisy and 
even malisnant chonges i the form of mesothelioma 
Crog) in sone Kinds of expostre Lo the contese of tivne 
(often years later) reaction an the lung tissue starts, 

s to disruption of the ashestos bady, a 
rocess it iy e celorated by pualimonary infee 

tionrs andd cardioe Failure (7). Phe dibrosis, which may 
start i a peribronchiolir situation (1o2) and sub 
seqquently spread o ohlitecate imaty of the alr spaces 

ascribed by 

by cottagen, may even pesult i the e placcacnt of the 
Ludk of funetioning lung tissue by cystie spaces lined 
by atened epithie i, a chanee refeoed o as 
Shomes el T () I bee Bvsis iy T s 
chted swah e oo adyaneed s of e diseae 
(370 anied Jis Beean simsgsted s e denminant of 
e twes preonisinent clinieal Teatmees, mamely, « Tabibiig 
of the firugers and Basad covptations (71 Fonpiliysernag, 
i prescnt, w oot sty of o sarked degee, anl ape 
pets to b e ol an ineids wtad accnnenes () 
I ashwstoss funetion clanges are of the patteon 

PRaticles o o e @ hine Tern wer bt tepminal 
FEwpratiny Binky lh,) 

g 0 : Posuranetomy 
Astie Savs 
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TOTAL LUNG CAPACITY Wers 

wes o Relationship bevween diffusing capacity and tot 
lone capacity in the poeumooonioes assciated with difta 
pulonary Bibeosie Al peported e hase been inclited, 
provided both diffusing capae ity and 11O Bave beca pecords 
in the subjece The data have been deaiood as allow s LI ] 
the siogle byeath sethod at vest, cosulte on ot sbijectsy 
chwonie herytlin disease, and sarcoidosis o Marksetal (62 

wis foown Jowdan (go) anet M bett et ol (710, ¢ 
frown Whowson ot ol (681 The it of Williaes A3 

y 4 vo e eritted, s iy sulyects woe 

on al 
ashistomin 

sl o soise, reafre on noved subyeets, clioni heiyl 
Yivwns s vt windd sarcendinis B Cogell ot ol (16), and_for 
pocusie oy o Mellioy & Bates () 

associated with fibwosis (1o5). Thae there s _q--m'ml» 
fzed reduction of lung volume, but in particuly ul 
vital caprity, a chansge as Vil oo the severne plrum! 
pean o ol shestonis which Jones the vange ol Ty 
expransion (37, o, 10z, 1) Tets ol ventilatory €2 
pacity on the whole shios moder e preservation, with 
vare esceptions when the dithcadty with expiration 
secin to e e result of associated cuiphysema (o 
a sitwation that sy be encouttered o often in 
advaperd caves (570 

An invariable fnding asociated with ashostosis, 
Boweser, s a decrease i the diffising capacity (2, 57 

Pneumoconioses (1988)
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) g % g a )1y M 
cesierte e b b thore is defirite vactiolossilTe, i 

cence of e dive v (681 This would e in Kevpine 
sith e o ot thie oo e tion to fdiald 
st stos o tic s b an adveed e cnbne ) which 
our wiehit anticipote wen! roduee ditlac b seb 
tively Aoy the cole B v el e s i 

this v, we i coulnaybors PP O s, 
outeehit e thie vesad e of ventib ot o toaon nnlelane 
As the 

evitdoon, vl in one series bone Toe i show 1 e eon e 

Pswaasr sods o vs, pandiodorste o e b coni 

late with the podoction in dilicnes ity (1-.,) 
Cantion ymst beoexerisod e ascribins the redue 

tion i dillusing eapacity aeom e withe ediestersis 
escliave by o the o detnwe fin s 10 pass 
from alveabns o ved eoll thronsli tickened tisscs 
Aduirtedly thiv explaation is readify compotilile with 

R ning aod sepoaration 
of the nf\mnhr AN Cap Ty SOANE “anck is m_h*' 
with demonstiable changes in the Sperinealiy 
of the hunus, the “K of Novie Kearghe (5,0, recenth 
measured insomse subjos s witly ashi stosis by Thomeon 

etal. (gB). However, a redae tion in the surface area fon 
diffusion vy be the more igportant meclonism in 
soe Al not nst cases (68), a point of view suprpor ted 
by the apparent coneclation betseen redu tion in 
dillosing capacity e i Tupy volue in cases as 
somblod from various veponts e the litevatuee (see 
fig 1) 

OF all disticbianees of funection in ashye Sosis, an 
increise i the alveaboanenial osyeen difle e ap 

pears to he the wost consistent (), ocourring eyen 
more froquently than the sodoetion i diffaans ea 
pacity toshichieswas ovicina e ibed. Tenos secis 

obiabale that atlice Gt cgntuibnge o this < aelien 
. ultbesc s b gaceanaice GF tel i ly wndees enti 

Tated bt swell pes fused areas it Ty, o peecibiiliny 
that was ovalooked when inn ipulmionary s dis 
tribotion was asaaed salels on thy bosis of e el 
tidat o alveolar Ngconoontoation after seven mnmmtes' 
pure O heeathing (1) Technigues of sieater seisitiv 

il)‘, sun b v comtimmons e or ol the 1 spert ey 
guestient (ROY m expined a0, Do imbie el 

comsidderalile anegueobitie s e ventdation and vl 
tion pecfusion vatios e i g W), el thew 
changes andovbiuedly conteibute in some mesanse o 
the ant 
eflort (1 
proviowsly thought i cases of alveolo capillay block 

0 des it ation s Comnonly repored on 
e ooy e L s g ok i 

duc o other cones (g, 11t I contiact, arterial s 
aration at rest iswsaally sotban ool liits, e 

nent (“.lnv'h'rm 

sions also e vsaady within the ln\\ ol v (o, 
vy dower b howoser, oy bie foand i indi 
vichiol coees of gonbod severing wheir By peeventd 
tion s o bty st 

Bes soeletinn, il ot winted with a kel 
reduction e plisenay complianee (57), the rewlt 
proswmabily of alweration by filwosis of the Tang's e 
cliamical propeatios, bt probaily agscacated oo hy 
decreinse o the Jnl of fane tioniog Tung units (6y) 
Nonehastic wonk of bieathing has been shown o be 
ahout twice that of noval bieathine at rest (57); the 
mmercise ool beoexpected oresalt fiom inere sl 
tissie flows v sistanee, althonsh in one case so studied, 
Dot aiew iy aned v flow resistance were at the 
uprper Firnsit of nen il (hy ] 

Capacits for work may remain wnimpaired despite 
arterinl dvotaration (119); when 
venes, effort wleeanee may be diffusion liwited or 
veatilation Hwited G370 In the Tatter case, the fimit 
tion is attibatable weovery Tarse mcasure to a risc in 
the ventilatons v nents of exercise rather than to 
A fill i the ventil ooy capacity, and thus contiasts 
with the sitiatin in the nodulay Poeutmioconioses, in 
which the cflort wolerance, abway s ventilation liaited, 
15 rostricted priarily by the reduced ventilatory 
capacity 

ALUMINOSIS (INC LG STAVEE'S DISEASE). Another in- 

organic dust asociated with gencralized fibrosis s 
that of alvminuo Tnneis civeumistances this dust is 
el s Far s tha Joaneg ds conened (18, 320 however, 
it has been held vesponsible, a least i part, for the 
diftuse palicncos Glnoss ot may develop in workers 
enganed M‘"flm 
e of corandum (940 The ibiosis develops after a 
relatively short peciod, naally measarable i months 
vather than yemns of expoane o the fumes frome the 
fsion fimnaces (B Suwly of the fuies shows the 
to commist mainly of particles beyond the resolving 
poser of the e ape (e ane as Lavge as 1 ), and 
homienl analysis o thiens to be oehoin aliminum 
Ao phone slier, ol whicl i progss tion s o 
ably free () Rt ntion of e puticles of this size is 
Bieh Gpods andd it has Deen s ted that, hecause of 
their deep proctration el hish reteation vate, they 
concentrate an alvealn spoces, whene they are e 
spotsilite fon the desclopuent of a diffase rather than 
a nodubar (hosis 

The earlioar pathiologic dl ehoae is thought o be 
septal oo, followed by ifileaton with inflym- 

e 

Pneumoconioses (1988)
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2 vapidly sclerosing mfi pmlmonary 
septa and probabily int elevine with dust elimination, 

The 

is o diffuse dnter<ttial Bhosis without polules, but 
Obliterative codateritis s conmom end pesal 

Fuphicscmatons hultae both 
the 

ount for the froquent compli- 

with |""|n.'| thickening 
i the Ghrosed areas and subipleratly aee compm 
Iatter prestmahly 
cation of spontancous puo umothoras, though it is not 
clear from the patholosy why bullae in this condition 
stiould b e prone to cupitaee than eaphy semations 
Budlae Tonrd in association with all the other vagicties 
of industrind and nonindusteial Ginosis (o) 

Phe similarity of this disease o that reported in 
worlers exposed to fine alwminum posder (35, 49, 71) 
make 1 it peasonahle o assame that when exposare to 
aluinm dust of e particle size (chieflyander 5 ) 
BCCnT e patmanaey fihrosis oy develop, 

O — 

Alumsinosis & an \lfl?flhflmdm%m:l reports of 
on only five S Were en- 

radio- 
function studies done 

(49, 71) 
lowical chanse, function swas nornal (h 

4 3 

conntered In one with winimal 
voluines, 

wanhinal ventilatory capacity, timned vital capacity, 
masinal flow rates, and diffusing capacity). In two 
Hiere was modecate ceduction in the tests mentioted, 
and in two severe volume restriction and airway ob- 
srction Reduction in measmed diffusing capacity, 
which wassubstantial in two cases, could reasonably be 
aecribied tooa reduction of ventilated lung volume (see 
fig 1), althonsgh of course, as in ashestosis, a “mem- 
brane blockTM cannot he excluded from consideration, 

Crpeanie BN U st e or T 1eses Beryllinm 
dise e of the Tuie inits chvonie form s also associ- 
ated itk diftuse pulinonary flrosis The condition, 

Yo conecth chiscd asa manifestation 
—~—— 

of a systrnue po o by beeyllium compounds than 
asa paeamoconinsis (). s inclusion here is pechaps 
justifiahle, since dhe toxin et frequeatly enters the 
Tty vin e bess asoan antialed dast nthe chranie 
for sy miptonis may folfow exposure o iy be de- 

The cadhiest patho- 

Pl Tesion in o doose collection of cells saronnded 
the | 

el e, wiant el appeear, olten contatmineg uw Tsion 

Ly el o as lores as o yeais (40) 

by Wiy ey (o) N IR IR ER R U s 

fonctie o, amd giving the appeacace of & none aseiting 
freguently from the 

granilon of sarcoidosis (1g, 108) The wranulonmata, 
which are ol i soptal, subplenal, pevilonehialy 

o b alinzation 

weatlon indistinauishable 
y ’ 3 

aned prris s nlay e, tiay i 

Besicles thew 

gencralizod collular infilication of alveatar walls (1y) 
ey cate ing TM geanalomata, thee 5 

sarcoidosis m.n) be very l||"K ult !un 1 on cliniea 
andd panthological grouods (1o8) and can probably be 
made with certainty only by the denonsteation of the 
element beey i in tissues or the body Buids (39). 

Fundtion changes of chronie hergHinm disease are 
very similar to those of saveoidosis, the condition that 
it so closely resciibles pathologically. A study of both 
diseases done in one laboratory (28) recorded almost 
identical e values and ranges for a wide selection 
of funetion measirements. Thus it presents the fea 
tures of pulmorary vestriction (Chapter G, this 

bt 

with proscrsation of, or only stisht inerease in, residual 
delay in Ny clearance (28) 

Masinal vohmtary ventilation s likewise well w 
tained (28), . 

As i other pocuiioeonic 
presence of diffuse tibrosis, a most consts 
chronic beryllinm discase is an increasce in the alveo 
lar-artevial O, difference (28), associated . frequ 
thoush not invariably with a veduction of measured 
dilfusing Though hyperventilation at rest 
and on exercise usually nintains the alvealar Poog 
within nornal linits, minor degrees of artecial de 
saturation ave usual, and on exercise this value ap 
pears to decrease pari pasve with deereases in diffusing 

volune), with some decrease i vital capacity, 

and minm voline, 
n 

the 

Iy 

(‘.|||.n"|1}. 

capacitg, As inasbestosis caution st be exercised in 
aseribing e chiange in diftusing capacity solely o an 

fon 
pathologically thickened, particulrly in view af the 
demonsteation of normal wembirane pevimeabilitg in o 

increascd distance diffusion through structutes 

sinsle case so studiod (cr). Reduction of this weasr 
ment could vt from a decrease in diffiusing avea due 

TM L - |lnm 
l(mn- Provess, a pn.qlulu\ supported by the ap 
parently concomitant fall in totad Tuoy capacity and 
ditTisang capanity in patients with this disciase, as we ] 
as in sivcoidosis, which it so closcly pesembles patho 
logically (1, o8] (see fig o« in which are graphed 
data from the literatuie ) 
Fartheriaone, the vise in diffusine capacity on cflint, 
oy activity fin one 
gronp varyine fom o8 1o 17 liers O pes min (ath1] 
arpues in Lavor of the walfected lang Lissue's piain 
taining the capacity to enlarge the capillary be d, an 
attibute that gt not be preseoved of the by ane 
wete diffusely thickened when the diffasing capas it 
at st or on very light exercise ay be the il 

A sunall proportion of patients only * show the coms 

assernhled repotts in 

ol o the pe i metabolu 

Py onn of Bwenty nine, oF 7 e e, in o setes (), 
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Hon « 
e, s conteasts witl the 
way obstractive changes in subjects widh dvone 
bety o lung disease repacted hetwecn tg e and 
vgys (e, 29, ven), and hos beon e preted oy am 

indication of o changing pattean in an iutosication 
whose severer forms were seen after a shorter thime 
defay, and whote milder forms, developing after a 
longer Batent period, are only now being recognized 
Thus carlicr coses were fregquently complicated by cor 
pulionale, and genccally deteciorated capidly, with 
a movtality vate of 20 to 1oo per cent (28). Nowadays, 
however, the ocomrence of lone remissions s recon 

nized, and cases inowhich the only evidence of the 
intoxication s radiofosical ung change have been 

followed for several years (40) 

“\ 

In contrast 1o the sprcific nature of the pathological 
changes found in the Jung parenchyma with the inor- 
ganic-dust pnemmoconioses, those occurring in the 

organic-dust pnewinoconioses are nonspecific and 
more frequendy affect the airways They range from 
copditions resernbling allecgic asthoa [such as the 
d 
size made from i secrd (gg)] o diseases like 

pee gt weavers following the whalation of 

byssposis (0 disease of warkers v\;uhul to cotton 

il dhast, tas, aned Bemp) ineswhich the e lonsism by 
which Symplons are lumlm e, though poorly undey 

stood, i probahly brosdchial edema and spasm, but 
which differs conselorably fron allergie conditions 

The p-o.lln-|»--;TTT«-.«(||'\'F‘ of byssinosis (a5 yot 
reported in few coses onfv) are entinely nonspecifi 

[ Some bronchitis and coanpliysemn (40 are generally 

greesent and e inedistineoai-lable frome the nonindus 
trial varieties of these divcanes U Byssinosis badies, 
or dust porticles survonnded by e envelope sienilar w 

that seen i ashestos bodies, Toave heen pepoited in 
Pistofons il section: of some o ondy (450 and laye 
not to date heen systematicadly fooked for i the sputa 
of subjects with the ey pical clincal syndvome Dlespire 
the altsence of radiological sigos of dust deposition, 
mcrascapie exnration does reveal wnescess of dust 

‘ in the hangs of hyssinasis sulijects The dast, asaally ot 
! preseat i any quantity, is apparentds cachioroeeons, 

Casar s black aned collects in focn in whieh vetiendion o 

e r 71 PN LN N ) 1hoy 

an oceasioial 
enine of into 
(it 
cottorwill dust (A7, 1 

The symptoms of byssinonis are, however, so 

1 s O 

characteristic as to comtitute the basis of diagnosis in 
asubject with sitable exposine. Fov examnple, grade 

byssinosis can be diagnosed i a millworker who, 
sometimes soon after, but frequently after some 1o 
years or more in the dndustry, complains of chest 
tightaess and dyspocs coming on after the week-end 
break aned pasang ofl wouwe howes Ler, without trou 
bling him again dwing the working weok In timwe 
symptoms are noticed on the second diny avawell as the 
fiest after the break (grade 2), and they way eventa 
ally beeome posistent (). Prevalence of bysinosis 
frequently exceeds 50 per cent (20, B5) of the popaly 
tion at risk, and follawing its original docunentation 
in the Lancashive willworkers (g2) has now been 
described among millworkess elsewhere in Europe, 
as well as in India, Faypt(20), and Noith . 
(109). 

Changes in function paraltel the symgoms re- 
markably closely (G, 92). Thus, in grade 1 of the 
disvase, indirect MEC shows a progressive fatl dhrough 
out the eighit working houes of Manday with ouly 
pactial recovery ovenghit, whereas values are lower 
for the rest of the week but fall Jess during the hours of 
exposire (64). In grade 2 initial value, for indirect 
MBC are Toser Gg0) aned they Tt as v b or wore on 

the wonk i, s of Moy other days as i 
(64); in addition airway resistaoce shows signilicant 

incecases dacioy exposare (Gg), Thoush the fall of in 
dicect MBC during the working day s vt geeat 
around 10 per cont (63) the subjeet oy be morn 
aware of it hecause andivecr MBC i lowor i il 

workers than in persans never so expo 

alveady wientioned acenr when esponuie is to dusts of 
uneestricted pacticle size Gocladion particles of 7 o 
and over). When the oxposine st fine ol dha® i 

acyosols of nul) dust, incquality of alveolar sentilation 
(10) becomes demonstiable (thaush not at a level of 
statistical significance) i addition o the effecs on in 
divect MBCS afthonh aiisway wesistunce chinges 

less manked (G5). Thew ol 
tentative sugeestion thot codse dust acts an l-mgrl 

avativns lave led o the 

arrways, producine spasos, and s respomsibile for the 
syrptom of tiehiness in the chest, whereas fine dos, 
despite its Jow setention rate (41), penetistes mone 
deeply, affecting the sialler aitways and hence gas 

P Particle size oo o i) 

Pneumoconioses (1988)
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1o BEANT e b Oaf B0y shoof o) 

cbiers iV % oL :"fivrflv\mmm.q sl 

Withon 
aitbijects exposed to il duct (ro); however, there is 
nocdaily flucnotion in ventilatory tests e aflfected 
subijects alter theiv remon al frov thisdusty atimosphere 
(6, 

Althonsh there is hitde donhit tia by ssinosisis the re- 

prosed workier 

sult ol exposure to cotton-mill dust (6.4), the mechanisim 
by whicl it acts is not ver undesstond. The sometimes 
long expore befine symptons develop, the high 
incidence amony expood workers, and the lack of 
appropriate skin reactioas distnguich by ssinosis from 
allergic asthima due to an antigen antibady reaction 
(g2). Divect velea o of histamine by the dust could 
aceount for the Shnptones, It has been shown to 
occur to only a shight deseee under experimental 
conditions (g9, 17, 77). Two other pharmacological 

“the: duer, sinooth-muscle contraction and 

TR 

merease m cetl pertnenbiliy. ), could explain 
the symptoms broudchoconstrie n local ab- 
sorption; and associated bronchial edema, due to a 
change in coll proneabilitg, which might explain the 
slow reconery at the end of the day. Epinephrine 
actosol (which conld rclieve both bronchospasin and 
edema) has bheen shown to reverse almost completely 
the vesults of exposine on inditect MBC in subjects 
with estabilished byssinosis, an effect as veadily demon- 
steated on a NMonday as ana Friday (64). 

Bagusiosis 

Exposure to the dust of bagasse (the residue of sugar 
cane fram which the sugar has heen extracted) may 
moeertain circumistances result inoan acute febrile 
chest illiess, associated with dyspiea and cough, from 

& PTG of acute hagassosis'TM is an acute bron- 
chiolitis, in addition certam dust spicnles that rotate 
potarized Tl ave soen o be enbiedded in interstitial 
tisste which noey sl o [ ans reaction, foay cells 
filling alveolar spaces have been noted (gq). Tt has 
hecn sueeested that funei e the sugar cane fiber are 
vesponsibile for the Tronecbiolivis and thit the iber 
sl evokes the it atial s reaction, a view for 
whieh there i somne suguestive expenimental evidence 
(24) 

The question as ta whether there are chivome lorms 
of hasgasanis s unomssered . Autopsy on one case that 
ran i ot ted conra over four years (47) revealed 

bronehivetasis, and extensive pubimonary - Gibrosis, 

W sl on twe Ty | s el e ety gl 

< RESthvioN o 

During the febrile phase 
sutably when the bronchiolitis i acute and prowi- 
nent) vital capacity b been recorded as comsiderably 
veduced in four cases (13, g9) and arterial oxygen 
saturation low (g1 per cent) in the two so studicd (13). 
This tinding was probably secondary to inadequate 
ventilation to perlused areas, since it was associated 
with evidence of airway obstruction (reduced timed 
vital caparities), was corrected by O breathing, and 
reverted to noral on recovery (13). 

Chranie Ling Disease in Sival Werker s 

An unusual type of apical fibrosis with bronchice- 
tasis has been found in a percentage of workers in a 
Uganda factory processing sisal (93). This maysen 
example of hial pathology re- 
sulting from the inhalation of organc oS is 
perhaps comparable o the apical fibrosis cavitation 
and bronchicetasis of workers in the Hungarian pepper 
industry (46) and to the one reported case of ihiosis 
and broochicctasis in a worker exposed to bagasse 
(47). 

Although no acute effeets of exposure to sisal dust 
comparable to the effect of cotton-mill dust in subjects 
with byssinosis have been demonsteated (33), opera- 
tives in sisal factorics do have an incrcase in chest 
comnplainis and a reduction in MBC (measured oves 
one minute) compared with control subjects with no 
such exposure (93). This may be an example of 
bronehitis due to an organic dust. {n addition reduc 
tions in VO and MBC were found in the four subjects 
who had apical fibrosis and bronchicctasis, 

TR FEOR s COMPIEIly (47) 0d)e oot bt - - 
e— = 

SUMMARY AND CONCLUSION 

The prcumoconioses are o group of lung disciases 
due to the inhalation of dust, mincral or organic, in 
which the pathological manifestations vary consider: 
ably according to the Kind of dust inhaled 

Awwng e prenmoconimes dur to morgans dusts, 
four gencral varicties can be distinguished with their 
corresponding physiological patteris, 

1) Thow haracterized by muh dust in the ling bt with 

MV ales i s comtrol geongp werr Joser than thse 1 
ot i healthy Mocan snale subyects by Gray (37), g i 
analysis of the forced vitalcapaity sevord, a difference probe 
ably due 1o technigque 
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whion s subjectively 

castccnicnts of 

tilatory 
sabily within pernal 

pulionary fune ton (c.g, ung v 
tests, and mcchimies) e also 
Bnits Tlosevor, in conhworkers” prcomoconiosis (the 
most extersively studicd discase in this sroup) o dis 
tilwtion defict of a series type (resewbling an en- 
largedd dead space) is found, which may be cons guent 

to focal conphyccria, a chacwteristic featuee of the 
Associated with this s an inercase in al- 

veolo artinl O difference, 
patholony 

becoming progressively 
more aarked as the degree of nodulation increases in 
size and estent, and prabably due o the imbalance of 
ventilation with respect to perfusion. Changes of this 
sovt ths vepresent the fiest detectable compromise of 
function in this disease aned) as indicated above, ante- 
date the pereeption of symptoms and detection of 
effont linitation 

| e YRR GORE it It dust in the tung and with large localized areas »; ;;umu T stri Lml%h (and 
best-doeymented one) in this group is the progressive 

' massive ibrosis of coal workers. Disability is alimost 
| always preseat, and thoush in sore instances the 
| mechanisin by which itis produced is consistent with 

associnted generalized emphyvserna, in other cases 
replacemient of functioning luny tissue (presumably by 

| the filvous tissne masses) s undonbtedly the pre- 
| dotinant imechanism 
| 3) Thow characterized by little dust in the lung but with 

diffise wlilir fibrocic In this group, aboat 2o per cent 
of the subjects have no symptoms and no objective 
abnotmalities of pulimonary function, unless, by 
analosy o coalworkers' pocunioconiosis, there is an 
increase i alscolo arterial Oy diflerence, a parameter 
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