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[Welders' Lung, Sidevosis, Stannosis (of Tin ;Uimn)-,-,“ 55

Barytosis, Coalivorhers’ Pucumnconiosts]
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THE MINERAL DHUSET PNEUMOUCONOSES

It has been suggested thac any mineral that s
relatively insoluble and not immediately tosic can
produce a pneumoconiosis if inhaled in suflicient
quantity (31). When the dust is inhaled, only a cortain
amount is retained (see Chuprer 8, this Handbook ). Re-
tained particles iy pass diveetly into alveolar walls,
or may be ingested by alveolar phacocytes which
cither calleet in alveolar walls, or are dischanved by
the alveolar clearance mechanisi 1o the level of the
wespiratory  bronchiole, where they penctrate the
mucosa and collect (46)

The subsequent yesponse of the lung 1o dust varics
wreatly both i aniads and i man. At one cnd of the
seale cortain dusts, of which carbon, tin (86), iron
L L B s e ——
scenmubiate i camideyable anounts in dymphoid s
sue withont esciting a filwotic fissoe reaction, o rite
the fact that these aecmnmbations can be dese o nough
toccanse a it sdular pattern on the st rocnt-
enogian, pariiculady A the dust is markedly radio-

e, haum (80) and tin (86). In the cae of
coal winers, these accmabations may fead 1o dilina-

P,

ton of the rospdratony boonehiole witly fieal ciipliy-
oo Cpgdy ol i poscsinoconiosis, which sy -
s o mssive ilwoss, o the only ooe in this coonp
that does not always yun o benign eourse.
Revommition of whian have boen called the Lo uign
P onieses™ Call i this wronp exee Suple coal-
warkers” pcuinn ooiosis) steris Gom the ol ey

diserepainey Tarsoon o dluse e palizsd ool eal
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with vadliolerdeal disease, though incomplete, does
supprnt the clinical conviction that this is not a dis

allives candition, sinee vital capucity (VO), exercive
ventilation, and wesimal ventilition (observed dua

ing one ninate) were not Qifterent feom those of con

ol subjeets (22). Similarly, in a studly on 116 men
e in processing tin there was no difference in
aivway resistanee and indivect maximal breathing
capacity (MBC) of the 26 men i the group with grade
4 4 vadiological disease, eompared with the men with
no radicraphic change Ggo), Tadeed, impairment of
physiolosic b measircnents wonld not be anticipated
from the pathaloss, exeept pedhiaps i mechanica
propertics, such as tisse resistanee, and in the distris
bution of ventilation with regard o perfusion, par-

“eulaty during effort, neither of these has been

v

) S e

p "

stuchied . — 7
2 moconiosis is  likewise

Simple coalworker
ravely accompanied by disability except in subjects
over 55 years of age. Thus, in the carefully matched
stueclies of Gilson & Hugh-Jones (32) on Welsh coal
naners, it is ot sueprising o find that the laog vol-
s, restine and exereise ventilation, and MBC in
miners with thiscondition are very little different from
values in noniners of comparable age or in miners
with none of the radiological changes of pneumoconi-
osis. Pulionary complionee and flow resistaner re-
v within noral lmits i most cases (56), and the
e of dust [which may teacls go g or more (74)] did
not afleet tissue resistance i one case so studied (G1).

Of porticatar interest, however, s the finding of
Gibson & Thosh Jones (32) tat the only measurable
cllcot of siniple prcassseoniosis on lung funetion was

O —  —— < g

-N‘_“

L u By e

T e

Y Lﬂqu.m- e of was distribaiion. Review of thed
alsr veveals that thede disteibntion index of residwal
inequality (o postdead space index thit allowed for
ancnatonieal dead space equivilent to that in normal
subjects) elearly andicated delay in simple precuio:
coniosis if compared with the novnal state. In con
trast, their indes of biplosic disuibation [which in
A ate s the csrent ool e il pestdead space wash
ot of the Tipes doviotes oo singhe exponientiol
(x50 ] wromped e men with sttnple prewoconioss
saeh e closely o the normal controls. “Hhos e
wits o apporent inerease e the peecentage ol tae
moking up the poorly ventibaned space, theee was only

a veduction e its tdal volune, wheveas the sialles
andd Better ventibated space vy even have increased
i stze Ohoeciterpectation of these lindings shoull b

ciethicin as i |
oty rescbiliog an in ‘
Aty the il

respiratory bronchioles in v o areh
sew which ave the common pathological finding
this condition (g9). One mivht further speenlate that
itis not the extent of such an cuoplysematous e
(in tevun of percentase of respiring tisue involved)
that should be relared o the disteibation defect, b
its strategic situation 11 one respiratory bronehiole of
the thivd order supplies 12 alveolar ducts (58), dil
tation and distortion of all such bronchioles in o
wtinet ™ hung involving only about B per cent of thy
respiting tissue might yer be suflicient to impaic di
tribution thronshout the long, Thus even emphysen,
pracded as “sglight™ [ie, if less than 25 per ceat of
respiving tissuc is involved (97)] in the autopsy exann
mation of the lunes of these Welsh coal miners (1)
miay be pesponsible for such a distributis@efect.
The auticipaicd gopscquences of uneven distribuy
tion of the sort documente Hugh- Jon
(42) have been demonsteated in Belgian coal minee
by Brasseur (10); namely, decreased abveolar ventils
tion with increased  alveolo-arterial Oy differences,
demanstrable at rest and exaggevated under the stie
of exercise. Furthermore these changes are detectabl
at a relatively early stage of nodular disease, breon
progressively more marked as the radiological pictu:
advances, and considerably antedate the appearanc
of syinptoms and disabiticy. Endeed these elinical e
ifestations do not appear o devclop undl there s an
associated fall in ventilatory volumes [as refleeted o
masimal ventilatory volnme (MVV) ] which usnafl
coincides with the progresion of the disease 1o te
conglamerate form discussed i the nest seetion

: eience of
Much Dust in the Lung and Massiee Lacalized Fibrasis
(Pragresseve Massive Fibrovis of Goal Muners,
Conglomerate Stlicoviy)

Mineral-dust pnenmoconiosis may progress to col
glowerite lesions of dense massive fibrosis T he
ity st tin dhe i tieleds bitateeally, b e
prosress to Jarge conglonerate masses of fibvo s
that veplace the air-filled Tune, This progression ne
occur years after exposure @ dust ceases. In cont
workees' prewmoconious the deselopiment of

Vb wechmique need, an openeciccit washian Jollowsr s
troueh two logathi eycles, ovedooks ceruain ypes
e ol inequadivies (581 Hoswever, the going of inteest & oo
[rar b with o)t o ool sulbyects g e same tec e
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it vesults Brone an addee! tubwreilows infection (|5,), In

il
dovelope is vor Bncson, Bt most cvilenee s

frrieeter

classieal silicovis nontb icalogs infioctions also have
o boen incripioatad (gh). Lobar or diflse corphy sen
a'-u LEARTAY s 'n[l altey Py TSI ¢ ﬁ')llhit
I)h.ﬂuilll} e 4“.» Areairandes the onset nl"nm;u'r
sive warssiv e filiosis i canl s (o, 42). The con-
comitant changes i plysiolosical measurements in-
cludle avedue toroin loeg voluse die o a vedsaction in
vital caprrcity The catio: of resiial solume o total
By copacity (RN 1ECY) thas fmeeases, T here s
Ravther inequality of sontibanion (s sting hath in-
erveased dead space e regional i aualities), but the
disterchance tonet wsiadly of dhe siie severe desgee
seen i nonindusteial cmphysoma (42 Increase in
At particulidy on effort, may be
seen (1o, 72); reduction of this cene vedager-
mitleut positive pressure breathing on air suggests

alveolo-arterial Oy dilferences with mino deyrees of

thit the dectation is the result of inadequate ven-
tlatboni o aecis of well- pedfused g (74). Percentage
removal of carhon monoxide during the breathing of
low concenti wivns of (his gas is not muech pedueed
even in severe complicated coalworkers” pneunio-
conionis (32), but the examination of this value i
relation w voluie of gas breathed (e, direct meas
areinent of pulmonary diffusing capacity) is necessary
to estaldib the abscrice of significan diffusion defects

i this condition The ayvailabile evidence, honsever,
sugpests that thus parameter s not much reduced
(o, 72), amd that the miost wupor bt inechomising
aceounting for the increased als eoloaeter ol Qilere ee
8 ventibition povusion: imbalanee Soch b banes
et follow patholieical sidient oncthe pal
hed (Bg) or unghie be the conse
Cquence of disturhanee of addaptive mechanisims 1t
mamton the babwee e ol Tanes
Mectumival propertion of the luneg are Tess aifee e
than it beanticipated by the peesence of prrensres

stve massive Blwosis Thas, despite the Ginly consistent
redduc tion of MBC i this conditinm (g, 500, Moy
pesistiann e e gt s ad et Gy
reflectedd o the v Listie wonk ol e T

ety v witlion morsod T () T socly
mstanees the wiechomisie by whch MBC 18 rediced
wight b Bnitaton of masined Bow rates die to e

duetion of fuse tonie Ly soline (46, a prorssabiling
it comlel not b exommed diee ty, s there e o
teperrts of How icastance and lune voluimos on the
s sulpects Hloweser, rehiction of the availahhe

APt Th FAis sovonme s 1oy

o—

lung tissue mnh
Comprimmes;
massive Abrosis, more fee
than younges men (56). Theugh the observations weie
restricted o dynamic complianee, it s reasonable o
deduce that static complinnee values are pratiahly
similarly allected, since distiibution fyetors are un-
likely to be important in the presence of norinal o
near-normal values for flow resistance (79) Thus there
is nothing in the avalable evidenee w conflict with the
hypothesis that weduetion of ventilated Tuns volus
due 1o i replicement by Ghrons masses may be a fre-
quent techanisin for disability in prosiessive massive
fibrasis, perhaps as common as associated genvralized
cmphyseon, and indecd such an explanation i< most
casily equated with the patholony.

3. Puenmioconianes Claracterized by the Presence of
Luttle Dust in the Lung, Genevali<ed Notar Fibroy
(Classwcal Stlicasis of Frd Rock Mines) ™ 5= s

Dust containing free silica, one of the most fre-
quently oceurting constituents of the biosphere, is
alimost unique in its capacity to evoke a fibous-tissye
response in animal tissue, whether amphibian or
marmitalian (53). The reaction appears to start with
alteration of the nuaciophages by the dust (54). A
fibroblastic veaction follows, peribronchiolar (961 or
petivasculiar, or bath (rog), ultimately feading to the
development of the Hlwouws silicotic nodule clarace
terized by Tay ors of whorled coneetive tissae aranged
concentrically, hike an omion bulls High concentra
tions of finee silicd dust are prabiably respoosible for
procucing a mwre diffuse type of fbeosis (30, 53,
tor) Small avounts of sibica in the presence of inert
dusts produce a mised dust Gbrosis (66) in swhich the
AN ok bbbl collagen s dsca . -
and racial, resulting mea nodule whose outline is i
vewular and stell e

Under expecimental conditons, animals can be
exposeed o controlled amounts of dust of kaosen el o
iwal composition and size distiibution. However, the
hazares o which man s exposed inomining ot indus
il cnterpuises e seldon e dosts, bt sy
comprise sed aarerials vy g consiorabils i
chemmeal compeoation ad i s distibwtion T s
generally teue, however, that the greatee the anwnint
of free silica my the dust hazand, the e severe the
fibrosis. Thus Tetween e exticuws of, Tor instaee,
stple poewrooconiosis of coal naners, i which the

FAWhen equanalent vennl oy Anbvow s acemmsedated in
Fewerr B wnvits, the discndioe pressane s e gicates ig),
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brosis {590, Qoae @ widde pange of ln.lrhnhw_il"l

chanee i shiich dust content ad deorce of Blavsis in
the T vars oot and degoce Laupliy e de
velops i =il proportion of cases

Tt s thoushie dhat sifica produces s ellects by acting
on the tuny plagocytes (il 750, bt the e chanism
wherehs it affects these plagpeytes s unkuosn
Neither o socelamical nor a simeplie solubility theoy
is addeguinty o splavin the disease (5500 e tiv ation of
specilic eoll enzyme systenis cannot b conclusively
incviminated (35); the cffect of polysilicie acid on
collanen preenvsors wmay be fmportant (45)s and the
demonsttation of ineveased g glabulin in cases
ol silicosis has led to the view that silica may act a< a

e e e S ATLIGE N (5), and what immunnological

o —— w___sgv .
e heTeare-sig 0ilico 1t A point of contrast he-
tween this type of nodular diseade = diffuse fibro

ses has heen emphasized by Nagelclunide (74). He
noted that in classieal siticosis, fibosis andd dust con-
g tent (of the ashed lung at autopsy ) increase concoi-
tantly, whereas in the |)l\n‘umlu'm|iu<- 5 character
ized by dithuse fibrosis, the more advaneed the Ghrosis,
the lower the dust content of the lung at autopsy. This
suarested to hin that m some way the continued pres-
ence in the lung of insoluble silicn dust causes the
noduln disease of elassical silicosis, and any aceeptable
oty of the discase shonld be compatible with these
finelinngs

The only consistenthy abmormal - Bading i the
nodular stases ol coalworkers”  prneanie oniosis  (a
dicease eharaeterized by el dost i the lung with
liethe fibposis discussed undee section above) s an
Winl O ([.iﬂ't'n‘uu o st otluer

hcrrIente rewaining within neemal T In

contrast, in classical siticosis in the nodubar stage other
measurable compronse of funetion wsally can be
chown (8), snd increases inalvealo a terial dillerenees
st by analasy o conlworkers® pocit aniasis (10)
also exist, althomel as yet they have not heen systein-
wally studlied

Plonsever, i o sinall baae s it e preoportion of
cases [repuon ted aso1, (M) w8 per cont (o) m chiferent
' sovies) these ot Tunetion measuicnients (whicl in
clude VO, MY, luny volines, complianee, aned
airwas fesistanee but oot alyeolo acerial 0 differ-
ences, which as tdicated above have e staediod)
I may appest nornisl
Ome can reeone e saeh povied soatues with the press

cuve ol dust foci comsisting of o mors i eticatin

2 eEsriea s i

it Epetliapes e g) Do Jenthe

.pl \

- M“* -

et Ll IM
e . 3. Jh quu'm-i\[ b it s
B o to spereat s g 2 i)

filwons e nodiles of silicosds withont having such
P s eRe s Conpioniacd

B here e sew ral |1n--l||l|' vt hin this .\IIHHM‘}.
W Lailire gy e in jiwetisitivity of welmigues or of
intorpretaion Sercitivity of techinigues 15 discussl
elsew here in this volume (see Chaprer 53). In connee
tion with the iotecpretaion, the common practice ol
relating ohecrved values to the puedicred norinal
valiis deserves comment, The standaed ervor of et
warte for suel predictions usually exceeds 1o per cont?
o that althoush such parameters may be 20 por comt
Brdowe prechicted values (i.e, within the noomal cange
of twice the standard deviation) after exposure o a
dust hazaid, there could in fact have bheen a dectease
of jo per cont from pre-exposure levels of 20 poi cent
above the predicted valwe. Annaal stuclies of ml‘ﬁ’-:l
sulgjects cunmw‘nﬁﬁ’mmgm-'
and continuing during exposure imay at some v
datee revenl function defeets of this arder.

Altecnatively, the Tungs in silicosis may be the site
of two pathological processes with opposite offeet on,
for instanee, the volume of the areas they afleet
namely, fibrosis with its chatacteristic restriction of
functional pesidunl capacity and residual volinae hut
preseryation of the tests of ainflon (3, vro, 114 ad
ernphysenn with the opposite eflfects of hyperinflation
amd direased airway comductance O, 1oh ). Measune

ments of these g tieadae paeamet s might thus ap
Pt nea noral, althoush other paranuwters, s hoas
gos distribution, enereise ventifating, ventitation pe
fusion ratios, and artevial gas tensions, i ht bie e
urably affected, Such cases have bren doeumented *
Allowing that insersitivity of G frnigpue and inted
i not lll.ll

nu'.lml'rmf-u“' in a propertion ol cases of silicosis,
there are still others in which the langs indecd appwa

to accommodate the nodules of fibrous tissue with
very minimal compronise of funciion, even in paran

eters such as complionee® (B andd Ussue gesistane
(o1 The sitation of the nodubes and preseeyation of
intervening s iy poon wle  the '-wl.m.ui-m

S sabulivisions of liog volwe, sverilatony tests, €%
distrdmition,  dillusing - capanty, aned resting Al Eweene
ventilation st a st dized exteonsl work foad (34, 54 HLN

A IV, deserded by Wright & Filley (ol Jad poril
Ty volinne s Al exepise capoaity. fav ripsiag, asimal
Do bl o ity el anterial Moy o et wie reducedt

S Dy compline only b been pegunted i, ""““"
PR st e pu.mwt-u ol statie I‘ll|ll|l“\|||"l' from F'“ e
VL i
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onnaie tion) hos susaested an

an. I||-'\ ter o Thnw N nos s
nodules) at thie poties of crossine of thh mesh e hit

aflecn frn tion adndonedls i conteast o kaots o the

interveming stramts oachicl pighe be expeed w im
pait expranion and distolagtion

When fonetion weasinec e nts eventaally  beconne
st bedd Ty the of silicosis, the function
pattorn miay discase o

resbiivtion of funoes (see

'III AL LA S

st obstractive airway
Clhapter B3) or o mistuee of
these pattorns (85), varintivmes tha probably eorvelate
with the predominane wwdetying pariology Thus,
thoneh cases of stlicosis ave compmonly used to exem-
plify the plsiotosicat effects of puliwonary  Gibrosis
(30 48, vy vy they e ol cited s exainples of
(In'ﬂ»\ sy () when 1y appeor by be bdistinisd -
able on the Bosis of funetion frong eases oo whioh there

is o associnted dust Liscase i the ung, From the

o i W passible _lu predict
whe (Ilr] the function pattern will suaacst FOSTrEC
or obstructive discase, a mistnre of these patholosics,
or whether it will bhe sithin normal Boaes e tabile 1),
The ll!.‘ljl)l'“) of cases exhibit @ mised fune ton frt
tern, and perhaps this is why results for a randomly
selected wronp of cases (including the three individual
results of table 1) show only inimal chinges (8).
Disability 1o the
excition hoas

patient (in terms of dyspnca on
heen shown to conelate with an in-
crease in the vatio of excrcise ventilation to masinal
volontas vonnlytion,®
i the fontoee value (8,
latter valin (“, HHS
Artciial decturation is not usin dly present e the
feethor at st (8, Bg) on

on sl esertion [about 50w o ;m-l Lt e ain (8) ],

A 1s dne o both an increase
50, BB) and o veduction in the

diftuee nodot a .t (L o il

babeee s 1y alveolo

Vih B thilbowsisan ab this stac of e disease At
heavier esvrcse Jounls Croow), however, o cansider
anicd
wieater alvealo artevial

ahle preopen tion of cases show desararation (Bagl,
would presanably also shi
Oy chitlborences Colloeral exidene e bas led o thie con
clusion that ths Ll i sotaration s usaally the esult
of inegualitie s o ventbotion with vesaird o perfusion,
either due prievihy o omeven dicreilnation ol inspreed
e or Lo vcste ton ol the poion g capillaey b by
the pathodosioal proce s (G2, godo Distuebances of the
ventilation polusion balynee in the
account b the
this fas beon demansteated by means of the st le
breath O “Nlllmlnl i the cighit \nh]m e witly silicoss

I ey also

redhuction e dilfusing capacity

SNy v bovied b e
by v

L R T TT T F R T 1

d fgan

craeape 71

TARLY
E

Pl ary

Cuve s ) 3
Novmal Reatrn tive {wu
witared
Age, yrars 54 54 5%
Height, e 154 1hey 174
Surloce e, m? 1.78 1B 183
Subditesiuns of tung volusae
Y, %6 prodictsd to 83 65
RV, ©o prodicued 100 79 162
TLE, Y prodicted 1oft 82 a5
FRC, Cg predicud 1oft 70 190
FRCG/TLEG, 5 55 52 538
g 34 33 73
(oot sl T, g 860 379 5.27 5.44
O Artevial O satvration, by aximeter
At rest [+ S T — a8

At work, 3on kg-m/min

Fentrlation Lt min

At rest 2.7 5.8 0.7
At wark, goo ke in/imin 0.0 45-3 4.9
MVV Liters inin,

o prediced b 100, 52
Mechanies
Cdyn (1o 2501 208 A0 S0g1
Ciyn g0 4o an Sy R
Flow resistances (esp )

em HLO/Miteve pee sex 410 447 7.4

*With apporently identical  cadiological
generalized nodular silicosis For details of techmigues,
prediction values, ete., see Beckluke ot af ().

P Cdyn = dysnmic compliance i litees /oo 1O o 100 25

or 30 4o breathy pey min

reported todate in the literaiee (16, 51). More severe

FOSUICHON 1 st Copaciby- i boesnslouud mnoa-

sl proportion of enses (18 out of go) in which the
pathalogical  process was predominantly a diffuse
chronie dntecstitiad Blaosis i assoctation with the
nodular discase (27), and these cases, prohably e

sulting from heavier exposure o very finely divided
dust, are more conrectly elassified into the pest group
to be consiclored,
tevized by dhifuse pubivonary filirosis,

Classical silicosis, hke simple conlworkers’ prcunio
coniosls, iy progiess o conglomerate disease, bt
there has heen hittle systematic docamentation of the
comsequent cflects o pulngonary function Beeawse
syrnponis are tially present i the diserete godalae
stage of the discase, the progression of the disease can-
not be pinpointed o their onset as in the case of simple
conlworkers” prcwmocamiosis, and it s probable diat

manely, pocamocanioses charae -

PNFUMOCONOSES 1o
wl -, P 7‘?

9 e '—«..,__‘

pictines of

g
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faeen the efteots

il ptnlar and
(850 until the Lattes veachios an advancod stase

4 Povuaomanes Chavaetersod by
[),”_‘,.,- Pulviary Fibrocas

astt < tonis. Tcconteast w the relatively insolubile dusts
that prodtuce the nodubisr poeaning anones, those caus-
ine diffuse fibrosis appear to act Vi certyin slowly
discotving constituents released into surronnding body
fuids (74).

T thie case al ashestos, the siee of the dust particles?
has heen held vesponsible for their tendeney o remain
i the alveoli Tt has been suggested that the initial
peaction o the particles is Hoid exndation, recurring
with each fresh dust exposure (59). As the resalt of
e ! arory reaction they excite, the particles

Brcone covered with asmonth peaicin film tat baer
becomies impregnated with wong & particles are
then transformed into the chavcteristic solden brown
ashicaton hody (6) oo this form they anay apparcently
be taert for comsiderable preiods of e (5) and indeed
are considercd by sone to renmin peomanently so
Few seemt to reach the lvmphatic system and lymphaoid
deposits, fewer still eeacle the hilar lymple nodes (59),
and their presence in the pleara is unknown (42, 1o3).
i bs sonmes hat surprising in view of the fact thae the
plental reaction in ashestosis is usually severe, varying
traae plenral adlusions (sometines the only patho-
logical clinnue) o dense adhesive fibirous plevrisy and
even malisnant clianges i the fonm of mesothelioma
(rog) in sove kinds of expestie. T the conrse ol tive
(olten years laer) teaction an the lune tissue starts,
ascribed by sone to distuption ol the ashiestos hody, a
. YO accelorated by palmonary infee

Lo and cardioe Bailare (7). Phe fibrosis, which may
start meoa per wonchiolir sttuation (re2) and suly
seqpently spread to mhliteeate nany of the aie spaces
by cottagen, iy even result i the eeplaccmecnt of the
Bulk of fune tioning lung tssue by cystie spaces lined
by Martened epithe e, a0« Tavnie vefeored w0 o
Shomeseomh™ T Cpe) o hiec Basis iy T s
it wadt the pore adyoaneed aames of e disean
fyr, ) ek Bios Deon sy el s e dereriinant ol
e e preomiane kel teatmees, nammely, clabibing
of the Grrers aned sl crepreatoss (71 Fongigserna,
o s, s ot saally ol o kel degroe, il ape
perts o b i ol o incideital aecnenes Gge)

In asbwstosss fooction changes are of the patteen

Paticles wp o v @ hase e swen b the terisd

pesprinitony s )
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TOTAL LUNG CAPACITY

wi, b Relatinehip between diftusing capcity and ot 1

Iners

lune capacity i e pocumoronioses asawciaten] with dift
pulpny Bbios All reponted e hose been el ted
provided both diffusing capacity and TEE have beca pevordil
in the subijoct, The duata bave been deeial as fallows |
the sioghe b ath sethod gt vest, cesults o novn i ghiedtsy
ehromie BeryMin dise e, and sarciifosis from Marksetal (0l
o aloinends fooen Jondan (40 aned M bett ot of (31), o0
axhestonis fron Vs o of, (o The data of Williaes A
8 ase been auatted, siiee theis mby'u [ER L
thie s s oy Y e vy st
method on exerise, reafrs on ol siljeots, clionic b yl
Yo s s, el saveentisis Trome Couell e ol (16), aned_for
pivcimsies by frons Mellioy & Bates ()

associated with fibeosis (103). Thae there s gencrals
fred pedietion of Tung volime, bt o particuba uf
vital capaity, o chanae ascritied G the severe plesal
prationy ol ashestosis which B the vamge of Tviy
expremsion (7, ol 1og, tee). e al ventillatony o
P ity on the whole shios mioderd Proscivation, with
vare esceptions when the ditliculty with eapiration
seris o he the result of associnted euiphysema (107),
A sitwation that ey be encounteed o olten in
v aperd caves (57) ;
An invariable Bnding associated with ashostoss,
howeser, s a decyease in the elillising capiiny (2, 57+
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gL el
i of the alvealir and eapndTETSTAMNE ek irm_h*in::
with demonstiable changes i the Spernealifine

S —

PR DL el

T L pi L . kbbbt alecs Lanae 11y T
cleseerste e b fne there is eefirrite Tecliolos oo i
dence of the dive v (85 Dhis would e in ke v
soith the s

ash <t |u.||li| bew s an v ed oy o e ot » ) which

sty thiont tha o bie <t pec Vo tes flioadi+

ot wns it anbi woth b vty diflaeting s {1
thely Miepparevely . e ety Han o el o o
this chivease, s i coulweghor’ PPV e Gk,

prntehie D e vesad e ol ventib v Pt el

As the alisena ol i < rundieolirete ol o Doomneeise bae o o

evachoon, sk in o serics Towes Lae i shiow 11 0o een e

late wirth the podaction in ditluans copon in (10y)
Cantion st beexereisod b aseribipe the pedue
tion in bifusing coproring o iaredd awithe ibiesteris
esclian b
ﬁu!ll .I,\lnfll
Aduireedly this exploation is readih connpotible with
R ning and separation

to the b el dlpsn i fen LR (1] Jrerss

tonvod ecl thvomeli thickened tissues

of the hunwgs, thae “k™ of Nowic Keale (5,0, recenily
sy ed bnesome subjus is wiitly ashic stosia by Thionieon
etal. (gB). However, a vedae ton in the s Cave v fon
diffision vy be the more woporeant el ssm in
st al not st cases (g, a point of v suprpon el
by the
dilfusne capacity ad in upe soluie i cases as
wr the literatare (see

apparent coveelition: hetween roduog tion in
sombled From various Pepunt
fig 1)

O all distonbiotices of Tune o ine sl SOsis, an
tncvewse i the alvedboanesial osy sen difforenee ap
pears Lo he the snost consistent (rs), ecouieing eyen
more feequently thon e vodievion b difla Hh ea
pacits tooshin hyit s oviaimad by cscribed . T s s

by bale thit Gtdion Can tiig o i m‘ Loy thids <t

s M“WM.'.‘I velatively wnddeas enti
Tated bt well peyfused arcas i e Jans, o g ibiling
that was ovolooked when i aprdiionary g dis
tribation was asoocd salels on thye bosis of the erad
tidad on alvenlar Npcono ntoation after seven mnmtes®
pare Oy breathing (1) Tedhmigoes of sioate; widitiv
il)‘. stit D v o b e vttt ol b ne st atan
st RO expiveed e (4, hose il el
comsiclerabile awgealite s we venpdation sl vennby
o pecfusion vatios i acbe o (g, ol thew
chmn.:n I|||l|m||0lf |||\ cmuln'mlr s e vapre o
the wrterial desanation so tominonly reporied  on
eflort (112), aned iy indeed L i inapmor bt it
previously thoughi i cues of abveolo capillas Block

. duc o other comes (g, 110 T contiast, aterial sat

Aration at vest is by il ool N, pehaps

gEgnT e Y 1 O we = L

nent eharaetert S the v e rimd o
sions also e wsande within the Tow ool v (s
veeky dover vabies howoser, iy be found i iodi
vishial coeos of pnbed severing whie Iy preexertid o
tion s ot by st

bee aettitiom, anlwansis fs associuied with 2 mosrked
roduction G [TLETTTRITRYEY cornpliance (:}7). the rewalt
proeswiably of alteation ba filvosis of e Tang's e
eliamical propeaties, bt gty asecacated too I
deerense i the sonabar of e tioning lung units (6yy).
Notwbastic wonk of breathing hay been shown o be
about twice that of noviad Dieathine at rest (57), the
merease iiahe beoespected o resalt foon dnereased
tisstne flow vosistanee althously i one cise so stuelied,
botly aiesony amd e flow resistance were at the
upper it of genol (hig

Caprcits for work may cemain unimpaired despite
arterial di ctararion sy when

venes, effort tolecatee iy be difusion lwied  op ™

ventiliation Hmited 0570 In the atter case, the fimit
tion is att ibatable i very Targe smcasure ta g rise in
the ventilatony regquivcmwens of exercise rather than w
A fall i the el oy capacity, and s contiasts
with the sitvition in the podulay Poenmoconinees, in
which the clort roleganre, always ventilation limited,
1§ resteictod prinanily by the reduced ventilatory
capacity

ALUMINGSES (181U DING STAYER'S DISEASE) . Another in-
organic dust associated with gencralized Abrosis s
that of aluminsn To ey cireumstances this dust is
sen s B os e B as conn e vnedd (18, 520 however,
it has heen held yesponsible, at least in pait, for the
t‘ﬁnll'\l' |l|lhnnl| s filvoras that LIRS |lt‘\|"u|ui|| wln‘.ru

Curgredd T T T TR A AN T

i "
ture o corandum (o) The Bhiosis develops after a
relatively shoct peciod, wsoally easacable inomonths
rather than yes of expoone o the fumes fram the
Tosion fisnoces (B Stwly of the funes shes thew
to commist iy of paticles beyond  the resolving
poser of the mnerscape (few ae as Tavge as 1), and
chenieal analysis dows e to be oelcin abminum
aned e i silic, of whinly propea tion s prak
ably free (0 Rew otion ol e g ticles of this size is
Bigh Cpods and it huas Boen suagested that, because of
their deep proctaation ol hish veteation vate, thes
concentrate e alvealn spoees, whe they e e
sponsabite fon e deselopient of a diffase cather than
a nodular (b
Thee earlioar pathiologic f chonme s thought w be
septal edewe, followed by mbibeaton with inlam-

—

P
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1hid PRI Oy N
=g B R
1y dlad liivis folloneed b

a vapidly  sclorosing ,ﬁofﬂq Jnvolifi® polionary
septa and probabily antceferipes with dost elimination,
Obligerative endoateritis s cammen The end yisol
is w0 diffuse dntersotial fhaosis without mdules, bt
with phe wal thickening Fogphiccmatons buttae hioth
it the Gl osed aveacand suliplewally aee compnon, the
latter prestmahly aecount for the froquent compli-
cation of spontateons paeamothoras, though it is not
clear from the pathotosy why bullae in this condition
shiould b e prone to captare than eaphy sematons
Bl fonried in association with all the other vagicties
of industeind pnd nonindusteinl Gfwosis Creg).

Phe similarity of this disease to that repor ted in
worlers exposed to o alnminmm posder (45, 49, 71)
ke s
aluinoin dist of fine particle siee (eliefleamder 5 4)

SCenr s patmonaey filieosis oy develop,

it peasonahle to assime thist when exposore to

———

Alurnsinoss 1o an uneommon-disease, and reports of
funetion studies done on oaly mi were ens
conntered (4, 71). In
Joical clianse, Tunction sas noppmal (g voluies,

one with  minimal  radio-
wasinad ventlatory capacity, tined vital capacity,
masioml Mow tates, and difhinsing capacity). In two
tirre was wiodecate reduction in the tests mentioted,
andd in two seyere solume restriction and atrway ob-
drnction Reduetion in measoeed diffusing capacity,
which sassubstantial in two cases, conld reasonably be
aecribed tooa reduetion of ventilated lung volume (seo
fio 1), althoush of course, as in ashestosis, a “mem-
brane block™ cannot be escluded from consideration,

CHIONIC UYL sk s o8 Tk 108G Beeyllinm
Qise e of the T dnits clivonie Torm is also associ-
atcdd with o ditfuse palinonary Bilross The condition,

fo o

Lpsy v, T i coniee B dd a0 aanifestation
of a sysh ,noi;-.’v;)f;lllnilnl; By Beeythivn compounds than
asa prewmoenninsis (A1 T inchusion here is perlips
justitahile, since e tosin et frequemly enters the:
Bty v (e b asoan mlialed dast Lo the chranie
forun sy miptoris iy ollow exposure or nny b -
Ly eed o as oy s o years Cga) The vacliest p.llhn~
Fowsienb Tesiom dx i dowse collection of cells sunpronnded
by Wonipdisy bes (o) N th T ctoan toec s o i sk2e
aned e, iant e T e an, ole i camtataineg Tusion
Forcdio o, ol wiving the aprpeasence of @ moncaseiting
from  the
wranndom of sarcoidosis (rg, oft) The granulomata,

atl prris e wlay e, ey ety to By alinization

weatlon,  freguently indhistinouishuihle

which are Tonmd inosoptal, subplesnal, perilondd

Resiches these ey catching™ gomalomata, there s 8
generalizcd collulae indilieation of alveatar walls (1)

B et

wn on to diffuse interstital fbrosiy (roft)
P T (e

and pathiological gronods (1o8) and can probably be
made with cortainty only by the dowonstration of the
element becs Wi in tissues or the bady fuids (34)-.
Fune tion chanses of ehronie hergium discase are
very similar to those of savcoidosis, the condition that
athologically. A study of buth
diseases done in one laboratory (28) recorded alimost
identical mean values and ranges for a wide selection
of funetion meastrements. Thus it presents the fea
tures of pulworary vestriction (Chapter 63, this
volumie), with some decrease i vital capacity, b

it so closely resembles

with prosersation of, o only slight inerease in, residual
voliwme, and minor delay in Ng elearance (26}
Masinm! voluntare ventilation is likewise well main
tained (28), § - St
As in other poousagonioses_charcierized by the
presence of diffuse fibrasis, @ mast consis
chronic beryinm discase is an increase in the alveo
lar-artevial O, ditference (28), associated frequently
thoush not invariably with a veduction of measuved
dilfusimy capoity. Thongh hypeeventiliation at rest
andd on exercise usially aintains the alvealar Poo,

within norum! Limits, minor degrees of arterial de
saturation ave usual, and on exercise this vahie ap
pears o decvease pari passie with decreases in diffusing
capacity, As in ashestosis caution st be exercised in
ascribing e ehange in diltusing capacity solely o an
increased distanee for diffusion through stroctunes
pathologically thickened, particalirly in vies af the
demonsteation of pormal wembrane pecaneabilitg in o
sinsle case so studiod (). Reduaction of this measae
ment could peslt from a deerease in ditfusing avea due
: : o by g granudonm
atous provess, a- possibility supported by the ap
parently concomitant fall i total Tuney capacity an!
AT capacity i puatients with this diseise, as well
as in smcoidisis, swhich it so closely wesembles patho
logically (1, 0] (see g o, i which are graphed
data from in the  literatuicl
Fontheraoe, e vise in diffusine capacity on cflint,

o

assernhled repots
propran st the s e tabwlic activity [in
weonip vy iy Do o db oy liters Oy per min (aft1]
avgaes i Lavos of the wialTected Tung tissue’s anain
taining the capacity to enlarge the eapillary bed, an
attiibute that tghit not be preserved if the c-m-mlnu.n-'
were diffusly thickened when the diffasing capas L3
at st o on very light exercise nay be the it

A sl proportion of paticnts only* show the conne

" Py onit of ety i, B 7 T BN A0 Ol SEUOS (2,
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0 resicdlual vol

non «
e, s condeasts wath the Tinker

way  obstractive changes an subjects widy i i
bety s bty disease gepacted betwecn tg 0 and
vgny (er, 29, rea), andd hos boon ageapreted s an
indication of o changing patican in an iutoxication
whose sevvier fors were seon after a shotter time
defay, and whote milder forms, developing after a
fonger Eitent pociod, are only now being recognized
Thus carlicr coses were frequently complicated by cor
puhlmn.llv' and qrml.l”l_\ cleterionated t.qpif”), \\'it'l
a rontality vate of 20 to 1oo per cent (28) Nowadays,
howeser, the ocomrence of lone pemisaanns is pecog-
nized, and crses an o which the only evidenee of the
intoxication is vadiotogical ung chanve hanve been
foliowed for several years (:51.)

T

ORG ANIC-DIUST PNEUY A P iosas
In contrast 1w the specific patre of e p.illu')lnv;ir,il
changes found in the lung parenchiyia with the inor-
ganic dust puewmoconioses, those occurring in the
organic dust pneioconioses  are nonspecific  and
more {requentdy affect the airwavs They range from
conditions resemtbling allecgic asthoa [sueh as the
disease amone weavers followng the mhalation of
size made from tamarind seedd ()] o diseases like
h)\~||)(|'~|~ (a ||i\0',1\|' nf \\ul‘».lls 1'\'}(1\:-1] foy cattesn
vl dhase, o, e Besg) ncshie b the s Tonisin by
which sywptones are produced, though provly unedey
stood, s probahily beosehial edema and spasm, bt
whict difters conselorably from allergic conditions

P e e . ‘ —
The pathological Toitires of byssinosis (as yet

reported in few coses onfv) are entiely ot pecife

Some bronchitis and cpliysemn (50 we wencrally

—r

preesennt and e dndistieasbobbe frooe the nomindis
trial varetes of these discines UHysainonis badies,™
or dust porticles supomnded by oo vavelope sienilie 1o
that seen an ashestos boies, Tove Been sepoiied in
Iistofersic ol section ol some Coses only [45) and Taye
not to date heon systematw ally Tooked for in the spita
of subyjects with the oypicad chinical syndvome. Dlespite
the alwence of radiotogical sigos of dust deposition,
nucroscapie exatnirtion does teveal an exeess of dist
‘ in the lhangs of hyssinasis subsjects T he dast, tsenilly nat
C prownt moany quantng, s apparemty cachioeceons,

; as it iy bl k el colleets i focr o whieh retiendio ol

chv e 11

T R TR R A (A | 1 "y

an oceasional
enine: of ity
(e tion « i ‘
cottorv il duse (8},

The symiptonss of  byssiwnis are, however, so
characteristic as to comtitute the bisis of diagnods in
a subject with suitable oxposure. For example, grade 1
byssinosis can be diagnosed i a millworker who,
sometimes soon after, but frequenty after sone 1o
years or wore in the dndusery, complains of chest
tightuess aaed dyspuce coning on alter the week-end
break aned pscing ofl some hons Lier, withow tran
bling him again during the sworking week I time
symptoms are noticed on the second diny aswell as the
first after the break (geade 2), and they may eventa
ally beeame porsistent (). Prevalence of byssinosis
frequently exeveds 5o per cent (20, B;) of the popala
tion at risk, and following its original docwmentation
in the Lancashive willworkers (g2) has now been
described among millworkess elsewhere in Europe,
as well as in India, Fayptoee), and Noith Auiciica
(109).

Changes in function paralfel the symptoms re-
markably closety (G4, g2). Thus, in grade 1 of the
disvase, indirect MBC shows a progiessive Bl dwougl
out the ecigla workine houes of Maonday with auly
pattial recovery overmlit, whereas values are lower
for the rest of the weck ban ) Jess during the hours of
expostire (64). In grade 2 dnitial valuc s for indjpect
MBC are lower (o) aned they Tt as e by or ore on
other days as durineg the working howes of Mooy
{6g); in addition airsay resistance shioss siguibican
inceeases daciay expoae (Gg), Thoush the falb of in
divect MBC during thee working day s net grea
around 10 perocont (64)  the subjeet oy be mor
aware of it hecause indivect MBC i lower inopll
workers than in persons never so exposed

There is & ;
alveady sentioned acenr when exponure is to dusts of
tiesticted pacticle size Goacladion pacticles of 3 @
and oved ) When the expaosine bs to fine voll cdhaat® i
acrosols of nul) dust, inequality of alveolar ventilation
(|n) becomies demonstyabile (llmll-;ll not at a level of
statistical significance) i adddition e the effecs an in-
l“ll‘tl h”“ :- .l[llunn-v_(l .|i|\\.l) 1" \i\l-ﬂlil Ih.ﬂn';l" IEN
less tnanked (h_,] Thew obwers ations hose led o the
tentative stgmestion thot eaue dast acts an I.m;c-:

atewmys, prexdicing spasio, and ds responsibile foe the
svinptom of tehiness i the chest, whereas fine duos,
despite its Jow setention rate (41), penetiates mone
deeply, affectiog the smaller aivways and hence gas

P Pacticle size oo B i)

-
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1‘ %w"‘uhﬂmm.‘ ST RIS (2
alogio e iy be seen i exe
pyssin aml an con

prosed workers withe

subsjects oxposed toonall dusct (10); howeser, there is

ne daily flocnotion i ventilatory tests i aflected
subijects alter theiv remon al fros thizdusty atinesphere
(6,).

Althonsh theee is litde donbit thar by ssinosisis the re-
sultolesposure to cottonemill dust (6), the mechanisin
Iy whicl it acts is not vet undeestond “The somictines
long expoare before symproms develop, the high
incidence amons exprood workers, and the lack of
approptiate skin rcactions distinguish by ssinosis from
allergic asthima due to an antigen antibody reaction
(g2). Divect velen o of histanine by the dust could
for the
oceur o only a shiphe deveee ander experimental
conditions (9, 17, 77). Two other pharmacological
“the emer, sinooth-musele contraction: and

Aceonnl sy, Init hias heen shown to

nerease el perinenbility ), could explain
the symptonss brondhoeonstrie o local ab-
sorption; and assortated bronclial edenn, due to a
change in coll peomealititg, which might explain the
Epinephrine
actosol (which conld relieve hoth bronchospasin and
edema) has been shown to reverse almost completely
the vesalts of exposine on inditeet MBC in subjects
with estalilished byssinosis, an effect as veadily demon-
steated on o Monday as ana Friday (64).

slow reconery at the end of the day.

lfdgu VIO§ES

Exposure to the dust of hagasse (the residue of sugar
cane framn swhicle the swgar has been extracted) may
moeertain circnmstances resalt in an acute febrile
chest illiess, associated with dyspiea and cough, from

s an acute bron-
chiolits, inaddition cortan duse spienles that rotate
potarized Tl are scen o be embidded ininterstitial
tiasege whicly ey e o fldweanis veaction; foany culls
filling alveolar spaces have been noted (gq). Tt has
heen Sy stedd thot [k i thie UL i hber arve
ll'~iml\-|fnlr‘ for thie Do taodivs and than the fiber
sl v okes e imter il tiaste teac o, a view for
whieh there s somm sosestive experimental evidence
(29)

The question as to whetlier theve are cliwome Torms
of basasasis s umoanssered . Autopsy on oie case that
van i peoteae ted conae over four years (7)) revealed
fibrosis,  bronchicctasis,  and

extensive  pulinomoars

W Wi oyt Do D s el o istogey fgg)

< Kb vitoN o

0

L osis

During the febrile phase IRIHENH
sumabily when the bronchiolins i acute and prosi-
nent) vital capacity has been cecorded as considerably
reduced in fome cases (13, gp) aned arterial oxygen
saturation low (g1 poveent) in the two so studied (13).
This finding was probably secondary 1o inadequate
ventilation to perlusel) areas, since it was associated
with evidence of airway obstruction (reduced timed
vital caparities), was correeted by Oy breathing, and
reverted o normal on recosery (13).

Chramie Ting Disease in Sival Werkes s

An unusual type of apical fibrosis with bronchiee-
tasis has heen found in a pereentage of workers in a
Uganda factory processing sisal (g3). This maydsean
example of hial tlmlogy re-
sulting from the inhalation of organic (o
perhaps comparable to the apical fibiosis rm itation
and bronehicetasis of workers in the Hungarion pepper
industry (4h) and to the one reported case of ibiosis
and broochicctasis in a worker exposed to bagasse
(47).

Althoush no acute effects of exposure o sisal dust
comparable to the effeet of cotton-mill dust in subjects
with byssinosis have been demonstrated (33), opera-
tives in sisal factorics do have an inercase in chest
camplaings and a reduction in NIBC (measarad over
one minute) compared with control subjects with no
such exposure (g3). This way be an example of
bronchitis due to an organic dust. {n addition reduc
tions in VO and MBC were found in the four subjects
who had apical fibrosis and bhronchicctisis,

TN FEOR S COMPIOIElY (47, O et sk e -
SIhe PG of acute bhagassosis'

—

SUMMARY AND CONCLUSION

The poemmoconioses are a group of lung discises
due 1o the inhalation of dust, mincral or erganic, in
which the patholosical manifestations vary consider:
abily according to the Kind of dust inhiafed.

Avinig the prewmoconimes dur to inwrgars dudts,
four general vacieties can be distinguished with their
corresponding phiysiological patterins,

£) Thawe haracterized by much dust in the lung bt with

WV alues in this comtrol group werr loser thaa hsse gee
Ptk on headthy Mocan snale subyects by Gray (37), wsing 4
analysis of the forced vitalcapanity gevord, o dilference prob-
abily el 1o techndgue
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whion s subjoctively

N easetccticnly of
|m|uum ary Tunetion (c.g, g volam tilitory
tosts, and mechimies) are also probably within nonal
Bt Tlowevor, in conbworkers™ prcamoeoniosis (the
st exteively stadicd discase v this groop) o dis
trilmation defoot of a series type (reseiabling an en-
Lt dead spiee) is foand, which may be cons quent
to focal emphyccwa, a chacwtecistic featuce of te
in al-
becaming progressively

patholosy . Asociated with this s an inercase
veolo i rinl Oy difference,
mote pucked as the degree of nodulation inereases in

size and estent, and prabably due o the imbalance of

ventilation with respect to pecfusion. Changes of this
sort thus vepresent the fiest detectable compromise of
feenetiom i tleis dlisesse anel, as badicatod above, ante-
date the pereeption of symptows amed detection of
effount limitation

li: (mul
best- dncmm nted one) in this group is (hn prm‘n-«m,
massiv e ibrosis of coal workers. Disability is almost
always preseat, and though in soree instances the
mechanisin by which it is produced is consistent with
associnted goneralized emplivsemn, in other cases
replacemient of functioning funy tissue (presumably by
the fibrous tissne masses) is undonbtedly the pre-
dorinant mechanism

B Thow characterrzed by tittle dist in the lung but with
diffise vl filrac In this group, aboat 2o per cent
of the subjocts have no symptoms and no objective
abnotmalities of  pulinonary  function, unless, by
analooy 0 conlworkers” pncunmoconiosis, there is an
incrense incalseolo arterial Oy diflerence, a parameter

REFLRINCES

T -

:-~;.Mu\x.ll.,uk}b;uunm, A Rasevan Ju,

KW Dossin, RO Ruey, asn A Conesasn, Clinge
and pliysiclogne featires of sonwe types of pulwmonay
disewses withe wenpinoecnt of alveotocapitlary diffusion,
Am. Lo Med va B6; 1B, 1g51
2, Baow, MOE ROA Baore, asn L]0 Seina . Pl
iy fuoction o ashwstosis of e lang - an alveslo-
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capnlbay bl b syl
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whestisis euly . In Inbaleod Pasticles and
No o Phwies. New Yok Pergoan,

ante B Koo Stelies o gniticr ol contemt

Closeae 71 e sicoNmse s

they

\ TS atcnatically studicd i this
diseasc O the regmaining, 8o per cent who are dis-
abled” sonme B Hfibsrosis
without significant effect on cluﬂusuru sutne have the
function changes of emphysenia, ﬂm| i some the
pattern s mixed.

1) Thosw charactorized by the presemce of little dust in the
lung but wath diffuse interstitiol fibronis. Tn this group dis-
ability is insaviable. Besides severe restriction of fung
volume, there is a marked inerease of alveolo-arterial
O difference. Tnequalities in the ventilation-perfusion
ratios of the lung may contiibute to this difference, as
well as to the reduction in the measured diffusing
capacity to which the difference is usually ascribed.
Other factors contributing to the lowered diffusing
capacity include a reduetdon in diffusion area due to
replacement of lung tissue by the pathological process
(as in chronic heryllinm discase of the lung), whereas

changes in membrane permeabitity consequent to its’

|||.\l

direct involvement bw
been shown in some cases of ashestosis.

In contvast, the preumnconioses due to organic dusts do
not have specific radiological or pathological features,
Diagnosis in hyssinosis, the hest-documented example
in this group, is on the basis of symptoms that are
closely parallcled by physiological changes, consistent
with airway narrowing.

Thus in geaceal it may be said that the physiological
changes in the difforent pueumoconioses conespond
to what might be anticipated on the hasis of the known
pathology. owever, speculation about _the  pul-
monary function in the individual ease is so liable to be
inaccurate that it cannot justifiably ceplace direct
measurement i every case,
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