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posies (ot evidence of exposure) in jontine -
opnics indicates an enviroinental  exposue
lonthe tosidents of most of the Lager cities of
the worlds however, the amowits tu the generat
wrmosphere are siall (353, and these iutopsy Lines
gy should peobably he regnided wore as an
melex of expusore razher thim ot disease potens
il Hhe Adviory Committee weport that fol
banedd the Byon Contetence (75 concluded thag
“eiere @S ut present no evidencee of lung damage
b wshestas ke gencral public,” and “rhe
wnonnt ol wbestos i tiie lungs of members af
e genctal public s very smail compared o
those occupationally exposed.”

Finally, atention lias recently been divected
twzand e widespread occurience of ashestos
(et in cortain natural water cources (37-40).
An cvent thiat broughit this to the notice of the
genreral pulitic was the discharge of mine tail
s containing fiber into Lake Supuiior, a vource
ot drinking water to many citics in the center
uf the North American continent (3%). It is
now alse recognized that fhers ilws ocuur in
ranv gatural waters, particniarly in mining re-
<ions; however, the Advisory Commitee report
tionating oo the Lyon  Conference (1)
sudped there 10 be no cevidence at present of
“an inereased cancer visk resulting from asbesios
fhers present in water, beverages or food or in
the fuids used for the administration of drug:
‘The question must, however, remain under cline
wiutiny.

The Fate and Biologic Efects of Inhaled
Ashestos Particles '

De position in the Lung
Whether or not inhaled ashestos fibers will be

deposited in the lung depends on the acrocdy-
namic Lehavior of the parsticles, the dimensions
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af the «spivaton tact ibey enter, and dee pac
et vl breadiung that catries the particles, The
aevondynctmic bebavion oF paricdes iy a function
mainly of dizwcter, but also of size, shape, and
density. “Lhe svaeving denacteristies ol commer-
ciadly wsad ashe stos iy make it obvions that
the cnviroatent to whicly mshestos waikén are
exposed will Coutain paaticdes having gueat
vidation in siee and compusiion. These include
filiers (sorcalbed b their length s ac least 3 times
then dicancteri, which s be loug (as long as
Sl ) or shoen (e addidon, @ worlking en.
vitonment is lkely o incdude a vange of smudler
partiddes and, or Ghers releoed from the break.
down and distuption of the primary fiber, as
well ay those diie e any odier nonasbesios par-
ticles added by the puning or industrial pro-
cess.

Inhated asbestos patticies fullow the moving
airsueans with cach inspiration, . once they
make contact witd any part of the surlace of the
RIFWaYS OF ditspaces, 1€ ot restspendad i the
expiratory aitsucans (41, 123 Deposition of the
Litger inhuled pastiddes (more than 3 pm in di-
ameter) occurs anainly in the nose (wswning
nose breathing) amd wajor airways, owing to
inertial impaction and sadimentation. Because

of Riownian 1on- ient, deposition of the small

er p:u‘ticlcs (less tiaan 1 gan in diameter) ocours
wainly in the more periphesal aivways and aiee
spaces. This depustion protile is summarized in
figure 3.

Deposition pasterns can he proafoundly meli.
fieal by breathing patternss nose bveathing crones
a high retention rate, even of small Glers,
within the now (11 12). Hnwever, under work.
ing conditions, incduding heat aud exertionad
stress, most wotkers et to mouth hreaciing.
Derper, slower respitations Taven & more even
distribution of inspited air, and, thas, 2 more
even diseribntion of inhaled  partictes. Lung
volume also intuences disuibation and. possi-
blv, reteniion patierns, particularly i breathing
accitrs at less than the novmed tenctional resid-
wl cipacity (FROY G the range of aitway clo-
sire (43, p. 980 Likewise, there iy some evidence
that the state of the airwiss in smokess is suwh
that infaled particles will penctrate less deeply
tnte the brondhiad nee and thus tend to be de-
posited more centrally than in nousmokers
(1.

Pulmonary Clearance

Clemance of particles deposited on thie mu-
cons blaaket is brisk, with hatf-times of minutes
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Maey Mo g Oravratyr, 5
Lo, 3 Thaoa Baain amd Vadlerg 120 reprinted by
permision of publivher; copyright 1974, \irciiaan
Mudical Asociztion] Actosol deposition i s
poatory trace. The perceniage aceosol deposited was
calculated Dem the assumpuons o the molet re.
fetred 1o ahove for a tidal soleme of 1Al andg o
freguenes of 15 Incarhs pey min, ‘the prohte of dope:
sitton of an intdaciend by s effectine
actedynanic bokaviod that ince the distriltic:s:

avrosal s

masy for muny cerotola is lornormal) s be e
sctibad by the e ncdian diuneter of the acuie o
and s gromctiic standard doviation, In this tg
per cent acrosal deposited s rebiated diterel we thie
miass median diqmeter, wheteas the 2 lines 1efey HIR
t cach g sone fiel, NI U B and By oespecia et
indicate the ditisenees iu per cent deposition tha:
woudd 1esdt # thwe geometric standavd devintion o8
the mase mcdian didonter vaeied s 12 0 45
NP = anophasangeal sutiaee; T B = eiliatal v
chieolranchint seilage; ' 22 nonciltawed pubnenay
sutlice,

1y hows. Muces and celly from noucitiated ai-
wiys heating fagested particles from the nuegor
airwayy cre ckeared to the phacynx: the e
wapped in the nose is alsa deared to the pharia.
Here, pulmmmr‘; and pasa! debris i ccith
siliva and are swallowed or expectorated 112,
This phase of cearance Jdacs not appenr m Lo
altected by the presence of asbestos lung disease
(15} and, under certain drcunstances, the of
fects of quoking in producing bronchitis may
evereape el this phiase of clearanee (16,47).
Particles depesited in the nonciliated regions
nity be clened aclatively wapidly il they semain
on the surface (with a Latftime of 24 hoursg,
hug once they penetrate fixed tissues, cleanee
is slowed, with hall-times runging from days w
thousauds of days (123 [t has aba been cug-
gested that uacrophages decrease the likelihood
of fibers penetracing the abveolar walls (42), and

. BLCKUAKE

that o swstenr of stophage ecraitment nieess
ansbriughts of free ibers and or paticdes. Shoai
hlhers (<45 ,am aprea o be readily amd ceie
pletely pligoovtsads bz ooy Iihers wie o,
evens when atiscked by anore than ope picn
phages whiclo may lead to ol fusioa (A RO, 7,
po 80 Glearance ol inhated patticles by thee
wechanistes 1y belicved s be e than 3
per cent clfective far mest deposited pagiiz o,
i 18,

Penectrateos, {ete i, DO ibction, aned
Mobilizalinn of Uricaated ety Particles
it the Lung

The use of clectron microsopy has revealed
the prosenc: of oy, many submictowopic, un-
coated asbestos Rbers and ibrils in the Iang

subintanee of the exposed warker, fur ware thes

way ever dugined when the lunyg kber popuie
tion was evirbuated by light microscopy alone
CE=S 1 FC i adve now s evidene thae the pro-
portion of ucoated o oated libers (ic., tonwe
thiae foum tie cote of an ambestos hodyy s veew
Lage, of tue order of 73 por cent (B, an obere
varions that suggesis doven hish peaciraion ind
retention tate v the subiictoscopic parick,
wleased dute © sworking cavitonment. Mo
nativedy,  thes.

might tepacs s
what were ...
srated the aive

caadl fthess and or porndds

the breakdown produgts o
e b e Ghers thae Bad pous
Cagents of the famg W\ sevend
reasoat fac npuds ce i

aation of the saonnt ol s
bestes fiber setasicd duohe fung is the diifienin
encountered in it recnay from ungs ag ao
taps, compared to that ot odier pneutnanio.
sivpirslincing dases {Nogeischmidi, 3, p. GV
Fhe cbthonity in recovoey applies more 10
chrysotile than o other Dhets, presuwably e
cause ol it gieeier solubiling (sognesivm, 1t
paoticubar, cemds o be oaciied oag) and, beece,
ity tendeney to lacdl down chemially aad
pliveically aizer prodanged residence (31).

Within the lung there appeas o be o e
deney for fibers o accseniate in the periph-
cral regions of the lower sones as indicated b
the carly appearance of fibrotic reactiens in
these areas b his ot ibaaion bas been ateributed
o posture and pravity clfects (Thomson, . p.
1383,

Most unconted varticies thiat hase penetred
the Tung tissue sppear linely to raaain whew
they are, paaticudatly G0 they are intracellular
somie dearinee taes ocaar via bemph chanels
to hilar and mediastinal nodes, where conted
aml uncoated  pottiddes e seen (Hourihane,
5, p. 617). although this appears to be luss than

3t~
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in the case of other fibrogenic dusts, o as il
wa. “This diflerence in clearaaee aterice ced o
the greater eytotoxic etteet obsitia, whi 't wenda
theretore, 10 mainain an extcetliular pocition
i), e esplain wing [ilar nede enld - gemen:
s meseTconsistent funing dn associaiian with
silicit es e thate in 2sodiation it vbesios
exposure (3U).

Luss i known ubout the penerration ol ine
gosted fibere thicugh the wall of the gano-
mtestind trace, although - aninial stikiios sigaest
that thiv does notnccur (32), except in the fuce
ot a heavy load deiv #red directly inie the
viemach (H0) Whae velevaaes diis has re humaa
disease, v as peritoneal mesothelinma, re-
nviny 1o Lo decermined.

Quee e b pencrested the lung, the dust
appears W ienuin ised. hut mas be remehilizad,
spparenth even Lo dise macales or sears, the
apcitive wsthanism pethaps being epivdes of
pulmonary edema andfor infection (3). Lo s
Lehieved that such remobilizaton of dust may
tesale in i encretion, a phenoinenon  that
wizht eaplain the e evene ot Appaaent e
Rresirne af mdiologic chunges in the worker
vemened feen exprsare (Manizda, Yo Unpuils
Eahied data). Aeernnsively, it may beewas e
scquesieiad and coneibute o the extension of
disense in the lace of to further exposree.

Despite the fact thae pleinal reaetions (eftu-
sian, fibrosts, and;or calcification and ngo-
phasn} are commmant manitestationy of ashestes
expose, there is livde direct evidence as to
haw the ashestos gaite aceess o the plenrs, which
presumably st happen to explain the pleurit
reactions. Sshestos bealies are ravely seen in the
Visceral pleurn aad have never beea reported in
plagquey docated in the poarietal pleurt of ex.
posedd persons, even though they sy be readily
tound i the intenstitial tisae of e sune tunyg
(33). By contrase, asbestos fragments have been
found in mesotheliomas cven without evi-
dence of ashestosis or coated fibers in the lung
(Hourihane, 5, p. 647). This has led (o the
suggestion that fibers that becote coated in the
lurmg are levs mobile and less susceptible
Bagduatic earance than uncosted fibais Thus,
clection vitrosopic stndies may veveal mony
neste unconted fibers o the plewsa than anded
peted ftom the scarcity of coated tilers. Aleer-
metis cly, any Bhers that are cdeared 19 subpleurd
Iumphatics  may  undergo  dissolution more
readily here than elsewhere in the lung. [a aay
eveng, information that would shed light on this
paractox might well lead to improved uuder-

- crophage. Tron

statpling ol the Lictors wuderlyiug the pathogen-
ey Gf mesathicionear,

Coated Ihievtocd dees -Dérertas Bulies;

Tle couted adn oy flier ws tecagnizad caly
e 1900 becanse of it dharactetistic ape
pearanee under Lighi micioscopy (33), 1 iy tsu-
ally a rodabaped saacture wide ciubbed ends,
olien beadad ddoag is dengil, 5 yellow o
Lrown i color. ranges in fength frou 10 to
e aud oy thichiess fram 1w 6 s, awmd
iy wcenvnad, poer vone, The cottiug. comisting
ol lecvitir grencles and o smorphous ma.
tevial, probushly protein, varies i thickness from
very thin o b em (33-37).

On e basis of animal srudies, coating i now
brlicved 1o be s dareaceilela process and fol-
tons the enguiting of particdes by wmacrephages
ter which they adhere (). Several mactaphiages
may fuse o engulf large Gbers [ois while the
nbers are swrounded Ly partisliy fused ma-
Gaphages that coating beging (385, The fiber
then hecomes  igamporawd  inte iotracyeo.
plossic vacanles, and the fint coating material
appears e hie some lorm ot acil mucepolysag.

Charile (36). Lron it the foon of hemosulerin

then accomulates s the Gtoplasm of the na.

breahdown ot beaogiobin, bewome subsedueni.
Wi purate! dnio the phagosenies, and et
W caneentrate coantal the fibwesr eventually,
there is clenting of 3round subitance (7). It is
of interost that the proees appeas t be a proe-
gresive ong, with the waiing increning with
tine  ated  wieoated  hibers  becoming  coated
mouths or yeawrs atrer instifladon  {36); hew.
vrer, canse the propottion of ancoared
coaged fibiers (i human fungs appears o remain
Constan: wish gime (39 30, there must alvo he
it pavailel procew of aging and dissolution of
the eoated fiber, there s o evidene bt the
coating of a fibier rendeds it nondihrogenic. Why
waue particles becanne caated and athers do
not is not undenstomd; howeier, st wmay e
imporeant, with the ivpical asbestos budy deved
oping oniv o lage particies (geeater dan 3
At that cranot be compleiely engulled by one
mactoplige (58).

It must aho be cpluesized e ot all coarcd
fibers scen in the fung hase an ashestos core,
and iz pracess of caating is agpacenidy used by
the hung in response to L varicty of otier fibers
cncountered i the environment. These include
glass and cottaa Gbets, distonaceous eanth, tale,
graphite, and crborundan particles (10, 33).

g1-022626%
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For this zessnn, the nomotnmittal tenm, “for:

tugiiony” Lads (6, has hrent suggesied as

weny ent duseription in the absente of posi

Gae adennt stear of the Lber cote. Although
|

siCirate b otion iy new pussible ing

teciie, the clecuaon beany, bner nu-

troprebes, Jtiasonie diinregration, and nass

roncizn O these wechinigoes ine oxpens
e s aod money

ISINEE S LI TPTE N

and Vil acmain re-
< whdle fLanger, 7, po 1190 A
they e broaght o dighe cere
o nitrcrestong iy For tstaice, it has hoen

sach, howme ol

shovn thae el azhall Blev types way begone

ottt g e Diborntary agimal (56), v tan

1t hie amplinaly fber diat s found mee fre.
Guents as by oore of terruginous body dian
e ke sadhr Sher (1L 50, even when baoth
Bpes of e U Gher e seen dn e K
titooiey 7, 0 Jo2e The signtlcance of this obe.

NErvaetlg 1ot

b be determined; iomay sime
Py lvpacesent e velatively high solubility of

chvaile i relanen e the other asbesios fibers.

Colindar Effrcts

rer e orizinad theory that the fibin genic

Nz

cileet f wde o Bioers and particles was e 1o

pniviial drrrnstion ner the seduhiling theory,
autthutin g ¢

oo dion o besced-ou el danes

and g

CGivoseia, can satisfactorily oaplain

Lol the s wad arel Cludial oleervarions

0l Ty Jeads to the hvposiio

siv that Lost fuctors, in paticudar the imauane
oty might Le impoant, cither bronane of
e produciion or lowdization of abmcrmal
wlobuling i aleolar phigoestes or hibroblasts,
or became of sutoantibudive developing in re-
st e o Tusia ol pliagreyies

The use o titae and (el cultare technigues
b turthe: dncn e b undersiamling of the hin
Lagice clloets of alestos at the cellular level (AL
Livann, 7, p. %9 Potentiat tmget cclly in man
are the macroprages (which are tesponsible
for  phagocytasisy, messthelial  cells, alveolar
epithelial cells {whidt may undergn malignant
rransforinarion;, and Rbroblists (which partici.
pote i the Ebrogenic teaction). Two types of
Grogenic etisets bive been detected, an catly
aue atribuivd (o the interaction ot ashestos
with the ochiaier membrane, increasing perme-
abitity {0 reczion thae is inhibited by setan
! atiwer bioleghs macromoleentes), and a Lue
reaction aitributad w iater-reaction of the al-
reidy dngested particles with the membrancs
aruund the sceondary tysosomes. Because of the
fdings of sindar direet cytotoxic efleets on

MARCARET R, Hi

At saggest that faeels

I AK¥

e aphaes and wesogiietie! cell, b mudh

i oitenc on the biaehls oo b believed i
L eeenesis may Gaaciae be evoked thpeugh

mphage tespeane, T additian, 1here

ol dnivreneey b tv ot e Valiosas RIS FERNTINS

tops b thtr evtntoney Caris, Clissanfe i

W e potent oV dein aed copadity Loy b

by srnsiie acnd Goadeliie

tlaty at the orgn lovon o masumed to e

st Do ehe nrarmhac s of ety el el the sites
(o
M tap Legey o aagtetate in perderanonol o

of gl aanmeiatian (e, the endono
L tionss, and e canndatine etfetts of oo
e s

t from inheled fibers wod parae
cies It s not kenowne whethes the develorament
of sudin Jrnges iy detenmined poimoaily b doe
aresine ol dust accusieizied s the lung oo be
deacnsiadin detatl sudier Dse Relationshipy
crowheithier gt dept s to o impeottent ezt
00w Lty Dol 0 steaopritility, l{\pcai-
peciis i aniotabsy ot epidoiotogic dae o
ary inportant. The rele-
vait evidene o will b cansidered separucly s

.=
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Daose Rolations: 'y of Biologieal Responues to
Asbestns Sxponie

e catept o0 o pelarie e of resgonne
tue st ta Rl T aarn HEIRVI T RTRSHEION
oy tnteadueed D e G B oan wtiogs o

hrow Gzlron tie ne

st sariae

o induaded dos.
wiad not e uen
Yo e e 15 abai
ons, ot enly os 3 L tor explaiedeg variatioons

1eon an the bioogie 3o

Wiy s ane peron Wegns!

{
S
b

W ok i.:'\ic!\' ..

i bivicgic peporse, Brie b the very pnactiond

teasen (et inherent in o adose ehitionship

amd

lies 1 informoecion toa leel sl
titic bodds o which © 0 L

[QITTTNS

lihe eniterie for
al conerndl Motoaner, witions such
2 riationship th

e e between dose ansl

respoise is prohably toe ot

Hatch's eoneept (6i%, Ldvairaiad in figore L
takes it acemint the pesiliiitg of ditferences
{vr
Lacing the thind dis

in pesponsiveness briwnesn perons [

tneen populations: by ok
temsion. ‘Lhe uplicaiion 35 thar o given dose
tespaiae carve can be dovclopend dor o iven
prison (or populbitiont, bur that e wild be aje
pricable ouly weatthier petsa {or populbation)
of the suue “stisegpritosties 7 Fa this conteag, sus.
cepribiiity might e wclasel o uoy ol severad
biologic characterisiics, tor tistince, the etheicn-
ey of clearance mechasisiey in he lung, the
anatomic characteristics o the lung/rirway ss
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Fugo L {(Mowbified fiom Haseds (GHy copossied iy pes-
wmission ¢f publishivr; copyiizht 1963, Nuerican
Medical Assodigtion.] Dose pesponse for a popate
fanon, The comve on the botenal plane  por
tass the dov e panse relationship lue o popalation
of \Il,\('\']v(iluiil) gl that 30 frer censt resjaiyd e e
done judicated Iy the doted Line, I osly 23 per
et wate tespaasive 1 that doswe, the cnce would
be prepratiatey displaced dosaovard toward the
dine Wi 10 7 por weng weie tponaing, it woubl
b appiropaiately dispiaced upward.

temy, or the physical fituess of the peron (less
it prrsars veatidate more Tur a given werk
load), Alrcuatisedy, suseptibility might be won-
siderest in the immunelugic sense,

A major problem, however, in applying the
dose-respoase concepe to the study of asbestos-
tebated discuse in animady and wan fivs i the
wessuierent of dose. Presunmably, the relevant
dose (i Hlanh's terms, the duse delivered ad the
critiral sire in tire body) is the amount ot asbiey
tos dust ans! Bhoer reqained in the lang, ie., the
amouzie inhaled less the wmount exhiled and/
or cleated from the lung. Although estinntes of
the amnunt inhaled can be derived fon divect
measurements of dust and fiber in the working
environment and  from- ventilation solune,
there is no practical way to mersiic the
amount of dust exhaled and/or cleared from
the lunyg, cither in the laboatory animal ot in
unin, Dlees, at bese it §s posible to measure (ue
estimate) vuly the nvt one lall of the dose epa-
tion, i.c., the concentration aund amoiat of dust
inspired  {in Hawuh's terms, the magnitude
of exposure 1o external conditions that give rise
to stress). :

This shortcoming is perhaps less crucial under

experinentsl wondition in which anisabs tan
b rased dironghout lile it eaviianments with
ditterent, but dnown aud LONanL, G Nl
conttadinns, Sucdosenedios huve, i geneaad, shown
e webatinsdiizes o i ot fhirtesis aind cane
wr ik (G2 T addbition, it seems possibie that
uetlematical computation, taling into axeoum
intermitreney il pulse exgenures (42), wmay
cnable tunuee stadies wo ke eveu better esi-
muates ot dose.

in (‘]pidt:miulugic squdics, estmates of dose
have tund to be much wore ciade, bomng Lased
on the aumber of years of seevice in an ttzlusivy
(63-63): the nnmber of years since first expo-
sute (63, 69, 70); or the tal vears of expuosure,
together with an estimase of the dustivess of a
worker's job 171-79 or antnubadive duast exe
prsure caleudated tram dust conceatrations for
given jobs. Doses may be calendated {or each
individual worker on the busis of his ae her
work history (8005, or {ur groups of wadkers
in given Jobs inoa given indusay {98-U8%) In
all ot these studies, theare s been the problem
ol cafculdingg the dose for workers whose expe-
sure inaaily oextestded into the vemete pase, winh
b otpation aleect diost conceairations buarg,

it bost scaney ool incomplere and in gt in-

LIS noMeRizat,

Despite tha L arcamnings of thie mettends fae
estmamting dese, o rebscinbip of cxtimated doce
ter eesponse fo, neserchicdess, hoen a onsistent
finding  (tatde D This consisiency las bren
e with expowaes encmusiered i minigg,
manufactiring, and sewoudary wsige, induding
renoval of old asbestos insulationg, Furithermore,
it applicd 1o alt of the reshonses exannined, ic.,

long Bheesis, as celtecied by sympieans (i, 77,
62 tong foncion (64 780 8187 aad nlio-
prphic diiges (6% 60088, Q35 and luag v
cer, as relected in mortality statisticy (63, G-
tN, 71 T 77 TUCRDBAL U8 For mesatletionty,
i whicle mnuch leas exposure seems o Le wapable
of producing a tevpouse L tertain dircumstances
(see  neighborboud and  domestic exposure,
there is also sonte evidence for 2 dose effect uy
ing fiber conns in e Jungs at auiopsy as o
measure of expoae. A more complece diseus
sion of doseaoponse relazinasiins folluws in the
seetions desoted 10 varions mbestosaciatet lung
diseawes. .

It muse be pointed oac e aldwagh doses
1osponse relationships ave evident to a greater or
lesser extent far all 1esponses, the degree of cure
selation is surprisingly low, perlaps beeanse
one selidom, it ever, finds uwie than 30 per cent

- ———— ——— . -
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Tespoine pate, even i those exposed to the hexd
ont Thnes, In addition, the toponse iy uriiy
the resuic ol past, it thae cutiene, o xpo-

joterest i Ususeptibilioy.” fe. tactons acieun:
ing Lot hetweensubjea ditteienees inorespeaee

The concept of the doseresponse relatron:
shipe insofr av i appliey o exposed worhess,
cra b explored only by studies that use opb-
derietogic redhmigues wnd consiter ol of ok
Atk O what relevanee iy e coneept ol dos

respenvs to g phvsicha deding wids the sl

problems of mrandovadand paien? Inothe Gy

place. knowiclge of doserepoing relationsdip.
s peeoniede the aoswer i why o paaticutar pa-
tient was at sk seond, this informaetion mav
aerg the phivsirianan dhie potentinl 1w o,
workers: third, it ray have dwpertanee i
ostalitishiing grognosis aned determining man
ageptent, Lhas in the deralew descriptivie of
the various ashestosrclated g diseases thg Lot
low, thew rclationship to exposure dose, and

RECKE AR

iw\\ih::' ditferrnees i oty “'l'\""""‘f"""‘" rel9.
vombips ol the sutiows bl pey witl be dise
cned and s Gnmaisaed o e ol sediom i

terms ol tie Bnpicaions wehe physician,

Significance of Coated and Uncoated Fibers in
Chinica! dtsterial

The prov oo ar teungitnos badies so gl
.

eosliy arreron Ui p-m;i‘.r' e eanon ¢

the Ghes o L v oo undaroad on g onde o tew

of the toennit snthieor ue costcd fibers in

s derived trora penons wha as
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of tivae examined (M, an G Lang juice i ess
amined, the g with which fc is eximctal
When digested tunyg tissee by exunined, preva
lence approaches 100 per come (03 14 I s
vt ke thare these Ggures have been mach in-
Laen: ed Dyt pieswence of overt asbestusaelated
Lang divease, which was usaadiy spediiieaily ex
cludedd franme the etopsy series examined (L.
urowins Toumel 1o Je miniimal, porhaps a0 smadt
singi=atea ol b eat ilieasin (03,99,

Devpare the fac dat ferruginom badies mas
not eaitiain an ishestos care, it s probable that
st of thow thusd iy the fuoes of many G
dwelters do (Tlentesde, 7. p. 805 Thus, preva.
lence ol festuginows bodies nay  reasonabis
be qemirded av waeflection of community ex-
peniire. o keeping with this 35 the raral-urhan
girchiont, evident in tabie 5, whidit lises the data
by tnareasing previdence, Thus, raral areas and
sl divies dail ae the beginning of the tible,
Livwe suddusarinlized arban centers, at the entl
A simibar dwadan ban gradientt was seen in o
ather saiies in which counting methods were
stobardized [Ohthem, 7, p. 200 Prevalente
was alo consisien:lv higher among wen than
warnen. Laceddicon, i tnceeeoed witho age (14,
HE, o wlen withinecity  distribution was
exannineid, vy e thiv sty ol London, Fagleed,
higher provaiences vee found nomyg these v ho
livest clonest tor the dacks anied, or the indusirid
hoatt of casr Tardun, among thowe engaged {u
heavy mnual wank, and among those whire
otcupatings were in shipping, teansport, amt en.
gineering (16, In addition, there is the iner.
esring olsavation thae prevalence increased
with tie (1936 to 1966) in London, Englawd,
but net in New York (see table 3),

Ferruginous fenlies have been found on are
occasions in the bilar nodes in pessons believed
tw have been beavily exposed  (120), aud e
rarely, beyond dhe Hmits of the thoracic cavity,
eg, i spleen, sinuses: tonsily (54), aud hy.
aline liver plagues (349). Furether, in autnpsy
material obtained {rom cases with ashestosre-
lated lung disease, fiber count appeared o be
some reftecrion of dose (34, 59. 120),

A alrewdy mentionetd, the ratio of coatzd to
weoaied hibers within the lunyg appears to be
Gaitly comstang ae 10 to 80 per cent (19, 5%).
Thas, altheugl o count of canted fibers under.
represents the totdd fiber content of the lung,
it shauld, neverdheless, reftect reasonably aceu-
rately trends with respect o age, sex, residence,
and occupation,

BECKLARE

Urean the dlinician's {minr af view, this inf ;.

utation, hoased on epidennatoniv stadies, e

S omessape that thy presence of abesn

the ¢
fiise 1+, corted or unoaaned, in biogey materls,

aiepsy ntaterials o for tar moaceer, spit

o
VT i after wd only teficorsy i
lungy effueny, s aneindicainn of past or eass
rent exposte to ashestos onsovided the Gler
positivels ddentihedy, 1t the bher s neee "o

N

tiveiv ontibod, oxpostre o shietios en
the B, but poe tee ondyv, enplanation, G
e a Lavioiy ol oceuporional exprosue 1o gl
tos, the phivsician iz unlikedy 10 reqaite posizive
her ddeasificaddon for any diniced paiposes
In b absence of history of wsbesias expoan,
such lentificition mighit be neelai, but or moge

nporemnee woald be an exbatstive teview

all o+ panent’s previous occepations ter b
ever Bt period ol tne, as well oy finestig e
tiow ol the possibilits ol nonoccupational ey

i'(l\li!".‘.

Pleural Plaques, Hyaline or Calcified \Fibrotic-
Thickenurg of the Parietul Pleura)

T svpes of plearrad deacion are seen in asa.
ciatios with ashesos oaposures (73 an exuda.
tive oo, sy widespread, invels -

Bl oo b amd viseral plenss and aeaal
e b rtencc by, with oblitesstion o s

plowral e (@) 2 disereie readtion, i
(ST petictal plesry, usually in e
tusn o Doation, ced aclened v oas o plew

placuie (20 T st b asociined with sy
torns i aileos function {0 aned will be <o
videted dater dn this review wogether with et
uenaiy Gbeosis, “Phe seoomd, aseadlv a paliy
graphic diagnosis aun otheswise hailthy per
so, will be comnlderet i the present section
Loth peactivns pra, of course. occur tapethar

in the sime prisan; besover the diaial
senbation i lAely do be dosninaned by the exter
of the enudative teuction:.
Pathaio,y

Macrvencopic appearances. Pleuval plagues o
cur a3 discrete. wilcd, grey-white lesions on o
inner surtace of the b age and an dhe 20
phiaagnn In doseries ol patiznts who had plens s
plagues deseribed at thatacncopy, Madtson oL
Riagepvist (121 commented that “deepize o0 e
confuion of ditferent sizes amd shgpes, s
titees sip gostinng an asdiipelago, the pattern ol
the placgues is vevertheless monotvons: 2 (Lo
slightly uneven surtace, wvhite and shiny Iy
synovia or mother-ofpearl, steep odyes risay

<



ASBESTUS-REL ' - ED LUNG DISEASES

abruptly from the surrounding normnal plewi .
here and there 10unded rounds with overhung,
ing cdges. ‘The consistency was that of cartituge
‘The distriburion of pletral plagques i ivregudar
they tend to be more marked over the luwer
tibs, s ollow ov crons rib Hies, saay be co e
centited tn the posterior, lateral, or anierior
st faces, but not the cantilaginous portioms (3.
The diaphragm s useily involved, frequen:ly
in the area of the cenoal rendon (30 Loy do
not vccur in the costophrenic angles or over the
apices. Mediastinad plaques have nat been ol-
seeved (120), but the pleural sueface of the < ri-
cadian i3onot uficquentdy invoived, pasticu-
Lasly i the advanced case {34).

Plague tormation appears to occur in areus
fice of adhesions, and G sne person mighe
have veibaterad obidiceration of the pleura in one
hemithucas and abundant plagues in the other,
with nalused plearal suiaces (51). Aliernative.
. plaques naght ivolve oue patt of the lremi.
thorax; adhesann, anoder pat Qceanivnatly,
phigues are found under wihesions (31, Their-

tiichness vieries greatly. Cadeificition appears

be tore commion in plagues sitoaied in relation .

to the anterolzeral poriion of the apper il it
does not appear o orelete inany way o e
thickness ola plaque (Oh.

Microscapic aphearimies, The plaques wne
sint o collagenous connective tivsae, G llpone,
with few Ghrocytic nucled, arrangald in undular-
ing fashion in a coarse, hasket-weave paern,
and comaining anly few thin-walied capillaries
(34 121). Elastic staining shows intact lameliae
beseath the plague in continuity with she sur-
rounding neninal parictal pleural conneerive
tissue, sippestieg thae plagues are extrapleural
amd develup icctween the latter and its covering
Iner of mesathelial ceils (34, Some caltiun
depimition 3 preemnt in 2 high proporntien ot
plujeies, aod occurs as granules along the counse
of the collagen fibers, ceaving abruply v.here
the connective tissue changes into normal pleu.
ral tissue (54). Cuboidal mesothetial cells may
occur at the edge of the plaque (1), occasion.
ally with metaplastic changes (121, 122). Associa-
tion with hrouchial cuncer i discusad subses
yuently,

Although  coated ashestos fibers have not
been reported in relation 1o pleural plaques,
even i the extensive serivs of 172 sections ex.
amiaed by Meurman (31) under polarized
light, ~xamination of ashiad tissue has revealed
the presence of uncoated fibers in many cases
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UL R2EL With dlectron muvroscogn, i gy wp
parent ihat most pleguey onin man s sty
\.,l.tlll;(l--\g(rili{' fibers. Tt s of foteres:

Thal L

»than
i the Whrons sonce (e Boutiang 7 op0 i,

gt oty eenrceatrated 10 the cadiified o

f".".':’:'?uuu'u"\ reoeed [’.lliiﬂg:'lz.',;:

Tie asoclation beracen pigaal

B "
. ;:.,l\;!l(&
aand BRI P L‘.\ln»lilc. ‘ll'l;(lt‘.l“)’ s on

it el epidanioingic motnds Las by

atmph confumed by pooslation stadie, wleth.
CLOONpHnGre Was n('cnp;lti-m;zi oy ll'ﬁ:,-.c(.;i-;:~
tn s T sccupativuabiv exposed giosns, suh
as nilueis (84) and spuoard swoikers 3, 76,
e jaevalence of pleurad diangss on s chast
raniouriph has boen shiown o increass fa rela.
trot o oyianated dove ot wibeseos, alitnngh s
dirloals ndiseata e age and exposu
A varizties of
ra{ers

fibier have been ampiic.,
occurring with  anthe il
(Jovirese 70 po 2800 Lo inbdidon, Tactors asogiage
cb wath the st amd sature of the dep it ape

sodd, e

.
higias

par to he drporant or i, Gn Qudber,
prevaicuaes of caleiiution diifered by s nuch
A Ditoid in 2 adjacent mining areas, waakiog
WNE).

apraionstiy exposed, it

e same Aber i the sime geotogic dopons
[ those nar e

Lertv aa Fradas 7, drere s some evidenes: Lo

g thae pedie e velotes ao the prasiiaay ot

s,

Satanilaet

PlEL o resl T e oo wmining argis

St iy, e b ine s ne o the o

of plewral dhanges on the vadiogres  in soawe

extionltural popuistions it which the sotl
ey anhesifea i mineral (43, 54,

e

Given this assecialion ;'..'l.\\‘ck'll exjrisuiw and
plevral plagques, bonever no satisfactery theary
I been developad toexpiain bow basizat ploue
tal reactions develon in resronse w o anaelbase

tion of fibers and patdicdes wnd tesln doeet

v in ahe lwng wiineh sy jseld show oo pes
actient o rhe den Pantdlcaaore, until secendy,
the proumed caunive ageit, nameiy, 102 as
Liostos fiber or pavacie, Lad oaly tarely Locn o
tecieal it the site of the rexatinn, that iv in the
piruial plague using cisctron micuscopy as in.
cicated aliove,

One hypothesis i that pleural placies tesals
{roin traumatication ot tie parictal picera dure
g breathing by shaap abess spicuies (eies
tating the pleurs. Pl trannis s balieveld o

produce hetteribiegs

sl subsaguent. o3z
ation of the bieed ot in o manner comperable
to the process seen in lage hemothoraces (3
123}, Against thic ticary is the failure w dene

ot 362
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onstratg —inflasmatory exuclates, and the cone
spicusus absence of adlwewsms in awadiation
with pleural plaques. Abo, inrtcccHulue trans
prottation via pelmoenany ivinphation and then
tecranrade sprad viaotbe dest wadl Bomphuatics
ane o she neessagnneg aciion ot the [ESTHTRTONSY
mosches doss i wem bty in the adnence of
Lalar e o msediasiind Ionph nade cubarge
ment, neidhar of whicd s heen found B asso.
chtion with plearal plagues (121, 193), The
disproporiion between the ruaked  parictal
plentai sesposse aind the wondl cmoune of erio.
logic agen icd o vpeculation about individaal
enainivity av a factor, a0 b porhesis for which
there b supooit in yane sarlies, bot not in oth-
ey Ahestosexposed workers with plagues e
higher concennations of gasunaglobin (124,
Liet sinnar concentrations of circubating thoue
matend fuctor and aatinaclear patibodics (127),
(v)xup:n"d T pCrsans sut f.‘.\']msc(i tu asbestos,
Thomsan fu, n 138 cugueats the folluwing
scquence of events: Fibers, particolatly Jong
ones, tend to nove toward the lung periphory:
some Teave he Leeg and teach the panietd plen-
ri el Tor the diaghivagm, and those that are
ie'd g by e e on tendinons part of the dia
phivazm clian a reaction o the submesothglia!
tissnes Ciag eventually teads o the formadion o3
a plesai plo

ve, Caleifcation, when it occurs,
tnoeswentiath Al dysaophic ype in aceliular
anddegenrail colingen,

[eis jaobatdy mure realistic, however, o
wept the woiciovion of Toues and Sheers (7, p.
Uy e e pathiogrunsis af plearal plagesecs

Ctiet acenr inaeadiation with asbestos exposute
iv unkeowin For this seavnt, aud letanswe the
done rclationship only pardy explains the ob-
servations, aes futsher Hight thae coulkd be tirown
on the pethoenesis ot pleural plaques might
ke an Gapertmt emmribution to the under-
stading of how asiestos produces its bivlogic
citects, and eventually, iow they wmight be con-
trosfled,

Clinical and Radiologic Manijestations

Pleural plaques, hyaline or caleified, in the
absence of obliterative pleural lesions and pul.
monaey filiosis, me rarely associated with res.
pitatory symptoms, including dyspnea (10N
This iy ia keeping with the face thae their effeer
on function, although detectable in populs.
tion stielics (128), §s snodest and is mainly seen
avsindl reductions in lung volumes (129).

By contrast, radiologic changes may be ven
siriking, particularly in the presence of calcifi-

et Hvabine plagoes, however, nun be ditlic

et toosee withett special obligue viese, and
vt e dutented best by high LV edinigues, Le,
Fir o B0 RV, wheseas calated plaguoy e o
ter demomtrated by lower KV wedhnigues (6
to- W) (Bobiligand Gasen, 7, 5,20,

Caabed plagues wae usuadiy scon on che
jerertoanterior bl as irregabar ourbines of e
croat stensiy; they can castly be tesed i oaer.
o stiated Bhins, pardicnianly b they ovabie e
comtel cattilages (103 Noncudeificd  plagaes,
vy ouly seen on e postaosiaeiior o §f
ey tic in dhe Lazerat costal reggmts, cel, arighe
anses oot Ny hen, appear as il deliaed
“ritios along the costd margins. Obligue filias

witl he uecessary o viswdice plagues g me

Gisegrapiv, however, ¢ appareihy detect onb
A cmdl proporcen of plaques identitied g axe
v B onge series. oniv 15 per cent were o
woredy and detecrion was conbined to the most
Lol catcified plagues (121

The mast uswal clinies! prescutation iy as an
sertental vadialzic fnding inan aswmptom -
ic patient. T his sGoudd alert the physician wo e

oesibingy of exposae i this 5 not alreads

Miswig in the UNsoee of occupatonal e

s neizhhed

.
34 (1244
R4S Sl

Lot doiiesie rxpose sl
Mtficash oteseiine of hvadine pdenl
SO apeqacal to CUSC Ut

el ues alene
tons of disabalnc L there iy same evidetee Gt
threr aflect progaeds Fls, in saae series (1563,
Sl W asaat i toe st o hinhertaneespeon

crrlenee o lvancCial cocinoms (S:aich, & n

v here s in Cheebed classatile mieens asd

fects thiy was g sov {921 M foeting mesy

ettt B also Boore pepwniind ac dovelaping in
s mesahelial gl at the edye of the plague
20

Pieural Elfusion (Senign)

Eaadative plen i acactions, which may ocenr
i assaciation with oll ol e ebestosaclated
g iy, fiay aho ocous as the pritar. of
o deast the mwst prouinet, clinical mand

as (FR=135% prescaiingg oy an “idiopaehic
parural ethuston™ (1310 heswe, the justisicatni
b considering s diognods separatedy i a
aiical review of the ashostoselaed Jaey de-
cuees, The presene deseriprion is based on te
IO cases s Lz published (1540 however, ples
ral efinion may welt be a mote froquent meai

o

testation of asbestos expostne than this sl
number suggests, particularly il i were subse

p:1-0205271

&
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quendy Fown o be a phase i the & clop
utent uf other plental changes.

Pathelogy. On marosopic wsatiaat uoat
crotacoromy, i teurad surlaces show aractive
aaedetine e dvacterized By inerea o vas
catars amd sanplasiss Asodiaied vieasad
el do o appan 0 be o teoure. Mitro
Ao eaastinagan sltows variabiv pleara? dhick-
ceing, witle “ple enl deide ob eshon aod other
dur cunl o cltive gomales” (13, (kb
of 1 e oo aegraerating wmesoihelivm
am ateesive atladeral cirendation (13D, and
e ivene r arof ograedoan (Ui The

meatriving L tissiie shaws convineg demees of

o wnrise

s rainhl pacnuenity, G omild, Jow grade
Silienmaticn ooaraas WU terstitial B
G bl et Peadiny el Shors aie waaliy,
Lat o s Sl townd, Electron pricaesiopic
aabisia ot e stad filiera Bt o benn depetes

e inothic v of Case, bt sz can Boasaared

SO TIEPIRTEN PPTPA CEN T, TPTITO
Chnind o e The wsuad pres wtation s
s ol e ey plevad eifiaion of wninewn

LA d“.v(E“:g !
frisioon tos Y anttare o, Lilacand, o owe i le
i Dol the it insegasnce. "L presen.

witle dhes pasne (T "Hhe et

tettonr ey L scuty, Wi fover, leukocyeosds,
sidd nadi e s edimentanion tatg, o e,

Witk gndae 0 aenie readtion, The pleuest

Bodd D Fropr e

v Blond staizesd (e Biened el

oo fee 3000 ey Xt (ol per
G, 0 aw Rt ey, dy o exudate., The
linde Ve e Letie from that of o Tening and
.
]

Cimiating idarss (132, 1390 0 the desclop-

Caiiiiy Tl

w
wend of (hnoane pleurdd duckening that e
it e ticna (131, The patient’s asso-
cate ownh S sos may be cuarent, o more
olten tay T ow Ueen brief and in the remote

st AT

l).',',’:'r(n.'::;t'b diegmesis, The diggnosis o a b
piga asbestes pleaval effusion should be cou-
sidered a drrnosis only by exdusion. The chiet
alternative <. be excluded is malignant ueso-
thelioma, o of the maailescitions of asbests
A penare that mar got develop undl many yeus
e the firse expusure. The pleural cfiasions
it eomanenty complicate the Later tomeor suay
prorets by moutlis or years the defnitive diag-
rosis of the canor. Todeed, one conid angue
s it nocer it the diagnesis of benign asbes.
tos plewest ciasions uorit all of the prasent re-
poreed caves ng followed to death, awl death
noshiown o be arteihunible netther to Grvineana
of the lung vor to mesothelivnma. However, as
follow-up bLycomes longee (134), the justifie

toe tor s dingnosis incrcines, and sbiostos
exponvie e G veisonrably be added o e tatyr
list of causes of benign, recunient pleun il cffu.
son.

Diffuse Interstitial Pulmonary Fibrosis
(Asbestasis)

Definstion

Diffrice fnterseitial Altnaais of the lang avociated
with ashesios eaposie Wiy recoznied i the
carly years of the twenticth centuey, the first
ibestovaredarad diseass w0 b sa recognived (1)
hevweser, the wenn "ashiesnin o desaibe this
pactiunconiosis was et sugpose] unl 1927,
when Cooke (156) used it 1o describe the coe
of 4 lamate asbestos tentide wankesn [0 b wsual
te inslnte ibrosis of the wewinted viscesal pleu-
va under this term, but ot tag ol e paceal
plewra (105 Theve is merit in maiataining this
specific mage in dine with the widely aceeptad
use of the trrm pueutnconiosis (157), wather
than te e the wim “asbestoas™ i 2 genciic
sense to sleserihe zil ahesiosrelaad disseses of
the lung and pleura, esen ugopiasies (105

Patl.ology

Macinseapic prearencos The main e
tugic featmey thoc fad hees deseribed wishi cne
by de 1930« L Gelividual case vepore (153,
E3 were v owed by Hovrdaee and Me
Canghiey (1) in the fight ot rlcie own patho.
togic material, bused on 60 cases of elivicad as
bostosiv exsninest ar e London Hospital, Mo
crosvopic changes rangad Yroa small arcas of
basee fibrosis (i «uibiciently tovalized, these nwy
tseape tecognition by the snked ¢ye) to the
ldly developad case ol g dittus, fine Libtosi
Mfecting hoth Turgs. Lung sicr wends o reilect
the extent of the Bhrostss when thids iy difluse,
the lungs tend to be smell Cie surface shows
the hue, greycoloted fibross thai generaliy ap-
pears o allect subplewral aveas hrsg, often guice
extemively, betore advancing iwo other Tobes
with the extension of the disease process. Fowa
lobes wend 1o be atteared fisst, then middic Do,
amd eventuaily, upper Mhes (10,0 Tig, [y
Suzll boneyeotads ¢pses wmay be ween, in the ihwer
lohes panticularly, and fibrosis and hoaeycomb-

iy abo tend w be conweniraze) subplencatly
(i, Eaplysema, wenuilobola or builou., i

frequently found, with characieristics ewsential.
W the stne as i emply st not assaciated with
ashostasts (B4, 141). The pleural surface in re.
lation to the fibresis is iuvariably involved in
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the Gbratic process, either mildly, giving the ap-
preaiance of nulky coveringg to the bleossor
with waespread fibvosis and symplisais (116,
iy, The bilar ivnph noedes sie ot wstiadis
cndarzed or otherwise attectedd ¢t il
ot tate learone of aeessive Bbhross, e
patadee te the progresne massive fbrosis ot coal
woghers, ownn o the absence of tidwereudoss

Gaagin Iy Ses bar wie tane, wiiess the o

peosttie hing bres to mised dost fnd!
o dior o siica (LE2, D6 T addin
fevnns appear 1

IR INTY O] [v:l‘di];tt'mrl fo,r
lover lobes (1320 B, unlike otaer barus of
Prosressive nuassive Bhrosis The accasiona? watic
tary Lbratic iviion s seen, for which the erm
aLestoune has been wed {(113). Noaobinte
nadaies aviacrited widy theumiiotd discase Ghaae
ar to thene seen with Caplias” diszss i coal
workers) ate seen (H6-149), but onlsy ravciy
{t;.

Micrencopuc ¢piemrances, I animad soedics,
carhy dhost teactions indude o deapuaiive -

venlas respoite (Webster, W, po 117)0 0 seaciim

g ay has € s covter pati in oy
Focadd iz, there is ot citse wepnet of devquata

ative amereriteed premnonia with asbes s 1ol
Py do e g L%, aaad the vies b Beonie oy
peesand thag bt i one et of sospeaes b

Creds watde hisgs.

tag alvealion (31 A iie
the ahionraadition in e corly stuges of

Coataes frotn calnies

tinn of blopsy e

abiv scopbt o estalanh s diggaosiy o avbes

(131, 143}, The eurly reaction in the isersaitin
tissue roserasdes that of ether foems of dnserstis
tial pncwinenia, with mixed leahogyte

intiitza.
tion of thye abveolir walls, seaderate numtbers nf
plagocytes in the sleoli, and varyieg degices
of organizativn with fibtsis (151, 115, It wome
anes. the eorle changes e coneentiated at obe
bevel of the 1ospivat.ay hronchiole, where rotica-
lise [bers, wraciopis

ges, and duse pacticics ol
lect (10, 110, leading subnequentdy to what Lo
heen termed the basic lesion of ashestosis, name.
Iy, & peribronchiolar Ghroviy (L1165 From luae,
the process extends outward to involve the sur.
rounrding alveoli, leading tn difltuse alscolar wall
thickening, with pcuhmnchiol:n aned pcrivaiuu
loe ibrosis (116). I an occasional case, the Lo
sis aenns ulmost exdusively peribranchiniu
(144, figure 5), but the more usual pictuie is
thr of g ditfuse filgonis, invalving the inter

stitium, frequently asediatod with weas of sotidt
hbrasis, where faminsted collagen may replace
the cutire parenchyma. Such areas may alio show
alvenlar cell hyperplasia and sclerosis of vessel

YRORLAKE

salis (16 THhe prewence of fetruzineas bodiey

ot he expeaed, and clecton UM G

Bikeby toaeveat very darge pembens of vagsaiald
an i Lt

pactodogic fndings o voriess exposed 1o anee

vety fine precin s cten hilae gy {[':'.'i

s and crecidobice Bave Taoen Aliaat ta b e
sntnally sinilar e Lsonded wail gy

sotife cvpostae (Moasner, dop 3T

"u:’vz.'-:\"l:l"i‘-'
Freattnae at the o0 deved bone aceay e
dicGaed, and ot e ora lovel are presuiced
1o relate 1o Ui annanivr of codis teasting, waidh
i turn s bhehicvert o rclase to the retined
st ol :!‘-""\l‘.n_ st .'311".'("‘ finer. Tl S
pers to be true tore mild o moderaie tibnesis,
TOSTe QU EIY, I Attt ds o2 as well ws e,
towhean the respore Ton beenrei ned o “deee”

s

tetied, 28 tedie te e cocenitation of coatlt

arnd pbeeeeed g Doy s sbe g tisae o ane
sy (B Lowenc e there ddoes pot appesr to
be tarther progresdon b moderate wosovers
r!'.

toniy awsocisted with oo dnCrease in dose {1,

s ahiaehae, poseadesnd thag i progies

st (S aamdetate T aevere Binosty iy duc
oitr s, © AP T et

intarrmation, as

.
el B N el Flopplesion (U7 ee
.

IRT TN

ot lL':i"":l-"‘. B

N Vi !
Gliservar, T R FI IR TS,

1

[SEAEH
r

avroantibedies oo 0 Ll
fes (AN Vg G
(JUERCY M ONpra
pessony in ghie geworal pepulvton, end with
i enposed pag :

ey s by preasey fre

Cotipazed Lo foaneNgaal,

T WG gl fl‘t::m‘::t'_.‘
B thee witht Qhanc el dieenr
ot (1332307, Tiner W

ANDY Oty av N gergtorior

than thase with-

wizhe prapoacs that
X HED

e the i
e bndiiaged B v ce ceent (Turter-War

wick, Toop I8k S0 i esslaiiation wouid it

G glinal obsers aotoey 2,

L ashustosis mas “ir
pear lov ihe L viee and progivss b

Aty
e penire to dust e cenvals Phie possitiituy dui

prnctic bovions dus once the responie o v

stare s stggested Thowsie st i whidhothe HiL
R27 securred with gruieer e pueney i ashoiion.
tives compated to the geaeral popubation (99

Tocre iy alvo a progressine detreass o the
lumphocyte votne with adoancing fibrosis amd
the suggestion hue Luen mde thad the ocliule
Gaane anedhianisn ©s distuthed i ashotsis
{139). ‘
The prugression from diffuve ingerstitial fhea
sis t2 conglomerate fbianis iy, in the past
Lave been associated with tuberculosis (125,

Q
[N
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hat this is pare toddav an e United Stae

Literting, 5, p. 156) and i Runin (Smitd -,
3. . 168Y. Nor eloes sweh prm_.:re-“inn appear w
relece to 2 "rheumarsid” dathests (99). On
other g, rhenmatond disease desdopimg in

'!'»Q
Tooaheswoy worker iy liabie o be eadiaced
wolt v spp e of lunyg dhienges of unusaal
and rather maokad Graracter.

The selagionsbip ol cmphissena o ashestos
Logexposuy runains o be elucidated. Physin.
wrne stadits stiogey that anway olistroction s
canmet i e pooence of fibrosis, pardcetaly
wothis s peointoaoniola in focdon, i would
oot reasuiiable ey ascribe it to thie dust foud. {a
e abrence of dust hbrosic it given the e
pretanten o rhe i Ling hahie it maore ditkiende
wdeteriaine the role of o dist Joad in the <.
sl pment 6 emsdnscna. To dare, there has

Do oswaemati topyy stindy o whidh tie
foeaotenee o cnptiveema and or hronie bron.
Curte B warken cxposed 1o asbesioy way come
pared with the prevalence in noanaxposed per-
wona stk as e f Rvder and avsoctates (153
sntoad workers, woaredy g deatly showed the
eneess of veplivsena in coal mwiien, An open
tabmd shaakd e Wept on the caddect undil tor-
thes evidenice by o ibie,

Clintesl Fectuses

The ssiaprasas and sivns of ditfise inersuzial

breais et ashesios expesure e no ditterent

fram thone =8 A other forms of diuse inger-
stitial fiisrosis. T, the st prominent sympe
o i hreatiiyssnes, fist toted under the strass
<4 cltnreg, then at rest, as the large working re-
e of the hing Lecomies progressively re.
dueed Cough, eitizer dry or with spulunt, not
o omsiviantiv present as dypsved, mway he se-
sere, with desiiesingg parosysins (10). Albough
~arvnally anributed to atvway, rather thaa (o
iwrsstitial, lung discase, this sympiom oceurs
wih greater foequeney in the ashestos-exposed
watker than in his nonexposed counterpart (34,
47, 118) and often cannot be attributed to (lif-
fcrences in umoking habits, suggesting thag s
wiptont al»o relates to ashestos exposure. Chest
prin, not a frequene eomplaint, has heen areri
buied 1o wuscle achios, bacause it appears to be
pooens oty when dyspuen is severe (107,

Fhe mose characteristic physieal sign is (he
presence of erepitations, which are described us
having a “crisp, clean, qualine” and occuniug
late in anvpiration, wseally over the Jower or
middle lung /oues (103, A deep iuspiration
sy be necesssiy to elicic them. As fibrosis pro-

{ED LUNG DISEASES
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grosses, they become wmote widespread and o¢-
wipy aopreer pat ob ispiratios. “They are
attibuged o thie "sardden opening of adivwavein
dellated tertitories of the tung” (159) an cx-
plesation wippoied by thee Lot that thiey shil

U the graitadonaiby lower lobes with changes
i posture (128) and have been showe o be
comvistenuly detectaBile Wi given transpulonary
provaiae (5L Ohier adventitious souids, su
oy wleeres and chanchi, ate 1oss commes. Air
ity aul diese expansion s Lkely 1o be aifec
ed i propordon (o assaciaced pleteal chaggs.

Clubbing of the Logers aud toes is i 1o be
present inoomenst Goes (10, althoush by oo
tcans i thiy alwies nue (161, This sign does
et peessarity dndicatn advanced  discase, be-
cruse it iy alws reported inmen who are still Whle
to wark (96, 11, The Ll of corvelation with
severity of Lhrosis b seen pinucularly whea the
dabbipr is evaluazed sstemaiierliv {roa cases
to allen measeconent of the iy pons-
chial angle (113, 114 by the method ol Regun
ane dssoctures (1A Tris of jntervst thae smnk-
ing slsa appears to plav a part in the develop-
went of this sige (Hlanies, 7, po [ an asociae

of g

tion Actected in epidemiologic studies, the siy-
niftconee of whith iv uaknown, ’

Rellagraphic Qhinges
In consideris | ihe chunt radiograph of the e
dividual case £ 7 lagmontic purpoases (18, 163,
evaluation of i3 Jhsonary parenchyma ehould
L Lowal on the Gdlowing fratues: s

aall, irrege
wlar, and or ound opadities, sared for e
or lengeh, profusion, and number of 2oues al
feated; haitline ring  (honeveomdn shadnws:
ditlase haze or ground-glas appearance ane ohe
vionshy dig o plearal shadowss stort fiesizon.
tal septal lines or Kerley Bilines, belivved
to represent fenphatic absrnction (L, aned
otciusional  lonver huirline  shadows. Pleurs!
chianges wre likely o be prosent as well (in
wore than one Ball of the cises {n one series of
compensation baaed macerial), whereas fn 20
pre cent of cases, they were present witheue par
enchymal changes (163). Rounded ovacities are
more evident when the ovarpational expaoi:
has included silica {93). These fundings are ia
gonterat agreement with presious reports (163-
150). Thus, it can b scen that the rutiniage
featires of wbesiosis are bo dillercit Qo thore
of all other forms ot intecsuddal Bbrosis, except
for thie prominenee of awociated pleural ¢hang.
es, in particular, culcification, which should

_ﬁ."‘“
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abwars aall attention to the powible avocta
with ashests exprsure,

A sstematic cdassification of the radiokoy g
dumges assdiated with asbesos exposure o

backy g i ol the featurnos desaibied, togeti

Aaal Granges, was developed fov oo

first as the UTCLCue e

M m!})u\('\,

tet chedfcatiun (167) Tuer adojoed as i

HO U O cinstcntion (1685, Ty features st
?

clede wocting shicer, an excenddad F2-paine

seale o g1 poareicdivmal changes, and o

+
1

tloed Ilma o asnit o the evanation of pley
ard bt dnges (obtiinabie from > o
Tateriacs i d Labour Office, Oconpantianal Sace-
tvoand Helth Boanch, CHO2U0 Geoesa 22,
Szl Priees Swe Franes 23009 L he uw ol

this i~ i%ctiosn by !

itpoving precision ool
it

1Y
¢
v} {‘THPI?-I )

fis ondiang ot

prrodadad o EEITHIE

iy hemween
.,-i the Nty as oo

Thus, 1t enables a heoer
plavess an i the Ghnin the mule

the vt

Jemieco i ool (160,

Wl nndae o
“tonvinate which extends Gum cowgplote "o
neality”

2t ene eind o the most sevees dogeen of
9N [n

abnorinality at tier higher™ (Kohdig 7. p. 2

particatoro o ho permitted the eanlotaios 0

the expeoidese teladiombips (using the L o

tadivr oh ) peciane e et in vt
populari e Lo addition, iy chinifianon 1o

Toredh by campenation boaads i e o4

leenr e

omuttics L nprove cunshtenay i e reacs

Toost

iy

wl tiw el slinelt e

e wiveg

toedi [Nenl] t'“

v the evabuagion ot o petson’s Lige
mant be veaiderad elative to tlhove of others Ty

tase b copboniseds Bosveser, that this s 38

cation is Jesrintive and not digiestic: fndee

.

e, "h radisiogic changss so desendel
telate 1 n-v::hI} well 1 lung function chatze
in pepulition studies (87, 953), their relation
shigs 1o 28 W Biliey, which i Jikely to vary oo
e osubjece o subject, has not bien
widely st lied,

~

sidetbls

Luayg Function

Lung function tests have ban applivd o the
studdy OF ashestnis since their gencral jntado,
tion to ciinicat medicine in the 1L Tu ¢ oo
eral, e e b clindend areas of applioscion
R LIPS TRV !
abilics: wrand, [or following
diseisg wit times third, tor e surveilbicue of
healihe werbers, with a view o detecting carly
changes and fousth, (or precutploviment oxee
ination ta «reen the “susceptible” person,

of Wdhasmiosis and eossment o i
the evolution of

Inad dizion, information gained from epidemi.
ologic studies wing pulmonary [unction test

R,
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mnqmruljn 30 per cent with o restrctive e
teru), whereas in {8 per cent, the tunction im-
paitment ul@cxtcd a mined picture of ofsiruee
ton and restriction. In addition, souginy of
epideminlogic studies in workiug popi? rionas
(Lo studies thae, by theie patire, oxclade the
disalted and ol 2 tes, of tese with radio.
logic divase) imvatiably shows @ osiecahle uume
hey of persoas with evidenwe ol airway olntrue-
tiens {63, 72, 179, 1T4=1760 Hawever, thoe i
no leat evidence showitg an excess ol siwae
olatiuction i

tions
W6, 172,
ainlothere i Lo cdear evndence that withim vxe
pesesd populations, e presadence of olavrue
i increasts with dnereasing exposuve (172).
The reattictive patevas ol lunyg Gowion alig

A:sl:r\u\s-‘:xl)uwd potal

compared 10 oo poe s exposed

does non stow i Tnaeased prevademee inovelas
tion v exposize (1725

To this thine, therefore, epidemiologic studics
ab ke tuaetion have noe besn able o clud-
date the seladambip betneca siray obaue
tinn dad shestos exposute, or the part placed
by the ciparette Labie (adiditive or swuergisic).
In conseqpae nis, oven in e proscnce of radio.
lnsie changes, there i wanally hesittion nag
tribating the obsrructive comporear of o wiike
er's disease to ashietini,, despite ther fact i dee
crcavedd Tondue e itnoe has e shown in wrther
forine of fnverstitiad lupg distase (177). Wikhe
out radintegic dhamges, thae i even reasr
telactamee to ariribaie the chsinction to aehes
tns exposure. Nevertheless, there 5 enorab i
diteet evidence 1o saggest that ia response o as-
hestn enposue, the charaeny of the funciion
impairarent may be olstrucrive in a cortain
nunber of cases (175); until forther edvidence
iy availuble, an open mind should be Kept in
this tegard. '

Adunsoncit of disability. The reluionships
Laween organ malfunction (as rellected in what
may be cilled descriptive meavaremnents of the
lung, ie., its size ur lung volumes, and in th
measrements related to its mechanieal jroper-
ties), orgam fuilure, generally comidered o be
present only when gas exchange tunesinn iy
impaired (13, p. 412), and diLebility (Giminue
tian of perfuriance as pereeived by e subjecs
Binself) ate not steaightlorwiaid, Thus, cousid.
eralde wmount, of oigan walfunction (e, al-
nowalizies of lung funcrion tosts) can be
present without organ faitare (e, abnormul
blood gices), even under the suess of citore
Likewise, disability in the forim of uwnusual
breathlessuess riay be percetverd by the subjec
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cariv o date i the development of his discasc.
i disaepaney between funetion andd sy
s s who fonmd in some epidemiologic stst-
on (1720 1780 19, bue not othery (U6, 97).
T iinportant conclusion for cinical practics is
that in dhe individed casey disabiliey canaat
b prediceed with aetinhility tam suapians,
1

Wt oy !.\'“n;"t:a}\hic changes. It hounid
thesetore be evnduared by appropuate eserdi::
tosis, B ncesary at anore than one oad, lor
e et individuatly (Beeklake, 7, p. 8Y,
Fraiviion ef changes weith Lime. Seviat mica-
sureravits ol ey function in individual enes
ol ashestonis with time susgest that dererionation
st elosely peflected in VO (0, 73, T8 qand,
possitdy, aedmal voeluntay venstiinon. The
Bhning capacity ol the Jang for CO (ko

iy

aliv prapied onodieoredc goorrds o weld
5o the bast of some Hmited olacisaitons
(TG mav nag beas usefal (123).

Support for these conclusions alss cones {rom
epiebonnlogic stidioy of exposed working popu.
Losions o which decrease in VG, in paticalar
e IC wmponene of VG, showed a duoser rela-
viothhip to estimated dust eaposure diagy did
Bien moasared either by the singlehreath ot
treosvread oty o baigue (870 000 Osher e
¢ oshowed arnddomslip o exposur: viore

Voo ard coviend midexpioary dos

i however, il studies of an epidetaio-

Pedic natiie e tollowing clomges in wovhale

n, raiher than in a fuw se-

& oy
levted subieeise wanld provide more poedise ine
Cosmation on this pint,

Lerdy detedtiom Vs iplies deteation of dust
wivets in a poan hefore ke or she perceives
G as symptoms, Pevsons showing thuse early
Changes are more bheis 1o be tonnd in 2 worr.
ing populbativs than in a clinic population, Le
e clisic artenidime presupposes symptoms,
Furthermere, within a working population, it
is rzasanabic 0 saprase that suptos will oc-
cur mure freqaenily in thuse with heavier ex-
posaes, In one cpidemiotogic stndy comfned
to exposed persons without citnicn! or yadiulogic
cvidence of disease, and with nermal soutine
Ling tunction, 1t was possible o detect changes
B othe lungy mechanioad propertion (pecineals
v, 4 detrense iu wotaplianee and an inereas

Lt calculated upnnicara testitance) in diose wich
Leavier dust expesute (R1). These chiangyo suy
gosting o dust eifect ar the saaid atrway dovel
wouid be canupaiible with pertbronchinler fibro
<is {116), Similar results were abtained in a sub-
sequeat study of a lurger nuuber of subjects,

0}-Qr6276
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vepocted B pretiminny fonme (I8H waing e
Gosng volume tess At prosent, these observa.
thans have mo precnical signifionee, beeause it
remaing 1o be donaa (fy that st is deenaed
v Daers vl e i of a0 process thae will

vhtneteb o load o asbestesiy, atud (3\ that suy
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@b accmimabation migia
stera thee precess TERese herding, e cJuin, bave
potential appiicain in the batare,

Funesions @ oo eelogeaplae etiiods in e

cosdy deteesion 7 heatasiss Saverpal early Gl

Yazed o spadl naehien s of sabe

(.(l Nal iil'\. N

prrets, stgpreste G tho ot 1 ashestonds Ca
teen precedod o

TR ETH I

H PRI P . NN
drographite chnges 08

170y ‘The b
e VG g, 1

cpidemiologic stading sugient that ae bast s far

oo fanciion vloendat

Voand Breg e Sebseogquent

ae these 1wo e of funetion were coces

thes were s nowe aemsiiine than rdicheic

Changes (7070 05 Te st be ey Tuesdz o tha

e Latter eocddovdons were hased on berween.
gronp commazivs o of sabjrotn daathied by dase
Capeeite, foy v i tentiicagion ol ;u-;-inpzb

are “norptel e freeds 3o

oty Preteee
1n e abnotmeting e the tndivideal cove wis

tainty s an

hoeers
madter, broune this ragniees

Dends of nocendicy, which for
Lot vadioagiag! oo steelivs el testy o function

reference 1o s

fave fuinly wide jonge, Perindie comparative
chost radingrepte or Lot bog tosts, ave likely 3
wpror e the dhunce af deteering catly abmavmati-
tiss i o given

rou. I must be boerne in mingd,
Lowever, thiad o nadiologic changes are invari:
ably of 0 awinspecific mature, similur to those
occzing with aving or the cigaette huthics (182
henee, the opinien that i an individual e
they reflect early flrosis should be guarded.

Dirgnosis

The vriteria tar dingoosis of ashestosis depend
on the prrpese L which diagnosis will he used,
ah the digiee ob certaingy regaired. A werks
oy Ciarica! Glavnoais can e acached on the b
siv o anexpostte history

(preseat, past, o
remote past) 2l the prescuce of one or moie
of the folluwing: effore dyspoca. basal crepitas
tons, radiograghic changes of  parenchyinel
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wion plearal diwewse, aned fung funetion e
seanment ol soy g ghay g 70020 il 5
LHHCTLL e preseut, o diemoais wondd gepers
aliv e considerad caabhishied fud oot conpeiss
et boards, Wit tewer antesio, thore s tos
Cortaingy. ’

fre the alnence of e exposiae Bistovy, o if
the exponare T

dcreant Lo gre creoant of diviase proesent, oot

o be called Tor, poationdain du

votapansatian Co - toe w i atihatbiting b

it daudn. Lo seed srunatpans g oneen lluxq 'uiui)

» e tow needde Liopsy (1855,

prosabaly i e eranhic Jdeivpes wre mie
vl Blopay matertad <houid e evitienlly examn-
ntd by Bt miccoscapy toe pathniogic feames,
inviwding proseee of et Chers, 2l by
Cicriron e D the proenes of e
el b,

UNe oprie exttadion proves

vty e, 1L '.!I;_

\so, o \~?-)'mn_\'. th=
prosence of adosis s iveliss in the spuann (117 -
I many ateer dbe pinadcian oot possibility
S enposure and ol snoan sppropriately es-

Lorvive engu rooreve 1 the st of oxe

peine, Casted vaave, of courie, eunon!y

chs et

tovnd ceda: coned ey ad current

exposute.

]‘,n::.'l(;\n,{ sl ateers o Nedtead

Y]

The onthoe. |

PN

Cpersen it inhestosis has

PV CHIPRPTTINN PR

undeubtediv g - v during the

sard in Nosih
Woage at deatl, vears of exe
penare wntad diccoend et vesns of saevival at.
er diagnosis increesing comsict

past T vl Bl B b e (07
i h

Aaerica (5, =

v in et
cthodus o
gl ;c\i.i; theeg q!i«:.t".\ veenrs tis be umﬁ:u‘d
e thenes with bigl dust espostes (McDonaid,
Toppe 10517

casniries. Abo, fid ol presmatars

Pertiaps Lecanss ol the iongee scavival pebel
warhers with s ands fie Low surtiving ina
the fuag cancer a5

iy el deatin from this
NG 2TC ASHRUNY 3 Ls 0 TR iportute
CleDonald, 7. poo 189-017 In addidoa, it
stotdd be neted that tung caneer iy becoming a
ten e comme ceoe of deatle inothe genera
pogpslation,

Meelieal managouent of Bhost iy v iesirict
a0 the svmprotiotin cae given wosubijuen
withinrerstitiad Llaosis, wiiever the cause. 'Lhe
use of corticostetaids iy Lot advocited, because
the ageut, ashestos, is, as faras is known, fixed in
the lung tisue. Approptiate treatment of inter-

v s i saderod too shott w

~wk



ASBESTO

current gufections mav Lo pattenbuly o pore
tant in view of the sogsestion that ueie Gi
imflatmmation may contribute to ptogies ot

fremis (Ashearate, 7. 50 206), There is o peal
R 1o sunzet that the only pu“ihl vlfer.
tive the ot Latsvennen, uatel, o -
mose the persus boacovposure, hus any veal in
flucis e on e vuteome vl e caose. One s
that temoval nagla haie tarthee progression, a
by porliosis for wisdv thenre is sotee evidenre (A2),
I Lo asa kv, bowever, that disease can hatly
GORCAE atad proros suany sears after ranoval
{roin expenute 16

3,0 thus, gescarcht shoukd be
direeted ot poswidle wavs o determinin g what
[otors determtie this {ttue progresicar and
waether i is poseibie 1o dottne the stage o0 Jeved
of 2xpesate at shibd comeval migit be an edee
A pevenlve m e,

Pro emploviient svduation of Tung Duction
wostieen sut Kisleis persons b dn titem s,
the 1ost jmperiisg 2en of futire health proe
sevans vol, this i wh the aten in which rthere

1S Lo spstentadc evidgee o indicate what tpe

Cf PUBson 1o Nt O sereen out, Areation
s heen dise
detearion ol -

Looward e pre-cmprosen?

rwpr = t .
boruaive juryg

dinense,  auie

or chranic, on rouiption that seh pere
st Prooat higlirik of developling wobesosis
(Huear, 5, no 200, The smoking habit, ¢ riaialy
the Zreatest

facior Lo brondbngenic caneer,
s not useadly crstiture rowids for gelus
i gntecrnit, T oole in the desclopinent of fhng
sis 15 less clear, there bcing some evidence to suy-
et i swnergisiic effoet with dust (185), and some
v ilange Lot contrary,

Au interesting vossilality, as vet completety
unenplved, iy thae erain physiologic chavae
teristics, for inseance, the relative size ol dirways
to aic spaces (181, may comriture risk fucuus
atizd wight, for evaanie, be the basis for exclu.
singr of certain tvpes from dust harard. Finale
Iy, it is powible that pre-employment and ane
nuzl measurements of luag function. particu-
lasly FVC, might abo prove to be i wwetul ool
in the health care of the worker (87): however,
this, too, should be introduced only i a way
that permits 2 crivical cvaluation of the effec
tivenass of such 2 procedure,

Malignant Mesothelioma of the Plaura and
Paritonaum

Primary malignant mesotheliomas arise (ror the
pluripotential mesothetial cefls (of the pleur,
peritoneum, aud pericardium) and in couse-
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sprence, may piesent wits widely vasying hisio.
fogie features, Neverthe doss, they have heen con.
sideted o pathotogic entity (H), 195), albeit 1are,
for v aue tine, their maocddation with asbesios
expostae vy anentioncd as carly as 1916 du oy
individial caswe report (10}, This wsociation
Wiy drastaticat!s nought o the atteution of the
rwedical prblic Ly Wagner and colivagues 147)
HE Feport et 33 Grees with accupationat andfor
anitonicent:] andfor domestic exposace in
the crod Ldite muing e of the Nosthwest
Cape, Suuth Adica. "Lhe wsodiation with ashes.
tos expisnre has now been confirmas
many paris of the world {table 6),

fican

Paihology .

A dharecterhiic feaiure of the mucroscopic
appeitaine of the tudrgnant varicny s the fen.
dengy to spread zlong serosal membranes (1385,
ciasing ther bung by o buiky, lobulated mazs
thie usuaile invades the fssures. Areas of necrn-
shy within the timor may give 1ie to cystic spaces
filed with glutinous fluid, a distinctive {eatire
of this timng, althaugh not necessuily 1 specific
one, hooay
(10). Locl mewstnes to chiosr watl, mediase.
num. e perio

€1t ebho seen in adenuiarcinoma

i, ratier dhan remote i
gy of the tumor: how.
woand aldoniinal lymph
nades are nag e .amoen, aucl, ocunionally,
ttote disiont sites, sachoas liver, theroid, ades.
mals, bote: aned beadn ave involved (3100 13
It has bren cmphusizal, howeyer, that the ding.
tosty iy et ot exclinion, aud that all potential
sites (or primary growth (particularly lung, pas.
creas. intesting, and ovary) must be  exam.
ined: consideration must also b2 givea tw the
possibility that the primuy winor has alecaly
been removed XMcCaughey, 5, p. 693). The
peritonend, tunors present & sinvilar appearange,
but do 2ot tend o engull e abdominal organs
to the watiue estent as the pleanal teors, Glad.
nous ascitic fluid, however, is a common {cature
(105, Pamary pericavdial tumors do not an.
peat to be wwciated with ashesios exposure.
.\Iicroscupi..ﬂly. b vazieties wre recogaired e
cording o (he dominant well types (136, 187).
Epithetia!, or wbulopagillary, tmons are cliar-
acterized by brandhing adini, lined by colum-
nar or cubowld cells. often containing mugin
and having a wnduney to spread. Mesenchymal,
OF MrCuitatouy, tumors range in appearance
trom cetlulac fasciculated fibiosaicoma to myx-
oma, with the amount of associated collagen in
the tulsur varying considerably. The undifferen.

tantasd s, dielare
ever, MCLesia ey !
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tiatrd, or pohgortd, type is wsualiv compos * of
solid sheets of cells with abuidant counophilic
uoplasm, which may look remaskably Beiga,
The mived type comprives all of the charewer-
ey previossiv described, Sane Selieve g all
wmnets would turn out 1o be of the mied var
ety if o osufficicnt number of secrion, wore ke
en {oageydes Bopobtal A surpa
wieen anon Gnting s dhe posence of oualy ane
wwmer elemeant in the etastazas (10).

Although

azoand it

o

ferenigi vodies  are usually
foud B dhie Tungs T cases of asbestns.assouate:d

1esaticlicnae

iy

(Houditiane, 3, po 65 1t 48
vl faud parenchiymal hurods (L, as
hestasis) ol i degree wheir the tumor arisey
ur the pleuras on the oeler hand, in peritoneai
tneots, pabmonay Ghirosis ey he 2 ponninens
beatee, giving rise to the hypothiesis ot chitvae-
vt the thoacie dyephadic deddnege aad
rerogrnde Fanphatic spread of the 2abestos fiber
o the ehdomind lymphatic syswea, Pecivoneal
tkets, rpresenting perhips 10 per cont of ca-
ey, appear 0 oocenr e reguently in seme
sries (30) than i othiers 21y, and one sudy
sty aosex ditlorence dr the prepoaderent e

st s, porionsal eenses bhelng mone free

spent in worans (50 hlowee, toneat 1u.
miors predv s duate dansowe Lilmaty sories el
\.nn. 7. I '.’“‘.’;

Eprderriolo iy dsociatiar wah dbestos
Expenure

Despite their being rave tamers, estimated
have anincidence of the onder of | per Lted.om
per avnum in the general population, - the 25
ciation of mevathetioma vith ashestos expo-
sure has been comsistent inoall pares ol the
world (rzble S Although all comemerdial Ahers
varept anthoplinllite (77). bue iucluding tale,
bave been implicated, there are immportane he.
tween-fiher dilterences i meeothelioma rivy, Le-
i greatest with credidotite, loys with amaice,
aml apparently even less with chrysouile. With
amnsite and cluysotile, there appoars o be a
higher risk in manufaceuring than in mising ad
milling. Theose were the conclasion, reached by
the Advisary Cotamittee on Ashesios Caneers «t
the Tyon mectig (7. p 311 and are bascl
on publisteal spidemologic studics, inchiding
piospective and weerospective mortaliey studies.
In addition, mesodhiclioma rates e, i gens
cral, 1o he incremed in cities that have ship
buikling or shiyp eepair industries (2u2). and in
sne working populations may approsch 10
per cent, particularly if exposed to crocidolite

i

(Newhouse, Mo Lz Pensotal eommunicacinm, Ua-
like brondhial cureer, smaking dues not play
@ovaergistic 1ole i the descelopment of ane-o-
thelionas,

The most divoncenting aspect of the rel Jose

siip between smabiguant mesciielioan 0 .

ooty exposaire 1s its dacumenc d s oo
wiliapparentdy fow fesel. ot exposure, o rebae
rveby biiel poinnds dnorle penote fron

desghbarhiond o donnestic seutess deserihed (27,
o) The concronest dovanented nei b
bood exposiire s tiac of Ciitdien plasing in e
sreets within one-hadf mile ot 4 fautory or
mine. wsuadly for several vearstin enrly ¢ld-
i, aithougly one cnnet asadly he certain
that they did nod also play i the wass andor
P eaevevaag I{.,- Y vyviepd, Y ot Ny e
bt fangngs, NSV, DT AD0U Ll sl
el 3
seent certain oy have lieen ics,

thon ot to
whiclt workers themselves were exposed, imply.
ing lack o dine relatonship C.\L;)ﬁ‘sll'i(’. On
the other baud. in cerin other oceupational
sreupss vach as e wodkers in tie London as.
Lastas textile lattory stacdied by Newhonse and
avaciates (3002 dose eltect o risk cae by dise
covied, Fovebermare, when dose 65 atasan: | hy
tariber ot ac s Toddies and e fibaes G e

ity foael o
in the woaceral populitien,

olgic muatert.. [IR7, 88,107,
b frigher tho
Gzt ot S usinadly sdan in reiation to

paitaniey frioosie

3 1) .
Pating

Anind experiments ndicats tiat, when given
intvapdentally, all upes of wl-ostos fibier, as well
as crrtain rvpes of glos Gher, ae capable of
peoducing naliznant mewchelivl tamore and
rivh dppears to e with tlose {(Wagaer, 7,
po 485, Tabnlerion experiments. on the other
daml, tead o predduce cancens. TThis has el 1o
tire by poddiesin Giat all tvpes of Aber, guce derr
wach the plecsa. exetdise “hiotgic activity.”

ere by some evidencg, hewever, that this aee
tvay iy size degwadeni obers Lo dian 20 pm
in diameter or barwean 10 aed 8 amoin g
heing partcsbaly citedtive ae induny mesutdi-
lial growdhs (Stantoa, 7. p. 2804 For shase rea

s, opinion iy oawsing avay fiom the siew

it the gradient of biologic activity showi o
pust, ac doast wish regard o rish of devel ang
mosodfielial wuioss, iy due to chemical At
enves between bliers, and roward the view that
it is due to physical diilerences Letween fibers,
Thus. it is believed tha the determinanes of
puthogenicity of 2 fiber we the degres to whidh
it penetrates and sewdes i desp luug spaces, and
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theis, faoturn, i mmmlicd lu,' i
propevties (VimineD, 7, p. 0

In addition, tt must be [vm.'cd ot et o
znant mesathelionia is not ungaedy asaiciat o
with shestos exposare, and aosne:l maabiee f
oy wiidenn st sty i

corody itan

TR I H ENC R TR
this proportien is eseally seall, b s ek d
o.cr SO per et (197) Mesorkelial tuniors i
ing n the pericadiom have nos bevn linked w
a-bostos. '
el g
vuma watle astiosias exprsvte in
sy of i tsnor s e troen
Presumabiy, it i ondy e
using

Pespite the tow accepiad wad
finnant mesothie!
soan,
clear.
i,

the path

santained 1
{nr
LK Lactors in evperad popitations, that e une
Jerstaneding il

il medels,

anad fonig

It

crenundly be
meechanims unlodying io dovelspment.

L
lu\'
v oelaridaien of the relarao-
ship of this tuimar 0 exjposure o be
mrportani arca or future ros oo h,

rendied ol

doed senne bl

HITERH

aid the ) Koy
o undueritanding the mechnian beowhich o
posute o ashests
(2023

prodaucs s Cfivats inoaeen

Citnienl Feate o

Pleacol tnnacs nvarialts
chest oi shauller pata, o
siowly bedom

preosent wieh Tl
of i oy s b
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howevar, e
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of pleued i
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= eviensly,

1w puumnml sequence of events
is as follows: wvouy efision, petiags developing
in avaciation with phujuss, |.cm:l»l\ cde

Jater, to reent with blood staniing, inceasing in
amouni 2 the timor develops: Unmioe el
thickening of parictd ame! viverad plewsa,
eventually leading to the lung’s Lecoining Bin
prisoncd, with retraction and immabilizeion of
the chext cagez on the affected side (117). Uhe
presenting symptom of a peritoncal wmor i
also usually duli pain, later {ollowed Ly vweiling
and sweight 1o,

The physical signs will depend on ke stayge

at which the prtient first presents: warlly, pain
precedes systeriic symptoms and the preseuce of
clear physical signy by werks o1 ravadis Apart
from the Jinical signs of the effusion andfor
plcural invirsion, duhlnng of the hitrsers is come
mon; atute arthropathy which may also be a
feature of ¢saciated asbestosin (201 has been
reported, with regression and reappearance, aft-
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report ol Lo hemia b asadiatios
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it he e
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given the abwence of a potentially curative treat-
inent, is an academic, rather than a cliniwally
welul, exercise.

Carcinoma of the Lung Associated with
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Lasis of iudividual case reports (21W), was sub-
seynently confirmed in wwo Britishi reponts, ong
by the Chief Intpector of lictorics, issted in
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::p;.r.::u! that aabhestosis way aseciaied wich a
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: 2 3
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i dust condizions, with les mortality fromasbes.
tosis oecuering after longer puriodds of exprmuie
vud, therefare, survival of workers diough tie
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tig 6. {Froee Thnheell, Vi Pliysieal factors as, ctiologic mechanison, in Bioingital Effects of
Asbrstos, LARC Sciemtific Publication No, §, laon, 1973, pooUNS; corted by prinusson of
publisher} Elctron miczographs of crodidolite {nerth westests Cape Froc e, amasite Ol ansaal,
anthoj.dlice {Fialandy, chrywatite (Canatla) at the s magoiicition (. 17000 Fraigios to nate
are () the sctilinear shape of the amphibnle s compined with the tnved and taosted noe-
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and the small ciameter (about 003 g oi the sltimate Hibrils.

to exposure should always be tiotae in ming,
and the pacient in whom disease develops after
a refatively short period (for cxameple, less than
2 yeaes) must e takea as an indicatar of un.
satisfugtory pasi and/or present workiug condi.
tions, reepairing forcefud corrective action. The
wone mritade should be taken toward the per.
sott s whota fibgasis is believed to be present in
ite carly stages or development, cither on clini.
wl, ndiologic, or functional evidence. Any
cluint that this is pot so because the “environ.
metial levels™ to which the person was exposed
were “sale™ is incurrect; levels were clearly not

ade” for the particular persan concerned,
cither because of greaterthun-suspected dove, or
reaterthan-averie susceptibility,

It must be emphasiazd that the dintcinn’s job
is ot only to tecognize the tise of ashestowre-
Leteed clisease, but abw 1o see that it is lonte
to the atention of the appropricie excuative
autlioity (in mauny areas, the Workmen's Come
pemation Coannittee, which infonns the com.
pasty  concerned). “This  tecognition and  re-
ferral has social impiications at 2 levels. For the
person, the implicatioa is appropriate compere
sation, society’s fumbling best to make up for his
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AMr. R, H. Mereness, Executive Director
Aszbestos Difarmition Asscciation

35 X Street ITW - Suite 402
Wazhington, D.C., 20006
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(vrith zuswers to be supplicd later) to ’:- :..-\.14.1 tIna brochure on
Ashestos Health Fifects {or distribuiicn to the ganeral pubiic.

- Arc there c.::fe_ zat types o asbes:
What makes asbestos go difficult to replags?
Does ashestos fibar preasent an occuzrational health hazzrd’

+

What influences the eyian: to which 2:h2s5¢3 is an
occupational health nrohlem?

5 asbestos a mizjor air pcllatant?

Do brake linings emit ashestos into the alz?

Dazs acbestos present 2 risk to the general public?

Could the usz of asbestos preoduets »y tha yereral public
c

Cnce asbestos entars the lung, does all of it remain thers
forever? '
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Can asbestos b2 safely vied in tha wovis;

What about substitutes for aszheztos?

What is beinz done about the problem?

How ¢z we summarize the facts at present?
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is presianend 10 he the dust browght home in i
workei's overalls (1), 31), Lanew e, e avwng,
tient Detweett cesudence uear i mine, mitl, o
and the occurrence of
L bt Hpght the tuportance of neighbothoo

HENITTRN tesothetiom
o cenes (STY Sudh nogldaclienl (sposare -
abo - osuad toacuouut for eccuiience of ploev
bl poaques and o caldification in residents o
te wining area of Finkosl  (32). Vleuret
i atgaes have also been deseribed in ageh s dtnad
propaibations  (33-35% in sowme iastances. they
Bave been attributed o the wartling of soil that
wintains ashestos fibers, e, in Bulgaria (33,
LI

The swprisingly high prevalence of asbastos
palies (as evidencee at esposure) i routine au-
opies indictes au enviromsuental  exposute
Lt the resirlenta of moat of the Lager cities of
the world; howeser, the amounts in the generad
atinphiere are saadl (55, and 1hese utopsy hinel
Wiy shoudd peobably be l'c:.;'.u(lt'd nare s an
uniex of expuosare rather than of discise potens
tah e Advisory Conmmitter seport that {oi-
weneed the Lyon Conterence (73 cavcluded dhag
“ihere s at present no evidence of hung damage
v invhiestos s the geneal public,” and “the

4 i tie lungs of members ~f

stait umw_«_&l e
; Xposed.”
ition has jecently heen diregted
traanl e widespread occunience ol ashestos
Givets tn certain natural water ouices (3740,
An cvent that broughie this to the notice of the
gencial public was the dischaige of mine tail-
wgs containing fiber into Lake Supuior, a source
of diinking water to many citics i the cencer
uf the North American comtivent (33, It is
mow alse reeognived that fibers b ocuur in
vy pataral waters, particadacly in mining 2.
wons; however, the Advivory Cumuitice repot
vnomating Lo the Lyon  Coufurence  (7)
jadped there 0 be no evidence at preseae of
"ann inereased canuer visk resulting from asbestos
hhers present in warer, heverages oc fowd ot in
the Huids used {oe the administration of druygs
‘Tire question must, however, remain wder clve
wiutiny.

Frrally, afi

The Fate und Biclegic EHects of Inhalad
Asdosios Particles

De position in the Luns
Wheiher or not inhaled ashestos fibers will be
degmcited in the lung depends on the acrady.
namic behavior of the particles, thie dimensions

1 LEISE DINE ANy

[N

of the . \pir.uun traet they enter, e thie pat-
tern wb beeagds

ga that catrey i paridies, e
aevmbynanic bhelimaog s paraddes iy g fancton
nuindy of diancter, hut alsa ot size, shape, 1l
densiry, THhe vanviog claractensies o conters
cladly usad asihic wos Rbery mihe it olivions thas
the envirantnety o wineh ashenions wyrkers are
exposad wall congain pairicies having graat
varistion in see and compusition. These include
fihers (w-callest b thetr lengeh iy 3¢ feast 3 dmes
iciv disineen, which wmav be long (as long as
<) aend or shuae In addition, a woiking cne
vivonment i iikely to include a range of smaller
particles and, or hlers relened trom the breaks
dowa and disruption of the primacy fiver, 2y
well as those due 1 any aiiier nogasbesios par-
ticles adided by the ming or industrial pro-
cess,

[nhiated wsieseos panticies foiiow the moving
airsiieans with cadds ispiration, and, once they
make contact witl any pars af the surlacs of the
SIWAYY OF Jilspaces, 210 1k resuspemia sl fa the
expiratory aitsaeamy (1, 12 Depositivi of the
Farger tnbaied puivicdes (move than 5 um i die
ameter) occurs natuly in e nose (wswning
nene hreathing, and major aitways, owing
inertial fmpaciicn .ind sedimentauion, Decause
of “'"‘f...ﬁ.".&“ LB YERHAT A dCI)C.)\iliﬂll of the saall-
er particies (less 1haa Ean in dianweter) oo
maindy i the nu- peripherad aivways and i
spaces. This depestnn protde is sununavized ju
figuve 3.

Deposition patterns tan be prafoandly medi
fied Iy breadiing pacceiuss wose Drendeing causes
a high sotention e, esen of smail Gikss,
within the now (11, 42 However, under work.
ine coaditions, echalieg Bear aumd exertionad
stresy, mosk vworkers seveat 0 mouth Leeathang,
Deepuwer, dawer tespitations {wwne o mote aven
distriburion of inspeed aiv, and, tis, 2 more
even disceibatian of inlalal particies. Lung
volume ey intluences distvibution and, posis
Liv, tetenrivn patteros, partiailardy i beeathing
aceury e less gy e ool tanctioanal resid-
nal capaciey (PR iu the monge of airwan clo-
sure (13, p. 993 Likewise, there iy wae evidence
that the swate of the aitwins i smokews is sudh
that fubaled paotiches will penctrate lew deeply
into the brondial tiee and thus wead to be de
posiiad more ceateally Guan i nonsawokers
(1.

Pulmonary Clearasce

Cleciance of partichn deposited au i mwe
wous blanket is brisk, with half-times of nsinutes
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T copiright 1573 Amencan
Mediaal  Awvocrson Avieenl deprsivion o
prrafory et ThRe petecsoage aetesol deprssiid g
catndiied Bora e avswmpiens an the suakd n

foreed to gbone for 1 tilal sobizme of 1090 mi and o
frogueney of 13 heeaths per i e proble of depes
sttt of an 2viosat e indinencod by s effectng
avienbynamie bolasvim that (ance the distidanitice:s
mass for many cewosds s leznormal) ey be Je
sctibiedd by the neas oo diasncter of tu e
and iy genmcetiic stamlard aoviatian to chas oo
fror Grnt acresnd eresta] s rebsted dnecrly e 2t

s i e for, wine e Le the 2 Bipes 1

1 el fnter g0

todicaze the oail

CERSPA L | ST A TRNTIRE N

s e per cent depanition hal
would resnie o the goomcine samdard dosaation of
thee gase meding daamoter saried ftom V2 0 45
NP o= adsephaciageal saerface: TR = eiliand 1o,
cheobwonchud satace; 80 = nonciliated pubinen.as
s tace,

o hours, Muces and ¢y fiom nonciliares! s
ways bt ingested particles from the mueor
WYY 210 ¢

aedd 1o the phuevess the mucet
ttapped fr the nose i< alsa cieared w the piar.ax,
Here, putmonary and pasal dednis min vah
saliva and are swallowed or expectorated /12,
This phase of rlearanice Jacs not apperr 0 by
aftected by the presence of ashestos lung discuse
(19 and, wder certain circumsaances, the ¢f-
fects of wnoking in preduciug brouchids ais
even e el this plise of dlearaiee (i, 17,
Patticies depanited in the noncdiaeed regions
iy be clevoad aclstivels tapidiv il tey ome
on the surfuce (with a Lalfdme of 21 o,
but aace thes peactrate fsed tisues, cleareng
is sloved, widy haiftimes rangiog from davs o
thomsandy of dayy (1T [t bas abo heea suge
gested that macrophages decrease the Likelihond
of fibers penetrating the abveolar walls (42

y it
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prrocent afective tor mose depovied parsi: o
i18).

Pesciratinng, £t ntion, Dty Dudtion, aned
Mobtizaling of Unonaied  Lhestas Patieien
watnist the funy

The use of clecrron micvowopy has reveatel
the presence of niny, muans sabinicrowopic, un-
cvaaterd ashestos fibers aund bl i the baig

SULLLINCU OF g et wather, far e 10

Wan OV Ehiehr tl Whei T gt HESTAIENE
ton was evetiead by light microscam e
GiO=31 B b e s avadent gt title pow
portion o vuconted o woated fbens (e, theee
thiat fovse the core o anashwestas hody iy vers
farge, of dee apaer of 75 o cent (i, an Wb

vattion hat sazests vers hisu peaeitaiion

H
rercation saie bor the subeictosove varii- Lo
tleased futae o\l cnvitontet o
nativeive thes il Bhes and 0or pead .
might tepee e breshdonn’ paeedees
WAL WeTE . L et Lhes bl b

sated e aden L s o the ey

vewan £ar aad i o o e cnnen

hostos Bl surataed e thee T s the i
vttesteral ity ey (rome fuags ae

tapsy. comoaned to that ot odier pacuinwanis.
sivpialueing dasss {Nagebwhuaidn, 3, (o 6%
Foe diheally i perovony applies muae 10
whrysatihe tat g vehat Thers, prestinabiv e
caine at s sroorer sedadaiten cergsesisom,
particadar, remds o be Joachod ot and, beeee,
iy tembengy o broad dosn diemiadly el
phivsicall aiier prot aiied seaddence (Ol
Wit the (g, slrne sppeus o e s e
deney for Ghers o gecumulae in the peiiph
cral regions of the bower sones s imdieaied i
e cariv apoeirange of fihronic ceastivns in
these areas  Fls B0ghaion Sas T atrnihae et
e posstiane arted mraviey cifects (Thomson,

[eE
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the T T vppean oy $9 Dt

ey arg, patticabasiy Of they ace inzaceiia

sone dlearines ooy owiar via g e

to hilar aud awadiaodonad nedes. where ¢
amd uncoated ordcio e seen (Hourhose
5, pe 017) adibongh this apperrs e be o
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RUBNTE
wa. This ditiersnee in elearanee ataon - el to
e greater eytntoxie eteet o sihice, win

i the case of pther fbrogznic dosts, s

s,
ticrelare, 1o mmaain . eneracetiia position
e, et CXbLoasy win Jtihag ihoele el ROt IS 34
o et consiient Loding 10 asseciazi s with
SO €N franti C ULt 1t Anseaiation with Hhestos
exposure (32).

Less by koow:n abowt the penetration of ine
gosted fibere tncogh the wall o the gosires
mrestinal eaez, althougle animal studizs sgaest
that this does not acare (W8), except in the Lt
ot u heavy luard dell ered directly iny the
seomach (1Y, Whae celevacee s has to uaan
diseine, vt as peritoneal mesotheliouna, ve-
it o Lo determined.

Onee it has pencrrated the lung, he dus
appears togennein fised, buat e be temnaindioal,
ves or sl the
sperative el pethaps being epraodss of
putmoonay edepte andfor indcction (43). 1t s

.:ilE'-lr(‘lllg\ even e ¢hisg nuid

betiened Sl socl remobitizaciens o st my
resalt in ity enaetion, 2 pheuomenon that
wight eaphein tie tare evend ol appuetene e
giv~ion o adiotogic (huauges in the worker
renned Doy expesure (Mansfieda, Yo Unpais-
Lsbind datar Meornively, ie may beeon.s re-

-

wouewertl ad contribute ol entession of

divtecin the fuce of no fucthe

Despite the fiee (e piearii teactens (ol
sion, fibrosis, and ur adeificasion zad - nooe
piasm} ate common tanitesiations of asieatos
enpostte, there s littde disect vvidence us o
v the aibestos gains aceess wo the pleure, whicl
prevumably mus hapoen o explain the plewrsl
reactions. Sshestos brdies are ravzly seen in ihe
visceral plearicund Lave never been repered dit
plagires docutad in the parietal pletr of ex-
provedd pervens, evern though they may be rendliy
tound i the interstitial tissee of the same lunyg
t33). By contrak, ashestos {ragments ltuve been
found  in mesotheliomas oven  withont  evi-
dence of ashestosis or coated fibers in the luny
(Hoecghane, 3, p. 647). This has led to the
wrggestion that Ghers that hevowe contetd in the
lumg are levs mobile amd less suscepuble to
hooplvatic cierrange thon wgeoaed fibers Thas,
clestron meroscopic stcdies miae veveal nnny
fote veoated fhers o the plevss thus andde

jrosire.

poted Do the scardity of coared abiens, Aleers
atively, any fhers that ne deared o sabplenrad
hanpluaties  may  undergo  disioution  more
readily hiere thun elwwhere in the lutg la any
eveng, inflonuacion et would shied light on this
prradox might weil lead to improved under-

statnding of the lacons widuei g e paidisnen-

sy G rsesathe e,

Cousted S viond i, cooaeving fladiey,

Lire gonveetl i vy ot wos e iz canty
i the Pk, Leaise al i dasrnaetistiv ap-
pearance under Ligho micoscopy $33). s wu-
atly a rodaliaped stracture with clubbed ends,
olienr bewded adong by Jength, 8 yellow
rown in color, ranges in e frow 10 1o
S ki ddGaies s 10 6 s, and
s @ centials pader core. The cotting. camiing
ot lermitin greacies and an ammphous mae
terial, protabiy pretein, varies in thickness {rom
very ihin to 5 .m (35-57),

O tle basis ol animad studdies, coating i now
veliveed o be an dntraceiinior process i al-

lows the engidung of patides by suaoph,

i whiedt they wdhere (). Mverai o

.“
) i i
way fuse 1o enguif farer ithers 1015 whijie the
Wbers arz surrounded Ly partisily fused .
Guphages thag oating begins (33 The fQher
then hewomes wocpurated e intreyio.
plsttic vacantes, and the fint cotting usterial
appeiy o Le some Loy ot 2cid rmucopolysace

Caride (8L Toon g the fonn of hemaowderia

then sccomadan s L the ¢y teopalasa of the neee

.

froen n..v

ot s e

Godngorpuraed 5 the phagoseniay, aud el

wowoneomirarr cooutnd the ithert evengoail,
v s centing of greund adience (30 Ieis
of interess that the paoeesy appeiss o be g
gressive one, with she oning incressing with
e and  uncoattd  hbers beconning  ¢oated
onths or years alrer instilladon (36) hew.

eser, hetause ter prapattion of  Gwoad o
coterd fibess in human lungs appe
ool wish uwie (% 560, these

£y 0 romeii
raust adw he
4 pariiled proces of aging and disoludon ol
thie coate:! Oher, Phete ivsame evidence thae the
coating of 3 Bher verieiy it noasihrogenic, Why
s particles beconie coated and others do
a0t is nut understoud: howeser. size wmay be
impernant, with she tvpical asbestos Sudy devel.

oping oniv onn large puticles (givaer tian 3
<t that eannae by qompleteiv enguifd in ane
maciophiage (587

It st abo be cmnliedand toie e ald coaed
hihers seen i the leng funve an ashusias wore,
atnd iz pracess o€ covsing s agags conaly used vy
the lanyg in response to o variety ol oiser fbers
cncoungered in thie envioament. These indude
wlass and ottan libess, distomacenus earzly, ale,
graphite, amd (nhonmdam pereicdes (1 335

ey, possibis derived {rum
» P .
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shown thot wilazioall fher types may becae
conteed bt o Do uory animal (30, 0 tan
Ui e amplill iy Bher ting s found mere fre.
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