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Ny name ia Hana Weill and I aa Professcr of Medicine and
Chief of the Pulmonary Diseaae Diviaion at the Tulans Medicsal
Center in New Orleans. I direct an interdisciplinary unit engaged
in"the investigstion of occcupational lung diseases, with current
research projects deesling with the wide apectrum of aineral and
organic dusta, and chemical vapors and gaaes in the workplace. I
and my colleagques have atudied the respiratory effects of

sabestos exposure, during the paat fifteen years.

I L. ve aserved aa preaident of the American Thoracic Soclety,
the medical and acientific ara of thg Anerican Lung Association,
and an currently the chairman of the Pulmonary Cisease Advisory
Connittee of the National Heart, Lung and Blocod Institute (NIH).
Our research haa been supported primarily through federal funda’
(eg NIH and NIOSH). Hy colleagues and I are continuing our
inveatigaticna of the morbidity and mortality asacciested with
cccupational expoaure toc aabeatcs in the manufacture of aasbeatos
cenent buillding producta. During this yeer I an in residence at
the Broockingas Institution in Waahington, as a Fellow in Science
and Public Policy. My work at Brookings involves an examination
of the uss of science in policy decislon-making aa it relates to
the ;aSaiién-f&iai;dfaihaaagi; ineiuding'thc regulation of

workplace expcaures.




ASBESTOS AND ITS EFFECT ON HEALTH

Under certain conditions of asbesatoa mining, ailling,
-‘nuf.ctur:ng and end-product use, an airborne dust cloud is
generated and fibere may be inhaled by proximate wvorkers. Fiber
deposition, clearance, and tisaue persiatence are primary
determinants of the types and severity of the diseascs which may
ultinately result from ssbestos exposure. Thase factors are in
tu;n iapartently influenced by fiber type and dimenaion (diazxcter
and length). Dust concentration and length of expoaure, which
deterzine the total or cumulative lung tiasue burden or “dose”
are quantitstivaly related to measures of the diseaae ocutcores.
Vhere differencea in disesce rialk have heen asasocilsated with parts
of the industry studied, such riak gradients are likely to be

related to the facters enumeratad abave.

Very thin fibera (generally <1 micron in diameter) are most
likely to be deposited deep within the lungs and relatively long
fibera (>8 microns) are nost likely tn ha retained for long )
periods of time in lung tissue. The distridbutions of fiber

physical dimenaions almocat certainly relate cloaely to the

pathogenic potential of the asbestoa exposure.

Thin or “reaspirable” fibera are carried down the branching
air conducting ayastem of the lunga, the bronchial tree. They are
-7 -most likely to deposit in ;hc-lncl;.-t such conducting tubes,

called raspirstary bronchiolea and alveolar ducts. These

PR L AT




atructures not only conduct air into the lunga but alse
participate in the axchange of oxygan (uptake) and carbon dioxide
(reamoval), the primary function of the lungs. The flb.;l reaching
these deep receasea of ths lunga have escaped the initial defenae
sechaniass which proteact man sgainat inhalad particles, motils
projections (cilia) and e amoving mucus layer on the inner
bronébill surface which propel the fibers upward where they can

ba swallowad or expectorated.

Fibera once deposited in the lung may then be engulfed by
acavenger calla (phagocytea or macrophagea) but when the fibers
are long, the phagocytoaisa is likely to be incomplete. When
succesaful, engulfed particlea :a} be eliminated by the muco-
ciliary sacalator or by 4ranaport to tha regional lyaph nodes.
They may alac be coated by protein and iron frem the tiaaue and
remain for long periocds of time aaz "“asbhestos bodies™, perhaps
having 1 at their pathogenic potential. Remaining aabestos fibers
eabedded in the tisaue lead to the development of disease over

mRany years.’

Two priamary tiasu-,reapcﬂses result from ssbestos expoaure!
scarring (fibroaia, called aabestoails when the lung is involved)
and cancer (carcinogeneaia), Fibroais begina in the perinheral
and lower zunes of the lungsa. a reflection no doubt of the
pattern of heavieat mineral deposition. Gradually, the process
becomea c.ssemiinsted throughout the lunga. A characteriatic of
B th.;fibrotic lung ia thet it ia contracted (smaller than noramal),

8tiff (poarly comapliant) and deficient in (ta ability to exchange
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gasas. Tha precise biological mechanisa ias incompletaly

. underatocod. Macrophages which only partially ingeat a fiber are
damaged and releaae aubatances which induce other cellas
(fibroblasta) to produce and lay down acar (collagen). Once
initiated, the £ibrogenic process i-.progr..siv., avan after
e..posure to asbestca ceases. Ganeralized or focal £ibroaia (the
lotter called plaquea) of tha lining of the lungs (pleura) ia
also a common conaequence of asbestos exposure, but with rare
.x;.ptionc results in no functiovnal impairment and should be
conaidered only as an indicator of exposure. Significant
asbestosia is recognized only as the reault of occupaticnal
exposure to a-b.atgn; pleural fibroaia may result £from
environmental (eg naighbarhcood or household) axposurea. It is not
likely that clinically inportabt chronic airways obatructlion (a-

seen with chronic bronchitis and omphyaema) ta the primary

consequence of asbestos exposure.

Iaportant increase in risk for developing two malignant
tumora has been repeatedly demonstrastad (n asbeastos exposed
individuala: lung cancer and mescthelicma, the latter a cancer of
the pleural or peritoneal (abdominal lining) surface. The
carcinogenic mechanisa in elther case is poorly understood, but
cartain relationshipa have emerged, pec-haps giving soms clues to

pathogenesais.

Riak for lung cancer is greatest ‘. those exposed ) o A

indivxaualn who have alaoc daevaloped anbo-taila. Indeed aﬁch




evidence which ia available -hgg.its that an expoaure doase which
detectably incresaea the riak of lung cancer will also reault in
asbeatosais in e saimilarly expocsed population. Smoking lncrlancs
the lung cancer riak in a ayuurgistic manner. Evidenca that
apacific lung cancer cell types or lung locaticn of the tumor are
particularly essscocliatad with asbesatos exposure, 1ia not
convincing. Recent investigations auggeat that asbeatos may act
as a tuaor promotor following the indepandent initistion of the
proceasa. It should be bor.e in mind that there ia a aubatantial
background of this tumor in the general population (130,000 casea
in the U.S.par year) and there are no specific indicators of
asbeatoa causatiocn. Excesa risk for the development of this tuaor
haa been recognized only in occupationally expcsed populations.

All esbastoca fibar types have been associated with excass lung

cancer risk.

Fortunately, meaothelioma is & rare tumor (approxisately
1500 casea in the U.S. ennually), since it ia almost invariably
fatal, no effective therapy being available. Moat cases aras
caused by expocsure to asbestoca, the proportion being variable in
the reported retrospective reviewa of sarieas of cases. Miniaum
causative axposure dose is likely to be shorter and perhaps lower
than for the other asbeatcs asaocisted diseases, probably
explaining the conaiderable nuaber of reported cases with
domiciliary and neighborhood exposure. It has been suggested that
asbeatos actsa as an initiator of this tunog. Exposures .af;y in

1ife are apt to incresse the risk §r..£ly aince it appeara that

the riak increases by the power of three or four with time since




firat expoaure. évid.nc. for a gradient cf risk in relation to
fiber type ia strongaost fcr mescthelioza, exposure to Trocidolite
or amosite being much more likely to result in the development of

tﬂll tumor than chrysotile.

Usually, two or sore decades elapse from first expoaure
before either the non-malignant respiratory effecta or the
ralignant intrathorecic tumors beccme clinically evident; the
“latency period”™. Dther cancers have besn laass consistently found
to be assccisted with asbeatos exposu~e: most prominent)y gastro-
intestinal and laryngeal:; lesa often ovarian and kidney. The
epideniclogic evidence is equivocal and the animal atudies are

not at all supportive of theae putative rolationships.

DEVELOPHENT OF KNOWLEDGE REGARDING THE HEALTH EFFECTS’

A quarter of a century following the commercial introduction
of asbestos, the first caase of lung fibroaias, later called
esbestoais, was recognized and reported to the Britiah
governaent. By the 13920"a and early 1930 8 asbestosia riak waa
clearly vecognized in asbestos textile manufacturing en both -~
sides of the Atlantic, as reflected by the medical literature.
That thia risk was dose-related was shown by USPHS'atudiea in the
late 13930°8, leading to the flirat suggyestion of & dust expeosure
level intended to result in no risk of disease (threshold liait

value). Asbestoals risk in usars of asbeatos-containing products

.- - ot o nem el

was £;§l}dod é.‘ntsincflaj ih.'r..ult of a roﬁort on New England

shipyard workers, publlished in the mid 15407a, and it was not
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urtili twenty yzara later that atudies of insulatoras ahowed

substantial evidence of lung fibroais in tiia occupaticnal group.

Case reporta in the United Kingdom, Germany and the United
States in the 1930’s firat suggested that an increasec number of
lung cancers aeemed to occur in workers with asbeatoais. An
autopay study in the U.K. supporting thias asscciation was
pg?li.h.d in the lats 1940’a and, in 1935, tlae first
epidenioclogic study of workers in asbeastns textile manufacturing
clearly ahowed increased lung cancer riak in this exposed
populstion. Excess lung cancer riak in mining and milling wasas
established in the late 1960’s sand early 15970°s and {n inaulators
in the early 1960°a. The relationahip hatween asbeatoa e poaure
and lung cancer fiak was accepted earlier in the U.K. and Europe
than it was in the United Staotes, where the ascientific coamunity

was not uniforaly convinced of the risak until the 1960°a.

A rare and highly malignant tumor of the pleural and
peritoneal surfaces, mecotheliomas, waa asgsociated with exposure
to. asbestos aa the result of important cbaarvations in South
Africa, reported in 196C. Workera and others expcaed to
crocidolite asbeatoa in and near the minea in the Northweat Cape
ware found to have (and die of) thia form of cancer with alarming
fraquency. Subaequently, mesothelioma risk waas confirmed in
manufacturing and end-product use of asbeatoa arcund the uorlg.

- The relavancs o£.ho£-occupat;onal exposures in the causation of ... ...

thia tumor became increasingly apparent. Expoaures were cften
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short with a long latency period of generslly two to four

decades.

SCIENTIFIC ISSUES Il QUANTITATIVE ASSESSMENT OF RISK

Quantitative rimk asseaament underlies the rational
management of that risk by regulatory pelicy. The grestest public
confidence in deciaion -aaking to reduce an environmental or
occupaticnal risk resulta when the dats unaed are the product of

-
vall designed and cnnducted atudiea of relevant huaan
populationa. This type of investigation is called epidemiology,
the investigation of populations in order to detect the
distribution and determinants of disease. The strength of
epidenmioclogic avidence varies with study deaign, som=2 types of
satudies being more "powerful™ than othera. When an oncupational
hazard haa heen identified, useful epideriologic study results
will determine the quentitative relationship between the doae of
expoasure to the causative agent and the riak of the adverse
health responae in the exposed population. The product is the
exposurs-rasponse relationahip, which together with a valid
estinate of the aize of the exposed population, the extent cf
that exposure and accurate indicators of the disense outcome,
give the characterization cof the risk. It will, of course,‘alao
provide levels or cumulative dosef of expoaure which can be
expected to re;ult in a predetermined riak, including one which
is conaidered to be “reasonable’” or "accaptaeble”. Optimally, tpe

- p:pocurc-rqnpon-circlctxen-hip_for a ppoei{ic agent vill-bg-; -

qeneralizable for all circumstances of ixposur.: often varying
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relationahipa are found for differing conditiona. It hasa baen
primarily eince 1970 that valid quantitative sssesament of the
risk has been accoapliahed for varying circumatancea o; asbestos
exposure in the workplacc. Although auch cata for sabestoa
exposure ia probably acre complete than for any other
occupational exposure, LI 3hould not be assumed that sll
uncertainty regarding “he expcaure-responae relationahipa has
been resclved: it haa not.

-

At prasent, exnosure-iesponse relationships have been
astablished for astestoa-related disease in mining and milling;
and in various parta of the manufacturing of aabaatoa-containing
products, such as textiles, asbes“ocs-cement, and friction
materiala. Since conteaporanecus neasures of axposaure are not
available fcr workers exposed to the dust of end-product use,
auch as inaulators and shipyard employeea, any guantitacive riax
analyais based on exposur.-response estinmates will be lesas
reliable than when these data are access:ble. Attempta have,
however, been made to eatimate "average' exposures for these
industries, which have then been used to construct & siope based
on certain additiocnal eassumpticna, eg. the shape of the expoasure-
response curve for lung cancer being linear without a threahold.

Such a alope will be based on one exposure point and will contain

conaiderable uncertairty, being clearly inferior to slopes

conatructed from multiple exposure-apec.fiic riak points, which

show an exposure-relatsd risk gradient.

- I Ve ) - s
‘ .- R .

Regulatory deciaion-making f£0r the preuvention of eabeatca-~
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! ralated disesasa wounld bea substantially aiszplar 1f the
quantitative risk asnalyses gave ain!.ar resi1lts irreapective of
the i{nduyatrial procesa, type(c) of sabeatocs fiber to which the
varkcr had beer. exposed and the spocific eakestce-irducead
disease. Thae avidence indicatsa that such comparability ia no:
the case. An additicnul complicating eapect in ths uae of
existing quaniitative catimates of -isk ias t:at all general
environmental levela of esabestos expdsure &nd most recant

-
occupatinonal exposursa will be lover tha.a any of the obaarvaticna
or esatimatas of paat exposurea which have been used to darive
exposure-response relationah.:re. In order toc aaaeas risk at the
relevant levals of exposure which ere of current concern,
extrarslation of the relationahip to theae lavels below which

“hard™ data are available, becomes nuceasery. Fu-ther, aven (£

epideniclogic data were available on health experience at
currently relevant low exposures (after the appropriate latanczy
pericsd for the disease appearcnce haa elapaed), the mensitivity
cof the rethodas of diseaae detecticn, particularly cauae-apacific
mortailty, is, in gersral, not likely to be sufficlient to

reljiably measure this level of riak.

Therefore, specific conaiderations necesaary to generate
quantitative ria': aaseasmenta f>or asbeatoa exposuro include: the
shape of the e:poaure-resronse curve, dlffering risk esiinatea
for the varioua expoaura-related diseaaca, the influence of

:--7-1$ndultry”gg-ponent and fiber type, the form and quality of the

disease reaponse and axposura data, and the role of non-

12




DRl emrt L s em - P Wi s (0 a1 e s sdee SR

occupational potentisl mcdifiers of the doze-reepcnse

relsaticnahip (eag. amcking). Theaa factora will often nct e

-

] independent, or indeed, distinguiansble in their affect on tha

A

risk analysia. It ia, hovaver,. incuabant on acientiats to take
theae and othar potentiially influencing factora into account and
clearly present tha asssuaptiona vhich have been sade sc that an

optimal charactarization c¢f the riak will aemergs.

i - INFLUENCE OF DISEASE OUTCONE OK SHAPE OF THE CURVE

Whila tha sahape of the dose-reaponae curve for asbeatoais

cannot e deterained with certainty, it la clear that tx:!s

fibretic effect isa dose-related, perhapa linearly, and whaether a
threshold axista may very well depend on the reaponse indicator
choeen. The clinical and other festures of this fibrcainy dissssa
of the lung include abnoraal cheat aocundsas heard On auascultaticn
(ralea or crackles); ashortneaa of breath which la excessive for
the leval of phyasical activity {n wvhich the individual :sa
engaged; rarely, deforaity of the tipe 0f the lingera end r"nea
(including the nails) called clubdbing; small linear or :rregular
shadcwa on the chesat x-ray filx: cerengement ¢f the funciion cf
thcklung, most often reduced voluses and disturbence of gaas

(oxygen) exchange:; and certain patzarna of ebnermality catectad

cn alcroacoplic examinaticn of lung tisaue (filbroaia and asdbesiocs
bodiea), ususlly obtained by surgiceal bilopsy or autopay. All of

thesae featurea are non-apecific but in prectice, for cliaicsl

- tand legal) purposesa, a&n exposure history esnd charsctaristic z-

ray pattern ara sufflcient for making a disgnoais. In studies af

| _eine IR i SRD o 7 oY B i
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sxpoeed populations, re.ationshipas hava been sought by

sessuresent of the re« nee uring s predetersined cosbiaation of
theae feetures of the Lasa.- og. at lesaat tAree), oa; of theas
(eg. the u-rey pattern. aftar other poasidle influenciog fectors
have been taken into eccawunt), csrtificsetlion dy en sdalalatretive
body for purposea of cospenastion, or snrtelity dats which depead
oA the deeld certificats “lassnocess. Theaa epproechaa have varylng
degrees of lialtatijon, ilncluling obssrver variedlility, sad the
aLBsequent uncarteinly sus® be borne ia aind vhea eveluating

resulting data.

A finel cospliceting esapect (n t'.e develnpeent of exposure-
reaponse (nfornation on sadbeatocale la that (U 28 & slowly
progressive disordar which msay snd freQuenlly dose) coatlnus to
wvorsen after ewdoaure ceasse. Veryling atudiss heve locksd at 22e
prevelence or incldence of the dlseess 68 the BIOiOQIC reapanse
verieble. Preva.ance 1a e seza.re of the {raquenzy of the
condition in & populstion et ore poOiInt in Lise and la the Teaultl
of bath the rete at which the condlitlion La appearing ia the
populetion uncer study, s we.! aa survival of t2e effectad
indivicusla. {ncidence (s the suadber of Aswv Ceass WhICH 6Fe Daling
recognizer (le. Clagnoasc) dur-ing a specified pariod of tise,
cavally pe- year. The lattler le ga-srel.y regarded o4 Da:ng e

BOF® Jnicrmetive seaayurs, eince !t Bare fuily espressas Ve riaa,

Thase e little dlasgreessat Lietl reduted recant eaposurea
teava resulted 1A lOoves rlek of sabeatoels snd lsss sevwie

disenees. Vien asabeatoala e mialseliy detactebla, It 18 aat

12




linaly to i(spelr functioa, produce eysptose Oor reduce longevity,
sed Lherefore, riak analyeis for ssbdeatoceis hae besan relegetad to
s poalition of leeser leportsence ia contreat to that for the

salignant consequencas cf sadeaton axposure.

Quentitative riek enalysies le qulite & diffsrent aetter for
tha salignant dlsecsea due O asdeastoa sxpoaurse. As regards the
ahape of thse doas-responas alope, an opersticnel judgesant ia

-

tesed 0N tLNe conciusion thal there la currently no evaellaeble
evidence thelt convincin ly provesa that tha alope la not linesr,
crosaing the risk sxls et the origin. Thie &asusption (es asade in
the CSHA rilak snalyaie! le juatified (roa the cobamrva“iona a2
aodarata end high levele of ewpoaure tie. genarally indicete
linearity, which vhen eartended Gownwsid ‘v lavelas of axpaaure
de.0w whiCh Obaerv:.130a sTG avel)ladle, 3rc nst inconasistent wilh
linear low Gose sytredpoiaiion., Teaking INnto acccount the relative
insenaltlvitly of populailion etuciss tg detoct alight increseas in
riex of saslignant Cleeese, it sweas unlikely that apidealology
vwill ever provide evidence regarding the ahape of the curve at

ts low end or vhathar & trnreahold exists. Nowaver, ths
posaidliity Thet auch evideace aight asarge fros anissl solels of
CATCiNnogenes.a & FOT eucliucsd. 4 prisant, (L GSGAS resacnadle
(predent), that far-purpoaes of policy developasnt, Lhe linear-

et-low Goss, No tArealtoltu moffel De employed.

- Of e TE6 Lwo melor nalignent disccses csused b; sadbestos

sxposuUre, lung cencCer end messthaliaes, the forssr e highly




prevelent in the general population (background) end {a& mcat

often not thae result of sabaatoa or other occupationel expoaures.
The latler ia, hovever, rare and moat often caused by aabeatoa
exposure, Whila avellable dsta incicete that both conditiona are
docse-relatad, Gguantitat!' : sapecta cf asbeatoa-induced lung
csncer risk ere better known than thoae !or.no-otballula, owing
prisarily to the relative frequency of theae tumcra and, parhapa,
to differential accurecy ovf diegnoeisa iu tha pest. Baat evidence
at “precent indicatea that while the lung cancer risk curve ia
linear in relation to dosa, mescthallcome incidence alsc aesans to
{ncreasa with the third (or alightly greater) powver of the tine
intarval aince first expoaure, in addition to bhaing

proportionately related to intenaity of expoasure.

For the reasacna already given (differencee in background
incidence of the two types of cancar), lung cancer risk s
vaually axpressed as & ratio of odbaerved csses, in a population
Or &xpoaure aub-group, to expected numhar of casea in a non-
expcaed comparison group, such es the U.S. population. Depending
on the specific atudy dssign, thia may be axprasased in
standardized sortelity ratica, riak ratice or relative riak.
Sincw the occcurrence of meactheliama in an aadestos exposed
indivicduel {a conaidered to be ceusally related tc the exposurs,
rilak (a expressed in sctus. nuader of csaea. No convincing dose-~
rsapaonas relationahips have been reported for other canceras (ag.

gasastrointeatinall.

14
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INFLUENCE OF INDUSTRY SEGMENT CN THE RELATIONSHIP

The relationahipa bestvean dose of aabestos expoaure and lung

cancer riask, as determined by various epidemiclogic studies, vary

conaiderably, according to the aagment of the induatry. Uhere
valid dose-reaponae data are avalladle, there is a gradient of
riak (higheat to loweat) froa the manufacture of asbesatcs
textiles to eabestcs-cement and other asbestoa-~containing
products and finally to aining and milling, and friction
materials manufacture, where the slope is leeat ateep. As
indicated previcusaly, asbeatoa pathogenic potential seems toc be

related to fiber dimension, namely diameter and length. Longer,

thinner fibera are probably most hazardoua, thia type of phyaical

configuration being moat likely in the textile industry. Other
factors, as yat unracognizad, may alas bhe {spartant in thias
regard. Accurate dose-reaponze relationahips are not known for
end-product uae, aince uinllnllcxpoauro data for relevant tine
periocds are available. There isa no evidence to suggeat that

rescthelioma risk varies signifiecantly hy i{ndustrial activity.
EFFECT OF FIBER TYPE EXPOSURE

Thare la a growing conaenaua that amphibolas are amore
hazaerdousa than chryasotile. The evidence ia based primarily on
atudiea of exposed hunan populationa; snimal axposure data are
not confirmatory of thia risk gradient. The ncat impreasive

'grodiﬁ‘au of _ruk by fiber type have been descnstrated for

nesotheliona. In mining of chryactile and crocidolite and in the

1S




mnanufacture of textiles, friction ;at.rialn, and gas maaks in
World War II, the meacthelicns experience of exposed workers has
been satrikingly lesa favorable in thocae who wverae cxpos;d to
anphibolea elone or in combination with chrysotile, in contraat
to populationa exposed to chrysotile alone. For example, in the
atudy of South Carolina aabsatos taxtile workera, where the lung
cancer riak waa among the higheat of any demonstrated, the
mesctheliosa riak was minimal. These workara wera axposed only to
chfysotilas asbaatosa. Nesotheliozas have been relatively rare in
ainara and aillers of chrysoctile asbestos in the Province of
Quabec, in contrast to the experience cf thoae occupaticnally and
environmentally exposed to the duat of the crocidolite mines of

the Northwesat Cape of South Africs and Australia.

During the Second World War, gaas masak filters were
manufactured using aabeatos. Apparently, crocidelite was
considared auperior for this purpose and waas therefore utilized
in making maska for military peraocnnel; chryaoctile was erployed
in the production of civilian gas masks. In workera engaged in
this wartine activity in Nottingham, U.X., and in Ottawa, Canada,
a substantial differential mescthelioama risk has now becone
apparent, following the expected aeveral decades of lataency tisme
for the devalopaent cof thesa tuaors. Agein, mocat of the
sascthel{onas are cccurring in those individuals previocusaly

expocsed to crocidelite.

‘i¥ 6n‘ ‘:‘ilﬁil'th. tu‘niy lijor .pid;liologzc atudies of

mortality in eabeatcs-expcsed workers which have been published

6
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to date (or are about to be), meacthelioma experience can be
compared by fiber type exposure in relstion to excesa lung cancer
risk, expressed es observed csses minua the expected. The latter
might be thought of a3 & surrogate sessure of exposure, allowing
for sasesanaent of mesothalioma risk after differences in lavel of
fiber expoaure have been taken into sccount. The highest average
ratic for mesothelioma/excess lung cincer appeara in the
crocidolite exposed populationa, followed by mixaed flber
oxé;-uren (uaually including crocidolite), then amcaite exposure,

end the loweat ratioc found in atudies cf populeticna expcaed to

chrysotile alone (aee appended table).

The evidence on fiber type influence on riak of asbeatosis
and lung cancné ia far leas convincing, primarily because it is
much more limited in extent. Where auch evidance has been sought,
it has generally suggested that, aa with mesothelioma, these
risks tend to be greater if there haa been exposure to

anphiholes.

j There are bioclogicelly plausible ressona why fiber-apecifia
riak differentiala might exiat. Reference haa previocualy bean
made to the iaportance cf fiber diaernaion in pathogeneais. It la
| likely, for example, that a cloud of aasbestoa dust contains a
higher proportion of respirable "“carcinogenic™ fibera if
crocidolite is present (fibers >8 microna in‘length and <1 micron

’ . - in diaseter). Crocidolite aight therefore be more likely to be

- S e

deposited in the deep portions of th.AIung end migrate iorc
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saaily to the pleural surfacea. Aéditionnlly, it has been
recognized that chryacotile fibera do not have infinite tiaaue
persistence. They ere known to be ecluble to acme axtoﬂt.
probably due to 1nachin§ of their magnesiua. Workers with =many
yeare cf predoainantly chrysotile expocaure may, on elegant
aineralogic examination of their lungs, have numbers cf tﬁ.ac
£ibara siajllar to unexposed controla, clearly indicating that
lung t;.-u. analysaie ia not an accurate indicstor of chrysotile
exfoaure. Thia ia not the case with amphibole exposure, these
fibers geanerally being retained in the tiassue for very long
periocda, aa demconatrated by comparable lung tissue analysia.
These differencea in tiasue peralatence may wholly or partially
explain the observationa in human exposed populatiocns cited
sbova. Non-confirmation of fibar type differences in aniasl
experimenta may be raelated toc the much shorter l.ife span, not
allowing the effecta of varying tissue persistence to be

expressed.
ASSESSING THE QUALITY OF THE DATA

Risk assesssent inferences aust ultimately take into account
the foras and quality of the data upon which the ana.ysis isa
baaed, saong other factors. Uuantification of the risk daepandsa

f£irat upon the quality, the fora and the temporal appropr-iateneasas

of the sxpoaure information in the jyroup for whom risk is being

releted to axposure. These fectors have varied conaiderably anéng

the studies Vﬁich-;Et dvailiSI; for.po.¢ih1- riak in.iyli..




.

In the 1960‘’s and bhafore, airborne duat neesaurea in
workplacea in which there has been eabeatos exposure, have
quantified total particulatea (all duat), not just aasbeatos
fibers. Since the ralationahip batween £Lbcén and other
particulatea is known to vary under differing conditions,
exposure to eabeatos during those yeara can only be eatimated by
applying retiocsa to convert total particulatea to fiber levels.
Th:s. converaion ratica have at tiseas boon-.lpiric.lly deterained
under more recent conditiona and assumed not to have changed much
£ron the paat (slthough levels of expoaure certainly have), or
they have been estimated without direct measurament. The number
of actual dust meaaurementa which can be uaed for expoaure
reconatruction is very limitad for work aites béfo:t the 19850C’s,
an ersa with oobviour. influence on health riak being obaerved in

recent vears, due to the latency efziect, aléeady diascusaed.

Measurement of airborne fibers (of a certain diaenaion)
became prevalent in the U.S. only in the late 1960°.. While
helping to estimate paat exposurea in teras of fibers, the actual
aabestos concentrctiona.deternined can be validly correlated only
with the healt! experience now evolving in exposed workera.
However, epidemioclogists appropriataly utilize the beat available
data, whlle at the sama time fully presenting the liaitations of
these datas. And ao they have done, with individual expoaure dose

eatinatea being derived from total and aabeatoca duat meaaurementsa

- for whataver tipcvpar;qd. for which th-yv;:. available. Taken

into sccount ia the tine cf meaaurement, job hiatory of memberas

13
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of the atudy cohort, and converaion ratics for expreasaion of dose
in fiber levels (the way in which standards for workplace

exposures are now axpreased), and useful exposure-reaponse

relationahipa have been generated.

Quantification of “"dose” has generally been accoapliahed by
estinating cunulative exposure, cbtained from the product of duat
concentration for a particular job 2t a specific-time period and
tis® at that concentration, with the reaulting products over the
working lifetime being summed. There ara two major asaumptiona in
this procedure, neither pteaéntly aclentifically provable. Firat,
that a heavy exposure over a short time ia likely to result in
the aamae riak aa a low or modarate level exposure over a longer
pericd of tise, if the product is the sasme. There is certainly
evidence that both duratisn and coﬁc.ntratinn cf exposure
influence risk, but the precise quantitative contribution of each
{a not known. Secondly, aince the aineral haa a long reaidence
pericd in lung tisaue and presumably continuea to exert its
pathogenic effect aftar ewpnaure ceases, some welighting of
exposure dose by residence or time aince firat expcsure aight
sean appropriate. However, a valid way of doing this has not been
demonatrated. In apite of the difficulties summarized, theae
curves, in the main, appaar quite plausible, essentially always
showing doae-relatedneas cf the effect, and bear reascnable

relaticnahip, one curve to another, whan the conditions lead to

the expectation of concordance.

20




Leaat satisafactory for purpo-in of quantitative rlak
analyais i{a whan the ebaenca of d;lt measuremants during the
appropriate time perioda makea it impocasible to attanp; to
recunstruct individual eatinmatea of exposure over the worker’a
lifetine. As a aubstitute, applying one or more average expoaure
eatimatee to large aegmenta of the study population may esaaily
lead to maisleading coverall quantitative eatimstes of riak. since
there ia likely to-have been considerable veriability -among those
comrsidered to have the same expoaure. Additionally, when average
levels 0f exposure are used for atudy groups, & gradient of riak
by dose of exposure cannot emerge a~d cannot, therefore, provide
a degree of validation by showing that the riak is indeed, dose-
relatead. This is the aituation for the atudies cf irasulator. and
ahipyard workers. While providing qualitative ‘nformgtion on
asbestoa-aasociated diasases, these atudies have limited utility
in producing reliasble expoaure-reapcnse relationahipa upon which
to set workplace standarda. This la particularly regrettable fro=n
a public health point of view, aince the iaportant aabesatos
exposurea in the recent past and in the future are likely to be

in those whose work puta thexa in contact with asbestca-containing

natariala, as in the conatruction tradea.

The atate of affaira regarding date quality is aubatantially

better on the other aside of the exposure-reaponse relationship,

ascertainment and quantification of the adverse effact on health.

There too, however, uncertainties exist. Primary reliasnce for

riik‘losoianodtiiu ih.'nqligﬂant:din.alos associated with

MRS 4]
N

asbeatcs exposure is placed on analysia of age end cause-specific

a1
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mortality. Comparisaon pcpulaticna should ba appropriate for the
cohort under atudy, and difficult choices have been encountared
when county, state and U.S. cancer ratea have differed. Expected
d‘-:h ratea auat be obtained for tha comparable era because of
i secular trenda (changea) in mortality experience in th. generel
population. The study population vit-i atatua should be known for .
! a high proportion of the cochort end sufficient follow-up tise
au:t be allowad to accurately reflect the risk of long latency
disesasesa, auch aa occupationally induced necplasms. Death
certificate diagnoses have a mnargin of error, but atteampts to
obtain further inforaation regarding diagnosia after death, auch
as review cf pathologic meterial, have not generally eltered
atudy reaults or interpratation. Ineidenca (new ceases occurring
per unit of timae) of tumors may not be accurately reflected in
nortality data. Unfertunataly, in the case of lung cancer and
mnesotheliona, the primary tumors of {ntereat in asbeatos exposed
populations, their very poor cure ratea reault in a satiafactory
approximation of incidence by mortality atatistics. Uncertainty
regarding the riak of death from a specific cause in an expoaure
category will obviously be affected by the nurnber of cases in
that cell, tha number of casea expected for that group and
indirectly by the total size of the atudy population. Smaller

nuabera widen the confidence limits, and consequently redice the

preciaion of the exposure-response alope. While these potential

limitationa may seea to be overwhelaing, in fact, extresmely

_useful risk analysea have been po-n;blgwdnd there ia amazingly .

broad~besed confidence in the eatinates.
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Koftality date are not usefl in fully Quantifying the riak
of asbesatos-iniuced lung fibroaia (asbestoais). Affect;d workerasa
nay die with sabestcaia but not of it, in which case it is not
likely to appear on the death certificate as thae primary cause of
death. In contract, senaitivity of detacting early eviderce of
aah~atcaia in a living exposed population has increased
aubstantially in Tecent years. Standardization in the reading of
abfforaalitiea consistent with asbestosis by radiographic (x-ray)
claaalficaticon haa baen eapecially facilitated by continuing
improvesent in the internaticnil clasalfication now widely used
(ILO). The randomized reading of filma of expoased workeras,
without any information ragarding the individual uhoaa £ila la
being claasified, including exposure, resulta in quite good
reproducibility of readingas or at laast conasiastency in “over or
under-reading”. Since much of the aabestosis being aeen now lis
the reault cof lower dust levela in the pest two decades, the
filma are likely to be claassified in the lower categcries of
profusion of small opacitiea (fewer shadowa meaning less severa
discase). Aa ia frequently the caase with biological! neasurenents,
it ia at these lower liaita of disease daetection that inter- and
intra-cobserver variability is greateat. Again, it is gratifying
to know that in apite of theae recognized problems, excellent
expoelLre-reaponse relationshipa have resulted froa the

radiographic clacsification deacribed.

* 7 Yhile the cheat x-ray Lndirfétly aessures structurasl or

anatonical alteraticna in the lung, pulmonary function testing




assesaes the affect tret injury to the lung tissue haa had on the
capacity of the reapiratory ayatem to parform its basic functiona
of delivering "freah”™ alir to the distail lung gaca (alveoll) for
*he purpose of exchanging gases betwean the lung and blood: ia.
oxygenation. Asbestosis will, et acme staga, interfare with thia
normal function, but &2 may cther injurious influencea (ag.
ancking, allergy). Aa with x-ray readirng in the dust disea -es,
pulmonary functicn testiag has becose increasingly atandarcized
w;ﬁ% betier quallity control and improvad apparstusa. When using
functional maasgurenmania as indicators of a dust effact, which has
resulted in guite satiasfactory expoauri-teaponae relationahipsa,
other poteatial confounding influences amuat be taken into acccunt
in the stsctictical enalyseus. It appeara, at la2aat con the baaia of
population-based data, that the chest x-ray and lung £unctiop are
egually senaitive inm tha early det. tian of aaheatoais, although

in an individual case, cne method may reveal abncrmslity before

*he other.

Expoaure-reaponae relatimnahipa have been repcrted using aa
the biologic response indicator either & conatellation of
clinical £ihd1ngl to Jdefine asbeatoais, or certification by a
worker’s compensation panel or board. These two sTudiea, from the
Jnlted Xingdom and Cntaric,. uaed incidence of asbestosis and
found different quartitative relationships with estimates of pasat
asbeatos exposaure, The variation in resulta mey have been due to
dif‘.tcnccc in length cf auxinu‘ £ollov-up (lar. cases bcing

- B S >

cxp.et.d uhgr leﬂgcr £olloo-up in posnibl.)‘ diff.ring c-itaria
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by the two cartifying bodiles for Eo-p-n-.:xon swa,da;: -- o

dif{farences in aethode of detersining peat espoaure {(3-..s

likely).

How do tha exposure-responae reletionahipe for the sser
dissase outconea of eabestoa exposure differ?! With very few
axceptiona, apecific curvea are not avellsd.s for sescothelloea
but indirect evidence atrongly suggealta thel expoaure <oee
rdBulting in thia tusor say certalialy be ahaort, If sot low.
Presusably, the exposure-responss curve would de experied Lo de
ateeper then tha for lung cencer riak, unéer tAe sase
circumatances, al:hough (Or ecat eortallty etudliea of warming
populationa exposed L0 ssabeetoa, thas suader of encess .ung CeAler
casss ia likely to excead the freque=cy Gf aeeolhalicae. Thia 1@
undoubtedly influenced by feclore ather thsa tuaulative doee of
acbesioa, auch e the lOwv becxground (ACLIdence In Lhe gsners,
population and absence of tha laportent iaflveale Of esspuimg o~
agaothelliona riak. The pover reistionshlp of sesaothe :ons riss
with tise aince {irat GNPOAUF® €l680 roaUiIta IA elTenvaled Fies
when expoaure firaz oCcure later in .:fe, PoOpuiation Jata ofs Al
now avalledble, nor ere they lixely to becose 60 1A tiw fuleres, La
aa & parniaaidla expoaure li3l!% In the woruplece heased oa

exXpOo8Ure-reapinae re.ationghips fCr i e Luaor.

Although paat s%andards (Of cadestos heve FsAera..y bees

beased on ssbestoals riak, thias 1s RO longer Lhe cCose. The Culreat
asphasia i{n ssbestoa Tiak analrsis la firsly focused ca the

sslignant consequencss of this expoaure. It tierefore >elcses
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re.evant to conalder datls which provide (afecrwalion rejerding tre
reislive riad of ssdeeloales and secCeas jung Corier 1l CTosperebhile
jeve.o of evpoewrs. defore diLing Liils, It suat firel ¥e clear
whatl oulcoes 18 PELAY S0A8uUTOE.: An pie i aly indiceted.
esposure-reapossa teletionahipa (or saligasndy ere beesed on
csusa-apecific sartality. is. 6eatha free Lhe tumer under
consléaretlion. Slace I dsve alreedy sogesaled Lhat for
ut;oos“u. eoPlalItlYy Gludisa ore Act liNely s fu'ly avprese Mo
viaN, Olher svidence o.a be sdvdhl., ZiaCEe tAs dilogneals Cos Yo
ease el o rolhar early atage, oad Lha €loeese s sioviy
procresnive, 1% shouid e recognliad tNel LAere wili Do o
avbertentlia, Aveler Oof mspuesnd workera with ssas avissace of
cadbeaioala, wvhlCN e ot 1iNaly %o resuil iIn ¢urctionel
L8palreeAtl GF FOEVCEE (omgevity. Vhelt say bam lasa apferfenl s
&% Jimile2 L4Y Vve'her IGAVIAIING eridense (hrdiintes TRAY A
topslet.ure CF 8ot dTSwie sd levi L lavele of selwptia A whidH
lalu a4 Deesr @LLTisi e TAZaas ..ny “en- T riss, eedbeaicals le
G180 ilP0 Y ID ¥ e demcretlrable. Yo ay Nrowledee. Lhere (e Re
v 38ACE Lo LAE COALFETY, (6, OSPOaJlS [(8ve .8 whlCh Rave Jesn
S23wh I8 Protect .08 683568134la D< . where 8sCtad .uig CONCOP
fiak (& Gos. ARLFO el, Tha polity I8RIICOIun ohi&h folicve |8
tARL w3rw, sce SLARSArCL Trull fuwasifed' * L@ besal OA a.lrar
24228134 )8 ¢+ - Luhg San.ar Tlex j{ lha foreaf la sasssens ve.ng
sOREILIVE BAIRAAFIGLYF. AU, 13 MITN (R8L,&KRIGe, 8av@.velisg (Less

reellh @ffocia oflaF (Re . ,ro, rle'e latlead) Lise Xss slepeed,
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Cleariy, the ssal lesportant of the hnewa personal factore
NSt ef(sct Lhe Clacana 0ulcONes Cavsed By ssdesloa espoaute, la
asoking. The alluatllon differs (37 eech of the threa asjar
condltione] sabsatloals, lwag cencer sand seecthallosa. Thare La no
avidence 3stl ascaing Couses diffuse lung fibrosia of the type
tAst world be enpected O be CcOnfueed structurelly or
; functionally wilh asdestaosla. Nowever, there ia l(ndeed evidence
] Cros popuiation atudles that low level prefusion of asasll
oyzcitsoo on the cCleal N-rey, of the Ltype seea la sadeatoals, aay
bve essocleled viiN Clgerelts esching. In that sansa, asoking la e
E confounding tnfluenciag (ector wdich aval be taken inte eccount
whan re.s%lonah.pa sre souwght betiveen asdeasatlos supoaure and

redlogrephlic svigdeance of es>estoeale. T2ias la act, of courase, the

se08 44 seying thatl ssokIAg 18 & coatsibuling cCeuae of

sedea’oe.a: (N 8y view, It la not.

fasmlng Goea, hOoweval, -OJuenli.y Ceule CAFNALE lung dlasaae
1A Lhs geasrel popuistioa. Thees conditicns ere often genericelly
celled Cc rOAlC abatructive lung dlsssss, coaprialing prisarily

CLFORIC DICACALILIA GRS DUladAEry esjhysssa. Whes Lhay coswviat

wilh aateatoals Lhey cCen De ospecisd 10 eahence the functionel
etfoct O0f tL@ OCCuUDELIONL! Clsesss, Dul t2e dual euWdDOauUre la Aot

1i¥@8.7 Lo Aeve COATTIDUlGS subDetanIlielly O ciinical.ly

TR OV S T T ATy

sign:ficent alrvays ntatruction, Cre oflan resls INn (Ne prasa
thetl Sabesloals 6 & CHLIGALC Lung Clesass CRAICH L& “aisilar to

csphyasns”™. Ia fact, tas cliaical, Fredlogrephic, pulscasry

TR TR T

fuactloa (FAYSIOISIYLIEC) and Enatoals (esturea of sabestusis and

Gy

aspiyasss Coulld rot be s0re dia%liact aad shouid sot be esal.y

hers
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confyvasead. Ia terma of non-salignant reapiretory dilaseese, bath
esabaastos and asgoking ere laportant csuaea. Whila they tsuase
diffearent dlaecasea. the affects of ascking on the airvays and
tS.lr function, es vell aa the x-ray, auat dbe taksn into eccount
when consldering the reletionahip betwveen aabdbeatos axposure and
aiffuse lung disesss. Thia csn Quits readily be eccoasplished in
populstion atudise but ias msore difficult to sort out in

individual cases.
-

It L& for lung Cencer that the aynergians betwean cigarette
aaoking end sabastoa exposure hes approprietely recelived the
gresteat sttention. Our inforesetion on the relationsehip betwvean
thaas tvo ceusal factora comeas roa the relatively (ev mortality
etudies of sabestoa-exposed workers vhare #80X1inNg NisTarisa srw
sva!(laedle, The dalte indicets thall the intersctlon (s more then
acQilive ard may very we!ll be sultiplicaiive (the product of the
two vlak feclore, eg. 1IN tha lnaulecr studieas, & Tiak ratio cof
I0 for sacking, 3 for sabdeatoa, 20 fOor the cosbination of both
feactlors acting together), Wnhile (t (e clear that the sxtent and
prevalance of ascking i1a s study populaticn, its various expoaure
groups, end the cosparison or coatrol group, cen have an
ax%less y lapOoTrtlant @{fecC% ON luUNg Cencesr expoaurd-Teapoasae
curves, thare le lnaufficient informelion avallad.a to ellow
angk:ng to ba uasd la Quantitatlive rlak essssasent for asdestoa-
relezind lung cancer. AZ preasnt, ian epldesiologic ressearch, we
€en 6% beat ATLENPL Lo ChaFectarize the sackiag habtita of the

atudy cohsrt and acasas coaparedility Iin vegerd to thia

23



.. - R - . .

ca e wee o w———— -
3 N B

— e —c.

- e a— . — _——— . -

RS- - — - e~ T e e v < s - .
C bl PN g gy et PN Bl DA Bl e g -»-x-.~»-‘\;_-y.'n-¢x.‘-_—'~.¢-.:“-_'-,\_‘.;,_ B N O R 32 Tt

P e

influencing variable between the dtudy population and the
cosperison (unexposad) populetion, and between sub-groupa of the
cohort which have been atretified by level of .xpo.uro: While the
rqlc:xv- contributicn of sabeetos axposure and amoking can, with
aufficlent inforamation, be esatimated in populationas, it ia
axtreaely difficult to do so in en individuel with this tuaor,

where both cesusal factora have been preaent.

e Brief coament sseas appropriate regarding the poasaidle
aignificence of iasunologic abnormalitiea which have been found
in the blood and calla of asbeatoa-exposed or d.seessad

individuels. Investigstors have hoped that such findings might

provide inforaation regarding psthogenesls of thess conditions
and, perhapa, be useful in predicting an &dverae response in
exposed workera. To date Lt s2ema thel tTheae immunvliogic findinge

area scet lixely to de the consequence of tiasaue Lnjury and

appropriately called “epi-phencaena™, being of littl!e value in

TR T T YR Ty
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etther identifying the suaceptidle worker, correlating with the
risk or severitly cf dlseaas Or providing factora to be taken inte

account in generating doae-reaponae relationshipas.

In diacussing riak analysiz, I have reviewed the

conajideradle influence of a veriety of factora which avre likaly
to affect the measured extent to which esbestos csuaes mslignant

and non-salignant classssa. Theae 1ncluce, but are undoubtedly

not limited to! aegsant of the industry {a which asbeatos ia

(TPT M NS

- "used} fiber type; physical diasneion of the fibar: choice ol @

coapsariason population; differences in follow-up tise in the atudy

29
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population; n-okinq hab‘.a of the atudy and control populations,
and between exposure jroupa in the study cohort; quality sand fora
of the duat expoaure dats and such assuaptiona ss conversion
r;tiaa for total particuletea to fibera; and criterias for
ascertainsent of the health response under study. In apite of
thesa important sourcasa of variability, we know of no other
occupational disesse for which more coaplete exposure-responaa

data are aveilable froa huaamn population studies.

-

THE OSHA PROPOSAL FOR AN ASBESTQOS STANDARD

OSHA haa relied on a quantitative risk sssessment for
asrsstos exposure which ia based on currently accapted
mnethodology. Xoat, 1f not all, of the varilablea‘-diascuassed have
been conaidgred and it la very ainllar to the riak analyaisa
produced by the Chronic Hezard Adviaory Panel (CHAP) on Asbeatos
of CPSC. There i{a not, nor ia it likely that there aver would be,
coaplete agreenant on all underlying sssumptiona and decisiona,
concerning, moat notably: choice of atudies for deteraination of
exposura-reaponae alopea for lung cancer and aneacthelioaas riak,
differentiel riask related to fiber type, riak gradient for
differing porttona of the induatry, and whether to include riak

of gsatrointeatinal neoplasma in the anaslyaia.

Bon.vtr. on cuch 1-‘004, cozproaiss and functional consensua

h.- generally evolved., No aignificant differences have snerged in
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choice of modela. At mosat, chnngc; in the asauaptions which I and
ay colleagues maight make in the risk analysis, would result only
in lovering the eatizated exceas deaths (lifetine ri-k; reaulting
froa aabestos expoauia by a factor of two, under identical
conditions of age at firat expcaure, duration of eaployaent and
level of exposure, and, if riak gradianta by fiber type and
proceas are ignored. With those caveats, and considering ell of

the uncertainties readily conceded 1in the procesa;, I can accept

te OSHA r‘ak assessment as reasonable and aupportable.

The regulatory chcice of a permiasaible exposure limit (PEL)}
for asbeatos clearly extands bey>nd the acope of biomedical
aclence or public health. Such factora aa technological and
econoaic feaaidbility (available approachesa and cosat of rieck
reduction), measurexent vallidity, work practicaea, peraocnal
raapiratory protecticon (versua engineering coantrols), and
evaluation of comparative riaka all require broader input. These
conaiderationa asicde, the reasidual risks associlated with 435 years
of exposure to 0.2 or 0.3 fibera/ml., under conditions of fiber
type use and processesa constituting past expoaurea (7 and 17
excossa deaths per 1,000 workers over their lifetime in the OSHA
risk asaessnent), ere not easily defended by thoae comaitted to
reduction cf workplace hazsrcda. Obviousaly, the non-heealth relataed
factora cannot be ignored, aa evidenced by the OSHA proposal.

Also, thaeare are additional consideraticna.

"% do not beliave that all -xﬁohuéaa to asbestoas result ina

the sase riak to workers. I have reviewed the evidencsa which

3
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indicates that axposure to different fiber typea, and in diatinct
parta of the induatry, haa produced differing levels of riak in
workera. I believe that thia acientific avidence is atrong,
sithouqh by ita nature, never conclusive. It clearly falls under
the rubric: “beat aveilable™, upen which policy decisicnsa are
noat often takan. There will, of courae, be conaideretions,
falling within tha expertise of diaciplinea other than biomadical
.Ci’nc.' which will, and ahould, cqntrihut- to tha regulatory

policy which OSHA ia formulating, {n part basmed on these

hearings.

Howaver, T would be reaiss in my reaponaibility in thia
rule-making procedure if I did nat pravide judgmentsa on peolicy.,
which I have concluded are aupported by the available acientific
aevidanca, once again ra-ntéting ay recagnition that €inal
declalona will be baaed on broader considerationsa. I find it
difficult to juatify the continued uas of aaphibole aabeatoa,
crocidolite end amcaite, when it can be avoided. Demclition and
other conatruction expsauraa tn these fibera will, of .courae. be
unavcoidable in the foreaceadble future. Unacceptable riak haa been
dencnatrated or aatiaated at levels of exposure that are probably
lower than cen practically be attained, so that diacontinuing all
use of thase fibersa in the manufacture of new producta and
aimilar {ntroduction in the workplace, ahould ba the deatred
regqulatory objectivae. How 2hia ia to be achieved, I will leave to

othars. C N S . ’
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Am indiceated, the evidenca alao allowa evaluating the riak
gradients which have asmerged in relation to p;occnl. Mining and
milling exposurea are not germane to theae proco.dinga: and will
not be conaidered further. The manufacture of aabeatoca textllea
probably rwaults in an unreaeacnably high riak and ahould be

regulated moat atringently among manufacturing processea, perhsps

to the point where continuing viability of thia portion of the

induatry ia doubtful.

Under the above aaauamptiona of excluaive chryaotile uase and
manufacturing processea limited essentially to a.b.stc--ce-ent'
producta and friction materials, the analyais of riak cited
pruvicualy should be conaidersd e; a aubstaential cover-cstiaaste.
It then bacomea probable that & PEL for asbesatoa of 0.%
fibarea/al. would raesult in a poltantial riak vhich is not
unreascnable. Should a differential regulatory approach be
rajected, adequate riak reductlion might not be achievad, aven at
a PEL of 0.2 fibera/ml., although non-sacient!fic reaacns may make

thia limit the loveat "fasaihla" aAna uhich ~an ha prosulgated.

IS ahould not go unnotl;od that other governaantsa, basad on
the concluaiona of their adviasory groupa that all aabeatoa riaka
vere not the aame, have apted ta follow thia course. 0f recent
intereat in thia regard, becauase of ita thoughtful, thorough and
overell exesplary approach to public policy in the aabeatoa-
related dissese 1snuon, ia tho auparb report, published in May of
thin y-nr, of thae Ontario Rovnl ‘Connission on Asbestos. In

addition to Canada, cother countries regulating asbastoa according
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to fibar type are: Auatralia, Belgium, Denmark, Ireland, the
United Kingdoa, Italy, Japan, New Zesaland and Norwvey. Even ln the
U.S., we have recognized differing risksa by banning & number of
useas of asbestos (ag. apraying of ssbastos insulstion). Further,
DSHA haa previously set different PEL‘’s for separats parts f the
cotton industry, and, indeed, for diffarent joba in the textile
portion of that induatry. I would encourage the Agency to

conaider & aimilar spproach to tha regulation of ssbaatoa.

-

MEDICAL SURVEILLANCE OF ASBESTOS EXPOSED WORKERS

Finally, I would like to direct ay attention briefly to
rules covering madical aurvelllance of expoasaed workera. Aa
indicated earlier, aabeatcaia is s alowly progresa:ve disesaa,
and, due to the adbetantially lower expoauraa of the last two
decades, the extent or severity cf this disorder is currently,
ard will continue to be in the future, moat often aminimal to
nodest. Specific treatment is 1ot aveileble and short tera
ineresental expoasurea at currunt operating levels are nokt likelsy
+o have a measureble effect on progresaion of the disessa. For
thasa resacna, and the general precept that all unneceaaary
irracdiation ahould be a;oided, I recommend that cheast x-ray £filnms
he mandatad at a three yaarly interval, a change froa the current
requireaent of vearly filaa. I would not favor thias change if
nedical evidence ahowed that annual chest filza liguiflcantly_
improve prognoals when a -aligncnt tumcr is discovered on routine

x=ray auvrvaillancec-=thia ia, unfortunately, not the came.
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The eliciting of reapiratory aymptoas and perforaance of
apirosetry are lesa of benefit in asbeatos-exposed workers
because of their apeclificity (they are non-apecific inﬂrcgard to
exposure-ralated effecta, primarily asbaatoais) than for thair
uae in making the uéru.t end his phyaician awvare of a departure
£from respiratory health, moat comaonly chronic airways
obaetruction, due to chronic bronchitia or pulmonary emphysena.
While annual aymptom inventory and.pulmonary function teata-
ahould be conaidered part of good general madical surveillance
from middle age on, particularly in high riak groupa, auch aa
amokera, the major benefit to be axpected (a the aucceasful
counselling of the early obatructed f{iandividual to diacontinue
amnoking. For the limited purposea of occupational health
monitoring, these procedurea could also be required only once
every three veara. No new additional medical procediurea are

Juatifiably mandated fur incluasion, at this time, in the

survelllance progreana.
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