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PREFACE

T~ls A.be.tos He.lt~ AS'lss••nt Upd.t. docu-ent h.s b••n pr,plrad by th4

Enylro~nt.1 Crlt.rl. and AssIs ...nt Office of the U.S. Envlro~nt.1 ProtectIon

Agency (EPA), Offl~a· of !fe.lth and En.,lro~nt.l Anus..nt (OHEA). Th4 dOC~nt

was dlYal~ld to .erwe .s tn. sclantitlc b.sls for EPA revl~ and revision, IS
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Tlo-t per lInft e.posure of ••btstos .re .lso dfscuss.d, In .n .tt.-pt to

qu.nt.lfy Idyer.e 1'llI.It.h atfacts assocl.tad with e.posllre to .sbestol via
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ABSTRACT

Data deYeloped sinct tht early 1970s, from largt populltion studies with
lvng follow-up, haYt Iddtd to our knowledge of Isbestos-rellteo oiselses Ino
strengthento the eyidenct for associations betwetn Isbestos Ino specific types
Of health effects. Lung cancer Ind .e,othtlic.a are the tOst important asbtstos­

related causes of otath among I~posed individuals. CanCtr It othlr sites also
has beln associateo with asbestos e~po,ure. The accumulated olta suggest that
the exce,s riSk of lung canClr fro. asbe,tos I~posure is proportional to the
cu~ulatlve exposure (the darltton ti ..s the intlnsity) and thl underlying risk

in the absence of I~po,ure. Thl risk of death fro- "sothelio.. is approxi­
mately proportional to the cu-ulltiye e~posure to asbestos and Increasls
snarply with tl.. since onslt of expos uri. Ant..1 studies confi~ thl human
epidemiological rl,ults and indicate thtt all ..jor asblsto, vlrietil' proouce
lung cancer and ..,othllio.. , with only lleited difflrlncl' in clrcinogenic
potency. SOlI m4asurllent, dltOn,tratl that asbtsto' expo,ures Ixcelding 100
times background occur in non-occupational Invlronltnts. Currlntly, thl most
important of th,sl non-occupetional I~po,url' is the rellasl of fibers from
asbestos-containing surfacing latlrlals in schools, aUditoriu.s, and other

public buildings, or frOI sprayed asbe,to, fireproofing in high-rise office
buildings. Extrapolations of risks of asbestos canclrs froM occupational
circumstances can be maa., although nuaerical e,tinat.s in a specific Ixposurl
circumstance haYI a largl (Ipproxi~tlly tenfold) uncertainty. Becaust of
tnis uncertainty, calculations of unit risk yalu.s for asblstos at low concen­
trations must be Yiew.d with caution. They are subj.ctiYe, to soml extent,
anc are also SUbject tc the following li.itatlons In dati: 1) vlrilbility in
tne e~posurl-responst rilitionship It high Ixposurel; 2) unctrtainty in Ixtra­
polating to exposures 1/100 as luch; ano 3} unc.rtainties in conversion of
optical flblr counts to electron eicroscoplc fiblr counts or mass oettrminl­
tions,
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1. SlJI«ARY

Data dtvtloptd since tht elrly 1970s, fr~ largt population studits with

long follow-up, havt added to our knowltdgt of ubutos disease. Tht" data

strtngthen and quentitati~tly define the association of asbestos e~posure with

dhean. Lung cancer and lIIuothe1io.u art the lost ilJlllortant asbestos-related

causes of delth .-ong t~pOsed individuals. Gastrointestinll cancers are also

incrtlud in Mit studiu of occup"tionalJy txpond workerl. Canctr at other

sites (larynx, kidnty, ovary) his also bean shown to be associated with asbes­

tos e~posurl in sa- stlldiu, but tha dtgrle of exc.ss risk .nd the strength

of th association art leu for tilt" and th. gutrolntutln"l canctrs than

for lung cancer or lIIuothellOlll. The Inttrnational Agency for R.surch on

Canctr (1982) lists asDeltos as a group 1 carc1nogen, ~aning that exposure to

asDestos is carc1nogenlc to huaans. EPA's proposed gu1dtllnes would categorize

asbestos IS Group A, h\lltlon carcinogen (Ftdtral Reghttr, 1984b).

Data frail a study of U.S. insulation worktrs .11ow IIOdtls to be de~tloped

for tht tiM and agt dtptndanct of lung Canell" and _sothalla-a risk. Thirtun

othlr stlldiu providl t~posuri-responJI infol"ltion. The acctllul.ted data

suggest that the txcess risk of death fra. lung cancer fra. IIbestos exposur,

is proportional to the cUllul,tlvl expOSUri (thl duration tilllts the Inttnslty)

and the underlying risk in the Ibstnce of exposure. The tl .. courn of lung

canctr Is dete!'llined pri.urily by the ti.. couru of the underlying rhk.

However, the risk of'dllth frOll "sothellOlll Increull!S Vtry rapidly afttr the

onstt of expOSUri and h Independtnt of age Ind cigarette slllOklng. As with

lung cancer, the risk appears to be proportional to the cUliulativl exposure to

asbestos in a given period. The dose and ti .. relationships for other asbestos

cancers are uncertain.

Fourtun studhs providt datI for a bnt estiute fNctional increased

risk of lung canctr Pll" unit exposure. The valun characterizing the lung

cancer risk obuined frail different stud!u vlry widely. SOllie of the varia­

bility can bt attributed to sptcific procusu. Chrysotile lIining and lIIilllng.

and ptrhaps friction product lIIanuhcturl, appear to havt lower unit exposure

risks than Chrysotile te~tilt production and other uses of asbtstos. Other

variability can be associattd with tht unctrta1ntiu of su11 mMlbers in

tpidemiological stUdies and I';sestilllltu of tht tXposures of urlitr years.

Finally, some dlfferenclS between studiu lIIay be rtlated to differences in
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fiblr typl, but t~ISI arl _uc~ Iiss thin thosl associatld with specific prOCISSIS,

Four studies provide similar quantitativI data on thl ~nlt Ixpos~rl risk

for IMsothlliou. Ind lix Idditional studiu provldl corroborative, but ltn

accuratl, q~lntHativt data. Thl SIM flctors that IHlct tht lung canctr

unH ..posura rhk appllr to affect that of Msothllieu as thl ratio of a

,"nurl of "IIsothtlioma rhk to tXCln lung c.nctr rhk Is roughly consunt

across t~t tin studiu. Howevlr, in othtr studi .. t~1 rltlo of nUllblr of

Msothll iou dllths to lung ClnClr dlaths MOng groups upond to substant II I

quantitils of crocidol't, is two to four tiMs highlr than .-ong groups IXPOSld

praoo.Inlntly to other fiblrs. F~rthlr, thl rhk of plrHonlll Msot~IIIOlIl'

appllrs to bl lin froll ..posurl to chrysotill th.n to lithlr crocidolHI or

a~sltl, but this sugglstlon Is t.-plred by uncertalntllS assoclatld with thl

greatlr possibility of aisdllgllOsis of thl disllSI.

Aniul studlu confil'll the hlMllln Ipldftiologlc.l ruults. All IIIljor

nbestos vlriltilS prod~cl lung cancer Ind Msothlll_ wft~ only lieliud

differlnclS In clrcfnoglnic potlncy. Impllntltion Ind InjKtion stUdies show

t~lt fiber di_nllonllity. not c~..htry, is thl ~st i..-portlnt factor In

fiblr-indLICld clrcinogenicity. long (>411_) Ind thirl (<l \1-) flblrs Irl the

lOst Clrclnoglnic It I canclr-inducibll sltl. Howevlr, t~1 shl dlplndinci of

the deposition and _fgration of flblrs lisa Iffects thllr carcinoglnic action

in hUIIlnS.

Mtlsur...nts dllOnstrltl th.t asbestos Ixposurls Ixcllding 100 tlllls the

background occur to indlvidulls in S04ll non-occupatlonal settings. Currlntly,

the lOst important of thul non-occupltionll exposures is froll the releasl of

fibers frCfll asbestos-containing surhcing uurials In schools, aUditoriums,

and othlr public buildings, or frc. sprayed asbestos-contlining fireproofing

In Iligh-rlsl offlci buildings. A high potlntlll IXlsts for futun exposure

frc. thl .. Intenance, repair, and r.-oval of thisl mlterials.

EJo:trapolations of risks of asbestos ClnClrs froll occupational clrcu.­

stlncts can bl IUde, Iltholl9h nlAlrlcal "tl..tes In a specific uposurl

clrc~stancl hlVI I l ..rge (approxIaltlly tenfold) unClrtainty. Blcause of

t~1s uneartalnty, calculations of unit risk V-.lulS for asblStos It the low

conclntrltlons mllsurtd In th. InvironMnt lIust bl viewed wHh caution. The

but uti.",tt of risk to thl Unitld Statu genlral population for a lifetlml

cont i n~ous exposure to 0.0001 f Iml is 2.8 masothlll c.. dllths and O. S txcess

lung canClr dllttls p.r 100,000 flllllllS. Corresponding nuablrs for malts arl
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1.9 mlsothelia.1 dllth, and 1.7 .XCISS lung ClnClr deaths Clr 100,000 fndi~id'

14,15. Exc.ss G!· Clnelr IIOrtality is approxillatily 10-30 percent thlt of

.xelU lung eane.r II(lrulity. Th.n risks art sUbj.eti~•• to soM Ixtlnt. and

arl aho Illbj.ct to ttl. following lillitations ill data: 1) variability in thl

.xPosure-rlsponu r.lationshlp it hlgtl eltpQ5ures; 2) ,"ncertainty in utraco­

latlnll to Iltposurl.$ 11100 as IIlUCh; and 3) une.rUintiu In conv.rsion of

optical fiber counts to 11.etT1)n .leroseopic fiber counts or .." dlt'MlIina­

tions.

Rae.ntly s.v.ral 114v.rnMnt i9'lICiu III dlfftrtnt eountrlu review.d

asbestos hulth .ffects. Artas of illrt_nt encl dlUllrllllllnt bltw..n tne"

oth.r r.vi ....s and thon of ttlh doc....nt are pr.nnt.d. A eOllParhon of the

diff.r.nt risk Isti..t.s Is pT1)vld.d.
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2. I/HR1lDUCT{ON

Th. prll'tCIpll objtetlv. of this "All'born. Asbutol Hulth AII,n..nt

UpdlhM doc....nt II to pro ... id. the U.S. Enviro~nUI Protection Ag'ney (EPA)

wltll I lound Ici.ntific b.lil for r.vllW .1Id r,vlllon, II Ippropri.t., of tnt

n.tian.1 ••inion It.nd.rd for ubutOl, 40 CfR 61, lubput 8, u r.qulr.d by

tn. 1911 Clun Air Act "-l'IGMnU, S.ctlons 111 .lId 112. TtIt hultn .ff.ctl

bull for duignlting IIHstOS II • h.urdous pOllut..nt .ncI.inl.hlng ..is­

IIoni 'II. ttlt origiNI 1973 Nltlon.l EIIissionl St,Mlrd for Hu.rdoul Air

1'01luUnU (HESHA9) WII scrutlnh.d, .t th.t ti .. , during two pubHc hflrlngs

.1Id I public CORIInt p.riod. One•• pollut.nt h.s ll••n d,slgn.t.d IS • "h.z.r­

claus" .Ir pollutlnt, th. llurd.n of proof is pllC.d on pro ... Ing thlt dulgn.tion

wrong. n. orlgln.1 hulth ,fhcts llull for dulgn.ling ulluto' II I h.urd­

OUI .Ir pollutlnt wu qu.llUtl ..., ."id.net IIt.bll'hing "lluto'-ulael.t.d

cueinog.nie Iff.cu. HowVlr, in'uffici.nt bUll th.n u.ht.d by which to

dlfln. p.rtln.nt qu.ntiUtl .... dott-r.spontt r.l.tionlhlpl~ i .•. , unit rllk

.... IUlI could not b. erldlbly Iltl..t'd. Tht ..In focul of thil upd.t. docuetnt

is to d.lcrib••IDeltol"r.llttd htllth .fftet, d.vtlo~ntl ,ine. 1972, Ind to

d.t.~In. I' ntv dill w.rr.nt thl IPtClficltion 0' unit rllk Y.lu., for .lb.l"

tOi. This r.oort fo~s put of t1lt buh to p.rfo~ • rllk .IIUPInt. Th.

Hltion.l At:ldItIy of SCltnelS (HAS) in 1983 IU99Ilttd • definition of rllk

all.ll..nt .s th, US. of ttlt f.ctUlI d.tl b.s. to d.f1n. tht ht.lth ,ff,ctl of

••paSur. of IndlvldUlls or populltlons to h'Z.rdous .,t.rl,ls. SUCh IS Ilb.stOI

In thh CII. (Nltionll Auca.y of Sel.neu, 1983). Thts upd.t. docl*Int Is

not hint to ch.rlet.rlu th. StltuS of 1I11lStOS 1II.lIur,m,nt ttchnlqulI or

/Din,rllOllle.! ch.racttrlutlon. although th.y u, pru.nt'd llri.fly u llaek­

ground tnfa~ltton. Btc,ul. this doelOlIIInt is eonctrn.d only witll th. UC.II

risk of unc.r fro. Inll.htlon of ubntos flb.rl, consld,rltlon of th, riSk

paud fra. Inguting Ulllllo, 'ib,rs .ho it outsid' III scope. A uplr.t,

erlt,rla doc....nl for Illl'llol In w'l,r il b,ing pr,par,d by th, EPA.

Thul, nphllis is phctd on tM llttrltur, putllith'd .ft,r 1972 .nd on

thou p'p.rl thlt provld' fn'OrNtlon on th. risk fra- 100.-1,,,,1 ';qIOlurll.

lueh II thou ,ocllunl,r,d In th, non"oecupltlon,l ,n"lrona,nt. Sp,eIH"lly,

thil r,oort 'ddr'II'1 tn, following iSIU'I:
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1. Arl t~lrl moalh that illustrllt t~1 agl, tilllt, and "posu"

alp.naillci of asblstos alslalll thlt Cln bl uSia sitisfactorily

in I quantitativI risk assllsmlnt?

2. [I thl" conlistlnc)' a-ong Itudiu Ind ,ufficllntly good Isti­

""'til of "pOlur. in occupationl' Circu.ltlncu 10 thlt unful

~.polur.-ralponll raiationihipi Cln be Iitabllshld?

l. 00 thin Itlfdiu In.diut. an)' lignificant dHfar.l'ICu In till

cir'Cinog.nlc IXItlncy of dHftrant ubutol .intrth or of

fiblrs Of dlff.rlnt di ..nlionllit)'?

t. Wllat ldelillol'll or conflNltory Inforutlon rallting Ul hl,alln

carclnoglnicit)' il prov!dld by Inl..1 Itudill?

s. .......t arl thl non·occupltlonll conclntrationl of UbtStOi to

WhiCh populations Irl IKpolld?

6. It th"l • bUis for Mlklng nllQric,l utlNtu of riskl 0'

a,b.,to, dl,.a'l that ~Ight r.sult 'ra. non·occup,tlon,l '.010"

suru?

Two docu..ntl provld. good reviewl 0' the ItitUI 0' knovl.dgl 0' the

hulth .ffeclS of ubuto. ln the IIrly 1970•. On. 11 the crlttril docu..rlt

for occupationll ..posura to asblltOI produced by trw "ation.' Inltltutl of

Occupltlonll S.lIty Ind Kulth u plft 0' the OcCuPatlonll S,f.ty Ind Hulth

Ao.lniltrltion'l consld.rltlon of ,n .sb.,to, Stlndlrd in early 1972 (Nltional

Institutl for Occupltlon,' Siftty and Hulth. 1972). Thl IIcond is tnl prOCUd"

ingl of I confarlnc. lponlorl'd by Ul. InUrnationl1 Ag.ncy for RllurCh on

Cal'lCer (tARC). wfllch was convened In Octob.r 1912 with the Itltld pUrpOIl of

reviewinq the t.novlldg. 0' the biological Ifhctl of ISbestos (!090vskl et

aI., 1913). Ind Included I report by ,n Advisory C_ittu on Albntol Clnclrl

appointed by thl IARC to revi ... Ividlm;. raining: ..pOIuru to ""blltOI dUlt

to canurs.
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2.1 SUMMARY OF ASBESTOS HEALTH EFFECTS THROUGH 1972

This nction relies heavily on review articles fOllnd in the proceedings

of the Octob.r 1972 IARC m•• ting and in the r.port of the !ARC Advisory Comnit­

t .. publish.d th.r.in (Bogovski et a1., 1973) for a Sllllllllary of health effects

knowledge as of 1973.

2.1.1 Occllpational r~posllr.

Oisuses consid.r.d to b. UsOCiit.d ... ith asbtstos upOSlire in 1972

includ.d isb.stosis, mesoth.lio.a, bronchogenic carcinc.a, and canc.rs of the

gastrointlltinil (GI) tract, inclllding the lIopha\lllS, stOliCh, colon, and

rectu.. Lung cancer"'l5 I5sociated ... ith upolur. to all principal COIllll.rcial

virieties of ubntos fib.r: allOsita, anthoptlyl1ita, crocidolite, and chryso­

tile. E;w;.c.n risks of bronchog.nic ,l:ircinc.a .... r. dOCUlll.nted in mining and

milling, lfIanufactliring, and end product list (application of inslilation uter­

ials). M.soth.liQIN ...as i caus. of duth uang factory e"'Ploy..s, inslilation

applicators, and workMn Hl)loy.d in the lining and lilling of crocidolit•. A

1I11Ch lo.... r risk of d.ath frQl lIItSotha1iOllli ...u obs.rved UIOng chrysotile or

a!lOsite lIine and 11111 e1pJOy'", and no cases ....r. usociated ... ith anthoph­

yllite e;lpOSlire. Tht IARC Advisory Cae.itt.. sllgguttd tllat tht risk of duth

frol HsothtliOlU"'as grutllt ... ith crocidolit., less .. ith u.osit., and still

ltss ... ith chrysotllt. Ttlis suggestion ...as bastd on the association of disease

... ith uposures. Ho lInit ,xpoSlir. risk inforqtion uisttd.

Infor..tion on ,xposllr.-r.sponse r.lationships for lling cancer riSk among

variOlls upond groups"'l5 scanty. Data from Canadian lIint and .ill e..ploye"

clearly indicat'd an inCreuing risk .. ith increasing exposure, measured in

t.rms of .il1ions of pirticl.s p.r cllbic fOOt-y'irS (mppcf-y). but data on tne

risk at linimal ,xpOSlir• ....r. unc.rtiin b.caus. til. number of e.p.ct.d d.aths

calculated using adjaclnt county ratls sugglstld that all e.posure categories

... r. at el.vatad risk (HcOonild .t aI., 1971). A stUdy ~f retire" of the

largest U.S. asbestos IIInufactllrlr sho....d lung cancer risks ranging frOIll 1.7

times that .xp.cted in the l~st .;w;.posur. cat.gory to 5.6 times that e~pected

in tht higtlest (Ent.rlin. and H.nd.rson, 1913). E~posures w.r••~presstd in

Ippcf-y and infol'lllation on conv.rsion of rappcf to fib.rs p.r lIilliliter was

available only for t.~til. production. Despite the paucity of data, the

report of the Advisory Committ•• on Asbestos Cancers to the JARC (Bogovski et

aI., 1973) stat.d, "The evid.nce suggests that an e~cus lung carcinoma

riSk is not detect.bl, wh'~ til, occypatio~ai t~posurt has bttn low. These low
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occupational exposures ha~. al-ost certainly been much gruter tllan that to

the public trOll g.n.ral air pollution." limited data existed on tilt anoc­

lation of GI Clncer with ubestos exposur., but tile "excen is rehtl~el

sllall COllpar.d with that tor bronchial cancer."

The pr.val.nc. at asb.stosls, particularly as .anlt.sted by X-ray abnor­

mal It i u of ttie pl.ura or plr.nchyQ I t Inue, hId blln docUlilented more !xun­

si~.ly thIn the ri$k of the ubutos-r.lated ullgnancies. In part, this

doculNntatlon result.d frOll knowl.dg. of this disease txt.ndinll blCk to tnt

turn of the c.ntury, wh.rul the .allgnant pot.ntlal of ub.stos ..as not

sllgll.st.d until 1935 (Lyncll and S.ith, 1935; Gloyn., 1936) and not "ddely

appnciat.d until til. 19..0s (M.nw.th.r, 1949). Asbestosis had bun docu­

nent.d In a wid. variety of work circumstanc.s and assoclat.d ... ith all commer­

cial typu of ubutos fib.rs. AIIo~ SOlH heavily ••posed groups, SO to

80 p.rc.nt Of individuals uploy.d for 20 or IIIOr. Yllrs ....r. found to hl~e

abnol'llal X-rlYs charact.ristic of asbestos ...posur. (S.likoff .t al., 1965;

L...insohn, 1972). A lowr p.rc.ntag. of abno.... J X-rays ...as pr.unt in

I.u.r expand groups. COlPany data supplied to the British Occupational

Hygien. Socl.ty (Bl'ltlsh Occupationll Hygiene Society, 2968) on X-ray and

cllnic.. 1 abnOT'lllalities UIOng 290 HlPloYlIs of a la.rg. textile production

facility in Great Britain ....rt Inalyzed by Berry (1973) in t.r1IIS of a fil

exposure-response r.1 at1 onsh1 p. Th. rellil ts ....r. ut I I Ized In estab' I shing tn,

1969 British nguhtlon on ubutos. Thes. data, shO\On In Figure 2-1. sug­

gested that the "'isk of d.veloplng the earliest signs of asbestosis (rales)

"'15 1.15 tllan 1 perc.nt for accUluhted fib.r e..posure Qf 100 fiber-years/ml
(f-y/lIIl), e.g., 2 fiberS/llilliliter (f/II)) fQr so years. Ho....v.r, shQrtly

after til. tstablishllllnt Qf the BritiSh Standard, additional data from the sam

factory populatlQn sugg.st.d I .uch gr.at.r pr.vallnet of X-ray abnormalitie'

thIn "'IS b.ll.ved to exist at the time the BritiSh Standard ...as set (Le... inson

1972). Thes. dIU resulted from use of the n.... International Labour Office

OLO) u/e stindard classitiCition of X-rays (Internationil Labour Office,

1911) and tht long.r tille fro. onSlt of employm.nt. Of the 290 employees

...hose elinic:al dIU .... re rt~itwed by the BOMS, only 13 had been employeoj fo'

30 or more years; 172 hid Ins thIn 20 yurs of employment. fh. progressio'

of asbestosis d.p.nd$ on both ClJllulative exposure and tille from e~ilos~re;

therefore, analysis in hrms of only one ~Iriable (as in Figure 2-1) can bt

IIIlshading.
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2. 1.2 En" i ronllIenU I Ino:! Ino:!i rect Occupati anal hposure Cj rCUlIIS tincts

Se"eral reseirch groups had shown that asbestos o:!iseasl risk could al"llop

frol othlr tniln direct occup.stional txpoluru. liagnlr, S1eggs, ano:! Marchano:!

(1960) shOWto:! that a ..sothilioma riSk in Invlroneental circumstanCls exister

In thl lining areiS of tnl Horthwnt Capi Provinci of South Africa. Of J3

",notlll11ol" "Iportld ove,. a 5-yllr period, roughly half wel'l frOll! occupa­

tional Ixposurl .. lIowever, all but Ont of tne rl..indl,. rtsultlo:! frol Ixposure

occasioned by l1ving or working in the ar.. of the lIinlng activity. A second

study that showed an Ixt"a~occupatlonll risk WII that of H.-hoUII and Thompson

(965) who invutiglttd the occlJPatlonal and rnidlnthl background of 76

Individuals decelSed of "Iotheli_ In the l.ondon hospital, Forty-fhe of

thl dlcldlntl had bien .-ployed in In ISbeStoS industry; of thl rt.aining 31,

9 l1vld with 10000ni tllPloyld in ISbestos work ,!WI 11 ...,.. Indivio:luals ",no

rnldld ",ithin hillt a Inl of iln ubntos flctory. 90h11g ilnd 1I11n (1973)

Identifild Inviro~nta' ubutdS txposure In 38 .sothllillail ClSel ",ithout

occupationll Ixposure who resided nlar an ISbtstos hctory, furthlr dlfining

ruidentlal rilk. A final study, which is particularly l~ortant bicausl of

th, size of thl population implild to be at rilk, WIS that of Harrill (1968),

who pointld to iI risk of alblltos disease (1'01 indirect occupational Ixposure

in thl shlpbuilo:llng Illdultry. HI o:lescri~ tile prlSlnCI o( ubtstosJs in 13

Individuals and lIlIlothllio.. In 5 othlrl. who were .-ployla In a sllipyard, bu'

",el'l not lIUIblrl of tradu lhat regularly used ubntol. Rather, thlY "'Ir~

Ixposld to thl dust crlatld by other .-ployell placing or rllOvlng insulation.

Evidenci of ubiquitous glnlrill population Ixp05url and eflVlronl.nul

COlltuination frol the Ipnyinll o( ubutol on thl still-work of hi!ln rBe

buildin!ls ",as utabli$hld by 1972. Olta by NiCholson lnd PUllduck (1973)

sho"'ld that nbntos '''is c_nly found at concentrltions of nan0!lrlllls Plr

CUbic llIeter (ng/1II3) in virtuilly all Unitld Statls cities, and at concentra­

tionl of microgr..s Plr liter (lIgl1) in rivlr syst...s of thl Ulliteo:! Statu.

Concentrations of hulldrldl at nallogr...s per cUbic .. tel' ",al'l dOCumlnted at

elistancn up to one-quartlr of a ,Ill frOM fireproofing sitts. ",sotnllioma

was ackno",lldgld by thl Advilory COllllittel to be assocllt.d ",ith Illvironlllental

uposures, but thlY sugllnted that "the .vidlnCI relatls to conditions many

year1 ago Thlre is no ev1dellce of a ri1k to thl geneI'll public at present.

Further, their rlPOrt Itateo:! tnat, "Thlre Is It prestnt no Ivio:!lncl of lung

dlllagi by ubntos to thl genlral public," Ind "Such IvldenCI u tnlre i~ (loel

not indiclte any r1sk" from asblltol fibers 1n "Itlr, beVlrlgll, food, or
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pu.nt.tll drugs. No ...ntion ..u IUcI. in til. nport of ri5ks fro", jnclire~t

o~cupational asb.stos exposures.

2.1.3 Analytical ~thocloloQY

During- th, lalt 196Ds and IIrly 197Ds, significantly llIIllroved ..ethods

..er. dev.lop.d for ass.ssing asb.stos disease anel quantifying asbestos In the

environMnt. In 1971,·a stlndllrclizad Hthodology was uUblished for tne

identification of pneu.oconiolis: th, ILD U/C Classification of Pneu.oconioses

(International Labour Office, 1971). Th15 ..thodolo\IY provided a unifOrlll cri­

tarlon for auauing th, pravllenca of ubestos·rellt.d X-ray abnol'llallties.

SlgniflClnt advancas war. also achievad in tha quanti,ication of asbestos

.an:Jsoh. In tha hlt 19601, tha ..-oran, filter techniqua ..u daveloped for

the ..easur...nt of asb.stos flbers in workplaca aarosols. While this proc.dure

hn 50... 1I111itations, it did establish a standardizad IMthod, usinll si~la

instr~ntatlon, that ..as far suparior to any that axistad preViously. Th15

.thod subuquantly allowed epidllliological studies to ba done that bu.d

axposun estiutes on a standardiz,d critarion. Expari.-ntal techniques In

til, quantiflcltion of albaltos at conc,ntrationl of tanths of 1\9/.3 of air ancl

tanthl of 1I1111 of ..atar wn aho devalop", axtandlng tha 5anlltlvity of

exposure utiutas approxiutaly thr.. ordars of ugnitud, b.low thos, of

occupational aan:Jsoll and allo..i1\9 assass.-nt of gan,ral population axposures.

Finally, tachniqu'l for thl analysis of albeltos in lung and otll,r body tissues

wer. devalopad. Oillution techniques and tha usa of electron .icroscopy to

analyze Hb'rs contain,d In the dillest and In thin sections of 1unll tissue

showed that asbestos fib.rl ...n c_nly pres.nt in th. ,ung tissue of gene­

ral population r.slel.ntl al well al individuals expol'd In occupational circum­

stances.

2.1.4 Exp.ri,..ntal Studi'l

Exp,rl.-ntal Iniul studiu using asbestol fib,rs contirlllld the 1'15'0.5 of

lung cancer and IMsoth.liOllll frOll allosite, crocidolitl, and chrysotil •. In

each cal., til, .stabllshMent of a risk in ani.als follawed the association of

til. 1lI<11lg,.,ancy with h'--In uposun. For ....UIlll., I clunl relationship !le­

tw.en lung cancer and albeltol exposure in hUlins WII suggest.d In 1935 ancl

confirllled in the late 1940's, but was not descrlb.d in the open literature in

anl"'l15 until 1967 (Groll et aI., 1967). Muothe1iOlN, reported in an asbutos
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~ork,r In 1953 (W,in, 1953), WIS produc'd ill 1111.. 1 up.ri..nliltlon til 1965

(S.it~ .t ill.. 1965). Other Inl.. l up.ri ..nlltlon showed Ullt to-olnilions

of UOtltos Ind oth..,. elreln0ienit ..t.rilll produc'd In ,nhlnt,d risk of

uo.stoS tlllnr. Asbtltol uPOlure tOllDln.d with upOlure to b,nZ(I)pyr'n,

IOU d80nltrlbly Mr, tln::inog,nit thin uPOlur, to ,ith,r 1gent lion,.

Ad(litionilily. 0rvlnit 1M ..till c:~unds iIIsO(httll with ubtllos fibers wer,

rultd out u illOortint flelDrs 1n t/'lt tlrc:inog,niclty of fibers. Lutly.

Ini ..1 UD,ri..ntiltlon tn\llolvl"ll t/'lt 'DPliutton of ffbers onto t/'lt pl,vrl 0'

Ini .. h Indit.ted thilt tllil illPOrtlnt flCtor In t/'lt tln::11lO9"nicity Will the

Irngth Inc! width ot the fibers riltllilr thiln tl'ltfr tII_ttll proll.rtles (St.nton.

1913). Til. grutut urc:lnolltnltity wu r.llttcl to filltrs tl'lilt wer. l,n thiln

2.5 ~. in dt ...t.r .nd lonier th.n 10 ~.

2.2 CURREHT ASBESTOS STANDARDS

The curr,nt Dcevpiltlonll S.ftty 'nd "'Ilt.l'l Adtfnistriltlon (OSHA) Itlnd·

Ints for In B-hour tt.-welghted '\Il.r&lIlI (T'IM) O(tup.tfonl1 ,xpolvre to ubutol

Is 2 fib.rl lon{llr tlltn S ~ In l'nljJt.I'I Plr .f1Hlltlr of illr (2 f'.1 or

~.OOO,OOO fI. 3). Puk upolure, of up to 10 fI.1 ilre PlnIIltted for no .-are

tntn 10 .In (Code of Fe6trll R.gvlltfons, 1984i1). This ltilndilrd hill be.n In

tft.tt lint. Jvly I, 1916. wtltn It rtp1ICtd .n tilrH.r _ ot 5 f'.1 (TiIA).

In Crtilt Brit.in, • \Il.lut of 0.5 f'.1 II now t,.. ICC.pttd 1.",.1 for tllrylotil •.

This Itlnellrd hu ....oh.d t~ r.t_/'lCI.tlonl ..d. 1n 1979 by tl'lt Ad\llisory

Co_ittt. on Albtstas (1919.). wl'llth .ho r.tO_nel.d • TWA of 0.5 f'.1 for

IaOlit••nd 0.2 f'.l for troc:idollt•. F~ 1969 to 1983. 2 f'.l (TiIA) WIS til.

stlndtrd for chrysatll. (British Oceupiltianll H)'\li.ne Soci.ty. 1968). This

uri i.r British Stlndlrd Slr",.d ill I guid. for th. OSHA IUnclard (Hltion.l

lnstitut. for Oetupltionll Slflty Ind Htllth. 1972).

Th. 1969 Britilh Itlnd.rd WII d.",.lop.d sp.cifitilly to Dr'Vlnt 'Ib.stosls

Imon\l warkin\l populltlons; diltl thilt would Il10w I d.t.,..lnltion of I stlndlro

for tlnttr (Britflh Ottupltion.1 Hygi.n. Socitty. 1961) Wlr. ttlt to b. Ilekin~.

Unfortunlt.ly, _119 otcupiltlonll ~roUP5, untlr is th. pri ..ry t'lIS1 of

utln duth 1aO"9 worklrs (I" ChilJltlr 3). Thr"-'ovrthl or .-art of Ub.ltOI­

rtl.t'd duths Ire 'rot ..lignlnt)'. Thh 'let ltd OSHA to propOSl I 1_...0

T'oIA sllndlrd to 0.5 fI.l (SOO,OOO f,.3) in DctoOtr. 1975 (Federll R.ghter,

1975). Thl Hltlonll Institut. tor Oc:cllOlt!ollll SiIf.ty InO H.. ltll IntlclplltO
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~t.rings on. ntw st.nd.rd .lId proposed. velue ot 0.1 fIlii (N.tlon.1 Institute

tor Occup.tion.l Setety,lnd H...1t~, 1976) in ,In upd,lte ot t~elr 1972 critlrl,1

doc~nt. In the discussion ot the NIOSH proposel, it wt$ stated th.t t~e

velue wu seleeted on the buh ot the pnctic,ll 1111itttions of an,llytic,ll

techniques using optic.. 1 lIIicrosc;opy, .nd th.t 0.1 tllll lI,1y not nee.surily

protect ,1g.. inH Clncer. The pre..ole to the OStIA propoul ICknowl.dges t~.IIt

no lntone.tlon exists by which to define • t~ruhold tor ubestos "rcino'

g.nesll. Tile OSHA propoul hn bHn withdrawn, .nd • new propoul wu sub!lit·

ted on April la, 1984 (Feder,' Register, 1984,). In it, OStIA proposed a twA

st'ndtrd ot either 0.2 or 0.5 t/lll, depending upon IlItOl'llltlon to be obt,lned

in hurings (held during the s~r ot 1984). NIOSH r..ttf~d its positioll

on a 0.1 tI.1 TWA st,rM:I.rlt (Oc;c;up.tion.1 S.ttty 'r'Id H..1tll Adlllinhtr.tion,

1984) .
The existing Feder.. l n.tional Minion stalld,rds for asbestos tre pub­

lished In Ptrt 61, Title 40, Colte ot Feder.l R~ul.tions (l984b). In SlMallry,

thel••pply to 1I1111ng, "lIuhcturing, .lId t.bricAtion soun;es. And to dltllOli­

tlon, r.nov.. tion, ,nd wute dfspoul, .nd fl\CIIJdI other li.ltttions. In

glner.l, t~1 It,lnd.NlI .1low c~lhnc••lttrn.tlvu, elttler (1) 110 vhibh

",issions, or (2) .-ployMnt of speeHlld contral techniques. The st.nd,rdl

do not In.clud...ny lUll or tlbtr count ..iss 1011 li.itttiolls. H~vtr, SMle

10CiI gover_nUl .gtrtefU IaVI n_ricil st.nd.rds Ct.g., H&w York: 27
l .

ngl. ), but ttlese h,ve little rtgul.tory rellvllICl.
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3. IUWI HEALTH EFFECTS AS50CIATEIl WInI OCCUPATIONAL EXPOSURE TO ASBESTOS

3.1 INTRODUCTION

Till IvidlnCI thlt ubuto, is a lllalln carclnogln h ovel"\Ohll,lng. Stlldhs

on Il101'1 thIn 10 ~Ollort' of worhr, upond to ubutos IIIn ernonstrltter In

Ihvltler dsk 0"( ClnCI" It thl 51 1.vI' of slgniflclnc.. All four NlJor

c_rclll varhtlu lIavl b"n linklel to uCln canClr Inel ubutosll. Til.

'luutlon is not so -ueh whit elh"", but how lIueh ells"... Our conClrnl 11'1

now 1101'1 'lulntltltfvl tlll.n 'luilltltlvi. Whit Il'l thl elOSI, tl .. , Ind "ll'

rel1t1onshfps for tM el1fhrtnt ubUlos cancll'S] Al'l thin elifflnnCts In

till carclnogenfc pottnclu of the elfff....nt ubllto, ,In'I'I11] Whit Il'l til.

Clne.r rl,ks It low .xposurl'? WhIt Il'l thl I,tl..t., of unc.rtllnty?

Thls chlpt." Is llrgely conelrnlcl with tho'l stuelll' thlt provlell oUlnti'

tltlYl exposu...-ruponn ...1ltlonshlpl for ubuto, elln",u. WIllI. lung

ClnCIl' Inel ..,oth.lIQ'1. Il'I the atOst elOIIlnlnt ubutos-1'I1lttel ..llgnlnclu,

thl ,tr.ngth of thl Ivldinci Inel the rilltlvi IXCI" of Clnelrs It othlr sltls

art dlscuSSlel. Mod.ls for ISSI,s..nt of thl rl'k of lung ClnClr Ind "Sothllloml

11'1 ...vll'W1d. Unit expo,url rhk' """ IStl ..tlcl frOli 14 studlu thlt provldl

Infl),...tlon on exposur.-rlSpons. rllatlonshlp,. Thl" IItl...tu ll1ustrltl

conslcllrlbll vlrl1tlon In thl calculated unit .xposurl rl'k' for ..,othllloma

and lung ClnClr In tl'll diff.rlnt studlu. TI'II ..gnltud' Inel posslbll ,ourcn

of tl'l"l differ.nt unit rhkl al'l dhcuUld. The txt.nt to wl'l1ch the vlrh­

tlon 1s the result of .tl'lodologicIl or stlt15tlcll unClrtllntles (t. •. , on

the e,tl.ate, of expos uri or of thl mlgnltudl of dl,e.,e) or of differences In

the Charlctlr of the exposurl In t ...., of flblr ,l~e and mlnlrlloglcal speclls

Is cons Idlnd 1n d.tln.

3.2 HORTALITY ASSOCIATEO WITH ASBESTOS EXPOSURE

Thl study of U.S. and Clnadl"n InsuhtlO1l workln by Sl1Iko11 It a\.

(1979) cont,,1n, the llrgl.t n~lr of asb.stos-rllatld dl"th, IIOng Iny grollp

of ubnto' worklr, studlld. ThYI, It bllt d'lIOnStratu the full SPlctrlllll of

d15use frail asblitOli txPO'Urt. Thl IlOrt"llty upld.nce of 17,800 asbestos

1n,ulatlon workll'S !til studl.d prosplctlv.ly frO' Januilry 1, 19~7 througll
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Dluelr 31, 1976. Thin worklrs Wil'l upond prlQrily to cl'lrysotill prior

to 1940, to thry$Ottll and UlOslti 11'011 1940 through 196~, and luglly to

chrysotlll ttllrldtlr. Ho cNlcidolltt is known to haYl b..n used in the U. S.

insulation utlrial (Sllik01t It a1. 197D). Thl worklrs lIalnly applied new

insulation; ~".I 01 old Ntlrlals would haYI constituted lin than Sl 01

thllr "tlyjtlu.

In thh gro\lfl, 2211 llieths ox:tur"'ll, anll thlir ,n,lysil proyjllu j~or·

tant lnslghf.$ into thl nltu'" 01 IIbutos d1llul. Tlbll 3·1 I Ists till UPlChll

Inll ObllrYH lleaths by "UII, Inll fntluclu llat' on tlllOrs lin t",quently

found. Lung tUIGrs we,.. C~n Inll IccOuntlll for appro.IINtlly 21 perclnt of

thl lleatl'ls; 8 J!4rclnt 'WIT'll 11"011 lIlIs0thiHOlM of t/l.ll pllurl or plrltonl~, .nd

1 plrclnt died trOll ..bestosls. Considering all tlncers, 675 ucen INl1g·

n.ndll occurrld, constitllting 30 plrcent of .11 dllths. In addition to lung

canur and MsothlllOlll, thl incidenCII of canelrs ot thl pstMllntutln.l

tract, 1Irynll, phlry"... and buccal Clyity, and kidnly WI'" significantly 111­

Yltld.

Othlr tlllOrs WIT'll eho inerlUld, but root to I sta.thti"lly significant

~gr.. tor individual sitlS. HoweYlr, th"l othlr can"rs, II a group, wire

sfgnitfc.ntly In ill"": 184 observed (using but aYlilabl1 Iyidlncl tor
clulitiCitlon) YlrlUS 131.8 up"tld (p<O.OOl). 5_ 01 this ....CIII, however,

uy bl thl result ot IIhcllSslflcation of ISbistos·r,latld lung c.nclr or

p,ritoneal lIesotlllll_. R,thlr thin 184 deaths, Clrtificatl of dllth tlani·

flcation IttributH 252 ClnClrs to tMse othlr sit". Aftlr a r'Yiew of

pathological matlri,l and availlbll .dical r"ords, p.ncrlltle, liYlr, .nd

unsp"lfhd .bOOllin,l tlnclrs II"I found to bl c~"ly IIhcllSSlflld. lndivi·

lluals elrtlfild 's dying ot e.nelrs of the p,"trlas and the abd_n "'1" often

found to h,vI p,riton..1 Msoth,ll ...s, and 5''111'11 11'1'1' elnc,rs "'1'1 the

result of I pri ..ry ..llllllincy In tl'll lul\9. AI it lOIS not possibll to rlvlew

.11 CUIS, SOlM .ddlt1olll1 1I1scl,nitlcatlon lI'y still ,.ist. Howeytr, its

mlgnitud, would not b' gr..t cOllPared to the r... ini"g uu" of 52 CUts.

Th, Uti" ,t utrl·thoraclc situ uy r,fl,ct .orullty trOll thl diuHin.tion

of ubutos fibers to Y,rious orll,nl (Llnll,r, 1974). Alt,rn,tlY,ly, It hu

b..n sUllgutld th,t ubutos cou14 lurt I systHic I""t, plrh,ps on thl

i_n, syst.. , that llidl to I glnlral incnuld risk of cantil' (Gg1clsllith,

1982).
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TABlE 3-1. DEATHS AMONG 17,800 ASBESTOS INSULATiON WORKERS IN THE UNITED
STATES AND CANADA. JANUARY 1. 1967 - DECEMBER 31. 1976,

NUMBER OF MEN 17,800,
MAN-YEARS Of OBSERVATION 166,853

•

Observed
BE DC

RatIO of
Observed

to expected
BE DC

-ToUl d."ths, all causitS

Total cancer, all s i titS

Caneer of 1ung

Pleuril ..sotheli,.,

Periton."l,"soth.liOllla
I4esotheliOlU, n.O.5.

Can<er of esophagus
Cancer of sto.ach
Cancer of colon-rtct~

Can<er of larynx
Cancer ot pharynx, buccal cavity

Cancer of k.idney

Cancer of plncrea5
Can<er of liver and biliary

pU5lgu
Cancer of brain

Cancer of ly~phatic and
hematopoietic systt.

All other cancer
Noninfectious pul.onlry

diseases, total
Asbntosls

All other causes

1658.9
319.1

105.6

•
••

7. 1

14.2
38.1

4.7

10.1

'.1
17.5

7.'
10.4

33.2

63.5

59.0

.'
1280.2

2271

'95...
OJ

112

o
18

Z2

"11

Zl

"Z3

,
l'

34

108

m
168

1064

2271

'"429

25

24
55

1.
1.

"•
16

l'..
"17

11

136

188

"1161

1.37

3.11

4.60

•
.'•

2.53
1.54

1.55
2.34

2.08
2.36

1.32

0,10

1. 35

1.02

1.65

~.59

•

1. 31

2,88
4,06

•
••

2.53
1. 26
1.52

1.91

1.59

2.23

2.81

2.65
1,63

0.93

, l'

3.19,
0,91

BE = But eviatnee. NUlIIbtr of aliths cattgorized after rev it... of best
available infonution (autopsy, surgical, clinical).

DC = NUmbtr of deaths as recorded fro. death certificate information only.
aExpectld deaths art based upon ...hite _ale age-specific U.S. death rates of
the U. S. National Center for Ilealth Statistics, 1961-1916. (National Center
for Health Statistics, 1977).

bRates and thus ratios are not available, but these ha.t been rare causes of
deatn in the general population.

Source: St1ikoff et a1. (1979).



3.2.1 Accur.cy ~f C.USI of DI.th Asctrt.lnmtnt

flblt 3-1 lists tilt obnrv'd dutlls according to tile cauSl rlcorded on

tile c,rtltlclt, ot dlltll (DC) Ind accordlng to the btst evidence (BE) available

trOll Mdlcl1 records, surglC11 s~cl..ns, and autopsy protocols. In cOlllPuing

occup.t1onll !tOrt.ll ty with thlt of tht glntn I popul.t Ion, onl usu.lly ut 1­

llus lnfo,...tlon II recorded on detth ctrtlflcatu slncI such Infonllation,

without vtrHlCltlon, urv" IS tht buh for ....peeled ratu." Howtvtr,

slnct .esothtllorat lnod IIbtltosh .rt virtuilly unsten in thl glnlr.1 popvla­

tlon, thllr .hdhgnosls (wtllcll 1'111 btln COMOn) Is of little IllIport.nct_ tn

contr.st, tlltlr .Isdl.gnosls ..eng Isbtstos workers c.n C.USt strlous distort­

10ns In Clun-specHlc !tOrtlllty. Not only al'l asbestos-related cavses under­

Ihtld. but otlltrs, such u p.rw;reatle Clneer, .Ight wrongly appur to bt

slgnHltlntly Iltv.tld (Stllkoff .nd S11",n, 1981). While IvbsUntlal dlf­

ferenc.' Ixlst In tht DC .nd BE Chlrlcterl1.tlon Of dt.ths frc. ..sothtllo.. ,

asb,stosls, p.ncrutlc Clnelr, and lhlr Clnetr, the fll,llllbtrs Of BE and DC

dtaths frOll c.nelr of otlltr Ip.clflc sltes agree re.lon.bly wtll.

Mtsothtl1011 15 best dtscrlbtd by .n .bsolutl risk -edtl .nd lung elnetr

by • relltht risk !tOdel. Thus, risks for IlleSottleltOll. In Ixpressld In

absolute r.tu (t.g., dtaths/1DOO person-years), Ind the but lIIIdlcal evldlnet

II used, whtn .vall.bll, to est.bllsh tilt nu-btr ot caliS. Dlaths from asbes­

tosls Irt trtlted s1.11.rly. ~Isks for lung elnelr al'l qUlntlflld by the ratio

of obSlrvtd to expected dlithS. Hlrt, It h uplcted thlt .hclusltlcatlon

of lung c.netr dl.tlls would occur as frlquently in Ilbestos workers al in the

glntl'll populltlon (In tl".S of tht plreenuge of lung Clnter cues). Therefore,

thl certlflclte of de.th CIUSI Is vSld to tstabllsh ttll rllative rllks of lung

eanetr In "blltos-upond groups. HOWIIVlr, when pOllible, account is taktn

of duths frc. Msothelloal lind ubtstosh. The trutlHnt of other /IIalig­

nlntlts .lso VSIS DC CIUSI' of dt.th.

3.3 E~IDEMIOLOGICAL STUDIES OF ASBESTOS HEALTH EFFECTS: STRENGTH OF THE
EVIDENCE
Many ,pld.lolog1,,1 studll1 1'111,1, doc~nted the pr,,"net of asblltOI

disea" allOnll occvp.tlonll1y-,xposed workln. The larglr Ind 11I01'1 recent

stud"s art 1lst,d In lib,. 3~2 ICcording to thl type of fiber IXIlO'urt and

16
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Footnot., for Tabl. l-2

a, Th. duths fr~, lYng cancer and gl$trointntina\ canc.r art thon d'51g­
nat,d on the c.rtificat. of duth. Th. caus of Iftuothelio.. are thon
d.t....IMld fr~ the r."iew of all available evid.nce. Such casu "ill
not b. inclYd.d wttll the lung canc.n. Th. Ubest05is casn will b.
thon sp.clftcally list.d, wtl.n provid.d. Otll.rwis., ttle nurtber will b.
the ditfer.nc. bet....n the observ.d and up.cttd for r>OrI-inftctlous
respiratory dheis.. Ttl. latter can b. id.ntified by the use of the
d.ci ..l ~int notatton.

b. lIfO studln Gf the SUI plant but witl'l different cGl'lort d.finittons.

c. ll'le ..jorlty of ttlis CGlIOrt would also be Includ.d in ttlat Gf Jl4cDonald
.t al. (l980).

d. No NsottltltGUs .... re td.ntifled in the detined collort. However, three
Msot/lelle-ls, two in WOMn and one in an indlvtdual tt ...inated prior to
1937, f1"'Oll this pllnt tlav. b.en identified In the T~r Registry or
CGnMctlcut (leu et 11., 1981).

•. Twelv. cun of pneu.clcontosis were identifhd tn ttlh cotlort. Mowever,
thne were III In indivtduals ...110 had pr.vious exposure to anthracite
coal containing slltca.

f. Duth certiftCltt dtlgnosh of IMsoth.ltOlllI band upon clinicI! tindings
and I".lysls of pl.ural fluid. No htstol09ical lUterlal loIS available
for re"I ..,

g. Significint It ttl. 5 perc.nt l.vel In the erltlre c·;hort.

h. ll'lrn studiu Of ttl, SUI plant at dHferent periods of tille and with
dHftr,nt cohQrt d.finltions. S.bt"rI 3000 and 6000 tons of chrysotlle....1". und annually. Moslt. constityt.d 1'$1 t:lIn 1 p.rc.nt of tl'l.
asbestos ulad except fGr a 30 year period, 1942-1944, 101'1.1'" an average of
375 tons p.r yu.r "'1'" undo Crocidol itt usage "'1$ approxl •• t.ly 3-S
tons p.r yur (Robinson et aI., 1979).

i. S.t....n 1931 and 1970 arl av.rag. of 60 tons of crotidol1te per yell" ...ere
und (8.rry et aI., 1979). Thil would probably constitut. about 1 percent
of the total tiber usag•.

j. The factory o~rat.d b.t....n 1932 and 1980. S.t.....n 1932 arlo I'HS crOC1­
dollt. Ind chrysotile asbtstos .... re used; therUfter, oniy chrysotil •.
Tilt two Msoth.lioA" in tllis study ....r. in til. group ex~oud to both
chrylotl1. and crocldolitt.

k. _sitt loIS the predollllnint fiber used. Ho...ever, (;hrysotil! "as also
us.d b.t.....n 1946 and 1973.

1. All Of the groups in this category had a higl'l expo sur. to croctdolite.
In SOle cases, how.v.r, th.r. was also a 5ubstantial ex~osur. to chrysotile
as ...11.

18



e. rwo cohorts .t the I." r.cility with difflrent definitions .nd follow·ug
plriocs.

n. Estl.utltd u I proportion of duths.

o. l4<Iy hive hid exposure to ubestos in the construction indu1try.

p. Pleunl mesothl1iC*1 or lung Clnctr.

q. NUllber of dllths bu,d upon I review of all ..dical Ividenct.

r. No cans oburved through the period of follow-up. Three cun havi
occurred 1ubnquently.

s. No caus occurred in the cohort U dlfinld during the period of observa­
tion. Two occurred in individulls prior to 20 year1 trOll onllt ot ellllloy­
~nt and nine cas,s (8 pllural Ind 1 p.riton'll) hiv. d,v.lop,d subs.qulnt
to t.~lnation of follow-up (Weill, 1984) .

• p <0.05.



..ork cirCUIIISUnCI. Of the 41 groupl Hst.d, slgnlfl'antly incrUUd (,t the

~l livil .. ith , on.-sid14 tlst) lung ClnClr is found in 32. Gastrointestinal

c,nClrs '1'1 Illvatad at I ligniflc,nt l.v.l ih 10. Morlov.r, strong e~posurl­

response r.l,tionshtps In s..n for lung c..netl' ,ncl .sothI1lOM.. ThlY al'l

,lso se.n for gastroint.st1n.l cane.r, ~ut to a l.ss.r .~t.nt.

Th. follow-up p.riod ..as r.lativ.ly long in lOst of the stUdi.s list'd in

hbh 3-2. HO....VIl', in &lny cohortl. indivi<luals continu.d to .ntll' the

studhs through the follow-up y"rl. p.rticularly in the p.riod aft.r ~orld

~ar II. Thus, IIIny indlvi<luals in 1-' gfilI/Ps an jllJt now ruching a ti .. of

high potential risk for Msoth.liQal (30 or .al'l yl.rl fra. ons.t 0' ,~pOlllr.).

In SoM cun, this c..n " "In In the fin<lill9 of sutllt.ntially incr....d

risks of lHsotlllllOlll IU~lIqlltnt to the t • .,..fn.tion of follow-up (III h~l.

3-2 footnotes).

3.4 MATHEMATICAL MODELS OF~ CARCINOGEMESIS
The quantitative d.tel"llnatlon of c,nelr r1sk in an occupational group

can b. us.d to prtdict risks in si.llar .xposurl circu.stancis in the abs.nc.

of Iny IIOd.l of action, obs.rvatlons In OM group would apply to id.ntically

expand work.rs. If, however, a risk dllIMllnation fits ... ithln thl fralllWOrk

of a g.n.r.l math~aticil .adtl for cane.r, th.n pr.dictions outside the range

of ",uur ,nt Cln b...dt wHhin tl'll range of validity of a -ad.1. Validation

Of a ~ath tical .ad.l, of cours., r.qulrts tht ttsting of luch prtdictions.

[f a ~,thtllatical IIOdtl hu a ..clltnistlc bUls, •. g., at , lIol.cular lev.l of

aetiOh, its un ls eonl1o.r.bly str.ngth.n.d. To tht extlnt thlt a IIOd.l is

applicable, it str.ngth.ns riSk .stIMlt.s ..dt for ,XPOlurts and tl.ts different

fro.. thou directly obs.rv.d. To the .xllnt that a 1II0dtl lIIay b' applicabl"

it points to inulS that IIUlt bt consid'r.d in any g.n.ral risk unssll.nt.

In the CIS' of hUJlln c.rcinogtMsis, • v.ri.ty of multist.g. mod.ls have

been propos.d to d.scrib•• nUJlb.r of obs.rvations, lICISt notably the po.... r la...

dep.M.net of hUllln cancer risk with Igt Ind the ti .. Ind dou deptndlnet of

induc.d 1II11igniney In 10111 anl ..1 up.rillllnts. Thl lIlOd.ls ....1'. initi,lly

suggnt'd to up Iii nth. obllrvlti on that s 1tt·splCl fi c Clnetr 1II0rt,l I ty

IncrUIiS as the fifth or s hth power of ,gl (I. g., Cook tt aI., 1969;

Arllllt,g. and 0011, 1954). Th. /IIod.l, suggut.d r,ngld froll propo1l1s that

tultlpl. (up to six or s.v.n) .ut,tionl (or carclnog.nic .v.nts) occur in the
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SUMI or .dJ.cent cells (~ll,r, 19~1; Flsh,r .nd Hollo...n, 19~1; Norollng,

19~3) to IlIOd,ls tllit Involv, pnhr,ntl11 clon.l d,v,lopMnt of .Itered cell

Itnn (Fisher, 19S8; ",..ttlge Ind Call, 1957, 1961). Clplndlng on the 1I0d,l,

SORt or all of th' stltlS .rl capabl, of belng aff,ctld by In I~t.rn.l clrcl­

nog,n. For thon susclptlbh st41tes, It 15 uplcted tllit til, problbllity of

progression t~ til, nut stlg, W<lu1l:1 b' proportlonll to til, tl_ thlt a car­

clnoglnlc .g'rlt, or' Its 41Ctiv, ..tibolHI, Is <lit • rnctlorl sHe. A COrlstlrlt

Ixposurl to Irlvlron..nt&l clrcinoglns would th,n lntroduc, • powlr of t\~e for

nell st.t, that Is 41fftct,d by I p.rtleul.r ut,rrl.l carelrlogln. Pow,rs of

tlllll .Iso arln frc. uposur,-Ind,p.ndent procluli. It Is llillortint to note,

howtv,r, th.t • power of don 1s Introduc,d for IIch IxPOSur,-dlp,ndlnt step

(for short-tiT'll Ixposuru). Motivltld by the up,rlMntl1 d.-onstratlon of

Irlltlation .nd prc.otlon In skln c.nclr (B,r,nblu. Ind Shublk, 1949), AT'IIltlg.

and Call (1957) discuss. two-stlte .odll wHh In lntl~dllt1 tlM-d,p.nd,nt

growtll phu, tllit Is cCIIJIltlbl1 with thl obnrv'd Ig' dlp,ndencl of Clnetr

Incldenet.

In 1t5 g,n,rlliud fOnl, til' 1100111 SUll9lSts tllit tlla tiM depend,ncl! of

sitl-sp.elflc ClnClr Incldinci In th, gl"-r.l popul.tlon 15

( 3-1)

whlre till A1 art til' trtnsltlon prob.bllltilS of nen sutl, k Is till nuMb,r

of stlges and w Is th. growth tiM for a fully tran5fo~d till to becollll

cllnlcll1y dltlctlbl,. ani, or stvlr.l, of th, >., eln b' Influencld by til,

appl1cltlon of In extern.l clM:lnogen. Thin would bl • powtr of dose (or

lntlnslty of exposur,) for lIell stlgl 50 .Hect.d. To Iccount for tnls, the

~5t gen.ral fOnl of til, .ultlst.g, 11001,1 Cln b, written

(3-2)

Wlth'n this .cd,l, ani can consldlr carclnoglnlc .ctlon on 5P.ciflc st.gls at

dlff,rlnt tlMs In the clrclnoglnlc prociss.

WhlttMiOr. (19771, 1977b) Ind ClY Ind Brown (1980) hay, explored 501n' of

thl tllD1 courslS of C4InClr risk th.t Irt pr,dlct,d by th' l!IOclll. Tile illlportant

ISPICtS of thlSI .n.lys.s Irl:
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1. Th. eff.cts of urly sug. carcinogtns are .att iI.portant urly

in lHt (tht c.lls or ,,11 lines that are sUrttd in tht car­

clnogtlnic prOt:en are avallabl, for a long timt for further

alteration). In addition, their ,H"t dllllinishes slowly after

c.ssation of .xposurts relative to continuous exposurt.

2. Tht .H.c.t$ of late-stagt carcinogens are lIlOtt l.-portant late

in life whln many altered c.lls art avallabl. to b. act,d upon.

The ,H"ts of e"POSUrt to late-stage carcillOgens dllinlsh

rapidly after c.ssation of .xposur•.

J. For each stag. thlt an e.. ternally appll.d carcinog," acts,

th.r. Is I pllWtr of int.ns1ty of exposure (or dOli for short­

t.T'III exposures).

Thus, tht prtdlct.d tiM dep.ndence ot cancer risk can be tl1ghly v.rhd

dlll.nding on th. stagt afhct'd. and subllntar. as WIll n linur, dou­

responll r.latlonshlps can b. illcorporat.d withlll ttle IIOdel. Htr., SUblfnur

r.fers to a r.latiOIlShlp that conulns • power ot dOli grut.r than unIty. A

suprali nur rtlat 10nstl1p I s !'lOt contai n.d wi thtll tht fra_rlr. of the 1Il0de1.

Ttle Itultlstag• .ad.1 hn provld.d a basis for dou-Inc:ldenc:. utrapo­

latloll proctdurU. Ttleu lIavt btlll fOT'lllulated by Guess. Cr~, al'ld othtrs

(GI.ItU and CruMp, 1976, 1978; GU'IS .t a1., 1977). Th. procedur••akes no a

priori nsulllptiolls Oil th. dOSl-rupOnst r.lltlonship, but utlllzts a Nxilllum

lIk.llhood procedure to calculate tht <1\ valuts along with th.lr 95 p.rc.,"t

contlderw;. limits. III prutlce. It is found thlt lIl()st exp.riMntal carcillog.­

nesis diU cannot rule out a Iinur dolt t.nt. Thus, the "5 ptrc.nt confi­

dence II,it Oil the risk at low exposure 15 doltlnat.d by the uncertainty on the

linur ter.. (Gu.ss .t a1., 1977).

It should bt !'lOted that tht exposure in tht ..ulthtag. IIIOd.1 Is to the

site of action of an alt.rablt cell. SignHiunt non-llllta.rltiu can bt

illtroductd Illto an upoSUrt-rtSPOIISl rtlationstl1p by non-1jnuritles ill the

metabolls. ot a chnlcal to an active sptchs or in tht dttoxification of an

.ctivt chplca!. S..x;1I non-lintlrltlu havt btln observ.d In tht cu. of vinyl

chloridt (Gellrlng tt a1.. 1'378). A g.neral discussion 01 activation non-

11 nuri tits in dose-nsponlt r.lat lonshlps lias b••n pUb11 shed by Hotl et al.

(l"83).



HlIlII,n d,t, supporting, multistage 1Il0del Ire IiliHed beCluu ot I,~"" ot

lnto~tlon on the agt, tl .. , ,nd dose depandance of c.ncer risk tr~ a1pos~ra

to axternal 'gants. Racant d,ta trOll the study ot s.klng ef"Ctl 'IIlOn!l

8rltlsh doctor. (0011 and Pato, 1918) sugge.t that thl oos.·rt.pons. r.l.tlon­

snlp is quadr,tlc and that elgaretta sllClke "y act it tvo stAgn, one ... r\y

.I'd Ollt I'ta, In the carcinogenic procan. 'hh cOf\Capt h supportad by tne

"Artl.l reductlon In lung canclr rhk .ttar YOklng celutlon (ralatlva to

~ontln~ad sllClk1tl9). On t.ht oUlIr hand, U.S. YOking dAta IU!ilVnt ,11nur

oosa-raspon•• rtlatlonshlp (H..-and, 1966; Kahn, 1966). In t.ht c••a ot rAdl.­

tlon, tl'lt long lutlng Incrtutd risk ot solid t~rI _1'19 ruldents of

Hlroshl., and N.gasakl (8ttb4 at al., 197') sugg••ts .n aarly stAge action ror

radlatlon. Howevlr. t.ht age deptndenCl of rhk a-onstratu a rilk that is

proportional to tna risk ln tht abunee ot radhtlon upo.ur., I~ggeltlnll •

l,t,·,lalj' 'ctlon. Th' dou-ruponu r,latlon,hlp. !'Iowever, dots not 'Ullllut

, lupra-llnaar ralatlon,hlp, whlch wo~ld be the cas, If tvo ,taVls Wlra ,ftact.d.

In contrast to a sQleWhat ,q~lvocal appllcatlon to hu.an data. the 1Od,1 da­

,crlbas vary well t.ht tl...nd dosa dependence ot ,kin t~rs ln benzo(a)pyrane

palntaa alca (LM 'nd O'Nel11, 1911; 'eto et al., 1915).

In I_ry, t.ht MIlthtage .0.1 provides a ulltu1 conceptual tr~rk

tor con.lderlng t.ht i9t. tl.. and doll ~nOtnce ot slta sptcUlc cane.r

lneldann. However, lt is 10 gt!Mral thl.t It can be aade to tlt vlrtually any

,nl.,1 or huun carclnogeM,h dou·,...sponSI data. The r'tqUI~nts al't lIOn

strlnll'nt ror tltth'll tl ..-to·t_r daU. IItrt, I\oWtvlr, few hlAln daU art

.vall.bll tor vaHdatlon. At thh tl .. , the .-odel Clnnot predict. "rlorl

elthlr tha dOli or tl .. dtplndtncl ot hlAln canetr. Ntvlrtnelen, the concepts

of tha lOdel ,re plau,lbll and warrant conslO1ratlon wnen the d.t. on the 'ge,
tl.e, .nd dosl depandlnel of asbe.to' CIf\CerS .rl ravlewed.

3.5 LINEARITY OF EXPOSURE-RESPONSE RELATIONSHIPS
Dlnct IvlO1nce ror llnurlty or rupon•• wHh ubuto, uposura "

avall,bl. fro- ,evan ,tudles (two ot the .... plant) tn.t coapared lung cancer

IlOrtaltty to th. cu.ulatlve total dust a.po.ure In ,sba'to, workplaca, (D..ent

et .1.,.1982; IMndlrson and (ntar'll"" 1919; "'cllonald et ..-1.,1980, 1983a,

198Jb; Flnkalst,ln. 1983; S.ldlIin, 1'384). Fl~,.. 3·1 plots the uposu,..­

rnponll data In tnue stwlu IS tl'le ratio or observed to txpected lung

2l
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,an,lr .artality against thl alasurld tu.ulatl~1 dUlt I.polurl In ~llllon5 of

partitl" ~r tutlit foot-~Irs (~pcf·y) or t~hthl Ubelt05 uposurl In

flbar-Y"rs per .111lHtlr (1-y/.1). (Hlnufortll, till til'll "don" w\l1 bll

used to dellgnltt c~1athl 'Xf)OIU"".) While different txposurt-rnponu

rllationsllips appelr to ,xlst for the fl~e studies of Flgur, )-la, taCh d'~n­

5trat'5 a ~'ry oood llnelr r,lationshlp ove" the ,ntire range of ObSlrvation.

Th' diff,r'nc" ln the slopes of the r,lltionsllips ..y r'lat' to dlfferenus

In the qUlntlty of the other dust present, till fiber sin distribution, tile

fib'" type, tile aQl of the populatlon unOlr observltion, the rlprn,ntathe·

nuS of till dust slllPlfng progr.s Ind possibly other factors. Th"e fattors

,rt distussed 1atlr, when tl'll exposure-response relatlonships'of ,11 aVlilable

studies ,re tOllJllrtd (1ft Section 3.9). In till tiS' of tla two studl" In

Figure 3-1b, the fo ... of the dose-response relltlonshlp is 1us tlllr, particu­

larly for th, group Itudled by Fink'lsteln (1913). Tilt dltl frol thre, other

Itudles thlt provlde dose-response Inforwetion Ire not s'-. In on' (W,lll

It 11., 1979). tilt dose-response .,..lItionship wu affected by till lIrg, nUlllb,r

at untrattd lndhidulls in the study; In two otlltrs of frlctlon prodllC:tI 'unu­

fatturlng (B,rry and Newhous', 1983; MCDonald ,t al., 1984), tilt r,lationshlp

w" too weak to provide any gulc.m:1 es to lts fol"ll. (Th", til".. studles I'l'l

tonsld,red lattr, in SlCtlon 3.9.) In one cue, wh,n 'JqlOllire-respOn" rel,­

tionshlps wert anllyzed tetol'd1"9 to bo~h duratlon and Intensity of uposur,

(Mc:Donald It a1., 1980) .. tilt ""ults Wlrt l,ss dr_tit thin sllown ln Flgure

3-11. Howev,r, this My be the ruult of s.. l1 n-'rs; only 46 txt." lung

tanclf' lillths Irt reported In all 'JqXlsurt tltlt90rl".
In the dl\tuision of till tl .. relationlhip of lung tancer rlsk ,nd '5b'ltOI

'.posur" til' data tin bl interpreted In t'MlS of a .ultlstag' ~liel of tant,r

In whlth asbutos """,Irs to tet at I sing1, lalt slage. The tontlnued high

risk following tenation of uposurt resultl trOll the tontinued prl"nte of

asbestos in tile lungs. This IIOMI is cOllpltlbll wltll a 11nllr don-response

r,lltlonshlp Ind with til, synerglstlt Int,rattlon bltwlln asb'ltos ,nd clgar­

Itte IlIOklng.
Fewer dlta arl aVll1abli on the IXposure-rlsponse relitlonlllip for mlIO­

thellolll'. Table 3-3 11sts thl ..sotlllliOlll IIOrtlllty frOll.four stulill1 (S,id.an,

1984; Hobbs It a1., 1980; JOniS It 11., 1980; Flnkelsteln, 1983) In hrllls of

tllll plr 1000 Plrson-yllrs of observatlon or plrttntage of mllothlll~a

dl,ths. Thl liatl of SIIc.an ar, prtslntld both In tll'llS of durltlon of em9 l oy'

ment and I$tl ..t,d c~lathl flb,r ..posurl. Thl e.posure tlrtlJllltlntll of

"



TAfllE 3-3. THE RISK OF DEATH FROM MESOTHELIOMA ACCORDING TO THE TIME
OF .l.S8ESTOS EllPOWRE, IN FOUR SruOIES

Exposure Estl ..ttd
period PlrtOIl-YeArs DeAths/

(.cIllths _ ,...., (10+ y••rs 1000 PUt.llt
IIII11SS .f ,~ first PIrSOIl- NUlllbu .r

Study lIohd) d..tht 'Kposure) yeA" ,Kpostd duths

Hobbs .t 11. {l980.1

<3 0 21,213 0
3 • 11 10 19 ,548 0.'

12' 10 14,833 1.1

Jon...t II. {l9lO1

<. 0 31' 0
5 • 10 3 116 2.'

10 - 20 • 145 2.'
20 • 30 • 101 '.0
'Qo • .1 •••

S,''''n (l984)

2.2 1 3,700 2.7
7.1 • 1,203 4.2

15.4 • 1,263 3.2
57 7 1,248 •••
8.8' 2 4,104 0.'

37 5· • 1,162 .. ,". • 1,053 '.7
125' 2 '20 •••200' 1 '" 2.'
375· 1 2SO '.0

Flnk.lst.ln {198!l.. 1 I.'
92 2 •••180 • 11.9

lb,poSUrti In flo.r-y••rs/.l.
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tilt groups stualta by Jonn tt II. (1980) Ind Stldllln (1984) ofhr tilt latal

dn:~U.nc" fn, studying lM tfhcts of c~htlYt , ..posure on rhk. Tl'It

tvtragt IJlposure duntlon of tlch group w" short Otn then two ytln) Ind

111 IndlvldutlS beg&n t ..pOSUr, It Ippro.. l..t,ly tht s... tl .. durlng World Wlr

rIo ThUS, tht confounding .ff«t of t1 .. on tht obnrvtd risk 20 or -art

yurs frOll onnt of ' ..posure Is hlrgtl)' rHOvt1:l. To tht , .. tent thlt tht

distributions in durltlon Ind tl .. fr~ onset of elplo~nt Irt sl.11lr ln the

dlfftrent uposurt clttgorl" of Flnkelsteln (1983) Ind HoIlOs tt II. (1980),

tht dltl would rtflKt In exposure-responn rtlltlonshlp. Thh 11 1Iktly to

bt appro.. INttl)' corl"tCt, but dll"tCt 1nfOl'lllt10n Is not IVlnlblt.

Flgur, 3-2 dhpll)'s tllti dltl of Tallit 3-3. To tllti ...tlnt thlt durltion

of e.plo~nt Is ... lltt1:l to dost, thl studl,s of Jonts tt 11. (1980) Ind HoIlOs

,t 11. (1980) I'" COlllpatlblt with I lIMlr don-response l'tlltlonshlp. It is

thlt of F1nkelst,1n (1983). Tht study of StldNn (1984) h highly non-llntlr,

tspeclilly wlltn ..sotl'ltl1oaa risk Is plotted aQilnst Istl ..tt1:l dost In f-y/.l.

Tht rtlatlonshlp. t!owtvtr, ls suprllfntar (1.1., Ollt Involving frlctlonal

powers of dost). Thls 1s likely to be the "rtsult of statlsticil unctrtalntlts

IUOCllltd with , .. II nlllbtrs rathtr thin txposurt IIhclaulflcltlon; In tht

Cist of lung clnctr a highly 11ntar dost-rtSPOnSt rtlatlonshtp was obstrvtd,

Ilbtlt Ont that suggeslld I ltro dosl lnttn:,pt at an SHI (slandlrd -artllfty

ratlo) grtlttr thin 100.

Polynoelals of dtgrtt OM Ind two wert f1tttd to tht dlt, of Jones tt ,1.

(1980), HobbS tt II. (-1980), IIId Flnk,1sttln (1983). Tht Iffttt of Includlng _
,

quadratic t,,.. Is shc!wn In Tllll. 3-4. In no cu. Is .. quadratic t'T1I re-
qul,.td; In onl cnt Its cotff1chnt Is ntgltht, IAdlcltlng I suprallntl,.

rtlltlonsh1p, Ind In tht cnt wIltrt tht effect 11 grutut (Flnkt1stt1n,

1983), tht .fftct on tilt slopt at lIro dolt Is only I flctor of 1.76. A

quadratic tint for tilt data of Stldlln (1984) Is clta,.ly unwarrant.d.

A tlnll study wI'Ilch provldes ScM don-response lnfo ....tlon ls tllit of

H.-heust Ind 8trry (1979), whlch ShOWs an lncr"slng rlsk of ..soth,lloat with

Incnulng dl,lratlon and lnttnslty of uPOSUri (T1blt 3-5). Howevtr, I qUlntl­

tatlYt rtlltlonsh1p Clnnot bt d,te,..ln,d.

Becaull of til, 11.lttd dOIl-responst dltl, tl'lt -ad" .'01' ..sotl'ltllou 11

not IS ..11 ntabllsl'ltd IS thlt for lung canctr. As ... 111 bt sMn, thl tl",

cour" of ..sothtllON app..,.s to bt rtlated only to tilt asbestos "'POSU,.I.

At tills t1M, no lnltractlYl effects Ilivi bttn obstrvtd betwetn ISbtltos IIId
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TABLE )-4. ~lYSIS OF RESIDUALS IN POLYNOMIAL fiT TO OBSERVED
MESOTHEl!~ DOSE-RESPONSE DATA

S. of S~""'I
ACCOUllt~ for by

L1nnr Quadntlc Prob- Ratio ofbStudy ,,~ ,,~ Rilldual "bl1ltl $lopes

Hobb$ ot 11. , "" O. B133 0.001.5 0.0067 0.72 O. SSc

JonlS ot 11. , 1980 77.64 0.51 2.92 0.39 1. 38

flnkel$llln, 1983 78. Ml 1.19 0.27 G.28 1.76

aThl pnXlabll1ty that tha obSlrvH dII"latlon f~ Hn...rlty 11 by cllince alonl.

bTIIt rilio of tl'1' slopl of tilt I»SI-rllponSI function It lIro don wHllout Ind
wltll lncllalon of a quadrltlc t.~.

cTh. $Ign of tha qu.dratlc tl~ ls ~tlvl Indicltlng • suprll1nllr rilitlon­
sllip (1.1., onl containing fractlonal ~rs of dot.).

TAIILE )-5. RISk OF MES011lELIOMAIlDO,OOO PUSQM-VEAAS lflTM INCREASING
DURATION AND INTENSIT'I' OF EXPOSUII (NtwhoUt. and aarry, 1979)

Guntlon of
IXpotU""

Otltht/lOO,OOO PerSon-Y.lr$
Intln,lty of Exposur.

Mlll5

FHllel

as-10 fI.l.

b>20 r/.l.

<2 yr.
>2 yrt

<2 )'rs
>2 ),rt

l3

"
/481

cOllbl n.ll

,0<

'"
136
'50

atller Ig.ntl In tl\.t .tlology of tl\.t d11...... TI'It stllP pow.r 1101 dlplndlnce

of rhk on tl .. fro....bl5tot .xpo,u,.. I~gttts tllit .. sathlllOlla can bl

ducrlbed wHhin till fratewrk of tllt' IlUlt11t&gl .edfol ('II PltO et aI., 1982)

Ind that ubutos III)' ICt IIrl)' In tllt' carcln09lnlc Pr'OCIU. However, because

Isbaltol hll blln Ihown to ICt llta ln thl c.rclnogenlc procils In the cale of

lung clncer, H could do 10 1110 ln the cua of lMlOtllt'llON. If so, HIe

do,,-ruponSt rllatlonlhip would Invoh. higllt'r than IInnr pO\filrl of dose

"



Whil. a q~adratic co-pon.nt in the Gos.-respons. rel.tionship h.s pl.~sibility,

the .xisting d.ta pro~ide no support for it. F~rther, the finding of lIuothe­

liolla • .ang ' ..ily contacts of work.rs s~gg.sts th.t a substantial risk ,.ists

.t .l<Ch Ius than occupation.1 uposures ..ong family contacts of chrysoti 1,

.in.rs and mill'rs and .mosite factory work.rs. ~ng the lIiners .nd ,ill.rs,

3 ' ..ily ~er cont.ct cas,s .re known (McDon.ld and McOon.ld, 1980) CORpared

to 12 HOng th••inlrs .nd lIillers. For the _site factory work.rs, there

art 4 cuu of fMi ly lHIIO.r contact .sothel iOlN c~u.d to 15 casu dUI to

occ~pation.l I.posur. (And.rson It .1., 1976).

E~.n /lOre li,it.d data .r••~eilabll on a dose-r.spons. r.l.tionship 'or

gastrointutinal (GI) cancer. As 5"1'1 in T.bl, 3-2, the strength of the

.~Idtnc. relating asblstos ••pos~r. to GI .. lignancy is Ius than that frOll

l~ng c.ne.r and .sot~lio.. ; the ,.c.ss rllatl~e risk, wh.n pres.nt, is lower

than that for l~ng canelr. 0' the 51~.n st~dlu pro.,Iding • cl.ar dose-ruponn

r.l.tionship for lung cancer, info....tion is • .,ailable frOll silt of th.. on •

doSl-ruponn r,lationshlp for GI canc.r. w.ight.d lust squaru rlgr.ssion

an.lysu ....r. run on the d.ta of the studhs. Table 3-6 lists the coeffici.nts

of th.n .nalysu, along with the stand.rd .rrors of the slopu. ",5 can b.

5111'1, fh' of the si. studilS which d_nltrat.d iI fairly ste.p don-rupon51

relationship for lung c.nc.r d• .anstrate • conslst.nt .nd positive trend with

e.pos~r. for GI c.ncu, but l.ss strong than th.t for lung c.ncer. HOWI~.r,

while indic.ting a posith. tr.nd with ••pos~re, th. data on G! cancu dou­

response r.latlonships .r. In.d.q~at. to Ist.blish the f~nctlonal rll.tionshlp

b.t......n don and risk.

ThIs document ~ses a lin.ar e.pos~re-response relationship for ,stillating

~nit ••posur. riskS for l~ng cancer .nd .soth.lioM••nd for calc~l.ting riSks

at cumulative exposurts UlD to 11100 of thOSl of the occup.tion,1 cirC~III­

stances of past years. It is a plausibl. relationship, and for lung cancer is

strongly indic.ted by the e.1stlng evidenci. While II(Ir, lillited data exist

for ml5othlli_, th.y aho indicate a Hnur r.latlonsnip. Its ~n has tllr..

dhtinct advantilges: 1) point estimates of expos~r""uponu can be iliad. with­

o~t knowledge of lndivid~al e.pos~,..s, i. •. , the ."cus mortality 0' an entire

group can b. r.lat.d to the average .xposur. of the grQ~p; 2) Ixtrapolation to

vario~s exposure circu.stanees can be lade .eslly; .nd l) it I' likely to be a

cons.rv.tlv. Ixtrapol.tlon proced~rl frOll the point of vl~ of h~lII.n he.lth.

It is MPhasiz.d th.t linllrlty of e..pos~,..-rlSponSl obtains only for sililar

tillts of .xposure and obs.rvation a.ang sillil.rly aged indl.,id~ills with si.II,r

pusonal habits.
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3,6 T[ME'AND AGE DEPENDENCE OF LUNG CANCER

A relative rhk lIIOdll lias long been assUlTled to be applicable for the

description of tile incidence of lung cancer induced by occupational aSbestos

e~posure, Such a model is tacitly assullled in lhe description of mortality in

tlr,lS of observed and.lxpected deaths. Virtually every study of asbestos

",orkers is describld in thlSl terms. Early sugglStive evidence supporting it

is found in tne synerqlstit: action betw..n asbestos Ixposure and cigarette

slllOking (Sllikoff It ,11., 1968), in ",nich thl lung canctr riSk frOlll asbestos

exposure deplnded on tile underlying riSk in the absenci of uposure. Relative

riSk models "'ere discussed previously by Enlerline (1976) and Peto (1977) and

utilizld in projections of lung cancer fr~ past asbestos exposure by NiCholson,
et ,11. (1982), They wert adopted in thl risk an. lysIS of the Advisory Co... itt..

on Asbestos (l979',b), thl U.S. ConsulM!r Product Safety COlllliuion (l98J) ,

and thl National ACldl1llY of Scilnces (1984). Infonllltion on lung canClr risk

frolll exposures at difflrent ages is now available frOlll two stuclles (Sllikoff

et aI., 1979; Slidman, 1984). The analysu of then dau, along with the

obslrvations of linear close-response rll.tionships, provide substantial sup­

port for the use of such a formulation for lung cancer.

Information frc. thl insulation workers study by Selikoff et ,II. (1979)

on thl time course of asblstos canelr risk is given in Figure J-3, which SlIows

the relathe risk (hlr, t.kln to be thl ratio of ObSlrved to exptcted duthS)

of duth from lung cancer according to age for individuals first IlIIDloyld

betweln agls 15 .nd 24 .nd for those e~loyed bltween ages 2S and 34. The two

curves rise witn till sa-- slope .nd are separated by the 10 years of differlnce

in agl at first exposurl. This suggests that the relative riSk of developing

asbestos-rel.ud lung ClnClr 'lCcording to time frOlll onSlt of e~posure is

independlnt of agl and of tnl prl·.x15ting risk <It the time of e~posure. In

contrut, both the slop••nd the value of thl excess riSk of lung cancer are

two to four tillls gruter for thl group first exposed at oldlr ages compared

to thou e~poled at young.r agls. The silllilarity of the data for each grouP

in Figurl J-J sugglsts that the data be combinld and plottld according to ti~e

froll onut of exposure. The result, sh"",n in Figure J-4, pIaU tne dau

according to years frolll onset of exposure. H"",ever, beCau!wi! of the great

stability or unIon insulation ,"ork, the curvi also reflects effects accordi"g

to duration of exposure up to at lust 25 years frolll onset of e~p05ure. A

linear incrust with time frOIll onSit of exposure occurs for about 3S years

32



• 0

•

•

,
••t
J •
1••,

i •
1

j •
0

Ii•
~

,
0

i
•• ,

AOIAT ONUT
• 1.)11 VIARS
o &Joe YLtoM,

" .. .. ..... '" .. ..
Figur. 3·3. 1"M relative risk of dMdl from tung u_
Imoft9 inaul8don WOrkl,.. KCOf'ding to .... D.~ auP91Ntd
by I.J. Selikoff IMd H. Seidmlln.

Source: Nic~1Oft11912j.

"



,
o 0TT.•

• 1J• /.
1 01
I oTA•, •i 0 T.
J

, .;1- 0
1

~ , 0

•
~
~• ,

• ALL WOIlKlIIS• o WOAKERS WHO SMOIllf: CIOAIlETTU

,,
" " .. " " "

VIA'" '''OM ON$ET Of EXPOSUIlI

Figur. 3·4. Th. ,M81fv, ,i,1I of d••th ~om It,,n9 cine., emong
in.ul.lltion WOf"k"" Iceorcfi"il 10 time ftom 0""1 of ,"po.url
I ... Inlulatort; 0 lndlclit•• in.uletor. who w.,. Imoking
clt,,..n•• II ttl, .ten of follow-up in '''1.1 DIll luppU,d by
'.J. SeNkoff Mel H. SMdml".
SoutCI: Nic~.on I1t121.



(to IDout t~1 tl.. ~~In ..ny lnsulltlon worklrs would ~IVI tl~lnltld .-ploy­

'"~t). Iftlr 'Il~lcll thl r,llthl rhk tills 'ubstlntl.lly. Th, dlcrust h, I~

p,rt, tl'rt reult of tl'rt urllir dlaths at , ..k,rs trOll til, group u~dlr Hudy

dUI to tl'rtlr Illghlr ..rt,llty frOll lung ClnClr Ind cardlovasculu dlslnl.

Ho"lvlr, tM dlcreasl Is not sollly till result at till dutil, at , ..klrs slnc,

• sl,11lr rls1 Ind. t.ll occurs a.ong tllosl Indlvtdu.ls wllo "'1'1 l.aklrs It til,

stlrt of ttl, study cOIIIPlred to s..klrs In ttl, glnerll popu1&tlon. "Irt of

till dlcrelSI ..y r"ltl to tM 11I.lnltlon of IsbIStOS, plrtlcul'rly cllrysotl11,

rI'o- till lung; selectlon PrllCIUlS, ,ucll as ditferlng uposure pltttrns (I.g.,

th' survhors ..y hlVl lvoldtd Intense uposurlS); or ditferlng IndhldUI\

biologlcil susclptlblllties. Whlll tM ,uct ruson tor ttll Ittect Is not

undlrstood, It Is I gllllral ptll~non slln ln othlr _rtallty studhs of

ubutos worklrs (NIcholson, It 11.,1919; 1985).

Ttli Ilrly portIons at til. curv.s at Flgurel J-J Ind J·4 IIlv, three I~or­

tint tlltures. oUtlr I short dilly, they show 11111I11' IncrllSl In tilt r.lltivi

rlsk at UblStOl lung Clnelr Iccordlng to tl. tl'Oll onSlt of Ixpolure. Flgure

J-4 shows tlllt thls tncr.ls.d rllatlVI'rllk Is proportional to tn. tl.. 'IlOrkld,

Ind, tllus, to till cUlUlltlv. Isblstos IKposure. Howevlr, the 11ne.r rls. c.n

occur only It the lncre,sld r.lltlvi riSk thlt Is cre.ted by • glv.n cUlUlltlvl

IKposure at ISbiltoS contlnuas to .ultlply till undIrlylnt rl1k tor s.vlrll dl­

cadIS tller·utlar. Flnll1y, In utrapolltecl 11nelr 1111I through tM oburvld

dltl polnts crOUIS the 1111I at rilltivi risk Iquil to ani (thlt uplctld In

In unuposad popu1&tlon) It b.t....n fhl Ind tin y"rl frOll onslt of uJlosure.

This ..ans thlt till lncreasld re1&tlvl rlsk Ipproprlltl to I llhln uposurl Ii
.cllllvld soon .ftlr the IlIposure taklS plici. H_vlr, If tlltre h I 10'll

underlylng risk It tilt tl.. 4t tilt Isblstos IKPQsurl (IS tor lndlvidulls Igld

20-30), lIOSt of till tlnc.rs thlt '1111111'111 trOll any lntrlll'd rhk Ittrlbu­

tlbl. to asblStos '11111 not ottur for "1lY y"rl or Iv.n dltadlS until thl

llnderlylng rhk blc:OIIIs substlntlllly grelter.

Till dati of Slldlin (1914) IlIa sna. that IKposur. to Isb.stos .ultlpliis

till p......K1stfnt rlsk of lung cltlC.r 1M tlltt tM lIVltfplllcl risk bltOllll

.lnHllt In 11 rellth.ly short tl... Figure 3-5 ~lct. th. tl .. caul''' of

lung canc.r ..rtallty beglnnlng flv. y'lrs atllr onslt of IKPOSUI'f of • group

upo..d tor short plI'tods ot tt... Th. aVlra~ durltlon of IKpoSUI'I 'illS 1.46

y..rs; 17 Plrclnt at thl popul.tlon was IJIPIOYld tor llu tllin 2 Yllrs. Thus,

"
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, ure had largely clu.d prior to the bl91nnlnll of tnt follow-up period. A
.~po

rlS' to I significantly ,1,vlttd r.latt .... rhk occurred ..,Itllin ten YU!'5 and

r""lned constant tllrougllout th, obnrVltlon period of tile study. Furthel'llor.,

t~ r,l,tlv. risk fro- a sptclftc ••posur. Is lnaeptndtnt of th, ag. at which
,~pOlurt blgan, ..,h,rl.s tht '.c.ss risk would havi lncr••sed considtrably ..,lth
tn' Ill' of I.posur.: Tabl, 3-7 shows ttl. r,l,the rhk of dlltll 'rolll lung

,ancer for individuals ••posId for l'ls thin I~ gr.,t,r than 2S f·y;.l .ccord­

(1l9 to 'V- at tiM of Inlranet Into" tl"-Y'" observation period ......lthtn a

g!v.n age '.hllary, rthtlv. risk 'oIas 51.tlar during dlff.rent decades fro.

enne of 'llposur" u previously shown tn FIllure 3-5 "ttll the overilll daU.

1'10"'''''1', r.l.tl~. r1sk a150 was ind.p.nd.nt of ttl. ag. e.cade at .ntry Into a

un-yur obur~atIon p.riod (,.. rows l.b.lld ""11" in ncll uposur. category
of Tabl. 3-1). TIl.r. 1s ,_ r.ductlon In til. oldtst, IIOSt Iln~t1y ..posed
Qroup. Tllts.,y bt attributtd to til. s_ ul.ctlon tHtcts .,,,Hut at oldtr

'QtS in in,ul.tton ...orkin.

In ttniS of carcinogtnic ..chanls.s, It apptars thlt asb.stos acts larQtly
Itkt a lung ClOCtr-prc.ott"9 ag.nt. Howt'ltr, btcau'l of the contlnuld rul­
d.ne, of til. flb.rs 1n th. lU"9, til. proMOtlon.l .fftct dots not d1.ln1.h with

tlftl .tttr cts,.tion of .JpOlur••1 it ~.y with eh.. le.l or tob.eeo prc.ot.rs.
Furth.r, Inh.latlon of tl'l. fib.rs c.n pr.c.d. Initiating .....nt. b,c'lIs, ..ny

flbtrs rutin continuously a'l.ih.blt In tilt lung to act afttr othtr ntceuary

c.rclnOll.nlc proc.ss.s occur.

A f••ture of Fillurt 3-4 i~ortlnt In tht ,ss.ss..nt of Isb'sto, carclno­

g."ic risk Is til. d.crtlS. I" r.lath. risk after 40 Yllrs frOll onset of
..posun, 01' 60 Yllrs of .91. As ..ntlon.11 pr.... lou'ly, WI do not 1'1 ..... a full
uneltrstacellllg of this eltcrtan, but it gtlMrally applln. A ... irtually leI.nttc.1

tl~ cours. of lung c.nctr risk occurs In .sb.stos factory ,~'oy.es (Nicholson
.t .11., 1985) ,nd In t.n.dlan chry,ottl••1n.rs and mill.rs (Nlcholson.t .11.,

1979). Bec.use of th. signHicant decreau at long times fro.. OM.t of 'JpO­

sur••nel old.r agu, obStr~atlons on retir" popul.tiolll can seriously under­
stah th••ctual risk of ISbtstos-~1attd eleatll durirlg urll.r y"rs. To tile

..h"t th.t tiM plrioel, betwe" Z5 and 40 yllr, frOll ons.t of .~posun .11"

otltt.d from obser.... tlon •• study will u"d.r.stlmat. tilt full lmp.ct of asb.stos

.~posurt on d.ath.
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TABLE 3-7. RELATIVE RISK OF lUNG CANCER DURING 10-YEAR INTERVALS
AT DIFFERENT TIMES FROM ONSET OF EXPOSURE

Yurs f!'Oll
onnt 0'
t"pOlurt 40 49

Agt .t It.rt of ptriod, ~Url50 - 59 60 ,
ltn tll.n Z5 f·y/.l t"polurt

• 1.4 (l)b 0.0 (4.110.0 (0.7]
lZ.0 (]) 5.1 (4) Z.Z (3)
5.9 (1) Z.3 (Z) 6.4 (9)-- 2.8 (1) 8.1 (6)
6.3 (4) 3.0 (8) 3.9 (la)

GMI.ttr th.n 25 f-y/.1 txpolure

0.0 f" 7]
12.9 (8) 6.6 (5)

7.7 2) 11.1 (8) 5.6 (6)
25.0 (3) 9.7 (7) 12.0 (13)
-- 4.3 (1) 4.0 (2)
8.3 (5) 10.5 (24) 7.6 (Z6)

'0 '9

'[] • no Clitl Sftn. N-'r of Clitl .xpected on tht bash of the ,vtr<lg.
Mll.tiv. rilk In the ov.r.ll IXPOSUMI c.tt90ry.

b() • nu.bt!r of c.s.s.

Sourc.: SlldIlltll (1984).

To appMlChtl the .fftet of til. observ.d lung c.nClr t1.. dtp.ndtnct upon

the rtlults of .n t.,ld.lologic.l ItudY. tilt IItCIiS rhk of lung c.nClr .....

c<llcul.ttd for diff.r.nt obl.rv.tlon ptriodl for. hypoth.t1c,1 grqUP , ..pol.d

for 25 yun ~lnr11ng .t '91 20. The tl.. course of the rhk 11 nt propor-

tloll.l to th,t of Flgur. J-4 .nc! 1978 91l11ral popul.tlCln r.t r. us.d.

Tabll J-8 lists the ptl'C.nt UCI" lung canc.r ltOrtal1ty obnrv.lI for thr..

follow-up p.tiolls, 10 y••rs. ZO yllrs, .nc! llf.tl.. , b.ginnlng.t dlfferlnt

'guo As c.n b. sftn. the p.rc.nt ...c risk frOll start Clf uposure at age

20 to the Clllllll.t. de.th of ,11 COhort rs is 5S perunt of the ..... III\.lII.

Thl p.rclnt ...c.ss rllk Incrl'S.1 up to .ge SO '1 the follow-up p.rlod st,rts

l.tlr, rlfl«tll1g the lncr,uld rlhtlvl risk concOIIlt,nt wIth IncrunCl

I"POSUrl. For observ.tlons starting ,ft.r .ge SO It '<Ills lubltlllthlly;

'01 low-up btgull .t .gl 65 Clbslrv.. only 38 p.rClnt CI' thl 'ull risk. To the

I ..tlllt thlt e grqup under ob,ervatlon lias all 'ge lIlstrlbutlon th,t Is sl.ilar

J8



TABLE J·B. ESTIMATES OF THE PERCEIHACE OF THE MAXIMUM EXPRESSED EXCESS
RISK DF DEATH FROM LUNG CANCER FOR A ZS-VIAR EXPOSURE

TO ASBESTOS BEGINMIHG AT AGE ZO

Ag' at shrt of Yean frOll
obse:rvat10n, P,rlod of follow-up, yurs onset or

years 10 10 lththte uposure

10 , J2 55 0
30 34 55 55 10

" " 91 56 10
50 " 81 55 30
60 7J 5S 46 "55 55 " J8 "70 J7 " " 50

aTh• ~kl.~ .kpr.ss.a rlsk .. that ..nHut 7.5 y..rs .fler the conclusion
of the Z5·y.ar 'kPQsur•.

to the nUllb.r aliv. 1n tach qu1nqu.nn1~ In a Itf.tl.. follow-up, an obnrv.tlon

ror .ny p.rlod of tl .. wolild reflect th. s... -artlilly ratio II an obnrv.tlon

fl"l)lll onnt of 'kp:osure to thl dnth of th. tolll cohort.

The d.t. In Tabl. J-B CIM frOli obSlrvatlons on long-le~ uposuru to

high conc.ntratlons of asbestos (>lD fl.l) wh.r. pr.f.rentl.l d'lth of susc.p

tlble lndlvldllall occurred. ThuI, approprllt. COllllarlsons b.tWlen hnvl1y

ekposld groups could b. udl on thl basis of Ilf.t1.. risk (1 .•. 55 plrClnt of

the IIIkllLJll), as WI'l1 u on the U,dlUlll risk. HQWlv.r, In groups ,kpond't:o,
low Ilv,1s «0.1 tIll), .v.n tor uny yurs, IIllctlon Iff.cts raay b. much
len ll11portant. A .lnl..l ucen risk would b.rely aHect the pool ot susc.p­

tlbh lndhldUlls. A lln.r .H.ct would aho b. ,kp.et.d trOll short-ter..

uposures (to 1.51 than eKtr_ eoncentr.tlons). If s.l.etlon .ffects are

larg.ly thl caus. of the dls"SI, the maxl"um .xpress.d relatlv. riSk would b.

IIIOst appropriatl for ntl..tlng riskl associat.d with low-hvel uposures.

Kowtv.r, if the d.crun 15 larg.ly the ruult of 111111natlon ot ubutos from

the lung or the bl010g1c.1 n.utrallzatlon of deposlt.d fib.rs, a decrease In

r.latlv. risk beginning at .bout 35 yurs frOll onnt of 'kposure should b.

considered. This Is dlscuss.d In Ch.pt.r 6.

Th. abOve dlscunlon supports a g.n.ral aodel for lung cancer In which

the aSb.ltOI-r.l.tld risk, t y.ars rrOll ons.t of eKpOlurl, is proportional to

the c...ulatlv. UpOSUrI to asbestos at tlM t-IO years '1I1tlpl1td by the age

"



and till Cllindar yur risk o( lung clncu ln till Ibs.nc. o( exposur.. Til.

incld.nc. o( lung clnclr Cln b. 'kpr.ssld (onaally by

!fer•• ILCI,y,t.d.f) is the lul'IliI tAllC.r Incldllnc:. obstN.d or projtet.d In I

populltton o( 1ge, I. obs.rvtd In tlllndlr pertod, y, It t Y.lrs frQI onslt of

In &sbutos tllposu" ot dvntlon. d. and avlng. lntenlity. t. le(I,y) Is tile

lve Ind ClI.l'l4Ir yur lung tlnc.r tncldtnc. 'kptet.d In tnt ..bunc. ot exposur•.

If SllOtlng diU I" I ..... llul •• IL and Ie Cln b. SIIOklnl;l-spteiflc inclOtl'lCu.

( Is tnt tnt.nsity of Isblstos ••posur. to tlb.rs 10l'l9tr tllin 5 ~.I ((1.1).
d Is til. durltion ot ••po.u" up to 10 yurl (rQI obl'Natlon, Ind KL Is I

proport10nlllty constlnt thlt Is I .,,"r. o( til. tlrcll\091nlc pot.ncy of th.

asbutos exposur.. A d.llY tn IIIntfutltlon 0' risk Is bu.d on the dltl 0'

S.idINn (1984) Ind S.l1kott .t 11. (1919); 1n n.ith.r study wu Iny tatiSS

lung ClI'lC.r I ..n prior to 10 yurt t~ onut o( tapolur.. FrC* equltlon 3-3a,

th. r.lltiv. rllk 0' lung canctr. IL/I E• II lndep.ndent of 191 Ind dlp.ndl

only on the tlallatl". ':qlO.ll,.. to ublltos.

OHt.Nnt ubllto......rI.tl .. 1'1&.". diftt"nt Ihl distribution•• and th.
fnctlon gruttr t1I.In 5 ~ de9tnd. on tiber type Ind the prodvc.tlon proc.ss

(Nlchollon .t II .• 1912; Gtbbl Ina Hwlng, 1975). Ani..1 dlta deIonltrlt. thlt

dl.nllonl (l.ngth and width) IN IIlportant vlrlabl .. in fiber Clrcll109fnt­

city. ThuI, lL would be 'JqMCttd to 6epend 011 ffber t)'PI Ind fib.r dl..ns10n.

In prlcttt., howev.r. unc.rtalntl•• In .stlbllshlng qUlntltltl". dOI.-relponse

relatlonl. thl"Ollgh the 1pp11t1tlon ot equltlon 3-31 to ObseN.d dltl, Illy

pr.c111d. th. d.teMltnltlon ot KL by (lber type (st. Stet ion 3.11).

3.1 ~LTIPLE FACTOR INTERACTION WITH CIGARETTE SMOKING

Th• .,Itlpllcltlv. Int.rlct10n b.tween "b..tol Ind trt. und.rlylng dlk

of lung tlne.r II Ittn In the lynt~ll. b.twe.n tlglr.tt. llIOktng Ind Ilb.ltOI

,"polur., ffrlt 16ent1tl.d by Stllkotf .t II. (1968). Lltlr diU on U.S.

insulltlon work.rs conffrll and tattnd tilt' 'nHIII tlndlngl (H_nd It II .•

19191): In thls llf91r Itlid)'. LZ.051 &sOUtOI work.rl. 20 or IIOr. yurl f~

ons.t of thtlr IxpoSU". WIN foll~d ,~ 1967 tlll"OU9h 1916. At the outSlt,

6841 voluntttred I h1story o( tlgar.tt. sllOk1ng, 1379 Slid thty hid not llIOk.d



clg.rettu, and tile rut provi.d no fnfoMNItfon. By Janllary 1, 1917, Z....

deaths hid occurred .-0119 thl clgarettl slCkirs and I .-0"9 thesl net reported

as sllOkln.

Thh uperllnel WIS cOlIJIar.cl to In 1ge- Ind clllndir yur-sptclflc bash

",lUI that of l1kl .n wlth thl S_ slIOklng hlblts In thl AMrlcln Clncer

Socilty's prosptcthl Canelr Pr'lVlntlon Stlld)' (H....nd. 1966). For thl control

gro~, 73,763 whltl ..lis who wert IXPOSed to dUltS, fUIII, gllll, or chl~lcl1s

It non-h...1n9 work ...,.. Illactt<!. Thl Igi sundlrdhld rlt.. plr 100,000

per.on·y..,.. for Ilch group Ire shawn ln Taol1 3-9. The re.ults sllow thlt

both the 180klng Ind non-,-oklng lung Clnelr r1lkl Irt .1I1t1~11Id f1vI tlmls

by thl worker'. IS!MStoS Ixposure. HoWOIvlr, .1nel the rhk Is low for non"

slIOklr., -ultlply1ng It fivi tl ... doe. not ,...ult In "ny CI.IS, 11tllollgh any

UCesl h cl ..rly unde.lrabll. On t.hI othlr hind, ...klng by Itself CIU'U I

..jor 1ncreul Ind when tllit IIlglI rhk h tllln .1tlplhd fh. tl•• , an

1_nse lncre"l h feund. CorroborltlVI diU on till lIUlt1pltcathi slIlCking"

ub..to. lnterlctlon Ire ...n In ItUdh. by "rry .t 11. (1972), McDonlld et

.1. (1980). Ind S.11koff It al. (1980). Howevlr, till•• do not .how a. 1.'Ct ..

lIUlt1pllclthi I,ftct II tlllt of H_nd It a1. (1979.).

TABLE 3-9. AGE-STAHOAROIZED LUNG CAHCU DEATl4 RATES FOR CIGARETTE SMlKIHG
AND/OR OCCUPATIONAL EXPOSURE TO ASBESTOS OUST CONPARED WITH NO

SMIKIMG AHll MIl OCCUPATIONAL EXPOSURE TO ASIESTOS DUST

Exposure Hl.tory

" clg'rltll O..tR Mortlltty I40rtaljty
Group 'ublltos? nlokl ng? rata dlfferlnea ratl0

Control No No 11.3 0.0 1. 00

Asbuto. Workl,.. ,.. No 58.' .47.1 5.17

Contro' No ,.. 122.6 .111.3 10.85

Asba.to. Workar. ,.. ,,, 601.6 ·590.3 53.24

I.atl plr 100,000 plrson·Ylar, stand.rdltld for agl on til. distrIbution of
tha Plrson-Yllr. of III thl ••ba,to. work.r•. HUIOI,. of lung Clncar death.
ba••d on deatll clrtlflclt. lnfo,...tlon.
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The study by ii_lid It II. (19791) Iho curlld the ubnt4s-s.aklI1Q

Illterlction I StlP further, to show lncnu.cl rhk of dutn fl"Qll ubntosh.

As Mhd prevlously, lIIsuhtlon work curln I rhk of fltll progreulVi

pul.anlY'Y fibrosis, Ind SOM of than who lI,ver s.ekld clglnttu died of

ubestosh. Ke;"lrtl'lelns, ubutosts .artlllty for lNlI who sliOked a pack or

.arl I day was 2.8 tI..s higher tun for ..n who ne"er s.akld rlgul1rly.

Clglrlttl s.eklng, wlth ",sultlng bronchltls Ind .-phys... , Idds In undlslrlbl1

Ind sOMtl..s ullsupportlbil burdln to tl'le ubutos~lndllC.d pM..-oconlos1l.

lnt.nctln .fttcts betweln clg.rettl s-eklnv .nd the prl"llellce of .-rly

.bno,..."lltln wert ~rttd pr,,,lously ('Weiss, 1971). Kowe".r. no re1ltlon­

shlp WIS fOUnd In the H..-ond ,t ,,1. (19791) study (S"a..n. quotld In FrInk,

1979) between clglrettl s-eklng Ind tht rlsk of delth froM ..sothella.t or gls­

trolntlstlnll Clnelr.

J.8 METHODOLOGICAL LIMITATIONS IN ESTASLISHII«i OOSE-RESI'OHSE RELATIONSHIPS

There "'" subst«ntl,,1 difficultIes In estibllshlng doSI-r.spons. r.lltlon­

ships for Iluu.n 'Ilposu'" t4 ubestos, Ptl'tlaps the .ast 'Sl1lOrtint belng; thlt

curr.nt hellth .fftets 1",·thI rlsult of .xposures to dust In pr.,,'ous decldls

wilen few Ind I.rftct ..uu,...nts of tiber conclntrAtions wen ..dl. Current

IstlNt.S of wh.t such conc.ntrltlons·.lght hlYI b..n Cln be 1n.ccurltl , since

IndIYldUil IIlposurn wen hlghly ,,"dlbl,. Furth,r, wIllII dhtlsi responn

now cln bt ullblhhed tllrougll ep'd,,'010gfcll studles, thIS., too, Ciln b.

11Iludlng bic.u.. of ..thodolog1cal 1l.ltations. Dnpltl this difficulty,

untul utI NtiS of risk can b. lNdt to provlde an approllillati measure of

ubutos dis.... potlntl11 In .n"ll"O,..ntll c1rc~stlncu. l1l1lHltlOl1s of

uht1ng d.tl cln b. tlk.n 1rIto Iccount Ind thllr rKognltlon cln StllllU1lti

Ipproprlltl rlselrcn to fl11 Idlntlfl.d 91ps.

Ont of thl IlIlpOrtlnt 11.fts on the ICCUrlCY of ellposurl-rlsponSI data for

ubfStos dlsusn is our l.ck of lnfol"'lll.tlon conClrnll1g put fiber Ixposuru

of tllon POflul1tlons wIlon .art"lIty or .crbldlty ha,," blln IV&lulted. Flw

ftllsu,....nts werl ..dl In f.c111tl.s usll1g IsblStOS flb.rs prlor to 1965, Ind

tllos....su,....nts tll.t wen don. qUlntlffld III dust (both fibers Illd plrtlcllS)

prUlnt In thl work;ll." .1r. Curnnt tlcllnlquu, using ....... r.n. fllters Ind

phlSI contrlst Ifcroscopy for the Inu.er.tlon of f1blrs 10llglr thin S ~1Il. hive

been ut11111d In Grllt 8rlt.ln Ind the Unlted Stites only since 1964 (Ayer It



It., 1965, HO llilu , 1965). 1t1l)' tlavi bl.n stlfldardhld In tl'll United Stnu

o~lY slnc, 1912 (National Instit~t, for Occupational Saf.ty 'nd H.alttl, 1972;
l.id.' .t .1., 1979), .nd .v.n IIttr In Gr..t Irll.in.

Mod.rn counting t.chnlquts ..y b. ~tilllid to Iv.luat. work prlctlc.s Ind

••ntil"tlon conditions b.ll,vld to lit typfCll ot "1'1111' ICtivltln. Howtv'''.

it is IlwlYs dlffie~lt to dupllc.t...t.ri.ls and conditions ot "1'11.1' d.e.OtS

so t/'llt such retrosplCtlv. ntt..tts Ire necnltrfly rmc:.rtlln. Alltmattv.I)'.

fi~.r co~ntt"9' tt<:hnlquts ~sing tht p.rtlcl. c_ting i~str-.nt.tion ot
"rllir y..rs tin ~ utld now t4 'VltU.t•• v.rf.t)' ot llbe,to,·cont,lnlng

llrosols. 11'11 cOlp.r.tlv. rtadlngs would then s.rv. IS • ·c.llbr.tlon- of th.

historic Instr_nt in t.,..s of flbtr conc,ntrltlon,. Unfortunat.ly, tl'll

clli~r.tlon d.p.nds on the type Ind siz. distribution ot tht Isblstos ~sed In

the proCiU undtr .v.lultlon II'd on th. quantlt)' of otMr dust prtl.nt In tl'll

IIrosol. ThUI, no unherltl conversion 1111 b'tn found b.t....n ..rll.r dust

mtlsur'lIlInts Ind curr.nt flbtr co~nts:

In the United St.tn Ind C.n'dI, thost few dltI that .f'I obt.ln.d on

IIbutos work.rs' upoluret prior t.o 1965 .,... blSH I'rotl)' upon totll dust

connnt1'ltions _lIurld ~sing , .1d9tt IIllP,Jnotr. Flben ...,... Intttlcitntl)'

e_tld witll Ulh instr-.nt bee.Utl ot tht Ult ot ~rl;\'lt t1lld .feroscopy.

Att.-pts to cOlp.rt tlbtr eoneentrllfons with _Idglt IlIIPlnger plrtlel. counts

ge1ll1'l11)' s~ poor eorrtl'tlons (Ay.r tt .1., 1965; GlbOs IIld LtChane••

L914) (t.g., I" Figure J·6). In the United lfngao., the the~1 preclpit't.or

"" uud fre. 1951 throu;\'l 1964 In one phl'lt for wtIlch tll'liro..ntll OUI h,v.

b,.n publls~. This lnstru-tnt, too, dots not .llow leeur,ta Iv,lu.tion of,
fiblr conctntrltlons. Ttlt 'IIrllDl1lt)' In t .... corr.lltton btt••n fiber lIu~r.·

lIlIntl .nd th.~1 preeiplt.tor dlt, II f'*POrttd to b. 1'1'91 (St..l. 1979). but

no SPIC"'C diU Ire givtn. fln,ll)', both the .idgtt illlPlng.r ill'd th. konh,.ttr

..,re eften ultd IS "... rlthlr th,n p.rson,1 SlllPltrl. Soun:n of dust .... 1'.
efUn lu,pl.d for control purposn, tv.n though no Plrlon",l ....1'. cli1'lCtl)'

upond.

Ev,n with th. Id'linen in fiber cOUllting tlChniqvtl, lillnlfitlnt l1'rors

..y bl introduc.O Into ItttlllPli to fo,..,l.tt 9Itlt1'l1 fltHIr ...pOIUrt·rtlponst

r.l,tlonstllps. Th. conv.ntlon now In ult, tlllt onl)' fl~.rl l0"9'f tll.n 5 1M!

b, count.d, ..,u c/'KIltn sol,l)' for the con".nl.nc. ot optlul _Ieroscople

,nlUltIon (sl ne. I urv,llIltlCe ilgene lIS ".. 91/'1111'111)' 11 _Hid to l\lCtI II'll trv­

..nUtlon). It dots not tItC.u,ril)' COrrtspond to iln)' Il\Irp deatrcation of

.fflCt for ublltOlis, 11,1/19 tlnt.r, or IIloth4ill(llN. 'l1li11. It h rtldll)'

"
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u~.rttaad t~lt cauntlng anly flb.rt lang.~ t~ln 5 ~••nu.er,t•• ju.t I frlctlan

at t~' totll nulb.r af flb.~, prtl.nt, th.~. It lnco-pl.t. tw.r.n.l. tn,t til.

rractl(ln count~ 11 MgIIly VI~11ll1l, dep.ndlf\9 upon th. tlb.~ typ., til. p~o­

cUs (Ir p~Oductl uud, llId ''I.n tilt put IIhto.,., of til. ubutos llIlt.rlll

(,.g., aId 'I'~SIlS n.... lnsll1lt1on ..tel'l,l), IIlOng othtr fletors. F(I~ ell_I.,

tn. frIction af ch.,., •.atl1. ffblr, 101'19'1' th.n 5 ~. In In u~0501 Cln VI"" by I
tactor of ID {trOl u lIttl... D.5 Pt:1'(.nt of 1.11. 1.01..1 nlJlb.r to -.01'1 thIn

S p.n:.nt}. WII.n IIlOllt4i Ul'Olah .,.. count.d, til. f~.ctlon lOIlg'I' t~ln 5 II'

MY b. 30 p.re,nt, ,xt'ndln; tilt ....rl.bllfty of 1.11I frlctlon countld to b.o
oNl.rs af lNgnltudt (Nfcholson .1. 11., 1912; Nlcllolson, 1976,; Wln.~ Ind

Cassttt., 1979).

Ev.n lf con.ld.~'tlon h "'stl'lct~ to flbtr. longtl' tll'n 510'1, uny
tiber. 11'1 .lntel by optlcal .1cl'Gltopy. Ullng ,l,ctl'Gn .Icro.copy, R.nd,11

Ind Sklkn. (1980) ...'u...c tilt perc.nt.gt of flbtrs wfth • df ...t,r 1.11 th.n
0.4 II' (th. appl'G..1..ta 11.11. of ,...olutlon of .n optlc.l .lcl'O'cop,) In

vlrlou. ub••to. du.t .....1... In gtnt...l, th.y found t".t IO... th.n 50 p.rc.nt

af th, !l \.Ill or longer flb.rs 11'1 1... tllln O. 4 ~ ln df ...tlr .nd, tllu., .1'1
not vl.1bl. uslng I .tandal'd ph.,. contrl,t optfcll .fc~o.cop.. Mo~.ov.r, ••

with 1.ngth dlstl'lbutlon, dl ...tlr df.tl'lbutlon v.r1., wlth letlvlty .nd flb.r

typ.. A. I rnlllt, the frKt.lon of flbtrs 101lgel' th'n 5 IIlI vhfbl. by 11911t

IIIICl'o.copy v.~11S f~ Ibout Z2 perc.nt 1n cll.,.,lot11. 'M cl'oc1Oo11t1 .1nlng

Ind UlOsltl!cllrysotll. In.1I1.t1on ..nllflctu~lnll to 53 p.!"C.nt fn uosltl

IIIlnlnll_ Int'rMd1.llt. v.lut. of 40 "I'c,nt '1" ....ur.d In c~~ysotl1. bnk.
lInlng IIlInuflctu~lnll Ind 33 p.!"C.nt In dOllti .111 aptr,tlons. ThUS, .v.n

p.rf,ct ~,su~...nt of workplac. ,11', with 'CCllr,t••nUII~.tlon of flb.rs IC·
cordlng ,to curr.ntly .ccepted ..thocll, would b. '''plCtia to Illd to dlffennt

Uposul'I-nlllanst r.l,t10n.Mps for '11)' 'plCHlc ..b"tol d1l1l" Ith.n dH­
t,r.nt work .nvlro~nts '1'1 .tudled. Conv.r••ly, rl.k. Istl ..t.d for a 1I1v,n
Ullosur. clreUIIlunc• .u,t 1Ia.... 1 111'11I ~Ing. of unc.rulnty to allow for tn,

vlrllbillty r.sultlng frot flb1r .1t. ,ff'ct•.

Thol. unc.~tllntl'. ln till physlcil d.t....ln.tlon. of pi It flb.r conc.n­
trltlonl Ind 1.11. dlffleulty ln ,vllu,tlnll tilt .xposur. plr...t.r af i~ort.nce

In eurr.nt Mllsur..,nts .rt ....c.ra.t.d by .-.p11nll 11.1tltlons In d.t....lnlng

Indlvldull or .v.n IUrlgt .xposur.. of wo~klng populations; only few workmen

11.,1 work.lt. Ire tcnltor.a, ,lid th.n only occl.lonll1y. Vlrl,bl11ty In work

pr,ctfc.s, v.ntl1ltlon control., u., of prot.etlv••qul~nt, p.rlonl1 hlbits,

..



Ind SUIPltllg drc~stlllcU Idd cOlllldlrlbl, ullc,rtllllty to our Io:.nowl'dg, of

uposur,.

Stltlstlcal varlabillty Issocl.ted ~lth 1.. 11 Ilu.b,rs Ind ..thodolQ9lc.l

dlfflcultl's In thl ,stl..tlon of dls"s, .Iso Irt l~ort'llt contributions to

tilt v.rhbll1ty 1/\ 'XPOlurt·rtlpon.. r,l.lIonsl'ltpl. Studlu un b' stgnltl­

c.ntly bllstd by InclusIon of rt<,ntly .-ploy,d worlo:.,rs In Itudy cohortl, UI'

of lhort follow-up perl ods, .nd I~roptr tr'l~nt ot tilt v.rloul tl .. t.ctorl

tllit Irt l~ortlnt In cHtlnlng "MltOI unCiI'. 'Irtlculirly, 1ll4ldequiChs of

trtclng, c.n letd to 11gnltlunt .h"lI..tu ot dis..... G'ntrtlly. 10 p,rcetlt

to 30 Plrcent of an observltlon COhort ~ll1 bt d,celltd (sc.ttl..s 'v,n l'ls).

It 10 p,re,nt ot tile group Is unVICId ,lid IIOlt Irt d,cund, ¥try llr'9'

,rrors ln tilt cHtt,.tnttlon of IIOrtlllty could result, ev,n If no p,rlon-yearl

Irt .ttrlbuttd to tM 10It-to-follow-up group. Finally, tile choice ot ca.parl­

son IIOrtality rates cln Introduc, tublt,ntlal arl'Ol's. Locil rates ara IIInar­

Illy thl IIOst dulr,bh to u.. , but tll..a ..y b, unstlble bacau" of ...11

n.'I'I, or thly ..y M attactltCl by Ipechl clre••tanc.. (,.g., otll,r Industry).

Dlt. on gener.l popuhtlon work,r IIOrtillty rites are not Ivanabla, Ind

Ilhllll9 general population ratl...y ova",tlte the upeetltCl tot,1 .rt.1tty

dut to I -healthy worker ,fteet- (Fox Ind Coll1,r, 1"5). Proper conllcHrltlon

ot seeking IIMtlt. Is IllJlOrunt ln tM cHt,,..ll141tlon of lung UIlCII' rhts.

Unfortull4ltely, f"," Into....lIon on till YOklng patUlrnl ot III Individuals In

I cohort Is often not available.

3.' QUANTITATIVE DOSE-RESPONSE RELATIONSHIPS FOR LUNG CANCER
In conc,pt. axpOI",,,,·r'lponte rtiitlonlllipi can bllt bl d,te,..llled fro­

studl .. In whlCIl In<lhld,,,al IlpOlur...re uti..Ud tor tlch cohort III_II',

suDgroup. '1'1 IItlbllslltd tccordl"'ll to c_ullth, ..posura (with proper con­

sldlratlon of tl .. flctors), Ind III IXPOlurl-rllpon.. rlhtlonsl'ltp Is datlr­

.1llad fra- afflcts obsarvtd In all IXpOSUrt c.tegOrlll. Conslst,nclll 1n tnl

observed axposure-respollse relltlonlnlps, Ind In Ipproprlltl InterelPt .t 111'0

,XPQSUrt. strengthen the risk ,Itl..tls "cH 'rQI lucll studl,s. OOSI-rllponsa

rtlittonshlps II" c_nly obtllnltCl by two ..l1Iodl. One Ml1Iod ",tl11z11

IIOrulity r.tu In a cc.parhon population (U11ll1ly U'lt gelleral poplliatlon 0'

tilt 1_ Irtl) ~Ith sUndei'd IlOl'ul1ty ratl0 (SMR) ulculltld tor IIcn ..po..d

IlIbgroup by lIUlt1plying till rltl0 0' ob..rvld to upeetld Millis by 100.

CMltlll to till v.lIdity ot till cllcuhtlon is til, cholCi 0' ca-pll'ison rat.....



Ida,IIY, I~posures to confounding factors, such 's fre. clg,rettas, should De

t~' ,_ hI the study Ind co~ar1son popuhtlon,. Thl "cond lIlIthGCl glnerttu

, ral,tl~e risk (RR) factor It elch a~posure by a CaSt-control anaylsis, whtr,

t~' nullOer of Cluu-speclflc deatlls is C~lrtd wltll the nullb.r of lnt,rnal

controh In tlch dose cangory. Such anllys15 h l'n subj.ct to confoundlnq

f,ctors In tht cO*!larlson populltlon, but hiS grlltlr stltlstlcal ~ar1Ibillty.

In calcuht1ng' I dos.-ruponU rahtlonshlp, I weighted, rather thin

u~lghted, least squa,.. analysh is lIlOSt approprl,t. btclust thare Ire hrga

d1fhr.n.cU In tha statistlcal validity of tht Indlvldual 5Mb or RRs In a

gl~an study. Values of KL, tha fractional Incrt.sa ln risk ptr unit .~posurt,

(In ba calculltad dlrtctly froll tha slop" of tha rtgr"slon IInu of SMR or

RR on dost (with a convarslon, If nacanary, fr_ IIPPcf·y to f-y/II1).

Id'illy, ragrasslon lln.s should pass through laro dosa at an SHR of 100

or In RR of 1. Tha clllncn of this occurring ara IIlnl .. l. Stathtlcal ~arl­

ability, av.n In tlla .cst Idaal clrc~stancas, will laad to Intarcapts dlff.r­

.nt frOli that a~ptctad; In til. casa of $MRs, tlla cOliparlson population may not

ba cCllPlataly approprl,ta; incotllllau tnclng of a cohort can distort Doth

SIlRs 'nd RRs; tha COllparhon group In a relatlv. r.hk analysis usually has

SOllt uposur.; and finally, Cos.-rnponst ralatlonshlps can ba Ifftct.d by

llipropar nti..tn of dost. It Is l.portant to idantlfy tha hctor wh1ch IIay

~ava lad to In abno,...l intarcapt, bacaus. It would lndlcat. wllat adjusUllnts

alght b. IIIda to tlla oDstrvtd slope. For IXlIIIPla, If llIprop.r cCllParison

rat.s wara us.d for til. calculation of SIlRs, and thay wara tlla sola clusa of I

hi ghar or lower than uptctad Intarcept, It would ba appropriata to dlulda

Doth tlla slope Ind tilt Intarcapt by tha intarc.ptl100 bacausa the s~ p.rcln­

Uga IIhastlutt would be axpectad to uilt In IIch axposura catagory. Howav.r,

If the d.vlatlon frOll 100 wara s111111y randOll, such dlulslon would COlllPound

what is alrtady a statistical lIisastlutt 0' the true slopa. For txllllll., if

statistical vlrlabllity lad to an SMR Int.rcapt highlr thin 100, tlla obs.rvad

slopa would ba Ian than tha trua slopa. To divide by til. Int.rcept/lOO ~uld

reduct it avan furtll.r.

It uy ba difficult to Idantlfy .1s.stl.at.s of dOSI, esplclilly wIthIn a

slngl. study. Hawavar, CCllPlrisons batwaan ntl..tas In sl.lllr uposure

circ~s~ancts by dltfa,..nt groupS 11" ustful In estlbllshlng tlla rtlson.bl.·

nlSS of staltd Ixposur' uti ..tu. In analysts of tlla aVllhbh data on lung

canClr risk for savlral studl.s, thl uncartalntlls Issoclatld wltll r.sponsa art

"



grut.r th.n those assoclat.d .. Ith dOse. Thls 15 p.rtlcululy true In groups

deliOnstr.tlng low risks, ..h.r. til. diff.renc. b.t....n observed .nd .xp.cted

d••ths Il.s .n Ixt~ly 1.rg. unClrt.inty r.l.tiv. to the <llffer.nci.

OOS'4reSponS' dlt. c.n Ilso b. obtlln.d using the ov.rlll SMR for a group

,nd the Ivtr'g41 uposu,... for .11 cohort MMlers. TMs c.lculation IU....IS

th.t a lln.lr dos.~r.spons. r.l.tionshlp .xists throughout the ring. ot exposure

.nd th.t the cOlllplr15on' populitlon r.tes II" approprt.t. to the stu<ly popula­

tion. Th. tlrst usu.ption lOOuld 'll!M.r to b. g.n.r.lly .ll1d for lung cancer,

but the second IlUSt be Considt~ c.rtfully In the .n.lys15 of IIch stu<ly.

,uch calculltlons will g.nll'llly use Equltion 3-3., I/hich 15 sllnplHhd as

(3-3b)

Rearr.nglng, 011I oat.ins

0-3c)

0-3d)

Two .pprOlchts II" posslbl. In dlveloplng .n exposur.-response r.l,tlon~

ship tor .sb.stos. Onl Is to sel.ct the study or stUdies with the blst exposure

d.t., u",.in; .n Idequ.tl ..uure ot Itfect. The uposurl-response rll!lition­

shtp d.v.loptd c.rtainly would 'Pply to sl.ll,r tXposur. clrcumst.nces and may

apply to others I' ...11. Alt.rn.tlvely, all studln tor ....Mch exposurl-r.sponse

Infa~.tlon Is Iv.ll.bll c.n be utlltz.d .long with estl.atts of the unclrtalnty

of such d.t.. An ,ppnlprf.te ...fghtld .vlrage ot thl rllatlonships found In

dlfflrlnt stlldies, ta.klng into ICcount obstrnble difflrenets in exposurl

clrcUllSt.nel5, yitlds In OVlrlll uposurl-rnponst rtlationship. The former

procedure hIS p.rticulll' lIltrft 1n .v.luating thl risk fro", an aglnt ..hOSl

eXPOSUrl eln be well ehlr.etlrll.d, such .s th.t fra. I slngl. ehl.. le,1 splcits.

Howe.er, this 15 not the CUt .... Ith ubtltas ..h.rl ......rt gtnerally eancernld

with UpOSUrtl to .Ixturll of diH....nt ISb.stas .Iner.ls. E.tn UP05urts to

a slngl••intr.1 sp.ci.s c.n Involvt subst.nttally dlfferlnt flb.r-sfz. distri­

butions Which lOOuld strongly affect the Clrclnag.nle pat.nthls of the expo­

sures. As ..ntion.d .bov., • l.rg. traction (usu.lly gre.t.r than 50 percent)

..



of the fibers longer than 5 ~m are too thin to be visible by light microscopy.
Then thin and long fibers are the most Clrclnogenlc In experll\l!nt.l stUdies

(5" Chlpter 4) .nd .re billeved to be so In hUlltns. The fractlon of thtse
uncounted fibers _Ill vlry _lth the p.rtlcullr process Ind. study or stUdies
sl1etted on thl buls of the "but exposurl meuurytnts" lilly not bl typlctl
of lOst exposure clrcu-stlnceS In tenns of Its fiber-sizi distribution, Iven
for onl ubutol .lner.l. Thus, the qUlllty of "good" Ixposure data for
clrclnOQlnlc riSk Iss.ss..nt may be Illusionary.

Thl IdVlntlgts of consld.rlng all studlu for ...hlch IXposur.-ruponSI
dltl can bl dlvelopld are

1. Iny blu In the cholet of studhs ullCted for analysis is llrgely
rellQved,

2. Infonlltlon can be obtained on the uncertllnty of the estlaatl of In
Iverlit valul of KL,

3. Istl ..tes of tha effect of fiblr
enc" cln be estimated better.
IftPortlnce Ind Ifforts to obtain

type differences or process dlfflr­
Such infontatlon Is of crucial

It are ...arranted.

Priaary -.0"9 the dlsldvlntlges of the use of 111 exposure-response data
Is the flct thlt the qUlllty or so.. or thl datI can only be estlmlted subjec­
tively. Thl stltlsticII vlrl.bllity In ~asures of response c.n bl established
qUlntltltlvely. Howevlr, biases ln epidemiologlcI) studlls mly not be percelvld
.nd, of -est Importance, evalultlons of thl qualIty of exposure estimates are
highly subjectlv., as art the estllates themselves.

Becaul. of the above advantagls, In thl an.ly,ls th.t follo...s, all studies
that provide expos uri-response lnfoT'lllatlon are utilized. This procedure ....s
also followed In the asblstos he.lth Iffects reul ....s of the Cons~er PrOducts
S.fety Connlnlon (1983) .nd thl N.tlonal Actde.-y of Schnces (1983). In
contr.st, thl reClntly publlshld rlvi by Doll .nd Peto (1985) for the BritiSh
Health .nd S.fety C~lSllon silicted t o studies ror analysis, based upon the
qu.llty of exposure ..uureHnts. The" were t"l study by McDonald et a1.
(1983) of South Cuoltn. tlxtill orken and Peto et a1.' s (198S) update of
the mortality or ROChdale tlxtlle orklrs. As ...111 be seen, their results arl
vlrtu.lly ldentlcal to those obtained using all .vallable studlls.

In this doc~ent estlmatls of KL .re I.de from .11 sources of d.ta ... ithln
each study. It the d.tl Indicate that the results or a study are substlntlally

"



Iffl'Ct.d by poUfbh .hutllN1tu of ",:posur., tn"t non-l(lCa,1 rates Ire ~sed

for till Illp.e:ctld IIOrtilHy, or tlli.t In,,dlqultl trlcln.g nists, In adjust-ent

and lts Ngnltude "re clearly ll1dlc.lt.d. Conslderatlon Is ude for devlatlonl

of tile Intercept 01 SMR rltlJreulon linn 1rOll 100. HoweVitr, If til. source or

tile dlvlltlon clnnot be ldentlfl.d, til. slop. IS e~.~ulated 15 us.d.

For nine studlu, vll~s of ttl .rl utlut.d frOll a .... Ight.d llnur

r.gr.sslon Inllys1s of till r.l.tlonshlp b.t.....n lung elnc.r risk and eu.u!atlve

uposurt. Th.....lgMtlng 11 til. r.c1proc"l of the v"rlance of a plrtlcuhr

dlt" point. Pltrcl1v1td bluu Irt t"k.n lnto Iccount and adJustJlltnU for the,.

duerlb.d In the text. Gen.rally, tile Idjusaent lCeounts for the difference

ln local lung Clnelr rites cOIIplrtd to tnoSl uud In tne publ1$hld stUdy. A

vlllJIt for II 1s "lcu1&t.d for Ilcll study using the slop. of obnrvld dose­

r.sponse dltl, tile slop. of the odds r"tlos "t dlfflr.nt dosls In clse control

"nalys.. , or In .Vlrlll" of tl'lIt two proc.dures wIlln both Ire don.. In three

studlu, It
l

1$ utllNlttd frOil till dlfhrtnci In risk blt_n nuvlly and

lightly UpClstd groups (Ullng flldlvldual exposure utlMt") "ndlor the risk

IstllNlttd frol tile r"tlo of oVlrlll IxelSI lung c"ne.r to tile IVtr.gt exposure

for tilt group. Flnll'y, ln on. study, tht Nl1&tlonshlp bttwetn SMR .nd dur,,­

tlon of tllP10}llllnt Is used, "ssu.lng "Vtrl9t group uPOSUrt ptr yur of

nplo)'M:nt.

l.olt ]-10 shows tile Nlsults of • v'rllty of InalytlCl1 proCtdurn using

the publlsMd d"U 1n 14 studl", .long ... lth 95 p.rc.nt confidence 11IHs

c"lcuhttd frol tile v"rhnCI of tile observed nllllMr of IImg c.nCtr CIIU and

the slol1l of .... lghted Nlgnulon llnlS. Adjust.Mnts for pot.ntlal billts art

snown .1 .... 11 II Iltlrn"tl rlgre1110n .n.lysll ...nlcn .1thlr forc.s the regres­

slon line through In SMR of 100 "t 0 dose or adjusts for a non-zero Intercept

by dlvldlng by til' lntlrcept/100. It Is IIlIPhl11Ud that tnue bo procedures

tin Iud to IIhutllN1t1. of tht "lu.l ...posur. and Increased unCltrt.lnty

"llutn. Tlley.,t Included, hClWtvlr, to pro.ld•• Mllur. of the uncertainty

thlt II&}' bt IIsocllttd ...lt1l r.gr.sslon .n.lysis. Further, an .n"lysls i5

shown In wIllch tile ov.r"ll SMR I.IId .v.rlg. e..posur. of til. group ....s utlllzid

to utlNt. till ••lut of ttl' This .nllysls Is partlcul.,ly uutul In estllut­

Ing t1llt rlngl of unClrtllnty thlt uy b. present In gl ••n studies. For ....lIIDh,

consld.r th. study of '.to (1980). In tht Cohort ItKpoSltd .n.r 1950, 11 lung

c.ne.rs ....r. obs.r.td Ind J.JS Ixp.ct.d In til. group fol10.... 11 lS yelr' after

first HPlo~nt "nd d._d to lI.v. I cUliulltlv••xpo,ur. of 200 f·y/.1. Tile

"



.~c.ss risk is 7.~5 cas.s, using Equation 3-3c, and Kl = (11 - 3,35)/3.35/200
-I

.. 0.0114 (f-y/.l) AsslJlling ttl, nUlllllr of dutlls h an uprusion of a

~olsson variate, til. 95 p.rClnt confldence ll111t (fra. statistical consid,ra­

tlons) wl11 b. fra. Kl S [0,0114 (5.4 - 3.35)]17.75 to K
l

= (O.OU4 (19.7­

J.35)ll7·75; I.,., fra. 0.0030 to 0.024.

Ttl, ..tllod f9r ,stl.atlng Kl and til. 95 p.rc.nt confld.nc. limit for each

study h described in ttl. tut ttlat follows. Th.n data ar. Iht.d In Table J-I0

and dlsplay.d In Flgur4I 3-1. In addition to til. statlstlc.1 uncertainty

listed In Tabll 3-10, ttl, ,fhct of a t two-fold rang. of unc.rtalnty In

CUlllulatlv. e~poSlirl Is indlcated In Flgure 3-7 for lIlOst studies. Ttlls tWOfold

rang. 11 a subJ,cth. cholet, but Is fllt to b. a rulhtlc r.pru.ntjtlon of

ttl. urn:lrtjlnty In tilt c'*ilatlvt exposure estlqtu fro••11 ttlt sPllllng

probl"s ntlon.d p...... lously. In s_ cuu, for specific r.uons Ilstld, a

great.r posur. unctrtjlnty h lndlcattd. E....n tllOligh rupon" unc.rta.lntles

and .xposur. urn:.rta.lntl.s art unllk.l~ to b. correljt'd, til. ov.ra.ll 95 p.rClnt

confld.nc. ll.lt on • study Is consld.rld to b. tilt Sllll of till 11st.d .xposure
and rlspons. unclrta.lntl,s.

::>t .111.United Stltu

CII~sotlle textll, plant studl,d by C...nt et al.

a. dlrect utl..tl of lung Cjnclr rhk plr fib,r

.xposun. Hire, djta. fra. l.tplnger lIIasur...nts of tot.III dust 11'1 t ....s of

~pcf w.rl availtblt, cllaracterlzlng dust concentratlons slnca 1930. Furtllar·,

1106 pjlred and concur...nt implng.r--.ebr,nl fllter ..asur~nts allow conv.r­
slon of earlier dust ..asur...nts to flblr conclntratlons, suggesting UHlt 3

f/tl is equlval.nt to 1 IIplIcf for all op.ratlons txctpt flb.r prep.ratlon.

(Tile 95 p.rcent confldlnc. intlrval Is 2-3.5 f/ml/.tppcf.) A vjlu. of 8 tlmll
IIlppcf cll.racterlIes flb.r pr,pjratlon work (confld.nce internl, 5-9). Subn­

qu.nt to 1940, av.rag' fiber conctntratlons 11'1 ll(Ist operatlons ,re estllllattd

to r,ng. froll 5 to 10 fIlii, with the txclptlon of ftb,r preparjtlon and waste

r.covery wher. 111.111'1 conc.ntratlons are 10-80 f/.l.

Till study collort consist.d of all 1261 whltt tiles oployed one or lIore

IllOnths betw..n Jjnujry 1, 1940 and Oectlllb.r 31, 1965. Vltjl status was dettr­

lIIlned for ,11 but Z6 Indlvlduals who were consld,r.d allv. for purposes of

analysh. 5Mb for lImg Clnctr w.n pr.nnted for fhe uposure categories In

t ....s of clllllllative fib.r exposure (ltbh 3-11). A ... ighted regression line

11
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TABLE 3·11. LUHG CANCU RISKS, BY DOSE, AMONG SOUTH CAROLlAA
ASBESTOS TEXTILE WORKERS
(O_nt .t .1., 19B3b)

~

SIll

1.0 (5)' -
219 (9)
352 (1)

1099 (10)
lIlla (2)

336 (H)

1.• «2.7.)
15.1 (2.1.·21 .• )
6&.5 (21.4-109.6)

191.8 (109.6-214.0)
.11.0 ()2RO)

COIpl.t. cohort:

Estl ..ted .v.r.gt cu.ul.tlve exposure: .3.9 f·y/.l

'( ) 'II nUlliler ot de.ths.

Re;re,slon equ.tlon,

..lghted
u~lghtld

Weighted ~rtnlon eqll.tlon 'orced through .n SM ot
SM 'II 100 ••. 4i(tO.S6) x t-y/_1

100

yleldl SMII • ISO ••. 19 • f·y/.l, tor. Kl ot 0.042. The Ibncl.N:I utor ot

tilt! utl .. t. of the Ilope 11 ! O.lM.

O_nt .t 11. (l983b) "'" U.S. ratu for ulculltlng up.ctld dutlls.

Ag.·.djlllt.d county r.t.s .t. 15 p.rc.nt Iltgll.r, I .• 66.5/105 v.rSUI 38.0/10S

(Kllon .ncI !4clUly, l!i14). D_nt.t.1. prllentl .",~ntl for ullng lI.tton.l

r.t... loul r.tli Ir, prob.bly l"flu.nc.d by ....rt:ly Intpy.rd "'Ploylllnt (."d

p.rh.ps by the study pllnt) .ncI th. IIIOk1nv h.btU of tn. study populltto"

r,"ect thOle of th. U.S. g.ne.,..\ popul.tlon. Blot.t.1. (1979) found tnll

World W.r II shlpy.rd .-plo~nt 1••ds to • 60 Plrc.nt tnert.std riSk of lu"g

c.nc.r. Thll lncrtu., hOWlv.r, would b. subst.ntt.lly dtluted tn county

r.t.l. Acrosl the Unlt.d St.t.s this. r.tts ''1'' 11 p.rc,"t hlgh.r In snlpy.rd

countl.1 COIplrtd with control count tel. Further, Acheson .nd G.rdn.r (1983)

point out tll.t th. r.tll for _n tn thl COl,lnty .n .qu.llly high .1Id th.y

suggllttd .n Upclll,ll'l to Se:-l unknown urclnoqen tn tn. popul.tlon. Tile

.ge·.djllStid ratll of cOlltlguous countln .n only 16 percent grllttr UI.n

..



tnoU of tn. Unihd SUtes; tnos. of the StlU of South CUlllinl Ir•• irtuilly
id.~ti,.l to th. United St,t.s r.t.s.

It Is unl1lr.ely thlt the llrigln of the high loul rItes will ,.,r b'

rUoh.d. As u,n .bov' , the $MIl .t uro uposur, Is CJl'ullt,d to b' 150

(COl the weighted regression In.lysls. WI will us, this •• lu. IS • -elsur, of

","HII' o.,ruti..tu of the Sl'tRs It III upGsurn. InIl WI! ..111 dhldt the

.Ilu' of Kl Ibo•• by 1.5. This brings the $MIl It Ura uposur, to 100 Ind

allowS .irtullly full consld.rltlon thlt hlgh4r locIl r.t,s Irt tilt .pproorllt.

'OlIP.rlson. (Th. r..inder would bt .ccounUd ror by shipy.T'd .-plo)'Mnt.)

The .djU6ted Kl Is 0.028.

3.9.2 fe.tlle Products Hinuf.cturln United St.t,s
et • . •

E.posur,-rehted -art.lily d.t••t thh s_ pl.nt h.., r"ently b..n

putlllshed by Mdlon.ld ,t ,I. (1983.). Th,lr 'ohort consisted of .11 lndhldu.1s

e-010y'd for on, Or ~r' -anths prior to J,nu.ry 1, 1959 .114 for whOM • So,\.l

Security A"lnlstr.tlon (SSA) record ,.Istl'd. fills ell.ln.ttd frOM considtr.­

tlon Indlvldu.ls who begin .1Id ended their .-plo)'Mnt prior to .ld-19l1. wh.n

S$4 nu-bers ver, first .ssigned. The s_ d.lI used by O...nt on p.st e.posurts

were \Itllhed to ISsign c_h.th, dust uposures, In IIppef-y. to u.,h study

putlclp.nt. !tile de.ths, by uu" 20 y'Jrs .ft,r first .-pl~nt, .re

rlht'd to dust exposure iCcuMIl.ttd to 10 y,Jrs prior to duth. OIt. for

I..ng unClr .r, shooln In lible 3-12. A ve'ghttd regr,ssion 'J111ysls yields

tnl r'lItlon SMR '" 110 .6.22 .-ppd-y. No diU .r, glv.n by l1cDon.ld et .1.

(98).) on cl,lllll.th, flb,r ,.pos..res. If .. USI the Inng. r,I,ltlonshlp

found by D....nt.t .1., IllJlpcf· 3 f/.l," obtlln I Kl of 0.021. Adjustl~9

by tne vllu. 1.5, as above, to .,count for the higher locil rites, yields I Kl
or 0.014. (McDonald et 11. (19831) used South C.,.ollnl rates nther th,n loc,l

r'tes).

McOon,ld It 11. 0983,) .Iso lUde estluttl of rhk ..sing' M,nt,1 ,nd

Hatnsal (1959) ClSe-control Inllysls, IS In lible )-12. A ..eighttd regression

line yields, slope of 0.068. BtUUIt the RR regreulon WIS obtllned usl~g

inurn.1 controls, no .djustHnt fOr loc.1 nus Is ntcesliry. Howv.,., sillet

tilt contn:lls ..re ....postd, the nro dolt Intercept should be \Il1d as the

..nure of risk In an untJpond group. This rtq\llns dhlding the sl(lQe by

tne Intercept to ob~1n In .djusted regression line. Dtvldfng by the lIro

uposure Intercept. D.61. Ind by ) to convert to fiber exposures, gtv...



TABlE 3-12. LU~ CAHCER RISK.S, BY DOSE, A,I(lHG SOUTH CAROLINA ASBESTOS
TEXTILE WAKERS (HcOonald et aI., 1983a)

5 «10)
IS (10-19)
30 (20-39)
60 (40-79)

120 (~80)

Complete ,onort:

1M'

143.1 (31)'
182.7 (5)
304.2 (8)
419.5 (7)

1031.9 (8)

199,5 (53)

l.00 (25)
0.98 (3)
2.95 (8)
4.32 (7)

15.00 (6)

EstlNted a~eraqe cuaulatl~e uposur,: 10.3 lIppcf-y.

aExposure aCCUllu1ated to 10 years before death.

bRelatl~e rlsk fra. an Internal case-control analysis.

c( ) = nUilber of deaths.

Regression equations

SMR z 110 + 6. 22(tO. 16) x mpp,f-y weighted
SMA z 63 + 1.68(tO.76) x ~pcf-y unwelghted

RA z 0.61 + 0.068(tO.019) x ~pcf·y weighted
RR = -0.80 + 0.12J(tO.Ol1) x lIippcf-y unwelghted

Weighted regression equation forced through an SMR of 100:
SMR z 100 + 6.63 (fO.61) x ~ppcf-y

value of KL " 0.031.

represent thls study.

1983a,b) ; s very good.

Wt will un 0.025, the a~erage of 0.014 and 0.037, to

The agre_nt with the results of Oe.nt et a1. (1982,

3.9.3 Textile Products Manufacturln ROChdale En land Ch sotil •."
Table 3-13 shows the lung cancu and IIIsothell,;,.. lIIOrtallty uperjence

fro~ an often-studied BritiSh t.xtll. plant (0011, 1955; British Occupational

Hygl.ne Sodety, 1968; Berry et aI., 1979; Knox et al., 1968; Peto, 19B13;

Brittsh Occupational Hyghne Soclety, 1983). The d.ta are dlfficlJlt to ;nttr­

pret btcause dust concentrations hava changed fairly drlllatlcally over the

put five dteades of plant operations, and so ha~. subsequent estimates of

"



rMLE 3-13. MORTALITY EXPERIENCE Of 619 MALE ASBESTOS TEXTILE WORKERS
(P.to, 1'180)

-yur P.rlod slnc.
fl r,t flr,t ..po,ur.

t.postd (yrs) Man-yllrs Lung canc.r l1esot~e110111a

rate p,r
0 , 0 10J P-y

1'133-}95O 10-14 1633 2 1.80 0 0.0
15-19 ,... • 2.'18 0 0.0

II " 424 20-24 1760 , 3.'17 , 06
25-29 1496 10 4.54 ' 2 1.3
30-)4 831 8 3.14 2 2.'
35-39 S07 , 2.20 2 ,.,

Tot.1 .." 28 18.63 7

1951 or l,t,r 10-14 112' , 1.30 0 0.0
15-19 1022 , 1.74 0 0.0

II " 255 20-24 55. 7 1.31 0 0.0
25-29 " , 0.31 0 0.0

Tobl 27'11 12 4.65 0

tl'l1lSl cOI'IC.ntrations. Ho ..uur..nts of dust concentration, wert ,.ad' prlor

to 1951. B,t_n 1951 ,nd 1964, tl'ltMIII prtclpltatol's wert und to t~,luillte

total dust Itv'ls; tll,rllft,r, fntar tachnll1l1es slen.l', but not ld'ntlcal,

to tllos, In th, UnHld 5t.ttl WItt USld. A~lrilgl flb,r conc.ntratlons 011",
publ1sll.d for "1'11.1' ylar, b.s.d on • comparison 01 flb'r counting with ttler-

lftI,l pttclplt,tor ttchnlquel (B'rry, 1973). LataI' thasa estlmates wtl'e statld

to be tn.ccurlt'; Btrry tt a1. (1979) r,port.d th.t a re-,v.lu.tlon of ttlt

work hlstorlts lndlc.tad t~.t SOlI ..n Ilad ,p,nt eora tl.. In l,s, dusty job,

th.n prevlou,ly btlltvtd Ind that pr,vlOUI 'VlI'lg' cUllluhtlY, tloses to 1966

had b"n o~,r'ltl..ttd by 50 ptrctnt.

R'cantly, IS Plrt of tilt British GO~lrllllllnt', review of ttl asbestos

,t.nd,rd, tl'.. h19llnl offlc,rl of t~, pl.nt "-,v,lu,t'd pr.~lously reporhtl

upo,ure dltl. It 11 now sugSl"t'd th,t 111'1111' ,tltlc slllPllng mtthods

unde"stlf\ahd p.rsonl1 "pOlurll by a filctor of .bout 2, and that whole

fl.1d, rathtr t~an !ll'ltlcul, fhld, tlCrolcoplc counting und'rstated ftber

conctntratlons by .notlltr f.ctor of 2 to 2.5 (Stu1, 1979). In 1983, the
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BritiSh Occupltionll Hygilnl Soci.ty (1983) reported infonllation on tne

difflrlnces b.t.....n plrson.l and stAtic sampling. Data were prnented for

thirty-onl sllMJltlntous ulIIPlu cOlllfluing the two techni(jues. the personal

sa~hrs Indicating I greater fiber concentration in 22 casu. Using these

data. the 80HS co"",itue evaluated tile cumulative fiber exposure (as of

approxillately 1976) for 284 indlvidu.h HIployed for 10 or more ytarS sub­

sequ.nt to 1951. fh. ov.rall avtrage of the ent;re group ",as 182 f·y/m1.

fllis is slightly less th.n tht esti~tt of Peto (1980), who suggeste~ that tne

exposurt of 10+ years employtes wn 200'300 f-y/.. l. However, Peto's utilllate

",as based on preli.Inary data on only 126 lien first e-oloyed bet",een 1951 ana

1955 (ne fablt 3-14).

Thest IIOst rlcent ntlattts .rt cloud.d by quutions concerning the

apprOprilUniU of IIUltiplying static stlllPler concentrations by • ftetor

approtehing two. fht BOHS data are dirtctly contradicUd by published dlta

(5tl Ta~lt 3-15) froll tht factory on other ce-plrisons of static Ind personal

sMJIllng rnults by job (S.ither and L.... lnsohn. 1973). Dr. L.winsohn (l9S3j

confim.d these ruults. H. stat.d that the static u!tPler concentrations

wue gln.rllly hlghlr thin thosl of the p.rSM.I s.-plus of m.n working at

the IIOnitortd job. Tile conrp.ny pl.ctd the static staplers to but reflect the

brelthing lOne dust conc.ntrltions of machine operltors ",1'1;1, t.nd;n9 IIlch;nes.

Dr. Lewinsohn (1983) stiUd th.t if a aachine wert running slllOothly, a ",orker

would .av. I....y to tht lislt adjlcent to the macnint frail ",nerl he or she could

continue to obnrvt tht operation and experienct a lo",er dust concentration.

fhl differtnCI bltweln static Ind ptrsonll st8P1ing data appears to be greater

in tnl dustier job1. In tht Rochdall factory. the anragt of tnl ratios of

static to ptrsonll sUIPlt conclntrations at tnt Stili work station is 1.8 (l.S

if tne fiberhing oplrlt10n is n.ot con1idtrtd). Tne recent comparison lIlay not

rlfllct the A(lVI.tnt of I worktr froll his IIlcninl.

~I "'ill use a vllu' of 200 f·y/llli to rlpreSlnt cumulative exposure of tne

p01t-1951 group flfte.n or IIOrl ylars frail onslt of Ixposurt. ~~;ch prob~bly

overntiutu tnl tfftctive uposure of tnl group. Whi Ie 200 f'y/ml, ~ne

Iverlgl dOli of all lIlIn employed 10 or IIlort yurs, lIlay undertstimate tnt

aVlr.ge total dosl Of min e-oloyld IS or more years, it certainly overlstimatt$

the effectlvi dose tnlt Iccu~ulates to about 10 yelrs prior to end of f0110",-uo

or death. As ",as snown abovi. this yields a KL of 0.011. To rlflect ",hat could

bl a twofold !t5Str fllpoSurt, the upper uposure-relatld ~ncertainty ;n risk

w.s incr'lsed fro~ 2 to 4 in Figurl 3-7,

"



TABLE 3-14. PIlEVIOUS AfCl IlEVISEO ESTlMTES OF MEAN OUST LEVELS IH fl.l
(WEIGHTED BY THE NUMBEIl OF WORKERS AT EACH LEVEL 1M SELECTED YEARS)

1936 1941 1946 1951 1956 1961 19fi6 1971 1974

I'r.... tou. utl..t.~
corrupondl ng to
Urly flblr counts

1I.... lled Istl..tls
corre.pondl ng to
80dlrn countlng
0' Itltlc sllllpl .."

13.3 14.5 13.2 10.8 5.3 5.2 5.4 3.4

Ho ..Isu,...nts 32.4 23.9 12.2 12.1 4.7 1.1
prIor to 1951

'Thl.1 "tlNt...re blled on prll t.ln.ry dati on 126 warun first .-ploYld
b.tween 1951 .nd 1955, and should bl rlglrdld as pro ... tslon.l.

SourcI: 'Ito (1980).

TAiLE 3-15. OUST LEVELS: ROCHDALE ASBESTOS TEXTILE FACTORY, 1971

O.,plrtMnt Proc.ss StatIc I'.,lonal

Ftblrhtnll Bq sltttlng 3 1
Mech.ntcil b'lllltnil • 1

Cardtllg Fll11 CI1'ClS 3.' Z
Mldiu. c.rds .., 3.5
to.r•• cards , ,
Electrtcal sllv,r cuds I.' 1

5plnnlnll Flnl spinning z. , 3
Roytllg fr...s , 3
Inu,..dlate tra.es ,., J

Weaytng BI..lng a.' 0.'
ptrn ........ lng 1.5 1
Cloth w..... i:l z 1
Lilttnq welY Ilg 0.5 0.'

PI.Htng fIIIdlllM platting • Z

501/r(l: S.Hhlr Ind Lewlnsohn 097]).
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" "eond difficulty of the 8ritl,h tutll. factory nu,dy I. that thl

oO,e-r.,pOnl. ~tl crlculat.o fra. group. e~oltd b'fer. and aft.r 1950 differ

conliderably, Whll. no cu.u\atl~. e~po.ur. dlta Ir. publl,h.d for the pre-1951

group, It is l\If'j)rislng thlt IIOre dl"lIt 11 ...n in the litter group, II the

IV.rlg' inten.ity of e~po.ure WII certlinly great.r for the earlier group,

plrhipi by I factor of thrH. It is difficult to reconcilt tht differ.ncu

bttw..n tht two subcohorh .-ploytd in this facility. Tile dAt••re IIvtrtly

II1llH.d by tha r.htiv.ly 1..11 .izt of the cohort and tht few deathl IVlihblt

for InllYIIl. H.~trthtlul, ><tIat lIfOuld Ippelr to b. I nearly tenfold differ­

ence In the uti..ted r1lk of death froll lung c.nctr IUgpltl the possible

e~ilunce of 10lIl unldtntifled bill In tilt pre-1951 group. Tilt pOlt-1950

group's IIOrtility uperllnct 11 IIOre in lecord with U.S. ttxtil. pllnh. Til.

tlnding of only I 50 ptrclnt Incrl.sl fn lung clnc.r In I~po.url circUistances

hiding to 5.3 p.rclnt of deathl bling froll IIblltOlis 11 certlinly unUlual,

a' il tht finding thlt there arl al ..ny ..,othellc.., al tXCt11 lung ClnCtrl.

Doll Ind ,.to (l985) rlcently rt~l~ the naw info,...tlon on thl hl.lth

.rr'Cti of IIblltOI for the British Healtll and Saf.ty C_1.. lon. I'llny of the

abo~. uncertlinttu, p.rticuhrly thlt of the rltio of perlonal to Itltlc

la~llng count., ar. dl.culsOId. A regreslion lnaly.il of the rltio of perlonll

to static countl Ipinst "In conctntration indlctted th.t the ratio i. gr.atlr

than one for concentrations I... than 2 fI.l, but It.. than one for hightr

conclntr.tlon.. Doll.nd P.to (1985) utl..tt ~alull of KL froll the IlOrt.l1ty

in an a~p.nd'd Ind updlt.d ItUdy of the Rochdal. cohort. Th.lr r.,ult, indic.tl

K
L

15 0.015 tor IIfOrktrl flrlt eeployOld .fttr 1950.nd 0.0054 for .11 worklrs

first e~loy.d .ftlr 1932.

3.9 4 T.~tlle Ind Frletlon Productl Manufacturi
Me,itl and rocido te· ona d tt I .

Unitad Stlt., eh loti Ie
b' Obnsonlta. 79

A pl.nt located near Lancut.r, '.nnlylvlnh, which produ.c:ld ulnly

te~tilll but also friction products Ind packlngl, "'II Itudl.d by Roblnlon at

II. (1979). McOonlld It II. (19B3b). al'd urlilr by ManculO Ind Coulter (1963)

Ind MlnculO and El-attar (1961). Th. pllnt, whicll b..;.n opar.tionl in thl

Ilrly 19001, ul.d b.t.....n 3000 Ind 6000 toni of chrylOtil1 plr Y.lr o~.r 10It

of thl p.rlod of Hs op.ration. Moslt. constitut.d \au th.n 1 perClnt of

thl fiber "sed, "Clpt for a thre.-y.n p.riod, 1942 - 19«, wh.n 315-600 toni

of allOsit.....r. ulad in Inlul.tlon blank.tl and IIttr.ll.s. Crocidolltl usao.

wn IpprOll,illltely 3-5 ton. p.r year (Robinson .t a1., 1979). Till reports of
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ROllinson tl a1. (1979), Mlincuso and Coultlr (963), and Mancuso ano El-attar

(1967) providt no Infonutlon on tht exposurt of tne conort Ileebtrs to asbestos;

50 they cannot bt used in ntablllhlllg UpolUrt-rupollse relttionsnipl. [n

tilt study of Mc;Donlild et al. (1983b), dust concentrations, lIIIuurlo In mppcf,

a~allallle fro. thl 19301 through 1970 wlrl useo. Howe~er, no attl~t was maoe

to rllatl partlcll tXPOSUrlS to fiber Ixposurls. Thl Itudy cohort of McDonald

et a1. 0983b) C0lII'rllld all illdivlduah ~loyed for ont or lIore .alltlls prior

to Jalluary 1, 1959 with th,lr Socllll Slicurity fill Idintifillbli In th. Social

Security "~inistratlon offices. Thul llldividuals wert tra"d through O'''rntl.r

31, 1977, and caull-sp.cific 1II0rtality rlltios, bU,o on stat, rates, ... re

r,lllt,d to cUIlulative dust exposure.

Th' ruults for lung canc,r ar. shoWn In Tabl. 3-16. Th. r.grlulon of

~ on don has an unusually low Inter"pt of 53. TI'II ov,rlll SMR for lung

canc.r Is aho low. TI'I. low local ratn 00.1 v.rlUS 37.7 for till statl)

(Malon and McKay. 1974) do not fully account for tht" d4ficitl. SloOking

hlltorlll arl rlport.d for only 36 individuals and Indieatl no unUSual pattern.

8leaull th. full d.neH callnot bt Ixphlntd, WI 1'11'11 adjustld thl Ilopt lly

ttll r.tlo of the local to stat. lung canelr ratll (0.81) rathlr thin by 0.53,

rnultlng In a slopt of 0.032. Till Idjustld slopi of tht RR rlgrllsion is

0.051. If tll"l two vlllun arl .vtngld Ind I flCtor of 3 Is ulld to COIl"lrt

frOIll "'Ppcf to flral, til, l ..pOIUrt-rnP'Onlt rllationshlps givi .vlr'gl K
L

=

IL014. Till hetor of 3 was prlvioully Masured In textill manufacturing, thl

pr'dOllinant activity in this phnt. Calcul.tlng I(l ullnq til. OVlr.ll SMR of

the study suggests th.~ tht 1000r confldinci limit of KL is 0, but th. SHR Ind

RR ngreuion linn strongly contnoict tMs. Thus. for the lowlr ,onfidlnce

limit "I will UII a ..alu. cakul.tld frolll the highnt uOOlurl rlhtionsnlo,

..nere the unClrtalnty in c~arilon r.tll hal leiS of In efflet.

3.9.5 Friction Products Mlnufacturin Gr,.t 8ritaln ellr sotill and
rocldo tl' .r an ~1l0U51

8erry and Htwlloull analyzld thl -art.llty of a llrgl workforc, lIIanufac­

turing friction products. All individuals employld In 1941 or latlr "In

included In thl study, and thl mortality ,,,plrilncl through 1979 was dlterminld.

Exposurl estiutlS wire ..adl lly reconstruct Ing till work and 'lInt I lat; on con­

ditions of earllir yttrl. Flblr Huur"",nts fro. these reccnltruct,o COndi­

tions sugglsted that e~posur.s prior to 1931 txcI.deo 20 f/_I but tllosl after-

..Irdl 511dOll Ixceedld 5 fl1II1. Fra. 1970, exposures "Irl llss thin 1 f//lil.
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TABLE 3-16. LUNG CANCER RISKS, BY DOSE, M'JNG PENNSYlVAflIA ASBESTOS
TEXTILE AHO FRICTION PRODUCTS WORKERS

(.llcOonlld It 11., 1983b)

E~Dosurl I
in lIIIPC f·),

~ «(10)
15 00-19)
30 (lO-39)
60 (40-19)

120 ()80)

CMPllU COllort:

'"
66.9 ( 21jC
83.6 (5)
1~.0 (l0)
160.0 (6)
416.1 (11)

105.0 (53)

1.00 (20)
0.83. (4)
L 54 (10)
2.90 (6)
6.82 Oll

IE.posu~ ICCUlUllttd to 10 y.lrs b.forl deeth.

bRllltlvl risk frQI In intl~ll CIII-cont~l Inllysll.

c( ) .. nu-o.r of d4llthl.

SMR" 53 • 2.S8(10.45) ~ ~pcf-y welghtld
~ .. 41 • 2.94(10.42) ~ ~pcf-y unweightld

RR = 0.70 • 0.036(tO.Ol0) • ~pct-y

RR .. 0.24 + 0.050(10.005) • ~pct-y

"lighted
unw.ighted

Wltghtld rlgrlssion Iqu4tion forcld through In SMR of 100:
SMR z 100 + 1.22 (il.01) ~ mopcf-y

Thn. rlhtlvlly low intensltiu of upOlurl ~.pt thl IVlrl,,1 CU.Ulltlvl

Ullosurl for ttll groUCl to lin thin 40 f-y/.I.

Thl oVlrlll _rullty of 111 stlldy pullciplnts. 10 y"rs Ind _rl Ifter

onut of "'1lO1U~. wn no grlltlr thin UDlettd for III CIUSIS. Dill tor lung

Clnc:lr Irl 1'-'1 In lIbll 3-11. CIIlC.r of thl lung ....cI pllurl WIS sHgMly

llevlttd In ..n (Ul oburvld VlrsuS 139.5), but tl'It llOClSS wu Ilrqlly ilC­

countld for by light ..,ottllli,.. d4lltM. No unulull _rulHy wn tound In

tllou .-ploYld 10 or -orl yllrs. Uslnq I Cln-control Inllysis Iccordlng to

C~lltlvl Ixposurl. 81rry Ind MtwhouSI (1983) 'Iti~tld thlt thl lung Clntlr

incrUlld risk illS 0.06 perunt Plr f-y/.I (KL .. O.OOOSl>' with In upp.r 90

plrc.nt contld.nc. It.lt of 0.8 plrclnt Plr f-y/.1. lIbll 3-17 lists thl

rlSultl of thl cn. control Inllysis. Thl wIIghted r.qrlSl;on of RR on don
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flU ' ntgd lvl slopt. Thl rUlo Of UtlU lung t.netr to .~tragl gT'llUP txpo­

s.rl ylt1dS 0' ~.ll1t of Ill'" 0.00068" [(143/U9.5}·1)/]7.1. WI "Ill USI tilt

~Il.a pUbllshld by Berry ,nd HtwI'lOlJ5t, 0.000!S8, .nd th.ir confident, ltlJllt5

for ~L'

TABLE 3-17.

5 (0·9")
30 (l0-49)
75 (50-99)

200 (100-3S6)

LUNG CANCER RISKS, BY DOSE, AMONG BRITISH ~S8ESTOS
FRICTION PRODUCTS WORKERS

(Berry .rM! HlWhou" , 1983)

,,'
1.00 (50)6
0.79 (37)
0.B6 (13)
0.88 (5j

Estiuttd .vertllt c!all.tlv, IllPOSUrI; 31.7 f·yl.1.

·R'l.tlvi risk frolll an Int'rn,1 c,s,-contT'lll .n.lys1s.

b( ) = nUlb,r of d••ths.

Regression Iqu.tions

RR s 0.91 • 0.00076(10.0016) K f-y/lll1 ~lghttd

RR = 0.90 - 0.00019(10.00070) K f·y/llli unwtlghtld

3.9.6 Frl ct Ion F'roducts 14.1.1"1"'"'"''''"'"'"''""""""''''''''-,-",,,,--,,,,,,,,,,,-,-,-,,,
on' I •. T

McOonald ,t .1. (1984) ,n.lynG thl .rta1Ity of the wcrkforCi etlp 1oyed

in friction products production in the United Stites and .tte-pted to rel.te

It to cUlJlul.t1v1 dust UpOSUrl. Howevlr. a highly unusu.l IlOrt.llty experlence

Is oburved. Thl oVlr.lI .rtllity shows ,n ,lev.ted risk of duth In thl

complete cohort fer vlrtu.lly all c.usu, larglly confined to indlvldu.ls

ellploy.d for leu tllln OM Yllr. Thl correlatlool of rtsplratery c.ncer SHR

"ith c\all.thl dust IllPOSUri of tllon HPloyld for 1101'1 th.n 01"11 ynr 5ho"5

little, 11 .ny, tnnd with lncrilSing dust ..penn, even though thl OVlrall

SHR for lung c.ncer (511 hble 3-18) is 137 for thtse lrM!lvldu,ls. The slopes

of the regrlssion equ.tlons of SMa on dose .re sllghtly nlg.tlv, and tllos, of

rel.tlve risk .re slightly poslthl. As wlth the McDon.1d et.1. (l983b)

P,nnsylv.nl. textile study, WI will use the d05t-respenst rlgresslon r,l.tlon­

ship fer the IMISUri of risk and set III " 0.0001 for thh group. In F1O;Jure

3-7, this represtnt, "llro" for the pllrpoSl of calClllatlnq geolHtrlc Jluns.
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TASLE 3-18. UJIoIG CANCER RISKS, BY DOSE, OONG ASBESTOS
FRICTION PROOUCTS PROOUCTION WORKERS

(McDon.ld .t .1., 19B4)

Exposure
In IIIPPcf-y RO'

5 «10)
15 (10·19)
30 (20-39)
60 (40· 79)

120 (>80)

COIlpI.tt cohort:

1+ yrs .-ployMtnt:

167.4 (55)b
101.7 (6)
105.4 (5)
162.8 (6)
S5.2 (1)

148.7 (73)

136.B (49)

1. (54)
0.41) (4)
0.91 (5)
1.40 (16)
1.13 (1)

Esti.,ttd average cUlIul.th. uposur.: 10.3 lIIppcf-y.

Estluted ltv.r.g. uposur. for
thosl ""Joyed IOrt th.n 1 y"r: 15.5 IIppcf-y.

'Relatlve riSk frc. .n intern.l cas.·control an.lys1s.
b{ ) =nueber of d.aths.

R.gresslon .quations

SMR. 160 - 0.B5(%0.52) • ~pcf·y

SMR: 141 - 0.62(%0.46) • IIIPpcf-y
.... Ight.d
unwtlghted

RR : 0.69 + 0.00006(tO.01) x ~pcf-y .... lght.d
RR t 0.78 + O. 0041(tO. 0039) • mppcf-y unwelghted

Weighted regression .quatlon forc.d through an SHR of 100:
SMR t 100 + 0.13 (to.Sl) • IIIPPcf-y

Th. low v.lu., h~.ver. Is qu.llfl.d by the overall high lung cancer mortality.
As the origin of this el.v.tld lung c.ncer lIllrt.l1ty Is work.rs ellllloy.d for
mort th.n on. y••r ( ...h.re tot.l .crt.llty Is clos. to th.t ••p.ct.d) Is unknown,
the upp.r ll.lt of uncertainty ....111 bt glv.n by the upper confidtnc. 1l... lt on
th. r.tlo of lung canc.r ,.CISS rlsk to lv.r.ge txposur. in the 10-19 mppcf-y
exposure groups. This procedure is sllIIl1.r to th.t uud to utilll.t. the lo..... r

confid.nc. limit In the P.nnsylv.nl. textile cohort.
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\!t:'I'Hj ~~t~\ct\]tS":t'fi=r.:. 9,."' It
fill ""lllt, reported by Llcldtl1 It 11. (1917) .nd McDon,ld .t .1. (1980"

on .,ortallty (Tabl, 3·19) according to totll dust .~po,ur. In Canadian lIIines

.nd ~1111 tin bl convlrtld to rtl.tlonshfps txprlS'ld In t'~1 of flb,r expo­
,urel, SJIlR valut' nl provided by McCon_ld .t .1. (1980) for v.rloul exposure

eatlgorln In four dHhr.nt duratlon-of-elllllOYJl4nl cll'lIOrln. A .... Ighted

regr.sston In, lysis of thes. dill y1l1ds it nlltlonlhip, SMlt ,. 9Z .. 0.13 x

~f-y. Using I vllu. of 3 ffill/llppe' for lll. plrtlcle fiber convlnlon

fattar yl,lds • Kl of 0.00043. Th' '"clor of J f/lll/llppcf Is til••1dpotrot of

the ring. of 1-5 fI.lI~pct suggntld by McOon.ld It 11. II bttng Ippltclblt

to lIO$t jobs in 1I1nlng IIId .111Jng, However, Iinel ",=Oon.lo:1 It III. Uled lh.

r.t,s of til, Provine, of Quebec for t~eir co.parison data, KL Is liklly to bt

undlrutl&1tld. In an larlllr paplr, McDonald at a1. (1911) sugoest.d tnat

t~1 lung canelr ratls ln thl countl.s adjaclnt to the asblstos linIng counties

....1'. abaut two·tl'lirds those of t~1 Provinci. T~1s is substantiated by I..ng

cancer incldlnce reUs, In ttll ProvirM;1 Gf QUlbIC, publlfl'led by Gratlll et a1.

(1977). T~es. data for t~1 Yllrs 1969·1973 Ire stlowfl ln Tabll J-Zl) and confl~

thl "1'1111' stlt_nt or McDonald It II. (1971). Thus, thl above Kl ...111 bl

Iultlplhd by a hctor Gr 1.5. Uddlll.t II. (l977) ptrfo~ a cas. contI'

analysis or t~t rtllth. risk of lung clrM;lr ill this SIM plrlod. T~elr

regruslon .qultlon sugguts I KL of 0.00057. ;;e ...111 un t~t Iv.rlge of

t~UI two IStllatu, 0.00060, for Kl'

Thl ov.rall SJIm of 125 based upon Qu.btc retlS, for I..ng ClnClr 1I0rt.iI·lty

.-.ong all mlnlrs 15 surprising. In studies of t~t lIortallty or nit resldlnts

of Thetford. In thl 1II1dst af thl Canadian ublstal IIIlrllng lral (Toft It It..

1981; Wlglt. 1977), in SMR of 184 ..... slIn for lung ClnClr ind 230 ror cancer

Of t~e stolliach. 81CIUII no corresponding increases .... 1'. slIn In remile cane.r

ratn, TGft It al. (1981) iM Wigle (1977) attrlbutld.thl excesses to Gccupa·

tlGnai exposure in thl IIlnll. Siulatyckl (19S2) prutnt.d data an trU! IIIlIr­

tallty of &II, rlsldlnts Gf AsblstGS and T~.tfGrd Hln.s, QUlb.c, that indIcate'

an SHlf for lung canctr of 148 co.parld to Qu.b.c ratn. T~e origin of •

10....1' SHR for t~OII .-cloyed In IIIlnlng and ellling compared to all male reSl­

dents CGuid rnult frOll t~. dlparturl of MIt short·terll wtlrklrs rrom the

aria, but data on t~ls possibility ar. lacking. W~ll. the rlsk app.ars 10'"

cO!IPared to town IIOrtaJlty. the agre...nt b.t.....n ttle SM1I and RR inalyslS is

very good.
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TAllLE 3-19. LUNG CAHCE. RISKS, BY DOSE, M:lNG
CANADIAN CHRYSOTllE ASBESTOS MINERS -lldd'lI ,t 1.1., 1977

~ld ,t II., 1980 Exposure
1n IIPPC'-Y .. In IiPPCt·y

< 1 Yllr of lor-nt

•• m (19)b 3 «6)
1.7 91 (12) 8 (6·10)
l.a • (9) ZO (10·30)

39.0 80(1) 65 (3IHoo)
200 (100-300)

1 to 4.9 yelrs at ..I01'!!!!t 450 (30C)-600)
800 (600-1000)

3.' 66(5) 1250 (1000·1500)
13.6 95 (ll) 1750 (1500·2000)
59.0 82 (6) 3000 (2000+)

231.3 78 (5)

5 to 19.9 X'irs at ,-pl0V!!nt

15.0 141 (13)
51.' 122 (14)

178.5 83 (7)
704.0 117 (16)

ZO+ Plrt of !91O)?!ftt

104.6 121 (l8)
261.3 108 (20)
549.1 220 (l4)

1141.4 liS (32)

C.."I'te collort:
Estl..t'd Iv,r,ga cYlUllt1v, ,xposur': 185 ~pct-y.

IR,latlv, rtsk 'r~ In Internal cIs,·control Inllysls.
b( ) • n.,r at dlatlls.

,,' -
1.00 (Il)
1.07 (10)
0.96 Ull
1.1' (37)
1.22 (31)
1.8I!I (2l)
2.39 (18)
3.49 (10)
4.97 (')
5.42 (9)

125 (230)

R'Ortsslon ,qultlons

W • 9Z .. O.ll(tO. OZ4) .. ..pct-y 1HI1glltid
$HI. 93 .. 0.13(!O.OZ4) .. ~t·y unwtlgllt,d

••• 0.99 .. 0.0017(10.00013) x ~t·y WII1glltid
••• 1.10 .. 0.0017(tO.OOO13) .. ~,.y vn-ltgllt~

...tgllt~ regrtulon .quIItlon ton::~ Ulrougll an SHIt of 100:
W. 100 .. 0.12 (to.OZ) .. ~t·y

..



TABLE 1-2:0. LUNG CANCER IHCIOENCE !tAUS IN URBAN MO
RURAL "REAS OF QUEBEC PRQVIHCE,

1969-1973

R.glan

Asb,stos counti ••
P.rlph,r,' count I ••
Other rur,l
Montr..1
QIIHec City
Pro~inc.

1l.59
23.11
2:7.2:9
48.67
50.53
37.47

~

Populltlon

57,685
2:09,320

1,2:95,895
1,2:2:2,2:45

2:04,435
2,989,580

,...
4.39....
3.87
8.70....
6. 2:0

FE""'LE5

Popul ..tlon

57,630
210,180

1,2:64,795
1,281,865

2:18,745
3,033,215

Rltio: Rurll/Pro~lnc.

Rlt to: P,riphert I/Pro~inc.

F~: Gr..h...t ,1. (1977).

.7Z8

.633
.62:4.,..

3.9.8 Mfnfng"nd Milling. Thetford Ml~tt C.nIGa (Chry.otll')j Nichol.on

(l976b)j Nlcllollon .t.1. (l979}

SOMWhtt Il1gh.r rhlll In the tinlng in4llilry we... ablltn" by Nichollon

(1976b) 'nd Nlchollon .t .1. (1979) froe the .crta1tty ,xpert.nee of a 1..lllr

group of ,fllln and Ifll,,. !"Played 20 or .... yurt at Tllttfltrd MfM',

Q~ec. In thh Itudy, 1715 death. occur"," _ng 544 ..n who were 1IIP10y.d

durtng 1961 In 1 at 4 lining cc.p..nf... In the .n.uing 16 y....rl of follow-up,

26 d..tlll occurred f~ llbe.tOlh, 28 (25 on DC) fra. lung c..ne.r (11.1

.xpect.d), ,nd 1 trOt ",othell~.

flb'.r IIIIlIur_ntl ....r. 11I01 durfng 1914 In tl~. lin.. and lilll. and

dllU on partlcll counts troll 1948 wert luppll,d by the Cen"dlan ao...rnlHnt.

Fr~ th.s. d,ta, expolure "tl..t" .... r...01 10r .ech of the 544 indl~tdu .. ll

accoraill9 to their Job hhtorfll. Fib.r upaluru tor ..rli.r yurl ....r.

utluted by ..aJultlng curr.nt ..nur_ntl by ch..n9l'· tn p.rtlcl, count.

obu,~td 11nce usa. Th' 2:O-y•• , ctall,th. UPO'lIrt tor th' entire group 'lI"
"tluted to be 1080 f-y/l1.

Th••rt.. llt)' .xperl.nc. of the wl'lol. group troll.n urlle, follow-up VIS

r.portea by two ,xpolure Clt'90ri •• (Nicllollon. 19760) (... hbl' 3-2:1). Th.

ai Her.nc. In lung canCir SMR. in tilt.. two 'JqlOlure group••1I9llut. th.t

K
L

~ 0.002:3 ((333-55)/(1760-560)/100]. HowI~.r, , ..nea.. r.t......r. u••d to eltt­

uti up.et.d duth...nd Ulli. o....r..tl ..ttd .rtlllty. A. wtth th. ",Donald

"



TABLE 3~Zl. EXPECTEO AND OBSERVED I«)RTAl1TY OOMG 544 QUEue ASBESTOS
MINE AND MILL EMPLOYEES, 1961-1973

AVtraSt E~7:surt Cu.ulatlvt E~~osurt

CauslS of dlltll
5$ r-l II 176e f-l/ll

Exp. Obs. Rltlo E~p. Obs. Ratio

All C.USIS of de.th 68.29 " 0.95 '1.56 " 1. SO

All c.ncers 15. IS 15 0.91 10.11 18 1. 78

L"" 4.52 1 1.55 3.00 lJ 4.33
I4esothtll_ I 0
G.strolntlstlnAl 4.18 J 0.12 2.71 J 1.11
Oth.r Clnc.rs 6.75 • 0.59 '.'0 , O.•5

Rtsplr.tory dlst.s.s '.79 10 2.09 l.02 15 4.2'
Pnl~nl. 2.01 1 o. " 1.27 1 Q.78
Asbeltolh 1 11
Othtr rupl r.tory 2.79 Z 0.72 1. 76 J 1. 10

All othlr C.Ultl 48.05 " 0.83 31.,3 " 1.08

aBllt tstiaatt C.UI. of dllth .

• t .1. (1980) study, Kl w1l1 b. 1IU1tlpll.d by I flctor of 1.5 to 0.0011 .114

tllen reductd to 0.0030 to convert to DC lwng c.ncer diagnolh. An 111I lyl II ,

adjusttd to locll retu, ullng tile ov,r,ll SMR and .v.,a. group ,~polure,

yl.ldl I value Of K
L

• 0.0017. hc.uu tllere h ll .... ly to b' griller unCtr­

talnty "'"och.ttd with ,thl r.greuion .nalys1l than wIth the Ust of .vlragl

valu.s, WI will UII the ,"tlaate of KL ~ 0.0017 for thil study.

3.9.9 MIning .nd MillIng. Italy (Cllrylotll')j Rublno.t al. (1979)

A final Itudy of chrysotl1. lining .nd IllltlWJ Is tnat of RUbIno It a1.

(1979) of the Balan;.ro M'1le and M\lI, northwest of Turin. A conort .IS

.stabllshed of 952 work.rs, ••ch wIth .t lt.lt 30 c.l.nd.r days of .-ployltnt

b.t_n J.nu.")' I, 1930 .nd Olcte.r 31, 1965, who w.rt .llvl on J.nuary 1,

1946. Nlllety-.lght j)trc.nt of thl cohort WIS tr.c.d .nd thllr IlIOrtallty

up.ritnca through 1975 .11 uClrtalned. OVlrall, In uctption.lly high

IICrtalHy WIS Stln COMpared to th.t up.cttd; l32 dllthl Wlrt ooltrv.d versus

214.' l"pKted. Thl IXceU IOrtlllly, hawver, wu l,rg.ly contln" to non­

-allgnent ruplrltory dhe.sts, c.rdiovucular dhllns, and .ccld.nts. Tht

ovtnll SMft for 111 ..llgn.nt ntoplUIl WII 106, wlth only canctr of the
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laryn. round to b' SlgnH1Clntly In .."u In till wllol' group. While til,

oyerlll d.t. ~rt r",tlv,ly unr,llrkable, til' ag, st.nderd1ttd rates or lung

,allCer according to clallatlvt dust e.posurt showed a relativt risk or 2.29

(l.5. based upon canClr at the lung end pl,ur.) tor. h1gh '.posur, gro~ (116

f-y/.1) COfIptrtd to,' low Ixposurt group (15 '-y/.1) [lC.l " l.l9/(116-15) '"

1J.00I1JI. A cn,-control '1IIlysh of lung unelr tccordlng to clall.the dust

exposure sl'lowtd I rth.tht risk of l.61. Adjusting to I r,lltht risk ot 1 It

nra ..poSUTt givu , ~ of 0.089. Howotvtr, tn. clllrtct,riutlon ot tl'Ml

uposuru In tile study lUy !'ltv, crllted In .rtUlcl,lly stlltptr OOst-rupo,,.,

,..l.tlonsllfp tll.n ICtutlly I.ists. RuIllno It ,I. (1919) ulcul.tld tl'lt PIIrson­

ytlrS .t riSk In two ,.POSU,.. Clt,gorllS (tl00 f-y/.,). A person contributed

to tilt I~r Clttgory untll hi...posurt exctlded 100 f-y/.l. ~y,r, in

Stctlon 3.6 it II shown tllat tll,rl Is a 5-10 Yllr lag b,tore tht risk Is

Nnifut 'rOll. ghlln exPOSUTt. Thus, the tr.nsltlon should b, del.yt1:l by

5-10 Yllrs Ift,r .cllflv,.nt 0' 100 '-y/.1. Outlls and p,rson-yl.rs at riSk

occurring In tills dllay plriod sl'lould b' Ittributtd to the l_r uposur,

Clt'!lOry. If lung c.nc,r dlltlls occurrt1:l In tn. d"'y P'lrfocl, tl'Ml dost­

rnponst rellt10nsMp h problbly IrtUlclal1y sthP'lr ttI.n It should 11<I; If

no lUIIQ ctnctr dtlths occurrld, it is Irtltlcltlly sh.ll_r. Tilt ovtrall SMR

ot thost 20 Ylars fro- onset yields a ~ of O.ooolJ [(101 .• - 100)/100/213 t-yl
.1]. Tl'It unctrt.inty in tilt utl.att of II is tnontClus. \It will USI the

gt_tric lun 0' 0.0013 and O.OOOll, 0.00015, to rtDru,nt IC.l .

1.9.10 Insul.tlon "-nuf.cturi lit II.

The study by Stia.&n tt 11. (1919) alSo can 11<I USld ror qu.ntltltive riSk

utllllltu: Tilt stlldy wll rtCintly updlted.nd til, ntw IIOrUlity ruults ..,rl

sUb"'ltted tor the OSHA hllrlng. rICord on a revhtd HlnOt'll for nbutos

(Seldtlln, 198.). [n this updatll, don-nsponu dati, bUild upon utiutu at

Inoh-ldUll uposurn for IIch cohort nUllb,r, art iV.lhblt. Oltl for hmg

cancer Ire Ilst'd in T.bl, )-l2.
Becausl no dati ••lst on lir concentrltions for tht Pltlrson factory, tht

diU in ttrtS of tiber counts Wlrll utfutt1:l fl"M Ilr conctntratlons In t_

otntr plants .anufacturlng tl'll Sill products with tht Sill fiber and lUchlnllry.

0114I of th4'st plants, in Tyl,r, rtXl', ~ntd in 19$4 and operatllo IIntH 1971;

tilt oth4'r, In Port All,gany, Plnnsylvanla, O9Intd In 196. Inc! ClOstll In 1912.

As in tilt 'aterson f.ctory, efforts to control dust In thesl ntvtr plants WIIrl

"



TAiLE 3·22. CLMJLATtvE QlSERVED AHD EXPECTED DEATHS FROM LUNG CAHCU
5 TO 40 ELAPSED YEARS SINCE ONSET OF WORK IN AN ANOSITE ASBESTOS FACTORY,

1941-1945, IY ESTINATED FIIEl EXPOSURE
(SeldlUn_ 1984)

C...,llth,
"POIU" ,-, ~r of ''''It'''l bpec~ ...
(f·)'/_I) of _ (IE) (DC) ""It./'It (BE) (DC)

<6.0 177 15 14 5.31 '" ,..
6.0 - 11.' 10' U U ,." m '1'

12.0 - l$.' 139 15 15 1. J9 ." «'
2S.0 - .,., U, lJ U 2.7. ... '"50.0 - "., 104 17 17 '.lI ". 714

100.0 1.,. , " • , 1." '" '"150.0·2".' 51 15 U 1.32 1136 .",... " 15 11 o. " "96 1110

Totll IZO 11l 102 ZO.51 '" '"
Estl ..ted tvlrlQll c~lItlvl tIlPOIU,..: 67.1 f-y/_1.

BE • belt Istl..tl of CIUSI of delt'" bilid on III _dicll Ivldenel.

OC • O..Ul Clrtlfln" nuu of deltn.

·Expected ""IUlt Nted on ... J,rsey wilt" ..11 qul~nnll1 '9' Ind ullnellr
y..r period spec:lffc ..Ul rltl'l.

llt"Sllon ~tlonl

5Ml • 325 .. 2. 12hO. Sot) It f-)'/_1 ... iglltltd
5Ml • ))0 .. Z.45(~. 37) It f-y/.l _Ightltd

1II1ghted "9,.."lon IqUitlon for<:1d Ulrough .n 51« ot 100:
5Ml. 100 .. '.2' (t1.11) It t-)'/_l

IIlltH. One_ In tlCt, "II" lIoulid In , law Quonllt-t)'pi building wllirl till

conflnld IplCI I..Clrbltld dUit condition,. Ourlng 1961, 1910, Ind 1911,

Isbl,tO' tiber cone,ntrltion, in thlSI pl,nt, "IIII'I ...'urld b)' thl U.S. PuDlic

H..1Ul Slrvlc. IIId thll ,..sults publh"-d in ttle AID..tol Crlurh 00c~1'lt of

tf'll ~tlollli Instltutl for OCCupltl0llll SI,.ty Ind IoIIlltl'l (1912). Tf'IIn dlt.

"'1'1 ,~l..ntld by e~tI)' diU in onl pl'nt ,ncI InclhidUlI worklr "tluUI

of dustlnels (wille'" WI'" U'H tor Se-l Job' not ,.-plld).

The Ziro do" SMl InUrupt ot 325 11 I'Ilghly ItlONlou, .nd dlfflcult to

UI'IOIrttind. The UII of ... Jerley nt" tor nlculltlng IKpectld dutl'll 11

"



approprtate for til. ~attrson ir.. (t~. iV- standardlz.d county rltu Ir, 46.8

y.rSUI 46.J for tilt stitt). Th. high tntlrc.pt 11 larg.ly tilt rnult of ..

dhproPortlon..ttly high rllk obnryed 1n lndhlduih MPloyed for 1'1$ tll.n 6

~nths, Whos. SMR ls 295 (32 obllrv.d, 10.86 ,xpol.d). C.rtalnly, new MPloYf'~

u5llilly vet til. dust1ut jobs and If tilt" ar••ffects of lnt.ulty of tlDOlure

S1p.. r..t. f~ tllolt of dolt, Ylry dUlty .tIYtro,..nts y han contrlbut.d ..

dhllroporttontt.tly grl.tlr rhk. ~Y.r, 10ngllr t -.pIOY"1 .. ho "'Guld

lI..y. h.d luch jobs .t O/lt tl .. and lntensity effectl 'M! not lun In olhlr

uHltO$·UfKlled groups. Anotll.r pouiblltty fl tll.t tilt IlIort·t.... grOUD

fncluclu ...ny ..n 'XPOled to carcinogens .t work .htwh.M1 or th.y if' unUIU­

.. l1y III."'Y s.-k.n. Abno.... lly tIlqh rhks wert .ho I"n In till short·tI,.

"'Ploy,.. of a friction productl ph/lt Itudl.d by McOoll&Id ,t ..1. (19&4). A

third pOlltblllty II that th." could hay' b"n .hnttMtu of '''pOIU" for
th, I~ort-t,... .-ploy.., ...110 ...ould have th, ...tr_ly dUlty jobl. HO....vllr,

the dos.·,..sponl' rtlatlon,hip for d••t~ f~ ,IbeitOS t, , r.asonabl, on. And

th'''' II no unullUIl ..lot"'l1_ rllk MOIlg tholt ~loy,d 1,11 than 6 -ontlli.

Finally, part of thl UUII ..y IllIply be UIt Mllult of luthtlul fluctu..•

tlonl.

The v.llltl of l(l 'ItlMted by dlfftrtnt tMl.t-tntl of UIt Gata rang, frOll

0.0084, obtalnt<l by adjultlng tilt sl~ of the .... t9hUd rtg"'lIton lint by tI

IntlrUpt (2.7U125), to 0.059, obtained by divldlng UIt UCIII OVIlr .. 11 lung

callClir SMR by the lVllrage group UfKllurt [(495·100}/67. V1OO). If InaPOro·

prllt. underlying rattl (bKau" of othtr .xposur,,) Ipply only to tilt ItIort­

tint group, In adjUltMnt un be MOl by forcing tilt do..·ruponlt 11M tl'lrOU!lh
tilt origin. T1'Ih yl,ldl a value of III = 0.043. S.UUII thh h IIOlH 1l11,ly

to b. the CII•• thtl value ...111 b. Uled for ltV

Til. unc.rtainty In the v.. lu....t.ndl frOi 0.0084 to 0.074 to Iccount for

th, ,tatilttcal Ylriabl11ty on t~, nuMb.r of d'"thl ..~ dlff.r.nt v.. lu.1 of KL
obtalned froa dlff.r.nt Il'IalYlll proc.duMlI.

3.9.11 Inlulltion ~plicatlon. Unlt.d Statts {ChrySotll ...nd -.ellt'}

The pr'Yioully dllcull.d -ortl11ty Itudy of S.likoff tt .. I. (1979) can be

coeolntd ... Ith pubilihed Info,..tlon on Ilbeitol ,,,polur.1 ....lurid for ~,rl

of tl'lh co~rt to obt.&.ln In .Xl)Olu,....rhk IItl.. t.. Tilt 6It.&. on lnlllhtion

workerl' 'xpoIU", .,.,.. rtvltwel by Hlchohon (19761) .1Id I,.. I~rlud in

Tlbl. 3-23. Ulll1CJ tilt Itolncllrd ...-tlrant rtlter technlqlM of UIt U.S. PUblic

H'oIlt'" S,rvlce for counting ub.stol flbt" (L,ld.1 .t 011., 1979). t"'rtll!

11



TABLE 3-23. SUf'tIARY OF AVERAGE ASBESTOS AIR CONCENTRATtON
DURING INSUlATION WORKa
(Selikll" tt a1.. 1')79)

Light anO hUvy
construction M.rine wor~

Nicholson (1975)
CllOOtr and hlur (197l)
Ferris It a1. (1971)
Harrin (971)

'.J
2.7 S.S

2.'
8 .•

Av.ragt C~lntrations of all visiblt fibtrs counttd with • ~onl .. tlr
and briCjJht·filld MlcrolCOpe.

Murpny tt a1. (1971)
Fl.hchtr It .1. om)

8.0
lO-"

10-15

aAvlrag. conctntrations of fibers 10n9tr th.n 5 ~. tvaluat.d by ...oran.
filt.r t.chnlq~s and phas.-contrast .Icroscopy.

Sourct; Mlchollon (1976a).

dHhrlnt laboratorin in the Unitld Stat.. found that thl averagt rlD.r

conclntratlon of uDutos dust In Insulation "'ork. bltwlln 196B and 1971.

rang.d trOll .bout 3 to 6 rI..1. A si"ilar study In the Olvonport Naval Ollck­

yard In Grut Britain. ",Ith the IU' tlChnlqull. oDUlned 8.9 f/"l for the

aVlragl of long·tl'" lupling of ubutos concentrations ",..sur'd during

apollc.tlon of insulating IUttrhh aboarO Ihlp (Harrin. 1971). In tht

reSlarcn that 1.0 to tn.SI dat., it w.s rlportlO tn.t plak e~OOlurtS COUld bl

I~tr_ly hign, It was not unc_n. tor tJlloMl!lt. to glt 2- tll S·.inutt

conuntratlonl ot ISbutos tJlCllding 100 rI"l Ouring tn••iJlil'lg Of c...nt.

This "ixlng. howivtr, would only Dt dllnt p.rhaps onet an hour. so that tJloosurlS

_asur.d durlll9 that hour, including the IIIhlng, _uld stlllOll nlragt -ort

tnan 10 t/.I. Si"llar tJlptrl.ncu ....r. $I,lDstqutntly rlPllrteO,oy Clloolr and

Mlto", (1973), who stattd, ·Put conetntrations IUy bt high for orift plriodS,

whilt tl..'weightld av.ragls are otttn dlclptiv.ly low,-
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01,..,t lnfo,...tlClII on ubutlll flblr c:oIIClntrlllon ...&Surld by till

~tly prescribed analysis procedur,l, h•• btln IVIIlabl. only slnea 1966.
(Ur' ....
AlthOUfh IlIlul,tlon ..t,rfal. ~v. ch.nged (ra. ••rll,r y••rl (flbar gl"s h.,
found utaftlha 1111, and work _ltll ,ark h uld011 don. todly) .1Id chlng.s tn

tM Ubtllol cOIIpOsltlon of lnl,,1111ng products han takan pllCI (pIp. '(lYIU"

lng' and '"5Uhllo11 blocks Illy hlv, had twl'l til' tsbntol cont.nt tn ..rltn

YI.n), work prlCtl,...~ virtually lantfcll Mel Itw controls of COlluquenCI

...,.. tn UII. Thenfore. dUll COII(lnt IUon. MUU'" undar llten conditions

hlVI ,..llv.nee for utl..tfn; till llHh of put y••,.. Considering til,

pou1bll doubl1ng of till ub.'tos content of older lnlulatlon lIIurhh, till

411. f~ the studl•• listed 111 Taol, 3·23 SUgQllt that the ~.r.ge IKpOlurl'
of Insulatfon wor~~ In t~ Unlted States dUrlng past years could havi rangld
frol 10-15 f/.l for c~rcll1 Ind Industrlal construction. In ..rlnl conltruc·

tlon, It -.y have been bet~n 15 and ZO f/.1. We will use a value ot 15 f/_1
II an overall averlV'. Becluse of tn. great varlabl11ty fn work Ictlvltfas of

tills group, tile range or unc.rtalnty In tM expolura Is IItl..ted to bl frOll
7.5 to 45 f/.l, and this range fl Indicated In Figura 3-1.

Thls fnfonaatJon and tile dlta In Figure 3-4 .llow one to calculatl a lung

ClntU risk per l6Illt ot asbestol Ill$lOSUT'e (In f-y/.l) fF'Oll t"" ll .....rly rhlnv

portfon of the cUNe, the Ilope of whIch Is 0.16 per y"r or 0.01 par f·yr/lll
(for In exposure Intensity of 15 fI.l) .. tIowIvlr, tile data of Ffgure 3-4

utlllIld aE (best IItfutll) In lltabllshfng lung c.nclr -ortal1ty. Adjusting

to OC (dlltll Clrtlfleatl) dllgnosh reduces the vlll11 of ItL frOli 0.011 to

0.0094 (0.011 x 3.06/3.60). Tile Itatfltleal uncertafnty on the estfutl of
riSk ls Vlry low. KowIver, tllere Is no lndepandent Indlcltlon thlt thl usa of
U.S. -ortal1ty rates 11 Ipproprlltl. H_nd at a1. (l979a) reported that

53.5 parelnt of Insulation workers were currlnt clgarlttl s~klrs, 27.3 parClnt

werl past slOklrl, and 11.2 p,rclnt nlver leaked cfglrlttas. Thl corresponding
datI for th. 1961 U.S. populatfon werl 49.1 parclnt currlnt SrlOklrS, 23.6 per­
clnt put IlIOklrs, and 21.3 perunt non·cl glrette slIOkers (Hurl s, 1979).

This dlffer,nce would only Ifhct the underlyfng ratas by about 10 plrClnt.
HOwtver, becluse lnsulatlon workers lIIIIy hlv, sllOked.era clgarlttas, WI \illl

reduCI thl v.lul of Itt by 20 plrctnt to 0.0015.
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1.9.12 Asb,stos Products ~nufactur1 Unttad Statas Ch sottla and
roc a . rson an 1'1 ar lie

Tha d,t. of Hanoenon a~ EntarHna (1979) (Ftgun 3~1 and Tabla 3-,4)
can ,lso b, used to establish fibar dOSI-r'spons. d.ta .van though thetr data
ware pnllnted 11'1 ta,..s of total dusl cC'n<:anlratlons lHuund III 1lI1111ons of
llartil;1u p.r cublc foot (lIIppcf). No data .xht on tha conY.rston batw..n
lIIppcf a~ fl.l for .-ost of tha plants stUdied. HoweYer, thera art data on the
ralattonsh1p betwttn flb,r .nd tot.l dust'concantratlons In texttla opar.ttons
.nd nbutos c_nt production. O...nt It .1. (1982) found that conyarslon of
3 f/_l/lllppcf was approprlat, to lest t.xttla operations, although Ayer et .1.
(196S) had IIrHa,. SlJg9lsted a value of 6 fI.lIl11ppc.f. In a pllnt uklng
.sblstos c...nt plpe and shetts, H....d ,t al. (1979) d.ta,..ln,d t~ conYlrston
yalue to ba 1.4. It would be IXpacted that tha c...nt products yalut would b,
lett aP\llfcabl, to tha' H,nderson and Entarllna cirtlllstanca beClUII of tha
,xtansha Ult of e_nt and ottlar .1ntral particl .. (I.g., calcl111 sll1C1t"
talc, St0

2
, MgO) in ublstos Pl'OdllClS unuracturlng. Tile hast squarts w,lghted

r,g",sllon lint of SMR on dote Is SMR. 143 • 0.51 x IIIppcf~y {sae Tabll J~24l.

Ustng a yalue of 1.5 f/.l/lllppcf to reprls,nt tht conYerslon relationship, the
astiaata of KL Is 0.0034 (0.51/100/1.5).

TABLE 3~24. LUNG CAHCEIl RISKS, BY OOSE, AMONG RETIREES
OF U.S. ASBESTOS PROOUCTS IiWlUfACTURERS

(H,nderson and Enterline, 1979)

Expotun tn IIppcf·y SMR

62 «10)
182 (10~19)

3S2 {20~39l

606 (40~ 79)
976 ()80)

COlllpltU cohort:

Elttutad aYerage cu.ulatfYI e...posurl:

a() : nUlblr of de.ths.

249 lIppcf·y.

197.9 (19l 1

180.0 (9)
327.6 (19)
450.0 (9)
177.8 (7)

270.4,(63)

RIg,..1110n ,quatlons

SMR: 143 • O.Sl(iO.lJ) ... lIIppcf·y
SMR • 100 • 0.66{iO.07) l mppcf·y

~lgtllld

unwtlghtad

W,l ghttd ra9r'ls10n ,quatlon foread through In SMIl of
SMR. 100 • 0.6' (to.097) x mppcf-y

100:



As dncr1b'd pr.vlollsly, oOnrvln9 • cohort btg'nnln; .t .ge 6S My

s.rIOIl,ly IInGtr,tat, til, fllll '~t or .,be,to, 'XpoIU~. MD,t of t~ wor~r,

In thh cohort b.n ~lo~nt prlor to .ge 25. To partl.lly .ccount for
st'lctlon IfflCts _1'Ilil retl ....s. WI .111 ~Itlply ttlI abo.., vllll11 by 1.45.
[ThIS .djlls~nt t, the rltto ot the l1tlt1.. eortillty froe If' 25 to Ilfltl..

IIOrUltty .t IV' 65 (s.. T.l1 3-1}). Thill, II.L h Idju,ted to I .... lue of

0.0049.

3.9.13 A,bestos C...nt Products Unfted Stlt.1 CII lotlll.nd Crocldol1tl .
• ,.. s •

A study ot .n asbestos c...nt pf"Oductfon facl1fty .lso p1"O... ldls 'llj)osllr,­

ruponn In'onNtlon ("'111 It.1., In,; ~s .nd "ill, 1910), II sl'lown In
T.bJs 3-25. Althollgft thl sxperl~, ot 5645 fndl ... idual, ... reported, 1791 of

wholl h.d bien IlIPloylcl for longer tIIIn two )'Urt. ttlI dIOlrr..pon•• lnfo,...tlon
h IInClrt.ln bec.lI11 of llaltatlonl In till lIOl'"tIl1ty 4ltll. Ot I"n gn.tlr
,1gnlflclncl, trlcfng wu .cc~lhllldjthrough lnto.-tlOft s,,"lllc1 on vftl'

,tltll' by till Soclll Slcllrlty Adllnl,tratlo", and thl1 lnto.-tlon only allowed
thl ... Ihl ,utili of 75 plrclnt ot t~ group to be dlte,..fnecl. Tholl tndhldllals
untrlcld WI,.. conltderecl 111 ...1 In the Inllys... whfcll a,,_tton My hl ...1 lid

to IIrtOIl' _h..tl.tu ot eorta1fty bec:IUII prlor to 1970, Mny IiIlths,

plrtlcu1lrly ot bllck,. wen not I'IJIOrted to till Soclll Security AdIIlnhtn"

tlon. TIM perclntlgt at unreportld dllthl of both lue. ranvect frOil nllrly

80 plrclnt ln 1950 to 15 plrclnt ln 1"7 (Alf: and luckl'r, 1980). ThuI, MII)I
cohort .....1', cOllld bl iHclasld, I f.et unknown to till "'''Irellll'$. Thh
cOllld l1tlly bl t~ sourel of the l.trlol'dlnlr11y low 0'111'111 reportld .artillty

of til, cohort, whleh 1110W10 deflclt, of Ibout 40 perclnt ln sl"'lrll '.posur,

clt,gorl... (The 0"'11'.11 SHI h 51.)
Two _tllocl, at IdjllSt.nt tor IneOllJllltl trlCI c.n be Mell. In alii, thl

oYlrll1 SHR for llln; Clnelr h dhlQed by till SHI for CIUI.. otller thIn lllng

Ind gastrolntestlnal catlC,r (66). Tills yll1dt; • "'11Ui ot Kl • 0.0064, UIIIIg •
y.lll11 of 64 lIpIlef for till group IXPOIU~ Ind I fiblr-p.rtlell convlrslon
hctor of 1.4 (H_d ,t .1., 1979) [«104/66)-1)/64/1.4]. Alt.rnatfvlly"
rl;r"slon ot SMR on dose yl.lds SMR • 70 + 0.43 • ~f-y. The low .... lue of

SMR Is probably til' r..ult 01 .'nlng eII.tlll. It the .!Mre,"t .hsfllg Is
sl.l1.r tn lIeh Clt.gory tll,n K

L
• O.OO4Z (0.43/100/1.4/0.70). We will 1111

th' .y,rlve ot til.,. v.lu", 0.0053, tor the point Istf..te of lL' Till .s,~"
tton that tllot,.. h .n ,qu.l p,runUge ot ahslng eII,tIls In lIell category h
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TABLE 3-25. LUMG CANCER RISKS, BY DOSE, AMONG ASBESTOS CEMENT
PRODUCTION 'I(IRKERS (We1l1 ,t II., 1919)

•
bPOIwr' l SM' ..'In IIPpcf-y

, « 10l 17 (19)c 1.00

" (11-50) 70 (0) l.1t

" (51-100l " (1) 0.52
ISO (101-ZOO) '90 (0) 2.85
400 ()ZOO) '26 (14) 2.15

104 (51)

hU.-tad I~.rage c~llthl "polurl: lil.6 IIJ'PCf·y

IAcc~lltad during firlt 20 Yllrs f~ inltill elP1oYMtnt.

bRlllti~1 rllk fr~ In intlrn.l CII.·control Inllysls.

c( } .. nu.btr of dllths.

SMA .. 70 • O.43(tO.22) x ~f-y ~lnnt~~

SMA .. 71 • 0.46(tO.31) x ~f-y IoInweigntlo

RR" .96 • O.41(:tO.18) x Cl(lCf·y wtightld.
RR ... 99 • O.50(tO.26) x lClpcf-y _igllted

""Igllted r~rtUlon equ,ation to!"Cad UII"OUQll M 5Mll of
5HR .. 100 • 0.]1(tO.22) x ~t·y

100:

unclrtain. Tl'Itrt.rt _re VlItrtCad in tl'tI l_st cn.gory blolt I grelt.r plr­

clntagl of tnou untrlc.d In till _st upond growp .,y b. d.ctUld. If ont

conlldlrl III of till untrteld deltlls to b. in till lowtlt txpOlurl c.tlgori,s

Ind forCII • rtgrtuion lInl tl'lrough till origin, HI Ilopl Is 0.0040. Thll'

wnc,rt.lntlls in poslibll ..thadl of .dJultlng for untr.c'd d'ltnl .rl Indlc.ted

In Figura ]·1.

].9.lt Asbestos C...nt Prodlolcts OnUrlo C.nld, CIl sotlll lnod Croc:idolHI .
nlstln

A rlcent st nk,lltlln (191]) Ilia r,lltll _rtliity In ,n Ilblstol

cMlnt products flcllfty to ..uwrta exPOllolrtl. lit tlUblhlltd • cohort at
211 prodllCtion .nd ..intll'llIK' tIIJl1oYI.s fro- rlCords of In OnUrio ublltol

c...nt factory, consisting of 111 lndhfdulh ..no I\td nil'll or Mr. yllrs of
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elIIP10yMnt b.glnnlng pr10r to 1'360. TII.lr Mrtallty up.rl.rn::. was rollo...d

through Octob.r 1980. IlIplng.r particle counts of vary1ng dtgr..s of ca-pr.­

hensh.n.U WIre avalhble fr~ verlous soun:n (gov.r_nt. Insurance COli­

pany, "ploy.r) fro. 1949 until the 19705. Aft.r 1973, ""Orin. tlb.r counts

..en t.kln. Individual expolur. nt1utn Wlr. conltruct.d bu.d on r".nt

rlb.r concentr.t10ns .t • p.rtlcular Job. Th.y w.r. IIOdlfhd for urller. .
yurs due to changu In dustln.u of the Job, at d.ttl"ll1ned by the IlIPlng.r

p.rtlcle counts. TII.se counts wtrt thought to bt .ccurett to wltllin • flctor

of 3·5. Ex~l11 of .xposure estlqtll for the yurs 1948-1954 for wtllow

optrltorl, fOl"lllng IIleh1nl optr.tors. Ind latht optntGrs wtrt 40 r;_I, 16

f/1I1, and 8 f/_l, rtspectlv.1y.

Tht lung cancer !IlOrhllty d.t. Ir. shawn ln Tlbll 3-26. Till dOII·ruponse

rtlatlonshtp Is .nOlltlous. The rtrst two exposurt Clttgorhs show tht risk

1ncrtulng stttply wlth uposurt, but In the lnt ClttVOry It f.1ls Ilgn11l­

c.ntly. Both GI ClnClr and III1otlll11ou 51\01I I Itrong pos1the tr.nd with

.xposure, sugglltlng th.t thl exposurt rank1ngs art corrtct. Thl only rtgrll­

lion lint thlt ..kls Iinse II onl forced through an RR of 1 at z.ro expolure.

This yields. K
l

of 0.048, whlch 1s close to that celcul,ted fro. tht ovtrall

IIOrt.lIty exClU .nd average group exposurl. Thl ,vlrlge cuMIlathe 1B·yllr

.xposure for the productlon group In the 'Ibeltos ce..nt work WIS 112.5 f·y/II1.

lung canetr dllths Obstrved In this group WIre 17 versus 2.0 expectld frOlll

Ontario rltlS for In SMR of 850. Thil y1elds I value of Itl " 0.061 [(85(HOO)/

112.S/100] ..h1ch will be used .s the est1..te fro_ this study.

W. do not know the r.llons for the very slgnlflcant dlfhr.nce In rilk

u!ln In two plants (of th. s_ COllP.ny) producing the s_ product. Th.

point U\ll11te of rilk frOll Flnk.lst.ln (1983) (Kl " 0.067) Is 13 tlllls that

of 10'.111 .t al. (1979) (ll = 0.00S3) even after IUelllPtlng to cornct for the

Inco.-pl.t. tro1CI of the l.tter stud)'. Data on the dur.tlon of exposure Ir.

not glv.n by Flnk.lst.ln (1983). but tt -.auld .pp••r tllit the .stl_lt.d Iv.rag'

flb.r exposure of hls cohort wu b.t....n 7 f/_1 and 12 f/_1. (Til. aVlrlge

cUllulathe exposure ov.r 18 Yllrs was 112 f·y/.,l; 111 cohort /IIMb.rs ...r.

e-oloy.d for .t 1••lt 9 yelrs. on. of whtch must IIlv, b••n In In Ilbtstos work

Iru.) Thll Ivtrlgl corn::tntr.t10n is .bout half of thlt IItluUd by Wtlll

et 11. (1979). using the p.rttcll·to·flber convtrslon of Ha..d et 11. (1979).

It II not possiblt to .v.lu.tt tht .ccurlcy ~f ttthtr lIt of txposurt .still.t,s.

Th. txposure ntlutn of Flnkt1stlln (1983) WIre IUo-Ittld to COlllPany offl·

cl.ls who thought thty Wlrl ruson.blt; but worklr ducrlpttons of plant
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TABLE 3-Z6. LUNG CAHCE~ RISKS. BY DOSE. AMONG
ONTARIO ASBESTOS CEMENT WORKERS

(Flnhht.fn, 1983)

OIlUriO..
"'80

COIIpl.t. cohort:

Estt ..tld av.ng. cu.ulatlv. 'l(pOlur.;

a() s nUlb.r of d.ath,.

Standardlied ~ortallty d.at~1/1000 p-y
Lung Canc.r

1.6
13.6 (5)a
92.1 (7)
U.9 (6)

850 (17)

Regr'1110n equattOnl
(Forctd t~ro~gh the valu. 1.6 at i.ro I~o,ure)

LunV callClr RR s 1.60 .. 0.077 l( f-yl.l
lu~ canc.r RR = 1.60 .. 0.108 l( f-y/.1

welghted
unwelght.d

condition, luggeSt that v.ry Mgh exposu~1 occurred p.rlodically (Ontario

Royal C~hllon, 1984). tn a Itudy of asbestosh In the Onhrlo plant

(Flnktht.ln, 198Z), da~ c.-plnbl. to that of B.rry It a1. (1919) w.re

obtaln.d. Flnk.lstlin obstr'l.d pr.VlI.IIC. rltu of asbUtOlh of 4 percellt

and 6 p.rc.nt It 50-99 f-y/.l Ind 100-149 f-y/.l v.rSUI 2.5 ptrcent and

8.5 perc.nt by Berry et II. (1979). Hllld,rson and Entlrllne (1979) ob1lrv.d
SMRI of 231 and SZ2 _~ retlr.u of c_nt s~..t and sMngle worklrs and

c..-nt pip. work.rl, r.spectlv.ly. The•• valu•• ar. morl consistent with t~t

~lgh.r risk of Fll1ktlst,ln (1983) than the lllWtr Ont of '01.111 .t a1. (1979).

tn Figure 3-7, a flvefold ~ard \Inclrtatnty ls indlcat.d In KL to reflect

the ...1~ statld unc,rtalnty in thl ••posure tstl..t., of Fink.lsteln (1983).

3.9.15 lUlla Cancer Rlskl ESttSlt.d ln Ot~tr R.vlew,

A nUIC.r of ot~r 1nd1v1duals or groups havt Ilso I'tt~at.d untt ,.posure

risks for lung canc.r frOil th.n SIM .pld••10lov1cal studles. Th.st Ir.

s~own 111 TllIl. J-27. BeCluse of gentrll agre_nt on the approprllt. model

for lung Clncer, t~ unlt exposure rhks ntlot.d In thls doclJlltnt an .ery
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sl ..1!1r to thou esth.ated by otMers. The dlfhrances In the ~aluu l1a In

the cholct of the "'etnod to Obtain a dOSe-response rflatlonsn1~ and the treat­

ment of potent1al biases In a study.

3.9.16 Su.marx of Lung Cancer Dos.-Response Relatlonsh1ps

The results of all the detenll1n.tfons of I(L' tne fractional Incruses In

lung cancer risk per f-y/ill t.posure, are dlsplayed In Figure 3-7, along wltn

estll!lltes of statlstlcal ~arhtlon, adjust.tnts for possible biases, and

estimates of uncertalntlu associated wHh e.posur. deterralnatlons. Tne

detalh of tha calculat10ns of statistlc.l uncertaillty art provldtd III hblt

l-lD, which also shows that tht confldenct 11~lts associated with an Indl~ldual

~.lue of I(L are largt. Tna uncertalnt1u ara largtly tha result of statis­

tical ~arlatlons associated with u,al1 nUilbars and uncertainties III uposure

m4asure..llts. However, statistical variabilities apptar to be .crt Important.

III 9 of the 14 studlu, ullcart.lntlu In tile ..nurt of response contribute

fl\Ore to tnt overall uncertalntlu than do uncarUll1tl.s In the menllre of

fJlposure. Three studles II.V' 95 p,rc,nt cOllfld,nce limits of about two orders

of magnitude.
Figure 3-7 dlspllyi tile llnlt e_posur, risks III 14 stlld1as, by predOGln.nt

fiber type In tM Iltposurt and by Industrial proCess. Table )-28 lists the

geolllttrlc lIltan of the unH Illposur.. risks, utlll\lUd for the diff,nnt indus'

trial processu, showing substantial differences in the risks oburved, e~ell

between procesus us1ng predOllllnalltly the same asbestos ",iner.l. Significantly

lower \llllt ••posure risks (p <0.05) are associated with chrysotlle OIInln9 .nd

milling and friction product ..nuf.cturlllg co~ared to tn. otner tnrell prOC.SS8S

studied. I\o...e~er. becau$l of tne great uncertainty associated with the unit

exposure rhks In friction producU iI,nufacturing, the le~el of significance

of the differenet is leu th'll for IIIlnlng and milling.

Tnere is reason.blt agrtt..nt betwetn tne unIt rls.s ouser~ed In different

studlu wHhln a ghen illdustrl.l process. In the case of textile productIon,

e~en though tht cohorts studhd by I'tto (1980) and I'IcDonald et .1. (1983b)

ware upond to so.. quantlt1es of crocldollt•• tht unit risks ",ere wery

sl.l1,r to tll,t of the plant stl.dled by O",nt et a1. (1983b1 and McDonald

et a1. ,(1963.). Th. only substantial difference In the four groups e_posed to

.hed fibers In rII.nufacturlng processes Is the high unit risk obser~ed In t~e

study of Finkelstein (19831. Wnet~er tllis is real or the result of !Jncert.ill­

ties In the study cannot be established at this t1me. There Is no statistical
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TABLE 3~Z8. WEIGHTED GEOMETRIC MEAN V~LUES AND ESTI~TED 95 PERCENT
CONfIDENCE LIMITS ON KroFOR TKE VARIOUS ASBESTOS EXPOSURE CIRCUMSTANCES

DEPICT IN TABLE 3-10 AHO FIGURE 3·1.

~OIWlrlc
Asb,ltoS proCtn MOO 95X conf1dtnc.

or un Ftber .xpoturt vilul of 'l tnl.rVl1

Tlxtil. prollucllon Pre<\Oll1nlnlly O.OZO (0.0096 - O.04Z)
Cllrysoll1.

Frtcllon prollucll Cllrysoll1, 0.000Z3 (0.00010 - 0.0051)
unufacluring

Mlntng Ind 11111n9 Cllrysoln, 0.00098 (0.000Z8 - 0.0034)

"-Isft. Insulltion MoSttl 0.043 (0.0084 • 0.014)
production

Mhed product Mosit.l 0.0068 (0.0035 • 0.013)
Mnuflc:luring Cllrysot111
or un Cl"GChto1i tl

~11 proC:lulS MoSttl 0.0065 (0.00Z5 - 0.017)
Cllrysot1 II
Croc111o 11 t.I

~11 proclsslS Motitl 0.010 (0.0040 - 0.Ol7)
IllClpt lin11llOl Cllrysotfll
Ind Illllng Crochlolftl

Tllltlll pT'Qductlon Mosltl O.OU (0.0074 - 0.OZ4)
Ind Ihld product Cllrysottll
~Inuflc:turing or Croc;1dolitl
".

dtfrerlnce tn till un1t .xposurl risk Slln In till group Ixposld only to amositl

lIblstos COllpirid lo tlloll IllpCllld prld~1nlntly to chrysotlh In tlxt1l1

product10n or lo Itllid flb.rs tn IInuflcturtng.

Thl origin of ttll dlfflnncil In unit Illposurl risks bltwlln Itnlng and

Itlltng Ind othlr chrysotlll tllposun ClrCUlIlStllnCIl ts not cOIIplltlly clear.

a wn SUUlllltid by IIny Indtvldulls, tncludtng McDonald It 11. (l9B1). thlt

thl dtfhrlncll bltweln lining and 111111ng and vlrlouS production processes

lIy bl reliled to dirf,renelS In the fiber sh. dhtribUllons. As In th. revl ....

of .xp.ri..nt,l sludlls (Chlptlr 4', ftblr l.ngth Ind dl~t.r slrongly afflct

lhl potlnlll' for flb.rs lo product I"oth,llo". Corrupondlng dall ilIr, not
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av.tlaDl. for 1~"9 c.nc.r, b~t tt wo~ld b••ap.ct.d that dtff.r.nt flb.r Silt

dhtrlb",tton' wo",ld prod",c. dlfhr,nt responsu. Th,r••re -any long and

c~rly fl~r, pres.nt In the .nv1ro~nt of .Iners and .fll.r, whtch art ,asl1y

co",nttd, but not .ully fnspfred MeIU" of t .... lr l.rg. ,q~lva1tnt dlUothr.

In ubtistos-US11l9 lndustrfu, u flb.r, .re broken .PArt .- gn.t,r lI'runta'lt

art: dtposfttd In OM 1"'119. I'lill)' of thts' wlll r ln within, C.rctnoll.n1c

she r.nge. Howv.r, the ~r CO"'lIttd by tl'Mi r.ne ftlttr procedure

c~.red ttl tht n__r u..t a... pot.ntf.lly c.rc:lnogtlllc -ay substalltl,'ly

decrult tn sue:h Clrc:l8SUncU.

As s~ In Tael. 1-28, t .... 1I_tr1c "'" v.l," of KV ust"9 uta f~

,11 stlJdfu, ls 0.0065, .nd that for all sllJdlu ..cluslvl or Ifn1ng and

Itll1ng ls 0.010. 8K.~It the Itnfnll .nd .1111ng 'llpOsuru (lonll and curly

Ubi", preproeened) ai'll Ilk,ly to b. l.ss t)1lfcal of thou ••p.rl.nc.d tn

t .... Invlronltnt (proc.sstd, Sl. also S.ctlont 3-8, 3-9, 3-11, 4-2, and 5-1 to

5-8). tht but utf..tt for the fr.ctlol'ltl lncr.."d rhk of lunll ClnClr, I(v

for .nv1ronltnttl UMttOt ..pot~ru 'PPU" to be 0.010. Thls v.lu. h till
S.. II ttlit Uttd by tJlt Occup.tlon.l Saf.ty .nd Hetlth ~tnhtrat10n in

their rht ItSlssa.nl for the IIropottd revlslon ttl the UMttos standard

(OSHA, 1M3). OSHA't IfIIlysls tlto wu battd on rhkt In studfu oth.r tNn

chry.ottlt lining and 111l1ng. The v.lut ls ant-lieU Ulat wlllcll was IdoptlO

by tnt I'litfOf\l,I Ac•., of SCfences ln their rhk Il\.Il)'sls (M.l.tlollll Ac.dtll)'

of Sciencu, 1984). Tilt HAS .".1", was butd on roundlng upw.rd, to 0.02, ..

-.dIan rlst of 0.011 utf-attd In I llroUP at 11 1JI1~fologlc.1 studl ...

Tilt 95 plrclnt co~tld.nc. If.tts on t .... v.lut 0.010 for I(L art: frOli

0.0040 to 0.021 (a faclor of 2.5). Tills Is tile r"",lt of the an.lysls of

vlrhnee ln 11 '~Irlt. "tl..tu. Tilt 95 lI.rc.nt conUdlne. ltlH, on tht

v.lue of KL th.t M111ht be "a,,,,r.d III any unst~dfed .apos",r. circumstanc. is

uttuttd to bt I factor at 10 (8.3 b)' c.lculltton). Tht ralllle of ~IIClrtajnty

..y, tn fact, b. IIr.tter thtn tilt 10 fold factor utiMatld hlrt, but tn,~rrj­

cftnt InfOnaltlon ••fstt by Whlch to -ate all)' 'Or. prlcise or defintte .'ttmat•.

3.10 TIME AND AGE DEPENDENCE OF MESOTHELIOMA

In contr.st ttl lung clncer, for wIllch • relltivi rfsk -edll well t.plalnec

the dau, ...othellOllol Is batt detcr1bed b)' .n ab,olute risk _del In which

the Incldenc. Is Indtptndent of OM .p .t f1rst uposure and 1ncr.uu accord­

Ing to I power at tl.. frot Ont.t of I.posure. Tilt ratlon.-l. for such a -ed.l
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dascrllling h~n carclnog.nuls was dlscuss.d lly s.v.rll luthors (t.g., " ....i·

Ug4I and 0011,1981; Pike, 1966; Coak et a1., 1969). Such a ..del was utilized

by lWwt\Ouse arM! 8trry (1976) III predicting MsatMltou .crtaltty dOng a
cotlart of factory workers in England. Sptclflcally, th.y ..tchtd tilt Incidtnce

of ..lathtHa.. to the rtlatlanshtp

I", "c(t w)k 0'4)

wh.rt 1", Is the Mlotll.lla.a Incldtnce It tiM t frc. onstt of tXposurt, w is

I dtllY In the tl(preulon of tht risk, and c and k are .-plrfcilly d.riv.d

constants. Th. lncld.nct of asbtstos·lnductd ..soth.l1Q111 In rlts (Bury and

Wagn.r, 1969) foll_d thls tiM couru. In tht cua of tht analysis of

Newhous. and 8arry (1976), the dltl luvg.sttd that the valu. of k WIS bltwe.n

1.4 arM! 2 arM! w btt.....n 9 Ind 11 yurs. HowevtT, tha relatlvtly 1..1I nUllbtT

af cans ilIvallablt for anllysh ltd to a I.~ uncertainty In tM values

tstl..ttd for Ilt""r k ar w. Ptto tt al. (1982) rtc.ntly analyt.d '.loth.lIOlla

lncldance In flvt groups of asblStol·txpond worktrs. In one study analyttd,

that of Stllkoff tt II. (1979), ttlt nUllbtr of castS of ,"sotMllou ...tra

sufflcltntly larg. thlt ttlt 19t dtptnd.nc. of the lIlISOtlltlloq risk could bt

IllvutlgltitG. p.ta tt a1. (1982) sh_d that tht ablolutt lncldtnct of "ISO'

th.llllU was Indtptnant of tilt ilIgt It first exposure and thlt a functlon, 1)14

" ct3. 2 (Ia. EqUl.tlon 3·4), fit ttlt data well btt'oltlll 20 and 45 yurs frol

onlat 01 Ill.posurt. However, observtd Incld.nc. rltts for tlr11er tl ..1 ....n

len thin thou projecttd, and ttlt autllors lugguttd thlt an exprUllon propor·
2 "

tlanal to (t - 10) bttttT fit tht dillt. up to 4S yurs trOI onl.t of IllpOlure.

The Inllylh 01 Ptto et II. (1982) txclud.d Individuals rlrst e~loytd btfoTe

1922 and aftar 1946 and ovtr tilt Ig. of atI; ttla ftl to the 1II0rtailty of tile

tntlre group lugg41sttd a vllu. of k of about S.
Figure 3·8 shoWs tilt risk of d.ath of ..sotlltlloea, according to age, for

Individuals flrlt axpond betwe.n agll 15 and 24 and b.bun agas 2S and 34.

"I can be Stln, ttllSe data, although 10000at uncertain becaun of slIlall

nutbers. a,. roughly parallel and "plorattd by 10 yurl, as was till relathe

risk tor lung canClr. Thus, till absolute risk of duth frol lIluothelio..

apptarS to b. dlrlctly rtlated to onset of txpOlur. and II ind.pendent of tne

agl at whiCh ttl. tXpOlure occurs. The ~Isk of dutll froll lIIIloth.ltou IlIOng

tile inlulatlon workerl Is plott.d, according to tllll. froll onnt of exposurt,

on the right sid. of Flgur. J-S. It Incr.1S1S to 4(l yurl froe ons.t of

"pOlure. TII.rllfhr, the incru" Is IlSs. Th.n is eVln I decrell. In the

8l
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Figur. 3·'. Th, rio of d••th from m'loth,liom,
.m0nt 'n'lll.tion won.,. Kcordini to .g••nd
v••r. t,om on..t of 'll.POIU". TM riaM of d.lth
.ecordl", 10 at' I, .hown ...~rll.IV for inlul.tor.
fifn emplo,," beto...~ 25 'nd 'hi' 19.25.
0.11 luppliH by I.J. S..ikoH and H. S-"tmln.

Sourc.: Nichotaon II II. 119121.
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risk at 50+ ynrs 'rolll onut. Tllis un bl the rllult of misdhgnosis ot thl

distan In individuals age 75 and oldlr, stathtital fluttultions assothttd

~ith s..ll nUibers, or sllettion 'attars also Slen in thl risk of lung tanter

(1.13., thOSl who livid to agl ao lilly have had jobs with 'lich lower uposure)

The graph of Flgurl 3-a is aha rtpreunUd by an I ..uation at thl 'orlll

(H)

The daU of Figure 3~a, however, are not sutfitilnt to uparltlly SPltity '01

and k. If ~ is O. k IllS between" Ind 5. If '01 is 10, k lilS bltween 2 .nd

3. To utl,uta tha risk froa long-tlnn "'POSlirlS; tonslder In I"posurl 0'

duration d that blgln T ynrs ago. The intldlntl 0' mlsothllio," It ti,.e t

froM thl entire e"posure Is

U-oa)

aU\llIlng a d.la,Y at 10 ynrs. Th. tl'loici of I delt)' of 10 ylirS h indltatld

by thl dlta on hlAg tinter risk, wherl I d.lt)' at troa 5 to 10 ynrs "'IS

.~urvld bill.... _.tos uposure Ind th. INniftstatlon at rhk. f is the

int.nsity at th. asbutos e"pOSllre, and as USld in Equltion 3-6, USIAIS a

linnr r.lltionship b.tw"n Intensity of uposure and risk (s.. Figures 3-4

and 3-5). Equation 3-6 is aha linnr in doSl for short duration uposurlS.

E..uation 3-6 yields

• T •

( t_lO)"lt+l]T
T-d

( T-10 )k+l_ (T-d-l0) k+1 J
(J-6b)

Using a •• lul ot k z 2 (which best tits the workers' data) and lltting t/k·1 :

~ leads to th. following relations for .arying tlmls ot exposure:

" 0 for: 10 > T

"

(j-61)



H.... 1M h tht ..Ioth.lIo... Incldenct at t y"rl 11''' onut of upolur,

to U"'tol for duratlon d at a conc,ntratlon f. K,." Can:ln09tnlc pot,ncy

and ...y dlpand on fiber t)'l)l and df"nlionaIHy. Not' tllat 1M deptndl only

upon axpolul't varl'bl" .nd not IIJIOn a'l' or caltndar y"r perlod.

~ II the ..alurt of the "Iothelfoaa rl1t ptr ytar. In order to calculate

the rull ,ft.ct of an U"ItOl upourt on In UPOled poJIulatfon OVtr tl...

the calculated Incl6lnct per ytar ~,t " lu-atd for tach In~rval froa Onltt

of tXPOIUrt. In 'uch a calculatlon. lt II IItClfliry t4 ~kt ac(ollnt of thI

..rtallty that OCCU" In UII U:pOled population" It '9"'. In puctlce. lucll

calculatlonl, art carried out by 5·y"r a'l' and onl,t or txpolUI't Illtarvah.

3.11 QUANTITATIVE DOSE·RESPONSE RELATIONSHIPS FOR MESOTMElI~

Four Itudlt, provldt fnfOnalt10n on the fncldtnca of ..,oth,11a.a (pltura'

and ptrltolltal cOlblned) accord1R9 to t1 .. froa onltt of txpoIUrt, and con~ln

data that alla. alt1..tal to bt ..61 of tht duration and Inttnllty of alblltol

tXPOIUrt. The" da~ art IIh'n 11'1 Tablt 3·Z9. V,I"" for ~, UII potaney

tattor for "IoUIIlf~ rflt, can be t,tl_taO u,I~ Equatfonl 3·6c, 3-'d, and

]-61. OUllr Itullin reported cun of "Iothello-., but incid,nct data art

lactfng or IllIply not provldld. III ot....r'. t.ht data ....... not llhtn btcaull

vary f.... "Iot.htlf~ death' "'rt·,"n. ThUl, loea Itudln .ith ,1,,1"9 dau
could han a 1_1' Vl1", of Ill. Not, that .... a... ntfutfng v.l.I of III 'rot
a bfal.d l.-pl, at tho,. Itudl.I fn which KL wal 'Itfut.d. A ..alur. of tilt

blu can b' "tlaated by clMparlnll the valun of ~ and Kl obtalnad In tlch
analysis .Ith an analysis of tilt ptrCtntall' of dtathl fra. ..soth,IIOfa ca-partd

to u"n lunll clnctr In other studfn. Th' utl..ta of ~ for tach 0' thl

four Itudln "U lIade by calculatlng a rllathl IIlothlll ... Incldtnet Ullng

EQuation )-, and dati on duratlon and InllnsH)! of "blltol UpOSUrl. Thl

r'latha Incld,nc. CUrvll "'I'I thin suplrilipoltd on tht observed IncldlnCI

dati In taCh stUdY to obtain tilt v,lue at '1t. TIMIt tlts art depleted on

FlllUrli 3·' .nd ]-10. Thl tour studln II't dllcrlb,d btlow .nd S_I')' d.u

'I'I lilted In Tabll 3·30.

..



TABLE 3-29. MESOTHEllot1A lKCIOENCE BY YEARS FROM ONSET OF EXPOSURE,
IN FOUR STUOIES

Y,ars from onset
of eltllOSllre

15 - 19
20 - 24
25 • 29
30 - 34
35 • 39
40 - 44
45 - 49
50'

15 • 19
20 • 24
25 • 29
30 - 34
35 - 39
40 - 44
45 - 49
50'

Insulatton workers
?tto et II. (19B2)

1.2 (2,3)4
3.2 (7,6)

15.4 (18,29)
28.9 (16,34)
52.6 (20,26)
56.9 (6,19)

lOB. 1 (14,18)
66.4 (4,14)

AlIOs 1tt futory
workers

S,fdNn (1984)

o. a
7.' (1,1)

26.2 (3,2)
50.8 (4,4)
18.4 (0,2)

hlttlle "'Ork,rs
Peto (1980)

0.0
5.7 (1,0)

13.' (2,0)
23.9 (2,0)
3'3.' (2,0)

Asbutos ctMnt
workers

Flnktllteln (1983)

8.5 (1)
37.7 (4)
90. '3 (5)
'36.2 (1)

I( ) : n~er of plturll Ind ptrttone.l dtlthl, rtspectlvely.

"
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Figur. 3·9. TM mltch of curve. calcullt" using Equation 3·6 dltl
on the incidence of mesotheliome in two .tud~•. The tit i. Ichieved
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TMLE 3-30. SUMMARY OF THE OATA ~, THE MEASURE OF MESOTHELI~ RISK PER
FIBER EKPOSURE, IN FOUR STUDIES OF ASBESTOS WORKERS

A~,r,ge A~,nge •
1IIJI10r-nt ,xposur, ,

Study dur.tlon fI_l ... Y'l -
Insul.tton work,rs •• ••25 15 1.5 • 10 Z.O • 10
(S,l1koff ,t .1.. 1919;
Pita ,t .1., 1982)

Tut11, worklrs
_. -.15 20 1.0 • 10 0.9 x 10

(P,to, 1980;
P,to ,t .1., 1982)

'-slte lIctory worklrs 1.5 l5 3.Z x 10·' -.0.7 • 10
(S,tdlNn, 19M) ., -.C_nt hctory worklrs 12 , 1. 2 x 10 1.8 x 10

(Flnk'hUln, 1983)

3.11.1 Inlu1.tton Appllc.tlon; S,llk01f ,t ,I. (979); p,to .t ,1. 0982}

A follow-up through 1979 of th. cohort of lnlul.tlon workerl f1ro~td"

det. on the lnc:fdlnc, of _loth,HOM with tt .. frOll onset 01 .xposun (Peto
.t e1., 1982). It wn utl..ted th.t tl'llir tt.-weight.d .~.ng. txflosure was

15 t/Il (Nfchohon, 1976e). Us1ng th." d,t••n<! 25 yurs tor thelr ;lv.rage
-sduretlon of .xposur., • ~elu. of ~ = 1.5 • 10 ts estlmlt.d.

3.11.2 AIosftl Inlllletfon Mtnuflcturlno: Seldlan .t ,I. (1979)

Th. a~u'gI IIIJIlor-nt tt • .ot 111 tndhldulh tn thls factory was 1.46

yeUI. This ~I\U' and tM prt~lous1y und ~alu. 01 46 t/1I1 for th. a~.rag.

,.posur, yfeldl In 'ItfNtI tor ~ ot 3.2 • 10.8.

3.11.3 T,.tf1e Products Mtnuf.cturfni; Pita (1980); p,to et 11. (19821

A 20-30 f/_1 ~elu, for 'xposu... tnt,nslty h sugguhd by dati pruented
by P,ta (980). HOWI~,r, sc. unc,rt.lnty txhts reglrdlng thh ~,lu. llecause

ot dhcNlpanctu In Nll.th, exposuru lIIIuur,d lly person.1 samplers and

st.tlc sapl,rl. If txposuru ..uur,d by p,rsonal UlIIP1.rs .r. less than

stlttC s.-pl,rs, II suggelt.d by the d.t. at S.lther I~ Llwinsohn (1973), the

tvUlg' "POIUrl could b. about 15 fllIIl. Uslng 20 f/el and an eraploy....nt
'8period of 25 yUrt, • velue ot ~ = 1.0 • 10 11 esttmaltd.

"



3.11.4 Asbeltol C..-nt Productl, Ontario, Canada; Ftnkelstetn (1983l

Thl c.uhtl<J1 tllpOSUrl or the cohort o...er 18 yll1'l "'n HZ rtyr. Only

men with nine or ~orl Ylars or .-plo~nt ....rt tncluded tn thl cohort. Although

data on thl Ixact duratlon .nd Intlnslty or Ixposure .re unavallabll, ....... 111

USI a vilul or 12 Ylarl ror dur.tton of Ixposurl Ind 9 f/.l for t~ Intlnslty

of uposurl. Thls yilidl a "'II~ of ~ .. 1.2 x 10.1.

3.11.5 Othar StUdl'l

A not. on thti trlctlon product studles h APj)roprl.u. In tIM ItUd)' ot

Berry Ind Ittwtlo",e (1983) ltttle IXCUI lUI\9 c.nClr rhk wu otl1.rv~ (,..

S.ctton 3.9.5). EII....n dllthl froe ..IOthtiJlOlN ~currltd. A cOllPtrhon of

tile work hhtorlt1 ot th. CUU .nd 40 contrtlh utch.d tor Itll, 1ge. Ind dltl

of hire sllowtd III Incr....d problbiltty ot croctdoltU upolure _ng thti

C'ltS (.lght had such exposure) .nd .n lncr••std p~b.bll1ty of n.ewy ChrylOtlll

Illposurl. In tht study of McDonald .t II. (1984), .n .l,vltld risk ot lung

c.nc.r WII oOnrvlO but no trlnd with Increulng ,"poluru (I" Sectlol1 3.9.6).

McDontid .t II. (1984) dld not flnd Iny "IOthtiltOlllo d.lths _ng thl cohort

....1'1. How....r, tl'lr.. "IOttltlloM delths IlIOn; toMltr plallt ...,loy.., .... ,..

reportld to the Connectlcut T..-or Rlghtry (Tlta et aI., 1983). Two ....,.. In

woa.n Ind 0", ln I aa'i who t'nl1nlt~ ...,lo~nt prior to recel ... ing I Socl11

Security IIUl11ltr and, tllUI, Ill ....re ucludtd tl'OlJ tile cohort of McDonald It

11. (1984). ""ntlon ot till IluothaJloen h laport.nt baclult it Illultrlt.s

that CII.S cln occur troe chrysotlll .xposur•• In frtctlon productl aanuflcturl.

Bleau.. or tha 10'll obllr...d lung Clnc.r dolt-r.spall" r.lltlOllsl'llp til both the

studl.s or McDon.ld .t 11. (1984) Ind B.rry Ind Mewftous. (1983), 110 ~Inlllgtul

data on ~sothellc.a rllk r.lltl .... to lung Clnc.r Cln b. obtaln.d.

3.11.6 S..-arv or ",loth.1I0lII0 Don-Rupon" R.latlonlllips

A 1' .... 1..,. of tile tour studl.1 for ~Ich ...alu'l of ~ ....1'. cotltn.d lndlclt.

th.t tl'lr" Ira ....ry 11,lllr "hll. K,. froe the stud)' of Fink.lIt.ln (1983) ts

.-veh hlgiMr. Thls wn 1110 found in tIM ..111,1. of Kl IItl..ttd In thlt Itudy.

Much clos.r .gr....nt 'IItltl In til. rltio ot ~Kl' Whil. It is not POIs1ble

to lilt. In ICCUrilt "tluta of th. "'Ilul of "i. til till 10 otl'ltr Itudies und

to Istl.ltl (t' a rough "Isure or "lotllellOll rlst Cln be obtain.d by cllcu­

Iiting th. rltl0 or tlla n~.r or "Iottltliou duths to totll deathl Ind

dl ... ldlng by ttle c.ulltlv. uposurll of til. groUJII. Tilts II don. III Tlble 3-31.

9l
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Col~n 5 of Tabl. 3·31 indiClt.S this rough ~soth.lioel risk in .11 14 studi.s .

• nO Coll*1'1 6 sho....1 tilt rltlo of this risk to 100 x "l' Not. thlt the t"o

..,uuru of risk It, not c~nsurltt. To mlk. thh txpliclt th. ratio ".111

De du1gnlt.0 u tht "r.lltiy. lIltseth.lie... hlnrd." Th. g,oll.tric 1II.ln of

the relath....soth.liOlU hiuro In III stuoiu txc.pt friction products

IMlnufactur;ng ;s 0.87. Th. ratios ;n th, two friction products studln ar.

very unc.rtain DeclUSt of th. gr'lt unctrtlinti.s in tht lung cancer riSkS,

ano thty Irt not incluo.o in th. ay.rlg'. hbl. 3-32 lisll tht g.c.tric

mtans, by procus, of th. rtlat;v...soth.HOlta huaros in all stuoiu .xc.pt

OtlMlnt It.1. (l983b) ano NiCholson .t al. (1979) (whost HIOth.HOltI CUll

art ;ncluo.d ;n th. hrg.r studi'l of McDonald .t a1., 1980, 19831,b).

Th. g.om.trlc IItlns of th. rellltiv. 1IlI10th.lieu. hlltl'ds, by prOCIIS,

differ y'ry littl. (.xcluding conlid.ratlon of friction prooucts o.caul. of

th. larg. unc.rtlinti.s in lung cane.r risk.) T.xtilt p~duction, incluoing

studlu of plants that used SOlll crocloolit. Ind llIOlit. hay. th. lowest

ay.rlg' hlzard, PrOduct manufactur. and us. hiS th. high'lt r.lltlve lIlIsoth.­

1I0IIa hazard. This h largtly tht ruult of th. high hatard founo llIIOng

inlulation wor~n ".ho were 'XpOI'O only to leOsit. and chrylOtile, but "'h,re

a r.yltw ".15 11I0. of .11 availablt pathological ..ttrill to icltntlfy CIIU.

Tht g.e.ttric aV'Tlg. of the ..nufacturlng pllnt studi.s il 0.99, coincidentally

the s.... 15 found In aJtOslt. Insull.tlon lIanuhctu,... Chrysotlh lIining aho

dellOnltrat.d a high r.lative Msoth.1iOH hUllrd (although in aosolutt terllS

th. unit ,xposurt risks for both lIIIsothtliOllla and lung canctr art low.r than

othtr ubestos uposurt' clrcUllstancn). Th. high relativt h.nrd .... s, ;n

part, the result of a high r.latlv. hanrd found in thl study of Rubino.

N.v.rth.NU, th. hiluro found in thl lltgl study of McOon.ld et .1. (l980),

0.83, Is higner tna" that of t.xtil. production (pr.dc.ina"tly chrysotil. Out

".ith sO!lle crocidolit. and ul(uitt) and littl. diH.r.nt from all product

lIIanuftcturlng, 0.99, using all types of uoutos. Thus the geOlM(rlc mu" of

all studies, 1.07, f,irly r.pr.s."ts all IXPOlurt circumstanc.s, except perhaps.

insulation work.

There ls no .vld.nc. In thos. studi.s listtd ;n T'Dlt 3-31 and ]-32 tn.t

would suggest a lubstantiilly different relative mtsotheliOlU hazard for the

different typu of ubutos Yllri.tiu. Ho~v.r, this conclusion is limited by

thl fact that crocldolitt "15 not the dOllinlnt fio.r expOlurt in ~InY of tne

$ludy groups. In an analysis of the r15k of pllural and ptritontal Illesotne­

110ma r.lative to tX"55 lun; carn::.r ;n all publishld cohorts, includin; those

"



TABlE 3-32. ESTII4ATEO GEOMETRIC MEAN VALUES OF THE RelATIVE
MESOTHELIOMA HAZARD (COL. 6 OF TABLE 3-31) FOR THE VARIOUS

ASBESTOS EXPOSURE CIRCUMSTANCES LISTED IN TABLE 3-31

Geometric m4an .alue
of relative halard

(Col 6, Table 3-31)

Textiles {except Oe~nt et al., 1983b)a

Friction products

Mining and .illing
(except Nicholson et al., 1979)a

~slte manufacturing

Asbestos pNlduct unufacturing
and use (crocidolite Ol of insulation,
15' of two factories; 5' of Manville plant)

Gl0-4tric ~an of all exclpt
friction products (excluding a....nt It al.,
1983b, and Nicholson et aI., 1979)

Geometric mlan of all except friction
products and ~Ining and .1111ng

O. 72

,,'
1. 32

0.99

1. 32c

1. 07

1.02

aA single ..sothelioma case 15 included in the larger study of McDonald
et al.

bAn unreasonably high value because of low lung cancer risk.

cCrocldolite contribution very 5•• 11 and can't extract out relative contribu­
tion of crocldolite.

with only croci<1olite exposures, it would appur that the ratio of the cases

of pleural mesothelioma to excess lung cancers is two to three times greater

than tMt from Ullsite, Cllrysoti Ie or IIbed fiblr Ixposures. (See Section 3-11.

Rilative Carcinogenicity of Different Asbestos Varieties.) Considering botn

pleural and peritoneal sites this ratio increau,os to three or four tlmn for

pure crocldollte exposures. There are no estimates of the relative exposures

to crocidollte in these cohorts where SuCh exposure was possible. Ifowever, to

estllllate the possible effect, tile relative mesethelioea halard for the studies

of Peto (l980) and I4cOonald et a1. (l983b) were reduced by 20 percent to

account for effects of a Z percent crocidolltt usage and than of asbestos
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products lIIanufacturing by 50 per'fnt. This yields. geo.. tric r'IIun of 0,85

rather than 1.07. TM, 26 per'lnt differen" for .n ,uUlNd efhct of croci­

dolite in five studils i' f.r llss th'n thl tIn fold unclrtainty in thl estilllated

valun of KL or ~ for an unHudied uposurt circUilstanct. 8"au$e of the

abslnce of any Ivident effect of crocidolite in the values of relative meso the­

li~a riSk In the Table 3-32 'nd s.. ll estilllattd crocidolitl correction to tnl

relativi ~sothelio.a hazard, no adjustment will bt -ade to the final estilated

value of ~ (Which havI associated with it a twentyfold uncert.inty in Istir'llatin,

an unknown Ixposure risk).

The-rel.tive ..sothelioma haz.rd in tht four stUdies for which thl geollletri(

Illun of ~ was calculatld is 1.59. The geOlltric ...n of tht relative lIIuothe­

lio.. huard in all studin (excluding: friction pl'Oducts) is 1.07. This

sugglsts that thl v.lul of KwtKl in the four stUdies i. 49 perclnt higher than

thl aVlr.~ for all studle.. As tlla glOlltrlc ...n of tha calcuhtad values-,
of ~Kt in tile four studlas is 1.25 x 10 ,thl above data sugglst a value of-,
I)IKt for all studin of 0.84 x 10 . Ii~ver, this is certainly a lower

lillit on the valul of thl ratio. Firstly, inclulion of tile friction products

studies would rlise it by se. (unkllOwn) UlOunt. S4condly, 3 of the 4 studies

for whicll I)IKt was calculated uled data frOll .11 av,n.ble pathological

lIIaterl,ls and mldic,l rlcords to idlntify ~Iothelic.a casls, while thosl not

analynd generally did not. Had.ll studi" done so, tM rllativt lJlSotnt­

lllHla hazard would bl highlr (in thl SeidlHn, 1984 and SI1Hoft et aI., 1979

studiu such raview incrund the nllllbar of .."otheliOlia CUIS by 75 perclnt),

To partially account for tlllSl factors WI will un a valul of 1.0 x 10'6 ro'r
thl ratio of ~Kt. Thl aVlraljle value of ~ is thus 1.0 x 10.8 .

The 95 ptrcent confidence ll.its on tht "tiuted valul of .\ was a

factor of 2.5 and a factor of 10 on its application to allY ullknown I~posure

,ir,ulllstance. tarljllr un'lrtainty factors would apply to K
M

blcause tne data

frc. wnich It "" esti ..ted are IIKlre unclrtaln thin thOse fr~ wni," Kt ..as

"tilIIted. While it is not possible to IStilIIt. tne 95 percent cOllfidellCl

tillit directly, a f"tor of S would appear to be reasonable for thl aVlrage

value of ~ and I. factor of 20 on its app};catiOll to any unknown exposure

c i r,ulIlstanCI.

The range of uncertainty lIIay in tact b. greater than that sU!lgested.

While this 20-fold factor provides a range of 400 (i.I., Isti~ates are ~ivi~e~

by 20 and multiplied by 20 to dttlnline the rallge), tne range could be greater

"



ylt. HOII'ever, insufficient 'ntormation exists by wllich to make any 1lI0r,

precise or definite .sti_at, of unc.rtainty.

3.12 ASBESTOS CANCERS AT EXTRATHORACIC SITES

Th, consist.nCy of an incr,as.d cancer risk and its magnitua., eith.r In

abso Iute (obnrv.d-.xpect.d dutlls) or re lit i v, (obnrvell/expected duths)

tertls Is leu tor canc.r at other situ. N,v.rth,leu, IUny studies document

significant cal1'C,r rhks at various gutrolntestinal (GO situ. CanClr ot

the kidney and urinary organs >;as aho tound to be signiflcantly elevat.d in

t>;O large studies (S,llkoff .t aI., 1979; Puntoni .t aI., 1979). Among f.male

>;ork.rs, ovarian calK',r was found in exc.u (N....houn et aI., 197Z; Wignall

and Fox, 1982; Achuon .t a1., 1982). While no other specific sitn ~re

shll'om to b. ellvat.d at the 0.05 1.v.1 of significancI, the cat.gory of all

cancers other than the lung, GI tra.ct, or !tIsoth.110lla is significantly

eltvated ( •. g., S,likoff It a. 1. , 1979).

Table 3-33 lists all studi.s in which -ere than 10 GI cancers ....r. expec­

t.d llr observ.d and in >;hich the ov..all lung cancer rhk ....as elevated at the

0.05 level at signiticlnce. SOlIe st\ldies having statistically unc,rtain data

wen elillinlt.d frOll cons i d.rat !on, as ..... re sev.ra I Iarg.r studias d.",on­

strating a low risk of lung canClr becaun of .xposur, or tollow-up circu.­

stances. B.cause the .xceu risk of GI ca.ncer is less than that of lung

cancer, significantly .l.vat.d risks a.re unllk.ly to b. seen in studies that,
de~l15trati littl. risk ot lung cancer; therefore. negative data in sucn

5tudiu do not have much significanc•. In considering Table 3-33, nott tnat

all but 3 of tne 23 lilt.d studi.s show an exc.ss Gl cancer risk, even toougn

the risk is small in stvera.l studies. However, 10 of toe 23 studies demonstrate

risk at a 0.05 level of significance. Figure J-ll displays the relationshio

between the relativ. riSk of lung cancer and relative riSk at GI canClr in the

23 studi.s in Table 3-J3. Figure J-11 shows there is a consistent rela.tillnship

b.t......n increased GI cancer risk and increased lung cancer risk. Fiber uposure

to the GI tra.ct is prllbabl. because tne ~ajority of fibers inhaled are brougnt

liP frllm the respiratory tract and s",a"owe~ (J40rgan et aI., 1975), and some

may becollle entrapped within tile gut \Oall (Storeygard and !3rown, 1971J.

Additionally, fibers lIay b. s...allo...ed directly. Nevertlleless, the maQnitudl

"
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of thlt ucus at GI situ is ..uch lltn than for thlt lun9. In r.cltnt HU(lIu,

ttlt GI a~ctSS Is tbout 10-30 ptrc.nt of tht lU"9 .~c.ss.

Tht n"tr of studlu duonstratin9 a statisticilly significant ucess

risk of glstroint.stinll canctr In asbtstos·t~pos.d groups tnd th. corrltlation

of th. r.lati .... risk of ga,trolnt.stinal with th. r.lati .... risk of lung cancer

art h19111y sll9glt~tlv. of a causal ~latlonship b.t....n nbutos .~posur. and

llutrolntutlnal canc.... Howe...,", altt..natl 1t lnttrpretatlons of tn, abo....

data ara ponlbl.. 0011 and ?to (1985) ha sll9gutld that ..ny of th.

It~C.SS Clnc.rs attributld to llutrolntutlnal sftu ..y b. _1sdlagnoud lung

canCltrS or ..sothltli ....s. Ttllty also cit. the aoune. of confil"Utory ani ..1

data Showing a risk of cancltr at txtl'lplil-anary situ IS weighing against a

caunl rthtionsl'lip.. ~"'.'" It is difficult to accept that III tIlC."
gutroint.stlnal clne.rs .... th. ",sult of .isdhgno,h. WM1. "nelrs of

SOIM of tilt IllStrointutinal situ, pa..ticlllirly till pancreas and th. stouch

to sc.. .Ilt.nt, II'I of tIn .isdilgno,.d ~,oth.l101t1" canc.", of thit colon and

rtctu. Irl uSllllly corrltctly ctrtiflltd Ind ttlt 'IIC"'" at thts. sitts IcrOIS

studi.s are unlikely to bt tht rtsult of _1sdilgnosls.

Tilt U.S. En... irOlWlntal Protection Ag.ncy Canc... A".n.nt GroUll hn

rt ... iewtd studiu with GI canc.r tllCln. TJl.Iy hit.... concllldtd thlt the l"OCia·

tion b.twetn GI Clnc.r .lIe.ss and asb.stos .IlPOSUl'lt is stro"9.

lIbl. J-ll tho lists the oburvltd llId .xp.cud -artallty for CtnCltrS

othltr than ..sothtliON, the GI, or ...spll'ltory tract. Th••I.vation is not

as consistltnt II for GI Clnc.r. Only sill studi., ha I....at.d risks thlt an

significant at a 0.05 Itvtl, and d.f1cits art olIser 1td in flv.. Tht ;lnllys.1'S

Is further cOlllpllcat.d by till possibility tllit ..isattribution of lur,g C;lnC.r

or ..uothelio.....y II....... occlirred ror SOIlllt eu.,. Fa.. ulIlph, brain or Ilv...

canc.rs cOlild bt IIlIttastttic lung canCIrS in which th. prilll.ry sltlt was r\Ot

prop.rly id.ntifi.d. In tllit stud)" or in,ulation workltrs, S.lIkoff .t II.

(l979) found th;lt 26 of 49 pancrutic cane.rs werlt .hcllSsifl.d; -ast of

thoslt .iscllsslriltd Wltrlt pltritoneal .,othtlious. Tht ItIlCItSS at othtr sit.s

is ",uCh Itss than lung cane... ;lnd roughly sl.lll.. to thtt of GI cancltr.

l.lJ ASBESTOSIS

Asbutosis, ;I lor,g-t.... dis.." tntity ..uultillg frOIl tht inhthltlon of

&Sbutos fibtl'S, is" cllronlc, progr",l ... t pnt..-oconiosis. It is charlettr­

ind by fibrosis of tht lung PlrtnChyu, usually rtdfologically tvfdtnt only

"



Iftlr tin Yllrs from first IXpOSUr., Ilthough chlnglS cln occur Ilrlllr follaw­

Ing .on stver. uposuru. Shortnnl of bruth is thl prlllliry sYlllPto., cough

is hu c~n. and signs suel't II rlln, tlng.r clubbing, Ind w.igM lou in

hter sUgII of the- dilul. Ippur in I proportion of Clltl. Th. dis".. 0111

first r.portltd light dtcldeS 19o (Iilurrl)'. 1907) Ind hll occurred frlQulntly

l.lI'I!I worklrs occl,lJInlollllll)' ..posltd to the flblr in Inluin!! yelrl. ChlrlC­

terlltlc J-rly c~ngts Irl ~Il Irregullr op.cltlll. ulu.ll)' in tnl IOWlr Inc

.idd1e lUI1l\l fleldl, often ICc~lniltd by evidence of pllur.l flbrolis or

thicklnil1l\l, Ind/or pllurll "Ic'flctti.)n. Both tilt vllcer.1 Incl, IIOr. c_nly,

thl plrlltll pllurl ..)' be 'nvol~.

turrlntl)', 50·80 Plrclnt of individuals In groups with l'telv)' occupational

uposu,..s bl!91nnlng .are ll'tan 20 yurs urll.r Irl found to l'tIV' IbnOnllll

X·rlyS. Tl'tlle Include "blltOI Inluhtlon worttrs (Slllkoff .t 11.. 1965),

IIlnlrS 1"'Cl .fllers (Nicholson, 1976b). Ind ubeltos flcto!")' .-ploYI"

(lewlnsol'tn. 1972). In .Iny C1N:UIIstlncII, flbrOlls progrUUI following

CI"ltion of expolure. Tl't. prIYII.nc. of .bnor&ll X·rayl II .ucll Ilu In

groUPI UPOIItd to lUlU QlUlntHlu of ubutol, lucll 1$ ltl1py.n! or con·

structlon workers· or workers I.polltd reclntly. Berry It II. (1979) IIlYe

.Il'1&l)'lId tile dlYllos-nt of cllnl,,1 ItId .-rl)' Ilgns of ublltosh ICcording

to ICc~htltd "polure Il10111\1 WOrkerl of the Roctldlll "ctory Itudiitd b)' Doll

ItId 'Ito Ind other. (.11 St<tlon J.9.J). Tile re.ylt. 'U99.,t thlt tn. rl,k of

deYeloplng pos,lbll ISbll~'ls 11 less thin 1 p.N:lnt ~ro- In exposure to 0.1

fI.1 for fort)' )'.lrs. HowIvtr. tIlUI ruults IIIIst bl interpr.titd cautiously

btelun .11 itldhidu.h.studled b.g.n work with ubutos after 1950. Till

pouibllity of an incrusil'ili! pr1llY.llnc. of .bno .... lttl" with progr.uton elf

tl~, IYln with no furtlltr Ixposurl, .ust PI conlldlred.

Th. British Occupational Hygilnl Socllty (19B3) .yalua.tld the c.l1nkll,

physlologica.l, Ind X-ray findings Il101'19 groups of ..or~ers upoud in two

f.lctoriu In Grllt Brlt.I". Fro- an anllysll of the diU til.)' conclud' tllit

tl\t problOillt)' of deY.loping In)' on. of stYln pulllOna.ry elr ra.dtoQrlpllic

ibnorulltlu usochttd with uPutos uposurl 11 l.n thin 2 perc:ent it

cueulltlYI expo.ures elf 2S f-y/.l. As with Blrry's .nllysis, the proQrllslon

of Ibnona,1itiu "itll ti .. IIIISt bl conlidered. FiMln!!s of 01101'10 ....1 X-ny"

Ilredoaollllntl)' of t"" pl'urt, uong fe-ily conUcls of lSbnto. wor~.r,

(""'d,",on .1Id S.llkoff. 1979) Sl/99tst thlt r.dlogr.pllic stigllolti 0' ..PIStOl

Ixposur...y occur tt Wiry low .~posur.s if • long ,nou~n ti~ ,1tOSII Oetw••n
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tilt !~posuTt and tn. obser~ation. Th. si~n1ticanc. of pl.ural ~-ray abnormal­

itiU is uncertain. Th.y lIIay or .ay not b. anoelat.d with d.ficits ill pul­

.anarj function, and no info~tioll exists on wh.th.r the pr.s.nc. of pleur.l

plaqun or pl.ural thic .....nin~ i,apliu a ~rtat.r ris .... of cancu uparau fro!'!

tnat .ssociated with c~ulativ. asb.stos 'KPosur•.
Lidd.ll and McDonald (l98() h.lv, correlated caust-sp.clfic IIOrUlity,

1951-1915, with tne r.adings of the last available .-p\oy~nt X-ray of a group

of Canadian _in.rs alld .ilhrs. Th.y found U,.lt significantly incrtaSld ris .... s

of dutll frOlll pneUllOconiosh, pulmonary TB. lung canc.r. ~oth.r" Ttspiratory

distUI, and distas.s of thl helrt wer. nsociat.d with I pr.vious Ibnonlll

~-rlY. However. incr.Isld lung clnc.r rll ....s ..r. also found .-ong individuall

with no d.tlct.d p.r.nchyrul flbrasis. but wtlo lNy lI.va had pl.ur.l abnonsal­

iti,s. Again, un .... nown progr,ssion of fibrosis could h,v. occurred b.twe.n the

last N.ding and duth.
In .dditioll to disuse and dhabl_nt dudllg lif., asbestosis lIu ac­

counted for I large proportion of dutlls _ng wor ..... rs in SoM occupatlonll

groups. Til. firlt reports of the dis.ln (Auribault, 1906; Murray, 1907)

dtlcrib.d cot!PI.u Ir.dication of wor ..... rs In tutil. carding rOOlls. Much

illpnlv_nt In dust control hn t ......n pI",. in the industry sinc. the turn of

the c.ntury, but ev.n rlc.ntly those expos.d to .xtresely dusty .nviro~nts,

such as textill lIIills, ~ay h.lv•.as ~ch as 40 p.rc.llt of t~lr deaths attribu­

tabl. to this caust (Nicholson, 1976.). Groups with hUfr .xposurtl for 20

or mort years. such as in .Ining and .llling (Nicholson, 1976b) or insulation

wor .... (5.1i .... off .t al., 1979) • .ly have 5 to 20 p.rc.nt of th.ir d.aths attributed

to pnlUlllOconiosis. A'll vad.tlu of asbutol apptar equally Cfp.lbl. of produc­

illg asbe,tosh (ll""ig .t a1., 1979). In groups upand at lowtr conc.ntrations,

such as tile famili.s of wor ..... rs. de.ltn rra. asb.ltosis hal not b.en reported.

It is not clur what the dose-responn rtlatiollship is for the -.ost

~illimal l'Ilallifestations of asb.stos .~posure, such IS a pleur.l or diaphragmatic

plaqui or unilat.ral pleur.l thic ....ening. Th. possibility exists thlt such

abnonsallties m.y d.~,lop in soe. individu.ls long .ftlr exposur, to ~ery low

doses of .sbestos (1-10 r-y/.l, ror .x~le.) This is sugg.st.d by the finding

of signific.nt p.rc.ntallU of such abnonsalitln uong fallily contactl of

Isbutos wor ....ers. How.v,r. tneSf ~-r.y abno~lltilS ara unli ....ely to b.

ISsocht.d with Iny discernible pulmonlry function d,ficit in illdi~idulls

upoltd to Ius than 10 f-y/_1. At sucll .~posuru. tile pri ..ry ris .... considera­

tion is canc.r rath.r th.n non-malignant dis.,s•.
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3.14 _MANIFESTATIONS OF OTHER OCCUPATIONAL EXPOSURES TO ASBESTOS
In thl p.st dec.dl, con,ld.rlbl, Ivld.nc. WI' dlv.loped on ttl, previlt

of I,blstos dlst,sl in worklrs ,.polld to • v,rltty of work Ictiviti'5. ~. .,
in shlpylrG trlGeS (oth,r thin insulltlon work), 1n p.rtlcullr, wer, shOWn t~

hlY. had significant uposurl. 8y 1975, Harrl'l (976) Identified S5 "soth,_

liONS in ttl, Devonport Oocky.rd, only two of ""'lell ...r. In UblSlol workus.

In I "1.·control study of four Atl.ntlc (Olll Irl", .n .v.r.ge relativi rjs~

for lung c.nClr of 1.4 WI.I d.t.~ln.d (Blot .t .1., 1978). Till sludy popuhtjo~

hid ,n Iv,rlg' elIJI10yMnt tl.. of only thr•• yurs 'lid no txP05Uf. data Ir.

,v,1Iab1 •. X-ray .bnol'lMlttln ..onq non-lnlu1.ltor stllpy.trd "ploy•., art

1110 c~n. .wong long-t.,.. (MOstly 30+ yur) sMpyard worklrs, S6 plrcent

h.vI X-ray Ibnonillitfls chlrlctlristic of asblstos I~posurl (511ikoff It al.,

1980). Miintillanci plrsonlMl aMI aho at risk froll ublStos dhlnl. Lilis

It a1. (1979) reportltd flndill9 Il-ray Ibn01'"llllitfu UlOn9 55 Plrclnt of 20+

ytlr cl1lllical plant worklrs.

ThlSl findings IMI flllJlOrtant blcluSI thly point to souren of Invlronnlen"

tal ubattol ..hlion, in thl futurl. R.-ovil of U~,tOI frOll friabll pro"

ductl, Including inlulation ..toerial, and Inst.llltion of Ingintlrin.g controls

in flctorles havI significantly rlducld .~posun and ...hlionl fro- pri ..ry

..nuflcturing or new conltruction work. HoweVlr, MOrt! than onl .illion tons

of Ubattos are in pl,cl IS friabll IIltlriah in sMps, buildingl, pllWlr

plants, ch..lcil pl.ntl, r,finlrias, Ind athlr lOCltions of high tltlllPlratllre

equiptllnt (Nlchohon, 1976.). Kainttn,nc., rlp,lr, Ind r...v,l of this iIIIterid'

will contlnlll to b. In '''Portlnt sourc. of future upOlurl to werklrs and of

..issionl into the Invtro~nt (both lnsidl and outlld. buildings).

3.15 D£POSITION ~NO CLEARANCE
Considlrabl. dltl In .vallablt on thl qllantity of ublltos fiblrs in

lungs of indivldulh with and without known upolurlS to ubutos (Slbastltn

It aI., 1979; Jones It 11., 1980; WIgnlr tt II., 1982). Host of tht CUIS

anllyztd Wlr. s.llctld blcausl of d,"th fro...soth.li~., often coupled with

an InvlStlgltioil of a splciflc work group (WIgnlr .t al., 19S2; Strry and

N...hoUSl, 1983). Howev,r, thly havI not blln corrllattd with known cUllluhti.,

.xposur,s. G.n.rally, IIIPhlboll burdlns of lIu.i1y upond lnelI.iduall range

frOIl 107 to 108 fib.rs/gr.. dry wt1lltlt: lI.n.ral population controls (in Grut
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Brluin) art laua11y I.n t~an 106 fib.rs/gr.. dry "'liM (JOMS .t aI.,

1980). SI.ilar conc.ntrations ot chrysotfl. ar. sltn In e.postd >fOrkers

(Wagner tt aI., 1982) and unexpOstd controls (Jones ,t II., 1980).

V,ry few dltl Ir, Iv,111bl. thlt provide a basis for .stablishlng • .cdtl

for the d.positlon .rtd cluranet ot tibers In lI_ns. It it up.cttd t~at

bot~ sl\ort- and 10ng~tt,.. cluranc. IttChlnis., .. ist In II_II', tt in anigh

($It Ch.pter 4). It only 101lg-t.... p~c,nu art cOlllfd.r'd (chlracterfted by

~ntlls or y'ars) th, sl.pl"t .ad,1 I, Ollt In which the cll.ngt In IU"9 burdtn

(M) Is proportional to th, rat. ot deposition ot tlbers (Al (I.su.ing continuous

txpolur.) dl.fnhlltd by I clunne, thtt is p~portiona1 (by tlctor 'l to the

n~tr of ffb,rs pru.nt.

This yftlds for tht n~r of tibers prtUnt Ifttr I constlnt .xposur. of

durltlon, tl'

(3-7b)

and .t a tl .. , t z atttr c,slation of • constant .xpOSUrt of duration t
l

N ,. ~(l-. ·lIt 1),·_tz•
(3-7c)

Suc~ a IIOd,l is .pp I Iclb I. It t i..s t 1 Ind t z wIlf ch art 10"9 c~artd to

any s~ort-t.,.. charane...chlnis.s. It is clur1y" v,ry sflllplistfc IIOd.1 in
t~at it considtrs only Ollt charlcttristic ti .. for long-tt,.. relllOval pro·

cuns. "'tvlrth.lt", It Illustrates th, difficulty of Ipplying tvtn tht

sillplest IlOde1. In orlttr to lystfMtlzt lUII9 bUrd,ns, InfoMNtion is ntld.d

on tht durltlon Ind Inttnllty of tna .xposu,. and thl ti.. fr~ last .xposur.

in ordtr to obuin a Mttu,. of the chlrlct.rhtlc r_val ti .. for a given

fib.r typ.. SUCh inforution is not y.t ,vIll'bll for tht il'ldivldU.h whou

lungs h.ve been ,nalyz.d.

DIU havI b'tn pru.ntld by 8igllOn ,toll. (1978) on the n...... r of 'lIlphi­

bolt fib.rs dtttct" in lung wUhlngs of Itvtn "'btHos insulation workers.

All Wlr. upostd bet"'tn 10 .nd 16 yurs. Whl1. lndividull ••posuru are
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unknown, f~r fib.rs ~r. found In t~. w.s~'ng5 of tnos. long.st r.-ov.d fra.

exPOSUTl. Til. dit. ir. conshttnt wit~ iI .acrla" of 50 p.rc.nt in til. nUllb.r

of wilsllabl. fib.rs It five to s.v.n y.irs Ift.r CIssition of .xposure. However.

it is nottd tll.t wlSlI.ble fib,rs ...y I'I'Ot be proportional to till rnidulI lung

burden or to tne nUlllb'~ of tlbers trapped witl'lln lung tissue. Tilt lung wasn­

inll' ~r' largely Imphibole; no corrnponding diU an availabl. for cllrysotil,

fibers.

Dati on the fiber di_nsions frOll the" studilt show i dterU,. in th,

averall' length ind di ...ter of fibers found in the pleur. comp.red witll those

found in the pir,nchyaa. HQWtver, 1'1'0 distinction was .ide b,tween amphiboles

and chrysotil, in this Inll)lsh, ;and th. dffftrent lenllth·widt~ daU could

simpl)l be I r,fl,ction of the predoeinlnce of chrysotile in the pl,url.

3.15.1 Hodels of Deposition ;and Cleirance

Tile T'sk Group on Lung Dyn..les of til' Int,rnition.l ~a..lsslon on Ridio·

10llieal Prot.ction proposed a MOd.l for th, d,position and ret,ntlon of p;arti·

elu (Sit 6r.in .nd Valberg, 191'). The results of thh IlOdel .re shown in

Figure 3-12, whicll depicts the perClntlgu of p.rtieles of diffennt sizu

deposited In tile v.rion COlllP.rtrMnts of the respiratory tract. Figur. 3-12

shows tll.t .lveollr deposition s dOliinant for particles with I ...n ..dhn

din-eter lus thin 0.1~. As tile p.rtiele sin increuu, deposition in this

arn dtcreult, falling to 25 percent at 1 jJJI and to 0 at 101-1" or abov•.

Nas.l and pharyngeal surface deposition beca.ls important above 1 1-1111 and rises

N.pidly to !:. the do-inilnt deposition sill for particln 10 1-'11 in diauter or

gruter. This 1lI0del "'1 dev.lop.d for Iph.ric.l puticles. Ti!ll!:rell (1965)

h.s shown that th, settling v.locities of particles, and their aerod)ln••ies,

are suCh th.t fibers with Ispect rlt10s grelt,r thin three behave like particles

.. ith a dia~ter three ti~s .s grelt, independent of the length of the fiber.

This was corroborated by "lel/htions of Harrh and FranI' (1976). ThUS, f ....

fibers with di••t,rs as larg••s 2 1-111 .re likely to penetrate into tile .lveol.r

sp~ces, although finer fibers, even .s long as ZOO I-IM, ~Iy do so.

3.16 EFFECTS OF INTERMITTENT VERSUS CONTINUOUS EXPOSURES

Two distinct kindS of e~posure occurr,d to work,rs in t~. diHlr.nt

studi,s r.viewed. In sO"llroliuction ollerations (e.g., t.xtilu), worker! are
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FigUN 3-12. A.roaol IMposition in the ,••pi"tory
uact. neilll volume i, 1.480 ml; frequency. 15 br.'th,
per minuM'. Veri,bilrty introduced by chang. of ligma,
geometric standard devMtion. from 1.2 to 4.5. Panicl.
sil' equal, diemstel' of m... mltdia" ,il'.
Source: Br,in and Valberg (19741.
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e~pond to .. re1l.thely conlt..nt conuntr..tlon of ubutos fiber throughout

their work d..y; in otMr ~rodllctlon o~er.. tlons (e.g., insul .. tion, Ninten.ncf,

..nd sa.. production), work.rs ,rt exposed to txtre.ely viri.ble concentrations

ot nbtstos, ... ith MSt of thtlr cu-uh.tht txposure resulting froe 5hort

dllr.tlon, but inttnu, .xposuru. iIIlplicit in ttle uu of • linear dOU-re5POnse

rel .. tionlhip ind "vu'''g. uposuru is tM conupt th"t th. risk of Cinc.r Is
directly rehted to tile c~l.th. IIbutas .xposur. receh.d in a ~.riod of

tiM, I.e., th, ,fftet of In expolur, to 100 flel for 1 hour is tht ume as

thit of 1 f/el for 100 hours. (This ,qulViltnc••ppllu only for Short tiM

p.riods. B.clun of the tl.. dep.nd,nu of e"otMll... risk, 100 f/el for

on. yllr 11 not tqulvlllnt to 2 f/e' for SO yllrs.)· Short, Int,ns. Ixposures

could hiVI an .fftct dift.nnt fr.,. lo,ngtr and l~r expoSliru If clurancf

Mchln!s_, irt ..lttr.d by v.roy hlllh conctntrltions of insplrtd ubestos.

Although th.r. ir. no utI. tl'l.t dlr.ctly Iddr.n thh qulStlon, Indirtct

lnfo~~ion sU9l1.sts th.t the ..gnltud. of tht Ifflct Is Itss th.n th. v.riabil­

ity b.t.....n stud;u with continuous .xpOSUrt. H.nderson and Enttrllne (1979)

found thillt ttl. nc.n lun.g cillne.r rhlt for pllnt-wide ..lnt.n.nct Mchillnics

wu only slightly Mgh.r (21 p.rc.nt) th.n thtt tor pl'1lGuctlon workers, on a

unit exposur. ol1h. Curiously, the risk of pn'lIIOconlosh WIS eucll Ius per

unit of cueulltlv. ,xposilre .-ong ..lnttn.ne. work.rs, Tile siel1lrity of unit

exposure risks ot Insul.t1on worlr.trs cOllllI.red to gl"llups h..vInll continuous

exposurt suglluts th.t til. che,.cttr of tt\.tir exPOSUrt is not inrportant. How­

evtr, both cOo1lPerisons deP4nd !l9on the ..poSUrt utie.tes ot tnt groups in

quutlon. Cl ...rly, "ver"g. ,xpOSllrl5 crt difficult to estilut, froll .pisodic

exposuru .nd the .oove nUltlrl"l slenultiu lIlY b. fortuitous. fhe unusu­

.l1y low ~neUllOconlosls risk _ng ItitCtlanlcs In the Henderson and Enterline

(1979) study ~IY b. tM result of .xpoSUrt ,1s.stl..t.s.

3.17 RELATIVE CARCINOGENICITY OF DIFFERENT ASBESTOS VARIETIES

Wh.thtr thltr. is I dlft.rent clrcinog.nic r"ponu according to fiber

typ. or industrhl prouu is .n luu. of lm:reulng conctrn in th. undtr­

stlnding of ubutos dhen., Consid.ribl, controversy nu dtvelop.d IS to

wllettler on, vari.ty of Isb.stos (crocidollte) or min,ral class {"mpnibole} Is

IllOre carcinog.nic th.n .nothtr (th. $l1'll.ntine .in.,.l, cllrysotil.). Grut
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Sriutll, tlllldl, Illd S"'UIl l'IIvl lllflOlltd fll' ." rigid SUllClIrGl for crocldo·

litl tl'lln otlltr vlri.tilS of U~ltoS. In contrllt, the United StltlS 1'111 no

,pechl It,ndlrd for 1"1 specHlc II~StoS 'lntrtl.

Prior to the lite 1960. the question ....s _t, beelU...st tP'dIlIlo·

logicI' stuellu dfd not ICcurttely cl'llrlcterhl the II~Stos ff~r t)'flel used

,nil ..uur_nts ·...nl not ... ot tfber conctntratlon by .1I.r.I lpecl ...

!'ost u....nts only clllrtet.rlzed the Ulu,l quutlty of dust In tIM ..tOtOl

(in t of aill10lls of plrtlc1n PtIr cublc foot) r.tlMr tIltn In teNS of

flbtr conc.ntntfon. Thts lack of Info....tloll on fl~r tapc:lsu,.. by ,lntr,1

type .... r-eognhld It the tl .. of t"" 1964 .... yort Ac.~ of SeltnelS

COllf."ne, on ASNSUlS (WIlI"I, ,net 'lIn .'Ytll, 1915), tnd I l'IC-.ndltlOII ....

ude tl'llt lilt illPOrt~' of ffblr t)1ll on the rhk of dtv,IOCllng ...boutoili.

c.rci_ of till 11Ing, .nd _lothell,l t_rs be Invntlpttd. tn tIM ensuing

yurs, consllitrlol, Info....tlon .....v,loped 011 lhe .ru,11ty tll.lltrl,nc, of

dlf',r,nt grollps ,.pos,d to dlff.nlllt v.rlttlts of Isblsto, f" dlf',,..,,t -ork

proc,un. UllfortuNlt.ly. tIM dlff,,,"ll.1 unit 'lqHllUnl rhlt usocflted wltll

dlff,,,,"t flbtr types Is still not cOlpltt,ly underltood.

3,17.1 lung t.ne.r

3.17.1.1 OCcUPltlonal Stuell ... Flgu,.. 3-7, Teblt 3-ZI And Tablt 3-10 s.....,...

ht the i"forutlo" 1V.i1lblt on tilt unit UIlOsu,.. rtst for lung Clne.r In II

dHf.r.nt tPidtIIloiogICl1 Itudf... TM rtngtl of tilt fractional Incnl'" fn

lung c.ne,r plr unit UbtSUlS 'XPOIU,... e:qlnlued In 14,.. of f·y/_I, v.rln

by.,,, tlltn two 0'1'''' of -.gllitudil. 1I/hat h unlque about tl'lts v.rlltlon 1,
tll.t uposurn to • slngl, tlb,r type yield "sultl tllit differ by ntlrly

100-fold. On, of tn, 111911'st unit e'POlur. rllks ••s found ln , t ••tlle pl,nt

tllit Ulfd only chr-ysotl', ubutn (O_llt ,t "., 19830; HcOonlld .t ".,
19831) Illd the lowest vlluu Wlr. found In • 11rll" stUdy ot cllrylotl1, ..in,

Ind alll _Ioyns (McOOlllld .t II., 1980) Ind In Qroups ..posed only to

chr-ysotill IIbtstos In frfctlon products Nnuflctllrlng (B.rr-y 'M Newhouse.

1983; McDonald ,t 11.. 1984). Slalllrly, 111'9' (lO-fold) dltt,r,ncts Ir.
found In studlls ostlnslbly ot tilt 1_ process, IIsln; tht .... ai' IIId oUlllty

of Ilb"toS fibtrs 1" d1ff,r'"t pl,nts of tile 1... coap'ny. A Itudy of Ilb.,tOI

c...nt .."Uf,cturlng shows 0", of the lIighe1t unit 1APQ1ur. ~11ks (FI"k,llt.l",

1983). ~thtr study (Will' .t 11 .• 1919) SuggeStl I rl1k.art than 1110,s

IUCh, .nIl, I 100fold dlff'rl~1 In rfsk 'PPt.r1 to .~I1t tn two groups working

.t dlff.r,"t plrlads in I Iingl, 'rltl1h T,.tll, ftelllty ('Ito. 1980).
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Thlrl is only onl study in which thl uposurl WU soilly to .llOsitl

ubestos (SlldlI,n, 1984), ,nd till risk was cOllp,rI.bh to till risk found in

cllrysotil1 tutill of/lrltions. Howevlr, In !evlr.1 groups Ixpond to a ..fHur,

of chrysotill, PlOsHt, .nd crocidolltt in lnsuhtion work (SI1ikoff It .1.,

1979). till ri sk wu lin tllin th.t Iltptrhncld by .1 thlr chrysot111 ttxt ill

..nuflcturlrs or .-osltl f.ctory worklrs.

No d.ti ulst, In Iny study, of unit Ixposurl risks to worktrs upono

sollly to crocil1olitl ublstos. Entlrllne'lId H41ndtrson (1973) .nd Wlill

et II. (1979) S!J9gllt th.t worklrs nposed to chrysotill .nd crGCldolltt ,Uy

h,vI • grlattr lung "ntlr rlsk th.n thos. Ixposld to chrysotlll .lont, plrnlps

by I flctor of two. However, thls suggestion is blSed on air conclntntlons

of tot.1 p.rtlclu In tht rlSpttthl work Invlro~ntJ (including /RUch othlr

dust) and I slgnific.nt llIOunt of crocldolltl could Iho hlVI bltn present

wltllout I.ffltting thl tot. I plrtlclt count.

Tht widl dhtrglnct of rhks "cording to fiblr tYPI, .nd Ivtn DOng

si,il.r work prOClssIS, sugglsts th.t f'ctors othlr th.n tlnlr.J tYPI subst.n­

ti.lly influtncld tht studlll rlvl_d. Tlltse othlr f.ctors could includl

errors In thl Istl..tion of IxposurlS th.t occurred dl,.dls previously, biases

or othlr II.it.tions in Ipid..lo10gi'.1 studlls dlscriblng till dilt.11 Ixplrl­

InCI, .nd st.tistic.l unclrt.intits .ssocl.tld with. II,itld nuMber of dl.ths.

Whlil tl'lt .bovi futors undoltbtldly contribuh to SaM of thl obnrvld

vuhbllity in Figurl 3-7, Clrtlin consiltlnt differenclI .rl liklly to bl

rill. CIlrylOtl11 ttxtill production illlP.rtl I significantly highlr risk plr

flblr exposurl thin cllrysotill lIining or friction products t.nuf"turing. Thl

dlt. supporting this sUllg,stion .rl vlry convincing for tlnlng versus textiles.

ThlY <lrl Ius convincing for friction products versus tutills btctun of

gr..tlr unCirulntl1i in thl tort.IHy uplritnCI of friction product wor~lrs

.nd estlm.tls of tnlir flblr Ixposurl.

McCon.1d It.1. (984) .nd othlrs sU!lgutld tnlt dlfferenCII in risk. llIay

bl caustd by difflrlncll In flblr silt .nd dyn..lcs of plnetration. "'s (llryso­

tl1e is proctuld, thl per'lnt.gl of long curly flblrs (whicll Irl lully

counttd but not tuily Inspirld) dttrlull .nd thl plrttntagl of shorttr,

strliglltlr, and n.rrower fiblrs incrt.sls.

3.17.1.2 Envlroll/llnt.l Exposuru. Cit. on thl risk of lung tlnelr by fiblr

type frOll non-occupatlonll Ixposurll to ubutos Irl utr_ly SCirel.

Sie.iltyc~i (1982) rlportla on thl mort.lity e_ptritnct of thl genlr.1 pOPUII­

tiQn of "'sI)UtOI .nd Tllitford Mints, QUlbtt. Th"l two """ account for tnt
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great preponder.nce 0' cllry!otih lining in Can.d•. ,hi , ... le popuhtion in

tlllSe towns lias experienCed !lIost.ntial expOSllrl co~arld to that of individllal!

in non-liining aren. Oah frOll Gibbs It .1. (980) indicate tll.t recent town

air conclntratlons range froll 170 to 3500 nglll2. Additionelly, h01i1 exposllres

to the Wivll of "or~tr! in tile plant allo occurrtd. Tabl1 3·34 lists tilt !llOr­

tality experienci for silect.d C'IIStS allong the f... l. population of Asb.stos

and ,hetford Hlnn during thl y••rs 1966·1977. Thl observ.d Jlortallty "as

complr.d to the mortality exp.ri.nc. of the IntiI" Provinc. of QIl.b.c. Th.r.

is no statistically significant ••CISS of lllng cane.r .-ong the lining poplIla­

tion fl.. ll1 cQ.lllllrld to ttllt exp.cted. Howev.r, the 1111 of thl Intir. Province

of Qllebec as thl r.fer.nc. population appears to ~. inappropriate, .lttlougtl

the dlgr.. of inappropriat.ness is difficlllt to UClrtaln. Lllng ClnClr raus

in rllral aries art consid.rably lowlr than ttloll of IIrban clnUrs. McDonald

et .1. (1911) st.t.d ttl.t the lung c.ncer r.t. for ..111 in ttll counties

surrounding the .lining area is two-thirds th.t of ttl. Provi"Cl es a whO 1•.
,abll 3-20 givl1 the region.l lung c.nc.r incid.nce ntes in QII.bIC ProvinCI

for m.lIs and femalls for tile years l,969·1973. ,hi ratl tor •• lts In rur.l

cOllntils is 73 perc.nt of the ratl in thl Province, in .gr....nt "Ith McDon.ld

.t a1. (971); I'IOWIv.r, tn. nlltiv. r.tl1 for runl f..les Is IVln low.r, 62

plrClnt of thl Provincial r,t.. Thlls,' f... l. lung ca"C.r r.lativl risk of

1.06 cOllp'r'd to QII.bIC Provl"Cl translat.s Into. 70 plrcent increaSI co~arld

to ,II of QII.blc Ixcept Montr••l .nd QUlblc City.

TABU 3-34. I'lOR,ALITY fROM SELECTED CAUSES IN ASBESTOS AND THETfORD MINES.
COMPARED TO QUEBEC PROVINCE, fEMALES, 1966-77.

Ca~e 0 , 0-' • DIE U.C.L. •L.e. L.

'" callSIS 1130 1274.6 -144.6 0.84 0.89 0.94

'" cancers '" 318.1 -29.1 0.81 o.n 1.02

Digestive cancer 117 110.1 6.3 0.88 1. 06 1. 28

~espiratory c,ncer 13 21. 5 1.5 0.68 1. 07 1. 61

Other resplr.tory 30 51.8 -21.8 D.39 D.S8 0.83
eli SI4SIS

a'iS plrc,nt confid.nce limits.

SOllrCI: SllIIIi.tycki (1982).
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Ttlis Incrust is .110 c••tibl. lOith <UU publish.d by Wigl. (1917) 0"

Clnc.r IIIOrt,ality in rthtion to ub,ltol in lunicipal Jjat.r luppliu. Ht

cOl!P,artd the canc.r risk., by site, for Asbntos Ind Th.tford Minn lOith ntart)'

co~uniti.s tI.vlng IIIOdlr.t. cone.ntr.tlonl of alb.stos in thtir wat.r SUpply.

and lOith vlrious othlr c~unitl'l ttlroughout ttle PrOvine. of Qutbec, includl"~

SOIM in populat.d a-n<t Industrial .ralS. Ttl. rtlative canCtr risk for hmal"

lOal 1.3 for Asbntol and Th.tford Mintl, 0.7 for five nearby town" and 0.8

far oth.r cOMunltiu (SMit urllan or Industrial).

Th. incrusu indica-tid by tn. adjust'd relath. risks In SllMhtycki',

(1982) study and those indicat'd by Wigl.'s (1977) d.ta- al'l both ,tatllticall)'

,ignifltlnt. H_vlr, ttles. data- ar. only 1l1'<iicativ. and dO not duonstrlt,

an Iner.ISld lung c.nc.r risk. dUI to Invlrona.ntal asb.stos ,xpolur" blcaus,

ttll attact of confouncl1nog variables IOU not txplor.d. ,"varthlhn, the data

show th.t population ce-plrhons b.tweln ruldlnts of Asblstos and Th.tford

Mlnll J oth,r raglons of QU.bec tlnnot b, Ultd to Indlc.t. the abstn" of a

rhk..

3.17.2 Mtsothll.lC*l

3.17.2.1 Occupation.l E..posurts. rabll 3-Jl lists v.luu ctl.r.ctlrlzing ttle

risk of dllth fl'1lll "lothtllC*l and lUrn;l can"r par f·y/ll In four studiu,

alorn;l IOlth crudar .sti..tu of thI ...sottl.ll~ risk. COIIIplrld to tha-t of lung

cancar In 14 studl.s. Onl notlCllbl. fllturt Yang all Itudill is tllat the

ratios of thl unit upo~ura risks of ,"Sotllilioia and lung cancu art vuy

sllllihr, Irrupactivl of the tYPI of UPOIUrt uperltnCld. Ttlus, It appurs

ttlat ttlt s.1IIt fletors lIffact th. variability of ...sottl.lIlMla risk IS .H"t

lung c.nctr risk, and ttllt "Iottltliollla rl'k can bl Iitilllit.d from values at

'\ .nd an aVlragl ratio of YKV Again, it appurs ilRlloniblt to separatt
the ,ft.ct of ,In,r,1 tYPI trOI ottllr factors contributing to the variability

of potancy.

In ord.r to IIkl a bro'd'" caap,rison of IIIsoth.llolla according to ,xpo·

sur. by ... Inera-I typ, , ttll risk. of phlJral anc! pariton.. l lIuoth.llolia can b.

COlparld Jjith that of lung canear in a varilty of studiu. Blcausa the asbu­

tos risk of lI,mg cancer is diractly proportion.1 to tnt undarlyint;) risk of

lung canclr, the c~arlsons art -est appropriat,ly made to a lung cancer riSk

that is ltanc!ardlzed to a sl.IIar bllckground. In particular, on. WQlJld ..pect

ttle ratio of IIUOttll1illllll to exC.1S lung cancer alltOn; _In to b. Slveral

no
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tien l'Ii;h.r than allOn; l\\en b.c.uu of lll. ;rUl.r b.ckground risk of lung

canClr _nli ..n. hbl. 3-3S list. the ....dou••tudh. frOlI hbl. 3-Z. In

,ach studY ••n att.-pt wu .ad. to .ttle.te an ncu. lung c.n"r rilk tll.t

~u'd ha .... occurred if the U.S...1. rat'l In 1970 h.d ~r....ail.d far tilt study

po~ul.tion. For Uupll, the IUrldardllld n_.r of duths In _n 'OIlS caleu­

l.ttd by _Itlply~ng tilt nu.tltr of abnrvtd duthi .inul th. 'Xfltettd nUlltl.r

of deathl by the ratio of tM ag. sUndardhtd ..II to 1...1. lung can"r

r.tt. Sf.nar .djustMnts ....r • .aM to tM UCUI nUlb.r of lung ean"rl of

cohartl foll~ for 10"9 periods of tl.. , that would ~"I had .n a".raV' tl..

of d.ath .arll.r than 1910. Adjule.tnt.....~ .110 ..dt where t,.. lung c.ne.r

ratll of otlllr IMttonl dlfhrtd froll tho.. In tIM UfllttO St.-tu. Th. llSt t'lO

djllltMnts ltd to 0111)' .IllOr chol"g" In ..st eallortl, \/hIlt tilt adjulUlnt

for gtnder 'OllS subsUntlal .and unc.rUin beenn Of "nnc. of lnforaaUon

,r,Oovt the .-oklng habltl of the Itudy group. FllMll)', ldjulUlntl to local

ratll .... re .... 11.lIar to tlloll In S1ctlon 1.9. AfUr.ll UIt adju.tMntl

....r• .aM, the ratio of ..Iothtll_ 'OllS calcullottd by t)'Jll! of fib.r uposur•

•• a p.rc.nllge of .djultld ,XC'II lung canelr. Th. relultl WIre s~d .nd

tl'll Ca.blned dlott for Ip.eHle .1M,..1 uposuru I''''' ollU1Md.

Tl'lIr••re ......r.l It.ltaUonf to confldlr 'lIMn r.... it<Wlng til... data.

Blcau.1 of poslibl. bl.s caul.d by undlrdlagnoltf of PlritaM'l mt.othlliom.

in un)' eOllortl, the ~rlnc:lp.l· focul Ihould b' on til, r.tlOI of pl.ural euo­

t"'lI0111 to adju.t.d axcell lung c.nc.r. Tlllul spaci ..n. Of all .bdOllln.1

t.arf var' r .... l_d in ani)' • IIW stud1.. (S.llkoff .t a1.. 1979; 5.1",n,

1984; ~oun and 81rl")', 1979; Fink.ht.ln, 1983) to d.tt .... in. If ~.rlton...l'

"lotI'll110.. lI.d ",n .lsdilllllOltO. hcaun of tilt ongoing r.... i ... 01 e..otll.­

Ii_s i" C.".U b)' the McDonaldl (McDo"ald .na McDon.ld. 1918; McOona.la .l

al., 1970. 1971), t,.. Itudy of Can.dl.n .In.rs .nd gn Slsk work.,.1 can aha

b. consld.r.d to /Ia .... "MfittO 'roll r."l... Th,n. stllCltu .<:<:ount 'or 194 of

236 illtntifitd p.rft.olMlal "lot,..II..I. SuDsuntill bias ..y .lso uist

b.cau.. of ItUdies In wnicn tnt tracing of the cohort Is neited; ill SOlll

studies es ..ny u 39 p.rc.nt of the ...pastd ;ftdiviClU.h -.r. untractO. The

ina.CltquKY Of triKl"9 ...s p.rtlcuhrly high In ItUdies of work.rs ....pond to

croc:ldollu. Th' dangar it t/at _Iothellc.u Wlr. illtntlfitd in rl'glstriu

bteaun of tlllir uniqueness. Dut t/lat IUIl9 cane.rs in untr.ced indivldu.ls

~ ... not. Thu., It Is lik.ly that tlllr. is • sublUlnU.l o.... resti ..t. of til.

niaOer ot Msotll,IIOlllI r.l.ti .... to lunll cane.r ulocl.t.d 'Olith crocidolltl

Ul



,xposuru. AlIo, the C~lrison Of the rltlo Of IIlesoth'lIolll to ....cus lung

clnt,r is unClrtlln b,uun of substlnthlly different time coursu for tht

two dlunlS. The ti... couru for lung Clnter Is deleMiintd by the tillle

course of the underlying risk, whiCh 15 usuilly the tl~ course of lung Cancer

fra clglrett. slloklng. On tile other hind, the ti.. course for llIuothelloel

is strictly d.pendtnt upon tilt ti .. frOll onnt of 'xposure, rising It about

the fourth or fifth pow.r of tl.. frOll first .xposure. Th. analysis utiliud

in Tlbl. 3-35 do.s not fully Iccount for such dlffer.nces.

In c~lrlng the difftrtnt rltios of pl.urll ....soth.lloMl to adjusttd

lung Clnc.r for 111 studi.s In Which the •• jor t"posurt WIS to on. fibtr type,

tilt ratios for chrysotllt, MOsitt, Ind llIillld ....posuru Ire roughly complr­

ible. Crocldollt. uposuru hlv, a tWOfold to thrttfold grut.r n"er of

pllurll ..soth.HOIIU "'lltlYt to ucess adjustld lung Cinc.r. Howev.r, is

notld previously, the untrlctd individulls in tilt v.rious croc;dolite cohorts

lilY IIlvt led to In o.......stiut. of thls rltlo. The ponibility of underdiag­

nosis of ..soth.llc.a notwithst.ndlng, the risk of p.ritone.l ..sothe1iou Is

.uCh lowtr with pure chrysotila .xposurts thtn with .-phlbol.s or lIixed t ..po­

sure. Only one p.riton..l _uotllal1Ol11 nu btln Id.ntlti.d IIIOng lIOre than

Z5 MsotlltliOlllS In chrysot11e-,xpoud p~uhtions. Though I gruter ..soth,­

liON potAncy My bt considertd for crocldollte (. factor of two or four

considering both plturll Ind p.ritontll sites), tilt effect of other factors in

a giv.n exposure clrcUIIst.nc. l.,ds to lIuch grtlter differences, as for exa~le

in tilt cue of lung c.nc.r, wh.re different exposure CircWllstinces with the

s_ fiber lud to nurly 100-fold difter,nctS in unit exposure riSk. A

sllllilir situltion ...ists with ..sotlltllosl whert the !IIanufacture of allOsitt

lnsul.tion is anocilted witll • high risk of mesotheliOllll (s" Table 3-34).

whil • .-asltt .tning dtMonstrlttS little tXCISS riSk (Webster, 1978; Solollons,

1984). ,1,110, grnt differ.nclS in risk appttr to e... ilt bttw..n the crocidolltt

mines of tht Trlnsvul Ind thon of the Clpt Province. Thus, any suggestion

th.t th.... are druttic differ.nclS b.tw..n "bestos vtrieties has to bt

consid'rtd in tilt light of gruur dltter.nctS that appear to bt related to

procuslng, fiber silt distribution effects within I singh nbestos variety

(t.g., the dlfftrence bet..en t.xtilis ind mining), and to differenc,s between

Cohort studhs of tilt SUI IXposure ClrCUilstanclS (e.g., the asbestos cellH!nt

stUdies of Weill at II. (1919) and of Flnkl1sttin (1982, 1983), or tn. two

COhorts of Ptto (1980).



ThIn W;IS no nid,"ce in lib!. 3-10 of • subst,"ti.} diff,rlnct !n lung

C'!Klr unit up0$UrI risk Ittributtblt to 'fbI!' tyO' _" .• w" • I pun _S'Itt
UPOSUN tI.d • unit uposur. risk about twice tll.t of ~h '"... ryu • uposur,s
the co.l1nltion of a.osit. or crocidolit. witll ch....satll , '

. ~ • n atlltr ""pOlure
circ~tlnCU d_nstr.t.d low.r unit IJlpOSUrl risks Th, 0" f T. • r~ .blu
)-31 Ind 30 35 Indtcat, til, crotldollt. "'0th,lio.. to lun, ,.". "

',,-II' r s~ ntto
is no eor. th,n four tl... th.t of other fib.rs, and wlltn croci."" I

• I unci
with olh,r fibers, t!'le cOllbInlel fltlo ditftrs littl, 'rllll non-c",cidallt.

upOluru. Tllest findIngs 5ugg1!It tlltt crocldolH. or upMbol. UPO'.mu

C'flnot b. the upl.n,tlon of .-oIl ..soth.liOflu found In SOlIe preoo.tnantly

chrysotlh ..posur, CIn:.~lt.nc.s (•. g., C.n.dhn 11n1nv .1Id tilllng'lI(\

RCIl:tNUI •• Enoghlld tutlJe production). Thh conc;lusion h furttltr S~ortld

by the observltion thlt III the lHsotheli_s in thl .above Cil"C'lastlnCtt were

of tile pleura, wheren IlIphtbole upOlure gener.lly p",ductt cOllPlreble nulllbers

of pleural and peritoneal ..sothelioan (till study of HobbS et 11. (1980) is a

r ...arka.ble exception). Finally, in thi CUI of till RochU1I factory, the riSk

of ..sotheHOItI in a f.ctory using only Z.6 plrclnt crochloJ1te f~ 1932-1968

(0011 Ind PltO, 1985) wa, II Mgh II ttll risk in thl Lolldon factory studied by

NlWhoust Ind aerry (1979) in which I,rll" MOunts of croci dol He Ind alIOS HI

were ustcl.

A Clreful consideraticn of the role of ~hibolu in the pMlduction of

IlIsothe1i_ is hlportant for contMll of IIbutos disille. On the onl hind,

H would be a ,ist.ke to ,illi,ill or igno,.. tha lHsothaliOlU risk of chrysotile.

14i11iolls of tons of this fiber prullltly Irl hi building lIi1terhls and othlfr

prOducts. Thl potellthl for rlleue in future YII.rs is sUbstalltial unlns

proper work practiclS and Clre are utillud during repair and lIaintinance

work. all the other halld, it should bl recognized that crocldolite, particu·

larly, is • vlry dlnwerous nbutos .aterll!. This calIS rroe t ....o aspects of

tnl fiber. anI is the above-Mlltionld Z-' fold gruter risk of ,."otheliou

relative to lung canctr found in crocidoliti Ixposure CirCUlIStinCII. This

certainly indlcatll a great.r unit Ixposure riSk for ..sotheliQII relative tc

other nblltos fibln. Secondly, the large percentage of thin fibers in a

crocidolite aerosol (which uy cantrlbute to inc;reued risk Mlltioned above)

also lHY contribute to a grllter fiber Ixposure wl'len crocid01tte·containing

prOducts arl unufacturld or uSld bICIUS. thlSI Vlry tnin fiblrs rluin .loft

for longer plriods of tiM. Considlring .11 flctors, the proscription on tne



us. of erocidol1t, in 'Ivlrll countril' would .pp••r to bt justified. Forty_

n,tely, few purl crocidolit, ,.polurt ,ircUistanCIS ••isl in tilt United St,_."
Sullj.cl to their unctrUintiu. tht iVlno. vilun of "'L alld ~ retlln thl

1IlO5t illlporUnt prOCtiSIS whlre croctdolih 15 • constituent of th, ..tlri.,
bling produc.d, .Nev,rthtllsl, if I purl croctdolltt ••pOlurt is ,ncountertd,

• ~.soth.ltom. risk grllttr thtn that I'lim.ttd using th. Ivtrlgt vilul of K

Is likely to •• tst Ind correspondingly gr,.tlr preclutions Should bt •••rCjl~
3.17.Z.2 Enviro~nt.1 Expolurts. MoIloth,110lN1 hIS b••n docuaentld in I

vuiety of I'\On-oc:cupttlonal c;n:u.ltlll'Cn, includil'l/il f ..l1y COMettl of IIbu­

tos-expond indivldulh. hbl, 3-36 lists observed ' ..l1y cont.ct "soU'e-

lious u,ociated with thne occupltionll posun circ...stlnclI and mesotht-

lioaas identified in the cont.llct worker group (the observlt10n periods are not

Quit, c_nsuratl). It is l.-port.llnt to note that f.-l1y contact cun are

Setn w1th upasure to Chry10tih, H011U Irw:I croc:1doltt.. By fiber type,

there appears to be little dltterence In ttlt f.-11y contact risk relativi to

tile risk It work.

TA8LE 3-36. MESOTHELIOMA FROM FAMILY CONTACT
IN THREE OCCUP~TIONAL CIRCUMSTANCES

Mt10tllellou
F..lly

Occupat10n Country Fiber typa MIlbers Workers

Minlrs and lIilllrs Clnlda Cllrysot111 " 126

[nsulation unufacturlrs U.S.~. Mesita " ,,'
Mbla prOducts U. K. Mlud " '"aMcDonald ana McDonald (1980).

bMcDonald It a1. (980).

cAna,rson (1976).

aSlialn It a1. (979).

eH~lIouse and Tllo~son (196S).

fNewhouse and Berry (l979).

Ani ..1 stUdies support this conclusion Ind suggest that III varilti,s of

asbestos ,lIoula be considered IQually potent with rlspect to tile production of

eitllir lung cancer or mesotheli~I in both inhalation and i~IIntatlon stua!I'.

A, aiscusnd previously, "any risk dHfenncn ...y be accounua for by

alffarences In fiber si1e aistributtons In different work envlro~nts. r.ther

th.n by fiber type. The llTutnt plrClntlge of lonller and thicker fibars

11'



occurs in til...ork InvirolUMnt of .inus and mill.rs. Asbntos us.d in lIIanu·

facturing: proCISS.S is broken apart wllil. it is incorporated into tile finished

prodllCt. Ouring: ,pplic,tion or rellOv,1 of insul,tion products it is furth.r

,.nipul,t." and the fibns blCOlW furth.r rlducld in 11nith ,nd di,uter .. itll

m.ny f,lling within tn. r,ng:' of significant carcinoglnic potlncy (,•• Section

'-S). alCaUSI tn". sllortlr 'nd tlllnn.r tiblrs c,n rlld; ly bl cirritd to tile

perlplliry of tilt lung ..n.re tn.y p.n.trlt. ttl. VhClrll pltura and lodge in

the .iSClral or pari.tal pllurl. tilly ..y b. of i~ortlnc. in tnl ttlology of

Msoth.lilllUl. 8ignon, S.buti.n, and th.ir colillguu (1978) rtported data

fro- , study of lungs ,nd phura of sllipylrd work.n. Larger fibers, often

pphlbolt, Wlrl found in lung thsue. In the pllur~, the fib.rs .... r. g:lnlrally

chrysotnl, but Sllortlr and tllinn.r. Th. urly I"ochtlon 0' ,"sotnllio,u

"itll crocidolit. occurrld b.caust, "In in IIIfning:, crocldolitt h rlldily

brohn ,part. yl.ldlng: ..ny 'ib.rs in a rupirtbh ,nd c,rcinog:lnic sill

rangt, and 1115 bit" IIlltnsivlly ulld in Grllt 8ritain In utrl.. ly dusty

InyirOl'Wllnts (I.g:.• spray insulation), crllting higll IIlpOIUrn 'or Mlny Indl·

.idu,ls ...HII , concOlllhnt MglI rhk 0' dlltll 'rol Msotll,lilllUl. Thus tht

disllu CIM' ·.... 'att.ntion (lrI,gn.r It ,1.,19(0). Thl lining 'nd 1II1111ng of

cllrysotill, on ,,,t oth.r tllnd, invol.u .xposurn to long ,nd curly 'ib,rs

..lIfch Irt .ully count.d but nell euily inspirld.

~tc.nt IxpOSUrts in Turkly to tile fibrous ztollte Mintrli. ,rlonitt, ha.,

bltn associated witll lIl.sotlltHella. Iluults rtported by Blris It 11. (197'3)

dl~nstrat. an extrlordinlry risk; ,nnu,1 incldtnct rltts 0' nllrly 1 ptrcent

IIlht for IIt!sothtliCllU.. In 1974, 11 of 18 dlltlls in Klrain, Turkey "'ere from

tills cuse. Tile flblr lengths are hignly .ariablt; IJOst .rionHe fibers are

sllorter thin 5 ~m and 75 perc.nt art less th,n 0.25 ~•.

3.18 SU/'fIAIlY

O,ta art ayailablt that allow unit risks to be dlter.ined 'elr lung cancer

and lIIIsoth.lioma. Thl .alulS 'or kL, the 'ractlonal risk Plr f·y/III1. vary

..id.ly allOng tilt studiu. h,rg.ly becau51 0' the statistical .ariabil;ty

anociated ",itll s!IIll nullbers but also becauSl of unc.rtaintin associated

",ilh lI.thodology and exposure nti ..tu. Bued on an analysis of the unit

.xposure rhk for lung cancer and mlSothe1iOlll. in 11 stul1ies (",11 ,tYdhs for

..hlch unit Ixposur. risks Cln bt esti ..tel1 exctpt chrysotill mining ",nd milli ... g)
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thl but Istint. for KL Is 0.010, .nd for ~ it h 1.0 ~ 10-£1. An .n.lysi,

of y.rl.bility suauts th.t thl 9!) plretnt confidlnce litit on the eur-'te

of K
L

is gelllr.11y frOll 0.0040 to 0.027 (. f<ICtor of 2.!)), but ror K
L

in ~n

unknown Illposure clrc...st.nce it Is a factor of 10. A gr..tlr range of unctr.

tainty 'Ppllu to the but uti..te for the y.lul of ~, tht uncert.inty in a

ghtn ellposure cin:::u.stance is .ho gr..ter, ptrh,p5 by • facter of ZOo

Difftrencu in IIMstes typt canflOt Illpl.in the ytriability of KL ebSerYtd in,

dtfftrlnt studhs. l+owIyer, the lowr risk yaluu found in chrysotih tining

.nd tilling capared with chrysotlle textile production suggtst that fibar

lall9th .nd width distribution Is illlpOrtant. Tilt unit Illposure Msothe1iOll'

risk .lso difrers greatly in different txposure circ...st.nces, but thl r.tie

of IIltsotlltliOlNl rhk to IllCUS lung cancer risk Is relathely censt.nt.

Periton.. ' .sothllia-. hIS lugely btln usochtld with uphibole IllPOSUrt,

Ilthough this is qualified by the possibility of underdllgnosis in Ie.. stUdt,s.

Pltural ..sothllia-. is Iisoci.ttd with t~posure to chrysotlll and crocidolitt;

while difftr.nus in pl,unl ..soth,lio.. rhk attrlbutabl, to flb,r type ..y

Illht, they tr, IlUch ltu th.n difflrencII .ttributabll to ethl" flcton,
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4. EXPERIMEIHAl STUDIES

[~TRODUCTIDN

" (.tt ,nll1,l studln 0 ubntos h",lth effects h,v. bun Ut4d to conti ....

£nd .~tfnd pT1lvlous]y' utabll1h.d hlJh,n d.t. rather thin to predkt n....n

dltU$f. Thls situation e~lsh btcau$f asbntos uug. preclUn tne use of

anll... 1 ttuclln for ascert.lrwent of rhk; btclu$f SOlIe Inl'nl rJIOdeh Ire reli­

thely ruhunt to th. h~n dh",su of concern; .1Id b4CIUst lung Clncer,

~he prlnclPl1 Clrclnogtnlc risk fr. ubntos, Is the rnult of 1 .... ltlh.ctorhl

Inurlctlon b.t.....n eluul Iglnts, prlnclp.lly cigarettl "eoklng and Ubutos

.~posur., ,nd II difficult to ellen In , slngll I~posurl cll"'C~stlrw:•.

Althouqh ,11 of thl asbutos-nhhd fIIlllJn.rw:lIs Win first ldentl11ed ln

h~ns, ,~plri..ntal .nl..1 studhs cont1l"Md tilt ld.ntH1C1tlon of tilt dl1nsn

£nd provldtd l~rt.nt lnfol"llltlon, not 1V.111bh f~ hUMn studies, on tn.

dfPOtltlon, cl •• r.ncf, .nd rltlntlon of flb.rs, as Will .1 c.l1ullr ch,nlJ's .t

short tl..s Iflu .~posur.. L!nfortun,tt1y, ani of tilt .alt l~rt.nt qu.stlons

rll$fd by hUMn stUdies, thlt of tl'le roh of flbel'type Ind sh., Is only

p.rtll11y .nSWlr~J by anl... l resnrch. Injtctlon .nd l.-phnt.tlon studies ~n

anlMh hlv, sllown long.r Ind thinner fibers to be .eore c.rclnogenlc orw:e in

place at a pot.ntlal site of Clrw:.r. HoW!Ivtr, tilt size dtpendenct of thl

IlOv_nt of flb.rs to _loth.H,1 Ind other thsnl h not fully .lucldat.d,

and the questions nl1.d by huNn Itudf4S concerning tIM relath. carclno·

g.nlclty of dlff.r.nt 'Ib.stos Varlltlll stilI r..aln.

4.Z FIBER DEPOSITION AND CLEARANCE
Deposltlon .nd clurarw:. of flb.rs frOll! til. rnplrltory tract of rali

.... re studhd (\Ir.ctly by MorlJan Ind hl1 collealJues (Margin et 1.1.. 1975; Evans

et 1.1., 1913) using radloactiv. ubntos siMpln. Following 30-.lnuu fnhah·

tlon .~posuru In a non bruthlng appautul, dillosition and chanlle. rrOll

the respiratory tr.ct ....r. follow.d. TIM dl1trlbutlon of flb.rs In ~lriOUS

organ systems ....as d.t.l'lllnl!d .t the conclusion of Inti. lit ion, showing thlt

31-68 p~rcent of lnsplr.d t1brous uhrl,l Is deposited In th. ruplrltory

tract. Th. distribution of that d.poslttd mlterhl h shown in Tabl. 4-1­

Rapid cl.arance, prlM.rlly f~. the upp.r resplrltory tract (airways above tht
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TABLE 4-1. DISTRIBUTION OF FIBER AT THE TERMINATION OF JO-MIHUH HIHALAT!O~

EXPOSURES IN RATS (PERCENT OF TOTAL DEPOSITED)

•
~Itro- l_,

Hlnl I Intutlnlll ruplratory "~Ifl~
Flblr pllngel hophll9uS trlct trllct alpolltl

Chrylotl11 -, ,., 2 •1 51 .t 9 l8 •• II • •
Chrylotl11 • ." 2 " .... " .. ., ."Mollta .. 1 2t 1 " .. " • 5 " • "
Crocfdolltl Bt' 2 • 1 51 .t 9 J9 .t 5 .. • 11

Anthophyllltli 1 • 2 2 • 1 61 .t 8 JO .t 8 64 .t 24

Fluoruphtbola It 2 1 " 67 t 5 29 t " 68 t 17

'Mtln Ina Itlnalrd devlltlon.

bPlrclnt of total Inlplrld.

SOUn:I: Mo""lIn It II. (1975).

trullal" KCU" ..I thin JO .I,",tu; up to t'llO-tl'llrd. of tM tlbars Irl

1,,"llowed IncI found ln tile GI trKt.

Clnranu f~ tIM l_r ,"".plratory trKt (tracllal to ahlOll) procHd.

~rl slowly Ind two dlstinct c~nantl of clearllnce Ire ODSlr¥ta. TIla first,

belle¥ed to be cluled by ..crophlge -o¥...nt, lllld. to 111.lnatlon of II con.;de~

Ible portion 0' thl ..terllll deposlted In tlla l_r ruplratory tract It I

hilt 1fte 0' 6-10 hours. Tile sl_r c~nlnt thllt 'ollows 1'111 I hllf-1f'e ot
60-BO dlyl IIna Involves cl.lrlnce fro- tile alveolar IpIiCII. Oltl 'or I Iynthe­

tic fluorlllllllliboll (Figura 4-1) 1!'Iow one sllort-u,.. Ind two 10ng-UrII ce-po­

nlntl for clnranc. 0' tlb.r•. Other dltl on tlla lung conunt 0'"1'1111I111.

IlIcrl'lcld It vlrlous tl•• aftlr IlIPOIUrI, silO'll only a lingle long-tll"lll

cl ..ranc. c~Mlnt (Morglln It 11., 1978); II_vir, til. rltlo of flblrs in the

t.cu to tho.. in till lUnIJ It tlla tl. of ucrtflu 11 not a consunt, II

would b. 'Xplctta ,~ I 11nlJla 'xpC!l'lIntlll' clalrlnel ..chii'll ••.

8)' IlItrl9011l1ng curn. 11k, tNt of Figure 4-1 to uro-tl. 'or I ¥lIrt­

Ity ot flblrs, It Is ponlbll to IIc.mln thI "11Uvl .-Gunts of tiblr.
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dellosttl!d In th, broncl'l1olu-alvtohr Sll."'. Thul d,la aT' shown for 111.

f,rlnt flb,rs tn Figure 4-2. The Te1atlve sl~11.rtty of the percentage all"
.0\,

IUd tn ttl, lOWlr bronchioles or aheol1 for dirf,r,nt fiber dlutters h I

refhttlon of tlolO ce-pttlng procuns: at 10\0,r fiber diameters, the fibe,_,
can bt InspIred afld then .xplred without trapactton In thl 10w,r resllirator~

tract, but as thl fiber dll.lMler Increases, \lIJllctlon In the upper respirator,
tract beeoH$ tllportlnt, ll1dlng to a 10w'r percentage being ,arrhd to th,

.1"lol,r SpICII.

Morgan ,t .1. (1978) .1so studltd the length distribution of fibers thilt

rtlUln In th, lungs of rilts to deteMllnt tht significance of fiber hngth On

durane.. 1h,y found that th, sl\(lrler flb,rs art prer,r,ntially TlIIIO"t"

within Gnt wetk fGllow1nq lnhalatlGn and suggtsttd that lGnger fibers rea~~I"~

tht alvtGlar spacts art trapped.

Tht radlGactlve chrysotlle ustd 1n tht ~ltar.n<t t~ptri..nts ~llows autQ­

radiography to d_nstratt tht location Gf fibers at difftrtnt tl.s atttr

UpOSUI"tI. At 48 MUrS after t~posurt, tht distrlbutlon of fib.rs In the lun~

Is rtlativtly un1fG~. Howevtr,.t l.tt, tl ..s, there 15 a .avI~ent of fibers

tG thl perlp~lry of tile lung whtrt they .cc~ul.te in subpleural rGci CGn­

sisting of ahlol1 filled with ribtr"contelnlng cills.

,Other dati on tile depositlGn and retention of Inhaltd asbutGS "'ere

reported by '!lagner It a1. (1974). Figure 4-3 shows tile dust content Gf rat

lu"'9s following uposures to different asbutos varlltlts. In the case of

iillIphlbol. e~posuru, a llnur Incrun In the ~unt of retained fiber was·

sltn, lliherus for chrysotl1t, the contellt of tht lung rapidly rnchtd an

equilibrium bttwe'lI r.-oval or dlssolutlQn prO~lsse5 alld deposition. alld aId

not Incruse ther..fter. The long-tenll bulld"up of t~e uphlbohs Indlcatls

th.t, In addition to the cltlranct proctssu observtd by Morgan et a1. (1977).

there Is a virtull penu.nellt retention of SO"" fibers. Using a .. Inute volume

for the rlt or 100 .1, It Wlluld appear that about 1 percent or the total

crocldollte or a.Qslte Illhaltd Is retalnld permantntly In the lung.

Tht finding of a rapid .avtllll!nt frOll tht ~pplr respIratory tract al'd a

slower clt.'lnct frOll the lower respiratory tr.ct to t~. GI tract demol'strates

I route of e~posure thlt ....y bt Important for GI cancer. The c.bstrvatlon in

ll~ns of ptrlton.. l mtsothtllolla, of UtlSS cancers of the stomach, colon.

and rect~, and possibly of Clncers at otlltr nOlI-respiratory situ, SI/Ch as
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the kldn.y. cOllld rllllit fra. the .Igr.ulon of such flberl to <lnd Icron the

~utrolntutlnll IIUCOU. Addltlon<ll1y. flb.rs lI.Ily ruch or~Ins In tne p.rl­

ton,.l cI~lty by tr.nldl.phra~tlc lIigratlon or 1yNph.tlc-nf«atO~lnoUI trani­

port.

4.3 CELLULAR ALTERATIONS

S'~lral ItUdlu ducrib. cillullr cnlngu In InlNls followlng ..polure

to ",blltOI. Holt.t II. (196") descrlb. flr1y (1"-dly) IOCl1 infh..atory

lnlonl found In thl tlMllnll brollChlol.1 of rltl rollowlng Inhilition of

",butOI ftbtrl. Thl" lulonl conlist of .ultl-nuclutld gilnt cells, IYllflIW­

cytn, Ind flbr11bllltl. Progressivl rlbrosls rollowl within. fw .....kl of

thl flrlt expolurl to dUlt. Ol~ls.t II. (1918) delcrlbe II.lllr 'Irly 1,llonl

round In rlts, conllltlng of I prollf.rltlon of MaCrophagel Ind c.l1 debril In

thl ttl'llnl' brol1(hiolu Ind Ih.ol1.

J"ob' .t II. (1918) red rltl 0.5 119 or 50 119 or chrysotlle dlny for 1

WIIk or 14 fOnthl and sublequ.ntly el~ln.d GI trlct tillue by light Ind .llc­

tron ,Icroscopy: No .Hectl w.re notld in th. uophlgus. ItOlllch, or clCII

thlue, but structurll CtJIIIgtS In the 11 ........r. Illn. plrtlcullrly of tn.

yilli. Conllderabl. c.l1ullr d.brls WIS detlctld in the neUII, colon, and

rectl1 tlssu. by I1gtlt 1IIlcroscopy. Electron ,Icroscopy ditl cOnflflll the

light _Icroscopy dltl Ind IndlClt. thlt the obury.d chlnges Ir. conllst.nt

with I mineral-Induced cytotoxIcity.

A slngll oral adllnlltrltlon of S-100 eq/kg of chrysotll. to rats produclS

a lubuqu.nt Incrllll In ttJ)'IIldln. In thl stouch. duodenl,lll, "nd j'Junl,jf

(Anllcher It ,,1., 1975), suggutlng ttJlt In lllllll.dl"t. rnponu of cellultr

proliferation "nd ONA synthtsh "'Iy b. sU.ulated by chry~oUle Inglstlon.

4.4 MUTAGENICITY

Mlny studlu s~d ubutos not to b••"tlg.nlc ••. g., In Esch,richi.

~ and SalMon,ll. trptli.uriwt t.lt.r strllns (ChatO.rllln "nd T"r~. 1977).

N......n .t a1. (1980) r.ported that ",blltol hn no ",uUglnic abtltty in Syrian

hallllt.r Ulbryo celh, but lIf.y lncrU5I cell penllllbtltty and allow oth.r

IJUt.g.ns Into the cell. MoSSNn ,t a1. (1983) sho....d ttl"t lilCC (Union Intrana­

tlonll. Contra I. Clne.r) crocldollt. Inel chrYlotll. dO ~ot product ONA stra~d
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breit, In the Ilkyltn••Iutlon 11'ly wh.n Ippllld to cultur.d hlMst.r trlChel1

cells. St,tllr neglth. results .. re obtllntd by L.chn.r et 11. (1983) "tth

re,p.ct to tnductlon of OMA ,trlnd brtatl9' In hu.an bronchtll orgln cultures

trllt.d .tth UICC chrysotlh, l..cIsHt . .1M crocldolltt. Finally, H.rt.t .1.

(1979) de.onstrtttd th.. t ubutos don not prodUCI unschlduled DNA syntnnh

tn h~n tlbrobllstl 'or ,Ing'l or dOUbll strlnd brtlts.

~wtr, .II tt'tl stlJ<llu do sl\olf Mlt ..g.nlclty. Stncoc:t (1971) und Slv.r.1

CllrylOtll., _sltt, .nd cr-octoollt. SMIJllu to 1"- tllat In Incrllltd treQu,ncy

of polyploldl Ind cllh .lth tTl~nU ruults troll pUlh. InclUllon of

nbesto, In thl cultur. IIIdh of Chln.1I h.lttr oVlry (CHO)-1l.1 cIIls. SI,lllr­

Iy, l.vIPP" It .1. (197S) sllo\f.d th.t chrylotil. Induc.d I stgnlftunt Ind

e~POlure-rlllted tncrels. tn ChrOlOSOIe .blrr.tlons tn cultur.d Syrl ..n hl'st.r

tlIlbryo eills......stt., chrysottl., .nd croctdolttt ...r. found to b...Itly

~utlg.ntc tn Chtnts. hlMst.r lung c.lls tn the 6-thtogUlntn.-r.slstlnCI 1II,y

(Hu.ng, 1979). L1vtngston.t.1. (1980) ShOlf.d thlt ..posur. to crocldoltt.

ind lIO,tt. c.ft tncrellt thl ,llt.r chraa.tid ,xChang. rite In Chintle hllst.r

ovarian fibrobluu.

Thl .vldenc. for chro-os_1 .ffecu tn h.....n celli Is contradictory.

V.l.rto .t 11. (l'J80) found th.t frUllly !lollted l~hocytu undt"JO ChrQlO­

__ I eM.' wlltn trllted wtth uteC Rhodesl,n ehrysotlle. In eontrut,

Sincoc:k .t 11. (l982) found ~ath. tff«ts wiUl I~nocytts UPOlld to ulce

crocloolltl. Asblltos wn lhown to ~ highly cytoto~ic in a vart.ty of p"­

parltlons ( •. g., MoISlin .t II., 1983; eh_.rlln .nd Brown, 1978) .
•

In lua-ary. while SOle .vidence exists tor Ineuploidy c.uled by IsblStOS,

lOSt studl.s show th.t 'Iblstos problbly is not Mltlg.ntc tn the cl.sslc sense

of causing glne lutltionl Ind/or chrOlOsom.a1 bre.tagl.

4.S INHALATION STUDIES

The first unequhocal diU Hilt IllOlfld I rllationsnip bet~tn ubutos

inhllatlon Ind lung IIllgn.ncy tn I.boratory .nlllil wtr. those of Grols It .1.

(1967) who OOItl"V.d carclnOlis In r.. ts uposed to a ..an concentration ot
86 191.3 ehrysotll. tor 30 hours a weet froe the 191 of 6 weeks. Of 72 r..ts

sUl"Vhing for 16 IOntnl or long.r, 19 devtlootd Id.noc.rcinoalll, "dlv.loptd

SQU_U, ctll clrclno11S, Ind 1 d.v.loDld .II IIsothtltOl.l. No aallgn.nt tuaors

WI" found In ]9 control int ..h. A surch WII ald. for prillulll it oth.r
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lit'S wlllcll could ha~t! I...tutuiud and nont! WlIrt! found. Thlu and other data

ar- s~rllid In Tabll 4-2.

Jl..~u It a1. (1911) found two IqUilllOUS clll caretnollas In Jl rats ncd­

flcld aft,r 2 Yllrs following txposurl to about 48 ag/1I3 of crocidol1te. No

rnlignant tu.ors w,n r,port'd In rabbltl, guln.. pigs, or hamsters, or in

anllllls upond.to similar concentrations Of Chl')'sotlll or alllOllt" No details

of the patllologlcal e~&lIlnatlons wire glven.

In a htlr study (RlfVl' et aI., 1974), .,l1gn.nt tIMOrl d,v,loped In 5

to 14 perclnt of til, r.ts th.t sur~lv'd 18 1Il0nths aft,r exposur'. Lung cancer

and IIIIlotll,llolla w,r- produced by ,xpllsuru to MlDsl t, al'ld chrysotiI" and

lung canc,r was produc'd by crocldollt. inllalatlon. Ag.ln, significant experi­

menuI dltalh ....n not provid.d; Intol'llltion on survlv.1 tiMs and tlmn of

sacrifice would ha~. blln Ullfu1. A~al1ab1t dluils ot th, exposuru and

rtsults are giv,n in Tabl. 4-3. IIMI. th, r,lativ, careinoglnlcHy ot tne

flb,r typu was shailar, till fibrog,nlc pot'ntial ot chrysotlh, which had

b••n substantl.lly reducld in I.ngtll and possibly .It.red by lIilllng (Langer

et .t., 1978), was lIuch 111$ than that ot ttlt IlIPhl~lu. These ruults art

also discull.o In a latlr p,plr by Jl'I~IS (1976).

Till IDOSt lllport.nt urln at anl..1 Inllalatlon studlu 11 tllat ot ....gner

et .1. (1974, 1977). Wagner U.pOlld 849 Illstlr SPF rlts to thl flvl UItC

ubutos IUIIlles at concentrations trOll 10.1 to 14.7 lIlg/lIll tor ti"$ ranging

trOll 1 day to 24 lIIOntlls. Th," concentrations arl typically 10 tilles tMu

IlIeasurld in dusty asblStos workplaclS durlng IIrli,r dec.dlS. For.ll tl}e

exposurl tillllS, SO ad,nocarclne-as, 40 squilllOus-c,II carclnOelS, and 11 I'/Itsotne'

liONS \fIrl produced. All varlltils ot ublStos produced I'/Illothe11olll. aM

lung ulignanclu, in SOlll casu frOll I"posuru as short as 1 day. Data frol'/l

these experimlnts art prulnt.d In Tablll 4-4 and 4-5. Tllese tUlllOrs follow a

reasonably ~ood lin.ar relationlhlp for Ixposur. times of 3 ~onths or greater.

HowtIvlr, thl incidlnce in th, I-day Ixpll$url group is considlrably greater

tllan expectld. Exposure had a 11l1lt'd ,H"t on length of 11ft. AVlrage

survival tlllls varied frOlll 669 to 857 d'yl ftor IxpoSld anhlals ~Irsus 154 to

803 days tor controls. fhl dlveloplHnt of asblltosh Is also doculH!nted.

There arl 17 lung tlJlllOr5, 6 in rats with no ,vidlnel of asbtstosls and 11 jn

rats with rIIlnillal or slight asbestosis, Cancers at Ixtrapulll<mary sites are

listed.' Stven .alignancles or ovarils and eight lIalignancies of male genito­

urinary organs Wire obs,r.td In thl exposld groupl of approxj~ately 350 male
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TAlllE 4-4. NUMBER OF RATS WITN LUNG TUMORS DR MESOT~ELIOMAS AFTER E~POSU~E
TO V~IOUS FORMS OF ASBESTOS THROUGH INHALATION

~

N.lr ot SqullIlOus·call
Fo~ ot Asbutos IlIt ...lI Adillonrc1 nOlllU ClrctnMu MlSot~.ll0"'11-.-.os itl ". , 6 1

Anthophyllttl 145 , , ,
Crocldolltl l41 , 9 4

Ctlrysotlll
(Clllldhn) 131 11 6 ,

Ctlrysotll1
(RtlodIs1111) 144 19 11 0

NOM 126 0 0 0

SourCl; W,glllr It 11. (1974)

TABLE 4-5. NUMBER OF RATS WITH LUNG TUMORS DR MESOTHELIOMAS AFTER VARiOUS
LENGTHS OF EXPOSURE TO VARIOUS FORMS OF ASBESTOS THROUGH INHALATION

L.ngth of
u:posur,

Nonl

3 llIOntM

fi ~ntl\5

12 monttls

24 IIOnths

N.lf'
ot In1..h

tutld

126

m

180

90

'"
"

NUlblr ot ant ..15
with lung
ClrclllollllS

o

",
,

l5

31

NUlCtr ot allt~al5

wtth pleurll
mt50ttlellc.u

o
,b

1

o

•,

Perc,"t
ot anllllals
w1 t~ tlJlllOr\.·

00

21

I 0

"
H.S

41.0

aTwa rlts u:postd to ctlrysot1h Ind 0111 to croc1dolttt.

bOnt rlt ••posld to a.os1ta Illd onl to croc1do11ta.

Sour,,; Wagna" at ,1. (1974).
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d
, ...1. rlts. No ..llgnlnc:lu ....r. obllr'ltd In contra I groltpl of 150 .. Its..

d , ... '". T1a fncidtntt of ullgnilncy at. other sills varied lntle trOll.. .
that of tile controls. Til, luthors not. that If (onlMlIi frOli other Illpui..nh

tn which ovul." and !Ilnllourlnilf')' t~rs \INn prUlnt In tncllJCMd, til,

cQIPlratlvl InCidence In the exposed groups In til, first It~Qy lIcks It.tlltteal
sI9nlflc.ncl. Mo d.ll Ire pravlded on the Ylrhtlon of t~l" lnclo.nc. It
..ulpul-.onary Ittu .nh ISb"lo. dou.ge.

wigner It II. (1971) ,110 Ca.plrtd tnt .ffeets of lnhll.tlon of I luptr­

11M chrysotl1. to tht' ,ffa<:tl of lnhll.tlon of " pUrl nonflbroul tille. One

,6enoclN;lnOlN was found In 24 rats ...poud to 10.8 -vI.3 of chrylotl1, for

31.5 hour. , ..... 11. for 12 IlOntlls.

In" study ,1.111, to W.gnlr'., D.... is It 11. (1918) Ixpos.d nts lo 2.0

or 10.0 1f9/.3 of chrylotllt, t1"OClool1tAi, and lIIO,lUi (tqulv,l,nt to 410 to

19~ f/Il). AdenocIN:1no.... Ind ,quUIOu.-clll cIN:1nou.. ~rt oO"1"Ild 1n

chryutll1 Ixpo,uru, but not 1n crocidollte or UIOllte lltpo.ur.. (Tlbll 4-6).

On. pl.urll .,othll1_ wu ob..rv.d wIth CI'1K1dollti lltpo.url, IncllxtrapulllO-

n.ry "Ioplu•• Includ" I plrHon ' ...othlll... A rtI'ltlv.'y l1rge nUMblr

of plrltonlll connlCtlvl tluue lgnlnc1.. Iho wertl ob..rvld, tIM.. includ1ng

•. 1IilYof1bro-.. on thl WIll of thl ...11 lnt"t1.-. TIM .Ining of tIM..

tl*)r. 11 unclear.

TABLE 4-6. EXPERIMENTAL INHALATION CARCINOGENESIS IN RATS

Exposurt
NUMblr of.... FIber Inl... h

ogIo' f)~.' lltll1 nld. Malignant tl*)r,

CllrysotOe 10 1,950 .. 6 Idlinocarc InOllls
2 squllOus-cell carclnonl'

Chrysotl1e 2 390 ., 1 squllOus-cel1 carc1no...
1 periton",l ••othillo..

AIIoslte 10 'SO " "'"
CNlclc1011te 10 ..0 .. "'"
Crocldol1te 5 430 " 1 pllUrl! 1II10ttMl10l11

Control 20 "'"
SourCI: DIVis It ,1. (197B).



Intlilatlon .~suru result In concOlIiUnt GI tIlpGsuru frOll the a'b'Hos
thlt Is swal10w0td afur cl ..rlnc. frOll the bronchlll tn.. Although all

Intlalltion IJtIllrlMnts focus on thoracic tu.ors, thou of wigner .t ill. (914),

D.vls .t a1. (1978), .nd, to I 11l1ittd ut.nt, Gran .t ill. (1967) ilho In­

clude • Sl.rttl for t,,*,rs .t utrathoraclc situ. A 1l.a.d ~UIlber Clf then

tlJllCrs .....r. found,· but no associatlon could b Ot with ubasto, tIlposun.
One illpOrtlnt asp.ct at the lnhalation ~ri_nts Is the nUllb.r of

pulllOn.ry nt«/lun that cln be proctuc:ed by lnhalatlon In the rilt n cotlCl.r.d

to ottler speciel (R..v., .t .1., 1971, 1974). This phe~non 111ustrltes the

vlrhbl1ay of sp«1u response to ISbaltOS Ind tl\t _d for .n Ipproprlate

IIOdel before tIltrapol.tlons to ..n c.n be ,,~, with confld.nc.. The ,bunc,

of signitlclnt GI IMllgrtancy froll nbntos tIl~ ure ln .nl..h. ln contrut to
ttllt fOUnd in h~s, IMy be tl\t rnult of the Uti at inappropriate anl ..~

..ad.h.

4.6 INTRAPLEURAL ADMINISTRATION
Evid4nc. that tntrapl.ural adllnlstrltion of .sbastos results In ~soth.­

110lli was pr".nted ln 1970 when Oonrta (1970) produc.d ..,othtliOllis In Sprilgue­

O...l.y rats treated with. slngl. do.. at 67 IIIg of chrysotlll, iIIlll,lte, or
crocldo11h. R..vn et.1. (1971) produced _soth.llal tlllOr, in rlts (l of J

.. Ith cf'O(fdolft. Ind 2 of 12 with chry,otll.) by fntf'ilpl.unl Injectfon of 10

-vat nbaltol. T-.o at 13 rlbblts fnj.ct.d wlth 16 lIl9 of crocfdolite d.v.loped"

~lothell"'l.

in • serft, at tIlptrf ..ntl, Stlnton ilnd IIr'llCh (l91Z) dellOnstrlUd that
..jar c_relal vlrfltfn at nbellol, n .....11 n verlous otn.r flb.rs,

prodUCt .sothalfOllls In II ..ny IS 15 p.rc.nt of Infmals Into ..hlch ~at.rlal

hid b.en surgfCllly IllIllant.d onto the phurl' surface. The auttlors concluo.
that the (lrtfnollllnlclty of ubutos and oth.r flberl Is stronqly related to

th.lr p~,lcal Ifl.; ffberl thlt IIIV. I dl ...t.r of l.ss than J ~m are carclno'

g.nlc Ind tho.. ttIIt tI.ve I larg41r df_ter Irl nClt carcinoq.nlc. Furthlr,
sdlplll trllted by grlndfng In a ball .111 to product short.r llngth flb.rs

arl 'In llklly to product tUllOrs. Alttlougtl ttl. luttlors attribute the reduced

Clrclnoglnlcity to a sllortlr flb.r lengttl, ttll qUlltlon ...n raised of the

afflct af th. dtstrltCtlon of crystlllfnlty, and ptrhlps other ctllnglS In the

tlbers, c,uSld by the tIltenstve bill II111ng (Lln~r It 11., 1918).
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Sine. 1912, Stallton and hll co·workers (Stallton It 11.,1911, 1981) nl~'

contlnutd tllin 11I~l1tlllltlon, of thl carc1nolll1l1c act10n of durabll flblr,.

f,Dll .·1 I_rllll tilt rtultl 01 1Z dlfflrlnt IlIPld_ntl. In thllr ,n,ly·

~I~, sunton ,t ,1. (1981) '~ut that the but _IIUrt ot -"rtlnolllnic

~t'"tl,1 " thl nu.btr ot tlberl th.t ~'5Urt ~O.25 ~ 1n d1 ...tlr 'nd ~8 ~

In ll~tn, Ilthough-. good corrtl.tlon ot clrc1l109'n1clty 11 .1,0 obll1nld for

t!llIn <1.5 .... In d1-.tlr .nd >. _ III II"!lth. Tilt lO9lt dlltrlbutlon ot- -
l,*,r Incldlonc, 19<1lnst tht log ot Ult nllllbtr of partlc1u "',Ing • dl..t,r

<0.25 IlII .nd I,ngth >8 ~ II shown 11'1 f1guNi 4-4. Tile ~rtnlon ,qu.etlon for- -
till dottltd line II

In[pl(l-p)] " -Z.62 + 0.93 log II

whir, II h the tu.or probabllHy ,nO II h till nUllblr of p.rtlclu per 1111 t"'t

Irl ~0.25 llII dl ...t,r alld ~8 II- 10119. A r'lIol!abl, N11atlonshlll ullts

D.tWlln tilt lqultlon 'lid ,wall.bl, d,t., but substlntlal dlscrepanclls sUllll.lt

till poSS1bllity that other N11atlonsh1ps ..y batter tit tl'Ie GltI. IIrtran4

and Plurat (1980) sU9Qestld that ClrclllOll"n1cHy ..)' corrtl.tt II Will ..ith

tht rltl0 ot llngth to ..14th (IiPlet ratio).

Anottltr c~r.henlh. nt ot uPtrl.nts "I conductltd by Wegner It ,I.

(1913, 1971). 14l1SoUltll...." producltd trOll Intrapl,ural ..Inlltr,tlol'l of

ubtstos to CO Whlar r,ts, ~Itrltlng that Ultf'l Is a strong don·ruponll

r.l,tlOlllh1p. Tabln 4-8 'nd .-9 lilt thl rtlults of tIlIISI uPlrl..nu.

Pyl .... and Shab.d (1913) .lId Sh.bad ,t a1. (197.) rlported .'Oth,llOQ5

In 18 0' 48 rlts Ind In 31 ot 67 rat5 I"j"t'd ..Ith ) dO'11 of ZO ~ ot RU5111n

cnrylotl1.'. Othtr IJlPlrl..nh by SlIIt/'1 Ind Ilubtrt (1914) produCld _sotllllloliU

In h..,t,r, Injlctld ..lth 10-25 ~ ot chrylotll" 10 ~ 0' .-asltl or In1hoph)'1­
lit" Ind 1-10 eg of croc1dollt,.

Vlrlous 'uog.stlonl h..... b'ln ..dIo that tilt lIatur.l oils and "IX'I contf.$­

Inatlllll "bntos tlb,r, _11I1lt b, rtllt'd to thl Clrclnolltnlc1ty ot ubuto,

flbtrs (Ktr!rwlltOIl. 1962; Hlrlngton llId Rot. 1965; C~fn5 alld Gibbs, 1969).

Howtwtr, tills theory .." not 'uD,t'lIthtld In tht up,rl_lIt5 p.r'o,...d by

Willner ,t II. (1913) or Stlnton and Wrtncn (1'72).
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TABLE 4·B. PERCENTAGE Of RATS DEVELOPING MESOTHELIOMAS AFTER INTRAPLEURAL
ADMINISTRATION Of VARIOUS MATERIALS

,..t.trhl

SFA cnrysotll. (superfine Cln,dlln s.-pl,)

UICC crocldol1t.

UICC IlIOsltt

Ulee Inthophylllte

VICC chrysotfle (C,n,di,n)

UICC chrysotlle {Rhodes lin)

Fine gllss fiber (code 100) ...di,n dl ...ter s
0.12 II_

Cer.-ie fiber, dl ...t.r : 0.5·1 ~I

Gins powder

COlrs. gllss fiber (code 110), .edf,n dl ...t.r s
1. B II_

' FrOll Wlgner et II. (1973).

SourCl: Wlgner et 11. (1976).

Perc.nt of rlts
~Ith .esoth.llomIS

66

51

16

l4

30

19

12

10,
o

TABLE 4·9. OOSE·RESPQNSE DATA FOLLOWING INTRAPLEURAL ADMINISTRATION
OF ASBESTOS TO RATS

Mu_tltr of PerClnt
0011 rau ... itn Totll nu.tler or rlts

""terill .. ..sothellOlll of rlts wi th tUIlIOrs

SFA chrysotlle 0.5 1 12 •1 , 11 17
2 5 12 42• • 12 lJ

• • 12 61

Crocldollte 0.' 1 11 ,
1 0 12 0
2 1 12 2S

• 2 II "• , 11 ..
Source: Wegn.r et 11. (l97J).
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4.7 UITIlATRACHEAl INJECTION
lntr.tr.cl'lul Injectlon hIS b..n und to study the c;OIIllln,d .Hec;t of the

adlllnhtntlon of chT"ysot11, wfth b,nzo(a)pyren, in rats and hust,n. .~o

lung tl*lU .... re obnrnd In r.ts ginn 3 dons of 2 "9 of chrysotfle ($h.baa
It aI., 1974) and in husters gh,n 12 flO of chT"ylot III (S.f th ,t aT., 1970).

HQWlYIr, co-."fn-\stratlon of b,nzo(a)pyr,n, resulted In lung tumors, whte:h
lugg,sts a co-carclnog,nfc or Iyn,rglstlc; ,ff,ct.

4.8 IHTRAPERITONEAl ADMINISTRATION
Intr,p'rltonul fnjectlons of 20 .Ig of crocldollt, or ctlrysotl1, produced

3 p,rltol'll,l ..sothllf~s In 13 ~tlarl's Rlv,r CO rats, but 20 ftQ of ..alit,
produc,d no tl*lrs In • group of 11 rets (Mlltonl .nd Annoscl., 1974). Maltont

and Annosch allo Inj,ct,d 25 -.g of crocldollt, lnto SO ..I, and So hmale
17-Wl,k-old Spr.vu,-Dawlly nts and oburvld 31 ..sotlltHal tl"W)rs In ..ails

and 34 fn f..,l,s.
In an tlltlns1Y, l,rilS of e..p,ri..nts, Pott .ncl Frlldrlchl (1972) and

Pott et a1. (1976) produced Plrltofllal ..sot",HOlIIs ln _let and rats Ulat

Wire Injectld wIth v.rlous ca.lerclal ~arf'tl'l of asb'ltos and other ffbrous
Nterial. Th,n rtsults ar, shown In Tlbl, 4-1D. Uslng , ..p,rl ..ntl with

lntrapl,ura' aa-Inlstratlon, the ..llgn,nt response w.s alt,r,d by ball-~111Ing

tile rlbers for 4 !'lours. The rate of tu.or production wu rl'duetd frOot 55 to

32 p,rc;ent and ttl, tIM frtlll onnt of ...posure to the first t_r WI5 IIngth.-.

,nld frOot 323 to 400 days followfng Idll1nfstrltlon of 4 dos,s of 25 mg of ulec
Rhod"',n chT"ylotfh. In till tn. of th, ball-l11l,d flb,rs, !n p,r"nt of

the tlb.rs Wlrt reportld to b' s..IJ.r thIn 3 ~I, 93 percent were ,allIer than

11-1', and 60 p'rClnt Wire s.. l1,r than 0.3 Ill.
~ott (1980) propol'd a 1Od,1 for ttl, r,l,tfY' carcinogenicity of mlnlral

flb,rs, acconlfng to their dflllnslon.llty, uslng the rnults of lnjettjon and

1IIl'1.ntatlon datI. FIgure 4-S shows th, sen_tIt f..turu of this mooe1.
Tn, gruttst carclnog.nlcity Is attributed to fIber lengthl betw..n 5 ,nd ~O

III with diameters between 0.05 and 1 Ill.

A strong conclusion tnat can b' drawn frQl the above e"oerl.,ntal data is
th.t long (>4~) and flBe dl ...ter «I ~I) fibers ar, tor, carclnog,nic; than

short, thfck f1blrs when t~,y ar, l-ol.nted on the pJ,url or Injected into the

p,rltoll'. of .ni..h. Tn. orfgfn of I reduction In Clrc1nog,nlcHy for
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AIIUN .... Hypoctteelsc~ln. the CMclnOIl,nlc potlncy of I flb,r
II I function of ftllentth ....d w"*th ulint dltll on 1W'nOr incldlnce
from injection Ind impIMtIUon ltudi...

SourCI: Pott 111101.
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sllorur, b411-",lll ed fibers lsI us c lur beuuu thl rll at ive contributions

of shortlr fiblr lln~th and the slgniflcant altlr4tlon of till crystal structure

by lnjlut of pllyslcal entrgy Ilave not yet bun dtflntd. E.o:trapoJ4tlon of dau

on slzl-dtptndtnt tffects obtaIned frOI intrapllural or intraptrltoneal aa.ln­

\stration, to inhalation, ....here IIlOv_nt of till flbtrs in al""'lys and subu­

qutntly tllrough, bO~y tlnuts Is strongly sIU-deptndtnt, IIrtstntt signiflcant

dUflculties. Tile nUlllbtr of stlorur «5 11111) flbtrs In an uPOSUrt clrc...stanct

NY b. 100 tlMs grlltlr than tilt nUlllllr of longer fibers; tllerefore, tlltlr

carclnoglnlclty lIIust bt 11100 tt"u as llIucll blfort thtlr contribution can bl

nlglecttd.

4. g iERATOGEIHCITY

illert Is no evidenci tllat asbestos 15 hratoglnlc. Schn.lder and Mlurlr

UgH) fld pr.gnant CD-I IIIlct dous 0' 4·40D lIg1kg body .... lght (1.43 to 143)

for glstatlon d.ys 1 to 15. TillY also a<t-lnlstlr.d I, 10, or 100 IIg of .sb.s·

tos to 4-day blntocysU, ....hlch .... r. tnnsftrrtd to pseudoprlgnant .1et. No

positlvi effectl Wlrt notld In .Itll.r I~ptrl..nt.

4.10 SUJoIIARV

Anl.. l d.ta on til. carcinoglniclty of asb.stos fib.rs conflTII and IKtend

epidl..iologiul IlUlllan data. "uotllllleu and lung unetr .r. produc.d by all

the principal c~rcial 4sblstos vlrllti.s, chrysotll., IeOslt., crocidolltl,

and antllophylltte, Ivtn by tKpOJUrlS 4S short as ont day. Tilt dtposttton and

cltaranc~ of fiblrs froll till lung sugglst tllat -est inllal.d flblrs (~99 percent)

are eventually cltartd fr~ thl lung by clliary or plligocyttc action. Chrysoti1!

.pptlrs to Ilt IIOrt rUdtly ruovtd, and dissolution of thl flbtrs occurs in

addltton to othtr clurln" proces"s. l.pLantation and injlCtion stUdies

suggest th4t till carcino~enlctty of durablt 1lI1nera' ftblrs Is relatld to their

dl..nsionality and not to their Chemical c~osftlon. Long (>411111) and thin

{<I 11111) ftbers art .lIost carcinogenic .Iltn tilly art In plaCI at a potlntlal

tUlIIOr sitl. /iO'Wtvtr, dtposttton, cluranct, and .tgratlon of fibtrs an also

sizi dtptnOtnt, and thl t~ortance 0' all stZt-dlptndtnt I'fects in tilt caret no­

gtn-Icltl" of tnllaltd fibers Is not fully establlshtd.

1<1



5. EMVlROMMEMTAl EXPOSURES TO ASBESTOS

5,1 IMTRODOCTION
Th, an,ly,l, of lIbl,nt air slMpl" for a,b"to, ha, utillzea techniques

dlthrent frOll thosl Illtd In occupltlonll clrc~,Uncu. Thl' situation

occurred blcluse typical urban air ..y contain up to 100 ~g/.) o( particulate

INUer in which the rl,l.rcher Is attHlpting to quantify asbestos concentra­

tion, (!'OIl .bout 0.1 ngJ.) to plrh.ps 1000 ng/.3. Thus, asbesto, ..y con­

stituta only ILOOOI to 1 Plrcent o( thl p.rticulate ..tt,r in I given air

supll. Asbesto, (ounel in IIIbllnt air has a ,Ize distribution such that the

vut ujorlty of fiber, are too short or too thin to be , ..n wfth an optical

lIIicrotcoPl. In uny CIIU, till,. fibers and flbrih will b, aglllOMrlltd willi

a variety o( other uterl.l, present in thl air slMplls.

Th' only effective .thDd of analysh uses Ilectron ,icroscOflY to

.n..rlte ana Sill all ubesto, fiblrs (Nlchollon and PUndnck, 1913; 5.-udra

et aI., t978}. SiIlIIPles for such Inalysis Ire usually collected lithlr on a

Nuclepor,' (polyc.rbonate) (liter with I port size o( 0.4 ~ or on I Hllllpor,'

(c,llulose Isltr) flltlr with I pore slZI o( 0.8~. In SQII C.SIS thl Hll1Ipor,'

h backed by nylon ..sh. 5.1" collected on NucltJIor.!1 fllt.rs aNi prepared

(or direct an.lysis by carbon co.tlng the filtlr to entrap thl collectld

particlu. A seo-nt of tM co.tld ffltlr is then llOuntld on an el.ctron

lIicrolCop, grid, wI'lich h, pllCt<! on • filt.r paplr saturalfd with chloro(or-

so that thl chlorafo,. vapors dlss01v. the (jllfr ut'rial. (hrlilr tlectron

.Icroscoplc a~lysl' utlliz,d • rub-out tlchniqu, In which the ash rtsfdue was

dlsp.rslG In a nitrocillulos, fll. on a ,Icro,cop. slid. and a portion o( tht

(II, Wt, then lOunttd on an electron .Icroscope grid (or scanning.)

5UlPlts collected on HflJlpor,' filt.rs ar. pr.partd (or indfr.ct analysis

by uhlng • portion of the ffltlr In • low tlllJleratur. oxyg.n fU,.naCl. Tlds

r..aVlS the ..-brlnt fflter ..tlrfal and .11 org.nlc ,.terlal colltcttd In the

sMJIlt. Tht resldut is recovered in • liquid phlst, dhptrstd by ultruonlfi­

cation, and filtlred on • Huclepore' (iltlr. Thl rdlltlNld IIllfrial is co.ted

with carbon Ind .auntld on I grid as abOVI. The s.les Irl thtn subjectld to

ani lysis. Chrysotlle ubuto, " Idlntifitd on the bills of fts lIIOrphology in

the electran ,icrescop, 111<I .!llbel" Irt idlntlfitd by th.lr "ltct.d Ir..

• llctron dlffr.ctlon pltt,rn" suppl ...ntld by In,rgy-disp.rsiVI X-Tty analy­

sis. Flbe,. COnctntrltions in flb,rs plr unit of vol_ (such u fibers/c.),
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flb.r,I. 3, .tc.) Ir. cllcullt.d bl,.d on '''01. ~ol~. Ind filter Ir•• count'd.

In ,0-1 c's.s ...ss conc.ntrltlons Ir. reoort.d using tlb.r ~olume Ind d.n,lty

r.lltionships. How.y.r •••s, conc.ntr.tlons .IY not b. r.lilbl. If the .ISOI.

conti In' flbrou. fo ...,. ,uch IS clu,ters. bundl....nd ..tricu ....here tiber

~ol_ II dtrflcillt to d.t....in.. Th." ..terith tly con,tltuU lO,t of the

,'besto, .. 's In ,~ ,.-pl.,. plrtlcullrly tho•• refl.ctlng •• I.,lon ,ourc.,.

Curr.nt fiber cOUiltlng Hthod' do not Includ. thou cl_s. Howtyer. uny of

thel Ire r.,plrlbl. Ind to the .~t.nt th.t t~y Irt brok.n 'Plrt In tilt lungs

into IndlYlduel fiber •• thty &lY ldel to t~ Cfrcll'109'nlc risk. On tilt othtr

hind...tIIods ...,Icl'l bruk up fiber, generell)' dllp'r" tilt cll.lllP' IS ... 11. In

,uch .ntly••,. the clu.p. would contrlbut. to the ...".

In INCh of l1'le urller In. I)"" of cl'lry.ottl. conc.ntntlon. In tilt

United Stltu l1'le nlled .,t.ri,l ...i • • ither Oh)',tcl11)' dhpers.d or dlsrupt.d

by ultrnoniflClltlon. T/Il,n, no Info....tlon ..... obtained on tht slu distri­

bution oT l1'le tin" In the origlntl ..ro,o!. Air conc.ntrltlon.....re gtv.n

only In t ...., of tot.1 .." of l.be.tO' pr••,nt In I gly.n .Ir vol_. u'Uflly

In nl/lOllr., per cUbiC ..Ur (nll/.3). (S.. Section 5-9 for dltl on t~ Intlr­

conyertlbllity of optlc.l flb.r counts Ind .1.ctron·,lcro,coplc &In d.t.n11I­

nit Ion•. ) With thl un of Nucllpo,,' tl1u" Ind .pproorhtl Clrt In thl

collection ot 'HIl)I .. Ind th.ir proces.lng. lnforaatlon on the tiber ,ize

distribution Cln b, obt.lned and conc.ntntton. of fibers ot "lectld dj·

....n'ions Cln b. cllcuhted. SI"Pln coll.ctld on "llllpo,,' filter, Cln bl

uh.d Ind the ruidul ruu,plndld .nd fllt.red through NII(.I.po,,· filter,.

Howlyer. ,0-1 bruklgl of fiber. durl"9 thl proc." is 11k.ly. Direct pro·

cusing of "111IpoMl' flit." for .l.ctron _Icrucoplc Intly,l, hu bnn

reporUd by Burditt Ind 1l00Cl (l98J) Ind Is bllng tuttd by .."erll hoo,.­

torln. Howlyer. the utility Ind rtlhbl11ty of this tlChniqul is unknown.t

p""unt.
Idully, onl would IIIr.e I "'flIre of upo,url thlt would be prooortlonil

to thl ClrcinoV'nlc risk. UnfortunlUly. this is not poulOll O.CIllSf of our

ll_ittd lnforaatlon on the clrcinogenlclty of fibe" .ccordlng to ltngth Ind

... Idth end the liCk of inforaation on the dtQO.ltlOft, cl.lrlne•• Ind 1C"...nt

through the body of fib." of different ,hu. Secondly, our ellld..lologiul

evidence. of dh..,. relit.. to fib." 10"9'r thin 5 II- _"ured by optlul

_icro,copy. It sllould tMi l"Kog.niUd thlt .llctron .1cro,copic fiber counts ot

fib.r, lon~r thin 5 ~ Of Iingth ...111 diff.r con.id.rlbly fr~ opticil _Icro­

scopy counts of t~ ,_ sUlllh b.UUSf of tile p"""ne. of I 11",. ""er of

l<'



flb.rs und.uct.d by optic.1 .Icroscopy. H.v.rth.hu, it "'ould appear that

the best ...sur. ot risk would b. electron .icroscoplc tiber counts of fib.rs

grllter Ul.n 5 IolII in length .1Id un of .1'1 HIIirlcally deterlllin.d adJust_I'It

for th. iJ\C~alld resolving power ot tM electron .icroscope ",hen such mea­

5urMents are \lnd for rllk au.u..nt.

Two of the studiu ducrlbl'Cl below pNlvld. Infor'lllation on flb.r as ",.11
II ....u conc.ntrations. Howe....r, In one call (Constant, 1983) the fiber

conc.ntr.tions were ot fibers of .11 I.ngth, and thus art iMpossible to trans"

late into optical .1cNlscoplc counts (otMr th.n by uu). Whlh thl other

studlU ar. 11.1t" *'UII of the allll",t of flb.r concentrations, th.yare

sufticl.nt to indicate '''POSUrl clrc~stancu of concern or that w.rrant
furthlr Invutiptlon. Further, using an IIIPlrlcal con....rsion factor (h.... in.g
.....ry I.rg. uncertainty), astiut.s of Invlronlllnt.1 , ..posur.s c.n b. ~.d. In

t'1"IIS of optlc.1 flb.r counts.

Unfortun.Uly, few studies h..... b.ln conducted which pro... fde d.t. rel.tlng

.sblstos ffber concentrations and health .tf.cts. Whil. Isti..t.s of asb.stos
conc.ntrations bntd on conversions fl'Oll flb,r-u" relationships ha.....1'1

associat" unc.rtafnty, theY '1'1 the blst dlta a....11.b1. for such ass.ss••nts.

Futu,.. studlu wll1 ~"ully bI dlsigMd to ..nur. fiber 1'1"1', slz., and

type for correlation with h'llth ~ffects.

An .n.1ysls of 25 salpl.s collect" In buildings h.vlng asbestos surfac­

Ing uUr1a1 (s_ bufldlngs s!lOwing .... idence of contlllinatlon) dllIOnstratid

till Inadequ.cy of phis, contr.st optlc.1 alcroscopic t.chnlqu.s for the quan­

tfflcatlon of IIbutos'(Hicholson It II., 1975). Flgurl 5-1 shows thl corrl­
latlon of optical fiber counts dltl1"lllnid using N.tional Instltutl for Occupa­
tional Safety .1Id ....lth (1972) prlscrlbed tlChnlqulS ",nd asbestos un llU­

sur_nts obt.11lICl on tilt s_ stllPlu. In dltl"lning thl fibu concen~

trations, all objects with '1'1 .speet r.tlo of three or gre.tlr "'Irl Inu.erated
USinll phUI-contrut .icroscopy. Pltrographic ttchnlqulS wlrl not utilized to

verffy whether an objtet was an asbestos flblr. Figure 5-1 shows that the

optical .fcrosup1c data 00 not rlf1tet till INU concentrations of nbutos

d.t'nllntd by Iltetron IIlcroscopy. l.rge1y blcaus. of • consld,r.ble nUllOlr of

non.sbtstos fib.rs th.t wert In tht IIIbltnt air and 1011'1 counted In the optical

llIicroscoplc anllysh.
Till Iv.ihbll pUblhllld asbestos Illposurt datI 11'1 to a largl extlnt

Iplsodlc In n.turl. TM studi .. werl not designld to pro... idl Muur.. of
allbltnt conctntrations throUVhout thl IIlllttd St.t... Thl dat. pre$lntld here
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rlprlnnt thl publhMd dfoh thlt fori lu\lfoble. Thue dlt. show what concen_

tr.tlon c.n occur ln the clrcUlstlnelS gIven. Whan uSlful lnfoMl.tlon (I .•. ,

nUllbtr of sltu, freq...ney of sHlplu) is .vlillblt th.t htlps characttriu

tht rtlJrlnnt&tlVtntU of uposu,.. of tha data, it Is presanbd. But as can
ba nan, than data gtMrally do not rlprlslnt th. rtlults of ~yst.....tlc

stud1u daslllnid to' chanctarha thl _lint ubastos ccmcantratlons in th.
Unltld Statls or thosl In typlcal bul1dlng clrcUistancls.

5.2 GENERAL ENYlROlM1fT

"sbastos of the chrysotll. vlrlaty has btan found to ba I ubiquitous
cont..lnant of _1ant 11r. A study of 187 quartarly s.-plas colltctad In 48

U.S. cltlls In 1969·1970 .no.ad chry.otl1a asbastos to bt praslnt In vlrtually

111 _trOj)011tall Ird' (N1cl'lolson, 1971; Nlcl'lo15on .nd Pul'lduck, 1973). Tabla
5-1 ll,ts tha dfstrlbutlon of vfolut' obtatntd In that study, along wfth sl,Ilar

4&h abtlfMd by tM lattella "'-orfal Instftuu (U.S. EPA, 1974). E.ch v.lul

rtlJru.nts tilt chry.otflt coneantr&tlon In a cOllpO.ftt of ff'Oll f1va to stvtn
24-hour S.-plIS, thus avaraglng possfbla Plfok coneantr.tlon, whlch could occur

Plrfodlcally or ran.ly. Of tilt th,," u~llS g....tlr th.n 20 ng/.) an.lyztd

by Mount S1nlt School ot "'die1ne, one s.-pla was fn • city that had ...jor

shfpY'rd and anothar wa. 1n a clty th.t hid four br.kl ~anutacturlng f.c1lftlas
w1th no e.lss10n controls, Thus, tlltsa 'Hlpl,s ..y hlVI Includld I contrlbu­

tlon frOll I spacific source In addition to that of the gtntral Ulbfent .fr.

Aho shown In Tabla 5-1 h tl'lt dlstrfbutfon of chrysotila conc.ntratlons fra­
rtn-d&y sllllphs of th. air In Plrh (S.butl.n .t 11., 1980). Th"l valuu
wtr. obt.1Md during 1974 and 1975 fond wtrt qtnerilly lowar thin those ~.asured

In tnt Unft~ Shtu, PlrMpS "'lactlng a d1.lnlshld un of ubutos 1n
construction COlipfortd to tll&t of tnt Unftld St.tas during 1969-1970.

III I stlMb' of tl'lt _ltnt IIr of '""" Vork CHy, In which 51l11pln .ere

t.kln only during dfoytf.. work1ng hours, h1ghlr v.luls th,1l thosl mentioned

Ibovi ...rl obt&lned (Nlcllohon It 11., 1911). Thtsl 4- to a-hour suples wlr.

colltctld bttWIIln 8:00 A.M. 1m! 5:00 P.M., lAd thly rtfltct whfot coulel be

Intarwlttlntly hlgl'ttr conelntratfons during thon hours COlllpar.d to nighttllftll!

p.rlods. Toibla 5-2 rICords tM chrysotile contant of 22 sUiplu collected In
tha flva boroughs of Nw York Ind thafr overall cUll\llltlva dlstrfbution. Tha

5aaplls lnalylad In .11 tht .tudia5 discussed Ibowa wart tlktn during a period

whan flrapl'1)oflng of hfgh rha buildfngs by 5praylng ubutos-conuInlng

14.



TAllE 5-1. CUKILATIVE DISTRIBUTION OF 24-HOUR CHRYSOTILE ASBESlOS
CONCENTRATIONS IN THE AMBIENT AIR OF U.S. CITIES AND PARIS, FRANCE

Eltctron Microscopy Ant'y'is
Mount Slntl Btttlllt b

School of "-<Ilclntt MtaorltJ Instltutt Ptrh, Francec
Conclntrtt t on NlOiblr PlrcenUQll NUiIllr Plrcinugi Illrcentagl

(nlJi·3) of of of of or
ltu thtn suplu suplu s~lu suplu sa~lu

1.0 " 32.6 Z1 Zl.] 70

2.0 119 63.6 60 47.2 "
'.0 lO. B7.1 102 ".1 ..

10.0 176 ".2 124 91.6 100

20.0 '" ..., 125 ...,
50.0 ", 99.0 121 100.0

100.0 187 100.0 121 100.0

. -Ircu: •• (1971) : &U.S. EPA (1974); cSnl1thn tt a1. (l9BO) .

~tlrlals was ptnlltttd. The practlCt was .sptclally c~n 11'1 Hew York Cfty_

Whilt 110 supllng ,tatlon WII known tG bl located adjacent to an acthl can'

structlon sltl, unusU;llly high ItVll' could ntVtrthlltls have rtlulttd frail'

this procedurt. Other sourttl that My hive contrlbuted to then alr conctn­

tr,tlons InClude autollobllt brtllng, other cemstructlon .cthltlu, conSll'ltr

un of "blstos products, .nd ..Intlnance or rtpalr of ubtltos-cotltalntng

11IIterhh (e.g., the!rMl insulatlon).

5.3 CHRYSOTILE ASBESTOS CONCENTRATIONS NEAR CONSTRUCTION SITES

To dttl~1ne If con,tMlction acth1tlu could bt t ,lgniflctnt ,ource of

chrylotllt flbtr In tht IIlbltnt tlr, 6' to 8-hour dayti.. s• .pllng ••, cond~c~ed

In lower ~nh.tt.n In 1969 n..r ,Itu wiltre ..ttnslvt spraying of asbestos'

conttlnlng fireproofing ..Ittrlll '0111 tlk1ng place. Eight SUIPlIng sttu were

ntlblhlltd n..r the! World Trlde Ctnter construction site dllrtng tht plrlod

when Isbtsto' ..terial was sprayed on tht steelwork of the flr,t tower.



TAiLE 5·2. DISTRI80TION OF 4· TO 8-HOUR DAYTIME CHRYSOTILE AS8ESTOS
CONCENTRATIONS IN THE AMBIENT AIR OF NEW YORK CITY, 1969·1970

Asbtstos conetntrltlon
(fI9/r) Ius t~

1
2,

10
20..

100

SUlPllng 1OCltlons

C~lltl~, nu.blr
of ulII"lu

o
1••16

21
22

Distribution by Dol"Ougll

CUlIIijl,tly, PlrClntl~'

ot Slllllliu

0.0...
11.1
36.'
72.7
95.'

100.0

Albeltol .11' ItY,I, ng/.3

1'119I Aur.g,

M.nh.tun
Brooklyn
Bron..
Que,ns
SlIt'n hllnd

Souru: Nlchohon tt .1. (1911).

7
J•••

.-65
6-31
2-25
3-11
5-14

JO
19
lZ,
•

Ttbl, 5·3 shows tM ruults ot bun ding-top Ilr s.-plu liken .t situ ..nll,lp

onc·....1t .n, of tnt Tr'M C'ntlr sit" ~nstrlt1l'llj1 Ulit sprly f11"1Prootll'lljl

did contrlbut, slgn1tlcutly to UbeslOs ,11' pollut\on (Nlchohon ,t .1..
1971; N1cholson 1M PUndllck, 1913). In Se:-l Inltinen, cllrysotll1 ublstos

ItYili WI'" oostrYid tllit WIn IppI"OJtI..t,ly 100 tl.1 grut,r thin til, can­

ctntr.tlons typlc,lly found In .-bltnt .11'.

5.4 AS8ESTOS CONCENTRATIONS IN BUILDINGS IN TM£ UNITED STATES AHD FRAHCE

During 1974, 116 sUlJ)ll' of indoor .1Id outooor .ir ~f'I collt<tld In 19

blll1ditlQs (usull1y 4·6 Indoor sllllliu ItId 1 _Itnt .11' contl"Ol S1lIIP1, plr

blilldlng) In 5 U.S. citln to .UIU wl'ltther cont_lnltlon of the blltldlllljl .tr

ruulltd f~ tM p"'l,nel of nblltos"conulnln; surflcin; ..tlrt,ll in I"OOIIS

or nturn .Ir pll_ (Nlchohon It .1.. 1975). Tilt Ubntes Nt,ri,1s In tM

bllildil'l!ll' ..Nt 0' two Min tYPII: 1) I c..lttltI01l' or plutlr-Ilkl Nurhl

t/'lit /'lid bIIlt Sprtytd U I slllrry onlO stMlwor!l; or bulld1n; surflCn, .nc:I

14.



TABLE 5-3. DiSTRIBUTION OF 6- TO 8-HOUR CHRYSOTllE AS8ESTOS
CONCENTRATIONS ~ITHIN ONE-HALF MilE OF THE SPRAYING OF ASBESTOS HATERIALS

ON BUILOING STEELWORK. 1969-1970

Asbestos concentration
(ng/.3 ) len than

5
10
10
SO

100
100
500

Distribution of

Cu.ulat1~e nWRber
of sUiplu

o,
•14

16
16
17

chrysotile air l.~.ls according
sprlY fireproof1ng s1t.s

C~ulati~e percentage
of sallplu

0.0
17.6
47.1
82.3

'"".1
100.0

IlIlMIstos .1, level, nSl/.J

Sallpllng 10CItions NUIIl:Jer of ullplu Ring. "~.ra;.

1/8·1/4.ne 11 9-375 60
1/4-1/2 .11. • B-54 "1I2·11l11h , 3.5-36 18

Sourc.: Nlchohon et al. (971).

2) a loosely bond.d fIbrous /lilt that had been app11.d by blowi"9 I dry mIxture

of fIbers and bInders through a water sprlY onto the duind surface. The

trhbflfty ot the two typu of uterlals differed considerably; the c..en­

titlous spray surtlCU ... r. relatlv.ly i~r~ious to dPig....hilt the fibrous

sprays wer. highly frhbl •. Th. ruults of air UlIIpling In then buildings

(Table $-4) pro~ide e~idence thlt the air ot buildings wIth fibrous asbestos­

contaIning Mater,als ~ay otten b. conte-inated.

Si~i1ar daU, ....r. obtain.d by Sebastien et a1. (980) in a sur~.y ot
libutos conctntrltion In build1ngs in PariS. FranCe. Sebastltn surveyed 21

ubutos·insullted buildings; 12 had at lust on•••asur,"nt higher than 1

n!l/m3, th. upp.r limit ot the outdoor asbutos concentrations lIItuured tly

these in~estigators. Th. distribution of 5-day ubutos concentrations in

thue buildIngs, along with 19 outdoor SalllPIU taken at the same time, 1s

shown In Tabh $-5. On. particularly disturbing nt ot dau, tly Sebastien It

a1. Ii the concentrations of I$butos lIIuureli after surflcing material WIS- ,
remo~eli or repairt!i. - The a~era!le at 22 such SlllPlu wu 22.3 n91ll. How.~er.
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TABLE S·5. CUMULATIYE DISTRIBUTION OF S-DAY ASBESTOS CONCENTRATIONS
IN PARIS BUILDINGS ~ITH ASBESTOS-CONTAINING SURFACING MATERIALS

•
ub"tOt conCilltrlttoll Buflding Slll!!!1U Outdoor control s!!ples

(ng/lla) lin thin NUiber Percentage Niftber Percelltage

Chrytot t Je

1 57 42.2 14 73,7
2 7Q 51.9 I' 84,2
S " 68.1 11 89.5

10 ll" 11.0 19 100.0
20 117 86.7
SO 12. "..

100 129 9~.6

'00 ". 96.3
sao 132 97.8

1000 '" 100.0

Arit_tlc aver&gtI
25 ng/"Jconcentrlt1on 1 ng/.3

.-.phibo1..a

• 112 83.0 19 laa.O•, m 85.2
5 122 'M

10 125 92.6
20 129 95.6
SO 131 97. a

100 132 97.8
'00 1lJ 98.5
SOO m 100.0

Ar1t~ttc Iverlge
10 ngjr 0.1 ng/.aCOIIClntration

'NO value reported for 1M bul1dt"9 IMP1". SaM Iltlrlals would hive con­
taIned no .-phlbol. ,lbI.tol.

Soure.: Sebutt.n et al. (1980).



In two highly cont~ln"t.d "1"'1, significant r.ductlonl ~ere ~tasurtd (~OO lo
l l750 ng;. dleruud to leu th.n 1 ng/.). Tilt l"1lort'llct of proptr re-.oval

techlltquis .nd cl ••nup cannot bl over.-ph.slzed.

Stlluttln It ,1. (l982) .ho lIlIuu~d cone.ntr.tlons of Indoor airllorne

ubutu up to 170 ng/1l1 In. bundlng with ltIathtrld ubutos floor tiles.

,,"sbutos floorln.g is und In • !arg. n~lr of bu1ldlngl Ind 11 the third

largnt USi of asbestos flbtrs.

5.5 ASBESTOS COMCEMTRATIOMS 1M U.S. SCHOOL BUILDINGS

Of conctrn ~'I thl discovtry of eKtlnslvl ",b.stos us. In publIc school

buildings (Mlcl'tolson .t .1., 1978). Asbutol surfacn ~Ir. found ln eoI" than

10 plrc.nt of pupil-un .r.1S In If..- JlrSty sc!lools, with two-thlrdl of the
,

surhcu showing Il*e Ivldtncl of diNgl. 81e.un thts. valuts Ippur to Ile

typtc.l of condlttons In ..ny othtr st.t.s, It ~IS ,lttMited that 2 to 6 .ll110n

puptls Ind 100,000 to 300,000 teachtrs ..y b. expOI.d to r,llasld IsblStOI fibers

In schoolS across tile nation. To obt.ln I ..asurl of cont.-tnatton for thl1 us.

of asbutos, 10 schools wt" slllpl.d ln thl urtl.n Clnltrs of MIW 'fork .rId N...

JlrllY "nd In slltlurban .rlas of MasuchuSltts and Mtw JlrSly. Schooh 1011"

stllchd for SillPlln; blcauSl of vfsibll dlU;I, In SOllll casts exttllsivi.

hb115-6 lists thl dhtrlbutlOIl of chrysot111 concentratiOnl found in

SIllPI" takln OVlr 4 to 8 hours In thIS' 10 schooh (l-S sHiples per school).

Chrysotil. asblltol concentrattons r'llged frc. 9 ng;.3 to 1950 ng/.3 , with .n

aver.gl of 217 nq/.3. Outsidl .ir sdlp1ts at 3 of th. SChools v.rled fro. 3
ng/.3 to 30 ng/.3, with an tvlrlgl of 14 ng/1l3. In .11 sa"!)lts but two (..hl,h

m.asur.d 320 nq/.3) no .sblstos w.s vlslbll on thl floor of the s.-pled .re•.

although surface d_gl WII glllIrally pr"tnt nul' the artl. Th, hl9hest

valul (1950 ng/.1) W.I ln I s.-pl, th.t followed routtlll sweeping of I hallway

In a schOOl wtth w.ttr d_91 to thl asbtstos surhce, although no visillit

ol.5bntos was "In on the h.llw.y floor. It is etlphlSlztd that th. schooh

"'1" stllettd In tntlng on th. bUis of th. pr.stnct of visl1111 dl.age.

Il.lthough tht rnults c.nnot Il' conlld.r.d typl,al of all s,hools having

asb.stol surflces, the results do illustrat. the .xt.nt to which contamination

can ...ht.

A r.c.nt study SU9gtsts that th. above school samples ~Iy not be atypical

(Constlnt tt II., 1983). Conc.ntr,tlons s1.11ar to thost Indicattd .bove

"'1" found In thl '!'lalysls of SUllln col1e,ted dl/rlng a ~-dly plriod in 2~

l52



TAIL! 5-6. DISTRIBUTION OF CHRYSOTILE ASBESTOS COMCENTRATIOMS 1M
... to a-HOUR SAMPLES TA~N IN PUBLIC SCHOOLS WITH DAMAGED ASBESTOS SURFACES

;'~.to. conclntrltion
(ng/"') 11.. tllln

•10
20

"100
200
SOO

1000
2000

o
1
1,

12
l'
2S
26
27

0.0
'.7
,. 7

ZZ.Z....
70...
92.6...,

100.0

SOIlrcl: "iCI)o15on It 1I1. (l97B).

,choo15 tl'llt hid UH,to, ,urhcfng "'hrillh. Tile ,chools wert In I ,ingl,

dhtrlct Ind wert selected by I r.ndOll procedure, not b.clluse of t/loe pre"nc:.

or ab..ncl of d.·ged ..tlrlil. A populltlon-welght.d ilrltr-tic ....n conun­

trltlon of 179 ng/..3 was ....ured In !l4 ,~ln collected in T'OOIII or 11'."

thlt hid ubestos Illrfeclng ..terill. In contrllt, 1I conclntrlltlon of 6 ng/..3

"'U ....ured in 31 ....1.. of out600r IiI' tllkln It till ,_ tlllI. Of ,peclal

conelrn II'I 31 'lIIlPll' coilicted In tile Ichool. thllt used lISblStoS, but taken

In lIrl.. where ublltos ..... I'\Ot ulld. Th". dltll ,howld In IWlrage conclntn­

tlon of 53 ng/.3, indfculng dlsplrlll of asbestos frOll thl .ouret. The dlltll

Irt I_rind in Table S-7. As publhhed flblr counts ....1'. fiberl of 1I11

.1111, only tile flblr Ill.. dlltil I" listed in the tlbl •. Addltionl11y, fiblr

clUIIP' ...." notld in Nny IMpl .. , but ....r. not Included In till tabulated

NUl'.
A Itudy c_inioned by thl Ontlrlo Roy.1 C_hsion (1984) of ubutol

conclntrations in building....ith ubuto. In.ulation Ind1cltu 11'1'.11 COlllPlrlble

to thlt of urbln III'. It Is not clair ...heU"r -'n.uhtion" Is th.,....\ In.ull­

tion or Iprl),H surtaclll9 oIIt.rhl. Anrlge concentrationl (3-S '11III111 per
building) rlnv-d frOll len thin 1 to II n<}l.l. ffowtVIr, during v.ry Clreful

..Intlnlnet Ind insplttlon work, concentretionJ lub.tantially In ucnl of

bllCkground ..... ,.. observed.

SlIWY.r (1977, 1979) r.v; ......d I variety of data on aIr cOIlClntr.tlons,

...ured by opticil ..Icro.copy, for cfrC~ltllncu wh.re ..b"to...tarllh ;1'1
schooh Ind oth.r blollldlnlls Irt disturbed by Mlutin. or abnol"ll.l Icthity.

15)



IABLE ~-1, (UMULATI~E OI~IQI8UIION or ~-OAY (~YSOTILE ASiESTOS CONCENIRAIIQNS IN
2~ SClllOlS HA~IMG ASiESTOS SUlIH,CING IMTUIALS. 1980-19111

.
o\sbe~tos RCIO'I~ .. ittl nbhtos R~i ~il~l libestos Outdoor con1rols

cOlICentntion Ii\ibir of PeN:enl~ .....rof hn:enli.ge Rumer of Peruolige
(1llj/_3) less ttwn iMPlu 01 iMPI.i iMP I.. 01 iMP1•• iMJI1.i of iMPI.i

Ctlr,liot 11 •

• ,
" • 19.4 II "., , 11, 1 1 22.6 22 11.0, , B,O· U 3~. ~ " 81.1

" " 2~.9 " 38. 1 26 00.'

" .. 3~. 2 " 48.4 '" 96.'

" 26 48. I 21 61.1 n 100.0
'00 " 12.2 ,. 81. I
200 .. 83.3 " 91.~- "" " '" n 100.0

~ .000 " 100.0•
Populltion ~l~ted

.,.10 cOlICenlrltion 119 1llj/_3 ~l 119/_3 r. n9/r

~jbolu

1 .. 81.~ 21 67.1 26 83.9, .. 8l. 3 22 11.0 " 93.~, .. 00 , 26 83.9 n 100.0

" '" 92.6 " 111. I

" " "., " 81.1

'" " 96.' " 93.~

100 " 100.0 n 100.0
'00

o\rilheelic .eln
concenlnlion l.r. nlll_3 8.l nW-' O. ~ ng/_3

. ~
, .....

•
Source, COllstlnt e1 .1. (198]),



TIleSt ~5IJ1U, shown 1n T&bl, 5~8, o.onltret.e tll.tt I w1eM vtrllty of .ctlvi­

ttll "n Iud to· MglI ub..tol cOI'ICll'ltratlol'l1 dUrln; dhtumnc, of UIltStol

surftctn; ..t,rl.l. I41.lnt.ntnc. Ind retlOVit10n work, ll.rt1cul.rly 11 p,rfol'lltd
tllll~,rly, Cln l••d to subltlontl,lly ,1,,,.tH ubutu It''eh.

T....LE 5-8. AIRBORME .\SIESTOS IN IUILOIIGS 1IA\lIHG
FRIABLE ASIESTOS ~TERIALS

"'..
count of

Mltn -oft of Acthlty flb,'" per R.nll'
ClustllCltlon cont.1 nt.t101'1 Oescrfptlon ,r • or SO

Qul.t, non~ F.l10ut ..... 0.0 12 0.0
speclflc, r..ntr.l~nt OOl'llitory 0.1 .. IL 0-0. 8
routine Unhertfty, scllooh 0.1 ., 0.1

Offlc.. 0.2 14 0.1-0.6

Mlint.n.nc, Cont.ct R.,..,1ng 1.' 2 0.1
PllMlb1ng 1.2 • D.1-2.~

Cult MY_nt 0.9 • 0.2-3.2

CUltodh.l Mind: contact
r..ntrli~nt Clunln; 1!i.5 3 '.1

Dry l"""Ping 1.6 , 0.1
Dry Custlng '.0 • 1.3
Byltlndtr 0.3 3 0.1
Hel"y dUI t In; 2.' • 1.6

Rlnov.tton HIk,d: cont.ect Cit ling "'PItr 17.7 3 '.2
r..ntrI1~nt TrICk ltght 1.1 • 2.'

Hlngl~ llllht 1.1 , 0.'
',rtlt on 3.1 • 1.1
Pfpe llgging '.1 • 1.8-5.8

V.nd.lls.. Contlct c,m ng dlMgt 12.' • '.0

SourCl: S.wy,r (1919).

5.6 CHRVSOTIlE CllNCENTRATIDHS IN THE HOMES OF WORKERS
Til, ffndlnll of Ilb'ltOI dtllll' tn f.-tly cont.etl of Indlv1du.ls Gecup,­

tion.11y U.POIH to chrylotl1, flbtrs dlrtcts .tt,ntlon to .fr conClntritions

til til, 1I0..s of sucll worklrs. Tlllrt..n 1II1II1 .. Wlrt collected III til, IIOMS of

"blltOI lIItn, .nd 'til IlIIploY"1 and .nt.lylH for ehrylotl1, (Htchohon ,t

.1.. 1980). Til' work,rl ...,.. IlIIploytd .t ,flM operattolll in C.ltfornh .nd

Newfoundl.nd. At the tf .. of sUlplfng (l973 .nd 1976) tllty did not lI.v,
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ICCISS to shower flcl1lttu nor dld tilly cO-:Jnly chlngl clothu bltore 'OOln9

hOlll. Jlbll 5-9 lists thl conclntrltlon nngu of thl hOlll sUllIes. TIlru

s.-ples tlk,n In ho-es of non·.lnlrs tn Newfoundllnd yt,lded concentrations

32, 45, Ind 65 ng/.3. In contrut, thl conclntnttons in workers' hOllies "er,

mucn htgher, potnting to tnl nlld tor Ipproprllte showlr Ind chlnge factlltles

at asbnt05 workpllcll. BICIUIt asbutos-glnlrltld canCIrS hive been docuJlent~~

in ralllt1y contacts of >fOrklrs, conclntrltlons sucl'l as tl'lOIl described tn tl'l15

docu.ent should b, vlewld with plrtlcullr concern.

TABlE 5-9. DISTRIBUTION OF 4-HOUIt CHltYSOTILE ASBESTOS COHCENTRATIOHS
IN THE Alit OF HOMES OF AS8ESTOS MINE AND MILL EMPLOYEES

Asblstos conClntrltlon
(ng/.J ) less than

so
100
200
500

1000
2000
SOOO

NUlClr 01 5eaples

o•,
10
12
12
13

0.0
30.8
61.5
76. 9
92.3
92.1

100.0

Source: Mlchohon It a1. (1980).

5. 7 S~RY OF ENVIltOltIE1+TAL SAMPLING

Table 5·10 SUlMllrlUS tholt studlu ot thl glnlral alllbtent alr or ot.
speclftc pollutton ctrcu.stlnCIS thlt hlVI a sufrtcient nUlbtr ot sa~les for

ca.plratlvt analysts. Tilt dltl Irt rMark.bly conststent. ",vtnge 2a-hour

sllllPles 01 glnlrl! PlIllnt Ilr Indlcltl asbestos concentrations of 1 to 2

ngl. l (two U.S. s.-plll th.tt 'IY navi bltn affected by specltlc SOurClS wtre

not Includtd). Short-te'" dlytl.. sHlple. are ginerilly higl'ler, reflecting

tl'le possible contributions of trl,tlc, construction, and otner l'Iuman acttvi­

ties. In bulld1ngs l'Iavlng ubntol surtlclng Nterh15, Ivenge concentrattons

100 t1..s grlltlr tllan ublent Ilr arl sltn in SOIN schools and concentra­

ttons 5-30 tl., greater thin ub1tnt Ilr Irt Sttn In SOH othtr butlding5.

Ftgurt S-2 showS the cu.ullt1ve distrlbutions, on I loq-problblltty plot,

at the urbln, school, Ind butldi~ slllllin. Thl stnight' linn In the diU ot
Mtcllolson are 5UgglStlvt at IlomogtnlOus slllllll~ clrcumltlnc.s, but this may

be tortuitous. The siIIIJIling situ.tion at Conltlnt et a1. appear. not to be

hOllOgeneous.



SUl«ARy OF EtNlRONMENTAL ASBESTOS SNlPLlHG

Q~rtlrly Ca.pQllt.1 of S to 1
z.-nour U.S. l.-plll (Hlchollon,
1911; Nlcnolton .nd Punclnct, 1973)

QU<lrtlrly co-pollt, 01 S to 7
2.·nour U.S. l.-pl.,
(U.S. EPA, 197')

5~dlY l.-pl .. of Plrh. Fr.ncl
(Sttlutiln tt .1 .• 1980)

6- to 8-hour ,.-pIli of H.w York
tlty (Nicllolton It .1., 1971)

S-d.y. 7·/Ioul' control l.-pl ..
for U.5. ,cllool Itudy (Con't.nt
tt .1., 1981)

16-lloul' 'UIPIII of 5 U.5.
cHIi (U.5. EPA. 191,)

~ JII'.IY ,chool, .itll d...gtd
Ilbl.tOI ,urf.clhQ ..tlrl.l, In
PU911 un ."'u (Nlcllolson It 11..
1918)

U.S. tchool raoa,/lrll' ..ItII
a'bltto••urflclng alttrlll
(Con. tint, 1981)

U.S. Icllool roo••/lrIU In
building "lUI ublsto,
lurflclng .ltlrl.1
(Conltlnt. 1981)

Building...Itl'l i'bllto,
-.tlrili. In '11'1" Franc.
(Slbntlln ,t 11., 1980)

U.S. building...lUI fdlbl'
l'bI.to, in pl,~ 01' I'
,urf-elng -.t'I'I,I, ("lcI'l01,on
It .1., 1915; Hlcl'lohon ,t .1.,
1976)

U.5. bulldl"9' .itll c...nti-
tloul Ubl:ltOI &ltld.' in
pllnUl' or ,t surflcing ..tll'i.l,
(Nlcnohon ,t 11.. 1915, 1976)

Ontario buildingl ..ItII I'blsto,
IMul.tlon (Onurlo Royal
Ca..I.,ion, 1984)

)I He

27 211 e

31 61 (S3C, SA)

18) (17K. 'A)

'"

l8 15 C

Z2 16 e

6J 2.1

115 35 (25C, lOA)

U7 l.4C

161 0.96 t

III J.)C'

"''"H.... r Conclntl'ltlon.
of 1--0111 ng,.J

""

1969· 70

197.

1980-81

1977

197'

1974

197'-75

1980-111

1969-70

1..2

1976-77

1980-111 .

toll.ctlon
PtrlOd

TABLE !dO.

-

·C .. cl'lrysotill. 6,1, '" IlIlph Itlo11.
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5.11 OTH£R £MISSION SOURCES

Weathering of ubntol Cetllnt wall and roofing luttrlals WU shawn to bt

a sourct of ubutos air pollution by analyzing air Ulllllles lakIn In buildings

constructtd of such .attrial (Nicholson, 1978), Stvtn Sl~ltl taktn In a

IchOOl afttr a hUvy rainfall showtd ubestos conctntratlons fr~ 20-4500
3 "'7 3."91'1': (.. rlthMttlc ....an 110 ng/. >. all b\lt two suplts UCUdtd 100 "9/m3.

The SO\lrce was attrlbuttd to asbtstos washed frOIll ..sbtstos c~nt w.. lkw..ys ..nd

ubestos cellHlnt roof pantls, Ho slgnif1tantly tlt"..ttd conctntrations ...rt

obStr"td In .. conc\lrr.nt st\ldy of M\lSn constructtd of Ubtstos c....nt IUtt­
rials. "Roof wattr runoff fr~ tht l'Ioltts land.d on tht 9rO\lM and was not

rttntr..intd, whilt that of tht schools rtll to a s"ooth walkway, whiCh 111awed

easy rttntraillMnt whtn dry. Contulnltion frOll ubutos CtMnt siding hIS

.. Iso bttn dOCu.tnt.d by 5purny .t al. (1980).

Ont of tht IIOrt significant r....lnlng contrib\ltlons to .n"lrOMent"l

..sbtstos cOnCtntrations ..y b. 1"I,slons frOll braking of ..uta.obIJ.s and othlr

"Ihiclu. Mtuur_nts of brake ..nd cl\ltch ..hsions re"..1 that, ..nn\lally,

2:.5 tons of unall1rtd ubntos lor. rtl ..ud to tilt "Ulosphtr...nd an addi­

tional 68 tons fall to roalttlllYs, whtr, SaM of tht' ubntos Is dhptrud by

puslng trafflc (Jacko et ..1., 1973).

5,9 INTERCONVERTlBILITY OF FIllER AND fAA55 CONCENTRATIOHS

Tht llllited daU that relatt UbfStOS disuse to e~posun 1Ir. d.rl"ed

frail studies of worktrs upond In occ\lpatlon,,1 tn"iro"",nts. In then ,tudles,

concantrations of tlbtrs long.r than 5 ~" w.rt dtt,r11ln.d using optic.. l micros­

copy or thty 'dr. utlaattd frOll'optical .Icroscopy lIIeU\lrelllenU of total

putlculat. matter. All C\lrrent lNasurllHnU Of 10w-l.".1 .n"lronl"nUl pol­

l\ltlon \ltlllzt el"lron .Icroscopy techniques, which deterliine the total lIIass

of asbestos prlStnt In .. glvtn "ol~ at .. ir, In order to utrapolate dose­

rtsponst d"ta obt.. intd In studi.s Of working gro\lps to en"lrolllltntal e~pOS\lres,

It Is necessary to utablhh a r.l"tlonshlp bttw"n optlc"l fiber CO\lnts and

tht IIlSS of asbestos dttermintd by tl.ctron .icroscopy.

Data ar. availablt r.l .. tlng optical flb.r counts (long.r than 5 ~.) to the

total IlUS of asbutos, as dltll'llllnld by eltctron lIIicN;lscopy techntq\l1S or

oth.r 'dlght dettl'llinations. ThIS. rel"tlonshlps (Tabl. 5-11) provldt cr\lde
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utlutu of a canv,rs1an flctar rtllt1ng flb,r canc,ntratlan In f1blrs glr

1I1l111lhr (f/,l) to airborn, nbntas aus In ..leragrps plr cUbic ..ltlr
1(Ilgla). The propostd standards for asbntos in Grllt BrHain, 'It b)' U

Brlthh Occupatlon,l H)'ghnl Socllt)' (BOHS), statlS that a "ruplrabl," asbnt,
1un of 0.12 ag/a 15 Itqulvallnt to 2 f/a1 (Brlthh Occupational H)'ghn,

Sac11l)', 1968). Thl standard don not statl haw thh rllUlonshlp was d'Ur­

a1nld. If the rllat10nshlp WIS obta1~ frOll magnuh. dlUntlnatlans In an

a'fosol, the ~11l1lt dat.ralnatlon would l1k.ly bl hlgh b'Ctus. of thl preslnct

of othlr nontlbrous ugnlSlua-conulning cQIIPou"lls In the IIrosol. Such WIS

the casa In tile work of L)'nch It al. (1970), and thllr values for thl convlrsl,

factor art undoUibttdly ov,rlltlutu. The daU of Rohl It .1. (976) arl

l1kaly to ba undtrtlstiutu bacausa of poulbla louIS In tha d'lt".lnatlon of

un b)' tll'Ctron a1croscopy. No Infol"lltion 'lIhh on the procedures und to

d,ttrai". tilt uss of chrysot11, In the data prasantad b)' Oavls tt al. (1978).
The range of 5 to 150 for tlla convarsion factor rt1ttlng MU concln­

tratlon to opticil flblr conclntrltfon Is IlI"ga and any IVlrag' vllut der1vld

frolt it has I large unclrtainty. Howev,r, for the purpoSl of utrapolltlng to

law un conc,ntratlons frOll flb,r count, the geo..tric a..n of th' atlav,

range ot conv,rslon flCtors, 30 IlglaJlflal, will b' used. Til' g'OlIetric

standard d,vlatlon of tllh va.lul Is 4, and tllh unclrtainty slvlrtly n,1,
any tlltrlpolation In Which it Is used. .In th' cua of _sitt, thl data ot

Ouh It al. (918) suggut that a canvlrslon factor of 18 11 appropriat,.

HOWIver, thesa data yhld 10Wlr chrysotl1t valulS than all oth,r chrysotil,

estlutls; therlforl, thly lIay also b' low for llIOsite.

5.10 SlJPMRY
....uu~nts using 11I'Ctron m1croscopy tlchniQulS establlshld tile grlSenc

of ubtltos In tilt 'urban ubilnt air, usuall)' at canClntrations 1lSs than 10

ngla3. Conclntrat10nl of 100 nglil l to 1000 ng/1l3 "Ire ""uurtd ntlr specHic

asbaltol ..isllan 10urCII, in schools ..htrt asbtstos-contalnlng lIattrials are

uSld for sound control, and in offlct buildings ..htrl slm111r mattrials are

used for fire control. EllCeU conClntratlons ln buildings Ilav, usually blln

assoclattd .. ith vlslblt dpage or trollon of tn, aSblltos mattrials. Many

buildlngs w1th Intact lIllterial hut no Increu'd concentrations of asblStoS.

Molt ubltnt ..aSUreMlnts "Irl takln over tIn years ago and It Is v,ry Import.

to obtaIn MOr, current data.
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6. ~ISj(, EXTRAPOLATIONS AHO HU""'N EFFECTS OF LO\fj EXPOSU~ES

6.1 RISK EXTAAPOLATIOHS FO~ LUNG CAHCER AHD MESOTMELIOHA

To obtlln dou-rnponu ntlutes at ClJrrent or projteted en.iro,*ntll

ubntos conc.ntr.tloM. It h MC'U.ry to utrapol.tI froe epld..loloCJlc.1
dat. on dutnl that II.... rnlllt" f~ uponres to till consld.r.Dly !'IiCJllIr

conc,ntntlons Ut.llt in OCcUllatlontl cin;lastlncu. As "ntlon'd pre"lolJlly,

tn..... l1abl. Gat. Ir' cOllpltibl. '11th. IInlir UPOIlJrt·rnponu r.lIclon­

,hip, '11th no I"id.ne, of • thrlllJl'lOld. HowI".r, th. 1I1itlG dati ch.t indi­

catl till .... lldity of tllh relaclonsnip ,re for Ull'OllIres two 01" thr.. orden

of u;nltud. !'IICJh.r th,n those of co~.rn for .n"ironMental e~posllr.s.

Til....allln li.t.rtIIMd for III and ~ In Cllaptlr J art uud to calcllllte

bnt utllat. rilks 'roe conClnllOUI Illposurn to 0.0001 .1Id 0.01 fIll. The

~alun ,for contlnUOIIS IllPOSUr, w.rt d.ri ...d by lultlplyinCJ 40 hr/wk rilks,

obt.lntd frOll oc:c:up.tlontl Illposurn, by 4.2 (th. ratio of I\ollrs in ......k to

40 hours.) Th. lower conc.ntr,tion ls typlc,l of urO,n .-bl,nt ,11" 'lid COrrl'­

ponds to ,bout 3 ngt13. T~ hlCJ~r conelntr,tion. corr.sponding to about 300

ngll3, wu ..uurtd In IIv.nl .nvlro_uJ" IllpoSllr. cln;latuncn. Th.1I

two IXalpl.s provide lJIIit risks f~ which riSk ,t Otll,r contfnUOlls ,xposur.s

Cil/l til calcul'ted II ~.

Tables 6-1, 6-2, 'lid 6-3 Iht ttl, ulcuhtld IHlti.. rilks of IUO·

tl'NlllOlll 'lid 1\1"9 unc.r for contfnuoUl uposlJru to 0.0001 ,nd 0.01 fill of

utllltos for various ti.. p,rlOlh. Rhh f~ 10"9'1" 01" ,horc.r upolurn ,an

bl utiutld Dy dlr,ctly sClllnCJ til. d'tI in til. tllIln, u un riSk' frolll

otl'lar COnctntntions (I. •. , 0.1 fill). Equations 3-3a, 3-6c, )-6d, .nd J-61

and v.lues of K
t

: 1.0 x 10- 2 anG ~ : 1.0 x 10- B '1'1"1 IJsld in tlle'l calcul,­

tlons. Tl'le c,lculitlon usn a llf,tlble appro,,", In "hlclI thl hypotnetlt!1

populnlon n risk h contlnuously literlne<l by it, ca"uhttd ..ortility fro<ll

.11 c'u,.s. Olff.r.nt 0.11",11 .artality ratls for l.ak.rs and non-,lokers, I'

""II n for uln and f...ln, IUd co <liftlrenc ntillhd H'Ot!'l,Jl_ riskl
by '.atlnCJ .nd CJ.ndtr, in Tallin 6·1, 6-2, .nef 6·3. In till ulculltlon Of IlJnCJ

c.ncer risk it 'I" .,.uted ttl,t the calculated .'be'tos·r,llt~ rilk conti nUl

followl"9 ce••ation of any hypotlletlc,l ,xposur•. U.S. 1911 .artallty rates

(Mnlo",l C'nur for Health StathtiC1, 1911) ,rt lJud II ttll bllic <I.tI for

tne Cllculnlon. The tallln utllhe both l.aki"9 sptefflc (Talllas 6·1 ano
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6-2) and g.n.ral population (hllie 6-3) rates. W. are auullling tlla.t the

current U.S. ~Il. ~rtllity rlt.s r.flect the e~p.rience of 67 percent S~O~.ri

(I\'lany, howe....r, are no.....-smolters) and. tl'llt curnnt f""I. mortality ratu

refhct the uplrhnce of 33 percent s,o~lrs. Using then percentages anO tht

data of Ha.-ono (1966) on tht eortllity ratio of slllokers to nons.alters, Smoking_

SOI,ifl, toul IllOrtality rates an cIl'ulltld. CUrrlnt 1unll cancer 'lIOrt.)ity

rates for lIIales an lIIultiplitd by 1.S to reprennt the rates for slllokinll

/lales. The multipllc.tlon h,tor COIMS frOll tht hct th.t tht cUrrtnt IIIlh

ratlS ruull frOll • popuhtion ...hert 61 Plrcent ot men arl SIllO~ers or u­

SIlIO~IrS. Corruoondinllly. current f.... le 1unll cancer morUlity ratlS are

multipll.d by ) to rtfl.ct tht fact thlt approxiflltlly )) perc.nt of women are

curr.nt or e~-s.o~lrs. This factor for ~n lIIay b. 10.... b.caus. thl current

rapid incrlln in f l. rates uy not yet fully reflect the full Impact of

,"O"n'S slIOking; hOWl r, th.y should not uceed thl lIIal, sllO~er's ratn.

Nonsmoklnll lunll canc.r ratts (or both males and f,.al,s .re t.~,n frolll Garfinktl

(1981).

The rnults sho... the i~orUnc. of the ti ... course ot l'II.sotheliollla.

Chi ldr.n expond at younller aglS art ISp.ci Illy susceot i bI. betlun of tht i r

long life txp.cUncy. The ti.. of .xl)Osure plays littlt rolt In tht lifetime

txc.ss risk o( lung c.ncer; any exposure before the agi of 45 or 50 contributes

equally to tht lHeti_ risk. The rhk IStilUtlS art uncertain btcau" of the

....riability of thl data frolll which ... alues of KL are ca'culated and frOfl uncer­

tainties in e~trapol"ting from risks estimated at hillh occupational exposures

to concentrations 1/100 and llss. rhus, actual riSks in a giu.n .nuironmental

exposurl could be outside the 11sted ranges.

The ris~s in tallIes 6-1, 6-2, and 6-) ...ould appear to be the best eUi­

matts for exposure to fibtrs rtlUstd from tht uarilty of asbestos produCts

used in the United Stiltes. includlnll products containinll Smlll allOunts of

crocidol1tt and substanthl ~UlntitilS of a..sitt. As noted in thl tallllS.

thl 95 percent confidenci Ii_its on thl risk esti.ate for an unstudild Ixoosure

circumstance Ire I factor of tillllS 1110 .nd timet 10. As indicated in section

3.11, exposuru to Crocidolite appur to carry a proportionatlly gruter

fIItsothellollla ris~. rhus tablts 6-1. 6-2. and 6-) will likely underestimate

(by perhaps a factor of 4) thl mesothelioma ri5k to .eroio1s containing predo~i­

nantly crocidol itl asblStos. Con ... ersely, in 50me pure ehryioti Ie e_posu ..

circumstancu (SUch as in mining and milling), the riSk "ill be ouerestimated.
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6.1. 1 Altirnativi Analyses

As discuSSld previously, thl data stronqly support a reiativi risk -adel

for lung cancer and a linear dOSI·reSpOnse rllationship. No data indicate the

existencl of a threshold, although ani cannot bl rul.d out.

If a threshold don exist, there would be a corresponding reduction in

thl calculated lung canClr risk. There is no .vidlnu of a quadratic te ..... in

thl dasi-responn relationship nor is it indicated by .... isting "lodlls for

ubestos lung canur. If, how.ver, a sull quadratic tt,.. is preslnt, thlre

would bl sa.. rlduction in thl calculatld risk.

Alurnathe 1II0dl1l do Ixist for ..sothlllOlli. Thlr. arl unC.rhinties in

the po-..r of ti," at which IIUOthl1iOlU risk IncrlulS. Ttll uncertainty,

howlvlr, has r.lithlly little effect on calculated lihti.. risk values,

because a fit lIUst bl ...dl to tllhtlng occup.tion.l risk oVlr a ti.1 Ipan of

four or fivi dlCadll, llaving only two or threl dlCldls of Ilfl for mlnif.lta­

tion of dirflrlnt power function eff.ctl. A 10..,.r pO\ller rlquires • much

grlatlr lIultiplying cOlfflcient. Tabll 6-4 shows the efflct on thl calculatld

IHeti.. risk of thr.. difflrlnt ti .. functionl th.t Irl lIatchld to best fit

thl ti... courn of risk llIOng insulltian worklrs. Tabll 6·4 Shows thlt thl

utr..u of Ifflct differ by less thin a factor af two. As W15 shown in

Table 3-4, therl is vlry littll. "piricil Ivid.ncl for quadrltic or higher

te,..s in the Hsoth.lla-a dOle·relpOnll rilitionship. although thlY are compat­

ibll with existing cancer lIlldels. [f higher th.n I inlir ttnn were present,

th.y would reduce the calculatld rilks by leiS thin a flCtor of two.

TABLE 6-4.
TIME CDU~SE OF

COMPA~ISON OF THE EFFECT OF DIFFE~ENT MODELS FD~ THE
MESOrHEliOMA ~iSK FD~ A FIVE-YEAR EXPOSURE TO 0.01 F/ML

Agi at anllt
af IXpOSUr.

o
10
10
JO
50

51. 0
31.2
17.5,.,
l.l

Calculated dlltns/lOO,OOO lIIales

76.0
38.0
17.5

7.0
1.0

46.0
27.2
15.0
70
1.0
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6.2 OBSE~vED ENVIRONMENTAL AS8ESTDS DISEASE

Asbestos·rellted diselse In persons ~ho heve not been directly exposed at

the workpllce has been reported since 1960. hI that year. W.gner et al.

(1960) published .. review of 47 cun of Msotlleliom. found in the Nortm.est

Cap. Provillc, of South Atrica in til. previous 5 years. Approxilllltely half of

ttl. CUIS dncrlb.d ....n in individuals who. a.cadu b.fore. hid li.ed or

work.d n••r an Ir.1 of Isb.sto. lIIinlng. Th. hazlrd from .nvironm.ntal asbestos

UPOSUl't WU furth.r =clJMnt.d in the findings of HewhOUst and TlloMson (l965).

showing tllit ..,0th.lia.. could occur <IIIIOng individu.ls whose potential asb.s­

tos ..posure consisted of hiving ruided nllr In ub.stos factory or in the

housellold of an ubutos work.r; 20 of 76 cu., frOlll tile fi In of the London

Hospital Wlr. til. r'sull of Such exposur.s.

Of consid.reble i~ortance are d.ta on the prevalence of X·ray ebnor.lli­

ties .nd the incld.nce of IHsottlelilla<l in falllily conl.cls of aJlCsit. hctory

employe., in Peltrson. H.. Jersey. Anderson and Sel1koff (1979) stlow.d that

35 p.rc.nt of 685 fuily cont.cls of fOrMr ubutos f.clory workers had

abnonl<llities cher.clerlstlc of asbeslos exposure wilen lhey were X-rlyed 30 or

50 years afur th.ir first household contlct. Tile dat., sllown in Tables 6-5

and 6-6, cOilparti the 1I0usehold group with 326 N.. Jersty urban resid.nts. The

ov.rall difference in tile p.rcent.ge of abnor.,litiu n.tw..n the two groups

is lIigllly signifiClnt. Of sptcill concern is the finding that tne difference

in the prevalence of Ibnonaallties in. group of children born into a worker's

houS'hOld aft.r his eaplo~nt c.ls.d is also significant.

Four IIIIsotheliOlll CUll aha occurred alllong the family contacts of these

salle factory work.rs (Anderson et 11., 1976). Table 6-7 lists the cnes by

time frolll onset ot exposurtl. Ilong with the number ot deaths from other causes

in the 51... tille period (1961-1977; on. dtltll occurred subsequent to L977).

One percent of the delths Ifter 20 yelrs frOlll first expo sur. wert from ~esothe­

liOlll.; ho.....r. further observations will be necessary to ful1y estalllish tne

incidencl of this nlopll5l11 IlIIOng fllllily contacts. AI'! additional COl'!tribution

of asbutos-reliUd lung canClr could also .xist. but stUdies in this reg~rd

havi not Ylt be.n c~lll.d.

" Sfcond population-buld lIIOrulity sttlay of Ih150thelioma ~I'!d other

cal'!cer risks in enviroMintal cirC\llllSUI'!CIS is th~t of H~llUIlOnd et a1. (197gb)

Thls sttldy coepared till mortality of a group of L779 residents within 0,5 mile

of the Paterson ~osltt .sblstos plant with 3771 control5 il'! ~ different. o~t
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TABLE 6-5. PREVALENCE OF RADIOGRAPNIC ABNORMALITIES ASSOCIATED IiITH ASBESTOS
EXPOSURE AMONG HOUSEHOLD MEMBERS OF AMOSITE ASBESTOS WORKERS

Total Onl or ftQrl radlogr4phl'
Exposurl grllUP uulnld abnoMiallt11s prfsent"

Mew JlrslY urben rlsldlnts-- 326 15 ( SlI)
Entlrld houslhold iftlr 4ct1vI 40 6 (lSlI) " • 7.1 P <.01
worklr .-plo~nt 'Iasedt

Houslhold res1dent dur1ng a,tlvi '85 240 (3SlI) " • lit P (.001
worklr .-plo~ntt

HouSll'lold ruldlnt and Plrsonll 51 23 (45l1)
oc,upat1onll asblstos Ixposurl

-ILO U/C Pntu.oconlos1s Class1fl'lt1on 'ItlgorllS; Irrlgular opa,1tlls I/O
or grlatlr: pllurll th1,kln1ng: pllural 'alclflcatlon; pllurll plaQulS.

--No known dlrlct occupat1onal or hOUSlhold Ixposurl to IsbIStOS.
tHo known d1rlct occupatlonll IXPOSUrl to asblstos.

SourCI: Anderson and Slllkoff (1979l.

TABLE 6-6. CHEST X-RAY ABNOR*L1TIES AltJHG 685 HOUSEHOLD CONTACTS OF
AHOSITE ASBESTOS WORKERS AND 326 INDIVIDUAL RESIDENTS IN

URBAN, NEW JERSEY, A HATCHED COMPARISON GROUP

Group

HOUSlhold contact'
of asblltos
workers

Urban New Jlr'ly
residents

'85

326

Pllura'
thlcklnlng

preunt

146 (18.!llI)

4 ( l.ZlI1

Pllural
calcification

prestnt

56 (8. Sl)

o (O.OX)

Pleural
plaques
pruent

61 (7.9:111

2 (0.6l1)

Irregular"
opacH hs

present

114 (16,6\)

11 ( 3.4'\)

-IlO U/C Pneumocon1osls Classification Irregular opacltll' I/O or grlater,

Source: Andlrson Ind SI1tkoft (1979).
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TABLE 6-7. MESOTHELIOMA FOLLOWING ONSET OF FACTORY ASBESTOS
EXPOSURE, 1941-1945a

Facto!')' work.rs (9331 l(ou5lhold contacts (220SJ
Total Total

Y.ars fr~ ons.t duths ....soth.liolN duths Huoth.l ioea

<20 yurs 270 • 28. •
20-24 yurs 102 2 " •
25-29 yurs 113 5 III ,
30-34 ylars 84 7 12' ,
35+ Ylars ....l

,
" I

Total )20 y.ars 'M 14 '84 •
Toul all yurs 574 14 ... •
aOau of Slllkoff and Anarsol'!.

Sourel: Nietlolsol'! (1981).

leol1Ollf(l.11y si.illr Sletion of town. No dlttlrlnces in thl rllltiv. IIOrtal­

ity exPlrfll\C1S ""I Slln, llIelJlt for OM INSothlliOlY il'! tile nlighborhood

group. Thts OM Clse WIS In Illctrlciln; thus, occupltlonll IilpOSUri lNy !'lave

contributld to thl disease.

6.3 COMPARISON OF OBSERVED MORTALITY WITH EXTRAPOLATED DATA

Thl -ortllity dltl In thlsl two populltion-baSld studils Cln bl (omparlo

with IltllNtiS frOlI thl datI thlt 1.d to Table 6-3 but calculltld for 3S

years, ratller thIn a llfltl... If thl lir conClntration In both clrcu.stances

was 200 ngI.3, "Il9rollilNtlly 2 lluotheHou deaths/l0a,000 would bl e:<ptcted

In 35 yurs of observltion. In both CUlt, thl upond popula.tion wu about

2000; so, the IXPlcted nu.blr of ..sothl1iOlllu would bl 0.04 (rang_: 0.004 to

0.4). Thl hfghlr nUllblrs obnrvld, plrtieularly In th_ houSihotd group,

suggut that highlr .xposurlS ( •. g., fl"Oll shaking dusty ov.rllls) ..ay hay.

occurrld in worklrs' tIoIIIs or tllat til. Illtrapolations bu.d on occupational

datI INy understlt. riskS.
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6,4 COMPARISON OF ESTIMATED MESOTHELIOMAS ~ITH SEER DATA

Tht riSk esti.ttes of Table 6-1 through 6-J can also be used to co~are

esti~ated .tsotheli~1 riSk with thlt observed in the National Cancer Instit~te's

Survei1l1nee, Epid... iology ilnd Elld Results (SEER) Cancer Rtgistry Pr09ra~.

Between 197J and 1978, 170 Clles of mtsothelio.. wert Idtntified among fe~ll,s

in the SEER progrllm whiCh il bilsed on lOX of th, U.S. population (Connelly,

1980). Thus, about 280 cues occur ilnnually in the U.S. aIIlOng f...alts. Using

Equ,tions 3-6d 'lid tht current female popuhtion of the U.S., it is estill'ttd

th,t J2 cUts would occur annually fro. , continuous lifeti.. exposure to

0.0001 fl .. l ('bout J ng/.J ). Howevtr. such a coneentrltion. which wu lIIeuured

in urban areas during 1970-71 would bt lnflutnced by the Iutlstantial un of

asbestos building products. The "back"roun4~ concentrltions during 1910-1940

would l(kely be leu. Nichollon (lS8]) has est luted thlt about 20 ..sothelio·

IIU woul d occur a-on" ..n and WIltn if an Iveragt coneelltrat i on of 2 n"/.3

txisted frc. 1930.

6.S LIMITATIONS TO EXTRAPOLATIONS AHD ESTIMATIONS

The above calculltions of unit risk vilues for UbUtOI Must bl vlewld

with caution btcause thly ,re unClrtlin and are neetssarily baStd on esti.ltes

that are subjective, to SOllI extent, because of the fol1oooing li.itations in

data: (1) extrapolation frolll high occupationll ltvels to -uth lower allbient

levels, (2) llIau-to-fiber conversion is uncertain, (3) H,rious confounding

aspects of tht ..dical daU and, very llllPortantly (4) tht nonrtpresentative

nature ot tht txposure utiaaus. The ranges of uncertainty uti...Ud llIay in

fact bt greater than those stated here. but insufficitnt information exists by

whiCh to make ~re prlcise or definite tstimates of uncertainty.
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7. OTHER REVIEWS OF ASBESTOS IlEALTH EFFECTS

7.1 INTROOUCTION

Rtctntly nvtrtl govtr_nt .gtIneiu In dlHtrtnt countriu rtvi!"'td

.ublstos htllth efflets. The IIIOlt i-.porUnt of thl rtViewl outside thl Unitla

St.tel are thou of the Advisor")' C_Itt.. on AsbutC's (1979.,b) (ACA) of the

British Htllth al'ld S.flty Co_hsiol'l .nd the rlport of the Onurio Royal

Co~lsslon (ORC) (1984). Vpd,t,s on the Brltilh report have bttn publishtd by

Aehuon and G.rdntr (1983). and IIIOSt r,nntly by 0011 al'ld Pita (1985). EUh

or thtst ftljor reportl was t~ r.sult of 'tl'lgthy t,stllllOny by ~.I'ly scill'ltl,t,

II'ld dtllbtrttion by • ttltettd e~ltttt ovtr a 101'1'41 p.rlod of tI... 11'1 thl

Unit.d St.tu, ttlt Nttiol'l'! Ac.dltl)' of Sc:f.ne.1 (HAS) hu r.v/ .....d the nan­

oceupulon.l htl1th risk of ubutlfo.... flbtrs (N.tlol'lll Ae.dtlly of Sei.neu,

1984) and. Chronic H.!.rd Advisory Pan.l conv,nld by the U.S. ConSUltr Product

S.f.ty Co.inion (1983) r.porttd on the huards of nbutCls. Th.r. Ire 111''41'

ar.as of agrl...nt Ind sa.. of dis.gr....nt bttwe.n thts. oth.r r.vitws and

thoSt Clf this doe.....nt with rl9lrd to the sp.etrue of albtstos-rll.t.d dlslas.,

thl lIlOdth dtlcr1bll'l9 asbestos-relattd lUl'lg c.nc.r and ..soth.11ON, unit

txposur. risks in oeeup.tlon.l elreu.stane.s, possible differlnc.s In carcino­

gtnic pouncy of dHf,r'l'lt Ubutos .in.rall, end risk utiute, at low,

nan-occup.tional Ixposures. ThUt '1" diseusstd b.low.

7.2 THE SPECTRUM OF ASBESTOS-RELATED MORTALITY AHO FIBER TYPE EFFECTS

Th.r. wu unani.fty that all co_rel.l varl.tlls of asbestos, including

chrysotll., crocldollt., .-Glit., and al'lthophyllite, producld lUI'lQ c'l'lcer In

nUlnal'lS. Thl Onllrlo ROYll C_IIIlon (1984) I'lottd tn. cansidtrlbl. differinci

In lung c.ncer riSk In different ehrysotill-using procnses. The reports

Implicated chr")'lotile, crocidolit. and allOslte in Inere.seo rllks of ~esothe­

110111•. H_vlr, they d1l'9r..o on the i~ortanc. of thl roll of tach fiber

tYPI. Th' various British '.1Id C.n.di.n rlports view chrylatll. u bling a

subltanti.lly lUI pot.nt lIIuoth,lt.1 carclnog.n than .lIlCIIlt••nd "ollte to

b. sOllewn.t hu pottnt th.n croctdolitl. In the vhw of 'chtson and G.rdntr

(l983) "expolurl to chrysotllt .lon. 10 t.r hll rar,ly btln shown to C'U$l

muothtliOIll." Tht British .nd Can'diln viewl '1'1 butd on t1'11 high frtQuenty

of mesoth.lioma dt.tMI .sloel.ttd with crocldolit. and .mositt exposures, ev.n
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though, in so... cirCUIUtlnCn, the a~hiboh usage lIIay have been v.ry sllall

relative to cnrysotil., Th. CPSC report vi .....d chrysotil. u b.ing illlPortant

in the pNlducticlI'l of pl.ural lluoth.li01lla but not for periton,,1 tumors. Thii

vii'" is basld on silllilar ratios of pllural mesoth.liolla to 'Kcess lung cancer

found llI\Ong chrysotil.·upos.d W(lrkers cOllPared to lli~.d or alllphibole-.~poseo

...orkers. Thl t(AS b.liev.d th.t info ..ation IOU insuffici.nt to nUlllish a

differential rtsk' bued on ch..tstry. It stated, "lIIany of the appar.nt differ­

enCIS (in carcinogenic pot.ncy) lIIay b. 'Kpllin'd by the diff.r.nces in physical

proplrtin and concentrations us.d by tn. vlrious Industriu."

All r.ports not.d that tM str.ngth 01 thl .vidlnce assocl.ting ubellos

'KPOSUr....ith cinc.rs oth.r th.n lltsotn.ll~ or of the lung Is l.ss. G.stro­

inttttinal and laryngtll c.ncers ...r. attribut.d to asbestos uposur. lly the

Ontlrio 1I0yal COMinlon (1984) .nd by the Advisory CeMitt.. on Asbutos

(1979.,b), .'tnough Acn.son .nd G.rdn.r f.lt in 1983 that the .vld.nc. linking

ubutos and GI c.netr IOU "l.u convinclfllil th.n in 1979." ColI ind P.to

(1985), In th.ir revi ..... conclud. that th.r, .Ire no grounds for b.lleving thlt

gastrointntinll Clncers ln g'ntral Ir' plculiarly lik.ly to b. caus.d by

ubutos .~posure. They furth.r state that: (1) for lIryngul cancer, on tne

_."oJr hand, •..• ..~ is quit. strong, (2) th.y r.urv. jUdgMnt about tile

ponibillty tllat ubutos CIUSU cancer of til. uopllagus; .nd (3) they .lso

note ...h.t evid.net would b. n..d.d to ....k.n th.ir vi .... r.g.rding possible

gntrointutinal tract c.netr link.g. to asbtltos .~posu,... Botn tn. u.s.

ConSUllltr Product S.ttty COMission Pln.l (1983) and National Acad.llY of

ScienC'1 (19B4) not.d tn. increas.d risk of GI c.nc.rs in Slvlral Cohorts, but

ucn declined to Ukl • 11l'1li positlon on cauulity. Tnl CPSC Rlport specifi­

cally notld a dil.gr.....nt on tn. iSIUI anong p.n.lists.

7.3 MOOELS FOR LU~ CAHCER ANO MESOTHELIOMA

All r.ports adopt.d IIlOd.h for lung cancer and lIluotll.liOlilI Silllilar to

tllon of tllis report, a r.lativ. risk lDOd.l for lung canctr and an absolute

risk 1II0dtl for Hlotn.liollla, in ...hicll tn. rilk increased IS a po.... r functi:ln

of ti ..e frolll exposur•. All nottd til. lilllit.tions on the data ut.blhning a
don-responn rtlationsnip, but all 'tlt a lin"r modtl ..as /lOst appropriaa,

particularly for regulatory purpous, Nant suggutld tll.r..... s any avidlnce
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of <I thruholcl for asbutos C<lnClr (although the dlta WI" tnsuHiclint to

lllI.cludl ani).

7.4 EXT~APOLATIOHS TO LOW EXPOSU~E CIRCUMSTANCES

All of the .aJor revi~s by govlrnllnt ageneies ~ntionld above Undertoo~

qUlntltatlve riSk essesl..nts for non-occupatlonll or low e~posure, to eSbestO\

StUUSl of agrl_nt on the .cclels for 1ung cancer ancl ..sothll 101M, vary

sl.t1ar unit risks werl esHuted. OIHerencu werl largely till' r..ult of tn,

enoicl of studi .. considtrtcl <lncl were "lethely lull. All of tne groups

recognized the If.itations In the dau on which lllI.trapolations WIre buecl, til,

depencltnce of the extrapolation on a linear clos'-ruponse rel<ltlonsll1p, tht

unetrtainti .. of estl.ation of asbestos e~posure in put year" ancl tile cliftt­

cultlts ot converting between difflrlnt ..thad, of ..a,u""nt. Two groups

(National AcadMy of Scienees, 1984; U.S. Con,~r Product Safety C_hsion,

1983), estiuted risks It lower t~po,ures using Iverlge unit t~PO,ure riSks IS

wu done In this doc~nt; the othtr two (Ontario Royal C_Inion, 1984;

Advisory Co_lttee on Asbestos, 1919a,b) uSlcl riSk utiutes fl'Oll deta In

clifftrent occupatlonel studies end a range of the results was prellnted.

Vlrious estiaatu at till uncertllnty of tllell risks wert provided; .cst wert

of In Id hoc nlture, A COIIplrhon of tllell clifftrtnt risk estiaates is shown

in Table 7-1. Therl is relSonule agre_nt between the utiutu when consld­

.ration is taken of tilt diHtrtnt exposure drc~stancu. Tilt HAS valut fop'

M!Sothlllou risk appears to bt 10\11 relathe to tlltir lU"9 cancer risk (the

llftti.t t~posure risk bartly t~Cetds tllat for lung cancer In a non-sllOker).

This may be tht rtsult of stparetlly choosing band k in the risk relationShip

= btk, rathlr thin cllte~;ning b .fter s.llcting ••• lul for k.

Whln e.klng the I~trlpol.tion fro~ the work pllCI expo sur. to th. ambient

expolurl, one atlst b. IWart that the physical structure <lnd other prOPlrties

of ubutos Ny uke tile exposure risks substantially differtnt.
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TABLE 7-1. THE RISKS OF OEATH/I00,OOO INDIVIDUALS FllOM MESOTHELlOl\A AHD
LUHG CAHCER FROM A LIFETIME ASBESTOS EXPOSURE TO 0.01 f/~l

popul,tion Lung C'IICU

This Doc~nt

FelNh smokers
Feult rn:lllslIOkers"'1, SlIlOk,rs
Mil, nonslIOkus
Malts ,xpostd 40
years froM ag, 20
fr,* Table 6-3

150.0 (15 - 1500)
16.1 (1.61 - 164)

l38.0 (23.8 - 2380)
18.5 (1.85 - 185)
88.5 (8.' - 885)

2Sl.0 (12.6 • SOtO)
212.0 (13.6 - SUO)
181.0 (9.1 - 3620)
l20.0 (1L1) • 40400)
16.5 (2.3 • 920)

Nationll Acld.-y of Science (1984)

Fetlilt SllOktrS 57.5 (0 275) 22.5 (0 875)
Femall nonsllOkers 7.5 (O 32.5) 22.5 (0 875)
Mile 51,oklrs 160.0 (0 125) 22.5 (0 875)
Ittl, rn:lllslIOktrs 15.0 (0 '5) 22.5 (0 875)

U.S. Cons~r Product 5ef,ty C~ission (1983)

F'lUh SlIOktrs
F.-.II nonsllOk'rs
Mile Slloklrs
M,l. nonSlllOktrs

95.2 (30.1 - 301.2)
15.7 (5.0 - 496)

155.0 (19.0 - 490.1)
17.5 (5.54 - 55.1)

216.0 (78.0
266.6 (64.3
174.2 (55.1
215.3 (68.1

779.9)
642.9)
551.0)
680.8)

Ontario ROYll C~jssionl (1984)

1.4 - 187.50.' - 76

A hypothltic,l workforct
of 385 male smokers,
385 lUll nons~ktrs,

115 fe~,lt smoklrs, 'lid
115 fem,lt nonsmoktrs

Adwlsory Co.-Itt't 011 Asblstosb (1979a,b)

8.6 - 286

0011 and Peto (1985)c

Males 25.2 "
aEXposurl of 25 yelrs frOM Ige tWlnty-two.
bSO years exposure.

cExposure of 35 y.ars frc. age 20.
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7.5 RELATIVE CARClNOGEHICITY OF DIfFERENT FIBER TYPES

As brl.fly Mnllon.d abov" SOlI d1ff.r.nc.s .x1st .-on; the ..jar reports

by diff.r,nl national erganitltions on lh. r.llliv. clrclnogenlclty of differlnt

ubulos flb.r lypel. The vl .. of the Brfthh In the Reporl of the Advhery

Co_Itt•• on A.blltol (1979a,b) and of Aclltson Ind Cerdn.r (I9B3). who wrote

the blckground h.etth .ff.cts plplr and I 1983 updat., Is thal crocidolil. Is

I very pot.nl lIlIIsolhel1l1 cerdnogln, HOslll 15 1.u so, Ind cllrysotll.

rlr,ly preducli such a lu.:Jr. TlMllr vi .. 15 blild on dala 11.11lr to thll of

Tlbl' 3-35 Ind on lhe finding thll In survlYS 01 Individuals wllh mtlolh.Il~,

partlcullrly In Crill Brillln, In exposure to croclaoHl. or UlJltI1bo1es Cln

usuilly II. docuMntld Ilth.r In a hhtory or 1n Inalysh 01 lung tluu. for

nbnlol fll1.rs (I hhtory of exposure to chrylotll. h .qulIly ce-on). It

15 not cerllin how ",uch wight on. should pllc. upon th15 litter evidlnce. In

Grllt Britain, u In the Unlt.d Stlt.. , occupetlon.1 , ..posure to ub.. tos

largely Involv.. exposure to .htur.. of Obers. ThUS, an nsoclltlon b.tween

4IIIIltl1bol, uposure and Msoth.lfOlll would b. exp.clld. It 15 fOllnd th,t

a~hlboll I,b.,tos vlrlttlls Ir. r.tafn.d In thl lung for dlclOts Ift.r e"p0511re,

wh.rtn chry50ti I. und.rgoll re-ov,l proCls"s of v,rlous tyo... ThllS, wi th

even britt or low lnl.nsfty UlPhlbol••KpoSUrtS, flbers In ca.:Jn1)' found In

lung t15sue an,')',l,.
Th. Ontario ROyll CQlIIIisslon (1984) Ilso noted that th.re i5 a convincing

CI" aglln,t ~hlllol.s ln r.latlon to the lncld.nc. of Mtsoth'liOlll Ind that,

willi. chryutll. 15 cap,bl, of causing IWsotll.llOlll in huaa.ns, the lncld.nce

.mong chry50til,-expos.d cohorts illS b••n r.letiv.ly low. For thl" th.y cit.

the ....lIpl. of the Charl.ston, South Clrollnl t ...tll. pl.nt with In , .. trlordl­

n.rl1y 1I1gh incldtnc. of lung canc.r, but only on, .tsothelloml.

0011 ..nd Pita (1985) stall thet, In th.lr opinion, th. ep;d..,jologicel

dlta show thlt chrysotil. cen c.u,. both M,otll.l1c.a Ind lung clncer but thlt

pert tonn I a"othellOllol is rlre Iy Clulld by chrysot I Ie uposure .nd thlt

crltCldolH. Ind UIOsH. er. mort dln~rous th.n cllrysotll. wh.n ulld In the

stili wey. 0011 end Peto (1985) ptrtlculerly not.d the much grlll.r ",,!lothe­

1I011a risk In the ...p.ri.nce of gn alSk unuflcturing work.rs whe ustd crocldo­

lit. COlllpar.d to tho" who u"d chrysotl1. (Achllon ,t 11., 1982). Ho...ver,

no .xposur. dltl ...r. IvaI1Ibl •.

The view of the Natlonll Acadetl)' of Sci.ncli (I9B4) report wlS that the

.pldemlologlcal llt.retur. on tht relatlv. Ability of different fiber typ.s to



elU" dill... don not pre.ant I ,I .... picture. Th, abnr....d urtttioll in

risk ..y be dut to dl't.~nt .ffectl CllIl.d by dl'f,,.nt 'Ib" '''" ,
•..... crd ..n·

,lonl used In proUts.. 1n which otnt.. conu.iM.tlh fort ,rIUII· r'•. ,,'y H'lt
tNt llll ~nflucM of the dlft,r,nct In ~rt" "Ish Is not lft.tly to DI
.~plllntd by fib,.. or proc••• diff,rence••Ione.

7.6 HOM-MAlIGMAWT EffECTS
All ,..... , ... of ntle.to, dfd IlOt ~".f.r I I'IOn·..1fgnlnl elh""1 t4 til of

llllpOrtallct It tMi upo.u,.... fcwnd In Iny11'O_t.1 cln::.lt.llncu. For '''Ulglt
•

the Ontario Roy.l C~fl.jon (1984) concluded that ·It low 1.~.11 of occ~Pltton'l

..potUrI to nbellos tM fibrotlc proc... In t.Ile lungs, lr in"" it Cln bt

1n1tl.tl4, will not lfk.ly prog"•• to till point of clln1c.l ..nff.,t,tton or
evln the tlldul dhcOIItort. On lite bash of lilt ,,"vl1hhl1 dlta our but

ju~nt .. to tile 1t',t1. occup.tlol\.lll Ixpo.ure to lIoutOI It wll1ch the

fibrotic proc,.. tannot .dv'I'IC' to lht point or clinfnl ..nHutltfon or
15bt5lolfl II fn lht r,"9' of 25 '-y/" Ind b,low.-
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