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¥ at least one fourth of the adulte whe die

n urdan areas in the United States and.

other indusirialized countries asbestas boc'ies
are found in the luugs [7-4). This observation
aas led to the recognition of ashesso-related
disease a5 1 petenzal serious modern urban haze
ird [7-9).

[ndeed, Thommon {<] has predicted that
ubustes-induced neoplasms will eival eigarertte-
induced lung cancar in the next reveral decades.
This predictidn it Sared upon Sve obyrrvations
and one 1sumption. The Lnown data iray be
summasized as follaws: (1) Ashestos inhaled
woder induarial conditions will produce 3 terious
/eumocen ous  (pulmonary  atbestosis) [/0)
~en with relatively light exposure (77]. (2)
Under timilar conditiyns of heavy [77] or lighe
/3] industzial exposure, warkmen die of aeo.
slasms maie f{reguendy than esnected. (3)
‘Videsgresd car:amination of the eavironment
(14,15] mav oceur both from industgial sources
(such as asbestoscontainingodums from cone

ssuction sites) and from dij tion ar use of
uskestes products (tuch & taining
loor ciles and brake liningS {16} (¢) Such

avireamental contaminatioa may resmult ia
videspread .ahslation and reiention of simall
weaabess of the cuineral Abery [/-4]. (3) Under
criain conditions (fer example, residence within
falf-mile of 42 ashamaos (actery or in the hous.
cd of an sshemes worker) environmental
vsosure has bees shown t0 produce serious
i'ease [17=30]. The prediction that widespread
westos congamination of city air will be araci.
4 with widespresd necplasia, however, is
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still an ssmumption, an extrapolation from the

obterved daca fincs we do not know at this ime

whether ar not the smail amounts inhaled 13 the
result of ashestos sir pollution have an effect
comparabie ta the much larger amounts inhaled
in industrial or intimate envirenmental eire
cums«tances. The question will not be resolved for
some time because of the long lateae period
Letween initial cantact and the sppetrance of
clinical disease. Althaugh there are variations
bated upoen wdividual idiosyncraty, intimaey,
duration and continuity of exposure, and pere
haps alte upon such factors as the variety of
tbestos ured (clhirveote, ametite, crocidolite,
anthophylite, remolite) and the presence of
other comccmitant dustt, by and large it may be
sard that diwcase caused by asbestos is rarely
maniesied in less than ten to twenty ) cars iram
onset of exposure.

PULMONARY ARRRSTOUS

The case report which gave the discare i
name {27] was of & woman asbestos textile
operator who had begun this work twenty vears
before. Alerted by this and similar cases, 2
survey of British factories was undertaken;
evidence of abestosis was found to be common,
hut only in thos whose nccupations! expomirs
10 asbestos had begun many vears before [70].
Similar experiences were won recorded in the
United Staes (22]. The tounterpart of acute tilis
cosis was almont never observed, excent perhaps
under the most unususl circumstances |23}

This sitvation gill c;buim. In a recent study
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of aver 1,100 asbestus insulation wurkers chat
roentgenugranis disciowed abnormalities in only
10 per cent of those whose expusiire 10 asbestus
began less than ten ycars before and in oniy
14 pur cant of those who had heen et cxposed
1o asbestas from ten 0 nineteen vears befure.
Morcover, thiess abuoermalities (roentgenos
‘logically evident parenchymal Rbrusis end/or
pleural fbeosis aid calcification) tended to e
minitnal in extent. On the viher haud, ia thow
with onset ol expusure (0 asbesios from twenty
to twenty-nine vears before, chest roentgene
grams thowed ahnaenalitiesin 72 per centof the
older worhinen and in aver 90 per cent of thoss
with 1nme than thirty years {eous onset of cxe
powice (Tabiey) (/7).

The explacntion s t Fiest. Ashest
rarely provukes an scuts infl tory reacti
in the lnng. Rathee, the Abronis which resuits is
slawiv peogrestive. The achestas fibers remain
in it where inhaled but the tssue respunc t0
then is indolent, albeit pregressive and appare
ently wrreversilie. This course of events is wen
hoth in hunan aml cxperitental aabestosis
{24=27]. Sccond. asbesotic fidross is of the
diffuse intecetitial variecy, which mav not be
readily apparent on roenigenograms in it
earfier uages |23} and somatimes not even when

. extensive [2Df There is a tendency, tcrefore,
Bt uiderestitnate the piesence and extent of
. clinical disnwe.

.. Dulmonary asbestcsis has been apuly chare
sétariens as 8 »ywrp. e di with
dvipees its eardinal clinical finding. Yot this
feacure, and the physiolegis and morphologic
changes responsible for it, are not early findings
[ the asbrsosis lonnd ameng inelation workers
in the United States, dyspiea was peesent in
only 1 per cens of thoss with (s than ten yesrs
of work experience, and was minimal it each

£oled

e {I”. Even in those witn e 13 merges:
vears frotn onset of exdmuie, compidinig
dvipnea were recurded onlv in twenty-egine of
379 men exuuunicd Ay thess were miniingi
iy ail Bt ook inscance. i cuntras, of 121 awn
with nwoee than {uety vears frow vnst of exso.
sure alinust half had dvspnea. are oiten than
net inudariate or tevere in deeree. Finger clube
bing, cyanosis and extensive fine basal rales !
tend to develop only after 3 lung time ftom the
onsat of inchistrial asbestys expasiire.

The pulmonary phvuciogical defect in .
hesturig is associated with the patiern character.
irtic of the siveolar.capillarn hlock 1 ndrowne
[l veith reddueed vital eapaaty, faiely wesi
presrnal axinnan breadhing eapacity, hypors
ventdation at rest and particularly on exerene,
deereawd dif\sing c3paciey of the iung, un-
paired axysenation of the arterial blood avd
recnerd puinionary compiiance. Noue of the
paratieters show s sigmificant chauge eaiiv in the
crurse of the dbetse, not cven vital sapacuy,
which has Leen dermamtrated to be perhane
the oM seusitive index of prowreauon vl tar
diseasn {37,32].. .

[t cwng itstances, therefore, the ternt “essts
ashestuens’™ 13 of togertain wesmng. 10 3t -
intended to dusigndte chimcal 2sbeatons o
minimal o limited extent and whericy, cone
siderahie tinie will have elapwed, pernaps ane
ve Mo uecades Deioee  manfestatiung haes
beeonie evident. (n a lener period (rom onse
of exposure it is liaciy that few oc no charg”
indicative of clinical discsse will be presen.
even though hixologic changes will be grets
under way [J3]. ot

LUNG CaNCIR
In 1933 Lyneh [3<] reparted 3 case of iure
cancer in 2 nian with ssbenasis, The auaciaue”
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MESOTHEILIOMA

when severe asbestosis was na onger a1 com.
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TATS . deaths from 1958 to 1964 oniy eleven were due  the [stent period is over thirt
"_"‘f" . fo puimonary insufficieacy. Death (rom pui-  withlung cg:‘a:. there iy acl::zu{::::r;:::i:;
o monary Lbestosis occusred at an average of  between the severity of asbestesis and the occur.
HR 5.7 yeary (rom onset of exposure whereas the  rence of mesothelioma, and many inseances
BRI latent period between onset of expowure 3ad  occur in subjects in whom there 13 Little or no
' ’ x_icnh from lu_n"canec( was 30.7 years. Wich roentgencicgic evidgncs of ashestosis. The Dres.
r improvement in industrisl conditions, and less  den experience may be recailed in chus connee.
. expoture to 3sbestos, Dresden asbescos workess tion, tca. During the veriod when eariy desth
. ! survived long encugh to reach the period in  from cor pulmonale was common ne meso.
Cot which'lung cancer occurred ! theliomas were scen. But 1 the later pemed
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Scattered reports of neoplawms of the meso=
thejial surfaces of the pieural and peritoneal
cavities in a150ciation with asbestosis have been
available for over thirty veaes. \Weim [(42]
suggested an ctiologic relationship in 1953
but such peopossls {aced the difficuley of ine
frequency of reported c3ses and the absencs
of population and epidemiologic studies. The
pesmibility of a causal relationship was gready
strengchened by the repore of ‘Wagner and
associates in 1990 (43] of thirty-three cases of
diffuse pleural mesothelioma in Souch Alrica,
thirty-twa of the thirty-three patients having
had at leass suggestive evidence of potential
exposure 1o ashestos. Other large collections of
cases of mesothelioma of the pleura or perie
toneum 3uocisted with exposure to asbescos have
appearsd, including thase of McCaughey, \Vade

" and Ehnes |44}, Owen [d3], Hourinane [48),

-
-
=

“'28 rare; the prevalence in the genaral pupuiation

Churg, Resen and Moolten [47), \Webster (48],
Entckzap and Smither {49]. This tuner now
follows lung cancer as an importanc cause uf
death anong asbewos workers. In Afty-six
consecutive autopsies of workers in onc asbestos
factory, nineteen cases of peritoneal meso
thelioma were found (¢} In a serics of 328
consecutive deaths (1943 to 1766) among &s
besus insulation workers, sevenigen were due
te mesochelioms of ‘the pleura or peritoneum
{30], an extracedinarily high incidencs (ap~
proximately § per cent) for 3 tuinor othervise

" st this time has been calculated to be 3pproxis
masely 1 in 10,000 deachs {32}, The awuciation of
mesothelioms with cxposure to asbestes is 10
seriking as to suggest thae 8 histary of expasure
te asbatos be sought whenever the hiscologie

nosis of mesothelioma is made.

nce again, there i a striking lawency. As
with lung cancer, it is unususl to God mess-
thelloma associated with ashestos in lew tham
twenty years (o onsec of exposure; graerally,

.

mon, 19.4 per cent of all theracic tumoars were
primarv in the pleurz. The latent pericd frem
onset of exposure in these cises averaged 51,
years. i
OTHER NLOPLASMS

The neoplastic potential of asbestos mav aoe
be limiced to the lung and mesothelial surfaces.
Other tumars may be related to asbesios ex-
posure, although the evidencs for this is noc u
well defined a¢ this time {38,97). Cancers of e
stomach and colon seem to be sigaificandy ine
creased among asbestos workers. 1a owo studies
in which the initlal exposure to asbestos couid
be dated, the cancers of the stomach and colon
occurred after the tame long latent period chars
acteristic of lung cancer and rmesecheliona
52,52},

PLEAVRAL GALIFICATION
Scauered insances of caleifieation of e
pleura, chiefly of the parieral pieura, were re-
ported in the 1930°s hut their (requency and
importanee as & roentgenologic ugn of asnenes
exposure were not appreciated until the srpoet
by Jacob and Bohlig (43} in 1933 whe fourd
sich calcification in appreumately 5 per cen
of 343 Drasden asbestos workers. The sgmid-
cance of this characteristic x-rav finding wu
emphasized by Riviluoto's reportin 1960 (74}
Recent studies have not only canfirmed the
feequency of pleural calcification among worke
men exposed to astcitas buc have also cemone
nraced chac chis Anding toa is seongly dependest
upos a long latent geriod from onset of o
. As can be seen in Table 11, roentgend
logically apparent pleural cakcification u rare
within cwenty yerrs from onset of exposure, oclY
fve instances having been found ameng 72
asbestos insulation warkess in this categon.
Once the tweaty vea: paint is passed, howee:
visible pleural caicifieation becomes much mare
comman and is found in more than half ¢
mes in whom mors than forty years hNE
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PLEURAL CALCIPICATION AWOKS ASECITOS INILLATION WORRIAS

Pw cunt

Liiont of Cuahesunn (grode)

Per cent

Ne. Norma) Calcificauen 1 2 3
121 2.8 [ 3 2 3T 0 13
194 5.4 3.8 “ 13 ¢
77 0.6 10.4 s ) [
379 9.9 1.1 s [ ]
346 100.0 0.0 ° ] ]
1,117 ’ " 3 19

' 236308, L 1. (5l !

clapsed tince the onset of cxposire [34). These
dats sheuid be interpreted in the light of knowi.
edge that pleural calcifieation of limited extent
and radiodensity is usually no viribke in the
s.rav flin {S). It 18 Jikedy that parietal pleural
changes with hyvaline and sumetimes calcifted
plagues will occur in all ashestos workers, if they
I long enough.

PROCRLOIEN OF ASIESTOS D(SEALK
WITMOLTY CONTINUED EXPUSORE

Knouledge concerning the latent peried of
asbesias-related disease has been derived prie
marily firom observations of indusirially exposed

N populstion groups, although epidemialogic
rudis ¥ random instances of such disease,
cially mesotheliomas, have given similar
rauhy [00,43). These and other epidemiociogic
sudies have demonsirated that ashestusereiated
disease thay occur without continvied caposure
fram industrial sources. The explananon for this
presurmably is as (oliows: The asbenios fibers
inhaied initially largely remain in plaee, al
though tamie may be removed in the branchial
sweretiohs for many d after
exposure and others may graduaily be disocived
@ body Zuids ($3]; this lasc possibilicy has not
Leen deinitively escablished, As o result, tisue

reaction ta the retainey § goes oy even in
the abseace of inhalath i amounts.
Thus a workinag w contipvally

us_say, twenty-fve
\ears aarries withim him ite biolegical
efleer. The initisl burden of nhaled fbery is
wociated with 3 twenty-five yesr eflect, thom
iabaled twency vears before are experiencing a
tweatyaear offet and se ow, the fbers but
reeenty inkaled sdding the effect amnciated
witR newly depesited material. The clinieal
rwuiunt is the summation of all thes effecs

VoL, 42, arnin 1947,

This analysis explains the reluctsnce of many
plyncians to «dvise ashenot workers with many
vears of experience but in good heaith to leave
their emplovment, tines their uliimate faie
may be deterimined net by their current exponire
but by their exposure many years before. The
sanwe ficuation holds in inany cases of winimal
silicosis or rewpiratory disease asaccisted with
cosl mining.

EXPERINEATAL STUBILE

Reference has already besen made to the
sluwly progremive fibrosis in  experimental
asbemouis, counterpart of the latency in the
human discase, Similar findings are observed
in experiments! studies of neoplasis smociated
with asbemos. \Vagner (36} producad e
theliomas in rats by a singis intrapleural in-
jection of several varietes of asbestos but these
tunors did nat appesr for fifteen (o twency-thres
months, a considerable portion of the life spas
of the animal. Smith produced picural mese-
theliomas with asbestos in the hamster bug,
again, these did not sppear unti) 244 days after
injection [37]. Pleural disease has aio hemn
found in hamsters following the intratracheal
instillation of 4sbestos but the same requirement
of 2 long larent period has been observed (58]

DIACNOSIS OF ASSEITOS DUBASE
It is clesr that a psinsaking occupational

hisory is ensential in thoee clinicsl circumstances

in which the possibility of asbestosrelated dis-
ease is being considered in differential diagnosis.
This is particulariy trus in instances of (1)
internitial pnimonary fibrosis of undetermined
origin. (2) pleural calcification (cither unilateral
or hilateral), (3) pieurai or peritonesl meso-
thelioma, (4) aheolar<capillary binck ndrome
{even in the absence of radiclegically evident
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.. interstitial Aberosis), (5) lung cancer and (6)
fibrotic pieural plagues (unilaterat oe bitateral).
In such cases the recent occupational history is
of less interest than the work the patienc did
P ' twenty, thirty or more years before (Fig. 2).
K" The exposurs may hiave been brief—a matter of
. s few months or lcu-—and the occupation net
* oecassarily ene ordinarily thought of as related
o asbestes. Of the individuals induscrially
expesed anly & minority are asbestes textile and
asbestos products warkers. There ire, foe ex-
ample, mere asbestas inmlation wackers thaa
asbestos weavers. Over 3.000 uses for ashenos
are currently knewn (594, ranging from Slters
used in the manulacture of beer ta cepair
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Fig. 2. Patiemt R. K. 3erisi reentgenarrana af the chat taken Betecsn 1951 ank 1244, Prograuve fbrovis is
evident, 1t prenuinesiy 3t the B Pleural caicileatinms are proent (D). This man werked 4 A0 2ibevon
wearer 18 2 bruke g (actury for eniy faue meaths in 1933, with ne MdwquUent e paure 18 LIS Nae
that the Abross Arut becaine evident oa reentginearans in 1933,

\

ceinents foe hoine furzzces. from re.entry rom
cones for oue space sehicies 10 certdin valve
packings and we!ding electrodes. The comstruc.
tion industry uses 3 grest many materials cone
taining abestos; for example, 4 carpenter Mmay
repestedly saw asbestas building beard, '3
plumber and steamftter irequentiy uses asbesice
rovings for joints, an elecrician is ne sgacger
t0 asDestos<overed wire 3nd cable. In the ship~
building industry, 3sbestos finds maay usas
and, Because of tight grartess and clase working
conditions. indirect sceupauanal expoture (o
example, a weider inRaiing the ibestos duft
derived (ron aa insulster clmae by) may be
usefully explored in tre ogcupational hestent

pue 0935706
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. Editoral

" ASBESTOS EXPCSURE AND
,‘ NEOPLASIA ; PATTERN OF
.« POTENTIAL mcxoeuct

Saainis]

FaN

-ummam 120 133 0 wo
- YEAR

l’iﬂ N 1380 7% 000 200G 2018

.

l’- LA pm,u:nu o( the patential incidence of mpum duc 1) Im Thc cuve d-m
in Iiguee 1 Aat been suparivupneed on et of warid pragucuon of asoenes thewn ia the e
nase, The neexsia anatiated with grester yulization of wberies wril net e in cvdenes until the
19971, The shcled a1as6 inditme 1he tasw which have becane mandent, the unshaded arese npn-

ent "cuunl easan

luditect oéy ipational ¢ way allo Le
imparunt 1a the huilding trades and in many
siner as vet inconipietely invenigated occupae
tong A plete lisc of p ial direct and
indircet oczupstional exposures to ashestos is
manifestly imnpoeible here, but perhaps encugh
kas been said 10 indicate that & bit of detective
wark during the occupational hiswory, especiaily
with respect to woek tws, three or four decades

Sefore, niay be diagnontica rtwndln'.
Altirough many instanees € been recorded,
d4ta are neot available o completely
e effect of ceration of ex L external
Curces, sin:e large groups of usbenos workers

~haese exporure has been discontinued have not
cn obrerved and compared with others with
the uime expowre who have cantinied at theie
«ork. Such dats as are available [3¥] would
ugpest thai beth dapwed time since first oxo
Josure and 1onal vears of exposure are of ime
®ranee Thers are ne cpidemiiciogic daca,

8. 42, spatn 1967
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rueh as are n\-:ilablc for cigarents smoking {60,
which indicate that cesation of exposure i3
ascocisted with 3 aibsequent decreased riske of
lung cancer. Smoking dats, moreaver, should
not ily be tramsp e -5
posure, in view of the retention of inhaled
asheuos fibers which has no clear counterpart
in the cigarerte problem.

Definitive diagnosis of athesios dircase de-
pends upen the finding of athentog, aither in the
forin of asLestos fibers or asbestos bedies in
eflecred tissues, However, their discovery in
routine postmartem scudies is numply evidence
that ot seme trme ashesios Sbers have been inhaled,
without indicsting when sweh inkalstion oce
curred. The conncuation would Le different
in esch case since. a3 we have seen, disease
could he anticipated only as 3 result of inhals.
tion that had occurred & cousiderabie time
before. Therefore, we sliouid perhaps take lite
confore from the circumsance thay, in most
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~ jnstances neicher pulmonary filiruis noe neo-
" platis is asociated with the ashuws cuerently
being found postniertem. .

Tt is lihelv that most asbestus nww being dise
covered pasmortem in peisvns Who have not
been industrially exposed has buea of receat
depesition. The basis for this ancrtion lies in
the economic data coucerning ashestos. Until
1870 asbestod was an exotic raritv, The uausal
qualities of these mineral fibers—=fireproof,
waterprool, wear- and chemicil-sesatant==were

expanding industrial civilization, and 3lmost
each vear saw 3 rapid incivase wt the world
production of this mineral. Frum S0 tons per
year ninety years ago, wanid production hns
now reached almaose 4,000,000 tous per year.
As Gilson has pointed out (4/], asbestos can
wuly be called the twentieth cenwury mineral,
since its output has increased over a thovsand.
fold in sixty years compared with 3 were fifevlold
for oil. an industey olten regardedd 33 the symbol
of industrial growth. The aibestos brought (@
the surface of the earth incresss year by yeae,
and the twotal is & cumulative vne. As has been
apdly said (7] the fiber has ‘2 hail lile of infinity”
10 that cach year’s productivn adds to the
cumulative tutal of all that has been peoduced
befoee.

The frequency, nature amd untent of disease
dug ta usbestos Is 3 matter for fcn e ubservation.
A graphic picture of this puicutial problen is
given in Fizure 3 in which the curve of the latent

imposed upon the production 1ccurds of 3s0esws.
The neuplasms now encountenl soociated bsuth
with industry and enviromixit dre consequent
upeu inhalation of asbesos e iuted with the
lirmited ashestos peaduction of s thirty years
sgo. The necplaums sswuisted with current
utilirzation and exponire te aabexos will not be
. . evidentuntil the 1990%.

—=é-—{et w9 be reiolved.-are ach importaat
- quastions as whether different kinds of fibers
-~ exert the same biological efectss the nacure of
the dote-diseass reiationship. swurces and extent
' of emvironmemtal comtmuivation, the cange

of industrial exposure (insdoquately docu-
mented az this time), ths ranye of neopiasic
efiacts of sbestos expowure, wandardization of
roenigenciogic and phytiolugic audies, and even
whether 1sbestos bodies tuy ht winetimes be
the result of inhalation. of mincral fibers ocher
than ssbexcas [62]. Ia our wwn laboratory,

soon found o have inportant usd in our rapidly .

period of cancer of the lung and puurs is rupers *

Editorial

data are aceumulatisg to suegest an impaetzag
co-carcinguenic effect of cigarette unaving 1o
sbestos workers (63] ponibly,due to def:’z:cn
of carcinogenic muhstances onto the asbestcs fiber
but posubly aiso dus te histologic ar a(he;
changes induced in the affecten luny.

CONGLUDING REMARKS

. Asbestos is a most valuabie matesial, essent:al
in our industrial sociery. We recoguize 3nd sruay
its dangers s0 tht we may devise means of
minimising ce avoiding them. Diligeat, ia.
genious and often expessive improvements in
in.du.lu’ill hygiene pracuce 64] mav heia o
climinate heavy or unnecestary exposure. Auare.
ness ol. th: potential rishs of environmner:al
contamination is aiso nevesary at this tirae,
at least until the future tells us whether Them.
son's asurnpcion is right or wrong.
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