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I.\' at least one fourth of the adults who die

in urban aress in the United States and-

other industrialized countries asbestos bories
are found in the jungs [7/=6). This observation
nas led (o the recognition of ashesto-reiated
disease as 2 potential serious nodern urban haze
i [7-5).

[adeed, Thomson [J] has predicted that
abuntorinduced neoplasms wiil rival cigarette.
induced Jung cancer in the next teveral decades.
This prediction is dawd upon fve oinerations
:nd one assumpuoen. The known data indyv be
sammarized as folows: (1) Asbestos inhaled
wnder industrial conditions will praduce 3 <erious
 acumoccmcsis  (puimonary  acbestosis) [70)
~=n with relativery light eapowre {77] (2)
wnder siznilar conditiuns of heavy [77] or light
3] industrial saposure, workmen die of neo-
ti3uny more fiequendy than enpected. (3)
Widespread cor:amination of the enviroament
4 15] may oczur beth from industnal sources
fsuch a3 asbestoscontaining dusts from cone.
1eucticn sites) and from disintegration or use of
3zesios product {such as asbesros-containing
Twor tiles and brake linings [76). (4) Such
iavironmental ecoatzmination may result in
ridespread inhalation and reiention of small
rimbers of the minerzl fhery {7=6). (3) Under
‘iradin conditiens (for exarnple. residence within

allemiie of 20 zsbestas factory or in the house.
“id of an ashestos worker) euvironmental
"Posure Ras been shewn 10 produce semous
233z (17=-20]. The preciction that widespread
wertos rentamination of citv air will be acoeis

d with widespread neoplama, however, is
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still an assumption, an extrapolation from the
observed data since we do not know at this time
whether or not the small amounts inhaled as the
result of asbestos air pollution have an effest
comparable to the riuch larger atnounts inhaled
in industrial or intimate environmental cir.
cumn<tances. The question will not be resclved for
same tinwe because of the long latent period
bLemween initial contact and the appearance of
clinical disease. Although there are variations
based upon individual idiosyncrasy, intimacy,
durauon and continuity of exposure, and per-
haps also upon such factors as the varieny of
atbestos used (chrveoule, amasite, crocidolite,
anmthophylite, tremoiite) and the presence of
other saucumitant dusts, by and large it may be
sascd that disease camned by asbesios is rarely
maniiested in less than 1en 10 twenty ) cars (rom
onsct of exposure.

PULMONARY ASBLSTOSIS

The case report which gave the discase its
name [27) was of a woman asbestos textile
operator who had bzgun this werk twenty vears
before. Alerted by this and similar cases, 2
survey of British factories was undertalen;
evidence of asbestesis was found to be common,
hut only in these whose aceupational exposure
to asbestos had hegun many 1ears before (70}
Similar experiences were toon recorced in the
Uaited Staies [22]. The éounterpart nf acute sili-
cosit was almost nsver observed, except perhaps
under the mast unusual circumezancus |23]

This situation sull obsains. In a recent study
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of over 1.100 asbrestus insulation wurkers, chest
roentgenvzrams discloied abnormalities in only
10 per cenc of these whese expusure te abestus
begau less than ten years before and in omiy
13 pur cent of thuse who had heen first cxposcd
to mbestos {rom ten to nineteen years befure.
Moreover, these abunormalities (rounteenoc.
logically evident parenchymal fibrusis and/or
pleural Abrosis and caicification) tended o be
minimal in extent. On the vther haud, in those
with onset ol expusure 10 asbesios {rom (wenty
to twentvenine years before, chest roentyenos
grams shuwed abmarmalities in 72 per cant of the
older workimen and in over 90 per cent of those
with tnure than thirty years from onsct of exe

poutre (Table) {/7]).
The crplanation is twofuld.” Fint. ashestus

rarelv provokes an acute mflamumatory reaction
in the lung. Rather, the fbreais which resnits is
siowlv progrensive. The ashestns fibers remain
in suu where inhaled bt the tissue recpunae to
them is indolent, alleit progressive and appar-
ently irreversible. “This course of events 1 serm
hoth n hmman amd experimental dabestusis
[24-27). Sccond, asbestouc Abrosis is of the
diffuse interential variety, which mav not be
readilv_ apparent on roentgencerai it
carlier stages | 251 and sometimes not even when
extennive [29]. There is a tendency, therefory,
to underestimate the presence and extemt af
clinical disease.

Puimonary asbestusis has beenn apuly char.
acterized as 3 inonosy mptornatic disease. with
dyspnea its eardinal clinical fnding. Yt this
feature, and the physiolegic and morpholoyic
chanyes responsible fur it, are not early findings.
{n the ashestosis fovind among insnlaton workers
in the United States, dyspnea was present in
only 1 per cent of those with less than ten years
of work e\perience, and was inumal in each

H

b

i )‘)\‘/J [

cne [77). Even in thox with tey 9 ai =
years from onset of expoauie, Carpaint
dyspnies were recorded only in tweary-eizht o)
379 men exaanined and these seere minanii
in ail but oue instance. In cuntrast, of 12} wen
with woee than foety vears frau vt of exzo.
sure almost hall had dyspnea. wore olien than
net muderale or severe in dezree. Finger clyo-
bing, c)annm and extensive fine basal rales ai!
tendl to deveiop only after 3 lung tune fiow ths
onset of indisirial asbesius exposire.

The pulmonary pinsiciogical dofeet m 25
hestusis is asociated with the pattern characier
istic of the abveolae-capillary block 3:ndrony
[#i]. swith redneed vital eapacit, faicly wei
preseesed nasinnan breathing eapagity, hnper
sentilation at rest and parucul.\rl,\ on exurgiy
teereasd difusing capacuty of the lung, un
paired axygenativn of the arerial blood am
recineed puluwn-u\' comphnnc: None of ta
paraineters showa significant chanwe earh arth
cutirse of the disease, not even vial Sspac
which has been demonsteatert 10 Le perhep
the wion sersitive index of peexreswon vl o
diyease [37,32). .

{1 most inatanges, therefore, the term ¢
ashestosg™ 8 of nncert2ing aneanng. o
intenged to destiyndte clinical 2svotoss o
miniinagl gr limited extent aad severity, eot
siclerable time will have elapred, pernaps on
ur twu ueeades before mzuidfestations has
hegome evident. [n 3 lemsr period from onr
of expusure it is lixely that few or no chary
indicative of climical disease will be prees
even though histologic changsa will be griet
under way (J3]. ce

LUNG CANGLR

In 1935 Lvneh [3<] reported 2 case of s
cancer 1n 3 MAN with asbestGis. The dseaiaii
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deaths from 1958 to 1964 onlv eieven were due
to pulmonary insufficiency. Death irom pul-
monary bestasis occurred at an average of
25.7 years {rom onset of exposure whereas the
latent period between onset of exposure and
death from lung cancer was 30.7 years. With
improsement in industrial conditions, and less
exposure to asbestos, Dresden asbesios worken
survived long enough to resch the period in
whichlung csacer occurred!

MESQTHELIOM S

Scattered reports of neoplasms of the meso-
thelial surfaces of the pleural and peritoneal
cavities inl 2:3013tion with asbestesis have been
available lor over thirty vears. Weiss [32]
suggested sn etiologic relationship in 1933
but such propusals faced the difficuley of in-
frequency of reported cases and the absence
of population and epidemiologic studies. The
possibility of 3 causal relationship was greatly
strengthened by the report of \Wagner and
asseciates in 1900 [L3] of thirty-three cases of
diffuse pleural mesothelioma in South Africa,
thirty-two ol the thirzysthyee patients having
had st least suggestive evidence of potential
exposure to ashestos. Qther large collections o'{
cases of mesothelioma of the pleura or perie
toneum asociated with exposure to asbestot have
appeared, inciuding these of MeCiughey, \WWade
and Elines [44], Owen [d5], Hourinane [J6],
Churg, Rosen and Moalten [47], Wehster [48),
Eatickzap and Smither [49]. This tuinor now
follows luny cancer as an important cause of
death ainong  asbesios workers. In Afty-six
conscCutive autopsies of workers in one asbestos
factory, ninetgen cases of peritoncal meso-
thelioma were found [49). In a series of 323
consecutive ceatns (1943 to 1766) mong 33
bestos insulation workers, seventeen were due
to mesothelioma of ‘the pleura or peritoneum
{50}, an extraordinarily high ineidence (ap-
prosirnately 3 per cent) for a tuinur otherwise
so rare; the prevalence in the general populuio_n
at this *'me has been calculated to be approxis
mately | in 10,000 deaths {32). The assuciation of
mesothelioma with exposure to wbastos is %0
striking as to suggest thac & history of cxpasure
to asbestos be sought whenever the hiswologic
diagnosis of mesothelioma is made.

Once again, there is a striking latency. As
with lung cancer, it is unusual to fAind meso-
thelioima awocisted with ashestor in less than
twenty »ears {roin onsct of exposure; ge=nerally,

Editcrial

the lacent period is over thirty yeass. Also as
with lune cances, there i no rezular correiation
berween e severitv of asbestosis and the oecur-
rence of mesothelioma, and many instaness
occur in subjec:s in whom there is little or no
roentgenociogic evidence of asbestasis. The Dres-
den experience may be recalled in this connec.
tion, too. During the pericd when early death
from cor pulmbaale was common no meso.
theliomas were scen. but in the later period,
when severe asbestesis was no longer as com.
mon, 9.4 per ceat of all thoracic tumers were
primary in the pleura. The latent pericd from
onset of exposure in these cases averages 51.8

" years. .

OTHER NEOPLASMS
The reoplastic potential of asbesten sy not
be limited to the lung and mesothelial surfsces.
Other tumors may be related to asbestos ex-
posure, aithough the evidence for this is net as
well defined at this time [38,57). Cancers of the
stomach and colon seem to be significandy in-
creased among asbestos workers. In two swudies
in which the initial exposure to asbestos could
be dated, the cancers of the stomach and colon
eccurred after the same long latent period char.
acteristic of lung cancer and mesothelioma
{s7,52].
PLEURAL CALGIFICATION
Scattered instances of calcificztion of the
pleura, chiefly of the parietal pleurs. were re-
ported in the 1930's bag their [requeney and
importiance as a roentgenologic sign of asbesics
exposire were not appreciated until the report
by Jaceb and Bohlig {53] in 1955 who fourd
such calcification in approximately 5 per cen
of 343 Dresden asbestos workers. The signifis
cance of this characteristic x.ray finding was
emphasized by Riviluote's report in 1960 [14).
Recent studies have not oaly confirmed the
frequency of pleural calcification among work-
men exposed to asbestos but have alse cemon-
strated that this inding too is strongly dependesnt
upon a long latent period from onset of ex-
posure. As can be seen in Table 11, roentgese-
logicaily appareat pleursl eaieificaiion is =
within twenty years [rom onset of exposure, 9_“-13'
fve instances having been found among 735
asbestos insulation workerss in this cstegon
Once the twency year point is passed, howeye
visible pleural calcification becomes much mer
common and is furnd in mere than haf <2
men in whom more than forry years Rve
AMERICAN JOURNAL or'u;o'r:x?l
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tlapsed since the onset of exposure 3} These This analvsis explains the reluctance of many ;
data should be interpreted in the light of knowl- phiysicians to edvise ashestos workers with many
edge that picural caicification of limited extent years of experience but in good hesith to leave
and ragiodensitv is usually not visibic in the  their employment, since their uhimaic faie .
r.ray filin (5] Ivis lihely that parietal pleural may be determined not by their current exposure
chanees with hvaline and sumetimes calcified  but by their exposure many jcarns before. The !
plagues will occur in all ashestes workars, if they  samc tituation holds in snany cases of minimal |
live long enough. silicosis or respiratory disease aswociated with .
coal mining. !
PROGRLSSION OF ASBLITOS DISTASL . '
WITHOLT CONTINUED EXPOSURE EXFERIMENTAL STUDIES ]
Rnowledze coneerning the latent period of Reference has alrcady heen niade o the
asbesios-reiated disease has been derived prie  slowly progressive fibrosis in  experimental N
mariy from observations of indusirially exposed asbestosis. counterpart of the latency in the L.
N\ sopulstion groups, although cpidemiclegie  humian disease. Similar findings are observed *
sudies of random instances of such discxse, in experimentai studies of neoplasia associared !
apecially mesotheliomas, have givew similar  with asbenior \Wagner [56] produced iieso- ¢
reruit [29,43]. These and other epidemiologie  theliomas in rats by a single intrapieural in- !
rudies have demonstrated that asheuos-related  jection of several varieties of asbestes but these . : #
diszcase may occur without continued vaposure twinors did not appear for fifieen 10 twentyvethres :
{rom indusimal sources. The explananion for this months, a considerable portion of the life span
?ru-qmabh- is as follows: The asbesios fibers of the animal. Smith produced pleural meso- . .
inkaied initially largely remain in pisce, ale  theliomas with asbestes in the hamster bug, : s
though scme may be removed in the bronchial  again, these did not appear until 244 days after I
weeretions for many decades after cessation of injection [57]. Pleyral discase has alsc been . i
- evpasure and others may gradually be dissaived  found in hamusters following the intratracheal :
iz body fAuids [£5]; thus last posmbility has not instillation of asbestos but the same requirement
Leen cefinitively established. As a result, Tissue of 2 iong latent period has been observed {58} H .
raction 10 the retained fibers goes on, even in ! '
the atszace of inhalation of additiona} amoums. DISCNOSIE OF ASBLITOS DISEASE .
Thus a workman who has been continually It is elear that a paincaking occupational
expesed to asbestos for, et us say, twenry-five history is ewsential in those clinical circumstances :
Yean caries within him 8 composite biological  in which the possibiliny of asbestos.related dis-
fect. The initial burden of inbaled fibers s ease is being considered in differential diagnesis.
tuociated with 2 twentyofive vear eJect, these  This is particularly true in instauces of (1) '
inbaled twenry vears Lefore 3re experiencing 3 interstitial pulmonary fibrosis of undetermined .
Pwenty.vear effect and «w on, the fibers but  origin. (2) pleural calcification (either unilateral -
;zealy inhaied adding the effect astnciated  or hilateral), (3) pleural or peritoneal mesc. e
with newly depesited material. The ciinical  thelioma. (2) alveslar-cupillary binck ssndroms :‘I.'-‘
BiASL 13 the summation of all these effecw. {even in the absence of raciwlogically evident E,"‘
YoL. 42, arair 1967 DUP 0530308 i
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Fic. 2. Patient R. K. Serial roentgenograns of the ches tsken between 1931 3ad 1964, Progrenive Sbronis is
evident, 1t promunentiv 3t the baser. Pleural caicificuiiom are prevent (D), This man worked a3 an 2abmus
weaver in 3 brake linuing factory for oniv four mwnths ia 1933, with ne subsequent evposure 1o Atbeios. Nowe

that the fibrosi first Became evident on toentgrnoerams in 1953,

interstitial Kbrosis), (8) luny cancer and (6)
N fibrotic picural plaques (unilaterai or bilateral).
In such cases the recent octupational history i
of less interest than the work the patient did
twenty, thirty or mere years before (Fig. 2).
The exposure may have been brief~—a matter of
a2 few months or less~and the oceupation not
necenarily one ordinarily thought of as related
to asbestes. Of the individuals industrialiy
exposed only a minoriry are asbestos textile and
asbestos products worlers. There are, for ex-
ample, more asbestos insulation workers than
asbestos weavers. Over 3.000 uses for ashesios
are currently hnown [$9], ranging from Sliers
used in che manufacrure of beer to repair
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coinents for hoine fursaces. from re.entry nose
cones for onr space vehisies to certain valve
packings and welding electrodes. The construc-
tion industry uses 3 great many materiais con-
taining asbestos; for example, a carpenter may
repeatedly saw asbestos building besrd,’ 2
plumber and steamfitter irequenty uses asdesics
rovings for joints., an elecwician is no swasger
to asbestos-cos ered wire 3nd cable. In the ship-
building industsy, asbestos finds many v
and, Beczuse of tight quarters and close working
conditions. irdirect occumational expusure (for
example, a welder inhaiing the 2:Besios Cwit
desived from aa insulster clese by) may &
usclully eaplored in the ocemzationz n?sw-‘.r.
] xs
-
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Fic. 3. A projection of the potential incidence of neoplasia cue to asherton The curve shown .
in Figure 1 hat bren superiniprsed an isveis of e erig praniection of aAthenes sheomn in the ordi-
nate. The weoplesia assomisted with greater uullzxtion of asdemtor will nat be in e1rdence undl the
199C7s. The shaded arcas indicare the casm which have become manidest, the unthaded areas repre-

sent potential cases

Indirect occupational exposure may also be
imporuant in the building trades and in many
other as vet incompletely investigated occupae
tens. A complete list of potenual direet and
indirect occupational exposures to ashestos is
manifesdy iimpowsible liere, but perhaps enough
kas been waid 10 indicate that a bit of detective
wark guring the occupational hisiory, especially
with respect to work two, three or four decades
Yefere, may be diagnosticaily rewarding.

Although many instances have been recorded,
2113 are nat avaiiable 10 characierize completely
Le effect of cestation of exposure from external
Curees, since large groups of asbestos workers
~hose enposure has been discontinued have not
sren obwrved and compared with others with
e wine enpocure who have continued at their
~ork, Such data as arc available [5V] would
trgest that both elapred time since 853t en.
sJsure 3ng total vears of exposure are of e
~rance. There are no epidemiologie data,

. 42, aratz 1967

such as arc available for cigarette smoking [60],
which indicate that cessation of exposure is
aswociaied with a <ubsegquent decreased risk of
lung cancer. Sinoking dawa, moreover, should
not necessarily be transposed to osbertos ex-
posure, in view of the retention of inhaled
asbesios fibers which has no clear counterpart
in the cigarette problein.

Defimtive diagnesis of ashestos disease de-
pends upon the inding of ashestos, either in the
forn of asbeumtos fibers or asbesios bodies in
effected tissues. However, their discovery in
routine posunoricm srudies is sunply evidence
that az same (/e ashe<tos fibers have been inhaled,
without indicating when <uch inlkalation oc.
curred. The connotation would be different
in each caee since, as we have wen, disease
could be anticipated only a¢ 3 result of inhala.
tion that had occurred a concicerable ume
beiore. Therefore, we sjiould periraps 1ake linle
comfert fram the circumstance that, in nost
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X M ‘_\{ ) ) imstances, newther pultmonary fiincusis nor neo- €3ta arr aceumuisting to suggest an imsarran.
i piasia s ssociated with the 3abeMws currentty ce-carcinouenic efvct of e:garstte stmaciay -
:': being found postniortem. . . asbestos workers (3] pessibiv,due to 2esorstcn
iie3d It is likeiv that most asbestus nuw being dise of:arcinqg:nicsu‘numeu onto the asbestcs Ater,
.{‘.; ':: ggvcrz.d postmoriem in penwis whu have nec but POAL-lb‘Y aiso due o hixtociogie or oiher
% ‘ES besn industzially expesed has been of reeznt  changes induced in the affested luny.
42 . deposition. The bass lor thia ascriion lies in
T the economic data concerning ashestos. Until CONTLUDING RZMARKY
& It 1870 asbestos was am exotic raritv. The vnunial  Asbestos is a most valuable material, euseatia)
}‘ I qualitzes of these mineral Rbers=—Areprool, in our industria] society. We recognize and study
N . waterproof, wear- and chemicsl-esniant—were is dangm so-that we may devise means of
I .. soon found to have inpartant uxa in our rapidly . minknizing or aveiding trem. Diligent, ia.
AR expanding industrial civilization, and 3lmost  genious and often expeasive improvemeats in
fo each vear saw a rapid incice in the world in_du}!rial hygiéne pracice [64) mav help o
Co production of this mineral. Frum 30 tens per eliminate heavy or unoecessary exposure. Aware.
ci year ninety years ago, world production has  pem of the potential sisks of environment:l
L it . now feached almost 4.000,000 tons per wear, contanmination is also neceasary at this time,
. As Gilson has pointed out [6/], asbestes can  at least until the furure tells us whether Thom.
e truly be called the twentieth century mineral,  son's assumption is right or wrong. :

since its sutput has incressed over 3 thousand.
fold in siaiy vears compared with 3 mere fift fold
: for oil, 3 industry often regardux! 33 the symbol
of indusirial growth., The asbwstor brought to
the sulsce of the earth increascs vear by sear,
. and the 1613l is a cumulative onc. As has been
. aptly s3:1d {7] the fiber has “'a hali life of infinity"
. 1o that esch year's productiuvi 3dds to the
curnulative total of all that hay bren produced
belore.

The frequency, nature amd caiens of diseare
due to usbesio is 3 matter for fuouc vbservation.
A graphic picture of thiz putcntial probleta is
given in Figure 3 in which the cunve ol the [atent
pericd of cancer of the lung and pienra is super-
imposcd wpon the production iccunds of asdestus.
The nevplasms now encounterad wacisted buth
with indusiey and eaviromment are conseguent
upon inhajation uf asbestos Avuciated with the
limitee! as5estos procuction uf smw thirty vears
ago. The neoplasms sswnimied with eurrent
utilizaunn and expasire to Jabestos will not be
evident until the 1990%.

Yet 10 be resolved.aie such importamt
questions as whether gifferent kinds of fibers
exert the same biolegical efects the nanwre of
the dose-disease relationship. sources and extent
of eavirenmental contauminatiun the range
of industrial expasure (inadiquately docu-
mented at this lime), the ronyx of neogiasic
effects of 2sbestan expoeurc. standardization of
roentgefviogic and physicluyic sudies, and even
whethér asbestes bodies wav nut soinetimes be
the resuit of inhalation of minerd fibers other
than 2sdestos [62). In eur uwn laboratory,
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