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= Project Summary

Airborne Asbestos Health

Assessment Update

W.J. Nichaison

Data dave ioped since the sarly 1970,
from popuistion studies with long
foliow-up, have added 10 our knowie
edgo of astestos-felated disesses and
swengihenec the evidence for associa-
tans detwecn asbasios and specific
types of heulth sffects. Lung cancer

risk af Iung cancse from asbestos sxpo-

sure Is propactional to the cumulative
upoum {the duration times the intens
sity) and the underiying risk in the abe
sance of exposure. The risk of death
frem maesothelloms s approximatety
propoctionst to the curmuistive expo~
suce te sstestas and increases sharply
with time since onsst ¢ .Spomrda,
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Extrapalstions of risks of asbestos
csncars fram occupstional cireums
stances cin de¢ made, although numes-
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csl sstimatas in a specific axposurs
ciroumstance have s large {approxie
mmonfold) uncsriainty. Beccuse of

this uncertainty, caiculstions of uhit risk
valuse for gsbesiog st low.
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{ntroduction

The principal cbjective of this docu- -
mant ic © provide the U.S. Environmantal
Protection Agency (EP!) wih & sound sa- |
ontfic bas's 10¢ review and revsan, as
appropriate, o the nawmonal smssxn stan-
dand for asbestas, 40 CFR 81, subpast B;
a8 tequired by the 1977 Clean Air Act-
Amandments, Sections 111 and 112, The
haalhy effects basis for designating zsbes-
tos as 8 hazardous polivtant and mnimiz-
ing emissions via the original 1373 Natonal
Emissons Standard for Hazardous A
Polutanis was soutinized, 22 that ume,
during two public heanngs and a public
Pmment pancd. Oncs & poilutant has been
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designated as & *hazardous® air poliutant,
burden of proot is piaced on proving
fesignation wreng.

he gtiqind heaith effects basis for
designating asbesios as a hazardous 1y
politant was quaiiative svwience estab
lishing asbestos-associated carcinogenic
eifacts, However, nsulficient bases then
existed by which 10 define pertinent quart-
tative dose-respansa relaticnships; i.e., unit
risk values couid not be cradibly estimated.
-The main focus of the update document is
to describe asbestos-related health effects
developments sincs 1972 and to deter-
mins # new data warrant the specification
of unit risk vaiues for asbestos. The docu-
ment forms past of the dasis (o perform &
risk asssssment. .

The National Academy of Sciences
(NAS) in 1983 suggested a definition of
nsk aasessment a3 the use of the factual
data base o define the heaih efiects of
exposure of indviyals of populatcns B
hazardous mateniis. such 83 BSDESDE,
Thersefare, the update gocument % mamly
concerned wih the excess nsk of canced
from inhalation of asdesios lbers, wiht
emphasis placed on the lasrature pud-
lished after 1972. and on hose 018
that provide niomaton on the nak from
low-lavel exposures, such 18 thote #w
ragntered n e non-ocupauenel envie

ment.

supattonat Exposure
The Internatonal

be! % as Growp A, hum

mercial vanetes of asbesics [Der: anosss,
anthaphyilte, crocxcle.

aré_decumunted :
manulactunng, and #d Hrd .
pleatnn of insuaten matenas], Mexilie
bomae ol
smpicyees, | appicaiors, and”
w3TKTe Y weg milk.

g Of crocicoite A much Bwer ek of
drathtrommEsneloms 13 observed
amang chrysctle or amoste mne and mul
ampicyess, and no cases are assocmied
wdfy aathophylite exposure. The LARC Ad.
Cammittes suggess that ihe nak of

'N from mesothebema 18 greaiast wih

crocidolits, less with amosite, and 1l less
with chrysotiie. This suggesticn was based
on the association of disesse with expo-
sures. No unt exposure risk information
existed prior 1o 1972,

information on XOCIUre-1eSLONSe M8
Iationships 107 lung Cances nek among vari-
oUs exposed groupe was scanty. Data from
Canadian mine and mill empicyees clsasly
indicsted an increasing risk with incressing
exposure, measured in terms of milions of
pasticies per cubic foct-years (mppcty),
bt data on the sk & minimal exposure
wers uncenan because the number of
expectad deaths cakkulxted using adjacent
county rates suggesied that all exposure
caiagories were af slevatad rigic. A study
ol retirsea of the largest U.S. asbestcs
manufactucer showed lung cancar risks
ranging fram 1.7 times that expected in the
lowest exposure categary to 5.6 times that
axpected in the highest. Exposures were
expressed in mppct-y, and information on
canveruon of mppct 10 {bers per miliiter
was avaiable only for textile production.
Cespite he paucity of data, the 1973 re-
poct of the Adveary Commaitse on Asbes-
tos Cancers 10 the WARC sizted, “The
evidance . . . SUGQESS that an excess iung
CAICINOMS fisk 18 et detectable when the

centainly dbeen much greater than that ©
the public from general air poikution. Lim=
fed data existad on the association of G
cancer with asbesiss exposwre, bt the
*sxcess is reiatively small compared wih
that for Dronchial cancet.” ’

commeraal types of asbestos fibers.
@ Neaviy expased groups,

1 §0 percars ol ndvduais ampioyed loe
&8 o more years were lound B have
sbnormal X+3ys charactermte of asbesios
exposure. A Bwet percentage of abnormal
X-rays was prasent n lesser exposed

Compan~ <wma supplied o the British
Cespainns - ene Society (BOHS) on
X+gy and cuincal abnormalties amang 290
empioyess ot g luge taxtie production
facizy 0 Great Brtan were analyzed in

:

2

yearz/mi (t-y/mi), o.g.. 2 fibars/millili-
ter (t/mi) for 30 years. However, shortly
alter the establighmant of the British stan-

time from expasure; thereicre, anaiysis in
terma of only one vasiabie can be misiead..

ing.
Environmentai Exposure

Several resaarch had shéwn
that asbestos disease risk couid deveiop
from other than dicect §

occupationsl-xpo-
sures. Varicus ressarchers in 1960 have
shown that a mesathelioma risk in environ.
mental circumstances axisted in the mining
areas of the Northwest Cape Provincs of
Sauth Africa. Of 33 me.
Qver & S5-ye
from cccupational expasure. Howsver, ail

one ®

£
o I aea of the mining activity, Ancther
. 1968 that showed an extra-occu.

iry; of the remaining 31, 9 Tved wih
somecns empicyed in asbestos work and
11 wers individusis who resided within half
a mie of an asbestcs faciory. In 1973,
nvestigators dentified snvi ¥

OMma cases

LK I
‘iiﬁ?%&nd eXpOsSure who resxd ed
f asbesios ! , furihes defining

rasidential risk, A study, which is pas-
tculardy important because of the size of
the popuiation impked to be at risk of ss-
bestos dissase from indirsct occupational
exposrs in the shipbuilding indusuy, was
conducted in 1968, & described the pies-
once of asbesicais in 13 individuais and
mesctheliome in § others who were ame
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shipyard but were not ment-

ployed in @ shipy o

mdm:marqm

.)m.nah« , they were exposad 10 the dust

created by other empioyees placing or re-
moving insulston,

Evidence of ubiquitous gmnl powb-
tion expesure and saviroamental contami-
nation from the sgraying of asbeswos on
the steel-wark of hgh-rse buidings was
established by 1972, Asbestos w
manly found at concsmrations of nanos
grams per cube m:

States 0
ti mic

ummmm
systems of the Unted States. Concentra-

tians of hundreds ¢t nanograms pet cubic
maeter wers documentad a distances up
one-quanter of a mie from fireprcaling stee.
Mescthelioma was acknowledged by the
Advisary Commmee i be associated with
enviranmental exposutes, but & suggested
that the svidencs relstes 10 canditicns
many years ago . . .. There 18 nd evidencs
of @ nisk o the gonual pubdlc gt present.’

Anaiytical Methodology

Ouring the late 19608 and early 1970Cs,
signdicantly improved methods wers de-
veioped for assessing asbestos dusase
and quantdying asoesios n e snvvon.
ment. in 1971, 3 standardized methodal.
oQy was establshed. t provded g undorm
“ftanca for 2stessing the pravaience of

‘sbesios-related X-tay abnarmaities.

Signilicant advances ware aiso
achisved in the quantiication of asbesios
aerosals, In tne late 13608.he membranie
titer technique was developed for the
measurement of asbestos fDers m work.
place aerosais. While this procsdure has
some kmtatons, € < estabhsh 8 stane
dardized method, using sKNple msrumaen-
taton, that was far sucencr (o any that
existed prewvicusly, Thm method subse-
quently aliowed epdemoiogcal studue 13
be done that DAsed S$1P0IUTE SSIM A ON
a8 Mandardued crierwn. Expenmental
techniques n the quanttexhon of abee~
tos at cancentratons of tenths of g/ of
e and lentns of ugA of watar wers alao
develcped, extend:ng the senstnvey of ex-
pAsUre estunaies 200MmIMItlely hres Ore
dets of magnityde below those of
occupaonal 3amsals and aliowng ase
sessment o generdl COPULELICA SXDOKIINS.
Finally, tecnnques tor the analyns of as+

* bestosin lung and other DOdy I sues were

deveioped. Teiue dgeston lechaques and
the use of electran mroscoey 1o analyze
fibers contuned nn the dgext and in thn
sec1ons o lung tszue thowed Ihat sabes-
los fibers were commonly presen n e

'Q ussue of qeceral populaton resdants

18 wall as individuals sxposed i OCCURE.
tional circumstancas.

Experimentsl Studies

Experimental animal studies using as-
bestos fbers contirmed the risks of lung
mwmmmhmmm
crocidolite, and chrysotie. in each cuse,
the estabiigshment of & risk in animals fole
lawed the asscciztion of the malignancy
with human sxpesure. For example, 2
causal relaticnship between kung cancer
and asbesics exposure in humans was
suggested in 1335 and confimed in the
lxte 19408 it was not descrded in the
open literature in animals until 1967. Me-
sotheiioma, repcried in an asbesios worker
in 1953, was produced in animal expecie
mentation in 1988, Other ammdupcd‘
mentaton showed that cambmaﬂom
ashestos and cther carcinoganic mateniais
produced an snhanced risk of asbestos
cance?. Asbasios exposure combined with
exposure 0 benz(ajpyrens was demon-
strably more carcinogencs than exposure
10 eghier sgent aicne. Additicnaly, organ
and metal compounds assacisted with as-
bastos fbers were rufed ot as impoctant
factors it the carcinogenicity of fibers.
Lastly, in 1973 exparimentation involving
the application of fibers omo the pleura of
animais indicated that the inportant factor
in the carcinoganicity was the iength and
mdmot&amﬂ«mwmmmﬂ-
cal properties. The gre

2.5 um in diameter and longer than 10 um.
Current Asbestos Standards
The cument Occupationsl Safety and

fibers inngec than 3 um m length per milil-
b 1omm parmatsd

now M scoegied level ice d’tmmit.
standard has evoived {rom recoaimends.
tons made n 1979 by the Adveay Cam-
mitse an Asdestos, which aiso
recommaecded g TWA of 0.5 Umi for amoste
and 0.2 1/mi jor crocxicite. From 1963 ©
1963, 2 Umi TWA was the standard for
chuysatle. Ths earher Brish sandard
m«uaguummwnosm
standard.

The 1949 Britsh slance. - <28 devel

AUNENG woOkyy) popuigtons; dats hat would
aficw g determmnaion of 8 standard for
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ocupational groups. cance  the gomary
ale’ “ I Py

Q propee
mwosm(sooocomnoaob«
1975. The National Ingtitte for Occupa-
ticna) Safety and Health (NIOSH) antc-
pated hewrings on & new standard and
proposad 3 value of 0.1 il in 1976 in an
update of theie 1972 criteria document. in
the discussion of the NIOSH progosal,
was stated that the vaiue was salected on
muudthomaiinmmdma-
lytical techniques using optical microscepy,
and that 0.1 /mi may nct necsssanty pro.
toammtanw Thoprumhuntm
proposal acknawiedges that ng in.

ormation_exists by which 1o define a_
threshold for asbesios enesis. The
OSFAapaHal has basn e ing
lmpmpcwwumnodcnmm.
1984, in it, OSHA proposed & TWA stane
of m 0.2 or 0.8 ¥mi depending
t Mamtoboobundmhm-
(heid during the summee_of 1984),

SH reaffiem odupounamac.t!lml
TWA standard,

The exigting federal national smissicn
standands for asbestcs are publiched in
Part 41, Title 40, Cods of Federal Reguia.
tions. in summary, thess apoly B mulling,
Mmmmtmnuut.w
B8 demclition, renovation, and waste dis-
posal, and inciude other iimitaticns. In
geaeral, the standards aliow compiiance
shtamatives, sther (1) no vuible emissions,
or {2) empioyment of spectied control
techniques. The standards do not inciude
any mass or fber count emmsicn timea-
tions. However, some local govermunental

ies have numencal standards (e.g.,
New Yorik: 27 ng/m?), it thess have itle

reguistory relevancs.

Other Reviews of Asbestos
Hesith Etfects

Recently, several govemment sgen-
ciss int diffarent countries reviewed ssbes-
08 health stfects. The mest impartant of
the reviews outside the United States are
those of the Advisory Commrtiss on As-
bestos of the British Healh and Sdety
Commission and the report of the Omano
Royal Commission. Each of these maxe
rop0rts was the resul of lengthy tesumony
by many sciantists and delberatons by
ssiected committses over & ong pencd of
time. in the Unitad Sistes, the NAS has
reviewed the non-ocoupaiional heafth nk
of asbestform fibers, and a Chrome Haz-
ard Advisory Panel convened by the U.S.

*§
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Cansumer Product Safety Commission re-
<ed on the hazards of asbestos.
There are large areas of agreement
¢ soma of disagresment between these
reviews and those of the full document
with regard 1o the spectrum of abestos.
related dissase, the modeis describing as-
bestos-related lung cancer gad
maesothelicma, unit exposure risks in occy-
paticnal circumstances, possible ditfer-
oncas in carcinoganic potency of different
asbestos minerais, and fisk estimates st
low, non-occupational expasures.

Summary
Lung cancer and mescthelioma are the
me.

"deaih among expcesd ndndu

troutestinal cancars are neIs
mos ucies

workers. Cancer at othet stes (larynx, kid-

ney._ovary) has 3iso been shawn 10 be
a330ciated wih a$De IO SXDOSUS 1N SOMe

studias, but the degree of excess nsk and
sTengt @ a3
thess and the gastaintesina cancers han
fer lung cancer or messtheloma. The ARG
lists asbesios as 8 growp | carcmogen,
meaning that exposwre 10 ASERCS 1S CRYe
cinogeric 1o humans. EPA’'s proposed
guidetnes categonze asbestos &3 Groug
A, human carcnogen.

«@r3 aliow models 12 De deveicped for
time and age dependenca ol lung cane
cot and mesxnehoma nsk. Thirteen other
studies DrOVIde SIPOSUINIEINONSE ¥TIOr
mapan. The ont that

.Uau from a study of U.S, insulaton

The acqumuined 23 yuQqest that |
the excass nix of deain from lung cances
e

E-L (£

€ 1tensity) and the undarying Ntk n the

ysars. Some difecences between
may be telated 10 dilferences in
type, but thess are much less than
associated with specific processse.
Four studies provide simiar quantts.
data on the unt axposure risk for
mesotheiioma and six additional studies
provide corrchorative, but less accucate,
gquantisive data, The same factors that
disct the ung cancee unit sxposure riak
appews © altect thag of mesotheloma, as
the ratio o a measure of mesctheidoma
tisk 10 excess kung cancer riek is roughly
constant across the ten studies. However,
in other studias the ratio of number of
mascthelioma deaths 10 lung cancar deathg
among groups exposed to substantisl
quantties of crocidalits is two to four times
highet than among groups exposed pre-
1o cthar tibers, Furthar, the risi
of peritoneal mesathalioma appenss 10 be
less from exposure 19 chrysotie than ©
sither crocidalite o amosite, but this sug-
gestion is tempered by uncertainting asso-
ciated with the greater possibilty of
misdisgnasis of the diteass,
Animal studies contiem the human epé-

HHL

<y im) and thin (<1 um) ders

the most carenogenic &t & cancer-ndus.

bie site. However, the size dependencs of

the deposton ad migraton of fbers aim

alects ther caranogenic acton in humans.,
Maasurem d

Magsurements demonsuxia that ge-
W
occur ¥ individuals in sonv.

rce of eI003ure. | he Ume courte of
TURG EIFCH TH aTmAMined pamanly by the
ume courss of the undertying nsk. Howe
sver, the nsk of death from mesctheloms
NCTe3ses very rapudly alter-the onset of
9XpOsSure and & rdecsndent of age and
ogarents smoking. As wih ung cancer,

the nsk ao0ears © Be proportanal  Ne.

cumuiaive exoosure 10 23083108 N 8 Gven
pencd. The anse and ame relatnshes fore
ather 23043108 CRANCErS @ UNOANY.

Yaives charactenning ung cancer risk

obtained tram different studias vary widely,
Same ot the varandty can be sinbted 1B
peciic processes. Chryactde mnng and
milling, and pechacs 1chon praduct manuy.
facture, appear 10 have iower und expo-
sUre rsks than chrysoule tartle producton
and ather uses of asbestos. Quher vanabdly
can be 2130C1atad wan the uncarantes of
d numoders n epdemuingeal studies
mproper estimates of exposures n

.

eopateal sangs, Curury.
e e ATy

Extrapgsistons of risks of asbestos can
carg from occupatnnal CICUMKances CN
be made, Ahough numencal estanates
8 specic expasure crcumsiance have .
wge (acorczimately teniold) uncartainty,
Becauss of thi urcantanty, caicuiatons of
unit risk valves for esbests at the ow
concenuaicns measured it the srwvwon-
mert must be viewsd with cauton. The
best estmate of nek o e United Siates
general popuiation for a Hetime conting-
ous exposure 1 0.0001 (A is 2.8 Mesos
theloms deaths and 0.5 excess lung carcer
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heakh effects. Areas of agreament and *
disagresment Detween vancus reviews are
presanted in the {ull document. A compari-
son of the different risk estimates is aiso

provided.




