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MEDICAL PROGCRESS

THE PATHOGENESIS OF ASBESTOS-ASSOCIATED DISEASES
Joun E. Caarcuzan. M.D., ano Brooxe T. Mossuan, Pu.D.

SBESTOS is one of our most useful mincrals. Over
3000 manufsciured peroducts of coneMporary
importance contain it. Asbers is cmploved in cone
stiruction materials because it is resistant to thermal
and corrosive destrectiom aad increases the tcnsile
strength of the pecdmce. These propertics are also the
basis for the use of the mineml in friction equipment
and in & wide variety of consumer 1tems requiring a
reladvely inexpensive insulation material that 13 light
and subject 10 moiding. Since the twm of the century,
about 3% 107 toas of asbestos have been used in coa-
suruction and in the abeication of manufactured goods
in the United Scates. At present, wneral muilion
Americans are employed in industries that usc asbes-
we products., and countiess millions of American citi-
zens are expasod to asbestos crypucally in the course of
their dailv lives,
Public concern over the effects of asbesios on hesith
is mounting. Although a total ban on its use in this
country has been proposed. most would agree that

I 4 o

peditiously in manv
products. Litigation based ca personal mjvurv conse-
quent to pulmanary fibrosts and cancer 1s an increas-
ing problem for companies involved in the manufac.
wre, use, and distribudon of asbestos. About 12.900
suits have boen brought against 260 companies bv
workers, their fsmilics, and members of the general
public.'* The spectrum of liabilicy has now widened 0
invoive the federal government for alicged negligencs
in establishung adequate enviroomental standards.

This review sumrmarites our current knowledge of
the adverse effects of asbestot oa heaith and provides a
peripective om the pathog mech s of the
discases associated with exposure. Since there are sex -
cral different mincralogic types of asbestos, we will
artempt (0 assess the extent w which findings with one
type can be applied 1o another. Deuiled analses of
the issues addressed in this paper have been published
clsewhere.3*

MinzRaLOGY
Asbestos is not one mineral but 2 family of fibrous

hydrawd silicass that are divided on the basis of mun-
erslogic features inw two groups: the serpentines and
DUP 0934489
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the amphibotes (Fig. |). The term “1sbeston” refers to
the cammerc:al product after mining and processing
ind 3 noc a muneralogic designanon. Although the
‘ength:width raciof the mineral fiber known as asbes-
w08 i3 by defirudan #3:1, the individual fibers making
4p the macenais used in commerce vary substanciaily
n width and length (Fig. 2).

Chrvicale is the only serpentine of commercial im-
sortance. [t:s compoted of pliable, curty fibers made
1p of Abrillar subunis. These fbrils are arranged 1n
pieuconexagonal arrays composed of silicoa oxide
sheets formed into scroll-iike structures. The magne-
s1um 100, which impars & strengly posidve charge ©
the fber, is sa integral component of the lactics.

The amphiboles are straight, rodlike dbers consist-
ing of double chaing of tetrahedrsl groupe haviag s
banc silicon oxide composition and linked by one or
more cadons. The amphiboles differ (rom chrysonle in
both physical and chemical makeup. There are several
ypes of amphibole, but crocidolite sad amonre are the
two munerais of major impormnce.

Although an asbestos type is classified on the basis
of its mineralogic characterisacs, the product of dif
ferent mines are no¢ secessanly the same. Morsover, 8
commercial type of asbestos is not slways minersiogi-
cuily pure. For examgpie, Canadisa chrysoule conming
small amounw of an amphibole Gber, tremolite. (n
addition. industrial of asbestos are contamunat-
ed with extraneous inorganic and orgaruc substances
that are acquired ather naturaily oe during proc-
essing.

Deposits of terpendine and amphibele are ubiqui-
tous in the crust of the earth. Quecrops are jound in
many geologic formatons and probably account for
the mineral fibers commoniy found in surface wacer,
Asbestas is also found with other minerals of commers
cial imporwance, such a8 the irea ore taconise and ine
dustrizl-grade alc. Canada and Soush Aftten are the
major suppliers in the weserrs warid, although mines
of limited commercial imporance are found ia many
countries. [n the Unicod Scams serpencine aad amphi=
bole minerais are distributed widely is geologic sraca,

umall minny i MBEcee

but only two i ol
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impartance has decrezssd over the past seversl dec-
ades (Table 1).

Usas or Assestos
The unique physical properties of asbestos diceate
its continued use by industry, despite coatemporary
concerns about its effects on health. Although verious
nan-mede and aarally occurring sebstances have
heen deveioped s mbssimwes for b e
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~nc o
Asorxas cament g0 [ 0 -] 1400 00 .00
A (DEH Ot Cormemt shatung ‘0 - - %0
Floonng prodwets %000 - 00 .00
Roafing products 26,500 - - 60
Prcking and gaacns 100 ] - 12,500
Udision, sermal [ ] - — 4000
Atylanan, ssancal 1900 - - L300
Facion praduey 41700 - - 43,700
Caui.ngs 404 cOMDPOURES Q.90 - - 0.900
Plasies 1,X0 x - )00
Textime 1.900 - . (]
Pacwr L o - 00
Other 1.0 - -0 10.600
Tas 102N - ) 16 400 1700 138,700

‘Metdiat rem Ue s of Froma

matches asbestos in providing tensie strength and
moldabslity as well as resustance to fire, heat, snd cor-
rosion. [n addition, many of the manufactured subsn.
tutes are comparatvely expensive.’

About 25 per cent of the asbestos consumed in the
United Scaces is incorporated into cement piping for
water maing and sewsge lines. Over 320.000 kmm of

ipe, containing about 10 to 20 pef cent ubeuu. ]

ieved ta be in use 1n this e
ing cement is emploved widely in corruptd and fiat
sbeeung. paneis, tiles, and nddmp for the construc.
tion industry. The minerai is used extensively in rook
ing and paneling and a3 2 filler in trchn.ectunl dnd

of

HE NI ENSIANY CURNAL 57 vygareine R B

Impded gubstanualdy dunng rthe dast decade. T
rend can ne cxpected (0 ontinue. Since the atency
rerod for the discases assoctated with 150CsIo8 s gy
2.Iv 20 vears or longer. most pauents seen todav were
Auaily exposed in the 19408 and 1950s. wnen zances:
Teasures were often not ngorous.

Diszases or tve Reseiratory Taacr
anND THORAX

The major pathologic effects of asbestos result ram
the :nhalation of fibers suspended in the ambrent arr.
The oceurrence of disease is nfluenced v the tvpe of
muneral and the dimensions of the Abers that sonse-
tute it, as weil a3 by the concenoraaen of ibert and the
duraton of exposure.

Cepeaition ang Traraport (n the Lungs

Timbrell et al.® 1tudied the deposition of Sbers of
1sbestos in the respiratory tract, using a cast of :he
porcine tracheobranchial (ree. The dizmeter of the in-
divndual fibers proved un G length was 2 less
important determinance.'®'! Fibers with 2 rslauvery
broad diameter are depostted in the upper resprratory
tract. whereas thin fbers are carried penpherally nto
the parenciryma of the [ung, where they ’odgs in the
termunal urways, Bifurcanons are commoe stes for
fiber impacuon, since patterns of air flow are altered at
these nites.

The shape of the fibers alsc has a role in transport.
Aerodynamically, chrysoule has a relauvely arge
theoreacal cross-secoonal diameter because of s
curied configurasion. Thus, fibers of tha type tend 0
be deposited more proximaily than the needle-like am-
plnbd.. which are wansportsd more readily 10 the

1paces, In the past, susp
- spraved onto the structural swel of buildings to pro-
vide Lation and fire p )00,

Because of its thermal -nhik-y asbesics is well suit-
ed for use in frictioa material and 1s applied to moided
brake linings - Although substitutes are being incress-
ingly ¢mployd in disk brakes, as in the aircraft indus-
uy, a drum-bnke hmu for passenger cars that does
not available commercially.

Taukludphdoch variety of types and apple
cauons contaim sshasen® in various

periphery of the lung. These theorencal and expen-
mental considerations have been verified by anslyses
of the | of rodents ex Fenmennl exposed to as-
bestos :(nrllamt types.t ty expos

Three mechaniwms participate in the clear-
ance of fbars (rom the lower respiratory aact. By far,
the bulk of the duse is removed by the mucoaliary
escalntor of thwe trecheal broachial tree, and the mate-

nal is either P ated or swail d.'>'? In the
sirways, abort fders are ingested by macro-
h and at leass some of these ceils probably m-

uncemmm.h“muﬂ

tenaile sremgAlt witkeat inoedizninly altering e
Md’ﬁp&mchmm weight.

The coundem additions! industal uses of asbestos

though
of the c:amry. its use in the United Su: increased
dramasically ¢ the mobilization that sccompas
nied World War E Asbesscs was employed liberally
in the constructioa and recoeditioning of ships and m
such diverse war industrios as the manufacture of air~
craft engines, combat vcbdc. and gas mesks. Al-
thaugh woridwide p ed w0 ine
crease since the wer, mnmpﬂm in this councry has

ad

grate across the wail of the bronchioles and acin. !¢
Asbassos Sbars are also tlien up by the eputhieiial cells
lining the u'.r\n aad appear 10 move between ceils
of the mucoss.'*® This material accumulates in e
interstiium and is carried to regioaal [ymph codes. '’
In genaral, shert Shers are clearsd more readily than
long Abers,'” which tend w be reained in the lumens
of the respiratory bronchioles and the alveolar
ducts.

About a third of the inhaled particies initially lodge
m:hcdndnnnn.ﬂmc owly about & quarter of
this burden is retained in the respiratory tract one
month lasmr.'’ There are twe phases of clearance
through the wracheshronchial tree. About haif the as-
besaos is removed within a few days. Subseguenty,

pup 0934471
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ciearance contnues ‘or extended perods. The buik of
Uus matenal s excreted 1n the feces.?

A vanety of extraneous influences such as cigarette
smoke and air pollutang affect the clearance ana .n-
rapuimonacy dégosidan of fitlers. However these fac-
1003 are extraocdinaniy complex, .0 part sccause indi-
viduals appesr o aiffer in chetr responses to innaied

ZuseH®

Asbestosis

Diffuse pulmonarv fibrosis is the rvpicat lesion 21s0-
Siated with proionged, heavy exposure (o asbestos. ™ [¢
1eveiops slowiy over a pernod of vears and seems (o
srogress in che absence of continued expasure o asber-
:03. [nitauv. ibrosis 1 found in and around the respr
~tory bronchtoles and alveolar ducas, where reiaavely
\ong fibers deposit. With ume, the fibrotc lesion pro-
gresses in & scemingly centniugal manner, 10 that ine
creasing numbers of reapiratory units are mvolved,
Fibers of asbestos tend to accumulate preferenuaily in
the lowee iobes and adjacent 1o the vuiceral pieurs.
Fibrowus 1s usually prominent in these regions, and the
steural surfaces of these lobes are frequencly thickened
5v a dense iaver of fibrous tissye. [a advanced asbexto-
s1s, the fibroae puimonary dssue conaacts and is reoes
ganized to form the new ar space typicas of the honey-
comb lung.

Ferruginous bodies are the histologic hallmar* of
exposure (0 asbesws.®! 3¢ They consist of ibers coated
4v complexes of h uderin sad glycop and
are believed to be formed by macrophages that have
phagocytized the partcies. Asbesions can exist when

ferruginaus bodies are difficuit w demonstrace in the '

lungs by light mucroscopy. Oa the ocher hand, ferru-
qinous bodies can often be found in the absence of
serious parenchymal disease. ¢ Thus, their preseace
aioae is probabiv not a sumulus for the peoliferation
of Rbrous dmue. Although they have been sthown i
form [rom foreign inorganic’ and oryanic fbery of
many dilferent types,’’ ferrugi bodies ia most
human lungs have asbesxcs as & core.”® For this reas
son, the structurcs are commonly knerrm as asbestos
bodies. ’

The number of uaconsed fibere- im diw lung gresdy
excoeds the number of ashgeere. bedime in the us-
sue. = [t is not knows misgesns fhmt ere conted
and form the typical asbisted Sodies, whareas ochers
sre u wad. Since ed fibers are usually difi-
cult or impossibie o ¢ te by light microecopy,
lung tissue must be digeswed and the residue examined
by erther phase or electrom microscopy im order to
carry out qualitative and quantitatve studies of the
fibers. ‘Whereas relatively long fibers (>5 um) are
found by light microscopcal techaiques, electron mi-
croscopy makes ic possible w0 id very smail partie

discase with cither the number of asbeseos bodies or
the overall comtene of fbess in Use lungs have been
difficult, aithough Abrosis is ususllv evident when 108
fibers per gram of lung (wet weight) are present.

SBESTOS-A3S5CCIATED OINEWNES — ZRALCHEAD 10D .Caghian %

Quantitain £ studies posé manv aroblems ana ace sa,v
1 Iruse Teasure of IXPOIULe, Jarilv “ecause mMmunv
ibers are zeared from the lungs 1nd ctners {ragment
.0 .ALTEINNZLY sMailer particies wh ame.

Macroonages are a kev clement in the response of
the 103t 10 asbestos. Whereas these ceils phagecyize
snoct fibers ana remove chem from the aurwavs, ey
annot encomipass aad (ransport e longer fbers. Al-
tnough retenuon of these tong fibers wn the distai air-
wiys Appears o be aa (mporant consderation 1 the
causation of puimonary fibrous, 4% the pachageness
of the ieston is not understood, [ncomptete pragocveg-
sis of aspestos fibert i the aurwavs couid resuit in
sotllage of lysotomal enzymes'? and relesse of towuble
ibrogenic factors from macropnages.*’ On the otner
hand. oxvgen iree radicas hberated by macrophages
and ocher indammatory ceils might aiso injure iung
ussue. This idea 15 supported by our observations :hat
superoxide dismutase, an inmbuor of boiogic ax-
daats, protecus cultured respuatory epichelal cells
from tae cviotoxic effects of chrvsoule ( Mossman BT,
Landesman JM: unpublished daw). Chrvioale 15 cv-
tOtoXIC in Vitro presumably because the magnesium of
the fibers interacts writh the plasmatemma and dam.
ages i, along with lyscsomal memoeanes of cells.
[tis unclear whether this is an imperant mechanism
of ussue injury, however, ince puimonary macro-
phages and epithelial ceils in che lungs of 2nimals ex-
posed to aerosolized chrysotle (aul to ceveal ultrastruce
turai evidence of injury, &

Other biciogic paenomena mav prove imporanc ia
the causanon of pulmonary fibeosis. Asbestos acuvaim
complement bv the alternative pachway™ — 2 ceac.
tion that may be expected to resuit in the accumuiaton
of leukocyces ut the titsue and the relense of lvicsomal
engymes. This observation is consistent with the find-
ing of an acute nfammatory response in some carly
len‘.n_a;.“'" ﬂul.l!. Mmd:m mu‘:bc ‘i}n hd Lhoc(

powsibility ez P

collagea by cells. When chrysoule i added to cultures
of fibroblasts in vitro, the ceils elabocate reticulin and
collagen at an accelerated race.

Although the hypothetical mechanisms menuaned
above could account for the deposition of ibeous tissue
in the tungs, the pathog is of asb s im b
beings remaing © be established. The quesaaa may be
moot, hawever, since moderm eavironmental controls
have dramaacally reduced exposure in the work place.
The dust concentrations permutted by current regula-
aans will probably aot induce substannal puimonary
fibrosis during the lifetimwe of an industrial worker.

Moursi Lesiane

Plaques are curious lcsions made up of hyalinized
fibeous ussue locased on the parictal picurs of the tho-
rax, di medinsonem. and pericardium. 3!
They are usually but not invanably assocated with
cxposure 10 asbestos.’® Although the occurrence o
plaques cocrelates with the duration and intensicy of
exposure. 1t 11 common (o find leniens n the absence ut

DUP 0934472
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sbvious disease of :he ouimonar parenchs ma Thus.
relauvely smail amounts of dust can indyce e devel-
opment of plaques. These benign iesions as not appear
o develep into malignant mesoweiiomas.

Charmemuuuy, plaques are located in the inter-
costal spaces oa the antenor and postenor lateral as-
pecu of tne worax and on the dorme of the diaphragm
at sites where the visceral and panewy pieuras 1p-
proximate dunng respratoey excursions, The confige
aration of the plaques is highly vanabie. For exampie.
on tne cicst wall they uiually foilow the contour of the
nb. wnereas on the diapnragm they are customarily
cither disk-shaped ar grometricaily snaped and have s
noduiar surface. Over ume the lesions become caicie
fed, permitting casy recognition on xerzy Alms. Al
though most of the svaiiable epidemiciope informae
tion 15 based on radiologie surveys, > ¥ ¥ it 13 not always
clear in published reports whether plaques were differs
cntiated from the Sbrous lesons of the visceral pleurs
that accompany puimonary sidésious.

Sines plaques are found most often in persons ex-
posed occupanonaily w asbestos for exteaded peri-
ods, }*¥ their overail prevalence 1a the United Seacs
ts low." [n Eastern Europé snd Ana Minor the lesions
are frequenty found in oider members of the general
population who lack documented exposure ta asbes-
tos. The presence of fibrous minerais in soil and in
local construction materiais mav account for the
common occurrence of pleural plaques in these re-
‘xons."‘

Malig fmas of the pleural and periw-
neal cavities are considered pathognomonic of ©Po-
sure o ashestos, 2ithough 1n many patieats a history of
coatact with the mineral cannot be elicited. 24 These
rare tumors are of particular concern from s public.
health standpoint because they are thought w0 occur in
persons who have had cicner transient or indirect ex-
posure 10 asbesics. %% The deveiop tof b
liomas a8 & consequence of casusi however,
is an yncommon event. On the other hand, the preva
lence of the tumor i workess who bave had heavy

posure over ded periods is alboue 2t0 $ per cemt
and has been reported to approach 10 per cent. % Iy
is difficuit to determine how often mesothetiomas actu-
ally occur, because Wi Memry JEIVE is wsually 20
years or longer ead cun ofea be as long a1 40 v 50
years. Some suggms s s 3¢ of mesothelio-
mas will appesr in the lats dacedes of this ceatury,
consequent 10 the exposare of largs sumbws of work-
ers duriag World War IL

The pathogenmis of das pleursl ieniors associated
with exposure 1 ashestos is not knows, but it is a topic

{WH

mdm rigorous defense of this conclusion
would be di t. As mentocaed sbove, asbestos is
deposited preferentizily in the periphery of the lung
after inhalation. [t ey the visceral pleurs and is
carried in the pulmonary lymphatics to the pleural

FHE NCW NN OURN VLG R
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surface One iy tempted ‘0 attnbute tne fbrous esicas
QR (he visceral picura (o trmeaion Dv the phvsica] sres.
ence of fibers on or near the surface. This mechan:sm
might 230 explan the occurrence of plaques :a ‘he
Parietas pieura. Ajternativelv, the lesions mav reore.
18Nt an orgaruzed fibrinous exudate resuinng from tne
phv‘ncxx movement of the lungs against the nieural
surface of the therax.

However, these hypotheses are not fullv connistent
with the pathological ebservauons. For exampe,
plagues are often found without Abrosis of the visceral
pieura or adhesions berween the pleural surfaces. in
addiuon. the \esions are localized and do not oczur in
the apexes or in the cestophrenie angies. The patho-
genesis of the lesions cannot be defined at present, in
part Because plagues oceur only in human beings and
experimental models have not been de-vcloged.

Experimental scudies by Seanton et al.'%7! prawvide
an intnguing basis for speculation about the patho-
genesis of mesothelioma. The dimensions of the dber,
but no¢ the cherical compodition, were found 1a be the
cntical determunaxnt affecting the development of tu.
mers 1n raus. Loag, thin fibers of & variety of ypes
proved caranogeaic when introduced into the pleural
1pace, whereas short fbers and those with & relgcively
broad diameter failed to induce mesotheliomas. These
findings are consistent with epid logic observa-
nons documenting the relatuvely comimon occurrence
of tumors in populations expased < grades of coado-
lire consisting predominandy of long, thin Abers and
the ranty of tumars = persons exposed © the com-
paratively blunt, shorter fibers of amosite and antho-
phyllice.8737¢ A Sbrous zeolite, erionite, has recendy
been associated with the occurrence of pleural Rbrosis
and mesothelioma 1n a rural area of Turkev where
¢ cul mining of asb does not occur ™ Since
the fbers of this i do not p the ch !
properuss of asbestas but are morphologically nimilar
1o crocidolite fibers, the observation is conustent with
the exeffimul findings of Stanton and his assoa-

ates.’®

The basis for the development of in
the perioneum is uncwrin. , fbers of as-
beseos im the lungs are ics to the

wansported n

abdommen, where they have bees recovered from lymph
nodes and ather organs.”" Asbescod is tiso transport-
od across the mucosa of the gut after ingestion.'™*
Whatever the machanism for entry of asbestos unto the
abdomen, it is assumed thas the is of the
in the perd | and pi i avioes s iar.
Peritonesl mesotheliomas occur only in persons ex-
passd w amphibole ssbestos. The gradual disintegra-
uon of chrysotile in dssue may account for the relative-
ly uncommos ence of heliomas of both the
pleural and peritonesi cavities in persons exposed ex-

clusively o chrysocile.™
The mechasism of malignase transfocmacion of
mesothelisl Gatwes is obecurs. Surprisingly litde ex-
perimental informarica has sccumulsted, aithough
there is reasost 10 believe that the lessons may be com-
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paradle to the foceign-body sarcomas induced subcu-
taneously in aaumals By sheets of piasnc. glass, and
metal. The cell of onpn ¥ ot cerwun, unce some
tumors ire made up of matignant serosal czils, wnere-
a3 othery have the histologic fratures of ibrosarcoma,
Mesothelial cells phagocytize asbesos® and proufer-
(e when expased to asbeswos in surot duc Tal.gnant
ransiormacion nas noc oeen demanstrated after expo-
sure of cuitured mescthetiai cetls o aspesns. Cocar-
cinogenic suoseances and cigarette 1moke do aot ap-
sear 10 de pataogenetic {acwrs 1a vive,

Sronchogenie Carcinoma

Epidemiciogic studies have documented an associ-
1uca between bronchogenic carcinoma and occupa-
t:onal exposure to asbestos.*7 The prevaience of tu-
mors 3 hugher in persons wariung with the fnished
products (such as insulators) thaa in miners and mull-
ers. The severity of the pulmoenacy pacenchymal fibre-
13 correlates with an increase in the number of neo-
plasms. 4% However, the 1naidence of tumors s also
increased in asbestos workers wha lack radiologic evr-
dence of asbestosis. .

Some controversy exists over the most common hise
tologic cype of tumoe, but among persgns with assesco-
13, adenccarcinomas predominaw.®? The lesions
tend to occur more frequendy ia the lower lobes in
conjunction with severe degrees of fbrosis.d Atvpical
hvperplaua of bronchiolar epithelium and mulufocal
adenocarcinomas are often found in these sites.

A linsar dose-cesponse reisaon between che cumula-
tdve desage of asbestos and the deveiopment of bron-
chogenic carcinoma has been r?ored n muners und
muilers of chrysotde tn Canada*® and (actocy workers
in the United Kingdom.* In the former study, those at
greatest risk were expased o concencrations of asbes-
tos in the air that were higher chaa the current reguia-
tions of the United Scates Occupational Salety and
Health Adounistration permit. A higher carcinogenic
poteatial for croadolite thaa for chrysoale has been
suggested by studies of occupational groups exposed to
aither type of asbeatos ot to the two in combiaation.”®
Morctalicy among chrysodie workers is increased 2.4
fold, wherexs it is five times higher than noemal among
muners of both chrysodile and cmdqlm.

Surveys of the smoking habies of insulators,” (ac-
tory workers," and misers and millers™ have con-
sistently showw that CArcIRCsNA 8 un-
commoan in those wite de mot szohe. Whereas there is

ASBESTOS-ASSOCIATED DISEASES — CRAICHEAD \ND MGSSMAN

+

3 a sequence of events that can be diviced into stess of
ninacon and oromotion. ™ Aa ininatec interacts with
che DNA of the targe call — an evene tiac can resuie
A majignanc change. The carcinogen etther aca di-
rectly with the DNA of the cetl or requires metabouce
activation bv cellular enzymes. A promoter i3 genera-
‘v acicher mutagenuc nor carcinogeruc, aithough it
required if the neoplasm i 1o aevelop. For example. if
the skin of & mouse is paunced with a smail amount of 2
cnemucal carcinogen. such as a polycyctic iromaue
1vdrocarbon, tumors fail 10 develop uniess a pnarbot
ester 1$ subsequendy appiied 0 the site. Promoung
substances cause cellutar divimon and peoliferation as
weil s Siochemical changes in the ceil that appear w
be essental for neoplastic wransformanon.”?

Aithough epudemiclogic data tink exposure 0 asbes-
108 with bronchogenic caranoma (2 human oeings, the
precise role of the mineral in the process has vet 10 be
defined. Since asbestos is not & potent mutagea @ wnd
nconsustently causes chromosomal aberranons n
ceils, 9''® 3 mode of action comparable 1o that of a
classic chemical carcinogen s ualikely. (¢ therefore
seems more plaunbie o suggest that asbests increases
the suscepubility of epitheiial cells of the broncht and
theie Sranches w wansformadon by caranogens i the
emaronment. ' *

\vhat biclogic mechanisms account far the syaergis-
tic carcinogenic effects of asbestos and cigarette smoke
i the respiratory tract? A plaustble hypothetical con-
struct should be consistent with the apparenc lack of 3
threshold in human betngs and the occurrence of neo-
piasms in the absence of appreciabie degrees of pulmo-
aarv asbestosis.

Asbestos has maay of the properties of classic tumor
promaters, such as the phoeboi esters.'® Proliferanca

metaplasi duced in the respicas
tory mucosa of rodents in viere. '% Asbestos internc
with the membennes of calls'** 19" and induces the rvn-
thesis of the polyamines that sccompany ceil divi-
non.'% Since ciguretse smoks aiso contains 2 host of
substances with effects, the inhalans may
act in either s additive or & syneryistc fashion o

h the pabilicy of the cespiratocy o

However, siternative mechanisms are worthy of
considerstion. Asbestos can be phagocyuszed by the
hronchial eptthelium and can be transpocted neracel.
lulariv both free in the cytoplasm and in phagolyso-
somes. @ These fibers may serve as a physical carner of

-~

only a slight incresss in the prevaiescs of lung
among nonsmokars, hesvy users of cigareues (those
smoking moce than 20 per day) have an 80-foid (0 90
fold greater predisposition © cascer of the lung. ¥
Thus. the combised effects of asbesws and smoking
appear o be mwitiplicative racher than sdditive."’
What is the mcr-xn?mudmm
mummmmm .\mnmﬂmd‘
contemporary concepts of !rlll:anmm is
appropriate in developing 88 answer o this question.
At initially recognacd by Berenblum. cartinogenesis

the carcinogens i cigarette smoks w the basal cell, the
presumpuve progeaitor of the neopl Transier of
polycyclic aromaac hydrocarbons 1o and through bio-
logic membranes occurs prompely and efficiently when
the hydrocarboa i adsorbed to asbesws.'™ There-
atter, the hvdrocarbons are converted by microsomal
mixed-{unction oxidases to biclofically active epox.
ides and diclepoxides, which can interact with the
DN\ of basal ceils.!'® Anacher 1but less attracuve)
hy potiicsis involves the aiscolar macrophage, which
Pl Lizes 2sbestos in the atrw avs dnd posseass the
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CRZIVMAtiCc capacity fo convert palvevelie tvdrocar-
bons 10 active metabolites.''* At present. the mecha.
nism of asbestos-2330¢1a ted umnogenem 18 ynclear,
although the mineral eppears 1o act iixe a classic
tumor promoxer. The fibrous nature of agbestos s criu-
cal, uince exposure W nonfibrous axides of silican (for
example, quanz) and & vanety of sdicates s not A330c.
ated with an wereased nsx ofbmnchogcmc carcinoma
11 numan beings.

Cancers of the Digestive Systern and Other Organs

Asbestos is implicated in the causation of cancer in

(he u”m' and lower gastrontesuaal tract and the kid-

' Oropharyngeal and esophageal tumors oc.

cur more frequendy in asbestos workers who smoke,

whnercas ¢ direct retauon between smoking and the

development of carcinema of the large intestune and
the kidney has not been establisired.

Selikoff and Hammond''* and Elmes and Simp-
s0a''? have reported & staustically significant twolold
to threefold increase in the prevalence of tumoes of the
digestive tract 1n insulators. factory workers, and ship-
yard empioyees. Other survevs have ether demon.
strated a smailer increase or failed 1o excablish an assoe
ciation between exposure to asbestos and acopiasms in
this syscem.''® We believe that the evidence must be
sssested cauticusiv because the associanons thus far
reported are reladvely weak Since death certificates
are used w0 obtain data s most scudies, it is possibl

INGLAND JOU RNAL AF vieprerng

v -,

MRAY AmETicans CONSUME water SORtaIning asdesics.
like minerals.

Mineral fibers have been detected .n the Lnne af
residents of Duluth 1a numbers corre.spondins 0 the
cencentration of asbestos in drinking water.”'? Incer.
esungly enough. fibers have been found in tne glomer-
uli and tubules of rats exposed 1 inhalauea chambers
to svatheuc fibers.''? These observations suggest that
13De3108 rmugrates o the kidnev after ctearance rom
both the gastrommtesunal and respiratory ‘racuy.
Whether this has an influence on the occurrence af
tumors in the gu(rmmcmmi (ract 13 ynknawa

When fed to aboratorv animais. asbestos nterac:s
with the mucosa of the gue.’® Fibers enter cails of tne
Tucota and prove cytotamc. ® The expenmentai eni-
dence strongly suggests that ingested asbestos i3 dis-
seminated to abdominal organs by e lvmpnauas and
blood vessels. This conclusion 18 supported by sost-
mortem studies of occupationally expased persons:
these studies have demonstrated aibestos bodies and
uncoated fibers in most major organs.

How does the i ingestion of asbestos induce gaswroin-
testinal cartinomas in human beings? In efforts t ad-
dress this question, rodents were fed large amgunu of
asbestos over extended periods. With ane excepaon,'?!
these studies failed 0 demonstrate an increase in the
prevalence of tumons in the gut.'2"'3* The posuble
synmuc effects of asbestos on the inducnon of intes-

hemical carci has 1iso been

that peritoneal mesotheliomas have been confused
with metastanc carcinomas of gastrvintestnsl-tract

origin.
gc[uﬂmnhﬂahcp&dm-uum
of asbesws in drinking wesee, beverages, food, drugs,
and agricuitural products. Pocable water often cos-
ains mineral fibers that are ptaumbl‘a:mved from
its and refuse dum 4 of
mef mluu ssbeatos in th-P:ruhn‘ w“m of
Duluth, Mian., resulting from the disposal of taconite
ailings into Lake Superior,''’ prunpwd investiga-
tions 10 deterrine the
tics of minersl Abers in water :uppk drcnghalx the
Uaited Sueu. F'ba-l wuh :bcpmpema of both ser-
were found ia over
hnrdnumdmn“ (Table 2). Thus,

Tabie 2. Concerrations of AsbasiosLite Minersi Fibers in
the Water Sugpdes of Seicrteg dut Representative Commy

by

examined.'®® [ntragasric adminiszanon of asbesios
failed to augment tumor development in rodents fed

azgoxymethane, a recognized intestinal cxmnogen
The carcinogeaic poential of ssbeses in the gasuo-
inestinal UnEt appenrs w be low. The pathogencuc
basie for the purportad increase in the prevalence of
carcinomas in certais occupational groups remains ©

be estabiished. .
Parnootine PoranTiAL of Amarros Trros

As emphasized above, s1bestos is not one but a fam-
ily of Abrous minerals, each of which bas disuncuve
physical and chemical characteristics. Minerais (rom
various parws of the worid and geologic formations
oftea have dissimilar phrysical peoperties, even though
they are classified under a specific mineraiog type.
These differeaces are relevant 10 our undersunding of
the effects of esbestos on health, since the charactens-
tiadthcﬁb.h.wbnaﬂd!yddnedmonlyufew

d logic and experimental studies. The probiem

nitlag In 9 Uniwg Stacca. ¢

e Cmamenaran
health is
o e 3§ ouiew
Adams L% ]
Souan pE
Deleth 8¢
Oulies [
Kasut Qay, Mo, s
bl s
San Franstosn 0.0
Seamin oas
*Puptnt fam Totts §.] @ Lomas!

dwumh&uaddwmu‘ubumun
by the ccnmon pracace of cus-
tom blending of verious minerals for specific indusinal
applications asd the use of one type and then another,
dtp-diq on availability and conditions of the

&-umm&uﬂmwdv\n
industry wdsy) i is importans 10 ask whether s

mumumhhmthuofche
P.m veuidelite anek samvaite. These laner min-
eras are of hiswrical importance, parocularly nnce
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they were used widely dunng and :mmediscely aiter
World War [1 and are procably responnble for a sub-
scanual proporaca of the disense occurting wdav.

Much currgnt debate centers around the question of
whether 1l rypes of asbestas possess wie capacity to
induce mesothelioma. Experiments in smmauy vield an
affirmacive answer, but the results of this work mav not
be applicable :0 human beings, since pathogenic po=
:ennal and intrapu.monarv wansport of fibers are :n-
dependent considerations. Of all the types, crocidolite
3 ciearly the most strongly associated with the occurs
rence of the :umor. But there are :nteresung difer-
ences in prevalence, reiated o the physical character
of this fiber type. For example, in Northwest Cape,
South Africa, and western Austrilia, mesotheliomas
ocgur commeonty 1n persons with occupational or casu-
4l exposure to crocidotite.* The mineral guned in
these regions 11 composed of reiatively long, thin Sbers.

. In conurast, mesoctheliomas are rare i1 the Transvaal
of South Afrxcs, where the crocidalite fibers are much
coarer.

Another amptubole, amosice, 15 ie
cally with mesochelioma, whereas the tumor rarely if
ever occurs in workers exposed to anthophyllite. Bodh
these latter types are made up of reladively shoey, blume
fibery. A aumber of studies have been conducted
miners and mulers in Quebec and [taly, where the
serpencine chrysoule is extracted.’* '™ Although the
resuits are debacted, the bulk of the evidence indicates
that chrysoule is not an important cause of mesothel-
oma in these workers.

However, the data [rom cerwin occupational
groups, such as workers ia the exule industry and
insutators who are exposed predominandy but ao¢ ex-
clusively o chrvsotile, are not as definitive. The risk
appears o increase a8 the mineral is processed or when
dust coacantrations cannot be evaluaced critically.
Unfortunately, most epidemiologic studies concerned
with this imporant questioa are clouded by uacertaia-
ty because of the p latency period of mesoche-
liomas. Coasiderable has facused on determia-
ing whether the various tvpes of asbestos differ in theie
capacity to induce ic carcinoma aad fibro-
sis of the lung. U y, dhilfe is 80 good answer
10 these questions at prese, since dose-ceiated differ-
ences in the prevalence of disenre bave not beea csaab-
lished.

ord

3 ("

No topic is more compilex and subj ; 1y
than the esabliskuvent of crisria ca which to base
scandards (oc sir quality in the work place. Regula-
tions are excepticaally dificult to davelop, because itis
nmuﬂwmdaummb:kyldu:'d?dco
umenting disease retrospectdvey in mem| occy-
paﬁo:‘l“gmpnwhohawhqm‘ Y expesure cicher
in the remote past oc over a lifetime. The diffcuities

are compounded by the Jong latency periad ol asb
sis and the asbesos-associated cancers.
Although 4 for levels of ashestos in

ASBESTOS- ASSCCIATED OISEASES — CRAIGHEAD AND MOSSVAN .5

e arr of ccucauonal settings ‘0 tus zouncy were
formuwated in the (H40%, it was not unal (370 trag
federa: reguiatons were promulgated a3 2 resuit of the
passage of the Occupational Safety and Health Act
ana the Clean Air Act. The rutaf standard was based
on the light microscopical count of fibers of a iengea of
5 um, coilected by mechanical means. A concentracon
of five fibers per cubic cendmeter of air, averaged over
an eight-hour penod, was deemed permissioie, with
stpuiations {or tansient excesses above that concen-
tration. In 1976 the conemporary sandard of two
fibers per cubic centimerer was established. and more
recentiy & ievel of 0.5 fiber per cudic cenumeter has
been proposed.

{3 the currenc limit of cwo fibers per cubic centimeter
suificiently ngorous to peevent disease 1a e ture? [s
.t appropnate to base reguiation exciusiveiv on deter-
munatons of fibers of >3 um when te bulk of the
dust in air consiats of fibers of & shorter tength? Be-
cause standards are based on extrapolations {rom data
accumulated among workers exposed o refauvely
heavy concenzranons of dust in the past, predictions
must be based oa analyses that assume that there are
no thresholds below which the disease fails 19 occur.
Withun the ranges usually found in the occupational
secting, there appears o be linearity in the dosesce~ o
sponse reiaton, & least with regard o bronchogenic
caranoma. However, the likelihood that cancer wmil
occur is influenced substantally by o tte smoking,
since the risk in the nonsmoker who ?:haw apo-
sure to asbestos is increased only a few lold. Thus, the
risk for the nonsmoking asbestos worker is substanuai-
ly lower than the risk foc 3 member of the general
populsdaa who smaokes two o three packs of crgarettes
each day. -

The conciusion that asbestosis (2ils 1o develop below
a csrtain threshold dosage is based on phyvical examu-

o and radiologi dies of workem and noc on
patbological examinsdons. By these criteria. i¢is prob-
ably impossibile to be cerain whether a Gbrotic leswa
in the lung is due to ashenson. With mesochelioma, the
dats are more conuoversial. Although a dose-reapoase
reistion appears W exise, the threshold may be deter-
mdby&tlﬁlxlolzhcpemapud.beam
the latency period foe these cumors is procracied. Since
the problem canncot be answered with conwmporary
epidemiclogic and oxperimental spproaches, it must
be resoived by peacticai rather than theorencal connd-
eratioas.
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